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Aging is the most impressive demographic phenomenon in human history. Due
to fast medical developments, in addition to developments in the fields of transport,
communication and economics, the world’s population is aging progressively and globally.

Humans have always reached extreme ages; it is not uncommon for historical in-
dividuals to have reached one hundred years of age. However, the pace of population
aging today is much faster than in the past, and as a consequence of this, the percentage
of persons reaching extreme longevity has increased beyond expectation. The number of
persons aged 80 years or older is expected to triple worldwide in the next thirty years, with
a projected 426 million octogenarians in 2050 [1].

As physicians, we will see a substantial increase in patients with chronic conditions,
multimorbidity, and polypharmacy. Moreover, more and more patients will be faced with
progressive functional and cognitive decline. Physicians have begun to encounter this
novel category of patients: patients who were not included in our textbooks, and have only
recently come to be described. The significant improvements in medicine in recent decades
means that young adult patients have been able to survive diseases which were considered
fatal in the past. Additionally, we have been able to prolong the prognosis of diseases which
are still, unfortunately, fatal. In this way, we have ‘created’ a new category of patients who
will undergo sophisticated mini-invasive and complex interventions, will use more and
more medicines and, possibly, will have advantages with the support of technology.

Therefore, the study of age-related disorders is of paramount importance, and we
must embrace a new concept: SENESCIENCE. This is a novel term to indicate the scientific
approach of age-related physiology and disease.

This novel vision requires a novel approach from bench to bedside, and beyond. Only
with a translational approach we will be able to understand and classify age-related disor-
ders, unravel underlying mechanisms, discover new treatments and develop technology
to adequately treat older patients and, when necessary, give adequate support in order to
maintain independency and quality of life. Some of these topics have been treated in the
Topical Collection “New Frontiers in Geriatric Diseases” of the Journal of Clinical Medicine.

Evidence-Based Medicine and Not Eminence-Based Medicine

There is a major need to expand and standardize medical guidelines for older patients.
One of the pitfalls of geriatric medicine is that we miss, almost completely, the inclusion
of older participants in clinical randomized control trials. This means that almost every
medical treatment applied in older patients is an extrapolation of a treatment which has
been shown to be effective and possibly harmless in young adults. Only recently have
several large randomized control trials (RCT) included systematically older patients. The
treatment of hypertension in older adults, for example, has been a matter of debate in
recent decades. Is the treatment harmless and effective? What levels of blood pressure
are recommended in persons aged >80 years? Recent RCTs have given answers to these
questions. The HYVET trial showed, for the first time and conclusively, the benefits of blood
pressure-lowering drug treatment in people aged 80 years or older [2]. Thereafter, other
trials have investigated whether intensive blood-pressure-lowering intervention is safe and
effective in older hypertensive patients. The SPRINT trial showed that an intensive blood
pressure treatment results in significant cardiovascular benefit in high-risk patients with
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hypertension compared with routine blood pressure control [3]. Moreover, this study was
the first trial on the treatment of hypertension stratifying for frailty. These studies, along
with other RCTs, have provided high-quality knowledge which has been extremely useful
to update (inter)national guidelines. Additionally, of course, we have to remember that
treating old, frail patients will always require a tailored approach [4]. Finally, we cannot
forget relevant topics when dealing with medications in frail patients: polypharmacy,
drug–drugs interactions, and the balance between efficacy and safety [5–7].

Stratification and Advanced Care Planning

Information on prognosis is a necessity to optimize tailored treatments in older patients.
It can be very challenging to establish an exact prognosis in persons with multimorbidi-
ties. Competing risk, drug interactions, reduced homeostasis and the risk of multiorgan
failure, for example, are insidious enemies. Several attempts have been made to develop
prediction tools. One of the most effective tools that has been produced in recent years is
the multidimensional prognostic index (MPI) [8]. International and multicentric studies
performed in different settings have shown that the MPI is useful to predict mortality and
risk of hospitalization in community-dwelling and hospitalized older individuals. A multi-
dimensional assessment of older people admitted to hospital may facilitate appropriate
clinical and post-discharge management.

Evidence from these studies has prompted MPI_AGE Investigators to formulate rec-
ommendations for healthcare providers, policy makers and the general population, which
may help to improve the cost-effectiveness of appropriate healthcare interventions for older
patients [9]. The application of this tool in specific categories of patients has shown that the
MPI can be a useful tool to assess frailty and predict which patient will have a higher chance
of benefiting from a TAVI procedure [10]. Moreover, also in heterogeneous populations,
such as patients suffering from cognitive decline, the MPI has been able to predict mortality.
These findings need to be confirmed in larger and even more heterogeneous populations of
patients with cognitive decline. If confirmed, the MPI could be used as a novel tool for risk
stratification and medical decisions in this specific category of patients with a high need for
tailored support [11].

From Bench to Bedside

Finally, to better understand age-related disease, it is necessary to understand age-
related cellular mechanisms, DNA repair, and the degradation of tissue. In vitro inves-
tigations are strongly needed. A recent experimental study found that alterations in the
extracellular matrix where the muscle spindles are embedded could help to partly explain
the peripheral mechanisms underlying age-related decline in functional changes [12]. The
knowledge acquired by these approaches will determine future developments.

The last concept with must consider is domotics: a technology which can be used by
older individuals experiencing functional and/or cognitive decline to assist in controlling
devices or events in their environment. The recent developments in this field are promising,
and have given much inspiration to gerotechnology.

In conclusion, aging is here to stay, and we must grasp the opportunities offered by
this unknown phenomenon in order to grapple with the future of older patients.
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Abstract: Aging processes in the musculoskeletal system lead to functional impairments that restrict
participation. Purpose: To assess differences in the force and motor recruitment patterns of shoulder
muscles between age groups to understand functional disorders. A cross-sectional study comparing
30 adults (20–64) and 30 older adults (>65). Surface electromyography (sEMG) of the middle deltoid,
upper and lower trapezius, infraspinatus, and serratus anterior muscles was recorded. Maximum
isometric voluntary contraction (MIVC) was determined at 45◦ glenohumeral abduction. For the
sEMG signal registration, concentric and eccentric contraction with and without 1 kg and isometric
contraction were requested. Participants abducted the arm from 0◦ up to an abduction angle of
135◦ for concentric and eccentric contraction, and from 0◦ to 45◦, and remained there at 80% of the
MIVC level while isometrically pushing against a handheld dynamometer. Differences in sEMG
amplitudes (root mean square, RMS) of all contractions, but also onset latencies during concentric
contraction of each muscle between age groups, were analyzed. Statistical differences in strength
(Adults > Older adults; 0.05) existed between groups. No significant differences in RMS values of
dynamic contractions were detected, except for the serratus anterior, but there were for isometric
contractions of all muscles analyzed (Adults > Older adults; 0.05). The recruitment order varied
between age groups, showing a general tendency towards delayed onset times in older adults,
except for the upper trapezius muscle. Age differences in muscle recruitment patterns were found,
which underscores the importance of developing musculoskeletal data to prevent and guide geriatric
shoulder pathologies.

Keywords: shoulder; musculoskeletal disorders; surface electromyography; age groups; aging

1. Introduction

Aging leads to a regression of physical capacities and a decrease in functionality in
older people [1,2]. Around 35% of people over 65 years of age suffer from neuromuscular
disorders [3,4]. The proportion of older people will increase in the coming decades [5],
so establishing normative data in order to improve diagnosis, prevention, and treatment is
a necessity to reduce costs due to absence of information.

In mid-adulthood, age-related changes appear that progressively decrease muscle func-
tion [1,6]. These natural aging changes are clinically defined as geriatric sarcopenia [7,8].
With age, the muscle mass in skeletal muscle decreases, especially for type II fibers,
which lead to a decrease in strength, with a consequent increase in muscle weakness [9].
In addition, neuronal factors are also altered and are responsible for the loss of muscle
function [10].
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Regarding upper limbs, shoulder muscle function decreases with less use of arms
and hands in daily activities. Furthermore, it appears to impair balance, which increases
the risk of falls mainly in older adults [11]. The typical recruitment pattern of shoulder
muscles has already been studied in healthy adults [12], as well as their differences between
the sexes [13]. Furthermore, as previously mentioned, the literature shows physiological
changes with age [7,9,14]. However, no evidence has been found linking these changes with
possible differences in motor recruitment patterns. Therefore, it is essential to understand
age-related physiological alterations from different activities of the upper limb, such as
dynamic and isometric movements involved in daily tasks—previous subjects of study in
the lower limb [15,16].

Abduction is the shoulder movement commonly used for function evaluation be-
cause it gives useful information on the control and quality of the movement of the upper
limb [17]. The scapula is in a favorable position during abduction since metabolic en-
ergy has not been required by passive scapulothoracic forces [18]. Analysis of muscle
recruitment patterns has been used through surface electromyography (sEMG) to under-
stand functional differences in muscles recruitment [19,20]. sEMG is also used by physical
therapists to better understand the function and dysfunction of the neuromusculoskele-
tal system [20].

The present study aims to describe muscle recruitment patterns during dynamic and
isometric contractions of abduction movement to identify age-related muscle function.
The objective was to provide electromyography data on motor recruitment during shoulder
abduction in adults and older adults, both healthy, to facilitate a preventive or therapeutic
approach to loss of upper limb function.

Additionally, the implication of possible motor disorders of the shoulder complex
muscles in older people on the loss of force, mobility, and functionality of the upper limb is
intended to be observed.

2. Materials and Methods

2.1. Design

A descriptive cross-sectional study in two age groups was carried out (Registry:
NCT04706169) [21], in which the sEMG activity (amplitude and onset) of the middle
deltoid (MD), upper trapezius (UT), infraspinatus (IS), lower trapezius (LT), and serratus
anterior (SA) was compared in adults and older adults.

All study participants were informed about the purpose of the study, signed the
informed consent, and participated voluntarily. The Ethics Committee “Clinical Research
of the University of Alcalá (Madrid, Spain)” approved the study (2012/038/01/20,120,924).

2.2. Participants

Participants attended, from December 2015 to March 2019, the laboratory of the
Research Group “Physiotherapy in Women’s Health Research Group”, at Teaching and
Research Unit in Physiotherapy of the University of Alcalá (Madrid, Spain) and Ocaña
Senior Center (Toledo, Spain) voluntarily after reading an advertisement about the need to
recruit healthy people for a research study. A physical therapist (C.L.-R.), experienced and
trained in sEMG recordings, performed the assessment.

Participants, without symptoms in the shoulder and/or cervical area during the last
year, were assigned to the respective age groups: over 65 years (Older adults) and 20 to
64 years (Adults). Participants with rheumatological diseases, moderate or severe cognitive
impairment, tumors, massive osteoarthritis, circulatory disorders, dermatological problems,
sedentary people, or those who had received physiotherapy within the 12 months prior to
sEMG assessment were excluded from the study as well as those who took medication that
could have repercussions in motion processing.
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2.3. Assessments/Interventions

sEMG was used to measure the amplitude and onset of five shoulder muscle activities
performing glenohumeral abduction. In this movement, the middle deltoid muscle was
selected because it is a main motor. The infraspinatus muscle represented the rotator cuff
muscle group. The middle deltoid muscle was selected as the representative of shoulder
abduction because it is a main motor in this movement [22]. The trapezius muscle and
especially the serratus anterior muscle were chosen as representative, established of the
ascending scapular rotator muscles [18].

For determination of the force values by means of the maximum isometric voluntary
contraction (MIVC), necessary to normalize the signal and maintain the isometric con-
traction, the participants held a dynamometer (MicroFET®2, Hoggan Health Industries,
West Jordan, UT, USA) [23]. To detect MIVC, the participants raised their arm to 45◦ of
glenohumeral abduction. The handheld dynamometer was placed on the forearm at a
medium distance between the wrist and the elbow. This position was marked to ensure the
reliability of the dynamometer measurement during submaximal force tests. Next, the par-
ticipant isometrically abducted his arm with maximum effort while the dynamometer was
firmly fixed by the physical therapist (C.L.-R.). The participants repeated this three times,
and the average value was used to determine the MIVC value.

The submaximal level of isometric contraction was determined at 80% of the MIVC.
Prior to electromyographic evaluation, submaximal tests were performed. The physical
therapist instructed the participants to perform an isometric glenohumeral abduction at
45◦ for 5 s using the hand dynamometer to mark the respective submaximal force level.
To record the electrical activity during the submaximal isometric contraction, elevation of
the arm was requested for 2 s in the abduction movement from 0◦ to 45◦ [24], and main-
tained for 5 s once they reached the value of 80% of their MIVC. The abduction displace-
ment was recorded/registered by the electronic goniometer (MLTS700, ADInstruments,
Oxford, UK).

In addition, a physiotherapist (C.L.-R.) trained with participants how to perform
abduction movements up to 135◦ for 7 s and return to the starting position of 0◦ (without
weight and with a 1 kg weight in hand). Subjects chose weight they thought they would lift
in their normal daily activities (range = 1–3 kg) [25–27]. As for the older adults, they lifted
the weight that allowed them to complete the range of movement (1 kg).

Once proofs had been performed and MIVC values were taken, electrodes were placed
to record the activity of the five muscles, as well as the electric goniometer to record move-
ment. The surface electromyograph used was a PowerLab 15T (ADInstruments, Oxford,
UK). The experienced physical therapist placed sEMG electrodes for precise positioning.
Conductive adhesive hydrogel surface electrodes (27 mm diameter) (KendallTM 100 series
Foam Electrodes, Covidien, MA, USA) were used, using a 30 mm electrode gap. The skin
was wiped with alcohol and two electrodes were placed on the midline of the respec-
tive muscle bellies, aligned along the muscle fibers. In addition, ground electrodes were
placed on bone sites (processus spinosus C6, C7, and the posterior part of the acromion).
The electric goniometer was positioned so that one sensor was fixed on the upper part of
the scapula and the other on the back of the arm at a 90◦ angle between both sensors and
preset in the 0◦ position (i.e., neutral position) in the sEMG registration software. Adhesive
tape was used to fix the electrodes and cables. sEMG (gain: 1000) and goniometric signals
were sampled at a rate of 1000 samples per second, using a 16-bit AD converter.

The sEMG signals were band-pass filtered (10–500 Hz, eighth Bessel filter) to improve
the signal-to-noise ratio. LabChart® Software (ADInstruments, Oxford, UK) was used to
simultaneously capture sEMG data on a PC. Root mean square (RMS) values were obtained
automatically, within the time interval of 2 to 4 s after the start of the contraction and were
normalized according to the respective MIVC. Muscle onset values were obtained from
analysis graphs that included the arm displacement recorded simultaneously with sEMG
(Figure 1). The onset was obtained as the time distance of the interception between the level
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of pre-activation relative to the onset of arm displacement during dynamic contraction and
the linearly interpolated RMS slope [12,19].

Figure 1. Raw surface electromyography (sEMG) recordings of the five muscles (indicated on the left) simultaneously
displaying the abduction movement (from 0◦ to 45◦). These have been obtained from one representative participant from
the Older Adults group and one from the Adults groups, displaying the abduction movement.

To obtain reliable electromyographic signal data, we have tried to reduce crosstalk,
motion artifacts, skin contact impedance, and power supply noise by correct electrode
placement and filters [19].

sEMG data of all the investigated muscles were simultaneously recorded (Figure 1).
They were requested to perform (a) 3 repetitions of glenohumeral abduction up to 135◦ and
return to position 0, (b) 3 equal repetitions, but with a 1 kg weight in their hand, and (c)
3 repetitions of isometric abduction (intervals between tests of 2 min). The mean sEMG
values of the 3 repetitions were used for further analysis.

Demographic variables were collected: age, sex, dominant body side, height and
weight (body mass index), and physiotherapy treatments within the 12-months prior to
sEMG assessment. This last issue was registered to understand any possible variation
despite the healthy condition of all subjects during the last year. The MIVC, glenohumeral
range of motion (ROM), and the Shoulder Disability Questionnaire were analyzed as clinical
variables. As was previously reported, we determined the MIVC at 45◦ of abduction [28] by
a hand dynamometer. These data served as reference values to normalize the sEMG signal
and to determine the levels of submaximal isometric contraction previously reported.

Glenohumeral ROM was measured with a universal goniometer (Enraf Nonius
Ibérica®, Madrid. Spain): flexion, internal and external rotation, and abduction. To as-
sess possible shoulder dysfunction, although with no complaints, the Shoulder Disability
Questionnaire was used. The Shoulder Disability Questionnaire is widely used in research
and clinical practice in several countries. It consists of 16 items about shoulder complaints
during tasks performed in the last 24 h (yes, no, or not applicable). The ratio of the number
of items with an affirmative answer over the number of applicable items was multiplied by
100. Scores range from 0 (no functional limitation) to 100 (affirmative to all items); higher
scores mean higher disability [29].

A sEMG variable result was the amplitude of muscle activity quantified through the
normalized RMS. Additionally, the onset(s) of muscle contraction was registered/recorded
during dynamic contraction. Therefore, the time between the start of the abduction move-
ment and the start of the contraction of each muscle was calculated [19,30].
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2.4. Sample Size

We determined the sample size considering differences in the levels of MIVC be-
tween the two groups of 30 participants each. Assuming within the group a standard
deviation of 20.9 N, a standard deviation of 30.1 N could be detected in the ANOVA
between groups with type I error of 0.05 and 80% power. Furthermore, to detect group
differences, a difference of 21 N was reported assuming identical power and variations
within the group [13].

2.5. Statistical Analysis

Data were analyzed using IBM SPSS Statistics 20 for Windows (SPSS Inc., 2011,
IBM Corp, Armonk, NY, USA). The Shapiro–Wilks test was used to test normal or non-
normal distribution of variables. The mean and standard deviations, as central tendency
measures, were estimated in the normal distributed variables, and the median and in-
terquartile range in the not normally distributed variables. Student’s t-test and Mann–
Whitney U test were used to calculated significant differences between adults and older
adults. A 95% confidence interval for each estimator was used.

3. Results

The flow chart shows the process for selecting participants (Figure 2).

Figure 2. Flow of participants. (A) Adults; (B) Older adults.

3.1. Age-Related Differences in Demographic and Clinical Data

Statistically significant differences were observed between age groups in functionality
and body mass index (p < 0.01, Adults < Older adults) as well as in MIVC (p < 0.01, Adults
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> Older adults), active ROM p < 0.05, Adults > Older adults), and previous physiotherapy
treatments (p < 0.05, Adults < Older adults). Respective values are shown in Table 1 for
each group.

Table 1. Demographic and clinical characteristics.

Variables
Adults
n = 30

Older Adults
n = 30

p-Value †

Age
Median (IR *) 45.5(27.5) 70.5(8.3) <0.01

Gender
n women (%) 15(50) 16(53.3) 0.80

Dominant limb
n right (%) 30(100) 28(93.3) 0.16

Previous physiotherapy
treatments
n yes (%)

2(6.7) 11(36.7) <0.05

Body mass index
Mean (SD **) 24.4(3) 29.2(3.6) <0.01

MVIC [Newton]
Mean (SD **) 122.9(44) 75.7(26) <0.01

SDQ Median (IR *) 0(0) 0(12.5) <0.01

Glenohumeral Flexion
Mean (SD **) 160.5(9.5) 151.2(9.3) <0.01

Glenohumeral Internal
Rotation

Mean (SD **)
73.8(10.6) 70.7(22.7) 0.49

Glenohumeral External
Rotation

Mean (SD **)
85.5(8.4) 71.8(15.1) <0.01

Glenohumeral Abduction
Mean (SD **) 160.8(11.8) 147.5(9.5) <0.01

SDQ—Shoulder Disability Questionnaire; * IR—Interquartile Range; ** SD—Standard Deviation; † p-value
obtained by Mann–Whitney U test, χ2 test and Student t-test.

3.2. Age-Related Differences in sEMG Signal

In general, the RMS values showed a decrease in older subjects (Older adults) with
respect to adults in all muscles analyzed in terms of the three types of contraction (concentric,
eccentric, and isometric) with and without added weight. However, no statistically significant
differences were found in dynamic contractions regardless of load (Figure 3). Statistically
significant differences were only found for isometric contraction (p < 0.05). In addition, the SA
muscle showed statistically significant differences in terms of eccentric contractions with or
without weight and concentric with weight (p < 0.05, Adults > Older adults).

The rest of the analysis referring to concentric and eccentric contractions with or
without weight did not show statistically significant differences (p > 0.05), although a
decrease in the amplitude of the sEMG signal of all contractions was observed in the Older
adults group (Figure 3).

Regarding onset times, the tests performed showed in all muscles analyzed during
glenohumeral abduction that they progressively delayed with age with the exception of
the UT muscle, which showed an advance for Older adult group (Figure 4). The delay
observed between age groups was significantly different for the scapula stabilizers, LT and
SA (p < 0.01, adults < Older adults) and for DM and IS (p < 0.05, Adults < Older adults).
In general, a different order of recruitment between age groups was observed. Not observed
in adults, the UT muscle was the first one to be recruited in older adults. UT muscle was
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recruited before the beginning of the abduction movement compared with the adults group
that showed later UT contraction (p > 0.05)

Figure 3. Means (standard deviation) of RMS for each muscle are shown for every muscle contraction: dynamics (concentric
and eccentric; with and without 1 kg resistance) and isometric. * p < 0.05 between age groups.

Figure 4. Onset time of muscles contraction. The onset of concentric contraction was averaged for each muscle during
shoulder joint abduction for all subjects in Adults and Older adults. Median (±RI) values for each muscle are shown.
The vertical line at zero seconds represents the start of the abduction movement. The anticipated contraction is showed to
the left (negative) of the zero line. * p < 0.05 between age groups.

4. Discussion

The present study compared the motor recruitment patterns of shoulder muscles
between the adults and older adults groups during dynamic and isometric glenohumeral
abduction, observing differences in isometric (against high resistance) and especially SA
muscle in both types of contractions. The sEMG amplitude and onset time of contractions
were the primary outcome measures. Older people showed lower sEMG amplitudes during
abduction compared to the adults group. With increasing age, the onset of glenohumeral
abduction contraction in most of the times analyzed was found to be delayed in older
people. Differences between age groups were found in shoulder ROM, body mass index,
shoulder function, and previous physiotherapy treatments. The decrease in shoulder
functionality has previously been related to age [31], and to loss of muscle mass and range
of motion [17].
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To understand the age-related changes found in MIVC levels, it is not possible to
contrast these data with sEMG amplitude [32], but it is necessary to consider degenerative
alterations in the composition, size, and number of muscle fibers [33], and the replacement
of the contractile structure by connective tissue or fat [34]. The loss of fibers is related to
the decrease in the number of motor neurons with age [14]. Plow et al. tried to explain the
loss of motor neurons and the alteration in the number of fibers because of changes in the
motor cortex with age but did not obtain such findings [35].

4.1. sEMG Signal

As with previous studies [12,13,36], differences in sEMG amplitude with age are
indicative of differences in the patterns of recruitment and its consequent tendency towards
functional alteration. In opposition to the results found in the isometric contraction,
the dynamic contractions (concentric and eccentric) did not show statistically significant
differences between age groups. This variation in EMG signal between types of contraction
has previously been reported [15,37].

Starting from the planning of the contractions, it is necessary to clarify that it was in-
tended to imitate the muscular action that the muscles analyzed perform in daily activities.
Everyday tasks require dynamic actions that use more easily achievable static forces [38].
Dynamic contractions are commonly performed over wide ranges of motion and with
no or light load (especially in older people), and isometric contractions are frequently
performed against resistance. In addition, posture, together with impaired coordination of
the scapular musculature, are factors that influence the strength of dynamic contractions
and reduce the range of motion [39]. Knowing the functioning of contractions is key to
understanding the greater significance in the results of submaximal isometric contraction,
where higher motor units are recruited. In fact, during isometric contractions, motor units
generally show higher recruitment thresholds than in dynamic contractions [40]. However,
we can deduce that when evaluating a healthy population with symptoms, we can see
that age is not a relevant factor in dynamic contractions, but rather in requests for isomet-
ric contractions against submaximal resistance. However, the disadvantages previously
reported in the normalization of the sEMG signal in different age groups [41] prevent us
from affirming that the submaximal isometric contraction changes more with age than the
dynamic contractions.

Focusing on submaximal isometric glenohumeral abduction at 45◦, the UT, LT, and SA
muscles function as stabilizers of the scapula [18]. It is worth highlighting the results
regarding the differences between age groups found in SA that show a tendency to lose
scapular stability with age, which in turn explains the loss in the last degrees of gleno-
humeral abduction, although without clinical symptoms, and loss of shoulder function
in the healthy older population. Shoulder pathologies also have reported similar motor
patterns of decreasing SA muscle activity [42,43]. Since the activity of the SA depends not
only on force production but also on neuromuscular control and recruitment, a precise coor-
dinated activity may occur at the right moment. This proper firing pattern and recruitment
requires coupling of the serratus anterior muscle with the trapezius that results in “force
couples”, necessary for normal scapular orientation [44]. Non-appropriate activity of these
muscles in older adults could depend on lower proprioception, more effort and heaviness
associated with the muscular activity, and worse perceived timing of muscle contraction
with aging [45]. SA muscle recruitment deficits in older adults have been manifested by
its altered pattern of recruitment or its altered timing (delayed muscle onset), which can
reduce shoulder movement. Given that, only significant differences were evidenced in
dynamic contractions in the SA muscle. It can be assumed to be the most altered muscle
found in older adults under healthy conditions, which is of interest to understand the
functional deterioration of the upper limb with age. However, as a low correlation between
the SA muscle signals has been found using surface and intramuscular electrodes, sEMG to
assess muscle activation levels in the SA muscle is not the best option [46], also considering
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the possible influence that higher body mass index may exert, thereby disturbing data
recordings in older adults [47].

The onset was significantly different between adults and older adults in all muscles
analyzed as shown by previous studies [48], except for UT muscle. The delay in the
start of contraction with the normal aging process has been explained by neuromuscular
impairments in transmission or by muscle weakness. Kwon et al. relate this delay with an
alteration in the co-activation of the antagonist musculature with age [49]. As suggested
by Kibler [50,51], the co-activation of the upper trapezius and serratus anterior hold the
activation of the rotator cuff muscles. The balance between the glenohumeral internal and
external rotators may be compromised by the alteration in upper trapezius and serratus
anterior recruitment patterns, which also could be related to less shoulder function in
older adults. However, it is not possible to understand why there was more significant
differences in all glenohumeral ROM, except for internal rotation. Differences with age in
movement are not the result of a decrease in force or speed, but rather central factors that
affect movement coordination [52,53].

The present study was able to demonstrate that the main stabilizing muscle of the
scapula showed the most notable decrease in the amount of recruitment in addition to a
delay tendency in the onset of contraction in older people. Its known tendency towards
reduction in scapular stability is pointed out as the basis of certain shoulder disorders.
As has been shown in previous evidence [13,43], UT muscle anticipation could compensate
the delay of SA and LT muscles. Moreover, possible latent trigger points in the muscle
analyzed could be present in subjects of both groups. In an asymptomatic population,
latent trigger points could alter the muscle activity signal. Regarding muscle contraction
onset, a large variability in the onset times displayed has previously been observed for
muscles with latent trigger points [27].

The present arguments hope to provide a tool for prevention and treatment of geriatric
disorders, paying special attention to the prevention of loss of activity of the scapular
stabilizer muscles.

4.2. Limitations and Clinical Implications

The study design considered the inherent problems in measuring sEMG. The greater
difficulty in normalizing the signal in older people should be noted, as well as the non-
normalization of the sEMG signal muscle by muscle, but in general for the five muscles
according to the MIVC. This was performed in this way to avoid loss of interest mainly of
the participants of the older adults group.

Furthermore, the great variability in sEMG results between subjects limits their anal-
ysis. This may be due to individual factors in degree of physical activity and hormonal
or pharmacological factors, which could have been recorded. We found a high variability
when referring to the sEMG values in the reviewed studies and latent trigger points must be
considered in following studies about muscle activity differences. This made the discussion
and interpretation of the data presented more difficult.

Important age-dependent differences have been identified in the motor recruitment
patterns of the shoulder muscles, especially for high resisted isometric contractions, show-
ing that they undergo alterations with age, especially in relation to scapula stabilization
and coordination between SA and UT muscle. Healthcare professionals can use the present
findings for prevention or treatment; given the great difficulty that exists to carry out
activities against high resistance as one common musculoskeletal complain in geriatric
diseases. It is a wake-up call to attention to the tending deterioration of the SA muscle.

5. Conclusions

The results showed age differences in muscle recruitment patterns in static main-
tenance of shoulder lift, but not in its dynamic contraction, which can influence loss of
force, range of movement, and functionality even in a healthy population, emphasiz-
ing the serratus anterior as the more challenging muscle and its tendency to reduce its
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activity. This underscores the importance of developing an early treatment approach
from adulthood to prevent and guide geriatric shoulder pathologies. This is intended to
awaken interest in launching new studies that evaluate possible therapeutic approaches
that address the desynchronization found in older shoulder muscles.
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Abstract: Background: Prevalence of subjective memory impairment (SMC), with or without objec-
tive memory impairment, and the mediating role of depression symptom intensity was examined in
older people. Methods: n = 205 subjects (60 years old and older) were examined and followed up
at two years. Cognitive function was examined using the Montreal Cognitive Assessment (MoCA)
Delayed Recall (DR) subtest. Geriatric Depression Scale (GDS) was used as a screening tool for depres-
sion. Statistical analysis was performed using linear mixed models. Results: A total of 144 subjects
(70.24%) had SMC. MoCA Delayed Recall scores were not significantly changed in relation to time
and SMC. Dynamics of SMC significantly influenced changes in GDS score (p = 0.008). Conclusions:
SMC and objective memory impairment do not fully overlap each other. Subjects without SMC for
longer than two years noted less intensity of depression symptoms in comparison to subgroup with
SMC. However, occurrence of SMC in subjects who were previously free of SMC, was not related to
increase in depression symptom intensity.

Keywords: cognitive function; older people; gerontology

1. Introduction

Subjective memory complaints (SMC) form a core component of the criteria for Mild
Cognitive Impairment (MCI) [1,2]. However, results of a meta-analysis on objective vs.
subjective memory performance noted minimal correlation between objective performance
and subjective assessments, with regards to memory function in general. This highlights
the need for caution when only relying on the latter [3].

SMC could be related to depression in late life [4]. However, changes over time in this
relationship needs further investigation. Results showed that SMC at baseline increased
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the risk of increased depressive symptom intensity after four [5] and ten years [6,7]. A
recent analysis concludes that SMC in cognitively normal older people might contribute to
the development of depressive symptoms in the future [4]. A subgroup with SMC were
shown to be at a higher risk for developing depressive symptoms [4–6]. Findings from
the English Longitudinal Study of Ageing show that in patients with objective cognitive
impairment, depressive symptoms might show increased SMC, but this did not affect
objective impairment [8]. In contrast, Lehrner et al. noted that depression is related to
increase in SMC, regardless of objective cognitive function [9]. In summary, based on the
results from previous studies, the relationship exacted between SMC, objective memory
impairment, and depression severity, seemed to be unclear. A systematic review suggested
that further studies examining relationship between those factors should be performed in a
longitudinal manner [10].

Cognition of Older People, Education, Recreational activities, NutritIon, Comorbidi-
ties, fUnctional capacity Studies (COPERNICUS) is the first longitudinal study on aging
in Poland [11]. A multidisciplinary approach is needed to examine the potential factors
influencing cognitive function because of the well-described relationship between cognitive
function and physical exercise [12], level of physical activity [13], and cognitive activity [14],
in addition to traditional indicators of cognitive reserve, such as education level and oc-
cupational attainment [15]. In this study, we examined the prevalence of SMC, with or
without objective memory impairment, and explored the mediating role of depression
symptom intensity in older people.

2. Materials and Methods

2.1. Enrolment

Figure 1 presents the process of study enrolment. In total, from n = 407 examined
in the baseline cohort, n = 202 participants were lost to follow-up in the second wave of
the study.

Participants were enrolled into studies based on advertisement, using regional TV
and radio, during health-promoting lectures, in Day Care Centers for the Elderly, and at
various meeting-groups for older people. Messages included information regarding an
opportunity to a take part in a free-of-charge physical, physiotherapeutic, dietary, social,
and cognitive assessment for people 60 years old and over. Age under 60 years old was
the only excluding factor from participation in study. The lack of other factors excluding
participation was underlined to collect the most representative sample of an older, Polish
cohort, as much as possible. The study was approved by the Ethics Committee, Ludwik
Rydygier Memorial Collegium Medicum in Bydgoszcz, Nicolaus Copernicus University,
Torun (KB 340/2015, date of approval: 21 April 2015); and written informed consent was
obtained from all participants.

2.2. Measurement
2.2.1. Subjective Questionnaire

Subjective problems with memory were assessed twice—at the baseline and after
2-years follow-up. Data from both time-points was included in the statistical analysis.
Participants were divided into subjective memory complainers (SMC) and non-subjective
memory complainers (NSMC), depending on their answers to the question “Have You
observed memory decline?” “Yes” was coded as “1”, “no” as “0”. At the 2-year follow-up,
the time frame of this question was over the last 2 years. Then, the following answers on
dynamics of memory decline could be chosen—“once it was better once worse”, “slow
rate of memory decline”, “rapid”, and “it is hard to describe”. One of three answers on
the presence of memory performance fluctuation during the day could be chosen—“yes”,
“no”, or “it is hard to describe”. The time of day when the memory impairment could be
described using one of the following options “worsen during the day”, “at the evening”,
“at the morning”, “it is hard to describe”, and “none”.
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Figure 1. Flow chart of the study.

2.2.2. Cognitive Tests

Neuropsychological tests were conducted by two staff, who underwent common
training in the procedures. Almost all (97.1%) neuropsychological tests were conducted by
the same person. First, a questionnaire on subjective memory complaints was conducted.
Cognitive functioning was assessed with the Mini-Mental State Examination (MMSE),
Montreal Cognitive Assessment (MoCA), and Trail Making Test Part B (TMT B). MMSE is
a well-known 30-points questionnaire used in neuropsychological assessment, it measures
orientation to time and place, immediate recall, and short-term verbal memory, calculation,
language, and construct ability. A higher score indicates better cognitive performance [16].
MMSE accuracy and efficiency seems to be worse than other screening tests aiming to
measure cognitive function in older people [17]. However, it was widely used in previous
research on older patients in Poland [18–20].

The MoCA assesses several cognitive domains [21,22]. It measures all main cognitive
domains; namely visuospatial skills, short-term memory recall, executive functioning
(examined by a mini-form of Trail Making Test part B, phonemic fluency task, and a
two-item verbal abstraction task). Attention, concentration, and working memory, as
well as naming and other language skills were evaluated. In MoCA, test results of two
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subtests (Verbal Fluency subtest and Delayed Recall of five nouns) were taken into account
separately during analysis. The Verbal Fluency subtest result is the number of words in
Polish starting with the letter “S”, which are not own nouns (conjugation prohibited). In the
case of Delayed Recall, two score was taken into analysis—first was the number of words
recalled without the help of person carrying out the test (MoCA Delayed Recall subtest).
The second score was the overall number of words recalled without help, and number
of words recalled after the category of the word recalled and the number of words were
correctly chosen from a list of three words (MoCA Delayed Recall subtest overall score).
Results from the Delayed Recall subtest served as an indicator of verbal short-memory
performance. Result of this subtest was used to address the primary outcome of the
study, namely the relationship between subjective and objective memory impairment with
depression severity. The Polish version of MoCA was shown to be accurate in assessing
the cognitive function level in previous research [23].

Trail Making Test part B is a fast-to-assess neuropsychological tool, which measures
various skill from the executive functioning domain—visuospatial skills, task switching,
and working memory, to mention a few [24].

2.2.3. Emotional State Assessment

The 15-item Geriatric Depression Scale (GDS) is a self-report measure of depression
dedicated to older patients’ assessment [25]. This shorter version was proven to be useful
among very old people, with and without cognitive impairment [26]. Questions concerning
assessment of retrospection, the quality of life, current state, activities, mental state, life
attitude, and other questions were asked. Answers were presented in dichotomized
(yes/no) format. The higher the score, the higher the severity of depression. GDS sensitivity
and specificity was calculated as 84% and 95%, respectively [25,27].

2.2.4. Functional Performance Assessment

A six-minute walk test (6MWT) was performed [28]. Eight feet up-and-go result is an
indicator of functional performance, gait speed, and balance, in a dynamic manner. Subject
was asked to get up from the chair and walk a distance of 8 feet, to and around a marker
placed on floor, get back and sit on the chair again, as fast as possible [29].

2.2.5. Activity Level Assessment

Answers on questions about the frequency of current physical, cognitive and social
activities, and diet, were coded in the following way—“never” was coded as 0, “once
a year” as 1, “several times a year” as 2, “1–2 times a month” as 3, “once a week” as 4,
“few times a week” as 5, and “daily” as 6. The result of the questionnaire was the overall
score from all questions. The following questions on cognitive and social activities were
asked—reading press, reading books, watching TV, listening to the radio, going to the
café, restaurant, going to the cinema, going to the theater or concert, going to church,
going to visit friends or family, taking part in social group meetings, computer use, card
game, chess/checkers, and solving crosswords. In addition, questions on the following
physical activities—short walks around the house place, long walks, gymnastics, cycling,
running/jogging, swimming, skiing, team games, sailing, horse riding, Nordic walking,
tennis/table tennis, dance, and work on the plot or in the garden/mushroom collection.
The following questions on frequency of travel activities in the last 3 years were asked:
1-day trips without accommodation, multi-day sightseeing trips, pilgrimages, wandering
(with accommodation in hostels, campsites), stays at campsites, with accommodation,
holiday/holiday stays, trips stationary, leisure trips to friends, stays on plot (outside
your home), spa stays (prophylactically without referrals to the sanatorium), and stays
in sanatoria on the basis of a referral. Frequency of consumption of beer, wine, vodka,
and other strong alcohols was assessed. Overall frequency was the score of ethanol
consumption. Financial status was calculated indirectly, based on particular items in an
activity questionnaire (such as frequency of going to restaurants, traveling abroad etc.).

19



J. Clin. Med. 2021, 10, 1334

2.3. Statistical Analysis

All statistical analyses were performed using the statistical package R [30]. Mean
and standard deviation (SD) values are presented. To assess the relationship of SMC with
changes in objective short-term verbal memory decline (before vs. after two years) and
GDS score, a linear mixed model with a restricted maximum likelihood approach, and
t-tests (using the Satterthwaite method) was used. Analysis was carried out in R statistical
packages (Lme4 and LmerTest packages was used [31]). The subject and time factors were
determined as random effects. Plots were created to show the interaction between SMC
and time (before vs. after 2 years). The vertical lines denote the 95% confidence interval.
Post-hoc tests results were adjusted using the Holm method to counteract the problem of
multiple comparisons using lsmeans and multcomp packages [32].

3. Results

3.1. Baseline Data from Those Participating in the Follow-Up Compared to Those Not Participating

Table 1 shows the comparison between baseline data from those participants lost
to follow up in the second wave compared to those who were re-examined. The age
of participants lost to follow-up were not significantly different as compared to those
re-examined. Scores of MMSE, MoCA, and TMT B were significantly worse in subjects lost
to follow-up. Moreover, the group of re-examined subjects who spent significantly more
years in education, were characterized by higher cognitive, social, and overall activity level,
as well as better financial status.

Table 1. Comparison of lost to follow-up vs. re-examined subjects.

Variable
Not Examined in the Second
Wave (n = 202) Mean ± SD

Re-Examined (n = 205)
Mean ± SD

z or t p-Value

Age (years) 69.84 ± 6.3 69.66 ± 6.0 0.01 0.99
Age of memory impairment (years) 64.75 ± 7.3 65.12 ± 7.7 −0.96 0.34

MMSE (points) 27.33 ± 2.4 27.80 ± 2.1 −2.24 0.03
MoCA (points) 22.74 ± 3.7 23.63 ± 3.5 −2.46 0.01

MoCA Delayed Recall (words) 2.26 ± 1.7 2.25 ± 1.6 0.10 0.92
MoCA DR in overall (words) 4.62 ± 0.8 4.76 ± 0.5 −1.31 0.19

MoCA Verbal Fluency (words) 12.02 ± 4.4 12.73 ± 4.5 −1.59 0.11
TMT B (seconds) 162.74 ± 99.4 136.90 ± 88.5 3.33 <0.01

GDS (points) 3.37 ± 2.8 3.23 ± 2.8 0.71 0.48
Health self-assessment-currently (points) 6.73 ± 1.6 7.05 ± 1.5 −1.75 0.08

Health self-assessment-10 years ago (points) 8.09 ± 1.7 8.00 ± 2.0 0.03 0.97
Years of education (years) 13.55 ± 3.1 14.37 ± 3.4 −2.24 0.02

Mental and social activity lvl (points) 40.06 ± 8.5 42.72 ± 8.2 −3.05 <0.01
Physical activity lvl (points) 19.48 ± 7.9 20.06 ± 7.2 −0.74 0.46
Touristic activity lvl (points) 6.42 ± 3.6 6.44 ± 3.4 −0.21 0.83

Sum of rich in antioxidants food
intake (points) 22.91 ± 6.2 24.11 ± 5.7 −1.23 0.22

Ethanol intake (points) 4.27 ± 3.6 4.76 ± 3.5 −1.41 0.16
Total cognitive + physical + touristic activity

lvl (points) 65.95 ± 14.9 69.22 ± 14.2 −2.24 0.02

Financial status (points) 10.95 ± 5.3 13.12 ± 5.3 −3.96 <0.01

MMSE—Mini–Mental State Examination; MoCA—Montreal Cognitive Assessment; MoCA Delayed Recall—number of word correctly
recalled without examiner help in the short-term verbal memory test; MoCA DR in overall—number of words correctly recalled after
category and list cues in Delayed Recall subtest of MoCA, TMT B -Trail Making Test Part B, GDS—Geriatric Depression Scale; p-values
lower than 0.05 are bolded.

At baseline, subjective memory impairment was noticed by 73.8% of the subgroup
lost to follow-up and by 79% of the re-examined participants. One hundred twenty-five
subjects reported SMC at baseline and after 2 years. Thirty-seven subjects reported SMC at
the baseline, however, were free of SMC after 2 years (Table 2).
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Table 2. Comparison of SMC prevalence at the baseline and after 2 years.

SMC Baseline SMC after 2 Years Count (n) Frequency (%)

yes yes 125 61
no yes 20 9.8
yes no 37 18
no no 23 11.2

SMC—Subjective memory complaints presence.

3.2. Comparison of Measures in the Cohort with Baseline and Follow-Up Data

In the cohort of 205 re-examined subjects, 144 (70.24%) had SMC. Twenty subjects
(13.99%) with SMC noted memory impairment fluctuation during the day. At the base-
line, ninety-five participants had a history of arterial hypertension, of which 58 received
antihypertensive treatment.

Interaction between time and SMC factors in the results of MoCA Delayed Recall
subtest score (which is the number of word recalled without the examiners help) was not
statistically significant (−0.09 (−0.6; 0.4), t = −0.34, p = 0.73) (Figure 2).

Figure 2. Interaction between time and subjective memory complaint (SMC) presence and results of
MoCA Delayed Recall subtest. Y-axis (MoCA Delayed Recall subtest) represents the number of words
recalled correctly in short-term verbal memory test in MoCA without the help of staff conducting
the examination. X-axis (“before” and “after”) denotes the initial time-point and after two years,
respectively. Blue line indicates subgroup without subjective memory complaints, while red line
indicates scores of participants with subjective memory complaint.

Interaction between time and SMC and the overall results of the MoCA Delayed Recall
subtest was not statistically significant (−0.14 (−0.39; 0.11), t = −1.01, p = 0.31) (Figure 3).
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Figure 3. Interaction between time and subjective memory complaint (SMC) presence and results of
the overall MoCA Delayed Recall subtest. Y-axis represents the number of words overall recalled
correctly in the short-term verbal memory test in MoCA, after category, and the list cues. First, a
category of word was recalled, then the participant was asked to choose the correct word from a list of
three words from the same category. Sum of the overall number of words recalled by the participant
themselves, with the category and list cue. X-axis (“before” and “after”) denotes the initial time-
point and after two years, respectively. Blue line indicates a subgroup without subjective memory
complaints, while the red line indicates scores of participants with subjective memory complaint.

The interaction between time and SMC and the other tests (MMSE, MoCA, TMT B)
were also non-significant. Participants with SMC in the second wave (follow up) were
significantly older, had worse TMT B, showed higher depression severity, a slower gait,
and a worse aerobic capacity compared to subgroup without SMC in the baseline (Table 3).

Table 3. Difference in variables measured in the baseline between subgroups with subjective memory complaint (SMC)
present vs. non-present after two years.

Variable

Subjective Memory Complaint Present
z p-ValuePresent (n = 162) Not Present (n = 43)

Mean Std. Dev. Mean Std. Dev.

Age (years) 70.25 6.1 67.44 5.2 2.67 0.01
Years of education (years) 14.23 3.5 14.91 3.2 −1.56 0.12

MMSE (points) 27.69 2.2 28.21 1.7 −1.35 0.18
MoCA (points) 23.67 3.6 23.51 3.1 0.63 0.53

MoCA Verbal Fluency (words) 12.67 4.5 12.95 4.7 t = −0.36 0.72
MoCA Delayed Recall (words) 2.28 1.6 2.12 1.5 0.63 0.53

TMT B (seconds) 142.66 89.3 115.33 82.7 2.33 0.02
GDS (points) 3.46 2.8 2.35 2.7 2.69 0.01

8 ft test (seconds) 6.14 2 5.58 2 2.19 0.03
6MWT (meters) 496.95 97.9 535.33 105.8 −2.54 0.01

MMSE—Mini-Mental State Examination; MoCA—Montreal Cognitive Assessment; MoCA Delayed Recall—number of word correctly
recalled without examiner help in the short-term verbal memory test; TMT B—Trail Making Test Part B; GDS—Geriatric Depression Scale,
8 ft test—8 ft up-and-go—8 ft test; and 6MWT—Six-minute walk test; p-values lower than 0.05 are bolded.

Subjects with SMC and objective verbal memory decline in the second wave had
significantly lower years of education, better MoCA, Delayed Recall subtest scores, and
worse TMT B performance, as compared to subgroup without subjective and objective
memory impairment in the baseline (Table 4).
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Table 4. Difference in variables measured in the baseline between subgroups with SMC present vs. non-present after
two years.

Variable

Subjective and Objective Memory Impairment
z p-ValuePresent (n = 60) Not Present (n = 145)

Mean Std. Dev. Mean Std. Dev.

Age (years) 70.38 6 69.37 6 −1.20 0.23
Years of education (years) 13.55 3.3 14.71 3.4 2.54 0.01

MMSE (points) 27.78 2.2 27.81 2.1 −0.28 0.78
MoCA (points) 24.68 3.2 23.20 3.6 −2.74 0.01

MoCA Verbal Fluency (words) 12.53 4.4 12.81 4.6 t = 0.4 0.69
MoCA Delayed Recall (words) 3.22 1.2 1.85 1.6 −5.55 <0.0001

TMT B (seconds) 158.78 101.1 127.78 81.3 −2.02 0.04
GDS (points) 3.72 2.9 3.03 2.8 −1.71 0.09

8 ft test (seconds) 6.15 2.1 5.97 2 −0.74 0.46
6MWT (meters) 495.68 93.8 508.42 103.2 0.53 0.59

MMSE—Mini-Mental State Examination; MoCA—Montreal Cognitive Assessment; MoCA Delayed Recall—number of word correctly
recalled without examiner help in the short-term verbal memory test; TMT B—Trail Making Test Part B; GDS—Geriatric Depression Scale,
8 ft test—8 ft up-and-go—8 ft test; and 6MWT—Six-minute walk test. p-values lower than 0.05 are bolded.

GDS was included as a dependent variable with SMC, before and after 2 years as a
fixed effect, while subject and time factors were set as random effects. Dynamics of SMC
was significantly related to changes in GDS scores (F = 4.9, p = 0.008). Participants who did
not report SMC at both time-points of the GDS score was significantly lower (2.39 ± 2.2
before vs. 2 ± 1.8 after two years) in comparison to subjects who reported SMC at both
time-points (3.62 ± 2.8 before vs. 3.62 ± 2.7 after two years) (p = 0.04). Moreover, among
participants who did not report SMC before and reported SMC after two years, the GDS
score was significantly lower (2.3 ± 3.3 before vs. 1.95 ± 2.4 after two years) in comparison
to subjects who reported SMC at both time-points (3.62 ± 2.8 before vs. 3.62 ± 2.7 after
two years) (p = 0.04) (Figure 4).

Figure 4. Results of linear mixed model predicting GDS score change over two years in relation to
the presence of subjective and objective verbal memory decline. Y-axis represents the score on the
Geriatric Depression Scale (GDS). X-axis (“before” and “after”) denotes the initial time-point and
after two years, respectively. Light blue line indicates the subgroup of subjective memory complaint
(SMC) at both time-points, red line indicates subgroup without SMC at both time-points. Green line
indicates participants who were free of SMC at the initial time-point, but it changed after two years
(after). Dark blue line denotes subgroup with SMC at the initial time-point and who was free of SMC
after two years (after).
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4. Discussion

In the above study, higher depression symptom severity at baseline assessment was
associated with a higher risk of both SMC and objective decline of short-term verbal
memory. This finding was consistent with a recent analysis, where depression was shown
to be related to an increase in SMC [9]. In addition, in a similar study, the authors concluded
that perception of decline of memory functioning rather than current memory functioning
might be a significant predictor of increase in depressive symptoms in older adults [4]. In
addition, previous studies revealed the same association, i.e., that SMC at baseline increases
the risk of increased depressive symptom intensity [5,7].

Subjective memory complaints might occur more frequently in people experiencing
negative mood [33,34]. In contrast, deficits in memory and attention are often associated
with depression [35,36]. Balash et al. noted that SMC could be related to sub-syndromal
depression and anxiety in cognitively intact older subjects [37]. Recent findings also
indicate that depression severity might occur both before and after objective cognitive
decline is noted [38].

Schmand et al. reported that SMC indicates “realistic” self-observation of cognitive
decline. However, our results indicate that SMC was not significantly related to changes in
short-term verbal memory test [39]. On the other hand, our results support those of a study
conducted on a population from Germany, which confirmed that SMC is more strongly
related to depression than objective memory decline [40].

In our study, 37 subjects (18%) reported SMC at baseline, however, were free of SMC
after 2 years. Therefore, one can speculate that SMC could be transient in some older
patients. In line with the above results, in a longitudinal study on 543 subjects from a rural
Chinese population, 265 (49%) answered “yes” to the question “Do you have trouble with
your memory?” at the baseline and 209 (39%) answered the same after 3 years [41]. It
seems important to conduct further studies to explore the relationship between SMC with
objective memory decline and depression severity. SMC is one of the components of a Mild
Cognitive Impairment (MCI) diagnosis proposed by Petersen et al. [42]. However, some
authors suggest that SMC might be more related to emotional disturbance rather than
objective cognitive impairment [43], while some even strongly suggest that SMC should be
excluded from the MCI criteria [44]. Therefore, further studies on mechanisms underlying
SMC are needed. Moreover, understanding the underlying background of SMC might
improve treatment of comorbidities of older patients with SMC.

One of the potential limitations of our study was that it used a questionnaire to
capture the subjective memory complaints at only two time-points, without specifying
the exact time-frame. Moreover, complaints in other cognitive domains and associated
worries were not examined. One factor that could affect both the frequency and usability
of an SMC is how it is measured [45]. Questions could be focused on current memory
performance assessment, comparison of performance with peers, or reflect on whether
the memory deteriorated over time [46]. Research examining how older adults interpret
memory performance questions shows that these different types of questions do actually
assess different aspects of perception of issues with memory [47,48]. Moreover, further
studies should incorporate more time-points to fully reveal the relationship between the
dynamics of SMC and depression intensity. In addition, further longitudinal studies on
the relationship between SMC, objective memory decline and depression severity, should
incorporate bigger sample sizes and examine the effects of comorbidities and treatment
on this relationship. It seems that side-effects from certain groups of pharmacological
agents could be associated with episodic memory decline [49]. On the other hand, deep
brain stimulation in patients with Parkinson Disease presumably could lead to short-term
improvement in depression [50] On the other hand, the above study is the first in Polish
population to examine the relationship between depression, subjective, and objective
memory decline in a longitudinal manner.
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5. Conclusions

Our results suggest that groups of older people with SMC and objective short-term
verbal memory decline do not fully overlap each other. Participants with SMC after two
years were older, had a worse executive function, showed higher depression severity, a
slower gait, and worse aerobic capacity.

Older people without SMC for longer than two years showed less intensity of de-
pression symptoms in comparison to a subgroup with SMC for longer than two years.
However, the occurrence of SMC in older people who were previously free of SMC, was
not related to an increase in depression symptoms intensity.
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Abstract: Dementia is an important health issue worldwide, and non-pharmacological strategies for
the management of behavioral and psychological symptoms of dementia (BPSD) are considered to
be important. This review analyzes the effectiveness and safety of acupuncture for BPSD. Thirteen
electronic databases were comprehensively searched to find clinical studies using acupuncture on
BPSD, published up to December 2020. Five randomized controlled clinical trials and two before-after
studies, mainly on Alzheimer’s disease (AD), were included. Meta-analysis suggested that the total
effective rate based on BPSD symptoms in the acupuncture combined with psychotropic drugs group
was significantly higher than that in the psychotropic drugs group (risk ratio, 1.27; 95% confidence
interval, 1.11 to 1.45; I2 = 51%). In terms of other outcomes related to BPSD, acupuncture as an
adjunctive therapy, but not as monotherapy, was associated with significant benefits in most included
studies. However, the included studies did not have optimal methodological quality. Our review
highlights the limited evidence proving the effectiveness and safety of acupuncture for BPSD in
patients with AD. Although some clinical studies have reported the potential benefits of adjuvant
acupuncture in managing BPSD, the evidence is not robust and is based on small studies. Therefore,
high-quality research in this field is needed.

Keywords: dementia; BPSD; acupuncture therapy; acupuncture; systematic review

1. Introduction

Dementia refers to a clinical syndrome that significantly impairs an individual’s
activities of daily living (ADL) with gradual cognitive decline, and it is an important health
issue worldwide [1]. Along with strategies to prevent the occurrence of dementia based on
an understanding of its multifactor pathology, strategies to reduce the burden of dementia
patients and their caregivers as well as the socioeconomic burden is becoming increasingly
important [1]. According to estimates, the number of patients with Alzheimer’s disease
(AD), a representative type of dementia, is expected to be 13.8 million in the United States
and 115.4 million globally as of 2050 [2,3].

Behavioral and psychological symptoms of dementia (BPSD), which most patients
with dementia experience, are thought to be the main cause of the dementia-related bur-
den [4,5]. Therefore, the management of BPSD is a promising strategy to reduce the
burden of dementia, and a non-pharmacological approach is particularly preferred in
terms of benefit-risk ratio [6,7]. However, psychosocial interventions for BPSD are still
not implemented systematically, and pharmacological interventions that can be associ-
ated with a number of negative health outcomes are being used [8–10]. As many non-
pharmacological interventions are difficult to implement in actual clinical settings due
to barriers related to resident unavailability and external barriers [11], it is necessary to
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explore non-pharmacological interventions that are individualized, can be easily imple-
mented, are accessible, and are effective and safe for patients with dementia, in terms of
evidence-based medicine (EBM).

Acupuncture, a promising non-pharmacological intervention, is recommended world-
wide for some conditions such as pain [12] although it is not evaluated to have robust
evidence to be officially recommended for the management of BPSD [13]. Acupuncture has
been studied not only for pain conditions, but also for a wide range of health conditions
such as neoplasms/cancer, pregnancy or labor, mood disorders, stroke, nausea/vomiting,
sleep, and paralysis/palsy [14], and has the potential to improve overall health [15]. In
addition, this modality appears to be generally safe [16]. In this context, acupuncture can be
considered a promising treatment for the elderly population. Psychiatric manifestations in
patients with dementia have been well documented in neuroimaging and neuropathology
studies [17]. The effects of acupuncture on the nervous system of human subjects and
animal models with neurological diseases including AD have also been reported [18]. It has
been stated that acupuncture can influence AD pathology through the inhibition of accumu-
lation of toxic proteins, regulation of glucose metabolism, reduction of neuronal apoptosis,
and neuroprotective effects [18]. Therefore, this treatment may have a therapeutic effect on
BPSD, which accompanies AD pathology [19,20].

However, there have been insufficient studies to examine the applicability of acupunc-
ture for BPSD by comprehensively and systematically collecting previously published
literature. Examining the applicability of acupuncture from the perspective of EBM po-
tentially improves the management of dementia, thereby contributing to the reduction of
the burden caused by dementia. Therefore, this systematic review aimed to analyze the
effectiveness, safety, and research status of acupuncture in BPSD management.

2. Materials and Methods

The protocol of this systematic review was registered in the OSF registries (URL:
https://osf.io/hu5ac) (Accessed on 30 November 2020) and the International Prospective
Register of Systematic Reviews (registration number: CRD42020211005) before the start
of the study. The protocol for this study was published in an international academic
journal [21]. This systematic review complied with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement (Supplement 1) [22].

2.1. Information Sources and Search Strategy

A comprehensive study search was conducted in 13 electronic databases, including
Medline via PubMed, EMBASE via Elsevier, the Cochrane Central Register of Controlled
Trials, Allied and Complementary Medicine Database via EBSCO, Cumulative Index to
Nursing and Allied Health Literature via EBSCO, PsycARTICLES via ProQuest, Oriental
Medicine Advanced Searching Integrated System, Koreanstudies Information Service
System, Research Information Service System, Korean Medical Database, Korea Citation
Index, China National Knowledge Infrastructure, and Wanfang Data on December 28,
2020. All studies published from their inception to the search date were considered. To
find additional gray literature such as theses or conference abstracts, relevant literature
reference lists and trial registries, including clinicaltrials.gov, were reviewed. In addition,
consultations with experts in this area were conducted. The study search process was
conducted by a single researcher (BL). The search strategies and results in each database
are described in Supplement 2.

2.2. Eligibility Criteria

The inclusion criteria for this review were as follows: (1) Population: Patients with
dementia regardless of the type in long-term care facilities, community, or specialized
geriatric assessment and psychiatric units was allowed. Only patients with dementia, with
standard diagnostic criteria or validated tools, were included. The standard diagnostic
criteria for dementia included the Diagnostic and Statistical Manual of Mental Disorders,
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the International Classification of Diseases, the National Institute of Neurological and
Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders
Association, and other recommended diagnostic criteria. There were no restrictions on
sex, age, or race/ethnicity of the patients. (2) Intervention: Acupuncture regardless of the
type as monotherapy or adjunctive therapy to psychotropic drugs such as anxiolytics,
antidepressants, and antipsychotics, with or without routine care for dementia as treatment
interventions were included. Studies that did not list details such as the treatment period
and treatment points (i.e., acupoints) were excluded. In addition, studies involving psy-
chotherapy as treatment or control interventions were excluded. (3) Comparator: Wait-list,
placebo (sham-acupuncture), or psychotropic drugs such as anxiolytics, antidepressants,
and antipsychotics, with or without routine care for dementia, as control interventions
were allowed. (4) Outcome: The severity of BPSD symptoms, such as Behavior Pathol-
ogy in Alzheimer Disease Rating Scale (BEHAVE-AD) [23], Neuropsychiatric Inventory
(NPI) [24], and Brief Psychiatric Rating Scale (BPRS) [25] were considered as the primary
outcomes. The secondary outcome measures included the total effective rate (TER) for
BPSD symptoms; ADL of patients such as Barthel Index [26]; instrumental ADL such as
ADL Prevention Instrument [27]; quality of life (QOL) of patients with dementia such as
Alzheimer Disease Related Quality of QOL [28]; caregiver burden of caregivers such as
Caregiver Burden Inventory [29]; QOL of caregivers such as the Short Form 36 Health
Survey (SF-36) [30]; placement in long-term care facility from home; and safety data such as
incidence of adverse events (AEs). (5) Study design: clinical studies, regardless of the type,
such as randomized controlled clinical trials (RCTs), non-randomized controlled clinical
trials, and before-after studies. There were no restrictions on the publication language or
publication status.

2.3. Study Selection

All documents retrieved from the study search process were imported into EndNote
X8 (Clarivate Analytics, Philadelphia, PA, USA). After removing duplicates, the titles and
abstracts of the documents were screened for inclusion. After the initial screening, the full
texts of the remaining documents were carefully reviewed to evaluate the final inclusion.
The study search process was conducted by two independent researchers (C.Y.K. and B.L.).
Any disagreements between the two researchers were resolved through a consensus.

2.4. Data Extraction

In the data extraction process, a pre-defined form in Excel 2016 (Microsoft, Redmond,
WA, USA) was used by two independent researchers (C.Y.K. and B.L.). The following items
were extracted from the included studies: first author’s name, publication year, country of
publication, sample size and withdrawals, details of participants, treatment and control
intervention, duration of intervention, outcome measures and results, AEs, and information
for assessing the risk of bias (RoB). In particular, details of acupuncture procedures, such
as acupoints, stimulation method, and needle retention time, were extracted. The authors
contacted the corresponding authors of the original studies via e-mail, when the data in
each included study were insufficient or ambiguous. Any disagreements between the two
researchers were resolved through a consensus.

2.5. Risk of Bias Assessment

The RoB evaluation tools of the included studies were applied differently according
to the study type. The inclusion criteria of the systematic review allowed all original
clinical studies regardless of the study type, but the types included were limited to RCTs
and before-after studies. In the case of RCTs, the Cochrane Collaboration’s Rob tool was
used to evaluate RoB. Using this tool, the RoB of RCTs can be evaluated by categorizing
it into random sequence generation, allocation concealment, blinding of participants,
personnel, and outcome assessors, completeness of outcome data, selective reporting, and
other biases. For other biases, a statistical baseline imbalance of participants’ mean age,
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sex, disease period, or disease severity between the treatment and control groups was
considered. Each domain was evaluated as “low risk,” “unclear risk,” or “high risk,” and
the evaluation method of the Cochrane Handbook was followed [31]. The results of the
RoB assessment were presented as figures using Review Manager software (version 5.4;
Cochrane, London, UK). In case of before-after studies, the Quality Assessment Tool for
Before-After (Pre-Post) Studies With No Control Group produced by the US National Heart
Lung and Blood Institute was used [32]. The RoB assessment process was conducted by
two independent researchers (C.Y.K. and B.L.), and any disagreements between the two
researchers were resolved through consensus.

2.6. Data Synthesis and Analysis

A qualitative analysis of all included studies, including demographic characteristics
of participants, details of interventions, and outcomes, was conducted. Quantitative syn-
thesis was performed with the outcome measures if there were two or more studies using
the same type of treatment and control interventions. The meta-analysis was conducted
and presented as forest plots using Review Manager software (version 5.4; Cochrane,
London, UK). For continuous outcomes, the mean differences with 95% confidence inter-
vals (CIs) were calculated. For binary outcomes, the risk ratios (RRs) with 95% CIs were
calculated. Heterogeneity between the studies in terms of effect measures was assessed
using both the χ2 test and the I2 statistic, and I2 values greater than 50% and 75% were
interpreted as substantial and considerable heterogeneity, respectively. In the meta-analysis,
a random-effects model was used if included studies had significant heterogeneity (an
I2 > 50%), while a fixed-effect model was used if the heterogeneity was not significant or
if the number of studies included in the meta-analysis was less than 5 [33,34]. According
to the protocol [21], subgroup analyses based on severity of dementia, type of dementia,
severity of BPSD, and treatment duration were planned; however, these were not con-
ducted because the number of studies included and the relevant data were insufficient.
Sensitivity analysis in meta-analyses was planned to remove studies with high RoB and
outliers that are numerically distant from the rest of the data, but this was not conducted
for the same reason.

2.7. Publication Bias

Assessment of publication bias using a funnel plot was planned in the protocol [21];
however, the assessment was not conducted, as there were no more than 10 studies included
in each meta-analysis.

3. Results

3.1. Study Selection

A total of 8715 documents were identified through initial database searches, and
1600 duplicates were excluded. After reviewing the titles and abstracts of the remain-
ing 7115 documents, 44 potentially relevant articles were selected. The full texts of the
44 articles were assessed for the final inclusion. Among them, the following numbers
of studies were excluded: not clinical studies (n = 3), not report the standard diagnostic
criteria or validated tools for participants (n = 3), not on acupuncture (n = 1), comparing
two different kinds of acupuncture (n = 2), not reporting outcomes related to BPSD (n = 18),
without details about the study (n = 5), using same data (thesis or conference abstract)
(n = 3), using the same data (published in another journal) (n = 1), and not available full-
text (n = 1) (Supplement 3). Finally, a total of seven studies (five RCTs [35–39] and two
before-after studies [40,41]) were included in this review (Figure 1).
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Figure 1. A PRISMA flow diagram of the literature screening and selection processes. AMED,
Allied and Complementary Medicine Database; CENTRAL, Cochrane Central Register of Controlled
Trials; CINAHL, Cumulative Index to Nursing and Allied Health Literature; CNKI, China National
Knowledge Infrastructure; KCI, Korea Citation Index; KISS, Korean Studies Information Service Sys-
tem; KMbase, Korean Medical Database; OASIS, Oriental Medicine Advanced Searching Integrated
System; RCT, randomized controlled trial; RISS, Research Information Service System.

3.2. Study Characteristics

Among the seven included studies, six [35–39,41] were conducted in China, and the
remaining study [40] was conducted in America. As for the type of publication, there
was one thesis [41], and the remainder [35–40] were journal articles. As for the type of
dementia, except for one study [40] involving patients with AD or vascular dementia
(VD), all studies [35–39,41] were in patients with AD. As for the type of acupuncture,
three [37,40,41] used manual acupuncture, three [35,38,39] used electroacupuncture, and
one [36] used scalp acupuncture.

Among the five RCTs [35–39], there were three [35,36,38] comparing acupuncture
combined with psychotropic drugs and psychotropic drugs alone, one [37] comparing
acupuncture and anti-dementia drugs, and one [39] comparing acupuncture combined
with routine care and routine care alone. No study recruited participants according to
pattern identification. The treatment period ranged from 4 weeks to 12 years, of which
8 weeks was the most common in the two RCTs [35,36]. Only one RCT [37] conducted
a follow-up assessment after completion of treatment. Two RCTs [37,39] were approved
by the institutional review board for the study, and three RCTs [37–39] received consent
forms from the participants. The two before-after studies used manual acupuncture for
9–12 weeks [40] and 8 weeks [41], respectively. In addition, the two studies [40,41] also did
not use pattern identification in recruiting participants. The two studies [40,41] did not
describe approval by the institutional review board for the study; however, they reported
that they received consent forms from participants (Tables 1 and 2).
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3.3. Risk of Bias in Studies

For RCTs, a total of four studies [36–39] with proper randomization methods, such
as using a random number table, were evaluated as low risk in the random sequence
generation domain. Only one study [37] used a special envelope to perform allocation
concealment, which was assessed to have low risk in the domain of allocation concealment.
None of the included studies used sham acupuncture as a control, suggesting that double
blinding was impossible. Therefore, all studies were evaluated as having high risk in the
domain of performance bias. Only one study [37] described the blinding of the outcome
assessor, and the domain of detection bias was evaluated as having a low risk of bias. All
studies were evaluated as low risk in the domain of incomplete outcome data, because
there were no dropouts [35,36,38,39] or the number of dropouts was not expected to have
a significant effect on the results because it was small [37]. Most studies [36–39] were
evaluated as having a low risk of reporting bias in the domain of selective reporting using
an objective and validated evaluation tool related to BPSD. However, one study [35] did
not present the results of some outcomes as numerical values, so the domain was evaluated
as high risk. As all studies reported baseline statistical homogeneity of participants’ mean
age, sex, disease period, or disease severity, the domains of other sources of bias were
evaluated as low risk (Figure 2). In two before-after studies [40,41], both clearly stated the
study questions, eligibility criteria for the study population, and outcome measures. In
addition, these studies [40,41] were lost to follow-up after a baseline of 20% or less, and a
statistical test using p-value was performed, and two or more results of assessment after
baseline were reported. However, both studies [40,41] were small with a sample size of
less than 60 [42], there was no previously published protocol, no assessor blinding was
reported, and individual-level data were not considered. In addition, one study [40] lacked
detailed descriptions related to the acupuncture method, such as stimulation method and
needle retention time (Supplement 4).

3.4. Effectiveness and Safety of Acupuncture in Included RCTs
3.4.1. Acupuncture as a Monotherapy

Jia [37], comparing manual acupuncture and donepezil (first 4 weeks: 5 mg/day;
thereafter: 10 mg/day) in 87 AD patients for 12 weeks, reported that there was no statis-
tically significant difference using the AD Cooperative Study—ADL, 23-item scale (after
12 weeks: 47.85 (mean) ± 11.22 (standard deviation) vs. 48.20 ± 13.16, p > 0.05; 12-week
follow-up: 48.18 ± 11.32 vs. 49.43 ± 13.45, p > 0.05) and NPI total score (after 12 weeks:
7.25 ± 2.69 vs. 7.61 ± 2.30, p > 0.05; 12-week follow-up: 8.13 ± 2.78 vs. 9.31 ± 2.42, p > 0.05).
There were five cases of AE in the acupuncture group, including four cases of punctate
hemorrhage and one case of bruising. In the donepezil group, there were seven cases of AE,
including dizziness, nausea, loss of appetite, diarrhea, constipation, fatigue, and agitation.
Interestingly, the authors reported that the acupuncture group unexpectedly improved the
following symptoms: insomnia (five cases), constipation (four cases), elderly male patients
with benign prostatic hyperplasia (six cases), and knee arthritis (two cases).

3.4.2. Acupuncture as an Adjunctive Therapy

Meta-analysis was possible only for TER for BPSD symptoms. As a result, TER in the
acupuncture combined with psychotropic drugs group was significantly higher than that
in the psychotropic drugs group (three studies [35,36,38]; RR, 1.27; 95% CI, 1.11 to 1.45;
I2 = 51%) (Figure 3).
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Figure 2. Risk of bias for all included studies. Low, unclear, and high risk, respectively, are repre-
sented with the following symbols: “+,” “?”, and “−”.

Figure 3. Forest plot of total effective rate comparing acupuncture plus psychotropic drugs and psychotropic drugs alone.

Ou [35], comparing electroacupuncture combined with perphenazine (4-30 mg/day)
and perphenazine (8–40 mg/day) in 30 AD patients with BPSD for 8 weeks, reported no sta-
tistically significant difference on BPRS between the groups (27.14 ± 7.91 vs. 28.23 ± 8.42,
p > 0.05). There was no statistically significant difference in the Rating Scale for Extrapyra-
midal Side Effects score after 1 week of treatment (1.3 ± 1.0, 2.1 ± 0.4, p > 0.05). Huang
(2014) [36], comparing scalp acupuncture combined with fluoxetine (20 mg/day) and

37



J. Clin. Med. 2021, 10, 3087

fluoxetine (20 mg/day) alone in 100 AD patients with depression for 8 weeks, reported
that compared to the control group, the treatment group showed a statistically signifi-
cantly lower Hamilton depression rating scale (HAMD) score (9.32 ± 4.93 vs. 11.89 ± 5.97,
p < 0.05) and higher ADL score (36.76 ± 3.29 vs. 34.92 ± 4.33, p < 0.05). Zhang [38]
compared electroacupuncture combined with midazolam (7.5 mg/day) and midazolam
(7.5 mg/day) alone in 82 AD patients with sleep disorder for 30 days and reported that
compared to the control group, the treatment group showed a statistically significantly
lower global score of the Pittsburgh sleep quality index (PSQI) (1.59 ± 2.15 vs. 4.15 ± 1.77,
p < 0.05).

Zhao [39], comparing electroacupuncture combined with passive music therapy and
routine care (i.e., routine nursing, psychological comfort, daily cognitive training, diet
modification) and routine care in 120 AD patients for 4 weeks, reported that compared
to the control group, the treatment group showed a statistically significantly higher ADL
score (64.92 ± 8.29 vs. 47.07 ± 10.18, p < 0.05) and BEHAVE-AD total score (37.45 ± 4.40 vs.
27.21 ± 4.20, p < 0.05). Moreover, they found that all subscales of SF-36 for the treatment
group were statistically significantly higher than that of control group, including physical
functioning (71.39 ± 6.58 vs. 55.13 ± 7.14, p < 0.05), body pain (73.22 ± 7.82 vs. 59.61 ± 7.31,
p < 0.05), general health perception (68.77 ± 6.16 vs. 50.33 ± 5.24, p < 0.05), vitality
(71.82 ± 6.64 vs. 55.64 ± 5.67, p < 0.05), social functioning (80.27 ± 7.89 vs. 69.55 ± 8.10,
p < 0.05), emotional role functioning (71.46 ± 6.21 vs. 60.24 ± 6.59, p < 0.05), and mental
health (73.62 ± 7.46 vs. 62.31 ± 5.88, p < 0.05).

3.5. Results in Included Before-After Studies

Lombardo [40], performing manual acupuncture in 11 patients with AD or VD for
9-12 weeks, reported that the anxiety subscale of the Profile of Mood States (POMS)
(8.8 ± 6.3 to 4.6 ± 3.4, p = 0.05), state anxiety of State-Trait Anxiety Inventory (STAI)
(49.5 ± 8.4 to 40.1 ± 8.0, p = 0.005), and Cornell Scale for Depression in Dementia (CSDD)
(6.4 ± 5.0 to 3.1 ± 3.0, p = 0.011) were significantly improved. In addition, some subscales
of SF-36 in caregivers were significantly improved, including vitality (4.1 ± 1.2 to 3.4 ± 0.9,
p = 0.003) and anxiety (3.2 ± 0.7 to 2.5 ± 0.8, p = 0.006), but not depression (2.8 ± 0.7 to
2.7 ± 1.0, p = 0.394). There was no statistically significant difference in the Geriatric Depres-
sion Scale (GDS) (7.4 ± 3.9 to 6.7 ± 7.0, p = 0.358) and subscales of SF-36 in participants,
including vitality (2.7 ± 0.8, 2.6 ± 0.9, p = 0.416), anxiety (2.5 ± 0.7 to 2.1 ± 0.6, p = 0.441),
and depression (2.6 ± 1.0 ± 2.2 ± 0.7, p = 0.350).

Ying [41], performing manual acupuncture in 33 AD patients with BPSD for 8 weeks,
reported that the BEHAVE-AD total score (18.90 ± 6.67 to 15.37 ± 7.42, p < 0.001), and
some subscales including paranoid and delusional ideation (5.22 ± 2.60 to 4.51 ± 2.50,
p < 0.01), activity disturbances (3.80 ± 2.11 to 3.38 ± 2.28, p = 0.002), affective distur-
bances (2.17 ± 1.34 to 1.27 ± 0.98, p < 0.01), and anxieties and phobias (3.00 ± 1.88 to
1.50 ± 1.43, p < 0.01) were statistically significantly improved. However, other subscales of
BEHAVE-AD including hallucinations (1.40 ± 1.43 to 1.43 ± 1.30, p = 0.12), aggressiveness
(1.43 ± 1.83 to 1.50 ± 1.85, p = 0.53), and diurnal rhythm disturbances (1.90 ± 0.93 to
2.00 ± 0.98, p = 0.58) as well as ADL (47.67 ± 8.50 to 47.03 ± 9.91, p = 0.141) showed no
statistically significant difference.

4. Discussion

4.1. Summary of Evidence

This systematic review is the most comprehensive review and meta-analysis to date
conducted to analyze the effectiveness, safety, and research status of acupuncture for BPSD.
A total of seven clinical studies, including five RCTs [35–39] and two before-after stud-
ies [40,41], mainly on patients with AD, were included in this review. In these studies, RCTs
were analyzed to evaluate the effectiveness and safety of BPSD. On the other hand, the
before-after studies were used as the basis for understanding the current status of research
in this field, considering the low level of evidence. Meta-analysis was only possible for
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TER based on BPSD symptoms from three RCTs [35,36,38]. According to the meta-analysis
results, acupuncture combined with psychotropic drugs showed statistically significant
superiority in terms of TER compared to the psychotropic drugs alone group. For the other
outcomes, only qualitative synthesis was conducted. First, in terms of outcomes related to
BPSD, acupuncture as an adjunctive therapy, but not as monotherapy, was associated with
significant benefits in most included studies. One study [35] compared electroacupuncture
combined with perphenazine and perphenazine and reported that there was no significant
difference in the effect of the two interventions on the BPRS score. However, considering
that the dose of perphenazine was used less in the combined therapy group (4–30 mg/day)
than in the control group (8–40 mg/day), the results of this study suggest that EA may
be helpful in BPSD management. Similarly, the other two RCTs, comparing acupuncture
combined with psychotropic drugs and psychotropic drugs, found the significant benefits
of acupuncture as an adjunctive therapy for HAMD [36] and PSQI [38]. One RCT [39],
which investigated the additional benefits of acupuncture and music therapy based on
routine care, reported the BEHAVE-AD score as a BPSD-related outcome, but the value was
suspicious. The BEHAVE-AD score increased significantly after treatment in both groups,
but the authors explained that BPSD symptoms were reduced in this study. Given that
higher BEHAVE-AD scores reflect more severe symptoms of BPSD [23], these explanations
seem unusual; therefore, we contacted the corresponding author of the paper via e-mail,
but did not receive a reply. Second, in terms of ADL, two RCTs reported additional benefits
of acupuncture as an adjunctive therapy to midazolam [36] or routine care [39]. However,
acupuncture as a monotherapy did not show statistically significant superiority in ADL
compared to donepezil [38]. Third, in one RCT [39], the patient’s QOL was evaluated
using the SF-36. The results showed that acupuncture and music therapy added to rou-
tine care significantly improved participants’ QOL in terms of physical functioning, body
pain, general health perception, vitality, social functioning, emotional functioning, and
mental health. Fourth, only two RCTs [35,37] reported the safety data of the interventions.
Acupuncture was mainly associated with mild local AEs such as punctate hemorrhage
and bruising and did not have a significant effect on safety concerns of drug treatment
such as extrapyramidal side effects. On the other hand, there were two before-after stud-
ies [40,41] included in this review, both of which used manual acupuncture, and significant
improvements were reported in BPSD-related outcomes such as POMS, STAI, CSDD, and
BEHAVE-AD. However, no significant improvement was observed in the GDS, the anxiety
and depression subscales of SF-36, and hallucinations, aggressiveness, and diurnal rhythm
disturbance subscales of BEHAVE-AD. In addition, one study [41] that reported ADL found
no statistically significant change. In summary, in the included studies, improvements in
individual BPSD after acupuncture were reported, in particular, for depression, anxiety,
sleep quality, paranoid and delusional ideation, and activity disturbances. Among them,
the improved individual symptoms of BPSD after acupuncture in the included RCTs were
depression and sleep quality.

Overall, the included studies did not have optimal methodological quality. In particu-
lar, most studies were small-scale, and few studies reported blinding of outcome assessors.
Considering that blinding of participants and personnel in the perfect sense is almost im-
possible due to the nature of acupuncture, the lack of blinding in outcome assessors could
potentially affect the reliability of each study result. These blinding issues and small-scale
limitations also apply to the two before-after studies.

4.2. Implications of the Results

This review presents the most comprehensive literature review conducted to evaluate
the effectiveness and safety of acupuncture for BPSD. Although studies have shown that
acupuncture, primarily as a form of adjuvant therapy in patients with AD, has the potential
to improve overall BPSD as well as individual BPSD symptoms such as depression and
sleep quality, these results were not supported by a sufficient number of studies or evidence
of sufficient quality. However, given that the establishment of a non-pharmacological
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approach to the management of BPSD is important [6,7] and that effective and safe non-
pharmacological strategies should be implemented in a viable manner [8–10], acupuncture
may still be an attractive intervention. This is because the potential of acupuncture has been
continuously reported for conditions, especially in the elderly, regarding the limitations of
conventional pharmacological treatment, such as poly-pharmacy [43,44].

Although the underlying therapeutic mechanism of acupuncture for BPSD in patients
with AD has not been fully elucidated, the results of pre-clinical and clinical experiments
can be referred to. Lu that manual acupuncture on ST36 for 30 days in a rat AD model
activated brain areas including the orbital cortex, medulla oblongata, and pontine tegmen-
tum [45]. Moreover, Shan found that manual acupuncture on LI4 and LR3 in patients
with AD was related to enhanced activations in cognitive-related areas, including the
inferior frontal gyrus, as well as sensorimotor-related areas, the basal ganglia, and the
cerebellum, by using functional magnetic resonance imaging (fMRI) [46]. A review investi-
gating changes in acupuncture-related brain activity in fMRI concluded that acupuncture
stimuli could promote activity changes in a wide range of brain regions, including the
somatosensory cortices, limbic system, basal ganglia, brain stem, and cerebellum [47].
Acupuncture-induced changes in local brain activity in AD patients may be related to the
therapeutic effect of acupuncture on BPSD. Among them, the possible impact of acupunc-
ture on the orbitofrontal cortex seems to be promising. A previous systematic review sug-
gested that volume reductions or decreased metabolism in the orbital cortex, especially the
orbitofrontal cortex, are related to BPSD symptoms, particularly apathy and psychosis [48].
Furthermore, gray matter volume loss in the medial orbital frontal cortex was seen in
patients with frontotemporal lobar degeneration, with symptoms of disinhibition [49].
As part of the temporo-amygdala-orbitofrontal network, the orbitofrontal cortex may be
associated with semantic deficits, language difficulties, personality changes, aggression,
and disinhibition in patients with advanced AD [50]. Effects on other brain regions are also
likely to be related to the potential effects of acupuncture on BPSD. The pontine tegmentum
contains numerous serotonergic neurons, and abnormalities in this region could potentially
be related to low mood and low self-esteem in patients with AD [51]. White matter changes
in the frontal or parieto-occipital region and basal ganglia may be associated with psychotic
symptoms, particularly delusional misidentification, in AD patients [52]. Modulation of
some neurotransmitters may also explain the potential therapeutic effect of acupuncture on
BPSD, and a recent review summarized the effect of acupuncture on glutamatergic neuro-
transmission in depression, anxiety, schizophrenia, and AD [53]. According to the results of
the review [53], glutamatergic neurotransmission may be a common therapeutic pathway
of acupuncture for BPSD symptoms (i.e., depression, anxiety, and psychotic symptoms) as
well as the pathology (i.e., glutamate excitotoxicity) of AD. However, further research in
this field is still needed, and the therapeutic mechanism of acupuncture for BPSD in AD
patients has not been fully elucidated.

Although this systematic review allowed all of the original clinical studies that re-
ported the effect of acupuncture on BPSD regardless of the study type, the fact that only
seven studies were included suggests that research in this field is lacking. Therefore, in
terms of EBM, to formally recommend that acupuncture be used as a supplement to BPSD
management, more high-quality research in this field is needed in the future. In particular,
dementia is currently becoming a social, national, and global problem beyond the indi-
vidual or family level, so research support for non-pharmacological treatments including
acupuncture for BPSD management of dementia patients is needed at the national level.

4.3. Limitations

This review presents some promising results of acupuncture as an adjuvant therapy
for BPSD, but the following limitations should be considered:

(1) Because the number of studies included in this review was small, quantitative syn-
thesis was limited, and the results for each outcome were dependent on either one
or two RCTs. In this situation, each RCT was implemented on a small scale, which
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may cause small-study effects, and its methodological quality is poor. Therefore, the
reliability of the results obtained in this review was limited, and the level of evidence
could be evaluated as weak.

(2) The subgroup analysis planned in this review protocol [21] was not performed because
of the lack of included studies. However, the characteristics of the participants
and interventions in the included studies were not sufficiently homogeneous, so
differences in effect estimates according to the severity of dementia, the severity of
BPSD, and the duration of treatment should be further investigated in future studies.

(3) The included studies also lacked the homogeneity of the evaluation tools used for
BPSD evaluation. In particular, some studies used evaluation tools for individual
BPSD symptoms such as HAMD, STAI, and PSQI and did not use an evaluation tool
specific to BPSD such as BEHAVE-AD or NPI. Therefore, future studies require the
uniformity of these evaluation tools, and the use of evaluation tools specific to BPSD
is recommended.

(4) Most of the included studies were conducted in China. In particular, all the included
RCTs were implemented in China. Although publication bias using funnel plots
was not evaluated in this review, studies implemented only in certain countries
could potentially contribute to publication bias. In addition, as China has been using
acupuncture for a long time, participants of acupuncture studies usually exhibit a
favorable attitude toward this treatment method. These factors can act as obstacles to
generalizing the results of this review to other countries.

5. Conclusions

Our review highlights the limited evidence supporting the effectiveness and safety of
acupuncture for BPSD in patients with AD. Although some clinical studies have reported
the potential benefits of acupuncture as an adjuvant therapy in managing BPSD or improv-
ing ADL, the evidence is weak and based on small studies. Although the development of
effective non-pharmaceutical therapies for the management of BPSD is important, high-
quality research on acupuncture seems to be lacking, and research in this field is needed.
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Abstract: Selecting patients with a high chance of endured benefit from transcatheter aortic valve
implantation (TAVI) is becoming relevant with changing indications and increasing number of TAVI
being performed. The aim of our study was to investigate the association of the multidimensional
prognostic index (MPI) based on a comprehensive geriatric assessment (CGA) on survival. The TAVI
Care & Cure program is a prospective, observational registry of patients referred for TAVI at the
Erasmus MC University Medical Center. Consecutive patients who underwent a complete CGA and
TAVI were included. CGA components were used to calculate the MPI score. The impact of the MPI
score on survival was evaluated using Cox regression. Furthermore, 376 patients were included, 143
(38.0%) patients belonged to the MPI-1 group and 233 (61.9%) patients to the MPI-2–3 group. After
3 years, 14.9% of the patients in the MPI-1 group and 30.5% of the patients in the MPI-2–3 group died
(p = 0.001). Patients in MPI-1 had increased chances of overall survival in comparison with patients
in MPI group 2–3 Hazard Ratio (HR) 0.57, (95% Confidence Interval (CI) 0.33–0.98)). In this study
we found that the MPI tool could be useful to assess frailty and to predict which patient will have a
higher chance of enduring benefit from a TAVI procedure.

Keywords: aortic stenosis (AS); transcatheter aortic valve implantation (TAVI); multidimensional
prognostic index; outcome; mortality; frailty

1. Introduction

The indications for transcatheter aortic valve implantation (TAVI) for treating symp-
tomatic aortic stenosis are expanding from older patients who are frail and have high
surgical risk to patients with low surgical risk [1–4]. With the rapid uptake of TAVIs being
performed [5], selection of patients who can benefit from TAVI is becoming more relevant.
Performing a comprehensive geriatric assessment (CGA) is a growing routine practice and
the impact of frailty status of patients on outcomes after TAVI is increasingly described [6–9].
The multidimensional prognostic index (MPI) is based on a CGA and has been shown
to predict mortality in older patients with acute and chronic conditions [10], including
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cardiovascular diseases, i.e., heart failure [11] and acute myocardial infarction [12]. In a
large, multicenter, longitudinal study, the MPI has shown to be predictive of mortality and
negative health outcomes in older, hospitalized patients [13]. Recent studies in relatively
small groups of patients, have suggested that the MPI can predict death and stroke for up
to three months after TAVI, and mortality for up to one year after TAVI [14–16]. Since the
population of patients qualifying for a TAVI is changing and growing, late outcomes are
also becoming important. There has been limited research on the effect of frailty and long-term
survival after TAVI [17,18]. The aim of this study was therefore to investigate the association
between the MPI and survival at 1 and 3 years in older patients undergoing TAVI.

2. Materials and Methods

2.1. Study Population

The study population consists of patients who underwent TAVI (November 2013–July 2018)
within the framework of the TAVI Care & Cure program [19]. The TAVI Care & Cure
program is a collaboration between the departments of geriatrics and interventional cardi-
ology to optimize care for older patients. Patients referred for severe aortic valve stenosis
are seen by the interventional cardiologist for a cardiac assessment, followed by a con-
sultation by the geriatrician to complete a comprehensive geriatric assessment (CGA).
Predefined cardiovascular and non-cardiovascular characteristics, procedural and postop-
erative data of all patients referred for and treated with TAVI were collected [19]. There
were no specific exclusion criteria. Treatment decision and strategy were decided during
the multidisciplinary heart team meeting (interventional cardiologists, cardiac surgeons,
anesthesiologists, geriatricians and a TAVI-nurse coordinator) [19–21]. The study was
approved by the Medical Ethics Committee of the Erasmus MC University Medical Cen-
ter and was conducted according to the Helsinki Declaration. All participants provided
written informed consent.

2.2. Cardiology Assessment

Cardiology assessment included determining symptoms using the New York Heart
Association (NYHA) classification and the Canadian Cardiovascular Society (CCS) grading
of angina pectoris, medical history, physical examination, laboratory assessment and
electrocardiogram [19]. Echocardiography, coronary angiography and multislice computed
tomography (MSCT) were examined to evaluate the condition of the aortic valve and to
determine access site [22].

2.3. Comprehensive Geriatric Assessment

The MPI is based on a standardized CGA and includes eight domains [10]. We
calculated the MPI as described in previous studies [11,14,23], with some modifications
based on availability of data. We used five of the eight original MPI domains: Activities
of Daily Living (ADL) [24], instrumental activities of daily living (IADL) [25], cumulative
illness rating scale and comorbidity index (CIRS-CI) [26], the number of medications and
social support network. For the cognition, malnutrition and pressure risk domain scores we
used different, validated instruments, which have been used previously in calculating the
MPI [23]. For the cognition domain we used the mini mental state examination (MMSE) [27],
for the domain malnutrition we used the malnutrition screening tool (MUST) [28] and for
the pressure risk domain score we used the Waterlow score [29]. The cumulative illness
rating scale for geriatrics (CIRS-G) measures chronic medical illness burden while taking
into account the severity of the chronic disease across 14 items representing individual
body systems. The cumulative final score can vary theoretically from 0 to 56. The severity
index is calculated by dividing the total score through the total number of categories
endorsed [26].

For each of the eight domains, a three-level score was assigned with score 0 indicating
no problem, score 0.5 indicating a minor problem and score 1 indicating a severe problem,
as established in previous studies [10,14,23]. The categorization of each domain can be
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found in Table 1. The sum of all domain values is then divided by 8 to obtain the final
MPI score ranging between 0 and 1. Since our aim was to verify the effectiveness of the
previously established index in this specific cohort, we used the previously defined cut-
off points for the risk of mortality: MPI-1 score 0–0.33, indicating low risk, MPI-2 score
0.34–0.66, indicating medium risk and MPI-3 score 0.67–1.0, indicating high risk [10].

Table 1. Multidimensional prognostic index score assigned to each domain based on severity of the
problem.

Assessment
No Problem
(Value = 0)

Minor Problem
(Value = 0.5)

Severe Problem
(Value = 1)

ADL 0 1–6 7–12
IADL 0–1 2–7 8–14

MMSE 28–30 25–27 0–24
CIRS-CI 0 1–2 ≥3
MUST 0 1 ≥2

Waterlow score 3–9 10–14 15–45
Number of medications 0–3 4–6 ≥7
Social support network Living with family Institutionalized Living alone

Abbreviations used: ADL, activities of daily living; IADL, instrumental activities of daily living; MMSE, mini
mental state examination; CIRS-CI, cumulative illness rating scale and comorbidity index; MUST, malnutrition
screening tool.

As complementary functional tests we used two validated tests for mobility: the
5 meter gait speed test and the timed up and go test. A gait speed of ≤1 m/s is suspect
of moderate or severe limitation of mobility [30]. Slowness was evaluated with the timed
up and go test. A timed up and go test of ≥20 s confirms moderate or severe limitation of
mobility [31].

2.4. Outcome Measures

Primary outcomes were survival at 1 year and 3 years after TAVI. Secondary outcomes
included vascular complications (in-hospital life-threatening or major bleeding or other vas-
cular complications), in-hospital stroke, infection, delirium and 30-day mortality. Delirium
was defined according to the Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition (DSM-IV). Life-threatening or major bleeding, vascular complications and stroke
were assessed according to the guidelines of the Valve Academic Research Consortium [32].
Procedural outcomes and mortality were assessed prospectively by consulting medical
files and the Dutch Civil Registry.

2.5. Statistical Analysis

Categorical variables are presented as numbers and corresponding percentages and
differences between MPI groups with the chi-square or Fisher’s exact tests as appropriate.
Continuous variables are expressed as means ± SD or median values with corresponding
interquartile ranges (IQR) and differences between MPI groups were compared using the in-
dependent t-test or its non-parametric equivalents, respectively. A Cox regression analysis
was performed for the primary outcome survival. Hazard ratios (HR) and corresponding
95% confidence intervals (CI) were computed. Univariate analyses were performed, every
variable with a p value < 0.10 was entered in the multivariate regression model. Variables
in the multivariate regression analysis included: age, sex, MPI score, diabetes mellitus,
limitation of mobility (5MGST), limitation of mobility (TUGT), reduced grip strength,
logistic Euroscore, STS score and post procedural stroke. A logistic univariate regression
analysis was performed for secondary outcome measures. p value of 0.05 was considered
statistically significant. Data was analyzed with statistic program IBM Statistical Package
for Social Science for Windows version 25, Rotterdam, The Netherlands (SPSS).
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3. Results

3.1. Patient Characteristics

In total 895 patients underwent TAVI. Within this group, 376 patients completed
baseline CGA and were included in this study. According to the MPI score, 143 (38.0%)
patients belonged to the MPI-1 group, 221 (58.8%) patients to the MPI-2 group and 12
(3.2%) to the MPI-3 group (Table 2). As only 12 patients belonged to the MPI-3 group we
combined this group with the MPI-2 group for further analyses. The baseline characteristics
of the MPI group 1 and MPI group 2–3 are shown in Table 2. Patients in the MPI-2–3 group
were older (82.0 ± 6.4 vs. 80.7 ± 5.7, p = 0.04) than patients in the MPI-1 group and less
men belonged to MPI-2–3 group (38.2% vs. 68.1%, p < 0.001). Hypertension (82.8% vs.
71.6%, p = 0.013), diabetes mellitus (40.9% vs. 19.9%, p < 0.001), previous stroke (21.1% vs.
14.9%, p = 0.028) and renal dysfunction (49.4% vs. 33.3%, p = 0.002) were more prevalent in
the MPI-2–3 group compared to the MPI-1 group. The mean logistic Euroscore was 16.8
(±11.0)%, with 111 (29.7%) patients considered to have a high surgical risk according to a
logistic Euroscore ≥ 20%. Mean MPI score was 0.39 (±0.14) points.

Table 2. Baseline patient characteristics (n = 376).

Characteristic Total (377)
MPI-1

N = 141
MPI-2–3
N = 233

p Value

Age (y) 81.54 (±6.1) 80.68 (±5.7) 82.03 (±6.4) 0.040
Men (%) 189 (49.7%) 96 (68.1%) 89 (38.2%) <0.001

BMI (kg/m2) 27.2 (±4.8) 27.35 (±4.25) 27.14 (±5.20) 0.697
Cardiovascular risk factors

Hypertension (%) 294 (78.2%) 101 (71.6%) 192 (82.8%) 0.013
Hypercholesterolemia (%) 231 (61.4%) 83 (58.9%) 147 (63.9%) 0.378

Diabetes mellitus (%) 124 (33.1%) 28 (19.9%) 95 (40.9%) <0.001
Current smoker (%) 30 (8.0%) 13 (9.2%) 17 (7.3%) 0.558

Comorbidities
Previous myocardial infarction (%) 73 (19.4%) 27 (19.1%) 46 (19.7%) 1.00

Previous stroke (%) 82 (21.8%) 21 (14.9%) 49 (21.1%) 0.028
COPD (%) 82 (21.8%) 35 (24.8%) 47 (20.4%) 0.367

Renal dysfunction (%) 162 (43.5%) 47 (33.3%) 115 (49.4%) 0.002
CIRS index 1.91 (±0.27) 1.84 (± 0.26) 1.96 (±0.26) <0.001
Symptoms

NYHA Class 3 or 4 (%) 244 (64.9%) 73 (51.8%) 171 (73.4%) <0.001
Angina CCS classification 3 or 4 (%) 43 (11.4%) 13 (9.4%) 30 (13.2%) 0.318

Vertigo (%) 143 (41.4%) 53 (40.5%) 90 (42.5%) 0.736
Echocardiography

AV area (cm2) 0.76 (± 0.24) 0.8 (±0.23) 0.74 (±0.25) 0.052
Peak AoV, (m/s) 4.0 (± 0.70) 4.0 (±0.69) 4.0 (±0.71) 0.923

Cardiovascular risk scores
Logistic Euroscore 16.82 (±11.03) 14.80 (±9.55) 18.02 (±11.70) 0.006

STS score 5.47 (±3.03) 4.29 (±2.19) 6.17 (±3.25) 0.228
CGA domains

Cognitive impairment probable (%) 111 (29.5%) 20 (14.2%) 91 (39.1%) <0.001
Malnutrition probable (%) 41 (10.9%) 5 (3.5%) 36 (15.5%) <0.001

Limitation of mobility, TUGT (%) 48 (12.8%) 5 (3.9%) 43 (21.6%) <0.001
Limitation of mobility, 5MGS (%) 219 (58.2%) 61 (48.8%) 158 (77.5%) <0.001

Reduced muscle strength, male (%) 65 (17.3%) 24 (17%) 39 (16.7%) 0.004
Reduces muscle strength, female (%) 100 (26.6%) 17 (12.1%) 83 (35.6%) 0.016

Limitation in ADL activity (%) 111 (29.5%) 9 (6.4%) 102 (43.8%) <0.001
Limitation in IADL activity (%) 200 (53.2%) 35 (24.8%) 165 (70.8%) <0.001

Abbreviations used: BMI, body mass index; COPD, chronic obstructive pulmonary disease; CIRS, cumulative illness rating scale; NYHA,
New York Heart Association; CCS, Canadian Cardiovascular Society; AoV, aortic valve; STS, Society for Thoracic Surgeons; TUGT, timed
up and go test; 5MGS, 5 meter gait speed; ADL, activities of daily living; IADL, instrumental activities of daily living.
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3.2. Primary Outcomes

One year after TAVI, 87% of the total study population survived. The one-year survival
rate in the MPI-1 group was 92% compared to 84% in the MPI-2–3 group (p = 0.018). In
multivariate Cox regression analysis, the presence of renal dysfunction (p = 0.004) and
limitation of mobility (5MGST) (p = 0.01) were associated with mortality one year after
TAVI.

Three years after TAVI, 85.1% of patients belonging to MPI-1 group compared to 69.5%
in the MPI-2–3 group were still alive (p = 0.001). In multivariate logistic regression analysis,
belonging to the MPI group 2–3 was associated with mortality at 3 years after TAVI (HR
1.99 95% CI 1.13–3.50) (Figure 1).

Figure 1. Cox regression survival curve stratified by MPI groups. Model adjusted for age, sex,
diabetes mellitus, hypercholesterolemia, peripheral artery disease, renal dysfunction, limitation of
mobility, logistic Euroscore, post-procedural stroke and delirium. Abbreviations used: MPI, Multiple
Prognostic Index; HR, Hazard Ratio; CI, Confidence Interval.

Other factors associated with 3-year mortality were the presence of renal dysfunc-
tion (HR 1.85, 95% CI 1.19–2.87), reduced gait speed (HR 2.05, 95% CI 1.49–3.65) and
the occurrence of post-procedural stroke (HR 2.96, 95% CI 1.26–6.99). The presence of
hypercholesterolemia (HR 0.52, 95% CI 0.33–0.81) was associated with reduced overall
mortality (Table 3).

Table 3. Multivariable Cox analysis for primary outcome 3-year mortality.

Variable HR 95% CI p-Value

Age 0.99 0.95–1.03 0.51
Sex (men) 0.63 0.84–1.03 0.07

MPI-1 vs. MPI-2–3 1.99 1.13–3.50 0.02
Diabetes mellitus 1.16 0.71–1.90 0.56

Hypercholesterolemia 0.80 0.50–0.32 0.003
Peripheral artery disease 1.34 0.84–2.12 0.23

Renal dysfunction 1.85 1.19–2.87 0.006
Limitation of mobility (5MGST) 2.09 1.15–3.65 0.02

Logistic Euroscore 1.01 0.99–1.03 0.43
Post procedural stroke 2.96 1.26–6.99 0.01

Delirium 1.22 0.71–2.10 0.48
Abbreviations used: MPI, multidimensional prognostic index; 5MGS, 5 meter gait speed.

Within the MPI-2–3 group women (HR 2.09 95% CI 1.230–3.562), patients with renal
dysfunction before TAVI (HR 2.03 95% CI 1.21–3.40) and limitation of mobility (5MGST)
(HR 2.00 95% CI 1.02–3.93) had the highest risk of 3-year mortality (Table 4).
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Table 4. Multivariable Cox analysis for 3-year mortality in the MPI-2–3 group.

Variable HR 95% CI p-Value

Age 0.99 0.95–1.04 0.66
Sex (women) 2.09 1.23–3.56 0.006

Diabetes mellitus 0.88 0.51–1.50 0.63
Hypercholesterolemia 0.47 0.28–0.80 0.005

Peripheral artery disease 1.42 0.82–2.46 0.21
Renal dysfunction 1.98 1.18–3.33 0.01

Limitation of mobility (5MGST) 1.19 0.97–3.79 0.06
Logistic Euroscore 1.01 0.98–1.03 0.66

Post procedural stroke 3.98 1.59–10.05 0.003
Delirium 0.97 0.52–1.81 0.93

Abbreviations used: MPI, multidimensional prognostic index; 5MGS, 5 meter gait speed.

3.3. Secondary Outcomes

There were 56 (14.9%) vascular complications in the 30 days after the procedure.
Patients with a high risk MPI score (MPI score 2 or 3) had a higher risk of vascular
complications in comparison to those in the MPI-1 group (OR 2.00, 95% CI 1.05–3.80,
p = 0.04) in univariate regression analysis. When adjusted for age and sex, estimates were
no longer statistically significant (OR 1.81, 95% CI 0.92–3.53). There were no differences
found between the MPI groups for the other procedural outcomes (Table A1). Thirteen
(3.5%) patients died within 30 days after the procedure; 2 (0.5%) within MPI-1 group and
11 (3.0%) patients within MPI-2–3 group (p = 0.26).

4. Discussion

In this study we found that the MPI tool is useful to assess frailty and could be able
to predict survival after TAVI. One- and three-year survival rates were 92% and 85% in
patients belonging to MPI-1, corresponding survival rates were 85% and 69.5% in patients
belonging to MPI-2–3, respectively. Patients in MPI-1 had a 50% higher chance of long-term
survival in comparison with patients in MPI-2–3.

The selection of older patients who will benefit the most from TAVI still remains a
challenge. This study shows that the MPI tool could be helpful in the decision-making
process. The traditional risk scores commonly used to predict surgical mortality (e.g.,
logistic Euroscore or the Society of Thoracic Surgeons (STS)) are not sufficient to predict
mortality for TAVI procedure in high-risk patients of 80 years and older with substantial
comorbidity [33,34]. The incorporation of frailty can have an additional prognostic role
as a geriatric biomarker, as studies have shown that frailty is a predictive factor for neg-
ative health outcomes after TAVI [6,7,9]. Frailty is defined as a state of reduced physical,
cognitive and social functioning, resulting in a reduction of reserve capacity for dealing
with stressors [35]. Several conceptual models of frailty have been described; a general
agreement exists, however, on the concept that frailty is a multidimensional condition,
with physical and psychosocial factors playing a part in its development [35]. Accordingly,
the use of the CGA, i.e., a multidimensional diagnostic process for evaluating clinical, func-
tional, cognitive, nutritional and social characteristics of individuals, has been suggested
as a clinically useful tool to guarantee a multidimensional approach to frailty [36], even in
older patients with aortic stenosis [37]. The incorporation of CGA measures into clinical
assessment of patients opting for TAVI procedure is becoming more routine in a growing
number of centers [15,19]. The MPI is derived from a standard CGA [10] and has shown
to predict mortality in older hospitalized patients, including patients with heart failure,
acute myocardial infarction and transient ischemic attack [11,13,23,38]. The value of the
MPI in predicting outcomes in TAVI patients has previously been investigated. In a study
performed on behalf of the MPI_AGE Project, investigators found that CGA based on the
MPI tool predicted prognosis in older patients undergoing TAVI procedure where mortality
rate was significantly different between MPI groups at six and twelve months [14]. The
MPI tool was also used in a multi-center TAVI registry and found that the MPI showed
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value for predicting the likelihood of death and a combination of either death, fatal stroke,
or both, by one year after TAVI [16]. However, the number of patients included in previous
studies was relatively small (116 patients and 71 patients, respectively). To the best of our
knowledge this is the first study that investigated the role of the MPI tool for predicting
long-term outcomes in a large population of older patients undergoing TAVI.

The incorporation of information derived from a CGA can predict frailty in patients.
The assessment of frailty in older patients with comorbidities can give a clear vision of
the individual reserve capacity defining the somatic, cognitive and functional situation
secondary to the damage due to chronic and intercurrent diseases and the individual
capacity to react to external stressors. With growing numbers of TAVI being performed
and the growing amount of evidence that being frail is not only predictive of reduced
survival, but also on other relevant outcomes such as periprocedural outcomes [39] and
health-related quality of life [40], the incorporation of a CGA-based tool can help assess
frailty and therefore aid in selecting patients who are less frail with a higher chance of
endured benefit from TAVI. When decisions are made concerning therapeutic interventions,
the estimation of patient survival is crucial to assess the balance of benefits and risks of
performing TAVI.

This study has several limitations. First, results should be interpreted within the frame-
work of a single center and therefore cannot be extrapolated to other groups of patients.
Second, the MPI tool investigated in the present study is a somewhat modified version of
the original. However, the same modifications have been used in other studies [23], with
the same range of predictive value as the original MPI. Third, although the sample size
of the complete population was relatively large, there was a low sample size in the MPI-3
group (3.2%), therefore we could not draw any conclusions about the prognosis after TAVI
in this specific group.

Further research should focus on the use of the MPI and other geriatric outcomes such
as functionality and post-operative HRQoL, since for this specific population survival may
be of less importance than improving functional status and quality of life.

In conclusion, in this study we found that the MPI tool is useful to assess frailty and
predicts survival after TAVI. We found that in patients eligible for TAVI, 92% of patients
belonging to the more vital group (MPI-1) are still alive one year after TAVI and 85% three
years after the procedure in comparison to 84% and 69%, respectively, in the frailer MPI-2–3
group. The MPI tool could be useful to assess frailty and to predict which patients will
have a higher change of enduring benefit from a TAVI procedure.
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Appendix A

Table A1. Univariate logistic regression analysis for secondary outcomes.

Complication Total MPI-1 MPI-2–3
Univariable
OR (95% CI)

p Value

Post procedural stroke 12/374 (3.2%) 3/141 (2.1%) 9/233 (3.9%) 1.85 (0.49–6.95) 0.36
New pacemaker 63/376 (16.8%) 25/141 (17.7%) 38/233 (16.3%) 0.90 (0.52–1.57) 0.72

Vascular complication 56/376 (14.9%) 14/141 (9.9%) 42/233 (18.0%) 2.00 (1.05–3.80) 0.04
Infection 32/376 (8.5%) 8/141 (5.7%) 24/233 (10.3%) 1.91 (0.83–4.37) 0.13

MI postprocedural 1/323 (85.9%) 1/119 (0.7%) 0/233 - -
Delirium 55/375 (14.6%) 15/141 (10.6%) 40/233 (17.2%) 1.75 (0.93–3.30) 0.08

Any Complication 145/322 (45.0%) 47/119 (39.4%) 98/201 (48.7%) 1.15 (0.92–2.31) 0.11

MPI: Multiple Prognostic Index; CI: confidence intervals; MI postprocedural: Myocardial Infarction postprocedural; Univariable OR:
Univariable Odds Ratio.
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Abstract: Frailty is an age-related clinical condition that typically involves a deterioration in the
physiological capacity of various organ systems and heightens the patient’s susceptibility to stressors.
For this reason, one of the main research goals currently being addressed is that of characterising
the impact of frailty in different settings. The main aim of this study is to determine the prevalence
of Fried’s frailty phenotype among community-dwelling older people and to analyse the factors
associated with frailty. In this research study, 582 persons aged 65 years or more participated
in this cross-sectional study that was conducted at primary healthcare centres in Málaga, Spain.
Sociodemographic, clinical, functional and comprehensive drug therapy data were compiled. The
relationship between the independent variables and the different states of frailty was analysed by
using a multinomial logistic regression model. Frailty was present in 24.1% of the study sample (95%
CI = 20.7–27.6) of whom 54.3% were found to be pre-frail and 21.6% were non-frail. The study variable
most strongly associated with frailty was the female gender (OR = 20.54, 95% CI = 9.10–46.3). Other
factors found to be associated with the state of frailty included age, dependence for the instrumental
activities of daily living (IADL), polymedication, osteoarticular pathology and psychopathology.
This study confirms the high prevalence of frailty among community-dwelling older people. Frailty
may be associated with many factors. Some of these associated factors may be preventable or
modifiable and, thus, provide clinically relevant targets for intervention. This is particularly the case
for depressive symptoms, the clinical control of osteoarthritis and the use of polypharmacy.

Keywords: frailty; older adults; polymedication; osteoarticular pathology; psychopathology;
primary care

1. Introduction

Population ageing is a global phenomenon that is producing significant sociodemo-
graphic transformations. According to the 2015 EU Ageing Report, the age demographic of
the European population will change dramatically over the coming decades, with older
people accounting for an increasing proportion out of the total. By 2060, persons aged over
65 years are expected to account for 28% of the total population in Europe (currently 18%),
while the proportion of individuals over 80s will increase from 5% to 12% during the same
period [1]. However, there is little evidence that increased longevity is accompanied by
an extended period of good health [2]. In this respect, the WHO has published a World
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Report on Ageing and Health, reviewing current knowledge, identifying gaps and providing
a public health framework for action. This report redefines healthy ageing, focusing on
the notion of functional ability. In this respect, the authors remark that comprehensive
assessments of functioning in older age are much better predictors of survival and other
outcomes than the presence/absence of disease or even the extent of comorbidities. Ac-
cording to this report, the foremost condition among geriatric syndromes producing a
negative impact on survival is the condition of frailty [3].

Without question, frailty will be one of the most serious public health challenges facing
the world during this century [4]. Frailty is an age-related clinical condition that typically
involves a deterioration in the physiological capacity of various organ systems [5–7] and
heightens the patient’s susceptibility to stressors [5–10]. When stressor events (such as
acute illness) occur, the functional capacity of a person with frailty deteriorates rapidly.
Frailty often precedes disability [5,8], although the two conditions may coexist [11]. Quite
evidently, older persons with frailty are more likely to present unmet care needs, to suffer
falls and/or fractures, to require hospitalisation, to have a reduced quality of life and to be
subject to iatrogenic complications and early mortality [5,6,8,12,13]. Studies have shown
that frailty is a dynamic entity that may be encountered on a continuum ranging from fit to
frail. Moreover, an individual’s level of frailty is liable to change in either direction (i.e.,
worsening or improving) over time [4]. In fact, a substantial proportion of the population
experience at least one such transition [14–16], and thus the process is potentially reversible.
Frailty is not an inevitable consequence of ageing, and therefore a strong focus on early
screening and diagnosis is needed to enable optimal prevention.

Increasing numbers of persons with frailty are attending their general practitioners.
Primary care is the first point of contact for most such persons. Attention is usually
comprehensive and personalised, and thus this healthcare environment is very suitable
for the identification, management and study of frailty [17,18]. However, the absence of a
consensus on how to define and measure frailty presents challenges for research and clinical
practice. Among the many operational definitions of frailty that have been proposed, the
best known are Fried’s Frailty Phenotype [5] and Rockwood’s Frailty Index [9]. The
heterogeneity of assessment instruments is one of the factors underlying the wide range of
prevalence estimates that have been reported for frailty (4–59%) [19].

Frailty is an important public health issue for several reasons: Firstly, it is highly
prevalent and is the condition that most commonly results in death; secondly, the process is
potentially preventable and treatable, particularly with early intervention; finally, despite
its prevalence, frailty is either not recognised as a clinical or diagnostic syndrome, or
(on many occasions) it is not recorded in clinical charts. Accordingly, one of the main
research goals currently being addressed is that of characterising the impact of frailty on the
population [20]. In this respect, the ADVANTAGE initiative “Joint Action on the Prevention
of Frailty”, which is co-funded by the Third European Health Programme (2014–2020),
has highlighted the need for studies to be undertaken in order to determine the current
prevalence of frailty in different settings [21]. Moreover, due to the multidimensional nature
of frailty, diverse factors may be involved in its progression. Given the real possibility
that frailty may transition and/or be reversed, we consider it of interest to investigate the
question of frailty among older adults living in Spain, where life expectancy is among the
highest in the world [22]. In this study, we assess clinical, functional and pharmacological
aspects of risk factors for frailty. We consider many variables, some of which are potentially
modifiable by targeted interventions and preventive actions. Specifically, our study aim is
to determine the prevalence of Fried’s frailty phenotype among community-dwelling older
people and to analyse the factors associated with frailty.

2. Materials and Methods

2.1. Study Design, Setting and Participants

In this cross-sectional study, all participants met the following inclusion criteria: aged
65 years or more, registered in the database of the Spanish NHS and belonging to the
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outpatient setting (not institutionalised). All participants provided informed consent to
take part in the study. The study population was composed of 89,615 persons living in the
community in Malaga, Spain. Patients were recruited at twelve primary healthcare centres
by using stratified random sampling designed to obtain a representative sample. The study
population was allocated in proportion to the size of each centre. Based on a published
prevalence of frailty in primary care of 30% [23–25] and assuming a 4% margin of error and
a 95% confidence interval, we calculated that the minimum sample size required for this
study would be 502 persons, a figure that was increased by 15% to offset possible losses.

2.2. Data Collection and Global Assessment

In order to obtain the study data for analysis, patients were interviewed using a
structured questionnaire. Further data were obtained from medication packaging and
digital medical records. The questionnaire was used to obtain detailed information on
the patients’ regular drug use, together with clinical, functional and sociodemographic
data. Clinical diagnoses were examined, and the Charlson Comorbidity Index (CCI) [26]
was calculated. The Spanish version (Nestlé Nutrition Institute) of the Mini Nutritional
Assessment Short Form (MNA) was used for nutritional screening [27]. The patients’
independence in performing instrumental activities of daily living (IADL) was assessed
using the Lawton scale [28]. Cognitive function was evaluated by using the short portable
mental state questionnaire by Pfeiffer (SPMSQ) [29], and mood status was determined by
using the Geriatric Depression Scale (GDS-15) by Yesavage [30].

2.3. Measuring Medication Appropriateness

Data were obtained for the medication prescribed (indication, dosage and duration
of treatment during the last three months or more). The presence of polymedication,
defined as the regular use of five or more medications, was noted, as was that of potentially
inappropriate medication (PIM) according to the STOPP v2 criteria (Screening Tool of Older
Person’s Potentially Inappropriate Prescriptions, version 2) [31]. The latter variable was
operationalised as the percentage of patients receiving at least one PIM.

2.4. Frailty Assessment

The main study outcome was frailty, assessed by the phenotype proposed by Fried
et al. [5] which consists of the following criteria: (a) unintentional weight loss of 4.5 kg or
more in the previous year; (b) self-reported exhaustion, identified by two questions in the
Center for Epidemiological Studies Depression (CES-D) scale; (c) weakness, defined by low
handgrip strength and measured in Kg in the dominant hand by using a dynamometer
(Jamar hydraulic grip hand dynamometer SP-5030J1) (highest of three consecutive mea-
surements), adjusted for gender and body mass index (grip strength was classified as low
when the force exerted was below the first quintile of the distribution) (d) slow walking
speed (lowest quintile of gait speed), assessed by the walking time (in seconds) over a
distance of 4.57 m, adjusted for gender and height; (e) low physical activity, measured
by the weighted score of kilocalories expended per week, obtained from the Minnesota
Leisure Time Activity Questionnaire and adjusted for gender. Participants were classified
as non-frail (robust) if they met none of the criteria, pre-frail if they met one or two criteria,
and frail if three or more criteria were met.

2.5. Statistical Analysis

Exploratory data analysis and frequency tables were used to describe the study
variables. Taking into account the three possible states of frailty (frail, pre-frail and robust),
a multinomial logistic regression model was used to study the relationship between the
independent variables and the outcome variable, frailty [32]. All independent variables
were included in the regression model. The influence of various factors on the states of
frailty and pre-frailty was examined, taking robust patients as a benchmark. Odds ratios
(OR) and 95% confidence intervals (CI) were calculated for each covariate included in
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the model. A 5% significance level was assumed to indicate statistical significance. All
statistical data analyses were performed using SPSS version 24.0 (IBM SPSS Statistics,
Armonk, NY, USA).

2.6. Ethical Considerations

This study was conducted in accordance with the Declaration of Helsinki. The Málaga
Clinical Research Ethics Committee approved the study (PI-0234-14), and informed consent
was obtained from all patients prior to their inclusion.

3. Results

3.1. Characteristics of the Study Population

We included a total of 582 patients, with a mean age of 73.1 years (standard deviation
5.5, range 65–104) and slightly more than half of the sample being female. There were only
eleven patients who declined to participate, which is a negligible proportion. Furthermore,
as our study is based on a personal face-to-face interview in the primary care outpatient
facility, there were no patients without data of our interest primary variable (frailty), and
missing data were exceptional. Only 21.1% lived alone, whereas 62.4% lived with their
partner (62.4%) or family (16.5%). The average CCI score was 1.48 (standard deviation 1.6,
range 0–8), and 38.8% of the patients had scores greater than 2. Each patient presented
7.8 diagnoses on average (standard deviation 3.3, range 0–20). The most prevalent chronic
conditions were bone and joint disorders (mainly osteoarthritis of the knee, hip, hand
and shoulder) (75.3%), hypertension (70.9%) and dyslipidaemia (51.7%). Some form of
psychopathology (mainly anxiety and/or depression) was present in 36% of the patients.
Only 13.3% of the patients had a normal weight, while a large proportion presented over-
weight (40.9%) or obesity (45.7%). The mean body mass index was 30.2 (standard deviation
5.1, range 17–54.5). The mean score on the Lawton scale was 6.6 (standard deviation
1.8, range 0–8) with half of the sample being independently capable of performing IADL.
Table 1 details the main characteristics of the study population. Each patient consumed
on average 6.8 drugs (standard deviation 4.0; range 0–23) resulting in a polymedication
prevalence pf 68.6%. Omeprazole and acetaminophen were the most prescribed drugs,
followed by aspirin, simvastatin, metformin, metamizole, enalapril and bromazepam. A
large proportion of patients (66.8%) presented at least one potentially inappropriate medi-
cation, according to the STOPP v2 criteria. The mean number of PIMs per patient was 2.1
(standard deviation 2.2, range 0–10). Benzodiazepines were the most frequently detected
PIMs (61% of all PIMs).

Table 1. Characteristics of the study population (n = 582).

Quantitative Variables Mean Standard Deviation

Age (years) 73.1 5.5
Lawton (IADL) 6.6 1.8
BMI (kg/m2) 30.2 5.1

Number of comorbidities 7.8 3.3
Number of drugs per patient 6.8 4.0
Number of PIMs per patient 2.1 2.2

Qualitative Variables Subjects (n) Percentage (%)

Gender
Male

Female
248
334

42.6
57.4

Lawton (IADL)
0–1
2–3
4–5
6–7

8

12
37
72

165
295

2.1
6.4

12.4
28.4
50.8
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Table 1. Cont.

Quantitative Variables Mean Standard Deviation

SPMSQ (Pfeiffer)
0–2 errors
3–4 errors

5 errors and over

533
36
11

91.9
6.2
1.9

GDS-15
0–5
6–9

10 and over

440
107
33

75.9
18.4
5.7

BMI categories
Underweight

Normal
Overweight

Obese

1
77
237
265

0.2
13.3
40.8
45.7

Nutritional status
Normal

Malnutrition risk
Malnourished

552
20
7

95.3
3.5
1.2

Charlson Comorbidity Index
0–1

2
3 and over

356
106
120

61.2
18.2
20.6

Most frequent comorbidities
Bone and joint disorders

Hypertension
Dyslipidaemia

Insomnia
Gastrointestinal disease

Psychopathology
Diabetes mellitus

Heart disease
Respiratory disease

438
412
301
258
249
210
176
169
125

75.3
70.9
51.7
44.3
42.4
36.1
30.3
29.1
21.5

Polymedication 399 68.6
PIM prevalence 389 66.8

IADL: Instrumental activities of daily living; BMI: Body mass index; PIM: Potentially inappropriate medication
(according to STOPP v2 criteria); SPMSQ: Short Portable Mental Status Questionnaire (0–2 errors: normal mental
functioning; 3–4 errors: mild cognitive impairment; 5 errors and over: moderate-severe cognitive impairment);
GDS-15: Geriatric Depression Scale (0–5: no depression; 6–9 suggestive of depression; 10 and over: almost always
depression).

3.2. Assessment of Frailty and Analysis of Related Factors

Among the study population of older adults, frailty was present in 24.1% (95%
CI = 20.7–27.6), while 54.3% were pre-frail and 21.6% were non-frail. The most preva-
lent Fried phenotype criterion observed in the sample was weakness (63.9%), followed by
low physical activity (48%) and exhaustion (21.3%), while unintentional weight loss (7.2%)
was infrequent. These results are detailed in Table 2.

In order to further examine the impact of the independent variables on the frailty
states considered, a multinomial logistic regression analysis was performed (Table 3). The
main factor related to being frail was the female gender. Thus, in the sample, the female
frailty odds were 20-fold the male frailty odds, all other covariates being equal. Age was
also related to frailty; for each additional year of life, the odds of being frail increased
by 19% (OR = 1.19, 95% CI = 1.11–1.27). The presence of frailty was also associated with
the level of dependence in the IADL, with polypharmacy, with osteoarticular pathology
and with the presence of mental disorder. Among the sample, the odds of frailty de-
creased by 47% for each additional point of independence on the Lawton scale (OR = 0.53,
95% CI = 0.42–0.67). However, the odds doubled for persons receiving polymedication
(OR = 2.67, 95% CI = 1.08–6.61). The OR of people with vs. without osteoarticular pathol-
ogy was 3.5 (95% CI = 1.51–8.13), and the OR of patients with vs. without psychopathology
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was 2.23 (95% CI = 1.12–4.44). No association was found between frailty and the other
prevalent pathologies considered or with the use of at least one PIM.

Table 2. Frailty states and criteria according to Fried’s phenotype (n = 582).

Subjects (n) Percentage (%)

Frailty states
Robust (non-frail)

Pre-frail
Frail

126
316
140

21.6
54.3
24.1

Fried criterion
Unintentional weight loss

Exhaustion
Weakness

Slow walking speed
Low physical ctivity

42
124
372
113
279

7.2
21.3
63.9
19.4
48.0

Robust: 0 criteria present; Pre-frail: 1–2 criteria present; Frail: 3 or more criteria present.

Table 3. Factors related to frailty. Multinomial logistic regression for frail and pre-frail states (with
respect to non-frail).

Independent Variable
Frail

OR (95% CI)
Pre-Frail

OR (95% CI)

Age 1.19 (1.11–1.27) *** 1.09 (1.04–1.16) **
Charlson comorbidity index 1.27 (0.99–1.62) 1.08 (0.85–1.31)

Lawton-Brody (IADL) 0.53 (0.42–0.67) *** 0.97 (0.81–1.17)
Gender
Female

Male
20.54 (9.10–46.3) ***

1
2.53 (1.52–4.23) ***

1
Diabetes mellitus

Yes
No

1.82 (0.83–3.96)
1

1.09 (0.61–1.98)
1

Heart disease
Yes
No

1.74 (0.82–3.69)
1

1.15 (0.64–2.08)
1

Respiratory disease
Yes
No

1.47 (0.50–2.85)
1

2.17 (1.14–4.10) *
1

Bone and joint disorder
Yes
No

3.51 (1.51–8.13) **
1

1.36 (0.83–2.21)
1

Psychopathology
Yes
No

2.23 (1.12- 4.44) *
1

2.01 (1.17–3.46) *
1

Polypharmacy
Yes
No

2.67 (1.08–6.61) *
1

0.94 (0.55–1.61)
1

PIM
At least one

None
2.95 (0.66–3.13)

1
0.77 (0.46–1.26)

1
OR: odds ratio; 95% CI: 95% Confidence Interval; IADL: Instrumental activities of daily living (numerical value
of the Lawton Index); PIM: Potentially inappropriate medications (according to STOPP v2 criteria). * p < 0.05;
** p < 0.01; *** p < 0.001.

The odds of an older person being pre-frail vs. robust remained unchanged concerning
the association with the female gender (OR = 2.53, 95% CI = 1.52–4.23) and with age
(OR = 1.09, 95% CI = 1.04–1.16).

4. Discussion

Overall, our results for frailty among community-dwelling older patients in Málaga
(southern Spain) are consistent with those reported in similar studies conducted in other
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regions of Spain [33] and elsewhere in Europe [23]. The prevalence of frailty in our study
population is slightly higher than the mean values reported by other studies in similar out-
patient settings [34,35], and it is also higher than the mean values for Europe as a whole [21].
However, the prevalence of frailty is known to be fairly heterogeneous [19,21,25], possibly
due to methodological differences that preclude direct comparison of the results obtained.
The most important of these differences is the use of diverse operational definitions of
frailty. Other factors that may also be relevant include the age of the persons analysed
and the general characteristics of the sample (for example, the inclusion or otherwise of
those who are institutionalised). In our study, the Fried frailty phenotype assessment
components were used for classification because this is the most commonly used and
most widely reported instrument in community settings [21]. However, the heterogene-
ity observed in the prevalence of frailty may also be due (at least in part) to economic
and social factors or even to phenotypic diversity, i.e., expressed predominantly in the
criteria associated with physical function (weakness, slowness and physical activity). In
this respect, variations in the reported prevalence of frailty in Europe suggest there is a
north-south gradient, producing a higher proportion of frailty and pre-frailty in Southern
Europe than in northern countries [25].

Among the frailty-related criteria considered, a striking feature was the high propor-
tion of patients who presented physical weakness, a finding consistent with the European
multicentre study SHARE which reported that the prevalence of low grip strength con-
tributed to that of frailty in Spain and Italy [25]. An earlier study of older ambulatory
adults in Spain obtained results comparable to our own, namely that the most prevalent
components of frailty were weakness and low physical activity [24]. According to these
authors, poor muscle strength was closely associated with a lack of physical activity. In
another analysis of this question, frailty has been associated with objectively-assessed
sedentary behaviour patterns in older adults [36]. On the other hand, some researchers
have found other criteria, such as exhaustion, to be of greater relevance [37,38]. This
variability may be because the frailty syndrome does not present a single clinical course but
differs according to the causes that trigger it. Differences may also arise from variations in
how the dimensions of the frailty phenotype are operationalised. In our study, the original
frailty phenotype criteria were applied, with the corresponding reference values, although
according to some authors this approach may overestimate the prevalence of frailty [33].

In our study findings, the factor most strongly associated with frailty was the female
gender, which corroborates prior longitudinal studies on ageing according to which frailty
is more common among women than men, and with greater age [25]. The level of depen-
dency for IADL was also found to be associated with frailty. According to the multinomial
logistic regression model, a higher score on the Lawton scale (i.e., greater independence)
significantly reduced the odds of frailty (by 47% for each additional point of independence).
These data are consistent with the known relationship between frailty and disability [35,39].

With respect to comorbidities, the main variable related to frailty in our study was
the presence of bone and joint disorders (especially osteoarthritis). We believe that frailty
is closely linked to musculoskeletal health; indeed, musculoskeletal functioning is a key
component in quantifying frailty, which is known to be associated with common age-
related musculoskeletal conditions [40]. In particular, osteoarthritis, similarly to frailty,
is commonly observed with increasing age. Although relatively little research has been
undertaken to elucidate the mechanisms underlying the relation between osteoarthritis
and frailty, potential links include elevated levels of pro-inflammatory markers in the
circulatory system, age-related muscle atrophy and decreased physical activity [41]. An-
other factor that may provoke the development of frailty is that of chronic pain related to
osteoarthritis, which could heighten the risk of physical inactivity, disability and falls [42].
The considerable prevalence of osteoarticular pathology in this sample has potentially
contributed to the high frequency of the muscle weakness criterion. This criterion may
therefore be overestimated with respect to populations with lower rates of said pathology,
which could reduce external validity. Psychopathologies such as anxiety and/or depression
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may also aggravate the presence and impact of frailty among older persons. For example,
a person with depressive symptoms may have a less active social life, be less physically
active, consume a less healthy diet and, at the same time, be consuming psychotropic
drugs. All of these consequences tend to promote or heighten frailty. In line with the above
information, there are certain studies that conclude that the lack of joy and the presence
of a negative attitude towards ageing can function as risk factors for frailty [43,44]. Our
findings show that the presence of a psychopathology doubles the odds of an older person
presenting pre-frailty. Therefore, we believe more extensive screening for depression and
anxiety should be performed among older populations because these conditions tend to
be under-diagnosed and because a more active approach to this question would promote
healthy ageing.

Regarding medication, we observed a significant relationship between polypharmacy
and frailty. This finding is consistent with previous research in which polymedication has
been identified as a determinant factor of frailty [38,39,45–49]. The association between
the two situations may be complex and bidirectional, but it seems evident that the chance
of frailty developing is greater among patients who are receiving polymedication [45,47]
and that the risk of a worsening transition in frail states is heightened by a greater con-
sumption of medication [16]. Accordingly, it would seem reasonable to recommend that
clinicians should seek to reduce polypharmacy in their older patients. However, although
polypharmacy was associated with an increased risk of adverse events in pre-frail and
frail older adults, this was not the case for non-frail individuals. Therefore, polypharmacy
could be appropriate to treat multiple chronic diseases, and for robust older persons it
should be managed as in younger populations [46]. Although further research is needed to
confirm the possible benefits of reducing polymedication in the development, reversion or
delay of frailty, it seems apparent that any treatment regimen should be evaluated with
special care for frail older adults, since these patients have susceptibilities that can decrease
medication benefit, as well as increase adverse secondary effects. Such an evaluation may
not be straightforwardly achieved, and the identification of appropriate polypharmacy
for these patients requires the development of more robust criteria for evaluating the net
effects of complex medication regimens [50]. On the other hand, we found no evidence
of any association between the use of one or more PIMs and the presence of frailty or
pre-frailty. We speculate that such a relationship might not have been evident because
the STOPP v2 criteria contain a large number of items of varying clinical significance (in
terms of risk), and therefore the impact produced on frailty states by a single PIM might
be slight impact. In other words, this means of measuring the risk might be insufficiently
sensitive. At present, no conclusive results in this respect have been provided, except for
specific medications such as anticholinergics [16,38,51] and the potentially inappropriate
use of nonsteroidal anti-inflammatory drugs [52]. What does seem clear to us and to other
authors [17,18] is that medication and treatment should be carefully personalised and that
the regimen should be subject to periodic structured review.

The strengths of our study lie in the analysis conducted on a representative sample of
healthcare centres, the global approach taken and the great variety of clinical, functional
and treatment data compiled. Among its limitations is the cross-sectional design employed,
which does not allow causal relationships to be established, although it can detect factors
related to frailty. In addition, selecting a sample population from a single region or country
may have resulted in a certain lack of external validity, even more so when taking into
account the heterogeneous nature of the profile of older people living in the community.
Nevertheless, the sample examined in this study is believed to be representative of the
population of older adults in the ambulatory setting as long as they have a clinical and
functional profiles similar to that of this sample. Furthermore, in our opinion it is preferable
to assess frailty in the community as we have performed here rather than to focus more
narrowly on an acute situation. A longer-term goal should be to establish frailty assessment
as an integral part of routine primary care practice, as early identification and optimal
management of this condition facilitates the patient’s transition towards improvement
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whether from a pre-frail state or when frailty is already present. This will require new
prospective studies that support the evidence and possible recommendations.

5. Conclusions

According to the Fried phenotype, frailty may be associated with many factors, in-
cluding age, female gender, dependence for IADL, polymedication, the presence of osteoar-
ticular pathology and/or mental disorder. Some of these variables may be preventable
or modifiable and, thus, provide clinically relevant targets for intervention. This is par-
ticularly the case for depressive symptoms, the clinical control of osteoarthritis and the
use of polypharmacy. In this respect, many of the interventions currently being proposed
are based on an effective multicomponent approach, which may include physical activity,
dietary intervention, structured medication reviews and strengthened social networks.
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Abstract: Acute kidney injury (AKI) is associated with several adverse outcomes, including new
or progressive chronic kidney disease, end-stage kidney disease, and mortality. Epidemiological
studies have reported an association between AKI and dementia as a long-term adverse outcome.
This meta-analysis was aimed to understand the association between AKI and dementia risk. A
literature search was performed in MEDLINE and Embase databases, from inception to July 2021,
to identify epidemiological studies reporting the association between AKI and dementia risk. Title
and abstract followed by the full-text of retrieved articles were screened, data were extracted, and
quality was assessed, using the Newcastle–Ottawa scale by two investigators independently. The
primary outcome was to compute the pooled risk of dementia in AKI patients. Subgroup analysis
was also performed based on age and co-morbidities. Certainty of evidence was assessed using the
GRADE approach. Statistical analysis was performed using Review Manager 5.4 software. Four
studies (cohort (n = 3) and case–control (n = 1)) with a total of 429,211 patients, of which 211,749 had
AKI, were identified. The mean age of the patients and the follow-up period were 64.15 ± 16.09 years
and 8.9 years, respectively. Included studies were of moderate to high quality. The pooled estimate
revealed a significantly higher risk of dementia in AKI patients with an overall relative risk/risk
ratio (RR) of 1.92 (95% CI: 1.52–2.43), p ≤ 0.00001. Dementia risk increases by 10% with one year
increase in age with an RR of 1.10 (95% CI: 1.09–1.11), p < 0.00001. Subgroup analysis based on stroke
as a co-morbid condition also revealed significantly higher dementia risk in AKI patients (RR 2.30
(95% CI: 1.62–3.28), p = 0.009). All-cause mortality risk was also significantly higher in AKI patients
with dementia with a pooled RR of 2.11 (95% CI: 1.20–3.70), p = 0.009. The strength of the evidence
was of very low certainty as per the GRADE assessment. Patients with AKI have a higher risk of
dementia. Further large epidemiological studies are needed to confirm the mechanistic association.

Keywords: acute kidney injury; dementia; dialysis; epidemiology; systematic review; meta-analysis

1. Introduction

Acute kidney injury (AKI) is a complex disorder characterized by an abrupt decline in
kidney function over a short period of time [1]. AKI is associated with poor quality of life,
decreased productivity, and adverse health economic impact [2,3]. The reported prevalence
of AKI ranged from 1 to 66%, with a varied incidence between high-income and low-to-
middle-income countries [3,4]. Many recent epidemiologic studies have shown that patients
with AKI are at a higher risk of developing chronic kidney disease (CKD), end-stage kidney
disease (ESKD), cardiovascular diseases, and acute neurological complications such as
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attention deficits, decreased mental status, seizures, and hyperreflexia [5–9]. Dementia is
a neurodegenerative disorder characterized by progressive deterioration of intellectual
function, and it is one of the leading causes of limiting the capacity for independent living
for the elderly population [10,11]. Over the last few decades, the global prevalence of
dementia has increased considerably [12]. It is important to identify the determinants of
dementia, particularly in the absence of effective treatments [13]. Numerous studies have
provided evidence on the associations between various modifiable risk factors and cognitive
decline or dementia later in life [14,15]. Both AKI and dementia are significant public health
concerns and are associated with poor health outcomes and rising health care costs for
society [3]. The occurrence of dementia in patients with AKI is of clinical importance as
dementia is associated with an increased humanistic and economic burden [12].

Studies have reported that chronic kidney conditions such as CKD and ESKD are
associated with accelerated cardiovascular events and share common risk factors with
dementia [16–19]. These common vascular co-morbidities such as hypertension, diabetes
mellitus, or hyperlipidemia, may also have a role in the development of dementia in
this population [20]. Few previous meta-analyses found the increased odds for cognitive
impairment in patients with CKD and renal dysfunction [18,21]. In addition, an animal
study has found that AKI-induced inflammation adversely impacts the brain, among other
organs [5]. The brain and kidneys share similar hemodynamic and anatomic pathways.
Vascular damage due to alteration in the blood–brain barrier, high vascular permeabili-
ties, and inflammatory cascades could be the potential mechanism for the occurrence of
dementia in AKI patients [22,23].

Although the long-term neurological effects of AKI are unclear, these factors may
predispose patients with AKI to an increased risk of developing dementia, as observed
in a few recent studies [24,25]. Although primary epidemiological studies exploring this
association are limited, the risk of dementia in the AKI population can be assessed using
meta-analytical techniques to pool the evidence from real-world data studies.

The preliminary search of existing systematic reviews or meta-analysis was performed
on July 2021 in Epistemonikos, PROSPERO, Open Science Framework, Cochrane Library,
and JBI Evidence Synthesis, and no reviews evaluating the association of acute kidney
injury with the risk of dementia were identified. Hence, we conducted a meta-analysis of
existing evidence from primary epidemiological studies that compared the risk of dementia
in patients with AKI versus individuals without AKI.

2. Materials and Methods

2.1. Protocol

The present meta-analysis followed the preferred reporting items for systematic review
and meta-analysis (PRISMA) and Meta-analysis of Observational Studies in Epidemiology
(MOOSE) reporting guidelines [26,27]. Refer to Table S1 and S2 for the checklists. The
protocol of the current study was prospectively published as a preprint at medRxiv [28].

2.2. Search Strategy

A three-step search strategy was utilized to locate both published and unpublished
studies. An initial, limited search was undertaken in MEDLINE (Ovid) using keywords
and index terms related to AKI and dementia. An analysis of the text words in the title
and abstract as well as the index terms used to describe the articles were followed. A
second search using all identified keywords and index terms was conducted in MEDLINE
(Ovid) and Embase (Ovid) databases (the search period was from inception to 14 July
2021). Thirdly, the reference lists of all studies that met the inclusion criteria were checked
manually for additional records. Lastly, abstract booklets of major international nephrology
and neurology congress—World Congress of Nephrology, American Society of Nephrology,
European Renal Association–European Dialysis and Transplant Association (ERA-EDTA),
Asian Pacific Congress of Nephrology, Neuroscience, Alzheimer’s Association Interna-
tional Conference (AAIC), and American Academy of Neurology—from the last two years
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were also searched. Citation tracking was also performed for all the articles qualified for
inclusion. The search strategy used in this study is available in Table S3. The literature
search was not restricted to any date or language; however, only the studies published in
English were included.

2.3. Study Selection/Inclusion Criteria

Studies that are eligible for inclusion into the meta-analysis must be observational
analytical studies (prospective, retrospective, cohort, or case–control) that assessed the risk
of dementia in the AKI population compared to the risk of dementia in the population
without AKI. Primary studies including individuals with AKI with dementia at the entry of
the cohort were excluded from the analysis. Eligible studies must report relative risk/risk
ratio (RR), hazard ratio (HR), or odds ratio (OR) with 95% confidence intervals (CI) or must
provide enough raw data to calculate those ratios. In the case of insufficient information,
primary study authors were contacted.

The studies retrieved from the database search were evaluated against eligibility for
inclusion using the Covidence software (Covidence systematic review software, Veritas
Health Innovation, Melbourne, Australia. Available at www.covidence.org, accessed on 20
September 2021) by two investigators (S.H. and A.S.) independently, firstly by title/abstract
screening and secondly by full-text screening. Studies excluded from full-text screening
are available in Table S4 with reasons for exclusion. In the case of discrepancies in the
inclusion of a study, the agreement was reached by consensus and/or by consulting the
third investigator (M.K.).

2.4. Data Extraction

An excel-based, standardized data collection form was used to extract the informa-
tion: study title, first author, year of publication, country/countries where the study was
conducted, study population, methods used to identify control/cohort, methods used to
confirm the diagnosis of AKI and dementia, number of cases and control/cohort size, demo-
graphics of the cases and control/cohort, the average duration of follow-up, confounders
that were adjusted for, and the adjusted effect estimates with 95% CI.

The data extraction was independently performed, in duplicate, by two investigators
(S.H. and A.S.), ensuring the accuracy of the data extracted. The extracted data for all
studies were then cross-checked by the third investigator (M.K.) for any data discrepancies
which were resolved by referring to the primary source.

2.5. Quality Assessment and Certainty of the Evidence

We used Newcastle–Ottawa (NOS) quality assessment scale to evaluate the quality
of the included studies. Two reviewers assessed the quality of eligible studies indepen-
dently. The NOS is a standard quality assessment tool used to evaluate the quality of the
observational study on the basis of three domains: (1) the recruitment of the cases and
controls, (2) the comparability between cases and controls, and (3) the ascertainment of
the key outcomes of interest [29]. Based on the score achieved by the individual study, a
high, medium, or low quality of the study was determined. Studies were not excluded
from meta-analyses based on the quality assessment; however, the influence of the quality
on the results of meta-analyses was explored by the sensitivity analyses.

The Grading of Recommendations Assessment, Development and Evaluation (GRADE)
tool was used to assess the certainty or quality of the evidence [30]. The GRADE working
group rated the certainty of evidence as high, moderate, low, or very low certainty of
evidence based on the study design, risk of bias, inconsistency, indirectness, imprecision,
and other considerations.

2.6. Statistical Analysis

We used Cochrane’s (London, UK) Review Manager 5.4 data analysis software to
perform the meta-analysis. The dementia events in AKI patients are considered as rare;
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therefore, odds ratio, RR, and hazard ratio were used interchangeably. For simplicity,
RR was used for all these measures [31]. We used the generic inverse-variance method
(GIVM) to combine the point estimates from each study to calculate pooled effect estimates.
The GIVM of the DerSimonian and Laird assigns the weight for each study in the pooled
analysis in reverse to its variance.

Considering the high probability of between-study variance due to distinction in
populations and techniques used to diagnose AKI and dementia, the random-effect model
was picked over the fixed-effect model. We used the Cochran’s Q test, complemented with
the I2 statistic, to evaluate the between-study statistical heterogeneity [32]. The I2 statistic
quantifies the proportion of total variation across studies resulting from heterogeneity
rather than chance. The value of I2 = 0–25% represents insignificant heterogeneity, 25–50%
low heterogeneity, 50–75% moderate heterogeneity, and more than 75% high heterogene-
ity [33,34]. Subgroup analysis based on age, co-morbidities, and the all-cause mortality
rate was performed. Sensitivity analysis was performed using the leave-one-out method
to assess if pooled effect estimates were influenced by any single study alone or by the
risk of bias in the included studies. Summary of findings tables were created using the
GRADEpro GDT tool [35].

3. Results

3.1. Studies Characteristics

Of 976 citations retrieved, four articles [24,25,36,37], including one abstract [37], quali-
fied for inclusion in this meta-analysis with a total of 429,211 patients, of which 211,749
had AKI. PRISMA diagram showed the detailed study inclusion process (Figure 1).

Figure 1. PRISMA flowchart showing study inclusion process.
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The mean age of the patients and the follow-up period were 64.15 ± 16.09 years and
8.9 years, respectively. All the included studies were retrospective cohort in nature, except
the study by Wu et al. [37], which was a case–control study. Studies were conducted
in Taiwan (n = 2), China (n = 1), and the USA (n = 1) and published between 2017 and
2020. There were two studies from Taiwan [25,36]; Tsai et al., used the national health
insurance research database (NHIRD), and Kao et al. used the longitudinal health insurance
database (LHID). The study from the US [24] used clinical and administrative data from
intermountain healthcare—an organization that covers patients from the Utah and Idaho
region. AKI was ascertained based on the International Classification of Diseases (ICD)
9th edition codes, procedure codes, and definitions outlined in KDIGO guidelines, while
dementia was confirmed using ICD-9 codes and clinical modification codes in all the
included studies (Table 1).

3.2. Quality Assessment and Certainty of the Evidence

Based on NOS for non-randomized studies, the methodological quality of included
studies was moderate to high quality with a mean score of 8 (range: 6–9). However, the
inherent bias of observational studies design should be considered while interpreting the
result. Refer to Table 2 for a detailed quality assessment.

The evidence on the association between AKI and risk of dementia was of very low
certainty as per the GRADE rating system. Certainty assessment ratings and the summary
of findings are presented in Table 3.

3.3. Meta-Analysis

The pooled estimate revealed a significantly higher risk of dementia in AKI pa-
tients compared to patients without AKI with an overall RR of 1.92 (95% CI: 1.52–2.43),
p ≤ 0.00001 (Figure 2).

Figure 2. Meta-analysis showing the pooled risk of dementia in AKI patients compared to patients without AKI.

This pooled estimate was based on adjusted RR (adjusted for all possible confound-
ing factors such as age, sex, previous cognitive dysfunction, and several co-morbidities
including diabetes, hypertension, hyperlipidemia, head injury, depression, stroke, chronic
obstructive pulmonary disease, estimated glomerular filtration rate, coronary artery dis-
ease, congestive heart failure, atrial fibrillation, cancer, liver disease, and chronic infec-
tion/inflammation). Dementia risk increases 10% with one year increase in age with an RR
of 1.10 (95% CI: 1.09–1.11), p < 0.00001 (Figure 3).

Figure 3. Risk of dementia in AKI patients with one year increase in age.
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Table 2. Quality assessment of included studies.

Cohort
Studies

Selection Comparability Outcome

Study Author

Representation
of the
Exposed
Cohort

Selection of
the Non-
Exposed
Cohort

Ascertainment
of Exposure

Demonstration
that

Outcome of
Interest Was
Not Present
at the Start

of the Study

Comparability
of Cohorts

on the Basis
of Design or

Analysis

Assessment
of Outcome

Was
Follow-Up

Long
Enough for

Outcomes to
Occur

Accuracy of
Follow-Up
of Cohorts

Overall
Score

Kao, 2017,
Taiwan [36] High (8)

Kendrick, 2019,
USA [24] High (9)

Tsai, 2017,
Taiwan [25] High (9)

Case-Control
Study

Selection Comparability Outcome

Study author
Is the case
definition
adequate

Represent-
ativeness of
the Cases

Selection of
Controls

Definition of
Controls

Comparability
of Cases and
Controls on
the Basis of
the Design
or Analysis

Ascertainment
of Exposure

Same
method of
ascertain-
ment for
cases and
controls

Non-
Response

Rate
Overall
Score

Wu, 2020,
China [37]

Medium
(6)

: Yes; : No.

Table 3. Summary of findings table showing certainty of evidence for dementia risk in AKI compared to non-AKI patients.
Patients: Dementia risk in AKI patients compared to non-AKI patients. Risk factor: Dementia incidence. Comparisons:
Non-AKI patients.

Certainty Assessment . of Patients Effect

of
Studies

Study
Design

Risk
of Bias

Inconsist-
ency

Indire-
ctness

Impre-
cision

Other
Considera-

tions

AKI and
Dementia

Risk
Placebo

Relative
(95% CI)

Absolute
(95% CI)

Certainty Importance

Dementia Risk

4 observational
studies

not
serious serious a not

serious
not

serious none 3382/211749
(1.6%)

4897/217462
(2.3%)

RR 1.92
(1.52 to

2.43)

21 more
per 1000
(from 12
more to
32 more)

⊕ � � �

VERY
LOW

High im-
portance

CI: Confidence interval; RR: Risk ratio. Explanations: a. Presence of significantly high heterogeneity (I2 = 79%). GRADE Working Group
grades of evidence: Very low certainty: The true effect is probably markedly different from the estimated effect.

Subgroup analysis based on stroke as a co-morbidity revealed significantly higher
dementia risk (Figure 4) in AKI patients (RR 2.30 (95% CI: 1.62 to 3.28), p ≤ 0.00001).

Figure 4. Risk of dementia in AKI patients with stroke.

All-cause mortality risk was also significantly higher (Figure 5) in AKI patients with
dementia than patients without AKI with a pooled RR of 2.11 (95% CI: 1.20–3.70), p = 0.009.
Only one study analyzed and reported a higher dementia risk with a hazard ratio of 2.01
(95% CI: 1.19–3.39), p = 0.01 in AKI patients who survived at least 90 days after recovery
from acute dialysis.
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Figure 5. All-cause mortality risk in AKI patients with dementia.

3.4. Sensitivity Analysis

There was no evidence of change in significance level of effect size as confirmed
through sensitivity analysis by omitting each study one by one (leave-one-out) from the
pooled analysis. Refer to Table S5 for the sensitivity plot.

4. Discussion

This is the first meta-analysis to investigate the association of AKI with dementia risk.
A significantly higher dementia risk was observed in patients with AKI as compared to
patients without AKI in an adjusted analysis (adjusted for several possible confounding
factors). Sensitivity analysis also revealed a consistently higher risk of dementia in AKI
patients. All-cause mortality risk was higher in AKI patients who developed dementia.

CKD is a common risk factor for the development of dementia, and CKD following
AKI might be responsible for the development of dementia. AKI increases the risk of
developing new or progressive CKD (HR: 2.67) and ESKD (HR: 4.67) [38]. The studies
by Tsai et al. [25] and Kao et al. [36] suggest that there may be other pathways also to
develop dementia in AKI patients apart from CKD only. Furthermore, there is considerable
overlap in the pathophysiology, risk factors, and outcomes between AKI and CKD [39,40].
A plethora of evidence found a higher risk of developing dementia in patients with co-
morbidities [41–43]. AKI patients with co-morbidities (diabetes, hypertension, depression,
chronic obstructive pulmonary disease, coronary artery disease, congestive heart failure,
atrial fibrillation, malnutrition, and inflammation) were also found to have significantly
higher dementia risk [42,43]. Due to the reversible nature of AKI, long-term outcomes
remain ambiguous and debatable.

Cognitive impairment is a well-recognized complication of CKD [18]. Evidence from the
literature found a worsening of cognitive function as the kidney function declines [44–46]. A
recent cohort study using clinical practice research datalink found a co-occurrence of CKD
and dementia in the real-world setting [47]. There is inconclusive research on the mechanis-
tic association of AKI with the development of dementia. Evidence from preclinical studies
suggested that AKI influences the blood–brain barrier permeability and may be responsible
for various brain and hippocampal complications [48,49]. Hippocampal involvement in
AKI patients could be due to the upregulation of macrophage scavenger receptor 1, serum
amyloid A3, Ras homolog gene family member J, downregulation of G protein-coupled
receptor 34 and 124, and others [50]. Due to dysregulation of transporters across the
blood–brain barrier, AKI causes an imbalance of excitatory and inhibitory neurotransmit-
ters [51]. According to the evidence from the clinical study, it could be assumed that AKI is
an independent risk factor for CKD development and is associated with multiple organ
dysfunction [52]. The kidneys and the brain share similar vascoregulatory and anatomic
pathways [53]. The kidneys and the brain are more susceptible to vascular damage due to
a high amount of blood flow. This damage can alter endothelial dysfunction, which leads
to loss of vascoregulatory abilities [54]. This can affect the brain through inflammatory
cascades generated via oxidative stress, proapoptotic pathways activation, and may lead to
dementia [22,23].

Age is also a potential risk factor for the development of dementia, as we have
observed in our meta-analysis that the risk of dementia increases 10% with one year increase
in age. Kao et al. [36], in the extended analysis (adjusted for age and potential confounders),
found an increased risk of dementia in AKI patients after the age of 58 years compared to

72



J. Clin. Med. 2021, 10, 4390

non-AKI patients. Higher dementia risk was observed in AKI patients with stroke as a
co-morbidity. Evidence from a recent meta-analysis confirms stroke as an independent and
potentially modifiable risk factor based on the analysis of 1,885,536 participants [55]. In
our meta-analysis, the all-cause mortality rate was higher in AKI patients with dementia.
High mortality in AKI patients is not only attributable to renal failure but also to extra renal
complications and its impact on other distant organs [56]. A Danish national registry-based
cohort study concluded dementia as an independent risk factor for all-cause mortality, and
the mortality rate further exceeds with co-morbidities [57]. In addition to that, another
study from the same registry found a higher annual mortality rate ratio in patients with
dementia aged ≥65 years in the last 20 years (1996–2015) [58].

The strength of the current study includes a literature search in major databases, an
extensive search of major nephrology and neurology conference proceedings, and citation
tracking of all the included articles. The majority of the included studies were of high-
quality with a large sample size and use of the GRADE approach to rate the certainty of
evidence. Pooled analysis was based on data adjusted for several possible confounding
factors, which strengthen the conclusion. Furthermore, subgroup and sensitivity analysis
also confirm the higher dementia risk.

This meta-analysis has few limitations, such as a diagnosis of AKI based on ICD-9
codes in the majority of the included studies, and dementia was also identified based on
ICD-9 codes. Classification of disease based on ICD-9 codes may lead to misdiagnosis
as the included studies collected data retrospectively. Preexisting cognitive impairment
was not ruled out at the baseline of the study in two of the included studies and might
have imparted influence on the overall results; however, a higher risk of developing
dementia risk was consistent in the sensitivity analysis. We noticed significantly high
heterogeneity among the included studies. In order to explore the heterogeneity, a random
effect model was chosen, and findings from subgroup analysis were reported separately.
Lastly, retrospective studies are typically a source of inherent bias, which decreased the
certainty of the evidence.

Overall, this meta-analysis showed a higher dementia risk in AKI patients. Future
studies should look to establish the mechanistic association of AKI with dementia and
stratification of dementia risk as per AKI stages. Furthermore, future, large prospective
studies should adjust the findings for potential clinical (patients with non-recovery/partial
recovery vs. complete recovery) and other associated covariates.

5. Conclusions

In conclusion, this meta-analysis demonstrated a significantly higher risk of dementia
among patients with AKI compared with individuals without AKI. The strength of evidence
was of very low certainty as per the GRADE assessment. Further large epidemiological
studies are needed to confirm the mechanistic association. We recommend close monitoring
of patients for dementia after AKI to curtail morbidity.
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Abstract: The aim of this study was to investigate the association between frailty and polypharmacy
using three different frailty screening tools. This was a cross-sectional study of people aged ≥65 years.
Participants were included and interviewed using questionnaires. Polypharmacy was defined as the
daily use of eight or more pills. Frailty was assessed using a screening tool, including (1) the Fatigue,
Resistance, Ambulation, Illness and Loss of Weight Index (5-item FRAIL scale), (2) the Cardiovascular
Health Phenotypic Classification of Frailty (CHS_PCF) index (Fried’s Frailty Phenotype), and (3) the
Study of Osteoporotic Fracture (SOF) scale. A total of 205 participants (mean age: 71.1 years;
53.7% female) fulfilled our inclusion criteria. The proportion of patients with polypharmacy was
14.1%. After adjustments were made for comorbidity or potential confounders, polypharmacy was
associated with frailty on the 5-item FRAIL scale (adjusted odds ratio [aOR]: 9.12; 95% confidence
interval [CI]: 3.6–23.16), CHS_PCF index (aOR: 8.98; 95% CI: 2.51–32.11), and SOF scale (aOR:
6.10; 95% CI: 1.47–25.3). Polypharmacy was associated with frailty using three frailty screening
tools. Future research is required to further enhance our understanding of the risk of frailty among
older adults.

Keywords: polypharmacy; frailty; Cardiovascular Health Study; Study of Osteoporotic Fracture

1. Introduction

Frailty is a clinical syndrome characterized by physical activities, cognition and emo-
tional impairment [1]. It is a state of increased vulnerability to stressors, especially in older
adults [1], that leads to adverse health outcomes such as falls, disability, hospitalization,
institutionalization and mortality [2–4]. As people of advanced age are gradually increas-
ing in many countries, frailty is considered of growing importance in geriatric population.
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Previous studies estimated that the prevalence of frailty varied from 3.9% to 51.4% [5–7].
This variance is influenced by the differences in countries and socioeconomic status and,
more importantly, screening tools. Because there is no gold standard for assessing frailty,
multiple assessment methods have been developed, such as Fried’s phenotype model [8],
and the frailty index of Rockwood’s cumulated deficit model [9]. These screening tools
help to identify frail patients at high risk for negative health outcomes and provide an
opportunity to prevent the progression of comorbidity [10].

Polypharmacy refers to multiple use of medications and/or unnecessary drug use,
commonly defined by five or more medications daily [11,12]. A systematic review [11]
reported that even if the most common definition of polypharmacy was the numerical
definition of five or more medications daily (n = 51, 46.4% of articles), some articles [13,14]
use definitions with ten or more medicines. Polypharmacy is common in older adults
especially with multimorbidity, as one or more medications may be used in each condition.
The patient may suffer from increased risk of various adverse effects and harm. A retro-
spective study demonstrated that larger numbers of medications used among 259 patients
attending a cardiovascular outpatient department were associated with faster declines in
renal function and may have worsened the prognosis [15]. Additionally, potential adverse
outcomes included declines in cognition and mobility as well as drug-drug interactions
and drug-disease interactions [16,17].

Since both frailty and polypharmacy have been considered as common geriatric
syndromes, they have gained increasing interest and attention. However, the association
between frailty evaluation and polypharmacy is still scarce. Therefore, we aim to investigate
the association between frailty and polypharmacy.

2. Materials and Methods

2.1. Subjects

The study was a cross-sectional study. Participants were included, after informed
consent, from the outpatient clinic and the health examination department in a single
center located in the urban area of Kaohsiung City. The inclusive criterion was adults aged
65 years old or more. The exclusive criteria were (1) less than 65 years old, (2) mental
disability or psychological disease, and (3) who were unwilling to agree to the informed
consent form or were unable to cooperate with the study. During October 2020 to April
2021, 205 participants were included. The IRB number was KMUHIRB-F(I)-20200052.

2.2. Measurement and Questionnaire

Participants were interviewed by questionnaire. One-on-one interviews were con-
ducted by well-trained interviewers. Participants could complete the questionnaire with
the assistance of interviewers or their family. The demographic characteristics included
gender, age, living environment, education level, and smoking and alcohol habits. Low
education was defined as elementary school or no education. Daily use of more than eight
pills was consider as polypharmacy. Evaluation tools for frailty included (1) Fatigue, Resis-
tance, Ambulation, Illness and Loss of Weight Index (FRAIL model) [18]; (2) Cardiovascular
Health Phenotypic Classification of Frailty index (CHS-PCF, Fried’s Frailty Phenotype) [19];
and (3) Study of Osteoporotic Fracture Index (SOF) [20]. All questionnaires were input into
the computer twice by two independent personnel and the input correction was checked.

2.3. Frailty Evaluation

The 5-item FRAIL scale represented the abbreviation of Fatigue, Resistance, Ambu-
lation, Illness, and Loss of weight, which was established at the International Nutrition,
Health and Ageing Group. The scale consists of five items: (1) exhaustion, (2) weakness,
(3) slowness while walking, (4) low activity, and (5) weight loss. These factors represent
biological factors (fatigue and weight loss), functional factors (resistance and ambulation),
and deficit accumulation by illness. The 5-item FRAIL scale classification was defined as
frail (3–5), pre-frail (1–2), and robust health status (0) [18].

78



J. Clin. Med. 2021, 10, 4413

Fried’s phenotype model of frailty is also known as the Cardiovascular Health Pheno-
typic Classification of Frailty (CHS_PCF) index, a biological model of frailty comprising
five components: unintentional weight loss, feelings of exhaustion, decreased physical
activity, slow walking speed, and weakness. CHS_PCF scores were categorized as frail
(3–5), pre-frail (1–2), and robust health status (0) [8,19].

The Study of Osteoporotic Fractures (SOF) scale comprised two factors with three
components, including biological factors (inability to complete five chair rises, weight loss)
and functional factors (reduced energy level). SOF scale scores were categorized as frail
(2–3), pre-frail (1), and robust health status (0) [20].

2.4. Statistics

Descriptive statistics were used to analyze the means and dispersion of the continuous
variables, including the age and the scores of the three frailty assessment tools. For the
categorical variables, such as gender and smoking and alcohol consumption, numbers
and proportions were used for this evaluation. Furthermore, we divided the participants
into different groups according to different frail conditions. The 5-item FRAIL scale was
divided into robust health, pre-frail and frail groups. CHS_PCF was classified into robust
health, prefrail, and frail groups. SOF was divided into robust health, pre-frail and frail
groups. Analysis of variance was performed to analyze the differences in polypharmacy
among the frail groups. The non-frail groups (robust health and pre-frail participants)
were selected as a reference. The crude logistic regression model of frail condition and
polypharmacy, or frail condition and other variables including age, body mass index (BMI),
gender, education level, living situation, and smoking and alcohol habits were performed.
Finally, two adjusted logistic regression models (one by the Hosmer–Lemeshow goodness-
of-fit test and the other by the exact logistic regression model) were conducted. IBM-SPSS
version 20 statistical software (IBM Corp. Released 2011. IBM SPSS Statistics for Windows,
Version 20.0. Armonk, NY, USA: IBM Corp.) was used, with a significant p value of 0.05,
two-tailed tests.

3. Results

During the period of October 2020 to April 2021 we had registered 400 participants,
of whom 205 fulfilled our inclusion criteria. Table 1 shows key descriptive analysis of
the study baseline. We classified these participants into robust health, pre-frail, and frail
groups by the 5-item FRAIL scale, CHS_PCF, and SOF scale according to these scale
definitions, respectively. In FRAIL model, 105 (51.22%) were robust health, 54 (26.34%)
were pre-frail, and 46 (22.43%) were frail; in CHS_PCF, 38 (18.53%) were robust health,
73 (35.61%) were pre-frail, and 94 (45.85%) were frail; in SOF model, 138 (67.31%) were
robust health, 54 (26.34%) were pre-frail, and 13 (6.34%) were frail. Detailed demographic
data on the different scales is shown in Table 1. Of these 205 participants, their average
age was 71.1 years and average BMI was 26.06 kg/m2. The participants included 95 males
(46.3%) and 110 females (53.7%). Moreover, 42.9% (88 participants) of all participants were
of low education (elementary school only or no education), 18% (37 participants) lived
alone, 4.4% (nine participants) were smokers, 8.8% (18 participants) consumed alcohol and
14.1% (29 participants) were polypharmaceutical.

Table 1. Demographics of the participants according to their frail status (n = 205).

Robust Health Pre-Frail Frail

n (%)/Mean ± SD n (%)/Mean ± SD n (%)/Mean ± SD

5-item FRAIL
n (%) 105 (51.22) 54 (26.34) 46 (22.43)

Age, mean (SD), years 70.8 ± 5.6 71.0 ± 5.1 71.9 ± 5.3
BMI, mean (SD), kg/m2 26.0 ± 4.1 25.7 ± 3.4 26.6 ± 4.4

Gender, Male, n (%) 56 (53.3) 21 (38.9) 18 (39.1)
Education (low), n (%) 33 (31.4) 32 (59.3) 23 (50)
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Table 1. Cont.

Robust Health Pre-Frail Frail

n (%)/Mean ± SD n (%)/Mean ± SD n (%)/Mean ± SD

5-item FRAIL
Living alone, n (%) 19 (18.1) 9 (16.7) 9 (19.6)

Smoking, n (%) 6 (5.7) 2 (3.7) 1 (2.2)
Consuming alcohol, n (%) 13 (12.4) 3 (5.6) 2 (4.3)

Polypharmacy, n (%) 1 (1.0) 9 (16.7) 19 (41.3)

Comorbidity

0 14 (13.3) 4 (7.4) 3 (6.5)

1 66 (62.9) 27 (50.0) 19 (41.3)

2 25 (23.8) 23 (42.6) 24 (52.2)

CHS_PCF
n (%) 38 (18.53) 73 (35.61) 94 (45.85)

Age, mean (SD), years 69.7 ± 3.6 70.4 ± 5.3 72.1 ± 5.8
BMI, mean (SD), kg/m2 25.6 ± 3.9 25.9 ± 3.9 26.4 ± 4.1

Gender, Male, n (%) 19 (50.0) 30 (41.1) 46 (48.9)
Education (low), n (%) 8 (21.1) 30 (41.1) 50 (53.2)

Living alone, n (%) 7 (18.4) 17 (23.3) 13 (13.8)
Smoking, n (%) 1 (2.6) 4 (5.5) 4 (4.3)

Consuming alcohol, n (%) 4 (10.5) 7 (9.6) 7 (7.4)
Polypharmacy, n (%) 1 (2.6) 2 (2.7) 26 (27.7)

Comorbidity

0 4 (10.5) 11 (15.1) 6 (6.4)

1 24 (63.2) 47 (64.4) 41 (43.6)

2 10 (26.3) 15 (20.5) 47 (50.0)

SOF
n (%) 138 (67.31) 54 (26.34) 13 (6.341)

Age, mean (SD), years 70.8 ± 5.2 71.4 ± 5.9 72.3 ± 5.5
BMI, mean (SD), kg/m2 26.0 ± 4.2 26.1 ± 3.2 26.2 ± 4.1

Gender, Male, n (%) 67 (48.6) 23 (42.6) 5 (38.5)
Education (low), n (%) 52 (37.7) 29 (53.7) 7 (53.8)

Living alone, n (%) 25 (18.1) 10 (18.5) 2 (15.4)
Smoking, n (%) 6 (4.3) 3 (5.6) 0 (0.0)

Consuming alcohol, n (%) 15 (10.9) 3 (5.6) 0 (0.0)
Polypharmacy, n (%) 15 (10.9) 9 (16.7) 5 (38.5)

Comorbidity
0 16 (11.6) 3 (5.6) 2 (15.4)
1 79 (57.2) 27 (50.0) 6 (46.2)
2 43 (31.2) 24 (44.4) 5 (38.5)

FRAIL, Fatigue, Resistance, Ambulation, Illness, and Loss of Weight. CHS_PCF, Cardiovascular Health Phenotypic Classification of Frailty.
SOF, Study of Osteoporotic Fracture. SD, standard deviation. BMI, body mass index. Comorbidity: 0, no disease; 1, one to two diseases;
2, three or more diseases. Disease category: hypertension, diabetes mellitus, hyperlipidemia, cerebral vascular disease, cardiovascular
disease, pulmonary disease, liver disease, urologic disease, neurology disease, and malignant cancer.

We defined these non-frail participants as the reference group and a logistic regression
model was created to analyze the variance of differences and odd ratio in polypharmacy
as well as other potential confounders between the frail group and the reference groups.
Moreover, the regression model was adjusted by potential confounders, including age,
BMI, gender, education level, whether or not patients lived alone, and smoking and alcohol
habits, in case these potential confounders and frailty revealed a significant association in
the crude regression model. Comorbidity was considered as an important risk factor of
frailty, so we adjusted it in the adjusted regression model. Table 2 shows that in the crude
regression model of the FRAIL scale, the factor most strongly associated with 5-item FRAIL
scale frail status was polypharmacy (odd ratio [OR] 10.49, 95% confidence interval [CI]
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4.40–24.99, p-value < 0.001). Otherwise, parameters such as age, BMI, gender, education
level, living environment, and smoking and alcohol habits were not associated with frailty
in 5-item FRAIL scale. Furthermore, the adjusted model and the exact logistic regression
shown a consistent trend; frailty was significantly and positively associated with polyphar-
macy after adjusting comorbidity (aOR * 9.12, 95% CI 3.6–23.16, p-value < 0.001; the exact
logistic regression model aOR † 9.02, 95% CI 3.32–26.16, p-value < 0.001, respectively).

Table 2. Regression model of the 5-item Fatigue, Resistance, Ambulation, Illness, and Loss of Weight scale.

Crude (95% CI) p-Value Adjusted (95% CI) * p-Value Adjusted (95% CI) † p-Value

Age 1.04 (0.98–1.10) 0.220
BMI 1.05 (0.96–1.13) 0.275

Gender (male) 0.68 (0.35–1.34) 0.267
Education (high) 0.69 (0.36–1.34) 0.272

Live alone 1.14 (0.49–2.62) 0.762
Smoke 0.42 (0.05–3.44) 0.419
Alcohol 0.41 (0.09–1.84) 0.242

Polypharmacy 10.49 (4.40–24.99) <0.001 9.12 (3.6–23.16) <0.001 9.02 (3.32–26.16) <0.001

Comorbidity
0 1.00 1.00

1–2 1.23 (0.33–4.58) 0.762 0.98 (0.26–3.73) 0.9819
>2 3.00 (0.80–11.19) 0.102 1.35 (0.34–5.44) 0.6708

Per category 2.07 (1.18–3.64) 0.012 1.24 (0.63–2.46) 0.603
Goodness-of-fit statistic * χ2 = 0.30, p = 0.859

Crude odds ratio (OR) was calculated using the logistic regression model. * Adjusted polypharmacy and comorbidity; the Hosmer–
Lemeshow goodness-of-fit test was used. † Adjusted OR was calculated using the exact logistic regression model. Comorbidity: 0, no
disease; 1, one to two diseases; 2, three or more diseases.

In Table 3, the crude regression model of CHS_PCF identified the factors, includ-
ing polypharmacy (OR 13.76, 95% CI 4.01–47.23, p-value < 0.001), age (OR 1.07, 95% CI
1.02–1.13, p-value 0.010) and low education level (high education versus low education OR
0.46, 95% CI 0.26–0.80, p-value 0.007) which were associated with frail status in CHS_PCF
model. Compared with participants with non-comorbidity, participants with three or
more comorbidities were significantly and positively associated with frailty (OR 4.70, 95%
CI 1.62–13.62, p-value 0.004). However, after adjusting for comorbidity, polypharmacy
revealed consistent significantly positive association with CHS PCF frailty (aOR * 8.98, 95%
CI 2.51–32.11, p-value < 0.001; aOR † 8.81, 95% CI 2.42–48.81, p-value < 0.001, respectively).
Finally, the regression model of SOF in Table 4 determined that the factor associated with
frailty was polypharmacy (crude OR 4.38, 95% CI 1.32–14.47, p-value 0.016; aOR * 6.10, 95%
CI 1.47–25.3, p-value 0.013; and aOR † 6.31, 95% CI 1.21–33.29, p-value 0.027). Age, BMI,
gender, education level, and living environment were not associated with frail status in the
SOF model.

Table 3. Regression model of Cardiovascular Health Phenotypic Classification of Frailty (CHS_PCF) index.

Crude (95% CI) p-Value Adjusted (95% CI) * p-Value Adjusted (95% CI) † p-Value

Age 1.07 (1.02–1.13) 0.010 1.06 (0.99–1.12) 0.058 1.06 (0.99–1.12) 0.054
BMI 1.04 (0.97–1.11) 0.330

Gender (male) 1.21 (0.70–2.10) 0.493
Education (high) 0.46 (0.26–0.80) 0.007 0.50 (0.26–0.96) 0.036 0.45 (0.23–0.87) 0.015

Live alone 0.58 (0.28–1.22) 0.151
Smoke 0.94 (0.25–3.61) 0.931
Alcohol 0.73 (0.27–1.97) 0.536

Polypharmacy 13.76 (4.01–47.23) <0.001 8.98 (2.51–32.11) <0.001 8.81 (2.42–48.81) <0.001
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Table 3. Cont.

Crude (95% CI) p-Value Adjusted (95% CI) * p-Value Adjusted (95% CI) † p-Value

Comorbidity
0 1.00 1.00
1 1.44 (0.52–4.01) 0.481 1.32 (0.46–3.83) 0.605
2 4.70 (1.62–13.62) 0.004 3.28 (1.06–10.15) 0.034

Per category 2.57 (1.59–4.18) <0.001 2.02 (1.17–3.56) 0.001
Goodness-of-fit statistic * χ2 = 3.03, p = 0.882

Crude odds ratio (OR) was calculated using the logistic regression model. * Adjusted age, education, polypharmacy, and comorbidity; the
Hosmer–Lemeshow goodness-of-fit test was used. † Adjusted OR was calculated using the exact logistic regression model. Comorbidity:
0, no disease; 1, one to two diseases; 2, three or more diseases.

Table 4. Regression model of Study of Osteoporotic Fracture (SOF) scale.

Crude (95% CI) p-Value Adjusted (95% CI) * p-Value Adjusted (95% CI) † p-Value

Age 1.04 (0.95–1.15) 0.395
BMI 1.01 (0.87–1.16) 0.929

Gender (male) 0.71 (0.22–2.24) 0.558
Education (high) 0.63 (0.2–1.93) 0.415

Live alone 0.82 (0.17–3.84) 0.797
Polypharmacy 4.38 (1.32–14.47) 0.016 6.10 (1.47–25.3) 0.013 6.31 (1.21–33.29) 0.027
Comorbidity

0 1.00 1.00
1 0.54 (0.1–2.87) 0.467 0.43 (0.08–2.35) 0.326
2 0.71 (0.13–3.95) 0.695 0.29 (0.04–2.12) 0.225

Per category 0.95 (0.39–2.33) 0.915 0.57 (0.18–1.78) 0.396
Goodness-of-fit statistic * χ2 = 0.23, p = 0.892

Crude odds ratio (OR) was calculated using the logistic regression model. * Adjusted polypharmacy and comorbidity; the Hosmer–
Lemeshow goodness-of-fit test was used. † Adjusted OR was calculated using the exact logistic regression model. Comorbidity: 0, no
disease; 1, one to two diseases; 2, three or more diseases.

4. Discussion

To our knowledge, this is the first study comparing three different frailty models to
examine the association between frailty and polypharmacy. This cross-sectional study ex-
plored the association of polypharmacy and frailty using the 5-item FRAIL scale, CHS_PCF
index, and the SOF scale. The results showed that polypharmacy was strongly associated
with frailty in each tool. Previous studies demonstrated similar results [21–24]. In Korea,
Jung et al. [21] reported that frailty using the 5-item FRAIL scale was associated with the
use of an increased number of medications. Furthermore, Jung et al. [22] reported that
polypharmacy with five drugs or more was associated with physical frailty (OR 1.61, 95%
CI 1.13–2.30) among 2907 adults aged 70–84 years in Korea, using the CHS_PCF index. In
France, Herr et al. [23] reported that polypharmacy with five to nine drugs (OR 1.77, 95% CI
1.20–2.61) and excessive polypharmacy with ten drugs or more (OR 4.47, 95% CI 2.37–8.42)
were associated with physical frailty among 2350 adults aged 70 years and over in France,
also using the CHS_PCF index. Another cross-sectional study in France reported that
polypharmacy with five drugs or more and inappropriateness of medications were both
associated with the CHS_PCF index score in people aged 65 and over [24]. Additionally, an
eight-year longitudinal cohort study which involved 4402 participants in North America
using the SOF scale also demonstrated that using four to six medications had a higher risk
of frailty of 55% (hazard ratio [HR] 1.55; 95%CI 1.22–1.96), and using more than seven
drugs increased this to approximately 147% (HR 2.47; 95% CI 1.78–3.43) [25]. A systematic
review evaluated the correlation between frailty and polypharmacy and demonstrated
that frailty was associated with polypharmacy, especially with an increasing number of
medications used; however, the definitions of frailty and polypharmacy varied between
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each article [26]. We used three tools for the frailty evaluation and found a consistent trend
in our study which matched these previous publications.

Polypharmacy is strongly associated with multi-morbidity, since one or more medi-
cations may be used for each illness [27]. However, polypharmacy has potential adverse
effects including falls, cognitive impairment, adverse drug events, increased health care
utilization, hospitalization, and mortality [28,29]. The potential mechanisms of these ad-
verse outcomes were multidimensional. As age increases, changes in metabolism may
result in drug toxicity and drug-drug interaction [30]. Decreased body weight, decreased
blood pressure and dehydration are common in older people [31–33]. Overtreatment by
antihypertensive medicines and diuretics may cause hypotension or dehydration, which
are associated with frailty, falls, syncope, poor cognition, disability and mortality [30].

Frailty results from an accumulation of multiple age-related health issues, and not
surprisingly is associated with increased pharmaceutical intervention [34]. Since more and
more importance is attached to inappropriate polypharmacy, determining interventions to
improve appropriate polypharmacy is essential. Davies [29] reported that polypharmacy
was significantly associated with both prefrailty (pooled OR 1.52; 95% CI 1.32–1.79) and
frailty (pooled OR 2.62, 95% CI 1.81–3.79). However, it was also found that almost all
reviews identified polypharmacy by medication count; few examined the relationship
between disease states and drug groups. Another systematic review found that there were
no studies examining the negative effects of single drugs on frailty, and some specific
medications had benefits and improvements with respect to physical performance, muscle
strength or body composition [35]. Nwadiugwu [34] stated that person-centered care for
frail people may provide better engagement with individuals to reduce the occurrence
of polypharmacy. Providing the frail patients with a comprehensive geriatric assessment
and using medication prescription aid with Beers criteria and the STOPP/START criteria
may decrease unnecessary medication usage and reduce the extent of frailty and polyphar-
macy [36,37]. Furthermore, alternative prescriptive interventions such as regular exercise
and social participation could reduce medication use as well as treat frailty [38].

This study found that low education level was associated with frailty status in the
CHS_PCF model. Previous studies have examined the impact of educational level on
frailty [39,40]. In a Dutch 13-year longitudinal study, Hoogendijk et al. demonstrated that
low education levels in older adults had a higher OR of being frail compared with those
with a high educational level (relative index of inequality OR 2.94; 95% CI 1.84–4.71) [39].
Another study in Brazil investigated patients with limited formal education (defined by
0–4 years of formal schooling) and found that having no formal education increased the
odds ratio of being categorized as frail (OR 2.0; 95% CI 1.0–3.9) [40]. Furthermore, limited
education was also associated with cognitive performance and functional disability [40].
Similar results have been reported by several studies [41,42]. Explanations for educational
effects on frailty may be based on shared associated factors such as socioeconomic differ-
ences and low income which can result in lack of access to healthy food, obesity and living
in deprived neighborhoods [43,44].

Living alone was not associated with frailty in our study in any of the three models.
Multiple previous studies have reported that living alone had adverse health effects, such
as social isolation, loneliness, as well as depression [45,46]. However, living alone was
barely considered a risk factor for frailty. A systematic review found that living alone is
associated with physical frailty in cross-sectional studies but not significant in longitudinal
studies; furthermore, men living alone are more likely to be frail than women [47]. In a
cross-sectional study that investigated 1602 Japanese men and women living on isolated
islands reported that living alone was associated with frailty in men (OR 3.85; 95% CI
1.94–7.65), but not in women (OR 1.08; 95% CI 0.72–1.63) [48]. Another cross-sectional
study also demonstrated that living alone is associated with frailty in Hong Kong men,
but not in Hong Kong women or Taiwanese people [49]. A potential explanation is that
women are thought to have larger or more diverse social networks than men [50]. Social
networks may be an important confounding factor that influences the effect of living alone
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and multiple adverse effects [51]. Our study was conducted in a Taiwanese urban area,
and the relationship between living alone and frailty may be affected by social networks
which depend on differences in local policy and culture.

There are several limitations in this study. First, this is a cross-sectional study that
could only demonstrate associations and could not infer causality. Further longitudinal
study is required for the demonstration of causality between polypharmacy and frailty.
Second, we used self-reported questionnaires, and the results may be influenced by recall
biases involving memory, mood or cognition. Finally, we specially investigated a single
area in an urban locale, which might not present the whole picture of Taiwan.

5. Conclusions

This study demonstrated that polypharmacy is associated with frailty under the
5-item FRAIL scale, CHS_PCF index, and SOF scale. Low educational level was associ-
ated with frailty using the Fried’s phenotype model. More studies investigating the risk
factors of frailty using different screening tools are needed, in order to further enhance
our understanding of the risk of frailty among older adults and to design appropriate
interventions.
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Abstract: Adequate preoperative evaluation of frailty can greatly assist in the efficient allocation
of hospital resources and planning treatments. However, most of the previous frailty evaluation
methods, which are complicated, time-consuming, and can have inter-evaluator error, are difficult
to apply in urgent situations. Thus, the authors aimed to develop and validate a predictive model
for pre-operative frailty risk of elderly patients by using diagnostic and operation codes, which
can be obtained easily and quickly from electronic records. We extracted the development cohort
of 1762 people who were hospitalized for emergency operations at a single institution between
1 January 2012 and 31 December 2016. The temporal validation cohort from 1 January 2017 to
31 December 2018 in the same center was set. External validation was conducted on 6432 patients
aged 75 years or older from 2012 to 2015 who had emergency surgery in the Korean national
health insurance database. We developed the Operation Frailty Risk Score (OFRS) by assessing the
association of Operation Group and Hospital Frailty Risk Score with the 90-day mortality through
logistic regression analysis. We validated the OFRS in both the temporal validation cohort and two
external validation cohorts. In the temporal validation cohort and the external validation cohort I
and II, the c-statistics for OFRS to predict 90-day mortality were 0.728, 0.626, and 0.619, respectively.
OFRS from these diagnostic codes and operation codes may help evaluate the peri-operative frailty
risk before emergency surgery for elderly patients where history-taking and pre-operative testing
cannot be performed.

Keywords: frailty; emergency operation; elderly; hospital frailty risk score

1. Introduction

Aging is an inevitable process that is measured by chronological age. There are no
definite criteria for an age at which one becomes “elderly”, but according to the WHO, peo-
ple aged 65 or older are classified as elderly. The number of elderly patients who undergo
surgery has increased rapidly, and their age is increasing dramatically as the proportion of
elderly in the population increases [1,2]. Some elderly patients with more serious adverse
outcomes than in the usual clinical course have come to be called frail. Frailty describes
decreased physiological reserves across multiple organ systems and increased vulnerability
to disability, but it happens at different rates in different people; hence, there is a high risk
for poor results given an apparently innocuous stimulus in geriatric patients [3]. Surgical
stress can be a clinically significant issue for the frail in geriatric medicine [4]. Frailty in
elderly surgical patients increases not only postoperative mortality and morbidity, but
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also the likelihood of experiencing postoperative complications and the tendency to incur
more hospital costs [5–7]. In particular, pre-operative frailty in the emergency setting has a
greater impact on poor clinical outcomes [8–12].

Pre-operative assessment of frailty can be helpful for the efficient application of
hospital resources and planning treatments [13]. However, most of the previous evaluation
systems for frailty, which can be complicated, time-consuming, and subject to inter-operator
error, are difficult to apply in urgent situations requiring emergency surgery [14,15]. There
are currently no relevant tools to measure peri-operative frailty risk for elderly patients
undergoing emergency surgery. Almost all emergency operations have been performed
without proper assessment of frailty risk; there was not enough time to do so, as previous
methods of frailty risk assessment required many laboratory or clinical test results. In a
previous study, there was a rapid frailty-risk evaluation method called Hospital Frailty
Risk Score (HFRS) that used International Statistical Classification of Diseases and Related
Health Problems, Tenth Revision (ICD-10) codes, which are diagnostic codes, but it was
not a model designed for surgical patients [16].

Therefore, we aimed to create a predictive model to assess the pre-operative frailty
risk of elderly patients by using diagnostic codes and operation codes that can be easily
and quickly obtained from the electronic medical recording system in situations where
pre-operative clinical information is insufficient, such as emergency surgery.

2. Materials and Methods

This study was a nationwide cohort study using the Korean National Health Insurance
Database (KNHID) and a dataset from the electronic medical records of a tertiary academic
center. This study was approved by the Ethics Committee (AMC IRB 2019-1145), and
written informed consent was waived for retrospective data analysis. In this study, datasets
from four cohorts were needed. Figure 1 shows the flow chart of the patients in this study.

Figure 1. Diagram of the study dataset analysis. Four cohort datasets for the development and validation of predictive
models. NSC, Normal Sample Cohort; KNHID, Korean National Health Insurance Database.

2.1. Development Cohort and Temporal Validation Cohort

We extracted the development cohort of people who were hospitalized for emergency
operations at a single institution between 1 January 2012 and 31 December 2016. We also
extracted the temporal validation cohort of people aged 75 years and older who were
admitted for emergency surgeries performed from 1 January 2017 to 31 December 2018 in
the same center. In this study, emergency operations were defined as an operation that can
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claim emergency medical management fees for patients who were admitted to the hospital
through the emergency department to undergo emergency surgery or an additional charge
on the night or holiday/weekend if the surgery was performed after the evening of the
week or during the holiday/weekend.

We included 1612 patients aged 75 years and older from the electronic medical records
of our hospital as the development cohort, excluding those whose follow-up was lost or
those who lacked a pre-operative operation code. We limited elderly patients to patients
75 years and older as the HFRS presented in the previous study was created for patients
75 years of age and older [16], and it is intended to be used in our study. The operation
codes were claiming codes for claiming health insurance fees from the Korean National
Health Insurance Service (KNHIS).

The authors of this study classified all operation codes extracted from the development
cohort into a total of 8 Operation Groups (OG) according to surgical risk. The classification
of operation codes was created by two clinical experts (SWL and EHL) using their clinical
experience, pre-existing studies related to surgical risk, and the American College of
Surgeons National Surgical Quality Improvement Program (ACS NSQIP) surgical risk
calculators [17], and another clinical expert (JSN) independently checked and verified the
classification of the operation codes. In the case of different opinions among experts in the
classification of operation codes, the decision was made in the direction recognized by more
experts by further reflecting the verification and opinions of other experts. Operations with
a higher risk were classified as an increase from OG 1 to OG 8. For example, an operation
code with low risk, such as “N7133” (Mastectomy) or “P4551” (Total thyroidectomy), was
classified in Group 1, while an operation code with high risk, such as “O2033” (Resection
of thoracic aorta aneurysm), was classified as Group 8. Table S1 shows the operation codes
classified into 8 groups. The dataset of the development cohort included information
about the operation codes, diagnostic codes, and death after surgery. The primary clinical
outcome of this study was 90-day all-cause mortality, which was defined as the death rate
within 90 days after surgery regardless of discharge.

2.2. Operation Frailty Risk Score

In the previous study, the HFRS was developed by using cluster analysis in such a
way that scores were given for ICD-10 codes that were at least twice as prevalent in the
frail group as in the other groups [16]. In this study, we created an Operation Frailty Risk
Score (OFRS) by performing univariate and multivariable logistic regression analysis of
the mortality within 90 days after surgery according to the operation codes of the 8 groups
classified as described above, the HFRS score calculated from the diagnosis codes, age, and
sex. A simple scoring system was developed using the penalized maximum likelihood
estimates of the covariates in models that followed the method of Sullivan et al. [18]. After
selecting a reference group of each variable, we used regression coefficients as weights and
the distance from the reference group to generate each point value. Score 1 was defined as
the effect of a 10-year increase in age. Through this analysis, we developed a risk scoring
system of the predictive model for pre-operative frailty based on the mortality within
90 days after the operation. Based on this defined score, scores were assigned to each of
the eight operation risk groups, age, and HFRS by comparing and analyzing the effects
of each variable on mortality within 90 days after the operation. Table 1 summarizes the
OFRS points for each variable.

2.3. External Validation on the Korean National Health Insurance Database

The KNHID cohort used in this study was extracted from the National Sample Cohort
provided by KNHIS version 2.0 (NHIS-NSC v2.0). The NHIS-NSC v2.0 is a population-
based cohort database containing clinical data of about one million patients, 2% of the
sample data, which represents all national health insurance subscribers in South Korea.
For external validation, we extracted patients aged 75 years or older from 2012 to 2015
who had emergency surgery in the NHIS-NSC v2.0. For external validation dataset I, we
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selected data considering the type of medical institutions and excluded data from clinics,
which are the primary care providers. For external validation dataset II, we applied further
restrictions considering the location of the medical institution, including the capital area of
Seoul and Gyeonggi-do. We extracted information about the diagnostic code based on the
ICD-10 and the operation code from NHIS-NSC v2.0 and evaluated the predicted model.

Table 1. Operation frailty risk scoring system for prediction of 90-day mortality.

Variables Categories Point

Age 75–79 0
80–89 1
≥90 2

HFRS 0 0
1–4 1
≥5 2

Operation Group Group 1 0
Group 2 1
Group 3 0
Group 4 2
Group 5 4
Group 6 4
Group 7 4
Group 8 6

HFRS—hospital frailty risk score.

2.4. Statistical Analysis

Categorical variables are represented by numbers and percentages, while continuous
variables are represented by means and standard deviations or median and interquartile
range. We constructed univariate and multivariable logistic regression models to assess the
association with other variables, including the HFRS and the 90-day mortality rate. Internal
and external validations of the risk scoring system model were performed separately by
measuring the calibration and discrimination ability. The c-statistic was used to estimate
the predictive performance of the models. The calibration plot and Hosmer-Lemeshow
goodness-of-fit statistic was used to evaluate the agreement between the observed and
expected number of 90-days mortality across all strata, based on the probabilities of 90-day
mortality estimated from the prediction model. We compared the prediction of OFRS for
the pre-operative frailty risk in each dataset. For all analyses, a p < 0.05 was considered
significant. All statistical analyses were completed using the “R” statistical language
(R version 3.5.1, R Foundation for Statistical Computing, Vienna, Austria) and “SAS”
Enterprise Guide ver. 7.1 (SAS Institute Inc., Cary, NC, USA).

3. Results

The data characteristics of the four cohorts are shown in Table 2. Comparing the four
cohort groups reveals that the 90-day mortality rates of the four groups were different at a
statistically significant level (p-value < 0.001). The 90-day mortality rate of the development
cohort was 8.9%, whereas the 90-day mortality rate of the temporal validation cohort and
the external validation cohort I and II was 8.4%, 13.8%, and 12.3%, respectively. In addition,
the distribution of HFRS was also different in each data group. The HFRS distribution
of cohort 1 and 2 showed a leftward skewed distribution pattern compared to the HFRS
distribution of cohort 3 and 4.

We analyzed the distribution of emergency operations by surgical department received
by the elderly patients, along with the analysis of the operation codes. According to the
results for the distribution of emergency operations, an operation in the general surgery
department was the most frequent in the development and temporal datasets, whereas
the proportion of orthopedic surgeries was the highest in the external validation datasets.
Figure S1 shows the distribution of emergency operations by surgical department in
each dataset.
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Table 2. Characteristics of the four cohorts.

Cohort 1 Cohort 2 Cohort 3 Cohort 4 p Value

N 1612 826 4664 1768
Age, years 78 (76–82) 78 (76–82) 80 (77–84) 80 (77–84) <0.001

Male 862 (53.5) 445 (53.9) 2777 (59.5) 1047 (59.2) <0.001
90-day death 143 (8.9) 69 (8.4) 643 (13.8) 217 (12.3) <0.001

HFRS <0.001
0 718 (44.5) 416 (50.4) 413 (8.9) 186 (10.5)

1–4 683 (42.4) 335 (40.6) 2033 (43.6) 780 (44.1)
≥5 211 (13.1) 75 (9.1) 2218 (47.6) 802 (45.4)

Data are presented as the median (interquartile range) or number (percentage). Cohort 1, development cohort;
Cohort 2, temporal validation cohort; Cohort 3, external validation cohort I; Cohort 4, external validation cohort �;
HFRS—hospital frailty risk score.

In the development cohort, the distribution of HFRS scores was less than 5 points by
86.9%, and most were classified into the low-risk group. Therefore, due to this skewed
distribution, risk stratification was performed by classifying the HFRS score with the new
criteria instead of the risk classification suggested in the previous study. We re-categorized
HFRS as low risk for 0 points, intermediate risk between 1 and 4 points, and high risk
if above 5 points. The results of the logistic regression analyses of the risk scores for
the 90-day mortality rate are summarized in Table S2. As a result of the multivariable
regression analysis based on the 90-day mortality rate of the HFRS, group 2, with 1 to
4 points of HFRS, had an odds ratio increased to 1.55 compared to risk group 1 with 0
points of HFRS. However, in the risk group 3, with 5 points or more of HFRS, the risk of a
poor outcome increased with an odds ratio of 2.06 compared to the risk group 1. Table 1
summarizes the points assigned to each variable.

The OFRS is distributed in the range of 0 to 10, and it is skewed to the left in the
distribution graph for each score in four cohorts (Figure 2). Additionally, Figure S2 shows
the distribution of OFRS for each surgical departments. According to the distribution of
mortality rate according to OFRS, OFRS was classified as low risk if it was less than 2, high
risk if it was greater than 4, and intermediate risk if it was between them (Table 3). Table 3
shows the overall predictive performance of the OFRS model proposed in this study in
each cohort. In the temporal validation dataset, 237 (28.7%) were categorized as low risk,
355 (43.0%) as intermediate risk, and 234 (28.3%) as high risk. In the external validation
dataset I, 644 (13.8%) were categorized as low risk, 3027 (64.9%) as intermediate risk, and
993 (21.3%) as high risk. In external validation dataset II, 251 (14.2%) were categorized as
low risk, 1132 (64.0%) as intermediate risk, and 385 (21.8%) as high risk. From the results,
it can be seen that the OFRS of the intermediated risk is more distributed in the external
validation dataset than in the development and internal validation dataset. Different
distributions of OFRS in these datasets affect predictive performance, and calibration
performance declines.

Table 3. Characteristics and prediction performance of OFRS for 90-day mortality in each cohort.

Cohort 1 Cohort 2 Cohort 3 Cohort 4

OFRS

Low risk (0–1) 458 (28.4) 237 (28.7) 644 (13.8) 251 (14.2)
Intermediate risk (2–4) 759 (47.1) 355 (43.0) 3027 (64.9) 1132 (64.0)

High risk (≥ 5) 395 (24.5) 234 (28.3) 993 (21.3) 385 (21.8)
Discrimination ability, c-statics (CI) 0.682 (0.635–0.728) 0.728 (0.665–0.791) 0.626 (0.602–0.649) 0.619 (0.580–0.658)

Calibration ability,
Hosmer and

Lemeshow Test

χ2 3.80 4.88 102.63 20.47
DF 5 5 5 5

p value 0.579 0.430 <0.001 0.001

Data are presented as the number (percentage). OFRS—operation frailty risk score; Cohort 1, development cohort; Cohort 2, temporal
validation cohort; Cohort 3, external validation cohort I; Cohort 4, external validation cohort �; CI—confidence interval; and DF—degrees
of freedom.
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Figure 2. Distribution of the OFRS in (A) development cohort, (B) temporal validation cohort,
(C) external validation cohort I, and (D) external validation cohort �. The OFRS is distributed in the
range of 0 to 10. OFRS, operation frailty risk score.

Internal and External Validation

We calculated the OFRS by using the operation code and HFRS calculated from the
diagnosis code in each cohort. Table 3 shows the prediction performance of OFRS in each
cohort. The c-statistic for internal validation of the OFRS to predict 90-day mortality was
0.682, while the c-statistic for OFRS in the temporal validation cohort and the external
validation cohort I and II was 0.728, 0.626, and 0.619, respectively. Figure 3 shows the
calibration of the developed OFRS model to predict outcomes in each cohort. These graphs
are calibration plots showing the relationship between the real values and the predicted
values of the developed OFRS model for 90-day mortality (Figure 3). Figure 4 shows the
relationship between these OFRS and the 90-day mortality rate by plotting the 90-day
mortality rate according to the risk scores in each validation cohort. It can be seen that the
mortality rate increases as the risk scores increase.
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Figure 3. Calibration plot of OFRS in (A) development cohort, (B) temporal validation cohort,
(C) external validation cohort I, and (D) external validation cohort �. OFRS, operation frailty risk score.

Figure 4. Association between OFRS and 90-day mortality by plotting the 90-day mortality rate
according to the risk scores in each cohort. OFRS, operation frailty risk score.
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4. Discussion

The main findings of this study are that OFRS, developed by using diagnostic codes
and operation code information, can help predict the 90-day postoperative mortality rate,
one of the indicators for pre-operative frailty when elderly patients undergo emergency
surgery. Although functional improvement and decline have recently been suggested as
important outcomes in elderly patients undergoing surgery, 90-day all-cause mortality
rate, which has been dealt with a major postoperative clinical outcome, was set as the
primary outcome in our study [19]. In the national validation cohort used for external
validation, those with a higher OFRS score had higher rates of 90-day mortality, although
the discriminative ability of the predictive model was low.

For elderly patients undergoing emergency surgery, pre-operative risk assessment
is very important in clinical practice. In elderly patients, a high prevalence of frailty is
likely to lead to postoperative adverse outcomes and vulnerability to surgical stress [4,13].
Two main models previously suggested for evaluating frailty are the phenotype model [20],
and the cumulative deficit model [21]. The phenotype model proposed by Fried and
colleagues was developed with five phenotypes that are largely related to frailty, and they
defined “frail” as when the phenotype has more than three factors. The cumulative deficit
model was defined as the proportion of each variable to the total deficits related to frailty,
and they showed the correlation between the index and adverse outcomes by evaluating
frailty based on this model [22]. All of these models are too complex and difficult to apply
in an actual clinical setting, as it is not easy to obtain the values of each variable.

In patients undergoing emergency surgery, there have been previous studies that
have tried to measure the pre-operative frailty and to determine its correlation with the
postoperative outcome [8–11]. Pre-operative frailty in emergency surgical settings mostly
increased the risk of postoperative mortality and longer hospital stays. Some of the previous
studies on frailty in emergency surgical settings have measured frailty using the Clinical
Frailty Scale [9,12,15]. It is a relatively easy and fast frailty measurement tool in the clinical
setting, but it has limitations in terms of inter-operator reliability [23]. Some other studies
measured pre-operative frailty in emergency surgical patients by using assessment tools
such as the Modified Fried’s Frailty Criteria, the Modified Frailty Index-11, the FRAIL
scale, the Triage Risk Screening Tool, and the Share-Frailty Index, and tried to determine
the relationship between the measured frailty and the clinical outcome [24,25]. However,
all of these tools are difficult to apply when the patient is unconscious or without present
caregivers, as the methods previously proposed rely on questionnaires or require direct
tests such as measurement of grip strength or walking speed.

There was a previous attempt to measure the frailty risk by using hospital electronic
medical records, called HFRS, and it may be useful for measuring the frailty risk for
application in acute care settings [16]. However, as the HFRS is a model developed for
patients hospitalized through an emergency department, there are some limitations to
applying it to surgical patients. Therefore, in order to overcome these limitations, more
generally applicable frailty measurement tools are required in the emergency surgical
setting. A recent study showed that both pre-operative frailty and operative stress increased
postoperative mortality [6,26]. Thus, the factors of operative stress must be reflected in the
pre-operative frailty risk assessment of surgical patients.

Therefore, we created an integrated frailty risk assessment tool that reflects these
surgical stress factors. The OFRS proposed in this study has the advantage that it can
be applied easily and quickly in emergency situations as it utilizes diagnostic codes and
operation code information that can be automatically extracted from the hospital database.
It is an automatic risk score that can be systematically obtained by using information from
both codes without relying on the subjectivity of the clinician. It is a very useful model for
elderly patients that need emergency surgery as it does not require clinical information
other than the diagnostic and operation codes. Additionally, we made it possible to use
the risk predictive model more reliably with wide applicability by using the insurance
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claiming code, which is one of the criteria commonly used by all hospitals, rather than
inspection items with different standards for different hospitals.

The c-statistics of the final model in the temporal validation cohort and both external
validation cohorts are 0.728, 0.626, and 0.619, respectively, in predicting the clinical outcome.
Thus, our model did not show a better prediction performance than the previous model
for acute-care settings showing c-statistics ranging from 0.54 to 0.73 [14,27]. Similar to
the previous study [16], our scores did not have strong discriminative ability as there are
unpredictable factors that affect individual outcomes in emergency situations. However, it
is a predictor, which is designed for risk stratification, worth considering for application in
an emergency situation where it is difficult to predict a patient’s clinical outcomes.

As the clinical setting changes according to the size and location of the hospital, it
affects the clinical outcome [28,29]. In this study, the external validation of the OFRS was
corrected according to the clinical environment change according to the size of the hospital
and the location of the hospital. External validation dataset I extracted only hospital-
level data, excluding data from clinics, and external validation dataset II applied further
restrictions considering the location of the medical institution by extracting data from the
capital area, geographically close to the hospital from which the dataset used to develop
OFRS was extracted. In the two external datasets, the c-statistics of this model did not
show significant gains in prediction performance, despite corrections according to hospital
size and region. However, even within the same region, there is a considerable difference
in the size of hospitals and the severity of patients, so it is expected that better predictive
performance can be achieved if corrections are made for these areas in future studies.

The clinical significance of this study is that if the information about the patient is
extremely limited in an urgent situation, such as emergency surgery, the patient’s risk can
be grasped in advance by using the hospital’s computerized system quickly and promptly.
The strength of our model is that no test results are required before surgery. There is also
no need for complicated calculations to estimate the risk. As far as we know, this study is
the first to predict the pre-operative risk by using only diagnostic and operation codes for
surgical patients.

This study has limitations in several areas. First, it cannot safely be generalized to
other clinical settings and other locations, as this model was constructed from the clinical
data of a single center. As there may be differences in postoperative outcomes depending on
the hospital environment, it is necessary to verify the model in various medical institutions
and upgrade the model in order to have more value. In addition, developing a predictive
model based on data from as many different medical institutions as possible in future
studies could be a useful pre-operative risk-predictive model with broader applicability.
Furthermore, it was not known whether this predictive model could be applied to other
countries, especially other races, as it was developed in South Korea, which is known as
an ethnically homogenous country. As the operation code in this study is the insurance
claiming code commonly used in South Korea, it is difficult to apply the operation code to
other countries. In order to apply this model to other countries, operation codes should
be the codes that are commonly used worldwide, such as the ICD-Procedure Coding
System code [30]. Therefore, future studies using this worldwide operation code for wider
usability will need to verify whether the model is validated globally by using data from
different races and countries. Second, another limitation of this study is that, although
three clinical experts classified the OG by referring to their clinical experience, pre-existing
risk prediction models, and previous studies on clinical outcomes, the subjective opinion
of the clinician influenced the classification of the OG. It is expected that better results will
be produced if more clinical experts participate in classifying the OG in future studies or if
it is performed in a more objective fashion [31]. Additionally, in this study, the risk of all
emergency surgery was classified as one criterion. However, it is difficult to classify the
risk simply based on one criterion, as there may be a difference in risk according to the type
of emergency operations. Therefore, in future studies, subdivision of the risk classification
according to the type of emergency operation might increase predictive power. Third,
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another limitation of our study was that it was retrospective. Therefore, further works
are needed to validate the performance and clinical usability of our predictive model in
prospective multi-center studies.

5. Conclusions

In conclusion, the OFRS using ICD-10 diagnostic and operation codes may help to
evaluate the peri-operative risk of elderly patients in emergency surgery where history-
taking and pre-operative testing cannot be performed. It is expected that additional studies
will broaden the applicability of the score, and the use of this score can help with decision
making in various clinical settings.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jcm10194612/s1, Figure S1: Distribution of emergency operations by surgical departments,
Figure S2: Distribution of operation frailty risk score by surgical departments, Table S1: Operation
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for 90-day mortality in the development cohort.
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Abstract: Anticholinergic burden (ACB) and anemia were found associated with an increased risk of
death among older patients. Additionally, anticholinergic medications may contribute to the devel-
opment of anemia. Therefore, we aimed at investigating the prognostic interplay of ACB and anemia
among older patients discharged from hospital. Our series consisted of 783 patients enrolled in a
multicenter observational study. The outcome of the study was 1 year mortality. ACB was assessed
by an Anticholinergic Cognitive Burden score. Anemia was defined as hemoglobin < 13 g/dL in men
and <12 g/dL in women. The association between study variables and mortality was investigated by
Cox regression analysis. After adjusting for several potential confounders, ACB score = 2 or more
was significantly associated with the outcome in anemic patients (HR = 1.93, 95%CI = 1.13–3.40), but
not non anemic patients (HR = 1.51, 95%CI = 0.65–3.48). An additive prognostic interaction between
ACB and anemia was observed (p = 0.02). Anemia may represent a relevant effect modifier in the
association between ACB and mortality.

Keywords: anticholinergic burden; anemia; hospital; older patients

1. Introduction

Anticholinergic medications are commonly used among older patients, despite the fact
they are known to cause relevant side effects, including cognitive impairment and delirium,
functional decline, disability and falls [1–5]. Older patients are particularly vulnerable
to adverse reactions to anticholinergic drugs due to age-related changes in pharmacoki-
netics and pharmacodynamics [6], deficit of cholinergic transmission [7], comorbidity,
polypharmacy, use of potentially inappropriate medications, and drug interactions [8,9].
Despite these potential risks, selected medications with some degree of anticholinergic
activity, such as furosemide, digoxin, laxatives, and ranitidine are frequently taken in up
to 37% of older people [10]. Even if each of the above example medications have weak
anticholinergic properties, their co-administration frequently results in cumulative effects
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that are frequently unrecognized or misattributed as geriatric syndromes, frailty or simply
changes due to ageing [11].

During the last decade, anticholinergic medications were repeatedly reported to be
associated with reduced survival in several different populations, including community-
dwelling individuals [1], nursing home residents [12], older hospitalized patients [13], and
general older population [14]. More recently, several prognostic interactions involving
anticholinergic burden were observed with risk factors relevant to the older population,
including dependency in basic activities of daily living (BADL) [15], depression [16],
physical [17] and cognitive impairment [18]. These findings are relevant from clinical
point of view because they may help to identify patients carrying high risk of mortality in
relation to cumulative exposure to anticholinergic medications who are likely to benefit of
anticholinergic deprescribing.

Anemia is another relevant predictor of prognosis among older patients [19,20], and
especially among hospitalized ones [21,22]. Low serum hemoglobin has shown to be a risk
factor for 1 year mortality and increased hospitalization rates [23,24]. Additionally, anemia
was previously shown to affect both cognitive [25,26] and physical performance [27,28]
over time; indeed, persistence of low serum hemoglobin concentrations may induce a
state of chronic brain hypoxia and reduce aerobic capacity, which may affect cognitive
reserve and increase the risk of cognitive impairment and dementia [25]; moreover, anemia
was also associated with a decline in physical performance [28,29] and sarcopenia [30].
Additionally, both cognitive and functional impairment were shown to increase the risk of 1
year mortality among older hospitalized patients with high ACB [15,18]. As a consequence,
anemia may potentially mediate the negative effects of anticholinergic medications on
cognitive, physical performance, and survival.

On the other hand, anticholinergic medications may contribute to the development
of anemia by several different mechanisms, mainly represented by inhibition of iron ab-
sorption in the stomach and disruption of transferrin signaling [31,32]. Besides their effects
on iron metabolism and transport, recent evidence suggests that nonselective anticholin-
ergic medications may exert some detrimental effects on red blood cell (RBCs) turnover
mainly by nonneuronal acetylcholine (Ach)-mediated modulation of hemorheological and
oxygen-carrying properties of human erythrocytes [33] through M1 muscarinic receptors
on RBCs [34] and bone marrow early erythroid progenitors [35]. However, despite biologi-
cal plausibility, the potential prognostic interaction between anticholinergic burden and
anemia has not been studied until now.

Therefore, the aim of this study was to investigate the prognostic interplay between
anticholinergic burden and anemia in relationship with 1 year mortality. This study may
help discover whether anticholinergic burden acts synergically with anemia and whether
levels of circulating hemoglobin modulate the effect of anticholinergic burden on survival
of older patients.

2. Materials and Methods

This present study was carried out using data from the CRiteria to assess Inappropriate
Medication use among Elderly complex patients (CRIME) project, a multicenter prospective
observational study involving seven geriatric and internal medicine acute wards in Italy.
Methodology of CRIME project was described elsewhere [36]. Given that the CRIME
study aimed at enrolling a real-world population of older in-patients, all patients aged
65 or older consecutively admitted to participating wards between June 2010 and May
2011 were asked to participate. The only exclusion criteria were being aged < 65 years
and unwillingness to participate in the study. All study participants were asked to sign
a written informed consent and were assessed within the first 24 hours from hospital
admission and followed until discharge. Collected information included demographic,
socioeconomic, and clinical characteristics, as well as detailed data about drug treatment
and comprehensive geriatric assessment (CGA). Medications were coded according to
the Anatomical Therapeutic and Chemical (ATC) classification [37]. All the drugs taken
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by the patients were carefully recorded before admission, during hospital stay and at
discharge. Complete data about medications were also collected at 3-month follow-up
visit. After discharge, patients were reassessed at 3, 6, and 12 months. The study was
conducted in accordance with the Declaration of Helsinki, and the protocol was approved
by the Ethics Committee of the Catholic University of Rome (Project identification code:
P/582/CE/2009).

Overall, 1123 patients were enrolled in the present study. Patients with incomplete
baseline data (n = 3) and those who died during hospitalization (n = 39) were excluded
from the present analysis. Patients with incomplete follow-up data (n = 298) were also
excluded, leaving a final sample of 783 patients to be included in the analysis.

Patients excluded from the study were older (82.7 ± 7.3 vs. 80.9 ± 7.4, p < 0.001), more
frequently females (60.8 % vs. 53.8 %, p= 0.034) and with lower number of medications
(6.3 ± 3.5 vs. 7.5 ± 2.8, p < 0.001) compared to those included in the study. Additionally,
they were also characterized by higher rates of cognitive impairment (68.5 % vs. 40.1%,
p < 0.001), depression (48.1 % vs. 25.5%, p = 0.003), and BADL disability (51.6% vs. 32.8%,
p < 0.001).

2.1. Outcome

The outcome of the present study was 1 year mortality. Data on living status during
the follow-up were obtained by interviewing the patients and/or their formal and/or
informal caregivers. For patients who died during the follow-up period, the date and place
of death were retrieved by relatives or caregivers. The municipal registers were consulted
when neither patients nor relatives or caregivers could be contacted.

2.2. Exposure Variables

Cumulative exposure to anticholinergic medications was assessed by the anticholin-
ergic cognitive burden (ACB) score at discharge [38]. ACB score was chosen because of
the availability of external validation and the greater accuracy in the assessment of central
anticholinergic burden in comparison with other tools [39]. The main exposure variable
was calculated as follows: ACB score at discharge, (1) low (ACB = 0, no ACB medications),
(2) medium (ACB = 1), and (3) high burden (ACB = 2 or more). Anemia was defined
by using WHO definition based on serum hemoglobin levels at discharge lower than
12 g/dL for females and 13 g/dL for males [40]. To investigate the impact of anemia on the
relationship between ACB and prognosis, the ACB score at discharge was stratified by the
presence or absence of anemia.

2.3. Covariates

Age, sex, number of diagnoses, history of falls, and number of medications prescribed
at discharge were considered as potential confounders in the analysis. CGA data were
collected at the time of discharge. Patients with age- and education-adjusted Mini-Mental
State Examination score of <24 were considered as cognitively impaired [41]. Geriatric
Depression Scale score > 5 was used to identify patients with depression [42]. Dependency
in at least 1 BADL was also considered as a potential confounder [43]. Selected diagnoses
known to affect prognosis in older populations, including hypertension, heart failure,
diabetes mellitus, atrial fibrillation, coronary artery disease (CAD), stroke, peripheral
arterial disease (PAD), chronic obstructive pulmonary disease (COPD), chronic kidney
disease (CKD), and cancer were also included in the analysis. Given the availability of
complete data about medications at 3 months, ACB score at the 3-month follow-up visit
was also considered as a potential confounder in order to explore the potential impact of
changes in the exposure to anticholinergic medications over time.

2.4. Analytic Approach

First, we analyzed the characteristics of patients according to ACB score at discharge
among patients with or without anemia. The χ2 test was used for categorical variables
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and one-way analysis of variance (ANOVA) for continuous ones. The association be-
tween exposure variables and the outcome was explored by Kaplan-Meier curves with
log-rank test. Three different Cox proportional hazard model were used to estimate the
HR and 95%CI for the effect of anemia and ACB score on 1 year mortality. The baseline
model A was adjusted for age and sex; the multivariable model B was adjusted for all the
variables associated with mortality in the preliminary analysis (age, sex, cognitive impair-
ment, depression, history of falls, BADL disability, number of diagnoses, and number of
medications); and model C including all variables from model B but specific diagnoses
(hypertension, atrial fibrillation, heart failure, diabetes, CKD, PAD, CAD, COPD, cere-
brovascular disease, and cancer) instead of number of comorbidities. Model C was also
repeated after adjusting for ACB score at the 3-month follow-up or hemoglobin values. We
used multivariable models to select predictors of mortality. To account for the impact of
the severity of anemia on the observed associations, the analysis was also repeated using
different cut-offs of hemoglobin [44]: mild anemia was defined as having hemoglobin of
11.0–12.9 g/dL for men or 11.0–11.9 g/dL for women; moderate-severe anemia as having
hemoglobin values < 11.0 g/dL in both men and women. The interaction term ACB score
at discharge*anemia was then formally investigated in Cox regression analysis; separate
analyses were conducted among men and women to account for the impact of sex on
the interaction term. Attrition bias was investigated by age- and sex-adjusted logistic
regression analysis of ACB exposure to loss at the follow-up.

Statistical analysis was carried out using R version 4.0 (R Foundation for Statistical
Computing, Vienna, Austria, https://www.r-project.org/ (accessed on 8 October 2021)).

3. Results

Overall, anemia was diagnosed in 420 out of 783 patients (53.6%). The average ACB
score at discharge was similar among patients with anemia and without anemia (median
(IQR): 1 (0–2) vs. 1 (0–2), p = 0.19). ACB score categories (0, 1, 2 or more) were observed
in 118 (28.1%), 154 (36.7%), and 148 (35.2%) patients with anemia, and in 130 (35.8%),
124 (34.2%), and 109 (30.0%) patients without anemia (p = 0.06). Among patients without
anemia, those with ACB score =2 or more at discharge were older and more frequently
affected by heart failure, atrial fibrillation, CAD, PAD, COPD, and cancer compared to
patients with ACB = 0. BADL dependency, overall comorbidity and number of prescribed
medications were also higher among patients with ACB score = 2 or more (Table 1).

Among patients with anemia, those with ACB score = 2 or more had a greater preva-
lence of hypertension, heart failure, atrial fibrillation, and chronic kidney disease (CKD)
and were characterized by a higher number of prescribed medications, a higher overall
comorbidity, and a greater prevalence of cognitive impairment compared to those with
ACB score = 0 (Table 1).

ACB medications prescribed at discharge among patients with or without anemia are
reported in Table 2.

ACB score showed a clear dose-response association with mortality in the whole study
population (Table 3). ACB score at the 3-month follow-up was similar to that measured at
discharge (no anemia: 1 (0–2); anemia: 1 (0–2), p = 0.25).

The graded increase in mortality in relation to ACB score at discharge was more
evident among anemic compared to non-anemic patients (Figure 1).

The association between ACB score at discharge and mortality in patients with ane-
mia was confirmed after adjusting for potential confounders (Table 4). Furthermore, age
(Hazard Ratio (HR) = 1.05, 95% Confidence Interval (CI) = 1.02–1.08), male sex (HR = 1.88,
95%CI = 1.30–2.74), and BADL dependency (HR = 3.15, 95%CI = 2.10–4.76) qualified as pre-
dictors of mortality in patients with anemia in model B; additional predictors of mortality in
model C were CAD (HR = 1.74, 95%CI = 1.17–2.60), cancer (HR = 2.68, 95%CI = 1.78–4.03),
and diabetes (HR = 1.52, 95%CI = 1.01–2.29).
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Table 1. Demographic and clinical characteristics of patients stratified by anemia and ACB score at discharge.

No Anemia (n = 363) Anemia (n = 420)

ACB score at discharge ACB score at discharge

All patients
(n = 783) 0 (n = 130) 1 (n = 124) 2 or more

(n = 109) p value a 0 (n = 118) 1 (n = 154) 2 or more
(n = 148) p value a

Age, mean (± SD) 80.9 ± 7.4 76.9 ± 6.9 78.8 ± 7.3 80.7 ± 7.6 <0.001 82.5 ± 7.5 83.3 ± 6.6 82.6 ± 6.7 0.98

Male sex, n (%) 362 (46.2) 55 (42.3) 66 (53.2) 51 (46.8) 0.22 48 (40.7) 76 (49.3) 66 (44.6) 0.36

Cognitive impairment, n (%) 314 (40.1) 41 (31.5) 51 (41.1) 49 (45.0) 0.09 45 (38.1) 76 (49.3) 52 (35.1) 0.03

Depression, n (%) 200 (25.5) 31 (23.8) 29 (23.4) 31 (28.4) 0.62 24 (20.3) 43 (27.9) 42 (28.4) 0.26

History of falls, n (%) 198 (25.3) 25 (19.2) 27 (21.8) 33 (30.3) 0.12 28 (23.8) 50 (32.5) 35 (23.6) 0.15

BADL disability, n (%) 257 (32.8) 22 (16.9) 22 (17.7) 38 (34.9) 0.001 43 (36.4) 65 (42.2) 67 (45.3) 0.34

Number of diseases,
mean (± SD) 5.2 ± 2.7 3.7 ± 2.0 4.7 ± 2.0 5.7 ± 2.7 <0.001 4.7 ± 2.7 5.8 ± 2.7 6.4 ± 2.8 <0.001

Hypertension, n (%) 595 (76.0) 106 (81.5) 103 (83.1) 82 (75.2) 0.29 68 (57.6) 117 (76.0) 119 (80.4) <0.001

Heart failure, n (%) 223 (28.5) 6 (4.6) 30 (24.2) 42 (38.5) <0.001 11 (9.3) 64 (41.6) 70 (47.3) <0.001

Diabetes, n (%) 234 (29.9) 26 (20.0) 36 (29.0) 31 (28.4) 0.19 41 (34.7) 46 (29.9) 54 (36.5) 0.45

Atrial fibrillation, n (%) 144 (18.4) 5 (3.8) 14 (11.3) 22 (20.2) <0.001 11 (9.3) 33 (21.4) 59 (39.9) <0.001

CAD, n (%) 245 (31.3) 17 (13.1) 38 (30.6) 44 (40.4) <0.001 29 (24.6) 55 (35.7) 62 (41.9) 0.01

Cerebrovascular disease, n (%) 157 (20.0) 24 (18.5) 25 (20.1) 23 (21.1) 0.87 22 (18.6) 32 (20.8) 31 (20.9) 0.88

PAD, n (%) 64 (8.2) 3 (2.3) 14 (11.3) 8 (7.3) 0.02 7 (5.9) 16 (10.4) 16 (10.8) 0.33

CKD, n (%) 409 (53.3) 42 (33.1) 56 (46.7) 52 (49.1) 0.02 56 (49.1) 101 (66.0) 102 (69.4) 0.002

COPD, n (%) 303 (38.7) 42 (32.3) 59 (47.6) 45 (41.3) 0.04 37 (31.3) 54 (35.1) 66 (44.6) 0.06

Cancer, n (%) 109 (13.9) 4 (3.1) 8 (6.4) 18 (16.5) <0.001 25 (21.2) 28 (18.2) 26 (17.6) 0.73

Number of medications,
mean (± SD) 7.5 ± 2.8 5.8 ± 2.4 8.0 ± 2.3 8.6 ± 2.7 <0.001 5.6 ± 2.6 7.7 ± 2.5 9.0 ± 2.6 <0.001

Notes: BADL = Basic Activity of Daily Living; CAD= Coronary artery disease; CKD = Chronic Kidney Disease; COPD = Chronic Obstructive
Pulmonary Disease; PAD = Peripheral Arterial Disease; SD = Standard Deviation. (a) p values are from Chi-square or ANOVA 1-way test
as appropriate.

Table 2. Anticholinergic Cognitive Burden (ACB) listed medications prescribed at discharge in the
study population according to diagnosis of anemia.

No Anemia (n = 363) Anemia (n = 420)

ACB score 1

Furosemide 156 (43.0%)
Prednisone 25 (6.9%)
Metoprolol 23 (6.3%)

Digoxin 14 (3.8%)
Isosorbide 20 (5.5%)
Codeine 17 (4.7%)
Warfarin 9 (2.5%)

Alprazolam 10 (2.8%)
Atenolol 10 (2.7%)
Trazodone 7 (1.9%)
Ranitidine 6 (1.6%)

Chlortalidone 2 (0.5%)
Cetirizine 2 (0.5%)

Haloperidol 2 (0.5%)
Diazepam 3 (0.8%)

Theophylline 2 (0.5%)
Colchicine 1 (0.2%)

Risperidone 1 (0.2%)
Captopril 1 (0.2%)

Aripiprazole 1 (0.2%)

Furosemide 243 (57.8%)
Prednisone 41 (9.8%)
Digoxin 44 (10.5%)

Metoprolol 28 (6.7%)
Isosorbide 20 (4.8%)
Codeine 12 (2.9%)
Warfarin 12 (2.9%)

Trazodone 12 (2.9%)
Atenolol 9 (2.1%)

Alprazolam (1.9%)
Ranitidine 7 (1.7%)

Haloperidol 5 (1.2%)
Fentanyl 4 (0.9%)

Risperidone 2 (0.5%)
Hydrocortisone 2 (0.5%)
Chlortalidone 1 (0.2%)

Cetirizine 1 (0.2%)
Diazepam 1 (0.2%)

Theophyilline 1 (0.2%)
Aripiprazole 1 (0.2%)

ACB score 2
Carbamazepine 4 (1.1%)
Oxcarbazepine 1 (0.2%)

Carbamazepine 4 (0.9%)
Oxcarbazepine 1 (0.2%)

Meperidine 1 (0.2%)

ACB score 3

Quetiapine 16 (9.6%)
Paroxetine 6 (1.6%)
Promazine 5 (1.4 %)

Amitryptiline 3 (0.8%)
Scopolamine 1 (0.2%)

Clomipramine 1 (0.2%)
Oxybutynin 1 (0.2%)

Orphenadrine 1 (0.2%)

Quetiapine 16 (3.8%)
Promazine 5 (1.2%)
Paroxetine 3 (0.7%)

Scopolamine 1 (0.2%)
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Table 3. Cox regression analysis exploring dose-response relationship between ACB score and
mortality in the whole study population.

ACB Score at Discharge Mortality Rate a HR (95%CI) b

0 36 (14.5%) 1.0
1 56 (20.1%) 1.29 (0.82–2.01)
2 38 (27.7%) 1.63 (0.98–2.71)
3 21 (31.3%) 1.96 (1.09–3.52)
4 14 (37.8%) 2.34 (1.21–4.53)
5 8 (53.3%) 5.49 (2.42–12.44)

Notes: a. Data are number of cases (percentages). b. Cox regression model was adjusted for age, sex, cognitive
impairment, depression, BADL disability, history of falls, number of drugs and number of diseases.

Figure 1. Kaplan Meier curves showing survival associated with ACB score and anemia.

Table 4. Cox proportional hazard models of the relationship between ACB score at discharge and 1 year mortality stratified
by the presence of anemia.

Mortality Rate (%)
Model A

HR (95%CI)
Model B

HR (95%CI)
Model C

HR (95%CI)

ACB score at discharge

No anemia (n = 363)

0 12 (9.2) 1.0 1.0 1.0

1 13 (10.5) 0.96 (0.43–2.11) 0.96 (0.40.2.28) 1.02 (0.39–2.64)

2 or more 25 (22.9) 1.88 (0.93–3.81) 1.51 (0.65–3.48) 1.27 (0.49–3.25)

Anemia (n = 420)

0 24 (20.3) 1.0 1.0 1.0

1 43 (27.9) 1.35 (0.82–2.23) 1.35 (0.79–2.29) 1.39 (0.77–2.50)

2 or more 56 (37.8) 2.20 (1.36–3.55) 1.96 (1.13–3.40) 1.97 (1.06–3.67)

Notes: ACB = Anticholinergic Cognitive Burden. CI = Confidence Interval; HR = Hazard Ratio. Model A, adjusted for age and sex; model B,
adjusted for age, sex, cognitive impairment, depression, history of falls, BADL disability, number of diagnoses, and number of medications;
and model C, adjusted for age, sex, cognitive impairment, depression, history of falls, BADL disability, number of medications, and specific
diagnoses (hypertension, atrial fibrillation, heart failure, diabetes, CKD, PAD, CAD, COPD, cerebrovascular disease, cancer) instead of
number of diagnoses.
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The association between ACB score of 2 or more and mortality in patients with anemia
was also confirmed after adjusting model C for hemoglobin values at discharge (HR = 2.82,
95%CI = 1.29–6.12). Finally, after adjusting for ACB score at the 3 month follow-up, the
association with mortality remained unchanged in patients with anemia and ACB score of
2 or more (HR = 2.91, 95%CI:1.34–5-68). Investigation of the prognostic impact of anemia
severity on the observed associations showed that risk of mortality related to ACB score = 2
or more was similar among patients with mild anemia (HR = 1.73, 95%CI = 1.11–2.70) and
those with moderate-severe anemia (HR = 1.88, 95%CI = 1.15–2.81).

The ACB score was not significantly associated with survival among patients without
anemia in adjusted analyses (Table 4). Predictors of mortality among patients without
anemia were age (HR = 1.08, 95%CI = 1.03–1.13), and BADL dependency (HR = 4.46,
95%CI = 2.28–8.73) in model B, and age (HR = 1.07, 95%CI = 1.02–1.13), BADL dependency
(HR = 5.76, 95%CI = 2.76–12.04), atrial fibrillation (HR = 2.45, 95%CI = 1.14–5.24), and
cancer (HR = 4.61, 95%CI = 2.09–10.18) in model C.

When we repeated the analysis using ACB score at discharge as a continuous variable
instead of categorical one in the fully adjusted model C, the association with mortality was
confirmed among patients with anemia (HR = 1.32, 95%CI = 1.12–1.55) and not among
patients without anemia (HR = 1.20, 95%CI = 0.92–1.57).

A mild but significant additive interaction between the ACB score at discharge and
anemia was observed in the whole study population (p = 0.02). After stratifying Cox
regression models by sex, the interaction between ACB score and anemia resulted to be
strong and multiplicative among men (p < 0.001), and mild and additive among women
(p = 0.03). The ACB score was not significantly associated with dropout rate, either in
patients without anemia (ACB score = 1, odds ratio (OR) = 0.91; 95%CI = 0.83–1.00; ACB
score = 2 or more, OR = 0.9; 95%CI = 0.88–1.06) or patients with anemia (ACB score = 1,
OR = 0.98; 95%CI = 0.90–1.07; ACB score = 2 or more, OR = 1.05; 95%CI = 0.96–1.14).

4. Discussion

Findings from the present study show that anticholinergic burden may be associated
with reduced survival among older patients with anemia discharged from acute care wards
in participating hospitals. Thus, anemia may have an additive effect on mortality risk in
patients with ACB score = 2 or more, with a greater impact among men compared with
women. The slightly high prevalence of ACB score = 2 or more among anemic patients
may have also contributed to the observed findings.

Anticholinergic medications share several central and peripheral adverse effects [45].
Mechanisms which may potentially account for ACB-associated adverse effects include
cardiovascular (e.g., arrhythmias, syncope, ischemia) and neurologic (eg, hallucinations,
confusion, seizure) side effects [46]. Moreover, age-related changes in pharmacokinetics
and pharmacodynamics, as well as increased permeability of the blood-brain barrier
and age-related acetylcholine depletion may favor the occurrence of adverse effects from
anticholinergic medications among older patients [6,47]. Non-neuronal cholinergic system
is disseminated on immunocompetent cells and the stimulation of nicotinic receptors may
inhibit adaptive and innate immune reactions [48]. Consequently, anticholinergic drugs
may harm by counteracting these immuno-modulatory actions leading to inflammation
and increasing risk of death.

It is worth noting that the prevalence of anemia was 53.6% in our study, which was
higher than that formerly observed in the hospital setting (about 40%) [49], but very similar
to the 53.5% prevalence recently observed among hospitalized patients aged 65 or older
(48.3% among patients aged 65–80 years and 59.2% among patients aged > 80 years) [21].

Anticholinergic medications may potentially favor the development of anemia through
several mechanisms: in general, anticholinergic substances may inhibit the absorption
of iron at the gastric level [31], thus predisposing to hypochromic sideropenic anemia;
additionally, several antipsychotics with strong anticholinergic properties may favor the
development of anemia [50], via both direct and immune-mediated toxic actions upon
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the bone marrow or RBCs, and by decreasing body iron stores. Furthermore, the com-
monly used antiarrhythmic digoxin has anticholinergic properties and may predispose to
development of anemia mainly disturbing transferrin signaling and iron storing [32].

On the other hand, anemia itself has negative prognostic outcomes in older
people [20–22]. The findings of an increased risk of mortality among patients with ei-
ther ACB score = 2 or more and anemia suggests that anemia may increase vulnerability
to negative prognostic effects of anticholinergic drugs and/or anemia may mediate their
negative prognostic effects.

Potential reasons explaining the impact of anemia on the observed associations may be
related to detrimental effects of nonselective anticholinergic medications on RBCs turnover.
RBCs are in fact very effective scavengers of nonneuronal acetylcholine (ACh) escaping
into the bloodstream [34]. Nonneuronal ACh is able to modulate the hemorheological
and oxygen-carrying properties of human erythrocytes [33] mainly through muscarinic
receptors of type M1 which have been found in high density on surface of RBCs [34] and
bone marrow early erythroid progenitors [35]. Changes in the RBCs’ hemorheological
properties may trigger changes in blood viscosity and modulate tissue oxygenation and
the distribution of blood to the peripheral tissues [33,34]. It is thought that acetylcholine
down-regulates the self-renewal of RBCs and bone marrow erythroid precursors, since
pharmacologic inhibition or genetic suppression of cholinergic receptors, muscarinic 4
(CHRM4) has shown to improve RBCs production in both in vitro and in vivo studies [35].
ACh action is limited to the internal environment of erythrocytes by the activity of acetyl-
cholinesterase (AChE), an enzyme involved in its breakdown, that is highly expressed on
the RBC membrane, and contribute to maintaining the size and shape of RBCs [51]. AChE
seems also to mediate erythroid differentiation, working in association with erythropoietin
(EPO) with a feedback-loop mechanisms: on one hand, EPO induces the transcription
of AChE genes, while AChE increases the responsiveness of erythroid cells to EPO [52];
the final effect of this interaction is the increase in RBCs production. However, AChE
overexpression is a reliable marker of aging, inflammatory states, and several diseases,
such as hypertension, glaucoma, dementia, and anemia [51,53]. Additionally, scopolamine
(i.e., a nonselective anticholinergic medication) was found to increase AChE activity in
several different experimental models [54,55], though the role of anticholinergic-induced
AChE overexpression in the pathophysiology of anemia is still to be elucidated.

Patients with anemia may have also high susceptibility to negative iatrogenic events.
In fact, anemia is often associated with sarcopenia [56], which may in turn change the
volume of distribution of several drugs, thus affecting pharmacokinetics and pharmacody-
namics response to selected drugs and increasing the risk of iatrogenic adverse reactions.
Moreover, both anemia and high anticholinergic burden are risk factors for cognitive im-
pairment [57,58], which may in turn increase patient’s vulnerability to iatrogenic side effects
of anticholinergic drugs mainly by decreasing individual autonomy and adherence to drug
regimens [59]. Additionally, ACB score was found associated with BADL dependency [15]
and depression [16], that may both increase mortality of older patients and were proved to
be associated with anemia [60].

Awareness of the excessive mortality risk associated with the use of anticholinergic
medications should lead physicians to limit their prescription, especially among older
patients with anemia. The association between ACB score = 2 or more and mortality among
anemic patients was mainly driven by cumulative use of drugs with low anticholinergic
effect in our study. However, it is worth noting that a not negligible proportion of patients
(39 out of 363 in non-anemic group and 30 out of 420 in anemic group) were prescribed
medications with moderate-high anticholinergic activity.

Thus, deprescribing of anticholinergic medications warrants further investigations.
Meanwhile, hospitalization should always be considered a clue to identify anemia and
to select drugs with no or less anticholinergic burden whenever possible (e.g., avoiding
tricyclics, trazodone, or paroxetine). A slow and gradual withdrawal of anticholinergic
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medications should always be started when indications to their use are no longer present,
especially among anemic patients.

Limitations of our study deserve to be mentioned. Given the observational design,
confounding by indication cannot be ruled out. Patients excluded from the analysis because
of incomplete follow-up had greater overall comorbidity and number of medications, as
well as higher prevalence of selected diagnoses, cognitive and functional impairment.
However, attrition bias analysis showed that ACB score was not associated with drop-
out rate. Additionally, our results identify variables that by themselves may influence
the outcome, and we could not account for illness severity, duration and management of
individual diagnoses, and life expectancy. Furthermore, we cannot rule out that measures of
cumulative anticholinergic burden other than ACB may yield different findings. Similarly,
anemia was defined on the basis of circulating hemoglobin, and lack of data on RBCs
quantity and morphology, other laboratory parameters, as well as duration of anemia,
did not allow us to explore the impact of different forms of anemia on study outcomes.
The short duration of the follow-up, up to 12 months, limited the study of the association
between ACB and prognosis. Our dataset did not allow to investigate competing risk
related to readmissions and/or emergency department visits during follow-up. Similarly,
our dataset did not allow us to investigate the prognostic weight of frailty or IADL, as BADL
scale was the only available measure to investigate physical dependency. Additionally,
ACB data during follow-up were only available at 3 months, which limits the exploration
of longer exposure to anticholinergics. Furthermore, the small sample size may reduce
the precision of estimates and does not allow to preform dose-response analysis after
stratification by anemia. Thus, the finding of a not significant trends for association
between ACB score and mortality among patients without anemia does not mean that ACB
drugs can be considered safe in these patients. Finally, our results apply to a population
of older patients discharged from acute care hospitals with a diagnosis of anemia and
could not be generalized or applied to other settings. Thus, further research using larger
population samples with extended follow-up periods, as well as confirmatory studies with
other different measures of anticholinergic burden are needed. Nevertheless, the inclusion
of a real-world population of hospitalized older patients, the detailed assessment of drugs
taken by each individual patients, as well as the systematic use of CGA which allowed
us to adjust the analysis for a wide set of potential confounders should be considered as
relevant strengths.

5. Conclusions

ACB score at discharge is a relevant predictor of 1 year mortality among older patients
discharged from acute care hospitals; anemia was found to modulate the relationship
between ACB score and mortality. For this reason, hospital physicians should be aware
that prescribing anticholinergic medications in such a vulnerable population may have a
negative prognostic impact. Thus, hospitalization should be a clue to identify patients with
anemia and to revise overall drug treatment to reduce ACB at discharge whenever possible.
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Abstract: Background: Muscle spindles (MSs) play a crucial role in proprioception and locomotor co-
ordination. Although the elasticity and viscosity of the extracellular matrix (ECM) within which MSs
are embedded may play a key role in MS function, the impact of aging on ECM components is unclear.
The aim of the current study was to investigate the age-related physiological changes of the ECM and
to verify if these could be due to alterations of the environment directly surrounding MSs. Methods:
Hematoxylin Eosin and picrosirius-red staining was carried out; collagen types I (COLI) and III
(COLIII) were assessed, and biotinylated hyaluronan binding protein (HABP) immunohistochemical
analysis was undertaken to evaluate alterations of the ECM in the intramuscular connective tissue
(IMCT) of the hindlimbs of C57BL/6J male mice. Assessments were carried out on 6-week-old (Group
A), 8-month-old (Group B), and 2-year-old (Group C) laboratory mice. Results: The capsule’s outer
layer became progressively thicker with aging (it was 3.02 ± 0.26 μm in Group A, 3.64 ± 0.31 μm
in Group B, and 5.81 ± 0.85 μm in Group C). The collagen in IMCT around and within the MSs
was significantly higher in Group C, but there were no significant differences between Groups A
and B. The MS capsules and continuous IMCT were primarily made up of COLI and COLIII. The
average optical density (AOD) values of COLI in IMCT surrounding MS were significantly higher
after aging (p < 0.05), but there were no significant differences in COLIII in the three groups (p > 0.05).
HA was present in IMCT and filled the MSs capsule. The AOD of HABP of MS showed that there
were lower HA levels in Group C with respect to Group A (p = 0.022); no significant differences
were noted neither between Groups A and B nor between Groups B and C (p > 0.05). Conclusion:
Age-related collagen accumulation and lower HA in the ECM in which the MSs were embedded may
probably cause more stiffness in the ECM in vivo, which could help to partly explain the peripheral
mechanisms underlying the age-related decline in functional changes related to MSs.

Keywords: aging; extracellular matrix; muscle spindle; collagen; collagen type I; collagen type III;
hyaluronan; intramuscular connective tissue

1. Introduction

Muscle spindles (MSs), which are detectors of muscle length and velocity, play an
important role not only in proprioception but also in regulating muscle contraction [1,2].
Some time ago, a group of investigators [3] reported that the dynamic and static length
sensitivities of MS primary endings in response to ramp stretch were decreased in aged
rats. Age-related proprioceptive deficits have also been found to be associated with patho-
physiological and morphological changes in MSs, which normally rapidly adapt to fibers
in response to muscle length and speed changes. Possible morphological changes in MSs
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include: enlargement of the periaxial space [4], thicker spindle capsules [5–8], a lower
number of intrafusal fibers [9], modifications in the myosin heavy chain content, lower
sensitivity, smaller spindle diameters, changes in the shape of the MS primary endings
(less helicity and vorticity), primary endings of aged MSs being less spiral or non-spiral
in appearance [10], axonal swelling/expanded motor endplates due to denervation [11],
and a significant increase in the number of Ia afferents with large swellings that fail to
properly wrap around intrafusal muscle fibers [12]. Moreover, possible functional changes
with MSs were also found. Aging is associated with alterations of MSs and their neural
pathways. The muscle stiffness constant values were greater in old muscles, confirming the
changes in elastic properties under passive conditions due to aging [13]. In addition, there
are decreased conduction velocities and a less dynamic response of primary endings in old
rats using electrophysiological experimentation [10]. Likewise, MSs containing thin muscle
fibers may be intimately related to the degeneration and regeneration of extrafusal muscle
fibers during aging, which may often fail to receive sensory innervation [14] and induce a
decrease in the sensitivity, acuity, and integration of the proprioceptive signal [15].

New perspectives in this field recently became apparent when some investigators
reported that even the intramuscular connective tissue (IMCT) of the extracellular matrix
(ECM) in which MSs are embedded changes with aging [16]. The ECM refers to many
proteins (collagen, elastic fibers) and ground substances (proteoglycans, multiadhesive
glycoproteins, and glycosaminoglycans (GAGs)) that provide the milieu for the cells within
the body [17]. Collagens are recognized as the main components of the ECM and form a
family of 28 different types of collagens coded for by 44 different genes [18]. Proteoglycans
can be categorized into four main families: small leucine-rich proteoglycans, hylectans,
pericellular and basement membrane proteoglycans, and cell-surface proteoglycans [19].
Hyaluronan (HA) is the major extracellular GAG, which is found in many different tissues
and has many roles, ranging from mechanical to chemical [19]. Cell behavior is profoundly
affected by the environment in which they live, thus the aging of the ECM is central to
understanding age-related changes [17]. Nowadays, ECM’s role has been highlighted in
different diseases and tissues [19–23].

The different ECM elements provide the mechanical properties, plasticity, and mal-
leability of the IMCT [24]. It has been reported, for example, that immobilization results in a
marked increase in the collagen fibers in the IMCT (endomysium, perimysium, epimysium)
and clearly disturb the normal IMCT structure of rat skeletal muscle. The changes in the
IMCT in immobilized skeletal muscle seemed to contribute to alterations in the biomechan-
ical properties of the tissue of skeletal muscle reducing its compliance [25]. This, in turn,
increased the stretch reflex of the MS as the pull is transmitted more efficiently to the MSs
in a less extensible muscle [26]. The MS is covered with a strong capsule of connective
tissue that is continuous with the IMCT [27,28]. A gelatinous fluid rich in GAGs probably
composed of primarily hyaluronan (HA) fills the inner and outer capsule spaces [29,30].
Although the elasticity and viscosity of the ECM within which MSs are embedded may
play a key role in MS function, the impact of aging on ECM components is unclear.

In light of these considerations, we hypothesized that, beyond the normal neurode-
generation and morphological alterations of the MSs, age-related physiological changes
could also be explained by alterations in the environment directly surrounding them. The
study set out to investigate age-related changes in MSs and the ECM that could lead to
altered functional outcomes.

2. Materials and Methods

Fifteen male C57Bl/6J mice (five 6-week-old mice = Group A, five 8-month-old mice
= Group B, and five 2-year-old mice = Group C) were provided by the University of
Padova’s Animal Center (Padova, Italy). The ages of the mice corresponded approximately
to 11.5, 35, and 70 human years, respectively [31]. The mice were kept in cages in an
environmentally controlled room with the temperature adjusted to 22 ◦C in which there
were diurnal light-dark cycles and free access to water and food. The animals’ accommo-
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dation and care and all experimental procedures conformed to guidelines approved by
the University of Padova’s Animal Care and Ethical Committee, in agreement with the
guidelines of the Italian Department of Health.

Two percent isoflurane was used to anesthetize the mice. Following euthanasia, the
left hindlimb (including the gastrocnemius; soleus; tibialis anterior; and posterior, fibularis
longus, and brevis muscles) was collected for histological and immunohistochemistry
studies. As hindlimb muscles in mice are extremely small and dissection can damage the
IMCT in the skeletal muscles, the tibia and fibula bones were stored together to maintain
the overall morphology and interrelationship of the hindlimb muscles and permit further
specimen processing and experimental studies. The entire left hindlimb of each mouse was
immediately post-fixed in 10% neutral buffered formalin (10% NBF, pH 7.4 at 4 ◦C for 48 h)
to prepare for the decalcification procedure.

2.1. The Ethylenediaminetetraacetic Acid (EDTA) Decalcification Protocol for the Mice Hindlimbs

To preserve the antigenicity of the hindlimb sample, 10% EDTA solution at room
temperature was used to decalcify the bone samples. All the samples post-fixed in 10%
neutral-buffered formalin (NBF) were placed in phosphate buffered saline (PBS) (20 min
× 3) and distilled water (20 min × 3). The fixed samples were then placed in 10% EDTA
(at least 15 volumes), which was replaced weekly. The hindlimbs were decalcified in
10–14 days. The samples were then rinsed in distilled water (20 min × 2) for further
paraffin embedding and histochemical and immunohistochemical staining.

After the samples were embedded in the paraffin wax, blocks were serially sectioned
in a rostro-caudal direction and perpendicularly to the muscle fiber axis beginning under
the lower edge point of the patella. Four sections at 100 μm intervals were transferred
onto 2% gelatinized glass slides. A 100 μm section sampling interval was considered
appropriate in light of the results of other studies [32,33], and a pilot study during which
muscle tissue from two 6-week-old mice was longitudinally sectioned and the MS length
was determined; it ranged between 180 and 400 μm. Sections of the muscle samples
were subjected to routine histology staining (Hematoxylin Eosin, picrosirius-red) and the
immunohistochemistry assessment of collagen type I (COLI), collagen type III (COLIII),
and biotinylated hyaluronan binding protein (HABP) antibodies. The MS images at the
equatorial region of the mice hindlimb muscle according their morphology were used to
quantitatively analyze the components of the ECM in the MSs of the three mice groups.

2.2. Immunohistochemistry Staining: Analysis of Collagen Type I (COLI) and Collagen Type III
(COLIII)

After formalin fixation, samples were dehydrated in graded ethanol, embedded in
paraffin, and cut into 5 μm-thick sections. The sections were dewaxed in xylene 2 × 10 min
and subsequently passed through 99–70–30% ethanol (10 min for each passage) and
2 × 5 min in water. Samples were treated with the blocking of endogenous peroxidases
with 0.5% H2O2 in phosphate buffered solution (PBS; pH 7.4). The slides were then treated
with 0.1% bovine serum albumin (BSA) for 1 h before being incubated with the primary
antibody, the Anti-COLI, Anti-COLIII (Goat Anti-Collagen I: 1:400, SouthernBiotech, Birm-
ingham, AL 35209, USA; Rabbit polyclonal to Collagen III: 1:400, ab7778 Sigma-Aldrich,
Merk Life Science S.r.l., MI, Italy) in BSA at 4 ◦C overnight. After being washed three
times with PBS, the sections were incubated with the secondary antibody (anti-rabbit IgG
peroxidase-coniugated antibodies for COLIII and anti-Goat peroxidase-coniugated antibod-
ies for COLI), 1:200, 1:300, respectively, for 1 h, after repeated washings; the reaction was
developed with 3,3′-diaminobenzidine (Liquid DAB Substrate Chromogen System; Dako
Corp, Carpinteria, CA, 93013-2921, USA). Negative controls were obtained by omitting
the primary antibody. Finally, each slide was counterstained with hematoxylin, followed
by dehydration in a graded ethanol series, and mounted for microscopic evaluation. The
generation of the reaction product was stopped within the linear phase of the generation
of the reaction product and to directly compare control (without primary antibody) with
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the three experimental tissues, leaving same the reaction time and solutions during the
IHC [33].

2.3. Immunohistochemistry Staining: Analysis of Hyaluronic Acid Binding Protein (HABP)

Dewaxed 5 μm thick sections were treated with 0.5% H2O2 in PBS (15 min at room
temperature) to block endogenous peroxidase and then washed in PBS. The specimens
were incubated in 0.1% BSA solution for 1 h at room temperature, treated with biotinylated
HABP (Millipore Sigma-Aldrich, Merk Life Science S.r.l., MI, Italy, 1:900 dilution), diluted
in 0.1% BSA solution, and incubated overnight at 4 ◦C. After multiple washings with PBS,
the samples were incubated with the secondary antibody, HRP-conjugated Streptavidin
1:250 for 30 min (Jackson ImmunoResearch, Cambridgeshire, UK) and washed in PBS buffer.
The reaction was then developed with 3,3′-diaminobenzidine (Liquid DAB substrate Chro-
mogen System kit Dako Corp, Carpinteria, CA, 93013-2921, USA) and it was terminated
with distilled water. The nuclei were counterstained with ready-to-use hematoxylin (Dako
Corp, Carpinteria, CA, 93013-2921, USA). Negative controls were checked with similarly
treated sections, without the primary antibody, and the specificity of the immunostaining
reaction was confirmed.

2.4. Image Analysis

The specimens were photographed using a Leica DMR microscope (Leica Microsys-
tems, Wetzlar, Germany), and the images were analyzed with ImageJ software [34,35],
which is freely available at http://rsb.info.nih.gov/ij/ (accessed on 18 August 2021).

The thickness of the outer layer of the MS capsule and the collagen were measured
using a final magnification of 40×. Fields containing MSs continuous with the perimysium
and endomysium stained with picrosirius red were selected (Figure 1).

 

Figure 1. Picrosirius red staining of a cross section of a muscle of a mouse hindlimb. The inset in (A)
on the bottom left corner is the whole crosse section of the mouse hindlimb. The MS capsule appears
to be continuous with the perimysium, epimysium, and the endomysium. (A): Global view of the
cross section. (B,C): MSs within the skeletal muscle. arrows: muscle spindles. Scale bar: 100 μm.

A minimum of 30 images, including a MS from each mouse hindlimb, were obtained,
and the data were averaged to calculate representative values for the thickness of the
capsule’s outer layer, the area percentage of the total collagen in the cross sections of the
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muscle in which the MSs were embedded, and the area percentage of collagen in the MSs
(Figure 2A,C,D). The results were expressed as the thickness of the outer layer of the capsule
(μm) and the quantity of collagen in the MSs (%) per unit area.

 

Figure 2. Picrosirius red (A,C,D) and biotinylated HABP immunohistochemistry staining (E,F) of a
cross section of a muscle of a mouse hindlimb. (A): The MS in the skeletal muscle. $: intrafusal fiber; �:
the thickness of the outer layer of the MS capsule; imaginary line: the area of the MS; (B): A drawing
illustrating the MS’s outer capsule’s continuity with the endomysium, perimysium, and epimysium.
(C): A MS in a muscle of the hindlimb of a 6-week-old mouse (Group A), (D): of a 2-year-old mouse
(Group C). (E,F): HA is present in the MS capsule. The MS capsule was continuous with the nerve (E)
and the blood vessel (F); arrows: muscle spindle; Scale bar: 50 μm.

The COLI, COLIII, and biotinylated HABP were measured using a final magnification
of 40×. The average optical densities (AODs) of the COLI and COLIII of the area of the
muscle cross sections in which MSs were embedded, of the area of the MS alone, and of
the biotinylated HABP of the MS alone were measured. Average optical densities (AODs)
= integrated optical density (IOD)/area. The semi-quantitative immunohistochemical
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images for analysis in the present study were taken with the same background, same
exposition light for microscopy, and same background filter in Image J. In addition, the
value changes with the intensity of the light source and is a part of the power ratio of the
emission amplitude to the incident amplitude. In international application, the range of
OD value is constant use, a scale of 0–2.71. Moreover, all the analyses are double-blinded.
A minimum of 30 images was obtained, and the data regarding the AOD were averaged
to calculate the representative values for the COLI, COLIIII, and the biotinylated HABP.
Considering that differences in any parameter need to be limited to approximately the
same area of the same muscle, a minimum of 30 MS images each are from tibialis anterior,
peroneus longus, peroneus brevis (10 MS images); gastrocnemius, soleus (10 MS images)
and flexor digitorum longus, flexor hallucis longus, and tibialis posterior (10 MS images).

2.5. Statistical Analysis

All data management and statistical analyses were performed using IBM SPSS ver-
sion 25.0 software (SPSS Inc., Chicago, IL, USA). The Shapiro–Wilks and Levene’s tests
were respectively performed to investigate the normality of the data distribution and the
homogeneity of variance. The thickness of the capsule’s outer layer, the area percentage
of the total collagen in the muscle cross sections in which MSs were embedded, the area
percentage of the collagen in the MS, and the AOD of the COLI and of the COLIII in
the entire muscle cross sections in which MSs were embedded and in the MS alone are
reported as means ± standard deviations (M ± SD) since they were found to have a nor-
mal distribution. An analysis of variance (ANOVA) with Tukey post-hoc test (normally
distributed data and equal variances assumed) was carried out to compare the AOD of the
COLI and the COLIII of the area of the entire muscle cross sections where the MSs were
embedded and the AOD of the area of the MS alone to investigate age-related effects on
collagen and subtypes (COLI, COLIII). In addition, the ANOVA with the post-hoc test of
Games–Howell (normally distributed data but equality of variances not assumed) were
both used to compare the thickness of the outer layer of the capsule, the area percentage
of the total collagen in the entire muscle cross section in which the MSs were embedded,
and the area percentage of collagen in the MS alone. The AOD of the biotinylated HABP
of the MS was classified as median, minimum, and maximum, since its distribution was
not normal. The Kruskal–Wallis H with Bonferroni post-hoc test was used to compare the
AOD of the biotinylated HABP of the MSs of the three groups. A p-value of less than 0.05
was considered the study’s limit for statistical significance.

3. Results

3.1. The Outer Capsule of MS Is Continuous with Intramuscular Connective Tissue (IMCT)

All the MSs were embedded in the IMCT, and the outer spindle capsules were found
to be continuous with the endomysium, perimysium, and epimysium (Figures 1 and 2B).
In addition, the outer spindle capsule was continuous with the nerve (Figure 2E) and the
blood vessel (Figure 2F). The integrity of and the continuity between the different muscles
and between different MSs within the same and different muscles were maintained by the
IMCT.

3.2. Collagen in the MS with Aging

MSs are surrounded by a strong capsule found in the IMCT between the extrafusal
fibers. The MS capsule contains outer and inner layers. The thickness of the capsule’s
outer layer was 3.02 ± 0.26 μm in the adolescent, 3.64 ± 0.31 μm in the middle-aged, and
5.81 ± 0.85 μm in the elderly mice. In addition, the area percentage of the total collagen in
the entire cross section in which the MSs were embedded was 2.95 ± 0.46 in the adolescent,
4.42 ± 1.23 in middle-aged, and 9.29 ± 0.81 in the elderly mice. With regard to the MS
alone, the area percentage of collagen was 22.97 ± 6.55 in the adolescent, 25.94 ± 2.36
in the middle-aged, and 40.80 ± 3.46 in the elderly mice. The thickness of the capsule’s
outer layer, the area percentage of the total collagen in the entire muscle cross sections in
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which the MSs were embedded, and the area percentage of collagen in the MS alone were
significantly higher in Group C (the elderly group) with respect to Group A (the adolescent
one) (p < 0.01) and Group B (the middle-aged group) (p < 0.01); there were no significant
differences, except for the the thickness of the capsule’s outer layer, in these parameters
between Groups A and B (p > 0.05), (p = 0.022) (Table 1, Figures 2A,C,D and A1).

Table 1. Collagen constituting the ECM of the MSs in the mouse skeletal muscle.

Characteristic Group A Group B Group C
A vs. B
p-Value

A vs. C
p-Value

B vs. C
p-Value

$ Thickness of the outer
capsule layer

3.02 ± 0.26 3.64 ± 0.31 5.81 ± 0.85 0.022 * 0.003 ** 0.007 **

$ Total collagen 40× (% area) 2.95 ± 0.46 4.42 ± 1.23 9.29 ± 0.81 0.116 <0.001 *** <0.001 ***
$ Collagen of the MS alone 40×

(% area)
22.97 ± 6.55 25.94 ± 2.36 40.80 ± 3.46 0.633 0.004 ** <0.001 ***

# AOD of COLI in the whole
muscle cross section

0.20 ± 0.02 0.27 ± 0.02 0.30 ± 0.01 <0.001 *** <0.001 *** 0.032 *

# AOD of COLIII in the whole
muscle cross section

0.25 ± 0.02 0.28 ± 0.01 0.26 ± 0.02 0.255 0.747 0.629

# AOD of COLI in the MS alone 0.16 ± 0.01 0.22 ± 0.01 0.28 ± 0.06 0.038 * <0.001 *** 0.047 *
# AOD of COLIII in the

MS alone
0.25 ± 0.07 0.27 ± 0.07 0.26 ± 0.05 0.849 0.968 0.950

& AOD of HABP in the MS alone
0.50

(0.45–0.67)
0.43

(0.40–0.45)
0.40

(0.33–0.47) 0.85 0.022 * 1.00

ANOVA with Tukey post-hoc test #/Games–Howell post-hoc test $; Kruskal–Wallis H with Bonferroni post-hoc
test &, MS: muscle spindle, AOD: average optical density, Group A: equivalent to human adolescence (6-week-old
mice), Group B: equivalent to human middle age (8-month-old mice), Group C: equivalent to old age in humans
(2-year-old mice) group. The values are presented as numbers or means ± SD (normally distributed data and
equal variances assumed); the values are classified as median, minimum, and maximum, since their distribution
was not normal. * <0.05, ** ≤0.01, *** ≤0.001.

3.3. COLI and COLIII in MS

Collagen fibers, as fundamental components of ECM, provide a supporting framework
of muscle tissues. In this study, immunohistochemistry staining uncovered that the MS
capsule and the IMCT consisted of COLI and COLIII (Figure 3A–F). The AOD of COLI in
the whole cross section in which MSs were embedded was 0.20 ± 0.02 in the adolescent,
0.27 ± 0.02 in the middle-aged, and 0.30 ± 0.01 in the elderly mice. The AOD of COLI in the
MS alone was 0.16 ± 0.01 in the adolescent, 0.22 ± 0.01 in the middle-age, and 0.28 ± 0.06
in the elderly mice. The AOD of COLI in the whole muscle cross section in which the MSs
were embedded and the AOD of COLI in the MS alone were significantly increased with
aging (Group A vs. Group B: p < 0.05; Group A vs. Group C: p < 0.001; Group B vs. Group
C: p < 0.05). The AOD of COLIII in the whole muscle cross section was 0.25 ± 0.02 in the
adolescent, 0.28 ± 0.01 in the middle-aged and 0.26 ± 0.02 in the elderly mice. The AOD of
COLIII in the MS alone was 0.25 ± 0.07 in the adolescent, 0.27 ± 0.07 in the middle-aged,
and 0.26 ± 0.05 in the elderly mice. There were no significant differences in the COLIII
neither in the whole muscle cross section in which MSs were embedded nor in the MS
alone between the three groups (p > 0.05) (Table 1).
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Figure 3. MS embedded in the extracellular matrix elements with immunohistochemistry staining of
collagen type I (COLI) (A–C), collagen type III (COLIII) (D–F), and biotinylated HABP (G–I). The
COLI and COLIII localized in the MS capsule. The HABP localized in the MS. (A,D,G): A MS in the
hindlimb of a 6 week-old mouse (Group A); (B,E,H): a MS in the hindlimb of an 8-month-old mouse
(Group B); (C,F,I): a MS of the hindlimb of a 2-year-old mouse (Group C). Scale bar: 50 μm.

3.4. Age-Related HA in MS According to Biotinylated HABP Immunohistochemical Staining

The ground substance of the ECM is composed of a complex mixture GAGs, most
often covalently linked to proteins, forming proteoglycans and glycoproteins, in which HA
appears to be the one of the most important ones. In the present study, HA was present in
the IMCT (epimysium, perimysium, epimysium) and filled the MS capsule according to
the biotinylated HABP immunohistochemistry staining (Figures 3E,F and A2). The AOD
of the MS in the hindlimb muscle was significantly decreased in Group C (0.40, 0.33–0.47)
(Figure 3I) with respect to Group A (0.50, 0.45–0.67) (Figure 3G) (p = 0.022); no significant
differences neither between Groups A and B (0.43, 0.40–0.45) (Figure 3H) nor between
Groups B and C (p > 0.05) were noted (Table 1).

4. Discussion

The study results outlined here have demonstrated that MSs are embedded in the
IMCT and that the MS outer capsule is continuous with the perimysium, epimysium,
endomysium, nerve, and blood vessel. Other studies have already demonstrated the
continuity of the outer capsule with the ECM of extrafusal fibers in chicken [36] and with
the perineural epithelium [37]. IMCT acts as the scaffold for muscle bundles and fiber
integrity and carries the blood vessels and nerves to the muscle. IMCT continuity permits
communication between different muscles, various MSs within the same muscle, and
various MSs in different muscles directly and/or indirectly. This communication may
play an important role in movement coordination. In addition, the intrafusal fibers of
MSs possess intracapsular terminations or extend beyond the limit of the MS capsule
terminating in the IMCT of adjacent extrafusal fibers [38–40]. MS distribution seems to
be similar to the three-dimensional arrangement and organization of the IMCT from the
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fascia point of view (IMCT belongs to the fascial system). If MSs are viewed not only as
isolated mechanoreceptors but also as sensory organs embedded and enclosed in the IMCT,
this would explain how they can sense the tension of the IMCT as far as the fascia are
concerned.

Study results also demonstrated that the capsule’s outer layer, the area percentage of
the total collagen in the whole cross section in which MSs were embedded and the collagen
in the MSs were significantly thicker in the elderly mice and that there were no significant
differences in these parameters, with the exception of the thickness of the capsule’s outer
layer, between the adolescent and middle-aged mice. This is in line with other studies
about the thicker capsule’s outer layer by Swash and Fox (1972) [9]. An analysis of our
results also showed that the MS capsule and the IMCT consisted of COLI and COLIII.
While the AOD of the COLI in the whole cross section where the MSs were embedded and
the AOD of COLI in the MS alone were significantly increased in the aging mice, there were
no significant differences in COLIII in the three groups neither in the entire cross section in
which MSs were embedded nor in the MS alone. These results have confirmed the findings
of another study demonstrating that older adults have thicker MS capsules [11]. Moreover,
these findings are consistent with those of some studies that highlighted the role of the
collagens in various diseases and tissues [21–23]. Parkes et al. [21] reported the prominent
role of collagen and HA in the ECM of ovaries, suggesting their crucial activity for ovarian
homeostasis, possibly through signaling events or tissue micromechanism. Numerous
reports described the association between the single-nucleotide polymorphism rs12722
and rs13936 in the COL5A1 gene and injuries, such as Achilles tendon pathology, anterior
cruciate ligament, and tennis elbow [41–45]. Daleswski et al. [22] studied the COL5A1
rs12722 and rs13946 polymorphisms as potential genetic factors regulating the ADDwoR-
mediated soft tissue pathway in association with temporomandibular joint anterior disc
displacement [22]. Pirri et al. [46] reported that:” excessive aggregation of ECM elements is
present in fibrosis (e.g., in myopathies), including in fasciae, and occurs during aging [16],
and diabetes, characterized by increased endomysium as well as perimysium” [47]. Diet-
induced insulin resistance (IR) leads to an increase in the expression of collagens I, III, and
IV [48].

However, the MS are sensitive to both the phasic and tonic stretches. When the muscle
lengthens and the MS is stretched, the threshold corresponds to a tension of 3 g in humans
and leads to a trigger action in the MS afferent [49]. The accumulation of collagen, especially
of the COLI type, due to aging (found in elderly mice) may reduce the deformation and
increase the resistance of the IMCT in the skeletal muscle, resulting in a higher threshold.

HA was found to be present in the IMCT and filled the MS capsule. Study results
showed that the HA in the MS was significantly decreased in the elderly mice with respect to
their adolescent counterparts. There were, however, no significant differences between the
elderly and middle-aged mice nor between the middle-aged and adolescent mice. HA is not
only an excellent lubricant and shock absorber [24], but also on the background discharge
and the discharge in response to stretch [50]. The age-related decrease in HA could affect
the mechanical properties of MSs, the background discharge, and the discharge in response
to stretch, which may in turn affect age-related changes in MSs’ sensitivity to the stretch
and tension of skeletal muscles. As has been demonstrated by other studies, HA has many
roles in the different human tissues, ranging from mechanical to chemical [19,21,48,51].

MSs also play an important role in reactive postural control, and they are also involved
in producing contractile force during reflectory changes. The MSs may be unable to adapt
to stretching and velocity due to the age-related alterations of the ECM in the skeletal
muscle resulting in failed motor unit recruitment. Fewer motor unit activities may lead
to a lower contractile strength of the muscle [52,53]. MSs also seem to participate in
regulating sensitivity during the dynamic and/or static phases of stretching; this would
mean that, as they become less sensitive with aging, there is a decline in postural stability
and balance. During flexion of the trunk, for example, the MSs of the erector spinae
muscles are lengthened. This stimulates the recruitment of motor units, resulting in the
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contraction of the muscles and helping the trunk return to the starting position. The same
mechanism is found in the neck and other body segments [54,55]. If MSs become less
sensitive to stretching due to aging, trauma, poor posture, post-surgery, or overuse, this
could exacerbate changes in sensory and motor functions, leading to greater postural
instability and a higher risk of falls, and the inhibition of normal MS stretching could also
result in abnormal feedback to the central nervous system.

There are several limitations in this study. Firstly, aging-related changes in the mus-
culoskeletal system included a decline not only involved in the alterations of HA and
collagen in the ECM of the MSs but also a reduction in the number of MSs per muscle,
a loss of intrafusal fibers, and changes in the efficacy of the fusimotor innervation. In ad-
dition, the age-related decline of the velocity of action potential propagation by sensory
neurons, sarcopenia, changes in the structure of the sensory nerve terminal, and the loss
of neurons in the motor cortex and cerebellum have already been demonstrated. All of
these changes could potentially contribute to the decline in motor coordination, frequent
falls, and unstable gait observed in elderly persons. Moreover, the inner and outer capsule
contain many other ECM proteins as described in the introduction, including other proteins:
laminins, nidogens, collagen type IV, fibronectin, agrin, and other proteoglycans. These
molecules could also affect the biomechanical properties of the spindle capsule. Moreover,
the treatment of histological sections involves tissue dehydration and thus, shrinkage.
As reported by other studies [56,57], the tissue shrinkage takes place during the preparation
of connective tissue specimens for histological examination. At the same time, there is
likely no difference in shrinkage between young and old, as reported by Kerns et al. [58],
as the decrease of shrinkage was relatively constant across age groups. Further studies are
necessary to better illustrate these factors with aging, to better understand the effects of
aging on locomotor ability decline.

5. Conclusions

As we found that a change in the thickness of the outer capsule, the decreased staining
intensity with HA and increased staining intensity with of Col I in ECM may probably
cause the MSs themselves and the surrounding microenvironment to experience more
stiffness with aging in vivo. Other studies regaridng functional changes in MS have
already demonstrated age-related muscle stiffness and elastic properties [13] and decreased
conduction velocities and dynamic response of primary endings with aging [10]. Moreover,
MSs contained thin muscle fibers that may be intimately related to the degeneration and
regeneration of extrafusal muscle fibers during aging, which may often fail to receive
sensory innervation [14], and that may induce a decrease in the sensitivity, acuity, and
integration of the proprioceptive signal [15], which may also reduce the sensitivity of the
MSs and their ability to activate motor neurons stimulating muscle contraction and to
contribute to postural maintenance and positional sense, as well as to maintaining muscle
tone. It has been seen, in fact, that, when the MSs cannot be activated, the regulation of
muscle tone is compromised [59]. These alterations in ECM where MSs are embedded
could help to explain partly the peripheral mechanisms underlying the age-related decline
in functional changes related to MS.
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Appendix A

 

Figure A1. (a:b) MS embedded in the extracellular matrix elements with picrosirius red (a,b) of the
hindlimb of an 8-month-old mouse (Group B). Scale bar: 50 μm.

 

Figure A2. HA is present in the MS capsule and round intrafusal fibres. Scale bar: 50 μm.
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Abstract: Anemia and systemic signs of inflammation are common in elderly individuals and
are associated with decreased survival. The common biological context for these two states is
then the hallmarks of aging, i.e., genomic instability, telomere shortening, epigenetic alterations,
loss of proteostasis, deregulated nutrient sensing, mitochondrial dysfunction, cellular senescence,
stem cell exhaustion and altered intercellular communication. Such aging-associated alterations of
hematopoietic stem cells are probably caused by complex mechanisms and depend on both the aging
of hematopoietic (stem) cells and on the supporting stromal cells. The function of inflammatory
or immunocompetent cells is also altered by aging. The intracellular signaling initiated by soluble
proinflammatory mediators (e.g., IL1, IL6 and TNFα) is altered during aging and contributes to the
development of both the inhibition of erythropoiesis with anemia as well as to the development of
the acute-phase reaction as a systemic sign of inflammation with increased CRP levels. Both anemia
and increased CRP levels are associated with decreased overall survival and increased cardiovascular
mortality. The handling of elderly patients with inflammation and/or anemia should in our opinion
be individualized; all of them should have a limited evaluation with regard to the cause of the
abnormalities, but the extent of additional and especially invasive diagnostic evaluation should be
based on an overall clinical evaluation and the possible therapeutic consequences.

Keywords: anemia; hematopoiesis; inflammation; aging; C-reactive protein; survival

1. Introduction

The ageing global population is regarded as the most important present and future
medical and social demographic problem worldwide by the World Health Organization [1].
Recent estimates suggest that 38% of the word population will be aged at least 65 years in
2050, and it is also estimated that in 2050 there will be a larger number of older people aged
at least 60 years than adolescents aged 10–24 years (2.1 billion versus 2.0 billion). Thus, the
optimal handling of medical problems in the aging population is already now a challenge
and will become even more challenging during the next decades.

The complex process of aging is characterized by the modulation of fundamental cellu-
lar processes, and this is reflected in the previously described nine hallmarks of aging, which
include genomic instability, telomere attrition, epigenetic alterations, loss of proteostasis,
deregulated nutrient sensing, mitochondrial dysfunction, cellular senescence, stem cell
exhaustion and altered intercellular communication (Figure 1) [2–11]. These cellular effects
lead to aging-dependent alterations in organs and tissues, including hematopoietic cells to-
gether with their supporting stromal cells in the common bone marrow microenvironment,
as well as various immunocompetent cell subsets with the modulation of their immunoreg-
ulatory interactions [2,12–16]. Aging can thus alter the regulation of both hematopoiesis
and inflammation [12]. In this context we describe and discuss the effects of aging on nor-
mal hematopoiesis together with the occurrence of anemia and increased C-reactive protein
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(CRP) levels in elderly individuals. We would expect the frequency and causes of anemia
to differ between developed and underdeveloped countries; we therefore emphasize that
the present review is mainly based on studies in developed countries.

Figure 1. The biological hallmarks of aging: an overview and summary of biological characteristics
[2–11].

2. The Biological Context of Anemia in Elderly Individuals: Hallmarks of Aging in
Normal Hematopoietic Cells and Their Associations with Signs of Inflammation

The mechanisms involved in hematopoietic stem cell aging have previously been
classified as stem-cell-intrinsic (i.e., alterations in the hematopoietic cells) and stem-cell-
extrinsic (i.e., indirect effects mediated by aging bone marrow stromal cells) [12,14–16].
However, the various mechanisms are interconnected, and it is therefore difficult to main-
tain this strict classification [12]. The present article gives a relatively brief overview of the
important mechanisms involved in aging hematopoiesis; for more detailed discussions and
additional references we refer to several recent excellent reviews [12–17].

2.1. The Bone Marrow Microarchitecture and the Stem Cell Pool in Aging

The hematopoietic stem cell distribution in the bone marrow is altered during aging;
the number of stem cell niches and hematopoietic stem cells decreases close to the bone
surface (i.e., the endosteum), but they expand further away from the bone compared with
younger individuals [18]. The stem cells/niches are also more distant from arterioles and
megakaryocytes in aging, whereas perisinusoidal niches seem to be preserved and have a
distance from sinusoids similar to younger individuals [19–21]. This altered microarchitec-
ture is at least partly caused by decreased noradrenergic innervation in the bone marrow,
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where β2-adrenergic–IL6-dependent megakaryopoiesis is important for the close localiza-
tion of stem cells to megakaryocytes [19,20]. Stem cell lodging to certain non-endosteal
niches thereby seems to be favored.

The number of phenotypic hematopoietic stem cells increases upon aging, but their
regenerative potential decreases and they preferentially differentiate into myeloid cells and
less into lymphoid cells [12,20,22–26]. The β2/IL6 axis is also important for the regulation
of the more differentiated myelopoiesis, and in experimental studies adrenergic stimulation
can decrease this myeloid dominance [19,20]. Geiger and van Zand [25] suggested two
decades ago that aging mainly affected hematopoietic quality rather than its quantity. Their
statement was based on the observation that the hematopoietic stem cell population is
increased during aging and able to maintain normal peripheral blood cell counts throughout
life, but seems to lack the “functional reserve” needed during crises [25,27,28]. This may
also (at least partly) explain why aging hematopoiesis with the development of anemia can
be a strong comorbidity factor for several other diseases [22].

2.2. Hematopoiesis and Hematopoietic Stem Cells in Elderly Individuals: Cell-Intrinsic
Mechanisms Involved in Stem Cell Aging

Several cell-intrinsic mechanisms are involved in the aging of hematopoietic cells.
Table 1 presents a summarizing overview of important intrinsic mechanisms that are
important in the aging of hematopoietic cells. Several of these mechanisms will also
influence the regulation of inflammation and thereby contribute to the regulation of both
hematopoiesis and inflammation. A more detailed discussion and additional references are
included in Section 2.2.

Table 1. A summary of important cell-intrinsic mechanisms involved in aging of hematopoietic cells;
for a detailed review and discussion with references we refer to Section 2.2.

Genetic: Genetic instability with accumulating DNA damage and clonal hematopoiesis; this is due
to the altered function of several mechanisms involved in genomic maintenance/DNA repair.

Epigenetic: Epigenetic modulation with altered chromatin organization, posttranscriptional
histone modulation and DNA methylation; transcriptional regulation is thereby altered.

Polarity: Reduced cytoplasmic and nuclear polarity, reduced ability of asymmetric cell division.

Metabolism: A shift to higher oxidative metabolism, altered proteostasis due to reduced autophagy
and reduced activity of the proteasome system, reduced endoplasmic reticulum stress response
with the accumulation of misfolded or damaged proteins.

Senescence, signaling and communication: Accumulation of cell-cycle-arrested senescent cells, altered
intercellular communication and intracellular signaling possibly involving auto- and paracrine
circuits, reduced regenerative capacity of hematopoietic stem cells.

2.2.1. Genetic Instability, Telomere Shortening, Altered Cell Communication
and Inflammation

Random DNA damage accumulates in hematopoietic stem cells as a part of the aging
process [3,12]; this should be regarded as a sign of genomic instability, which is one of the
hallmarks of aging (Figure 1) [2,3]. Experimental studies suggest that accumulating DNA
damage is an important mechanism in hematopoietic stem cell aging, and animal models
suggest that altered functions of the mechanisms involved in genomic maintenance are
important for this accumulation, e.g., nucleotide excision repair, telomere maintenance
and non-homologous end-joining [27]. DNA damage then seems to accumulate in stem
cells with age [27]. These abnormalities/deficiencies do not seem to deplete the stem cell
reserve; they rather manifest as functional stem cell deficiencies under conditions of stress,
e.g., wound healing, hematopoietic ablation [27,28].

DNA damage leading to telomere shortening is possibly a specific hallmark of aging
that leads to stem cell aging/exhaustion/abnormalities [4], but telomere defects alone
cannot explain all the signs of stem cell aging (Figure 1) [2,28]. Additional specific mutations
also contribute to clonal expansion and the emergence of clonal hematopoiesis [14], an age-
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associated abnormality that can possibly develop later into hematological malignancies [29].
This hypothesis is supported by the observation that myelodysplastic syndromes (MDS) as
well as pre-MDS stem cells show a higher degree of subclonal complexity than normal cells,
including aging-associated variants [29]. However, it is controversial whether mutations
associated with clonal hematopoiesis are truly oncogenic or whether they only increase
self-renewal and thereby make it more likely for additional and truly oncogenic mutations
to occur later in these actively self-renewing stem cells.

Patients with clonal hematopoiesis have an increased risk of atherosclerosis and car-
diovascular complications [12,30,31]. This observation is consistent with the hypothesis
that fully differentiated cells (especially monocytes/macrophages) in these patients have
abnormal functions and thereby predispose them to inflammation with increased CRP
levels and progression to atherosclerosis with clinical manifestations [32,33]. The hypoth-
esis is supported by observations in patients with TET2 mutations who show increased
inflammasome-mediated IL1 secretion by monocytes and thereby a predisposition to in-
flammation and atherosclerosis [30]. Inflammation induced by clonal hematopoiesis and
immune cell dysfunction thus seems to contribute to the association between CRP increase
(i.e., acute-phase reaction) and cardiovascular disease [33]. However, an alternative expla-
nation could be that mutations and clonal hematopoiesis occur more frequently in myeloid
cells exposed to a chronic proinflammatory microenvironment. Whether age-dependent al-
terations in erythrocytes (e.g., abnormalities similar to storage lesions [34]) and/or platelets
contribute to this predisposition to cardiovascular complications in patients with clonal
hematopoiesis is not known. Thus, according to these observations genetic instability
and altered cytokine-mediated intercellular communication (i.e., two hallmarks of ag-
ing, see Figure 1) may be involved in the association between clonal hematopoiesis and
cardiovascular complications.

2.2.2. Epigenetic Abnormalities, Epigenetic Drift and Inflammation

The epigenome and the organization of chromatin differ between younger and aged
hematopoietic stem cells [12,14], and mutations associated with clonal hematopoiesis are
often seen in genes involved in epigenetic regulation [14]. These epigenetic changes have
been discussed in detail previously [14,23,24]; they include both posttranscriptional histone
modulation and chromatin organization as well as DNA methylation with site- or gene-
specific modulations, e.g., the hypermethylation of genes regulated by polycomb repressive
complex 2 [23,35,36]. Previous studies have described an overall increase in transcriptional
activity that is at least partly caused by altered epigenetic regulation; these authors de-
scribed the increased expression of genes associated with stress responses, inflammation
and protein aggregation, whereas genes involved in the preservation of genomic integrity
and chromatin modeling showed reduced expression [24]. Finally, age-dependent his-
tone modifications seem to alter the expression of genes involved in the regulation of the
proliferation, self-renewal, differentiation and maintenance of hematopoietic stem cells [36].

Epigenetic drift has been defined as all changes with a general effect on the epigenome
and chromatin organization/architecture [37,38]; it seems to be a part of the aging process
and to occur across tissues [38], and would be expected to include hematopoietic cells
(Figure 1) [5,23,24,38]. Studies in animal models suggest that epigenetic drift is associated
with the development of inflammation [38], and this is further supported by studies on
aged human mononuclear cells [39]. Studies on aging immunocompetent cells show
specific epigenetic signatures in different immunocompetent cells (T and B lymphocytes,
NK cells and monocytes), and variations in signatures between individuals also seem to
increase with age [39]. These histone/chromatin variations between individuals as well
as cell-to-cell variations can be detected in stem, progenitor and differentiated cells, and
it has been suggested that variations between mature cells arise from variations between
distinct hematopoietic stem cell clones [39]. It has also been suggested that such epigenetic
variations in immunocompetent cells (together with the altered balance between various
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lymphocyte subsets) contribute to the development of inflammaging and/or an increased
risk of severe infections with increased morbidity/mortality in elderly individuals [37].

2.2.3. Cellular Polarity and Epigenetic Asymmetry in Hematopoietic Stem Cell Division

Several molecules appear to be polar in the cytoplasm and nucleus of young hematopoi-
etic stem cells, and high levels of the two cytoplasmic molecules cell division control protein
42 (cdc42) and laminin, together with the nuclear polarity of epigenetic markers, are re-
garded as intrinsic markers of altered polarity and stem cell aging [18,40,41]. This polarity
of the cells allows hematopoietic stem cells to undergo asymmetric cell division, i.e., one
daughter cell that differentiates and another daughter cell that retains the stem cell po-
tential [41]. This polarity seems to be reduced or lost as a part of the aging process, and
this is true both for cytoskeletal and cell cycle regulatory proteins in the cytoplasm as
well as epigenetic markers in the nucleus [14,18,40,41]. Hematopoietic stem cells main-
tain a balance between self-renewal and differentiation, and the premitotic polarity status
seems to be important for this balance in addition to the outcome after hematopoietic
stem cell division [41]. Aged apolar hematopoietic stem cells preferentially go through
symmetric divisions, resulting in daughter cells with reduced regenerative and lymphoid
potentials, whereas younger polar cells preferentially undergo asymmetric division and
thereby maintain cells with stem cell potential [41].

2.2.4. Metabolic Characteristics and Regulation of Protein Homeostasis

During their development hematopoietic cells go through multiple differentiation
steps and transition through several microanatomical sites that require metabolic shifts [42].
Even though quiescent and cycling hematopoietic stem cells show similar high glycolytic
activities, they differ in several metabolic characteristics, e.g., quiescent cells show higher
lysosomal activity and autophagy/mitophagy whereas cycling stem cells show higher
protein synthesis, ATP production and intracellular levels of reactive oxygen species [42].
The metabolic balance is altered in aging hematopoietic stem cells, which show a general
shift to a higher rate of oxidative metabolism [16,42]. The aged cells also show altered
protein homeostasis; this process is regulated by several cellular mechanisms, including
autophagy (i.e., a cellular response to stress, for example, metabolic adaptation) and the
ubiquitin/proteasome system, and both these systems are reduced in aged cells (Figure 1)
[7,43–45]. Aging is thereby associated with the cellular accumulation of misfolded or
damaged proteins [43] because the endoplasmic reticulum stress response (also called the
unfolded protein response) is reduced [44]. Finally, aging-dependent alterations in sex hor-
mone levels seem to represent an additional systemic mechanism for the downregulation
of this stress response [44].

2.2.5. Senescence and Intracellular Signaling

Cellular senescence is regarded as a stress-induced irreversible growth arrest, and
it is often characterized by a distinct secretory profile, i.e., an altered communication
with the neighboring cells [46]. Irreversibly cell-cycle-arrested senescent cells accumulate
during normal aging, and animal models suggest that these cells actively participate in the
development of aging-associated organ deterioration and may further increase the aging-
dependent risk of malignant diseases (Figure 1); in these animal models the elimination of
senescent cells therefore increases the life span [46]. This effect was also seen for normal
hematopoietic cells, where the pharmacological elimination of senescent hematopoietic
stem cells counteracted the aging-dependent reduction in the regenerative potential of
hematopoietic stem cells [46,47]. Furthermore, signaling through several intracellular
pathways seems to be altered during aging due to intrinsic mechanisms, e.g., TGF1β,
Notch, NFκB and Wnt signaling [24,48–51]. Both the induction of senescence with an
altered secretory profile and the altered intracellular signaling downstream to cell surface
receptors may represent combined direct and indirect effects on hematopoiesis [12,14],
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including the effect of increased senescence on aging with altered mediator secretion and
thereby the modulation of autocrine/paracrine circuits (Figure 1) [2,9].

2.3. Stem-Cell-Extrinsic Mechanisms Involved in Hematopoietic Aging: Stem Cell Niches, Stromal
Cell Subsets and Cellular Communications

Normal hematopoietic cells have a hierarchical organization and are supported by
various non-hematopoietic stromal cells that also form stem cell niches where the minor
population of hematopoietic stem cells are maintained [16,17,20]. The most important
stromal cells that contribute to the stem cell niches are:

• Mesenchymal stem cells (MSCs). These cells are located close to arterioles and more
loosely around sinusoidal vessels [17]; they are heterogeneous, and two main pop-
ulations have been identified based on their expression of platelet-derived growth
factor receptor (PDGFR)α and stem cell antigen 1 [17]. The MSCs support normal
hematopoiesis through several mechanisms that are modulated by MSC aging, in-
cluding their supportive function in stem cell niches (Figure 2, Table 2) [16,19,52–61].
Several epigenetic mechanisms are important for MSC aging and the alterations of
their hematopoiesis-supporting mechanisms, including both altered DNA methy-
lation and histone modification (e.g., acetylation) [61]; increased senescence is also
observed [19,52–61]. First, MSCs produce several soluble mediators that are important
both for myelopoiesis (e.g., CXCL12) and lymphopoiesis (e.g., IL7) [52]; the release
of several growth factors is thus reduced. Second, MSCs and sinusoidal endothelial
cells seem to form a complex network in close contact with the extracellular matrix
and pervading the marrow tissue. The structural features of stromal components are
maintained during aging [53], and although central perisinusoidal MSCs are increased
or maintained there is a reduction in periarteriolar MSCs [16,19,56]. Third, the MSC
functions in these networks seem to be altered, especially with regard to the regulation
of cell cycle progression of the stem cells, stem cell trafficking in the microenviron-
ment and the localization of progenitors close to different MSC subsets with different
perivascular localizations [57]. Finally, the adipogenic differentiation of MSCs is
preferred, and another consequence of this aging effect is reduced bone formation [59].

• Osteoblasts and other osteolineage cells. Osteoblasts are the predominant bone-lining
endosteal cells [54], whereas osteolineage or osteoblastic lineage cells refer to the inter-
mediate stages of differentiation in the direction from MSCs towards osteoblasts [57].
These cells and particularly mature osteoblasts seem to be the most important for the
maintenance of more committed progenitors, especially lymphoid cells [62,63]. They
stimulate/regulate hematopoiesis both through cell–cell contact (e.g., expression of the
Notch ligand Jagged1) and through the release of soluble mediators (e.g., the growth
factors CXCL12, stem cell factor and angiopoietin 1; osteopontin) [17]. Aging causes a
decrease in the number of osteoblasts and in addition decreases osteopontin release
via these aging cells (Figure 2, Table 2) [19,55,62,63]. As described above, aging MSCs
favor adipogenic differentiation [59], and a reduction in osteoblasts is then caused by
several mechanisms, including the induction of apoptosis, the increased release of
reactive oxygen species, decreased glutathione reductase activity and the increased
phosphorylation of p53 and p66 [64]. Finally, animal models suggest that a reduction
in/lack of osteopontin causes decreased engraftment capacity but increases long-term
stem cell frequency together with loss of stem cell polarity; as would then be expected
from these observations, thrombin-activated osteopontin attenuates the aging stem
cell phenotype [55].

• Adipocytes. Adipocytes release factors that seem to inhibit hematopoiesis [65–67].
Aging accelerates bone marrow adipogenesis [53]. This is apparent especially in the
long bones where hematopoietic marrow is gradually replaced by adipocyte-rich
marrow; although adipocytes release certain supportive mediators their overall ef-
fect is a reduction in hematopoiesis (Figure 2, Table 2) [19,66,68,69]. Animal studies
suggest that this aging-associated adipocyte expansion can be further increased by
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dietary fat intake in aged animals [69]. The process of favored differentiation into
adipocytes seems to be regulated at the transcriptional level and involves the tran-
scriptional regulators Maf and Runx2 [58]. Furthermore, the release of adiponectin is
a possible mechanism for the inhibition of hematopoiesis by adipocytes because this
mediator has an antiproliferative and possibly also a proapoptotic effect, especially on
myelomonocytic lineage cells [65]. The pharmacological inhibition of adipogenesis
has therefore been suggested as a possible strategy to reduce the negative effects
of adipogenesis on normal hematopoiesis [66,67]. However, the inhibitory effect of
adipocytes may depend on the biological context, as a recent animal study has shown
that adipocytes or a subset of adipocytes could release SCF and thereby promote
regeneration after irradiation and myelotoxic chemotherapy [68].

• Endothelial cells. Endothelial cells and perivascular cells are intimately connected.
Arteriolar and sinusoid endothelial cells seem to differ in their mechanisms with
regard to supporting hematopoiesis (Figure 2) [54]; in particular, arteriolar cells release
a wide range of hematopoietic growth factors [17,70,71]. The aging of endothelial cells
has multiple effects on the stem cell niche and normal hematopoiesis (Table 2) [19,53–
57,72,73]. First, the bone marrow endothelium shows aging-associated morpholog-
ical and metabolic changes, including increased levels of reactive oxygen species
that decrease their angiogenic and migratory potential, and the microvessels show
a loss of integrity with augmented leakiness [70,71]. Second, the decreased release
of prohematopoietic soluble mediators, including SCF and CXCL12, is one of the
endothelial contributions to hematopoietic aging [70,72,74]. Third, the reduction in
niche-forming vessels is likely to induce metabolic changes in the bone marrow mi-
croenvironment [70]. Finally, the niche-forming vessels in aging mice can be restored
either by endothelial transplantation [72] or by the activation of endothelial Notch
signaling, which seems to be altered in the aging bone marrow endothelium [56].

• Perivascular cells. This cell population is heterogeneous and includes cells expressing
both pericyte and smooth muscle markers [17,70]. Aging reduces the abundance of
pericytes and thereby the release of several soluble mediators that are important for
the induction of quiescence of hematopoietic stem cells (e.g., SCF, bone morphogenic
proteins 4 and 6) [70].

• Neural regulation. Sympathetic and sensory nerves innervate both the bone and
the bone marrow [27]. Furthermore, human CD34+ cells express both dopaminer-
gic and β2 adrenergic receptors; the receptors are expressed especially by immature
CD34+CD38low cells and can be upregulated by G-CSF and GM-CSF [74]. Thus, adren-
ergic signals act directly on human hematopoietic progenitors and can increase their
migration, proliferation, polarity as well as extracellular protease release, and Wnt-
initiated signaling is involved in this stem cell modulation [74]. The perivascular arteri-
olar niche consists of specialized MSCs together with adrenergic nerves and megakary-
ocytes, and these cells are closely associated with quiescent stem cells [62,75–77].
Finally, nonmyelinating Schwann cells (i.e., glial fibrillary acidic protein-expressing
cells) ensheath autonomic nerves, express genes that are important for the support
of hematopoietic stem cells and can activate the latent form of TGFβ [76]. Thus,
autonomic nerves are not only important through the direct effects of neurotransmit-
ters on hematopoietic cells but also through their modulation of the niche cytokine
network [76] and indirectly through the modulation of adrenoreceptor-expressing
MSCs [77]. There is an aging-associated sympathetic denervation of the niche, and
targeting this denervation with adrenoreceptor β3 agonists improves the function
of aged stem cells in animal models [19,20,78]. Another effect of the denervation is
the expansion of MSCs with decreased stem cell supporting capacity, a reduction in
arterioles and increased stem cell numbers [16,19,54,57,74].
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Figure 2. The bone marrow stem cell niches. The figure gives an overview of important hematopoiesis-
regulating members of the various stem cell niches and their main regulatory effects/mechanisms
on normal hematopoiesis A detailed discussion of each cell type with corresponding references are
given in Section 2.3 (abbreviations: CXCL, C-X-C motif ligand; FGF1, fibroblast growth factor; SCF,
stem cell factor; and TGF, transforming growth factor).

• Megakaryocytes. The role of megakaryocytes in the regulation of normal hematopoiesis
can be regarded as a feedback mechanism. Megakaryocyte precursors migrate from
the endosteal microenvironment to sinusoids for maturation, and noradrenergic bone
marrow innervation promotes β2-adrenergic/IL6-dependent megakaryopoiesis [20].
A subset of hematopoietic stem cells is then associated with megakaryocytes that
regulate stem cell quiescence through the release of soluble mediators (especially
CXCL4 and TGFβ) as well as CD41 expression (Figure 2, Table 2) [18,19,37,54,57,79–83].
Age-dependent epigenetic alterations in hematopoietic stem cells and possibly also
megakaryocytes seem to modify these interactions between megakaryocytes and
neighboring hematopoietic stem cells [37]. Thus, there seems to be an interaction
between aging, sympathetic innervation/denervation, epigenetic modulation and
megakaryopoiesis with regard to the effects of aging on hematopoiesis [37]. The
effects of megakaryocyte are partly mediated through the local release of TGFβ, which
is important for the regulation of quiescence and initiates SMAD signaling in stem
cells [79]; additionally, megakaryocytes release thrombopoietin [80] and CXCR4 [81],
which act directly on immature hematopoietic cells. The release of thrombopoietin and
possibly also other mediators can be stimulated by the ligation of C-type lectin-like
receptor 2 (CLEC-2), and megakaryocyte expression of this receptor thereby becomes
important for the regulation of stem cell quiescence [83]. Finally, the peripheral blood
platelet count will possibly modulate these megakaryocyte effects through its effects
on systemic thrombopoietin levels [37].
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Table 2. Extrinsic mechanisms for the aging of normal hematopoiesis: a summarizing overview
of important mechanisms behind the contribution of various stromal cells to the aging of normal
hematopoiesis (for additional information, see the more detailed review/discussion with correspond-
ing references for each cell type in Section 2.3).

Stromal Component Important Effect of Aging

MSCs [19,52–61]

Maintained or increased central MSCs with decreased hematopoietic growth factor
production; loss of periarteriolar MSCs.

Decreased bone formation and increased adipogenesis; MSC aging is also characterized
by increased senescence (including altered mediator secretion) and

epigenetic modifications.

Osteoblastic cells
[19,55,62,63]

Decreased number of osteoblasts, increased differentiation in the direction of adipocytes.
Decreased numbers of osteoblasts represent decreased support of lymphopoiesis.
Decreased osteopontin release; this cytokine can attenuate the aging-associated

phenotype of hematopoietic stem cells.

Osteoblasts [27,64] Decreased number and release of osteopontin, decreased osteoblast number and thereby
reduced support of lymphopoiesis.

Adipocytes
[19,65,66,68,69]

Increased number of adipocytes during aging.
The effects of adipocytes on normal hematopoiesis depend on the biological context.

Hematopoiesis is often suppressive, and the release of adiponectin probably contributes
to this inhibition. However, adipocytes or a subset of them also seem to facilitate

regeneration after chemotherapy or irradiation through their release of SCF.

Endothelial cells
[19,53–57,72,73]

Loss of certain capillaries and arterioles, decreased release of SCF and CXCL12 in
addition to decreased expression of the Notch ligand Jagged1.

Increased or unaltered endothelial cell pool, altered microvascular function with
increased vascular leak.

Perivascular cells
[17,70]

Aging of these cells is associated with reduced number of these cells and thereby
reduced release of soluble stem cell-supporting mediators, e.g., SCF.

Sympathetic innervation [19,54,57,74]
Loss of sympathetic innervation in aging; this leads to expansion of medullary MSCs
with decreased supportive effect, reduces the number of arterioles and increases the

hematopoietic stem cell number.

Megakaryocytes
[18,19,54,57,79–83] Increased number and TGFβ release in aging.

Abbreviations: CXCL, C-X-C motif ligand; FGF1, fibroblast growth factor; HSC, hematopoietic stem cells; SCF,
stem cell factor; and TGF, transforming growth factor.

• Neutrophils. Neutrophils also seem to have regulatory functions in normal hematopoi-
esis; the mechanisms involve the neutrophil-mediated augmentation of sympathetic
nervous system effects with the release of prostaglandin E2 [63]. These observations
show that neutrophils can function as a link between the sympathetic nervous system
and the stem cell niches.

• Monocytes, macrophages and osteoclasts. Both monocytes and other immunocom-
petent cells can contribute to the aging of hematopoiesis [17], possibly through their
modulation of local levels of various proinflammatory cytokines [60]. Furthermore,
aging seems to be associated with a shift from the anti-inflammatory M2 phenotype
to the proinflammatory M1 phenotype; this shift is associated with the increased
release of proinflammatory cytokines and seems to depend on monocyte/macrophage
expression of the Foxo3 transcription factor (i.e., it is probably caused by an intrinsic
mechanism) [11]. This shift is associated with local inflammation in the gastrointesti-
nal tract, and in our opinion one should further investigate whether this shift is also
important for inflammaging and/or the regulation of aging normal hematopoiesis.
Finally, bone-marrow-associated macrophages are also important to maintain many
stem-cell-supporting characteristics of MSCs, including their release of CXCL12 and
SCF [57]. Finally, osteoclasts support hematopoiesis and lymphopoiesis indirectly by
increasing the osteoblast secretion of CXCL12 and IL7 [57].
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• T cells. As described in a recent review, activated T cells release several cytokines
involved in the regulation of normal hematopoiesis [63]. CD4+ T cells thereby stimulate
hematopoiesis, whereas CD4+CD25+ regulatory T cells seem to inhibit it. Furthermore,
the clinical experience from allogeneic stem cell transplantation suggests that T cells
facilitate engraftment, and even regulatory T cells (including CD150+ Treg cells) seem
to facilitate engraftment and promote stem cell quiescence [63]. Finally, animal models
suggest that CD8+ T cells also contribute to the regulation of hematopoiesis because
IL6 and IFNγ released by CD8+ T cells can trigger emergency myelopoiesis [63].

These descriptions of the various bone marrow stromal cells and their contributions to
the stem cell niches are far from complete, but they clearly illustrate that many different stro-
mal cells form an extensive and complex interacting network through the release of soluble
mediators, cell–cell contact and cell–extracellular matrix contact. This hematopoiesis-
supporting network is altered during aging. The age-dependent modulation of one stromal
component can alter the functions of other stromal cells and will thereby have both direct
and indirect effects on hematopoiesis. Furthermore, several soluble mediators released by
various stromal cells are important for the aging of hematopoietic stem cells, e.g., CCL5,
which shows high levels in the aging stem cell milieu and is involved in the myeloid lineage
skewing [84], osteopontin that can induce a loss of cell polarity and reduced engraftment
potential [55] and the T-cell- and monocyte-derived cytokines IL1α, IL1β, IL3 and IFNγ,
which influence the migration and maturation of megakaryocytes (Figure 2, Table 2) [85].

2.4. Myeloid Skewing: An Intrinsic or Extrinsic Effect?

The overall effects of hematopoietic–stromal interactions in aging are illustrated by
previous experimental animal studies. Transplanted young hematopoietic stem cells engraft
at a lower efficiency when transplanted to aged compared with young recipients [15,84].
Furthermore, coculture experiments show that aged endothelial cells impair the function
and increase the myeloid bias of younger hematopoietic stem cells, whereas endothelial
cells restored the repopulating capacity of aged hematopoietic stem cells but did not alter
the myeloid bias, which seems to be an intrinsic characteristic of stem cells [72]. However,
other studies have shown that the IL1-mediated inflammatory (aging-associated) effects
on hematopoiesis and hematopoietic stem cells are reversible [85–88]; the same is possibly
true for lymphoid hematopoietic stem cells, which seem to retain their normal lymphoid
potential if they are removed from the aging microenvironment that causes the myeloid
skewing of hematopoiesis [89]. Thus, hematopoietic aging with myeloid skewing depends
both on the aging of the hematopoietic cells themselves and on the aging of the supporting
stromal cells.

2.5. Inflammation and Hematopoiesis in Aging: The Contributions of Individual Cytokines and A
Focus on the Myeloid Skewing

The aging of the bone marrow microenvironment is associated with increased levels of
several proinflammatory cytokines, including IL1β, IL6 and TNFα, which are also known
as drivers of the acute-phase reaction together with other members of the IL6 family and
various chemokines [60,86]. Experimental studies suggest that several age-associated
characteristics of normal hematopoiesis are associated with increased proinflammatory
cytokine activity caused by increased release by various stromal cells:

• IL1. IL1α/β exposure can induce myeloid skewing of normal hematopoietic stem cells
at the expense of self-renewal [87]. Aging macrophages seem to stimulate megakary-
ocytic differentiation and myeloid skewing through IL1β-induced signaling [60,88].
IL1 also blocks the lymphoid differentiation of stem cells [89].

• IL6. This cytokine seems to promote thrombopoiesis (i.e., megakaryocyte modula-
tion) [60].

• TNFα. This cytokine seems to stimulate myelopoiesis in aging [90].
• CCL5. This proinflammatory chemokine increases with age and seems to stimulate

myeloid-biased differentiation [84].
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• TGFβ and IFNγ. These two cytokines are also regarded as proinflammatory and
contribute to megakaryocyte modulation [60,91].

• A certain subset of hematopoietic stem cells seems to respond to proinflammatory
stimuli and thereby becomes particularly important for the myeloid skewing of
hematopoiesis [90]. This study also suggests that young and aged long-term hematopoi-
etic stem cells respond differently to inflammatory stress, such that the aged cells show
a myeloid-biased gene expression initiated by several transcription factors, including
Klf5, Ikzf1 and Stat3 [90].

These observations, together with the increased levels of proinflammatory cytokines
in many elderly individuals (see Section 6), strongly suggest that there is an association
between the induction of an acute-phase reaction and the development of anemia in aging.

Aging-dependent alterations in normal hematopoiesis are caused by the overall effect
of a wide range of factors both in hematopoietic cells and in their supporting stromal
cells. There is a complex crosstalk between hematopoietic and stromal cells as well as
between various stromal cell subsets; this communication is altered in aging. Our present
description of the effects of aging on hematopoiesis is definitely not complete, and for
more detailed discussion and additional references we refer to recent excellent reviews
[12–20,60]. However, our review shows that aging of hematopoiesis is a multifactorial
process involving both immunocompetent cells and the regulation of inflammation.

2.6. Aging and Leukemic Hematopoiesis: Acute Myeloid Leukemia as an Example

Hematological malignancies are most common in elderly individuals, e.g., acute
myeloid leukemia (AML) has a median age at the time of first diagnosis of 65–70 years [92,93].
As outlined above (Section 2.2), clonal hematopoiesis can be detected in elderly individ-
uals and can be regarded as a part of the aging process. The biological characteristics of
hematological malignancies seem to be determined not only by cancer-associated genetic
abnormalities alone but also by the biological characteristics of the aging process that are
transferred from normal to leukemic hematopoietic cells, and the experience with AML
suggests that aging is associated with chemoresistance. First, favorable genetic abnormalities
are less common in elderly individuals [92,93]. Second, a larger subset of elderly patients
has high-risk secondary AML following previous chemotherapy or hematological disease
(i.e., MDS, chronic myeloproliferative neoplasia) [92,93]. Third, the biology of AML cells
from elderly individuals seems to differ from that of AML cells in younger patients even
when the cells have similar AML-associated genetic abnormalities [94]. Thus, aging not only
influences the risk but also the biological characteristics of AML; the same may also be true
for other malignancies.

3. Anemia in Elderly Individuals

3.1. Definition of Anemi

The level of hemoglobin varies considerably between healthy individuals and depends
on age as well as gender; despite these variations, the level in each individual is relatively
stable [95]. The World Health Organization (WHO) definition of anemia is <13.0 g/100 mL
for men and <12.0 g/100 mL for non-pregnant women (Table 3) [95]. However, whether this
definition is optimal has been a topic of discussion [95,96]. Some scientists have suggested
that higher levels should be used; this is supported by a Swedish epidemiological study
that used different limits/definitions in analyses of the data [97]. These authors observed
an association between anemia according to the WHO definition and increased mortality
(hazard ratio 2.16), but excess mortality was also observed at higher hemoglobin levels.
Another study described that the severity of anemia was predictive for the underlying
cause [98]: mild anemia was more frequently caused by chronic disease whereas severe
anemia was more common with iron deficiency. These observations illustrate that the results
from scientific studies of anemia can depend on the definition of anemia [95]. Finally, it has
been suggested that the same definition with a hemoglobin level <12.0 g/100 mL should
be used both for men and women (Table 3) [99].
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Table 3. Definition and prevalence of anemia: alternative definitions and the prevalence of anemia in
subsets of elderly individuals.

Definitions of Anemia [95,96,99]

Definition Men Definition Women

WHO definition of anemia (Hb) <13 g/dL <12 g/dL
Alternative definitions <12 g/dL <12 g/dL

Decrease in Hb > 2 g/dL Decrease in Hb > 2 g/dL

Prevalence of Hemoglobin Levels in Elderly Individuals [97]
Percent of Individuals Criteria Men Criteria Women

22.0% <14 g/dL <13 g/dL
5.6% <13.2 g/dL <12.2 g/dL
3.8% <13.0 g/dL <12.0 g/dL
0.6% <11.0 g/dL <11 g/dL

Prevalence of Anemia in Various Subsets of Elderly Patients [99–101]
Percent of Individuals Subset of Elderly Individuals

12% Elderly living in private homes
47% Elderly living in nursery homes
40% Elderly admitted to hospital

It is difficult to define an optimal hemoglobin level for elderly individuals, and by
strictly using the WHO definition it is not possible to take into account individual differ-
ences in hemoglobin levels [95]. An alternative strategy is to define anemia based on a
decrease from previously measured hemoglobin levels, e.g., a decrease corresponding to at
least 2 g/100 mL; however, for many individuals/studies it will not be possible to compare
present and previous measurements.

Taken together, the observations referred to above illustrate the importance of clearly
stating the definition of anemia used in clinical studies. The use of the WHO definition
is important to allow comparisons between different studies, but additional analyses
using/comparing different definitions may also be useful [97,98].

3.2. Anemia Is Common but Severe Anemia Is Uncommon in Elderly Individuals

Several previous studies have shown that anemia is common among elderly individ-
uals in developed countries. A recent Swedish population-based study included 30,447
individuals between 44 and 73 years of age [97]. This study compared the WHO defini-
tion of anemia with alternative definitions for men/women, i.e., <14.0/<13.0 g/100 mL,
<13.2/<12.2 g/100 mL, <13.0/<12.0 g/100 mL (i.e., the WHO definition) and <11.0 g/100 mL.
These results are summarized in Table 3, and it can be seen that even though anemia is
common in elderly individuals severe anemia (i.e., Hb < 11.0 g/dL) is uncommon. How-
ever, one should emphasize that this study included many relatively young individuals
that had a relatively low mortality compared with the general population. Despite this,
the results illustrate how the prevalence of anemia is highly dependent on its definition;
moderate anemia is quite common whereas severe anemia is uncommon.

Other studies have demonstrated that the prevalence of anemia depends on the study
population. The prevalence according to the WHO definition for elderly patients above
65 years of age is 12% for individuals living in their private homes, whereas nearly half
of elderly nursing home residents and elderly patients admitted to hospital are anemic
(Table 3) [99–101]. Some studies also describe that anemia seems to be more common
for male (52%) than for female residents (32%) [100]. Finally, the prevalence of anemia
also depends on age [99,101]: a previous study described that 11.0% of men and 10.2% of
women 65 years or older were anemic, but that the prevalence of anemia rose rapidly to
more than 20% at 85 years of age or older [95,99].
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3.3. Causes of Anemia in Elderly Individuals

The cause of anemia in elderly individuals was investigated in a prospective American
study that included 190 patients above 65 years of age [102]. All the patients were referred to
hematological out-patient wards and diagnosed with anemia according to the WHO criteria.
They all lived at home without help, and the exclusion criteria were known hematological
disease, expected survival <3 months and renal failure requiring dialysis. These individuals
were compared with a matched control group without anemia. All participants were
interviewed and a clinical examination was performed as was a blood sample examination,
including peripheral blood cell counts, examination for iron deficiency and levels of folic
acid, cobalamin, thyroid-stimulating hormone, erythropoietin and creatinine, with an
estimation of the glomerular filtration rate. For most individuals protein electrophoresis
(performed for 86% of the patients) and microscopy of peripheral blood smears were
performed, whereas bone marrow examination was performed only for a minority. If an
individual had more than one cause of anemia they were classified according to the main
cause. The following observations were made:

• Six percent of the patients were diagnosed with a hematological malignancy, the most
common being myelodysplastic syndrome (MDS), which was the suspected cause for
16% of the patients.

• Eleven percent had a non-hematological malignancy.
• Twelve percent had iron deficiency, but only a minority of these patients had microcytic

anemia and for many patients the hemoglobin level did not normalize in response
to iron supplementation. Iron deficiency was thus a possible contributing cause of
anemia for many of these patients

• Renal failure was the cause of anemia for 4% of the patients.
• Long-lasting inflammation was the cause for 6% of the patients.
• Anemic patients and controls did not differ with regard to pharmacotherapy.
• For 35% of the individuals the cause of their anemia was not found. None of these

individuals had hemoglobin levels below 9 g/dL (i.e., they probably did not require
regular erythrocyte transfusions) and there was no association with ethnicity, age or
sex. However, many of these patients had increased erythrocyte sedimentation rates
and ferritin levels, i.e., they had systemic signs of an acute-phase reaction.

Many elderly individuals with anemia are probably handled by general practitioners
without a diagnostic follow-up at a hematological out-patient ward, and the present patient
population therefore represents a selected group compared with the general population of
elderly individuals. A relatively large group of these elderly patients are characterized by
an unknown cause of anemia, a moderate decrease in the hemoglobin level and systemic
signs of inflammation. The cause of anemia in elderly individuals has also been investigated
in other studies [99,102,103], and the overall results show that a relatively large number of
elderly patients with anemia has an unknown cause after a limited evaluation based on
clinical examination and blood samples (Table 4).

Table 4. Causes of anemia in elderly patients, a summary of the results from selected previous studies
[98,99,102,103]. For a detailed discussion with additional references see Sections 3.5 and 3.6.

Cause of Anemia Percent of Patients

Total fraction: malnutrition, specific deficiencies 20%
Folic acid/cobalamin deficiency 12–15%

Iron deficiency 20%
Renal failure 8–10%

Other chronic diseases, including inflammatory diseases 20%
Renal failure combined with another chronic disease <5%

Multiple etiologies 20%
Unknown cause of anemia 30–35%
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What are the possible causes of anemia for the large group of patients with anemia of
an unknown cause? First, one possibility is low-risk MDS with moderate anemia as the only
sign of the disease; these variants of MDS can be difficult to diagnose even after repeated
examinations. Many of these patients have macrocytic anemia, and the relatively short
survival of anemia patients with increased mean corpuscular volume (MCV) in a large
population study is consistent with this hypothesis; in this study, macrocytic anemia was
rare and associated with a higher mortality than normocytic and microcytic anemia [97].
Second, pharmacotherapy may also be a possible cause, e.g., renin–angiotensin inhibitors
are commonly used in patients with cardiovascular disease and can be associated with
anemia [104]. Third, inflammation/inflammaging may be the cause of anemia in these
patients [102,105]. In a previous study only including individuals above 65 years of age,
it was observed that (independent of age, sex and hemoglobin) the number of elevated
proinflammatory markers (CRP, IL6, IL1β and TNFα) was associated with progressively
higher erythropoietin levels in nonanemic individuals but with decreased erythropoietin in
anemic participants [105]. These last observations were consistent across different causes of
anemia, and the hemoglobin threshold at which the association between inflammation and
erythropoietin reversed was approximately hemoglobin 13.0 g/100 mL. These observations
suggest that inflammaging (i.e., all individuals were above 65 years of age) is associated
with a pre-anemic stage of high erythropoietin followed by a decrease in erythropoietin and
the development of anemia. To conclude, in our opinion the large group of elderly with
anemia of an unknown cause is most likely a heterogeneous group where the anemia can be
caused by preleukemic MDS, pharmacotherapy, inflammaging and probably other causes.

3.4. The Diagnostic Evaluation of Anemia in Elderly Patients

The large group of individuals with an unknown cause of anemia reflects that the
diagnostic evaluation was limited in these previous epidemiological studies. A recent
review has suggested that the initial laboratory evaluation of anemic elderly patients
should include the samples listed in Table 5 [106]. This list is more extensive than the
evaluation used in previous epidemiological/clinical studies, and one would therefore
expect the group of patients with unexplained anemia to decrease if this diagnostic strategy
is used. In our opinion this is a reasonable diagnostic compromise.

Table 5. Suggested initial laboratory evaluation of elderly patients with anemia [106].

Type of Marker Recommended Single Analyses (Peripheral Blood)

Peripheral blood cells
Hemoglobin, MCV, MCH, differential blood cell count,

reticulocyte count, reticulocyte hemoglobin
and erythropoietin

Nutritional status Vitamin B12, serum folate, transferrin saturation and ferritin

Hemolysis Lactate dehydrogenase, haptoglobin and bilirubin

Organ markers Creatinine and glomerular filtration rate
Alanine aminotransferase and aspartate aminotransferase

Markers of inflammation C-reactive protein

Others Serum electrophoresis and thyrotropin-releasing hormone

The difficult question is how extensive the additional diagnostic evaluation should be
if the cause of the anemia is still unknown after this initial examination. First, this group
may include patients with androgen deficiency [107,108], vitamin D deficiency [109] or
altered erythropoietin homeostasis [105,108,110]. Second, an additional evaluation may
become necessary to establish the diagnosis of early vitamin B12 or folic acid deficiency.
Third, the initial laboratory evaluation may suggest gastro-/colonoscopy or an ultrasound
examination of the abdomen/kidneys. Finally, in our opinion the most difficult question is
whether a more extensive bone marrow examination is justified, i.e., bone marrow aspi-
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ration, bone marrow biopsy, cytogenetic analysis and/or molecular genetic analyses. As
will be discussed later, anemia was associated with increased mortality in the prospective
NHANES III study, and 17% of the anemic patients in this study had features suggesting
MDS or another myeloproliferative disease (e.g., unexplained MCV increase, additional
cytopenia) [99]. An Israeli study described that 15% of cognitively impaired hospitalized
patients with unexplained cytopenia had evidence of MDS [111], an American study de-
scribed that mutations could be detected for 40% of patients with idiopathic cytopenia
of uncertain significance when using a 22-gene mutation panel [112] and a British study
described a high percentage of MDS-associated mutations in patients with nondiagnostic
marrow biopsies [113]. Molecular genetic analyses are now available and in a recent review
the authors concluded that clinical testing for mutations in hematopoietic cells is reasonable
in cases of unexplained anemia of older patients, especially if additional cytopenias are
present [114]. Other authors have suggested that bone marrow evaluation should only be
considered for patients with an expected survival of at least three months [106]. In our
opinion the best justified recommendation is that a bone marrow evaluation (including
mutational analyses) should be considered for individual patients after a careful evalu-
ation that includes the burden of the procedure, possible therapeutic consequences, life
expectancy and the burden of the anemia.

3.5. Anemia as a Prognostic Parameter in Community-Living Elderly Individuals

As described in detail in Table 6, anemia is common for elderly individuals (ap-
proximately 10% of persons above 65 years of age) and the incidence rate increases with
increasing age, but severe anemia with Hb below 11 g/100mL is seen only for 2% or less of
individuals depending on the study population (Tables 2, 5 and 6) [97–99,115–127]. The
incidence of anemia seems to depend on race and is higher in black Americans [99,116].
The hemoglobin level associated with increased mortality also seems to depend on race: for
white non-Hispanic Americans hemoglobin levels below the WHO cut-off is associated with
increased mortality, whereas the mortality is increased for black American and Mexican
Americans with levels lower than 1 g/100 mL below the WHO cut-off [116]. Below these
cut-off points a five-year survival of 40–45% was observed, whereas individuals without
anemia had a survival exceeding 80% [116]. Finally, the association between anemia and
increased mortality as well as hospitalization is also observed when only including patients
without prevalent disease in the studies [117].

Several prospective studies have demonstrated significant clinical effects of anemia:

• Anemia has a negative impact on survival, but this impact seems to differ between
subtypes based on the relative risk in the order nutritional > chronic kidney disease >
inflammation > unknown cause [118–120].

• Mild anemia is also associated with reduced physical performance, muscle strength,
cognition and quality of life [117,127].

• Anemia is associated with an increased risk of depressive symptoms [128].
• Anemia with chronic inflammation is associated with autoimmune disease but also

with cancer [115].

Thus, elderly anemic patients often have complex clinical problems that have to be
considered when evaluation and possible treatment of the anemia is considered.
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Table 6. Anemia in elderly community-living individuals, a summary of results from representative
and important population studies describing the frequency of anemia and mortality in anemic
individuals [98,99,116–120].

Study Population and Methodology Observation

Schop et al.
[98]

The study included 4152 individuals
from the general population above

50 years of age (median age: 75). Newly
diagnosed anemia.

After an extensive evaluation in general practice the cause
was unclear for 20%, one cause was seen for 59% and
multiple etiologies for 22%. The most common single

etiologies were anemia of chronic disease and iron
deficiency. The frequency of patients with renal anemia

increased with age.

Patel et al.
[116]

The study included 4089 Americans
above 65 years of age.

For non-Hispanic white Americans the mortality
increased with the degree of anemia, and the anemia

threshold for increased mortality corresponded to 0.4 and
0.2 g/100 mL above the WHO definition of anemia (see

Table 2). For black Americans the threshold for increased
mortality was 0.7 g/100 mL below the WHO definition.

Guralnik et al.
[99]

A population-based study including
39,695 individuals, 5252 of them being

older than 65.

Anemia prevalence rates increased after 50 years of age.
For individuals ≥65 years of age 11.0% of men and 10.2%
of women were anemic, and 20% of individuals ≥85 years

of age were anemic.
Nutrient deficiency was present in one-third, one-third
had renal and/or chronic inflammatory anemia and the
anemia was unexplained for one-third. Hb levels <11.0

were observed for 1.6% of men and 2.8% of women.
Anemia was most frequent in elderly black people (27.8%)

and less frequent in Mexican Americans (10.4%) and
white non-Hispanics (9.0%).

Penninx et al.
[117]

The study included 3607 individuals
aged 71 or older, with a mean age of 78.2.

Anemia according to the WHO criteria was observed for
12.5%. The mortality was significantly higher for anemic
participants (37.0% vs. 22.1%, p < 0.001) and they were
hospitalized more frequently and spent more days in
hospital. These differences remained significant after

excluding persons with prevalent disease.

Shavelle et al.
[118]

The study included 7171
community-dwelling individuals (aged

≥ 50), 862 of whom were anemic
according to the WHO definition.

Significant negative impact of anemia on overall survival
with relative risk 1.8 (p < 0.001). Relative risk

depended on cause:
(i) nutritional (2.34, p < 0.0001); (ii) chronic renal disease

(1.70, p < 0.0001); (iii) chronic inflammation (1.48,
p < 0.0001); and (iv) unexplained (1.26, p < 0.01).

Zakai et al. [119]

The development of anemia was
evaluated for 3758 community-dwelling

individuals aged 65 or older without
anemia at inclusion.

Of the individuals, 498 (8.5%) developed anemia
according to the WHO criteria. Baseline increasing age,
being African American and kidney disease predicted

anemia development over 3 years. Both anemia
development and hemoglobin decline predicted

subsequent mortality in men and women.

den Enzen
[120]

A population-based study of
562 individuals aged 85.

The prevalence of anemia at baseline was 26.7%, and
anemic individuals had more comorbidity with more

disabilities, worse cognitive function and more depressive
symptoms. Both prevalent and incident anemia was

significantly associated with survival in adjusted analyses,
including adjustment for C-reactive protein. Mortality

increased with severity of anemia.

3.6. Anemia as a Prognostic Parameter in Nursing Home Residents

Anemia is more common among elderly nursing home residents than in community-
living elderly individuals; this has been demonstrated in several studies from different
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countries, including those representative studies summarized in Table 7 [100,121–126].
Several studies have shown that more than 50% of residents have anemia according to
the WHO definition [95]. The most important causes of anemia in these patients are
nutritional factors, renal failure and chronic inflammation (Table 4), and anemia becomes
more frequent with increasing age [98,99,126]. This is similar to community-living elderly
(see Tables 6 and 7). A large subset of the anemic patients has an unknown cause after
the initial routine evaluation based on clinical examination and blood sample analyses
(Table 4), and hematological malignancies were not found to be a frequent cause of anemia
in elderly patients in any of the studies described in Table 7. Furthermore, it should be
emphasized that anemia is frequently multifactorial [129].

Table 7. Anemia in elderly nursing home residents, a summary of results from representative and
important population studies [99,121–126].

Study Population and Methodology Observation

Chan et al.
[121]

Retrospective, cross-sectional study at
nine Chinese nursing homes

(812 residents, mean age of 86 years).

A total of 67% were anemic, and the anemic residents were
older and had a higher incidence of renal impairment; no

significant associations with other comorbidities
were observed.

Resnick et al.
[122]

Including 451 residents, mean age of
83.7 years.

Anemia was more common among black than white residents;
physical capacity was worse in anemic patients.

Westerlind et al. [100]

Including 390 patients (mean age
85.1 years), follow-up 7 years from

baseline including Hb for
220 patients.

Prevalence of anemia at baseline was 52% for men and 32%
for women. Two-year mortality was 61% for men with and
29% for men without anemia (p = 0.001), but for women no

significant difference was observed (49% vs. 43%).
Increased mortality in anemic men was independent of age,

BNP and eGFR. Among men, anemia correlated with
BNP/eGFR/CRP; for women, anemia correlated with several
inflammatory markers including CRP. Anemic men were less

physically active.
Reduction in Hb with more than 0.9 g/100 mL during the first
2 years of follow-up was associated with increased mortality.

Pandya et al.
[124]

Including 564 residents, mean age of
81 years.

In this study, 64% of males and 53% of females were anemic.
Anemia was significantly associated with being African

American, low eGFR, cancer, gastrointestinal bleeding and
inflammatory disease,

Landi et al.
[125]

Including 372 residents admitted to
nursing home, aged 65 years or older.

At enrolment 63.1% of patients were anemic according to the
WHO criteria. The death rate of anemic patients (38%) was

higher than for nonanemic patients (28%, p = 0.03). This
difference was independent of frailty, cognitive impairment,
eGFR, cancer, stroke, body mass index and pressure ulcer.

Robinson et al. [126] Evaluated 6200 residents, mean age of
83.2 years.

Of the residents, 59.6% were anemic. Older age was
associated with lower hemoglobin in patients without kidney

disease. However, for the whole study population chronic
kidney disease seemed to contribute more strongly to the

development of anemia than high age.

Abbreviations: BNP, B-type natriuretic peptide; CRP, C-reactive protein; and eGFR, estimated glomerular filtra-
tion rate.

Some studies suggest that the frequency of anemia also differs between men and
women for nursing home residents [100,123]. Furthermore, anemia is also dependent on
race, and several studies have described higher frequencies in black residents [122,124].
Finally, several studies have described an association between anemia and survival, and
the more severe the anemia the stronger the prognostic impact [100,125]. Some studies also
suggest that this association is strongest for men [100].

Anemia seems to be a part of a more complex clinical situation with reduced function
for these patients. First, even mild anemia and low normal levels are often associated with
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lower muscle strength, physical function and mobility [129]. Patients with anemia below
11 g/100 mL also have significantly decreased scores for activities of daily life and quality
of life [130]. Second, even though at least one study has shown no associations between
anemia and decreases for community-living elderly individuals [131], such an association
has been observed for nursing home residents [132,133]. Third, frailty has been defined
as a medical syndrome characterized by decreased physiological reserve and increased
vulnerability, and frailty seems to be a predictor for nursing home placement of elderly
community-dwelling individuals [134]. Anemia may therefore be only a part of a complex
physiological reduction. Finally, being underweight is also a risk factor (in addition to
anemia?) for mortality in elderly nursing home residents [135], and anemia is important for
the quality of life of cancer patients [136]. Taken together, these studies show that anemia
will often be a part of a complex clinical situation for elderly individuals, including other
factors that are also associated with mortality.

4. Causes of Mortality in Elderly Individuals with Anemia

Anemia in the elderly is very heterogeneous with regard to its etiology, and it is
therefore not surprising that different causes contribute to the increased mortality.

4.1. Increased Mortality from Stroke

The impact of anemia on the mortality of patients with stroke was addressed in a
recent meta-analysis based on 13 cohort studies including 19,239 patients [137]. Anemia
was associated with an increased risk of mortality in stroke. This prognostic impact of
anemia is possibly seen for patients with less severe stroke in particular [138]. However,
the large meta-analysis was based on studies that also included younger patients, whereas
the registry study by Barlas et al. [139] included 8013 patients with a mean age of 77.8 years.
In this last study anemia was present at admission in 24.5% of the patients, and increased
mortality was observed both for men and women with ischemic stroke. A more recent
study by Barlas et al. [140] suggested that microcytic and normocytic anemia differed with
regard to mortality and disability after stroke.

4.2. Increased Mortality from Heart Disease: Studies in Patients with Chronic Heart Failure

Several studies have investigated the association between anemia and mortality in
patients with chronic heart failure:

• One study included 6159 outpatients with stable chronic heart failure [141]. The
prevalence of anemia was 17.2% (median age: 69 years for anemic versus 65 years for
nonanemic); after six months 43% of these anemic patients at baseline had normalized
Hb levels, whereas 16% of the nonanemic patients had developed anemia. After a
mean follow-up of 3.9 years the mortality was higher both for patients with persistent
anemia (58% vs. 31%, p < 0.0001) and incident anemia (45% vs. 31%, p < 0.0001)
compared with nonanemic individuals at six months.

• A meta-analysis based on 153,180 heart failure patients included 37.2% anemic pa-
tients [142]; after a follow-up of at least six months the mortality was 46.8% for anemic
and 29.5% for nonanemic patients. Lower baseline Hb was associated with higher
mortality. These observations were also supported by another meta-analysis [143]:
the patients in 10 of the 20 included reports had a mean age above 60 years, and an
association between anemia and more severe heart failure was observed.

• The study by Kosiborod et al. [144] included 2281 patients aged 65 years or older with
heart failure. This study showed that elderly patients with heart failure and anemia
had higher one-year mortality.

To conclude, anemia is associated with increased mortality for patients with heart
failure, including elderly patients.
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4.3. Nutritional Defects and the Role of Iron Deficiency in Patients with Heart Failure

The possible role of iron deficiency alone in heart failure has been investigated in
several studies [145]. By using a multivariable hazard model, iron deficiency, but not
anemia, was found to be a strong and independent predictor of mortality in a study of
1506 patients with chronic heart failure [146]. These authors defined iron deficiency as
ferritin <100 μg/L or ferritin 100–299 μg/L together with a transferrin saturation of <20%,
and this was present for 753 patients. Thus, iron deficiency was common, was associated
with the severity of heart failure and was an independent prognostic marker. The possible
importance of iron deficiency is also supported by two recent clinical studies describing
a reduced rehospitalization rate after iron supplementation for patients with heart fail-
ure [147,148], but none of these studies could detect any effect of iron supplementation on
survival. A third study could not detect any effect of iron supplementation on physical
capacity either [149]. Thus, the overall results suggest that iron supplementation has only a
limited effect on patients with heart failure and iron deficiency, whereas the association
between anemia and mortality has been detected in several large studies.

A previous study could not detect any association between vitamin B12 or folate
deficiency and mortality for patients with chronic heart failure [150].

4.4. Anemia in Patients with Cancer

Anemia is a common symptom of cancer, and 20–60% of patients with cancer have
anemia at their initial diagnosis [151]. This is often referred to as the anemia of cancer,
but it should be emphasized that anemia in cancer patients can be multifactorial and that
possible additional contributing factors can be nutrition, inflammation, bleeding with iron
deficiency or extensive bone marrow infiltration of malignant cells [151,152]. Although
very few epidemiological studies of anemia in elderly patients have investigated how
undiagnosed malignant disease contributes to the increased mortality of these patients,
this is suggested by several observations. First, a Korean study of 10,114 elderly and
apparently healthy individuals (mean age of 64 years) described an increased risk in all-
cause mortality and cancer-related mortality (especially lung cancer) in men but not in
women [153]. Second, a recent population-based cohort study including 138,670 individuals
aged 18–93 years investigated the impact of anemia on survival [154]. An association
between anemia and survival was observed especially for elderly patients (i.e., above
80 years of age). This adverse effect on survival was associated with both anemia and
signs of chronic inflammation, whereas the survival was higher for patients with nutrient
deficiencies and anemia of an unknown cause. As will be discussed below, the anemia
of cancer is associated with inflammation. Third, unexplained anemia can be the first
sign of low-risk MDS, but small studies including relevant diagnostic procedures have
concluded that MDS could be diagnosed only for a small minority (i.e., less than 15%) of
patients with unexplained anemia after a limited non-invasive evaluation [155]. Finally,
iron deficiency can also be associated with bleeding from an undiagnosed gastrointestinal
tumor, and this is one of the reasons why upper and lower gastrointestinal endoscopy
have been recommended for patients with unexplained iron deficiency anemia [156]. This
clinical strategy is also supported by clinical experience showing that even elderly patients
with recurrent iron deficiency anemia may have a cause of iron deficiency anemia that can
be treated [157,158]. Taken together, these observations strongly suggest that undiagnosed
malignancy can be a cause of anemia in elderly individuals, and that these cancer patients
can hide among patients with iron deficiency, anemia with chronic inflammation and
anemia with an unknown cause after a limited noninvasive diagnostic evaluation.

Anemia is a common symptom of cancer and is often referred to as the anemia of
cancer [151]. The cytokine-induced inhibition of erythropoiesis is regarded as an important
mechanism for the development of anemia in cancer patients, TNFα in particular but
also other inflammatory regulators, including IL1β, IL6, IL10 and IFNγ, probably con-
tribute [151,159]. As discussed in previous reviews, these mediators have direct inhibitory
effects on erythroid progenitors; the mechanisms differ between the various cytokines and
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include the inhibition of proliferation and differentiation, the downregulation of erythro-
poietin receptors and the induction of apoptosis through the Fas pathway [151]. However,
proinflammatory cytokines may also have indirect effects on erythropoiesis, including the
inhibition of renal erythropoietin production and the production of hepcidin leading to
iron retention in macrophages and decreased dietary iron absorption [151,159]. Finally, un-
common causes that contribute to anemia in cancer can be (i) immune-mediated hemolytic
anemia as a paraneoplastic disease, (ii) microangiopathic anemia caused by extensive can-
cer metastases with pathological microvessels in the tumor, (iii) microangiopathy caused by
cancer-associated thrombotic thrombocytopenic purpura, (iv) hemolytic uremic syndrome
or (v) anemia as a part of cancer-associated coagulopathy with disseminated intravascular
coagulation [151].

Anemia and/or blood transfusions can be adverse prognostic parameters in patients
with cancer [151,160]. Preoperative anemia can be an independent risk factor associated
with both survival and relapse risk in cancer patients [161,162].

The treatment of cancer-associated anemia is outside the scope of this article, but it
has been addressed in several recent articles [152,163].

4.5. Increased Mortality of Anemic Patients after Surgery

A large meta-analysis investigated the association between preoperative anemia and
mortality after surgery [164]. This analysis included not only studies of elderly patients:
24 eligible studies were identified and these studies included 959,445 patients, of which
371,594 patients were anemic. Anemia was then associated with increased mortality (odds
ratio of 2.90/p-value < 0.001), acute kidney injury (3.75/<0.001) and infection (1.92/00.01).
These findings were similar for the cardiac and non-cardiac surgery patients, but anemia
was also associated with stroke for the cardiac surgery patients. Thirteen of these studies
used the WHO definition of anemia, and the association between anemia and postsurgery
mortality remained when the analysis was restricted to these patients. It seems justified to
conclude that presurgery anemia reflects a more complex clinical situation associated with
increased postsurgery mortality.

We have identified four studies investigating the postoperative mortality for elderly
patients. First, one study based on a national prospective database included 31,857 elderly
patients above 65 years of age undergoing an elective vascular operation [165]. Forty-
seven percent of these patients had anemia, and the anemic patients had increased 30 days
postoperative mortality (2.4% versus 1.2%, p < 0.0001) and cardiac event rate (2.3% versus
1.2%, p < 0.0001) compared with the nonanemic patients. The mortality was highest for
the patients with severe anemia. Second, another study included 310,311 patients aged
65 years or older who underwent major noncardiac surgery [166]. This study also observed
an increased mortality associated with anemia. Finally, a large study investigated the
association between anemia at presentation and postoperative mortality for elderly patients
with a mean age of 79.2 years [167]. At presentation, 65% of these patients were anemic, and
anemia was then associated with an increased odds ratio for mortality (1.3/p = 0.004); there
was no significant association between anemia and myocardial infarction or cerebrovascular
events. Anemia seems to be an indicator of poor general health and thereby increased
mortality after surgery for many elderly patients [168].

4.6. Summarizing Comments: Anemia, Inflammation and Mortality

Anemia is common in elderly individuals, and the increased mortality in elderly
patients with anemia is multifactorial. Although anemia and inflammation are present
together in many patients, several studies suggest that anemia has an effect on mortality
that is independent of the concomitant inflammation. An adverse prognosis due to common
disorders and comorbidities (including cardiovascular disease and cancer) seems to be
most important and definitely more important than an increased frequency of uncommon
diseases (e.g., hematological malignancies).
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5. Inflammation in Aging

5.1. CRP as a Marker of Inflammation: Its Structure and Function

CRP is an acute-phase protein and is used as a marker of inflammation both in
epidemiological studies and in routine clinical practice [169]. As described in several
previous reviews, CRP exists in several isoforms [170–176]. It is synthesized as monomers;
the pentamer is thereafter formed in the endoplasmic reticulum where it is also stored and
from where it is released slowly during the non-inflammatory baseline situation. Thus,
native CRP is a pentameric protein, but it can also be detected extracellularly as a monomer
(206 amino acids and a molecular weight of 23 kDa) formed by the irreversible dissociation
of the released pentameters. The pentamer is rapidly released in response to increased
levels of proinflammatory cytokines. Finally, CRP can also form fibril-like structures,
decamers and possibly trimers as well as tetramers; various CRP peptides can also mediate
biological effects [177].

The acute-phase reaction is characterized by an acute increase in the systemic (i.e., serum/
plasma) levels of several proteins in response to inflammation, infection or tissue injury [86].
However, it can also be seen in chronic diseases or be a chronic or long-lasting response [169].
The reaction is regarded as a response that is induced by cytokines produced at inflammatory
sites; IL6 is then an important stimulator together with other members of the IL6 family, IL1β,
TNFα, IFNγ, TGFβ and IL8/CXCL8 [86]. Several of these cytokines/chemokines are involved
in the regulation of CRP gene expression, including TNFα, IL6, IL8/CXCL8 and CCL2 [169].
Thus, even though CRP is only one out of several acute-phase proteins, it should be regarded
as an immunoregulator that reflects and integrates intercellular signaling mediated by several
proinflammatory mediators.

The release and immunoregulatory functions of CRP have also been described in previ-
ous reviews [86,169]. Briefly, the native CRP isoform is mainly released by hepatocytes but
can also be released by smooth muscle cells, macrophages, endothelial cells, lymphocytes
and adipocytes. Its biological effects include [86,169,178–181]:

• Monocytes/macrophages: These cells can be polarized by CRP towards the proinflam-
matory M1 phenotype with increased phagocytosis and cytokine release, inhibited
chemotaxis and altered metabolism with increased LDL uptake.

• Dendritic cells: CRP seems to be an important regulator of dendritic cell functions and
can activate monocyte-derived dendritic cells [178–180].

• T cells: Indirect stimulation/modulation of T cell activation through the effects on
dendritic cells [179,180].

• Neutrophils: The functional CRP effects depend on the biological context and can be
decreased activation, inhibition ofchemotaxis and/or stimulated phagocytosis [181].

• Endothelial cell activation.
• Thrombocytes: Inhibition of activation, trafficking and aggregation.
• Complement activation.

To conclude, CRP is a common target that integrates information from several up-
stream events/immunoregulators, but at the same time CRP itself is an important im-
munoregulator that influences the function of several immunocompetent cells. CRP should
therefore be regarded as a key point in the network of soluble immunoregulators.

5.2. Inflammaging and Systemic CRP Levels in Elderly Patients

Aging is associated with the accumulation in many tissues of senescent cells with
a secretory phenotype; these cells can release proinflammatory cytokines, chemokines
and other mediators that modulate their microenvironments [46,182]. Animal models
suggest that this increased release is associated with the increased activation of JAK-
STAT pathways [183]. This chronic state of low-grade inflammation also seems to be
reflected in the increased systemic levels of several proinflammatory cytokines/markers,
including IL1β, IL1Rα, IL6, TNFα and IFNγ [184,185]. These mediators may then influence
various physiological systems and contribute to the complex process of aging and the
clinical situation of many elderly people, including altered hematopoiesis and neurological
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functions [186]. This process is often referred to as inflammaging [187]. These mediators are
also initiators and drivers of the acute-phase reaction [169], and these effects may therefore
at least partly explain why systemic CRP levels should be regarded to reflect the process of
inflammaging. Inflammaging is probably caused by age-dependent functional alterations
in various immunocompetent cell types, including both the innate and adaptive immune
system [186,188].

The process of inflammaging is not necessarily associated with disease development.
We recently investigated the CRP levels in a group of 85 healthy allogeneic stem cell
donors [189]. After a careful evaluation none of these donors showed any signs of disease,
and they were all regarded as acceptable stem cell donors. However, a subset of these
stem cell donors showed increased CRP levels, and these increased levels were observed
especially for elderly donors. The CRP levels of this donor subgroup were further increased
by stem cell mobilization by G-CSF, and our studies suggest that IL6 and possibly other
members of the IL6 family can influence this systemic low-grade inflammation associated
with aging.

5.3. Inflammation-Induced Modulation of the Hematopoietic Stem Cell Niche

The various hematopoiesis-supporting stromal cells of the stem cell niches express a
wide range of cytokine/chemokine receptors as well as pattern recognition receptors [190].
These receptors recognize ligands that are generated locally or systemically; their cel-
lular functions can thereby be modulated and a new or second wave of mediators re-
leased locally in response to a systemic response/reaction. This second wave also in-
cludes prostaglandins and enzymes, e.g., prostaglandin E2 and nitric oxide synthase [191].
These locally released mediators may thereafter modulate the trafficking of hematopoi-
etic/immunocompetent/immunomodulatory cells to the bone marrow [192,193]. Another
example is the endothelial cells: these cells express multiple pattern-recognizing receptors,
and the stimulation of Toll-like receptor 4 induces G-CSF release whereas proinflamma-
tory cytokines (including IL6 released by MSCs) stimulate the release of GM-CSF by
endothelial cells and modulate the endothelial cell responsiveness to proinflammatory
cytokines [190,194–197]. The endothelial cells thus contribute to the translation of proin-
flammatory signals into the regulation of hematopoiesis. Finally, cell–cell contact through
adhesion molecules or membrane-expressed ligands that induce intracellular signaling are
also involved in this translation [190,196]. A complete review of the molecular mechanisms
between these stromal cells as well as between stromal and hematopoietic cells is beyond
the scope of this review, but our examples clearly show that inflammation affects the
functional phenotype of various stromal cells in the stem cell niches and thereby indirectly
modulate hematopoiesis.

5.4. Inflammation, Aging, Disease and Mortality

Several studies suggest that inflammation (i.e., increased CRP and/or cytokine levels)
is associated with an increased risk of future cardiovascular events [198–203]; as discussed
in detail in a previous review, this is also true for elderly patients above 65 years of age
(Table 8) [204]. First, Tracy et al. [198] described an association between high CRP levels and
future coronary heart disease: this association was seen especially for women with subclini-
cal cardiovascular disease who had a cardiovascular event within one year. The association
was also significant when analyzing myocardial infarction alone. Second, the two studies
by Cesari et al. [199,200] also described significant associations between cardiovascular
disease and CRP levels, and in addition they described associations between IL6 and TNFα
levels with cardiovascular disease that seemed to be stronger than the association with CRP.
However, another study concluded that CRP was less useful as a prognostic marker in
elderly individuals; the associations between CRP and cardiovascular health did not reach
significance after adjustment for several other cardiovascular risk factors, and there was no
statistical evidence for a gender interaction either [204]. Other authors have described an
association between inflammation and cardiovascular events also when using a composite
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indicator of inflammation [205]. Third, Makita et al. [201] detected a gender difference with
a significant association between carotid plaque score and high CRP levels only for men.
Finally, even though CRP may not be an independent risk factor, it seems to be a part of a
clinical high-risk inflammatory phenotype with complex interactions between several risk
factors in elderly individuals, including smoking, diabetes, hypertension, body mass index,
lipid metabolism and inherited differences in the regulation of inflammation [202,205–210].
Gender differences with regard to the impact of CRP have been described only in some
studies, but differences between men and women with regard to the associations between
CRP levels and cardiovascular risk would not be unexpected because associations between
CRP levels and male sex hormone levels have been described [211]. Taken together, these
observations suggest that there is an association between inflammaging/CRP increase and
the risk of clinical cardiovascular disease. However, as concluded by a more recent study,
there may not be a causal association: increased CRP levels seem rather to reflect hidden
inflammatory activity that is strongly associated with all-cause and not only cardiovascular
mortality [212].

Table 8. Inflammation and cardiovascular disease. A summary of observations from important
studies [198–203].

Study and Study Population Observation

Tracy et al. [198].
Prospective, nested case–control study.

There were 5201 persons in the original sample, age ≥ 65. Of
these, 146 cases with incident cardiovascular events were

identified and 146 control subjects were matched (mean age
of 72.8 and 72.9 years, respectively).

The mean CRP level was only significantly higher for case subjects
than for control subjects in women. CRP levels were generally

higher in persons with subclinical disease. Among the elderly with
subclinical disease, CRP was associated with myocardial infarction

with an overall odds ratio (OR) of 2.67 (CI 1.04–6.81), with the
association being stronger for women, with an OR of 4.50 (CI 0.97 to

20.8), than for men, with an OR of 1.75 (CI 0.51 to 5.98).

Cesari et al. [199].
Cross-sectional study including 3045 well-functioning

persons with a mean age of 74.2 years (range of 70–79 years).
Subclinical cardiovascular disease was defined as signs of

angina or claudication according to the Rose Questionnaire,
positive ankle/brachial index or

electrocardiographic abnormalities.

CRP was significantly associated with congestive heart failure, with
an OR of 1.64 (95% CI 1.11 to 2.41), but not with any other

manifestations of cardiovascular disease.
When comparing patients in the highest versus those in the lowest
IL6 tertile, the OR for subclinical cardiovascular disease was 1.58

(95% CI 1.26 to 1.97) and for clinical cardiovascular disease was 2.35
(95% 1.79 to 3.09). This was similar for TNFα, with an OR of 1.48
(95% CI 1.16 to 1.88) and 2.05 (95% CI 1.55 to 2.72), respectively.

Only soluble TNFR1 but not soluble IL6R or soluble IL2R showed a
significant association with cardiovascular disease.

Cesari et al. [200].
Prospective study including

2225 persons with a mean age of 74.0 years (range of
70–79 years). Outcomes were hospitalizations for coronary

heart disease (CHD), stroke or congestive heart
failure (CHF).

CRP was significantly associated only with congestive heart failure.
In contrast, IL6 was significantly associated with all three outcomes,

and TNFα was significantly associated both with coronary heart
disease and congestive heart failure.

The risk of both coronary heart disease and congestive heart failure
was highest for patients with levels in the highest tertile for all three
markers; these patients had a two- to three-fold increase in coronary
disease and heart failure compared with patients with no levels in
the highest tertile. These differences also remained significant in

adjusted analyses.

Makita et al. [201].
Cross-sectional study including 2056 individuals with a

mean age of 58.3 years (range of 25–86 years). All examined
with CRP and carotid ultrasound.

An association between plaque score and increasing CRP levels was
seen only for men (p < 0.01); this association remained significant
after being adjusted for age and other risk factors. Intima–media

complex thickness and arterial dilation showed significant
associations with CRP only in univariate, but not in

adjusted, analyses.
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Table 8. Cont.

Study and Study Population Observation

Hosford-Donovan et al. [202].
Cross-sectional study of

108 elderly women with a mean age of 67.5 years (range of
65–70 years).

Body mass index (BMI), waist circumference, systolic blood
pressure (SBP) and diastolic blood pressure (DBP) were

significantly higher in patients with high CRP above the median
level. SBP and DBP remained significantly higher in the high-CRP

group after adjusting for BMI and use of antihypertensive
medication. The influence of CRP on SBP was attenuated when

adjusted for waist circumference (p = 0.062).
Serum derived from high-CRP patients decreased the proliferation
and the capillary tube length of in vitro cultured endothelial cells.

Labonté et al. [203].
Cross-sectional study of 801 Inuits (mean age of 36.3 years,

range of 18–74 years).

Increased plasma CRP levels >2.0 mg/L were more prevalent
among women. SBP was significantly and independently

associated with increased CRP levels.

Abbreviations: CHD, coronary heart disease; CI, confidence interval; DBP, diastolic blood pressure; IL2R, IL2
receptor; IL6R, IL6 receptor; OR, odds ratio; RR, relative risk; SBP, systolic blood pressure; and TNFR1, TNF
receptor 1.

A recent systematic review of 23 cohort studies analyzed the associations between
blood biomarkers and mortality [213]. These authors included studies with a mean age
between 50 and 75 years at baseline. The meta-analysis of mortality risk showed signifi-
cant associations not only with cardiovascular mortality but also with all-cause mortality
and cancer mortality. Twenty biomarkers showed associations with mortality risk, and
among them were several markers of inflammation/acute-phase reaction, including total
white blood cell count, circulating neutrophil granulocytes, erythrocyte sedimentation rate,
fibrinogen and TNF receptor II.

6. Summarizing Discussion

In this review we have described the biological background and clinical aspects of
anemia and inflammation in elderly individuals. Both anemia and inflammation are
common in the elderly and in our opinion they should be regarded as related, although
only partly overlapping processes, with regard to pathogenesis and prognostic impact.

6.1. Anemia and Aging

Aging is characterized by several cellular hallmarks, including genetic instability,
telomere shortening, loss of proteostasis, deregulated nutritional sensing, mitochondrial
dysfunction, cellular senescence, stem cell exhaustion and altered cellular communica-
tion [2]. These factors will also influence hematopoiesis and hematopoietic stem cells in
elderly individuals. The biological context of anemia as well as inflammation will there-
fore be different from that of younger individuals. The ageing in hematopoiesis seems
to be caused by several mechanisms and complex interactions between aging-associated
alterations in hematopoietic cells (including hematopoietic stem cells) and alterations in
hematopoiesis-supporting bone marrow stromal cells [14,60,78]. The inflammation itself
can also be a part of the aging process, and is then referred to as inflammaging [185,187].
It should also be emphasized that inflammaging occurs in the context of complex age-
associated alterations in the innate and adaptive immune systems [186]. Many of the
disorders that can cause anemia and/or signs of inflammation in elderly individuals are
quite common (Table 3, Section 3.3), but little is known about whether or how the treat-
ment of such diseases should be modified in elderly individuals due to differences in
the biology or pathogenesis of these disorders caused by the effects of the aging of the
involved cells, e.g., aging-associated effects in immunocompetent cells for patients with
autoimmune diseases.
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6.2. Carcinogenesis and Cancer Treatment in Elderly Individuals

Age-associated differences also seem to be reflected in the development and biological
characteristics of malignant diseases in elderly individuals, e.g., hematological malignan-
cies [94]. This has been demonstrated by proteomic studies on favorable prognosis AML
(i.e., favorable genetic abnormalities) where the proteomic profiles differ between elderly
and younger patients with the same cytogenetic abnormalities [96]. In our opinion the
same is probably true for other malignancies: precarcinogenic aging-associated differences
probably remain after carcinogenesis in malignant cells.

Another aspect is the toxicity of anticancer therapies in the elderly. Age-dependent
differences are probably the explanation as to why several forms of anticancer treatment
cannot be used in elderly individuals. Toxic effects and especially hematological toxicity,
often dose-limiting for anticancer treatment [214], as well as immune-related toxicity are
more severe in allogeneic stem cell transplantation both when using elderly stem cell
donors [215–217] and for elderly recipients [218,219]. The same may be true for radiation
therapy, and in our opinion an increased mortality similar to the mortality in orthopedic
surgery [164–166] would also be expected for cancer surgery.

Signs of inflammation and an acute-phase reaction is associated with an adverse
prognosis and decreased survival in many cancer forms [169], but at the same time the
use of various forms of immunostimulatory therapies (e.g., checkpoint inhibitors) has
improved the prognosis/survival for many cancer patients [220]. The explanation for
this apparent discrepancy is possibly that the acute-phase reaction can be associated with
local macrophage infiltration that enhances tumor growth through the release of growth
factors (e.g., the stimulation of local angiogenesis) despite the concomitant induction of a
systemic acute-phase reaction [221], whereas effective anticancer immunotherapy targets
and enhances anticancer T cell responses.

6.3. Inflammation and Anemia

CRP is often used as a sign of inflammation and inflammaging, and cohort studies
have described associations between CRP levels and overall cardiovascular and cancer
mortality. However, it should be emphasized that several mechanisms can induce the acute-
phase reaction, and increased CRP levels can be associated with different soluble mediator
serum/plasma profiles. This last aspect is illustrated by two recent studies on cancer
patients: inflammatory markers are associated with a prognosis in both head and neck
squamous cell carcinoma as well as renal cancer, but the prognostic impact of systemic levels
of individual proinflammatory mediators seem to differ between the two groups [222,223].
In our opinion it will therefore be important to investigate the systemic inflammation-
associated mediator profile and not only the CRP levels to further characterize individual
differences as well as differences in the prognostic impact of inflammaging. The observation
that systemic levels of single proinflammatory cytokines show stronger associations than
CRP levels to cardiovascular health further support this hypothesis [200].

For several reasons anemia in the elderly and inflammaging should be regarded as
related (i.e., events with the same upstream initiator) and/or complicating events with only
overlapping but not identical molecular pathogenic mechanisms. First, patients with signs
of inflammation are regarded as a specific subset of elderly anemia patients (Section 3.3).
Second, proinflammatory cytokine responses involving IL1, TNFα and IL6/IL6 family
members can induce the systemic acute-phase response, and the same cytokines can also
contribute to the aging effect on normal hematopoiesis as well as to the development
of anemia due to a specific cause, e.g., they are important in the development of cancer-
associated anemia (Sections 2.4 and 6.3). Third, a subset of elderly patients with anemia is
characterized by inflammation and increased CRP levels, but it should also be emphasized
that anemia seems to have an impact on survival that is independent of the CRP level [120].
Finally, both anemia and inflammation are associated with the same caused of mortality,
e.g., cardiovascular death and possibly cancer-related mortality (Sections 4 and 5.4).
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In our opinion it seems likely that there is partly an overlap in the biology/pathogenesis
and clinical impact of anemia and inflammaging. However, signs of inflammation in
patients with anemia are not necessarily caused by inflammaging but can alternatively
be caused by a specific disease that initiates two (partly) independent events, e.g., in
malignancies or autoimmune diseases [115]. The association between anemia and in-
flammation seems to be relatively weak, because despite the significant correlations
between CRP and hemoglobin levels in anemic patients [100] the prognostic impact
of anemia seems to be significant even after correcting for CRP [120]. A better under-
standing of the biological/molecular mechanisms behind the prognostic impact of ane-
mia/inflammation/inflammaging will also be a necessary scientific basis when considering
possible therapeutic interventions in patients with anemia and/or inflammation.

6.4. Anemia of an Unknown Cause

Several population-based studies of elderly individuals with anemia describe a rel-
atively large group with anemia of an unknown cause (Table 3). Some previous authors
have emphasized that these patients have been inadequately investigated when taking
into account the diagnostic tools that are now available (see Section 3.3). In our opinion
the word inadequate is misleading: one should rather refer to these patients as having
an unknown cause after a limited diagnostic evaluation. Furthermore, a recent study
suggests that the cause of anemia is unknown for many patients even after a more extensive
laboratory work-up [224]. The extent of the diagnostic evaluation should, in our opinion,
be individualized and based on an overall clinical evaluation. For many elderly patients an
extensive diagnostic evaluation will not have therapeutic or prognostic consequences, and
a limited diagnostic evaluation may therefore be relevant.

7. Conclusions

Aging is associated with the intrinsic (i.e., age-associated alterations of hematopoi-
etic cells, including the stem cells) and extrinsic modulation of hematopoiesis caused
by age-associated alterations of hematopoiesis-supporting bone marrow stromal cells.
Furthermore, aging-associated modulation has also been described for most subsets of
immunocompetent cells. These aging-associated alterations are reflected by the frequent
detection of both anemia and signs of inflammation in elderly individuals. Anemia and in-
flammaging should be regarded as related, as they at least partly reflect the same biological
mechanisms (e.g., increased levels of several proinflammatory mediators). Both anemia and
inflammation are associated with increased mortality: the background for this decreased
survival is probably multifactorial but seems to include increased cardiovascular mortality.
Additional biological characterization of the molecular mechanisms behind anemia and
inflammation is necessary to improve the clinical handling of individual patients, and the
handling of these elderly patients should, in our opinion, be individualized and based on
the overall clinical situation.
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Abstract: Background: Pharmacotherapy in older adults is one of the most challenging aspects of
patient care. Older people are prone to drug-related problems such as adverse effects, ineffectiveness,
underdosage, overdosage, and drug interactions. Anticholinergic medications are associated with
poor outcomes in older patients, and there is no specific intervention strategy for reducing drug
burden from anticholinergic activity medications. Little is known about the effectiveness of current
interventions that may likely improve the anticholinergic prescribing practice in older adults. Aims:
This review seeks to document all types of interventions aiming to reduce anticholinergic prescribing
among older adults and assess the current evidence and quality of existing single and combined
interventions. Methods: We systematically searched MEDLINE, Embase, Cochrane Central Register
of Controlled Trials, CINAHL, and PsycINFO from January 1990 to August 2021. Only studies
that examined the effect of interventions in older people focused on improving compliance with
anticholinergic prescribing guidelines with quantifiable data were included. The primary outcome of
interest was to find the effectiveness of interventions that enhance the anticholinergic prescribing
practice in older adults. Results: We screened 3168 records and ended up in 23 studies that met
the inclusion criteria. We found only single-component interventions to reduce anticholinergic
prescribing errors in older people. Pharmacists implemented interventions without collaboration
in nearly half of the studies (n = 11). Medication review (43%) and education provision (26%)
to healthcare practitioners were the most common interventions. Sixteen studies (70%) reported
significant reductions in anticholinergic prescribing errors, whereas seven studies (30%) showed no
significant effect. Conclusion: This systematic review suggests that healthcare practitioner-oriented
interventions have the potential to reduce the occurrence of anticholinergic prescribing errors in older
people. Interventions were primarily effective in reducing the burden of anticholinergic medications
and assisting with deprescribing anticholinergic medications in older adults.

Keywords: anticholinergics; intervention; prescribing; older people

1. Introduction

Prescribing medications among older adults is recognised as a challenging task and
an essential practice that needs to be continuously monitored, assessed, and refined accord-
ingly. Moreover, it is based on understanding clinical pharmacology principles, knowledge
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about medicines, and particularly the experience and empirical knowledge of the pre-
scribers [1,2]. Clinicians face several challenges while prescribing medications among older
adults, and the prescribing of potentially inappropriate medications (PIMs) for this age
group is prevalent [3]. The available epidemiological data show that up to 20% of older
patients in outpatient settings and 59% of hospitalised older patients consume at least one
PIM [4–8]. Adverse effects in older people due to inappropriate prescribing are prevalent,
leading to increased hospital admissions and mortality [9].

Medications that possess anticholinergic activity are a class of PIMs widely prescribed
for various clinical conditions in older adults [10,11]. Older people are particularly vulner-
able to the adverse effects from medicines with anticholinergic-type effects [12,13]. Most
medications commonly prescribed to older people are not routinely recognised as having
anticholinergic activity, and empirically, clinicians prescribe these medicines based on their
anticipated therapeutic benefits while overlooking the risk of cumulative anticholinergic
burden [14–16]. Anticholinergic burden refers to the cumulative effect of taking multiple
medications with anticholinergic activity [17,18]. There is no gold standard approach avail-
able to quantify and determine whether an acceptable range of anticholinergic drug burden
exists in older adults [19,20]. The central adverse effects of anticholinergic medications
are attributed to the excess blocking of cholinergic receptors within the central nervous
system (CNS) [16]. The commonly reported central adverse effects are cognitive impair-
ment, headache, reduced cognitive function, anxiety, and behavioural disturbances [16].
The common peripheral adverse effects of anticholinergic medications are hyperthermia,
reduced saliva and tear production, urinary retention, constipation, and tachycardia [16].

Anticholinergic medications are associated with poor outcomes in older patients, but
there is no specific intervention strategy for reducing anticholinergic drug exposure [21].
There is little evidence that medication review could be a promising strategy in reducing
the drug burden in older people [22,23]. Medical practitioner-led and pharmacist-led
medication reviews have earlier been reported as a standard practice for reducing anti-
cholinergic drug exposure [24,25]. Pharmacist-led medication review has recently been
found to be ineffective among older patients of the Northern Netherlands [25]. A few meta-
analyses have also reported the lack of effectiveness of different types of medication reviews
on mortality and hospitalisation outcomes [26–28]. Multidisciplinary strategies such as
patient-centred, pharmacist–physician intervention are also recognised as promising for
improving medication use in older patients at risk [29]. Another intervention strategy, i.e.,
the SÄKLÄK project, had some effects on the PIMs prescription and reduced potential
medication-related problems [30]. The SÄKLÄK project is a multi-professional intervention
model to improve medication use in older people [30], and it consists of self-assessment
using a questionnaire, peer-reviewed by experienced healthcare professionals, feedback
report provided by experienced healthcare professionals, and an improvement plan [30].

Interventions to improve prescribing practice more generally have been the subject
of many studies and are frequently targeted according to the type of error [31,32]. It
is crucial to explore which interventions have effectively changed prescribing practices
and optimised patient outcomes while minimising healthcare costs. However, little is
known about the effectiveness of existing interventions at improving the anticholinergic
prescribing practice for older adults. Hence, this review seeks to document all types of
interventions aiming to reduce anticholinergic prescribing errors among older adults and
assess the evidence of existing single and combined interventions.

2. Methods

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guideline was applied to report the findings of this systematic review [33].

2.1. Data Sources and Search Strategy

The following databases were examined between January 1990 and August 2021:
Ovid MEDLINE, Ovid EMBASE, Ovid PsycINFO, and the Cochrane Central Register of
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Controlled Trials (CENTRAL). A comprehensive electronic search was performed using
appropriate keywords on anticholinergics, older people, and interventions to retrieve the
relevant studies. The search was limited to the English language and humans. A detailed
MEDLINE search strategy is presented in Supplementary Table S1. Citation analysis was
performed in Google Scholar and Web of Science to track the prospective citing of references
of the selected articles.

2.2. Study Screening and Selection

The title, abstract, and full text of each potentially relevant article were independently
screened by two authors (M.S. and S.A.) for eligibility of inclusion in this review. Any dis-
crepancies were resolved by a third author (A.A.), and decisions were made by consensus.

2.3. Inclusion Criteria

The primary outcome of interest was single and multicomponent interventions that
improve anticholinergic prescribing practice or reduce adverse drug events due to the
consumption of anticholinergic medications. Single-component intervention consists of
only one intervention activity, such as medication review [34]. Multicomponent interven-
tion refers to the combination of various components in a single intervention [35], such
as medication review and the provision of education [34]. All interventions (e.g., medi-
cation review, educational detailing visits for physicians, nurses, and aides, pocket-sized
educational cards along with clinical vignettes, educational internet site, and detailing
session with physicians) performed by any healthcare professional targeting participants
of either sex, mean age ≥65 years, and admitted to any healthcare setting were included.
We included pre/post or experimental studies that employed a control group.

2.4. Exclusion Criteria

We excluded the following studies: review articles, case reports, and case series. We
also excluded studies that were conducted in languages other than English.

2.5. Data Extraction and Synthesis

Two reviewers (M.S. and S.A.) independently reviewed and extracted the data from
the eligible studies according to a standardised format based on variables of interest,
such as the study population, study design and duration, mean age, major findings, and
intervention characteristics (type of intervention and implementation). The study selection
process is illustrated in Figure 1.

2.6. Quality Assessment

The quality of the included studies was critically appraised. The Cochrane Risk of Bias
tool [36] was used to assess the methodological quality of the randomised controlled trials
(RCTs). The Newcastle-Ottawa scale was used to assess the quality of the non-RCTs [37],
which is based on three domains: the selection of study groups, comparability of cohorts
and assessment of outcome (cohort studies), or comparability of case and controls and
ascertainment of exposure (case-control studies). The thresholds for categorising and inter-
preting the Newcastle-Ottawa scale domains were described in Supplementary Table S2.
The Cochrane Risk of Bias tool results for included RCTs were described in Supplementary
Table S3. Studies were not excluded based on the risk of bias or quality assessment.

160



J. Clin. Med. 2022, 11, 714

Figure 1. PRISMA flow diagram of the study selection process and citation analysis.

3. Results

The primary electronic search identified a total of 3168 studies from the five databases.
Using EndNote X9 (Thomson Reuters), we eliminated 350 duplicate studies, and the
remaining 2818 studies were examined to determine their relevance for inclusion. Of those,
only 70 were found to be eligible for full-text analysis. Subsequently, 47 studies were
excluded as they failed to meet the predefined inclusion criteria. No potential studies
were identified from the citation analysis. Finally, a total of 23 studies that investigated the
effectiveness of anticholinergic prescribing practice in older adults were included in this
review (Figure 1).

3.1. Overview of the Included Studies

Table 1 provides the qualitative summary of the included studies, mainly showcasing
the type of interventions, and Table 2 illustrates an overview of the quantitative summary
of the studies based on study design, setting, sample size, study duration and follow-up,
outcome measure (control/pre and intervention/post), significant association (+ or −), and
statistical tests.

The countries of origin were USA (n = 5) [29,38–41], Australia (n = 4) [22,23,42,43],
Finland (n = 2) [44,45], Norway (n = 2) [21,46], Ireland [47], New Zealand [48], Belgium [49],
Spain [50], Sweden [51], Sweden [30], France [52], Italy [53], Taiwan [54], and The Nether-
lands [55].

The study settings included hospitals (n = 7) [40,41,44,46,50,52,53] community/primary care
(n = 7) [22,30,38,47,49,51,55] and nursing homes/aged care facilities (n = 9) [21,23,29,39,42,43,45,48,54].
There were ten cross-sectional studies [22,38,40,42–44,46,51,52,54], six nonrandomised or pre/post
studies [30,39,47,48,50,53], and seven RCTs [21,23,29,41,45,49,55]. The studies included in this study
had sample sizes ranging from 46 to 46,078 study subjects. The average age of the participants
varied between 65 and 87.5 years, and the proportion of the female subjects was 39.0–77%.
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3.2. Methodological Quality of Studies

All eligible studies were rated for their methodological quality, and many studies
(n = 14, 61%) were identified to be of good quality based on the Newcastle-Ottawa
scale [22,30,38,39,42–44,46–48,50–53] (Table S2). The quality of the RCTs was critically
appraised using the Cochrane risk of bias assessment tool as shown in Supplementary
Table S3. There was a general lack of adequate blinding between study subjects and
healthcare practitioners, and between outcomes and assessors. Nonetheless, the follow-up
duration was either not clearly specified or insufficient (less than six months) in many
studies [21–23,29,40–44,48,50–55]. Altogether, the studies had a duration of follow-up
ranging from 14 days [40,48] to 1 year [45,46,49] (Table 2).

3.3. Intervention Characteristics

All studies tested single-component interventions, and medication review was the most
common single-component healthcare practitioner-oriented intervention [21–23,42–44,46,48,50,51,54]
followed by the provision of education to the healthcare practitioners [38,39,45,47,54,55]. Healthcare
practitioners conducted medication reviews using patient notes or tools such as drug burden index
(DBI) and anticholinergic burden (ACB) [23,42–44,48,50]. Pharmacists implemented interventions
without collaboration with other healthcare practitioners in nearly half of the studies (n = 11).

Healthcare practitioner-initiated education mainly consisted of professional compo-
nents, such as academic detailing sessions for physicians [47,54,55], evidence-based training
programs to improve dispensing [39], interactive training sessions for nurses [45], and
mailing of intervention letters to the physicians [38]. In three studies [21,29,30], healthcare
practitioners also performed interventions such as targeted patient-centred, pharmacist–
physician team medication therapy management (MTM) intervention, SÄKLÄK project,
and multidisciplinary medication review in collaborations with other healthcare practition-
ers. A context-aware pharmaceutical analysis tool was tested in France to automatically
compare prescriptions recorded in computerised patient files against the main consensual
guidelines [52]. Another study tested the clinical decision support system to discontinue
orders of definite anticholinergic medications for hospitalised patients with cognitive im-
pairment [41]. Similarly, a study tested targeted patient-centred pharmacist–physician team
MTM intervention to reduce the consumption of inappropriate anticholinergic medications
in older patients [29]. In Italy, researchers tested the INTERcheck computerised prescription
support system to optimise drug prescriptions and minimise the occurrence of adverse
drug reactions [53].

3.4. Effectiveness of Interventions at Improving Anticholinergic Prescribing Practice

Sixteen studies (70%) [21,22,29,30,38–40,42,43,46,48,50–52,54,55] investigating a health-
care practitioner-oriented intervention reported a significant reduction in anticholinergic
prescribing errors, whereas seven studies (30%) [23,41,44,45,47,49,53] reported no signifi-
cant effect (Table 2). Similarly, medication review (n = 8) and the provision of education
(n = 4) were the most common interventions in these sixteen studies; however, these studies
varied in their designs. There were 14 studies (87.5%) [22,30,38,39,42–44,46–48,50–53] that
were of high quality, and of those, 11 studies [22,30,38,39,42,43,46,48,50–52] showed a signif-
icant reduction in anticholinergic prescribing errors. Seven studies had a follow-up period
of ≥6 months, and four studies showed a significant reduction in anticholinergic prescrib-
ing errors. With a shorter follow-up period of 2 weeks to 6 months, 4 studies [42,48,51,52]
out of 10 studies reported reductions in anticholinergic prescribing errors (Table 2).

Healthcare practitioner-oriented interventions that reported a significant reduction
in anticholinergic prescribing errors included: medication review, education provision to
healthcare practitioners, pharmacist-led electronic health record-based population health
initiative and anticholinergic risk scale service, targeted patient-centred, pharmacist–
physician team MTM intervention, context-aware pharmaceutical analysis tool, and SÄK-
LÄK project. Healthcare practitioner-oriented interventions were most effective in reducing
ACB [21,29,40,54], DBI [22,42,48,50], and discontinuation or reduction of anticholinergic

169



J. Clin. Med. 2022, 11, 714

medications [30,38,39,43,46,51,52,55]. Hernandez et al. 2020 reported a decline in DBI from
1.38 (control group) to 1.08 (intervention group) [50]. Another study reported a reduction in
ACB score from 1.08 (control group) to 0.89 (intervention group) [40]. A retrospective study
by McLarin et al. [43] in Australia found a reduction in the mean scores of anticholinergic
medications from 3.73 to 3.02 after implementing medication review.

4. Discussion

This is believed to be the first systematic review assessing the effectiveness of inter-
ventions to reduce anticholinergic prescribing errors in adults aged 65 and above. Previous
reviews primarily evaluated the studies of pharmacist-oriented interventions on medica-
tion prescribing and the association between anticholinergic drug burden and mortality in
older people [17,56,57]. We did not conduct a meta-analysis because of the methodologi-
cal heterogeneity between the study designs, anticholinergic prescribing errors, types of
interventions, study duration, and follow-up period. Given the high prevalence of inappro-
priate prescribing and polypharmacy in older people aged 65 and over, interventions to
reduce anticholinergic prescribing errors in this cohort are of considerable importance. This
systematic review identified 23 studies reporting interventions to reduce anticholinergic
prescribing errors in older people. The interventions were mainly provided by the pharma-
cists using a patient-centred approach. Many studies (19 out of 23) successfully reduced
the incidence of anticholinergic prescribing errors in older people. Evidence related to the
pharmacist-led interventions in many studies suggests that pharmacists play a vital role in
the care of older people, thus improving medication safety across the continuum of care.

In this study, medication review and education provision to the healthcare practitioners
were the most common elements in many interventions. Medication review is a structured
evaluation of patients’ pharmacotherapy to optimise drug use and reduce the occurrence
of drug-related problems [58]. Similarly, medication review is recognised as an important
healthcare practitioner-oriented intervention for reducing anticholinergic prescribing errors
in older people [59]. Likewise, older people benefit mostly from medication reviews as
this cohort is more susceptible to adverse drug effects [60,61]. The efficacy of medication
review in reducing anticholinergic prescribing errors was reported by eight studies in this
review [15,21,22,43,44,46,50,62]. Previous studies inform the significant effects of structured
medication review on medication prescriptions and older adults’ quality of life [63–65].

Another intervention, such as the provision of education to the healthcare practitioners,
was tested in eight studies, but only five studies reported the effectiveness of this interven-
tion in reducing anticholinergic prescribing errors in older people [38,49,54,55,66]. Evidence
informs that the healthcare practitioner-oriented educational intervention effectively re-
duces prescribing errors in older people [57,67]. The provision of education reduces the use
of healthcare resources, including emergency department presentations and hospital admis-
sions [68]. Implementing healthcare practitioner-led educational interventions encourages
prescribers to change prescription practices, thus improving prescribers’ clinical prac-
tice [69]. An education intervention provides precise knowledge about prescribing in older
adults, medication-related errors, and prevention strategies for reducing medication-related
errors [69]. This review also showed that interventions such as INTERcheck, SÄKLÄK
intervention model, targeted MTM intervention, context-aware pharmaceutical analysis
tool, and CDSS alert were not successful in reducing anticholinergic prescribing errors in
older adults [29,41,51–53].

4.1. Implications for Clinical Practice and Future Research

Medications with anticholinergic activity are frequently prescribed in older people
due to their numerous clinical benefits; however, these medications are also associated
with poor clinical outcomes [70]. Implementing healthcare practitioner-oriented inter-
ventions can reduce the occurrence of anticholinergic prescribing errors in older people.
This review’s findings inform that healthcare practitioner-oriented interventions appear to
improve medication safety in older people based on observed reductions in anticholinergic
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prescribing errors, particularly when the provision of care involves a medication review
and an education for the physicians prescribing anticholinergic medications. The prescrib-
ing competency can be optimised through educational interventions [71], thus reducing
the occurrence of anticholinergic prescribing errors. The safe and effective prescribing of
medications is a challenge in older people who frequently experience multiple long-term
conditions and complex polypharmacy [72]. Due to an increasing challenge to physicians
when prescribing and the complexity of medication regimens taken by older people, there
is a need to embed prescribing competency framework in clinical practice [72]. The pre-
scribing competency framework engages prescribers in different stages of prescribing,
such as information gathering, clinical decision making, communication, monitoring, and
review [72].

The current quantification methods for anticholinergic burden tend to streamline the
complexity of pharmacological mechanisms in geriatric risk assessment in older adults.
However, there is no universally accepted quantification method available to estimate
anticholinergic drug burden, and it is difficult to compare the study findings from distinct
methods [16]. Existing tools derived from expert consensus limit the quantification of anti-
cholinergic burden as they do not take into consideration the dose and the CNS distribution
of drugs [15]. A recent review showed that the ratings of anticholinergic activity in the
expert opinion scales were inconsistent [73]. Moreover, the estimation of central cognitive
effects by measuring in vitro serum assay of medications with known anticholinergic activ-
ity as a composite peripheral measure still remains unclear [16]. The lack of a gold standard
method for anticholinergic quantification might have a direct or indirect impact on the
interpretation of the effect size of the study interventions (e.g., reduction in anticholinergic
burden). In this review, many studies (69%) were either cross-sectional or nonrandomised
and included a single-component intervention. Therefore, there is a need to conduct future
randomised multicomponent intervention trials for evaluating the true impact of healthcare
practitioner-oriented interventions on anticholinergic prescribing errors in older people.

4.2. Strengths and Limitations

This study was comprehensive in that the electronic search, conducted in four im-
portant databases, attempted to identify the complete existing body of evidence of the
effectiveness of healthcare-oriented interventions aimed at reducing anticholinergic pre-
scribing errors in older people. This is the first review that found 17 different types of
healthcare-oriented interventions, and their impact on anticholinergic prescribing errors.
A limitation of this study included the absence of meta-analysis and the estimation of the
effect size. It was mainly due to the heterogeneity of included studies. We also excluded
studies published in languages other than English, which may have introduced a language
bias. However, we performed citation tracking and hand-searching of all included studies
to minimise the influence of factors (e.g., inconsistent terminology or wrong indexing) that
may affect the keyword-based search.

5. Conclusions

This systematic review suggests that healthcare practitioner-oriented interventions
have the potential to reduce the occurrence of anticholinergic prescribing errors in older
people. Medication review and the provision of education to the prescribers were the
most common approaches to reducing anticholinergic prescribing errors in older people.
Healthcare practitioner-oriented interventions were mostly effective in reducing the bur-
den of anticholinergic medications and facilitating the discontinuation of anticholinergic
medications in older people. In the future, there is also the need to ascertain how often the
healthcare practitioner performs interventions that may reduce anticholinergic prescribing
errors in older people.
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Abstract: Purpose: Diabetic patients aged 65 years or older are more likely to be frail than non-diabetic
older adults. Adherence to therapeutic recommendations in the elderly suffering from diabetes and
co-existent frailty syndrome may prevent complications such as micro- or macroangiopathy, as
well as significantly affect prevention and reversibility of frailty. The study aimed at assessing the
impact of frailty syndrome (FS) on the level of adherence to medication in elderly patients with
type 2 diabetes (DM2). Patients and Methods: The research was carried out among 175 DM2 patients
(87; 49.71% women and 88; 50.29% men) whose average age amounted to 70.25 ± 6.7. Standardized
research instruments included Tilburg frailty indicator (TFI) to assess FS and adherence in chronic
disease scale questionnaire (ACDS) to measure adherence to medications. Results: The group of
101 (57.71%) patients displayed medium, 39 (22.29%)—low, and 35 (20.00%)—high adherence. As
many as 140 of them (80.00%) were diagnosed with frailty syndrome. The median of the average
result of TFI was significantly higher in the low adherence group (p < 0.001) (Mdn = 9, Q1–Q3;
7–10 pt.) than in the medium (Mdn = 6, Q1–Q3; 5–9 pt.) or high adherence (Mdn = 6.00, Q1–Q3;
4.5–8 pt.) ones. The independent predictors of the chance to be qualified to the non-adherence
group included three indicators: TFI (OR 1.558, 95% CI 1.245–1.95), male gender (OR 2.954, 95% CI
1.044–8.353), and the number of all medications taken daily (each extra pill decreased the chance
of being qualified to the non-adherence group by 15.3% (95% CI 0.728–0.954). Conclusion: Frailty
syndrome in elderly DM2 patients influenced medical adherence in this group. The low adhesion
group had higher overall TFI scores and separately higher scores in the physical and psychological
domains compared to the medium and high adhesion groups.

Keywords: diabetes mellitus type 2; frailty syndrome; aged; treatment adherence and compliance

1. Introduction

Populations are aging and the prevalence of diabetes mellitus is increasing tremen-
dously [1,2]. In 2019, it is estimated that 19.3% of people aged 65–99 years (135.6 million)
lived with diabetes. It is projected that the number of people older than 65 years with
diabetes will have reached 195.2 million by 2030 and 276.2 million by 2045 [2]. Diabetes
mellitus type 2 (T2DM) is associated with complications including cardiovascular disease,
retinopathy, renal failure, and peripheral vascular disease [3].

The risk of complications such as micro or macroangiopathy increases significantly af-
ter 10 years since diabetes is diagnosed and proper application of medical recommendations
is crucial to prevent them [1,4]. Diabetes mellitus also leads to a significant deterioration in
the quality of life due to premature disability, blindness, terminal chronic kidney disease,
nontraumatic amputations, as well as frequent causes of hospitalization [5]. Recently, sev-
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eral data suggested that diabetes is accompanied not only by complications and disability
but also frailty syndrome [4,6].

Frailty syndrome is a multidimensional clinical state that is common in older age [7].
The syndrome appears as a result of decreasing body physiological reserves and decreased
the reply of the body to stressors’ reaction connected with a deteriorating capacity of
physiological systems and their deregulation. It leads to walking, balance, mobility as
well as cognitive ability impairments. According to this concept developed by Fried et al.,
frailty is “a clinical syndrome in which three or more of the following criteria were present:
unintentional weight loss (10 lbs in the past year), self-reported exhaustion, weakness
(grip strength), slow walking speed and low physical activity” [8]. The current estimate of
physical frailty prevalence among community-dwelling older Europeans is around 15% for
adults aged 65 years and over [9].

Previous studies have shown that diabetic patients aged 65 years or older were more
likely to be frail than nondiabetics [10,11]. The pathogenic linkage between DM and frailty
potentially includes premature senescence of organ systems in a hyperglycemic status,
chronic inflammation, increased oxidative stress, advanced glycation end-product accumu-
lation, and insulin resistance [12]. Angulo et al., claim that the co-occurrence of diabetes
and frailty in older people is not surprising since these two age-related conditions share
common underlying pathophysiological mechanisms [13]. In patients with diabetes, death
and cardiovascular diseases are attributed to classical risk factors such as hypertension,
dyslipidemia, and smoking in approximately 60% of the patients and the contributing
factor for the remaining 40% is frailty [14].

According to the recommendations, each person aged 65 and older should be given
a chance to undergo a reliable screening test. After the diagnosis of frailty or prefrailty,
further clinical assessment of the health condition should be carried out. All persons with
frailty should receive social support as needed to address unmet needs and encourage
adherence to a comprehensive care plan (strong recommendation) [15].

As it might be concluded, following therapeutic recommendations is especially impor-
tant in the elderly suffering from diabetes as it might not only prevent such complications
as micro and macroangiopathy but it is crucial for the prevention and reversibility of
frailty [7,16]. Adherence to long-term therapy is defined as” the extent to which a person’s
behavior—taking medication, following a diet, and/or executing lifestyle changes, cor-
responds with agreed recommendations from a health care provider” [17]. It should be
emphasized that about 50% of patients with chronic diseases do not have good adherence
to their medication treatment plan [18]. The factors which contribute to non-adherence to
therapeutic recommendations include patient-related factors (e.g., having negative beliefs
and/or perceptions on medications, misconception about their medication), condition-
related factors (co-morbidity, cognitive impairment, depression and anxiety, forgetfulness,
alcohol consumption), socioeconomic-related factors (age > 60, lack of finances, poor health
literacy) and therapy-related factors (e.g., the complexity of treatment regime and pill
burden, the disappearance of symptoms, knowledge about DM and its medication) [19,20].

Medication non-adherence remains a significant barrier in achieving better health
outcomes for patients with chronic diseases [21]. Following therapeutic recommendations
among elderly DM patients might be even worse if frailty is co-existent. Diabetes and frailty
are intricately linked; furthermore, diabetes is strongly associated with reduced mobility,
activities of daily life, cognitive impairment, and dementia [22]. In recent years, researchers
have repeatedly addressed the coexistence of frailty and diabetes in the elderly [23–26].
This problem was considered in the context of the impact of these diseases on the quality of
life [5], cognitive and functional status [27–29], or on the results of clinical trials of these pa-
tients [29]. There are also studies in the literature focusing on the problem of non-adherence
in various chronic diseases such as: COPD (chronic obstructive pulmonary disease [30],
DM2 [31–33], chronic kidney disease [34], hypertension [35] or rheumatic heart disease [36],
etc. There are also many studies, which show the level of adherence and effectiveness of
interventions in patients with type 2 diabetes [37,38], although only some of these studies
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involve elderly patients. Previous studies showed that the coexistence of frailty syndrome
has a negative impact on the adherence of older patients with hypertension [23] and with
cardiovascular diseases [39]. However, the problem of adherence to medication in patients
over 60 years of age with type 2 diabetes and coexisting frailty is rarely taken up. Analysis
of our data allowed us to conclude that each score obtained on the TFI Scale increased the
chance of qualifying for the non-adherence group by 55.8%. The relevant independent
predictors of non-adherence qualification chance were three factors such as TFI score, male
gender, and the number of all medications taken by a patient daily. We believe these results
may be of great importance that should be shown and disseminated.

2. Materials and Methods

2.1. Study Design and Setting

The present study has a cross-sectional and observational design. The research was
carried out between 2018 and 2019 after obtaining the consent of the Bioethics Committee
at the Wroclaw Medical University (approval no. KB—207/2018) while maintaining the
requirements of the Declaration of Helsinki of 1975 (amended in 2000) and Good Clinical
Practice. The research was conducted among the patients of 5 primary health care centers
located in Zielonogórskie District (Lubuskie Voivodeship, Poland).

2.2. Participants

To achieve an appropriate size for the study sample (α = 0.95), invitation letters were
sent to 365 persons randomized out of 39,197 patients with diagnoses of ICD-10 (E11–E11.9)
in the age range of 60–89 years old living in the Lubuskie Voivodeship in 2017. Data
regarding relevant inhabitants were obtained from Lubuskie Department of the National
Health Fund from 2018 [40]. Invitations to the study were sent to the managers of all 30
primary health care centers located in Zielonogórskie District (Lubuskie Voivodeship). A
positive response was obtained from five of them, therefore only patients from these centers
were included in the study.

Doctors identified patients for the study according to the inclusion criteria. Then,
the diabetes nurse interviewed the patient, presenting the purpose and method of the
study and obtaining preliminary oral informed consent. Patients received a complete set of
questionnaires and a written informed consent form to participate in the study.

The research inclusion criteria included: age ≥ 60, at least a year since diabetes was
diagnosed, a written consent for the participation in the study and physical ability to fill
in the questionnaire. The exclusion criteria included: neoplastic disease, chronic heart
failure (NYHA IV), acute respiratory disease, ischemic heart disease (CCS-IV), end-stage
renal disease or uremia, exacerbation of any diabetes complication making it impossible
to complete the questionnaire (e.g., difficulties with reading the text of the questionnaire
reported by the patient) and lack of a written consent for the participation in the study.
Initially, 200 patients were accepted for the study but, eventually 175 T2DM patients
were analyzed. The average age was 70.25 (SD = 6.7). The choice of the sample group is
illustrated in Figure 1.

Before the examination, each patient was informed about its aim, method, and pos-
sibility of withdrawal at any stage of the research. The examinees were also assured
full anonymity and the voluntary nature of the study. The aim and the procedures were
explained during the selection phase and only those who voluntarily agreed were ac-
cepted. The patients filled in the questionnaire personally (paper-pen method) with a nurse
specializing in diabetics present.
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Figure 1. Sampling after considering research inclusion and exclusion criteria.

2.3. Research Tools

The questionnaire used in the research included basic socio-demographic data such
as age, gender, education, place of residence, professional activity, marital status. Clinical
data were collected from patients’ medical files. Standardized research instruments also
included adherence in chronic diseases scale—ACDS—and Tilburg frailty indicator (TFI).

Adherence in Chronic Diseases Scale—ACDS—allows to evaluate the adherence with
medical recommendations by adult patients suffering from chronic diseases. The pre-
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sumption of ACDS lies in the fact that only high adherence reflects good therapeutic plan
realization in respect to pharmacology. The scale consists of 7 questions with 5 possible an-
swers each. The questions reflect behaviors directly determining adherence (questions 1–5)
and the situations and opinions indirectly affecting adherence (questions 6–7). The result of
ACDS ranges from 0–28 points. The higher the result, the higher the adherence. The score
might be interpreted in the following way: above 26 points—high adherence, between
21–26 points—medium adherence, below 21 points—low adherence [41].

Non-adherent patient—a patient who achieved between 0–20 points in ACDS.
Adherent patient—a patient whose score was medium (21–26 points) or high

(27–28 points in ACDS).
Tilburg Frailty Indicator (TFI)—is an instrument created by Gobbens et al. [42]. It

allows the assessing of frailty syndrome reliably and globally. The unquestionable asset of
this test is the fact that it not only evaluates physical determinants as other similar tools
do, but it has some insight into psychological and social determinants as well. TFI consists
of two parts. TFI includes a tool for identifying factors that determine weakness. It has
been validated in five languages, including the Polish version [43]. The first part A consists
of 10 questions about the participant’s socio-demographic characteristics. TFI includes a
tool for identifying factors that determine weakness. Socio-demographic characteristics of
age, sex, marital status and education, lifestyle, economic status, chronic diseases, stressful
situations [44]. Part two B of the TFI comprises 15 self-reported questions, divided into
three domains: physical, psychological, and social. The physical domain consists of eight
questions related to physical health, unexplained weight loss, difficulty in walking, balance,
hearing problems, vision problems, strength in hands, and physical tiredness (0–8 points).
The psychological domain comprises four items related to cognition, depressive symptoms,
anxiety, and coping (0–4 points). The social domain comprises three questions related to
social relations, social support, and living alone (0–3 points). Eleven items of part two of
the TFI have two response categories (“yes” and “no”), while the other items have three
(“yes”, “no,” and “sometimes”). “Yes” or “sometimes” responses are scored 1 point each,
while “no” responses are scored 0. The instrument’s total score may range from 0 to 15:
the higher the score, the higher one’s frailty. Frailty is diagnosed when the total TFI score
is ≥5 [40]. The TFI is valid and reproducible for the assessment of frailty syndrome among
a Polish population. Cronbach’s alpha reliability coefficients of the instrument ranged from
0.68 to 0.72 [45].

BMI (body mass index)—was calculated as a person’s weight in kilograms divided by
the square of height in meters. A high BMI can be an indicator of high body fatness. We clas-
sified BMI into following categories: normal body weight amounts for BMI 18.5–24.9 kg m2,
overweight ranges from BMI 25.0–29.9 kg m2 and obesity is diagnosed if BMI > 30.0 kg m2.
BMI is a commonly applied indicator of obesity as it highly correlates with a percentage of
fatty tissue in children and adults. The prognosis of a fatty tissue percentage is dependent
on age (higher in older people), gender (higher in men), and race [46].

2.4. Statistical Analysis

The analysis of quantitative variables was performed by calculating the mean, stan-
dard deviation, median, quartiles, minimum, and maximum. The analysis of qualitative
variables was performed by calculating the number and percentage of the occurrences of
each value. Comparison of the values of qualitative variables in the groups was performed
using the chi-square test (with Yates’s correction for 2 × 2 tables) or the Fisher’s exact test
where low expected frequencies appeared in the tables. On the other hand, the comparison
of the values of quantitative variables in the two groups was performed using the Mann-
Whitney test. In turn, the comparison of the values of quantitative variables in the three
groups was performed using the Kruskal-Wallis test. Post-hoc analysis with Dunn’ test was
performed to identify statistically significantly different groups after detecting statistically
significant differences.
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The multivariate analysis of the independent influence of many variables on the
quantitative variable was performed using the logistic regression method. The results
are presented in the form of values of the regression model parameters with a 95% confi-
dence interval.

3. Results

3.1. Descriptive Data

The average age of the respondents amounted to 70.25 ± 6.70. The number of female
to male patients was comparable—women (87; 49.71%) vs. men (88; 50.29%). Most of
them were city residents (154; 88%), lived in a relationship (117; 66.86%) and completed
secondary (80; 45.71%) or occupational education (44; 25.14%). The average duration of
the diabetes treatment was 12.1 ± 8.52 years and the average number of medications taken
was 8.07 ± 4.42. Most of the patients were on oral anti-diabetes medicines (106; 60.57%).
The examinees were most frequently overweight (67; 38.29%) or of 1st-degree obesity (55;
31.43%). The most common co-existent diseases included hypertension (143; 81.71%) and
kidney diseases (140; 80.00%). (Table 1).

Table 1. Socio-demographic and clinical characteristics of the sample group.

Variables Total (n = 175)

Gender
Women 87 (49.71%)

Men 88 (50.29%)

Age
M ± SD 70.25 ± 6.70
median 69
Q1–Q3 65–74

Marital status
Single 58 (33.14%)

In relationship 117 (66.86%)

Place of residence
Village 21 (12.00%)

City 154 (88.00%)

Education

Primary 19 (10.86%)
Occupational 44 (25.14%)

Secondary 80 (45.71%)
High 32 (18.29%)

Diabetes duration [years]
M ± SD 12.1 ± 8.52
median 10
Q1–Q3 5–15

Number of all daily medications
M ± SD 8.07 ± 4.42
median 7
Q1–Q3 6–10

Number of anti-diabetes medications
taken daily

M ± SD 1.81 ± 1.25
median 2
Q1–Q3 1–3

Diabetes treatment method

Oral anti-diabetes medications 106 (60.57%)
Insulin 31 (17.71%)

Oral anti-diabetes medications and insulin 33 (18.86%)
non-pharmacological methods 5 (2.86%)

Body Mass Index (BMI)

normal body weight 19 (10.86%)
overweight 67 (38.29%)

1st degree obesity 55 (31.43%)
2nd/3rd degree obesity 34 (19.43%)

Co-existent diseases: Hypertension No 32 (18.29%)
Yes 143 (81.71%)

Co-existent diseases: ischaemic
heart disease

No 113 (64.57%)
Yes 62 (35.43%)

Co-existent diseases:
Rheumatic diseases

No 130 (74.29%)
Yes 45 (25.71%)
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Table 1. Cont.

Variables Total (n = 175)

Co-existent diseases:
Kidney’s diseases

No 140 (80.00%)
Yes 35 (20.00%)

Co-existent diseases: Respiratory
system diseases

No 137 (78.29%)
Yes 38 (21.71%)

Co-existent diseases: Locomotor
system disorders

No 121 (69.14%)
Yes 54 (30.86%)

Co-existent diseases: Diabetic
foot syndrome

No 137 (78.29%)
Yes 38 (21.71%)

Co-existent diseases: Eye diseases No 103 (58.86%)
Yes 72 (41.14%)

M—mean; SD—standard deviation, Q1—first quartile; Q3—third quartile; ACDS, adherence in chronic dis-
eases scale.

3.2. The Prevalence of Frailty Syndrome and Level of Adherence to Medication in Type 2 Diabetes
Elderly Patients

In the group of 175 patients, 101 (57.71%) displayed medium, 39 (22.29%) low, and
35 (20.00%)—high adherence. Frailty syndrome was diagnosed in as many as 140 out of
175 respondents (80.00%) (Table 2).

Table 2. Frailty syndrome occurrence and level of adherence to medication.

Instrument Points Interpretation n %

TFI
0–4 lack of frailty syndrome 35 20.00%

5 and more frailty syndrome 140 80.00%

ACDS
0–20 low adherence 39 22.29%

21–26 medium adherence 101 57.71%
27–28 high adherence 35 20.00%

TFI—Tilburg frailty indicator; ACDS—adherence in chronic diseases scale.

The average indicator of adherence to medication was 23.13 ± 3.72 and a TFI indicator
amounted to 6.95 ± 2.75. The TFI in the physical domain was 3.68 ± 1.96, psychological
domain 2.09 ± 0.93, and in the social domain 1.19 ± 0.75 on average (Table 3).

Table 3. Average distribution measures for standardized instruments.

Instrument N M SD Mdn Min Max Q1 Q3

ACDS 175 23.13 3.72 24 13 28 21 26
TFI total score 175 6.95 2.75 7 0 13 5 9

TFI: physical domain 175 3.68 1.96 4 0 8 2 5
TFI: psychological domain 175 2.09 0.93 2 0 4 2 3

TFI: social domain 175 1.19 0.75 1 0 3 1 2
TFI, Tilburg frailty indicator; ACDS, adherence in chronic diseases scale; M, mean; SD, standard deviation; Mdn,
median; Q1, first quartile; Q3, third quartile.

The respondents provided detailed answers to the questions contained in the TFI
questionnaire concerning the following domains: physical, psychological, and social. A
group of 63 respondents (36.00%) stated that they felt healthy in terms of their physical
condition, 29 (16.57%) of the respondents lost more than 6 kg or more in the last 6 months or
3 kg in a month despite the lack of such intention. Our respondents experienced difficulties
on a daily basis due to physical fatigue (121; 69.14%), difficulty walking (104; 59.43%),
poor eyesight (100; 57.14%), lack of strength in the hands (70; 40.00%), poor hearing (55;
31.43%), difficulties in maintaining balance (53; 30.29%). The vast majority had problems
with the psychological components of TFI—only 46 (26.29%) of the respondents had no
problems with memory, 39 (22.29%) of the respondents did not experience a drop in mood
over the last month, 18 (10.29%) of the respondents did not feel nervous over the last month
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and 43 (24.57%) were unable to cope well with the problems. In terms of the social com-
ponents of TFI, the responses were as follows: a group of 145 (82.86%) of the respondents
claimed that they received enough support from others, 143 (81.71%) indicated in the
questionnaire that they missed the company of other people, and 35 (20.00%)—that they
lived alone.

3.3. Socio-Demographic and Clinical Variables in Adherent and Non-Adherent Groups

Both adherent and non-adherent groups were similar in terms of age (p = 0.053),
gender (p = 0.493), education (p = 0.457) marital status (p = 0.078) and place of residence
(p = 0.787). They were also compliant as for analysed aspects of clinical condition (Table 4).

Table 4. Socio-demographic and clinical variables in adherent and non-adherent groups.

Variables

ACDS

pAdherent
(n = 136)

Non-Adherent
(n = 39)

Age

M ± SD 69.64 ± 6.27 72.38 ± 7.72
U = 2113.5
p = 0.053Me 69 70

Q1–Q3 65–73 67.5–76

Gender
Women 70 (51.47%) 17 (43.59%) chi2 = 0.471

p = 0.493Men 66 (48.53%) 22 (56.41%)

Marital status
Single 40 (29.41%) 18 (46.15%) chi2 = 3.116

p = 0.078In relationship 96 (70.59%) 21 (53.85%)

Education

Primary 14 (10.29%) 5 (12.82%)

p = 0.457
Occupational 31 (22.79%) 13 (33.33%)

Secondary 64 (47.06%) 16 (41.03%)

High 27 (19.85%) 5 (12.82%)

Place of residence
Village 16 (11.76%) 5 (12.82%)

p = 0.787
City 120 (88.24%) 34 (87.18%)

Diabetes duration [years]

M ± SD 11.88 ± 8.14 12.87 ± 9.81
U = 2576
p = 0.786Me 10 10

Q1–Q3 15–5 5–18.5

Number of anti-diabetes medications
taken daily

M ± SD 1.84 ± 1.3 1.69 ± 1.08
U = 2788.5
p = 0.609Me 2 2

Q1–Q3 1–3 1–2

Number of all daily medications

M ± SD 8.11 ± 4.7 7.92 ± 3.32
U = 2524
p = 0.645Me 7 8

Q1–Q3 5–10.25 6–10

Body Mass Index (BMI)

normal body weight 15 (11.03%) 4 (10.26%)

p = 0.601
overweight 49 (36.03%) 18 (46.15%)

1st degree obesity 43 (31.62%) 12 (30.77%)

2nd/3rd degree obesity 29 (21.32%) 5 (12.82%)
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Table 4. Cont.

Variables

ACDS

pAdherent
(n = 136)

Non-Adherent
(n = 39)

Co-existent diseases: Hypertension
No 26 (19.12%) 6 (15.38%) chi2 = 0.088

p = 0.767Yes 110 (80.88%) 33 (84.62%)

Co-existent diseases: ischaemic
heart disease

No 90 (66.18%) 23 (58.97%) chi2 = 0.408
p = 0.523Yes 46 (33.82%) 16 (41.03%)

Co-existent diseases:
Rheumatic diseases

No 103 (75.74%) 27 (69.23%) chi2 = 0.374
p = 0.541Yes 33 (24.26%) 12 (30.77%)

Co-existent diseases: Kidney’s diseases
No 111 (81.62%) 29 (74.36%) chi2 = 0.596

p = 0.44Yes 25 (18.38%) 10 (25.64%)

Co-existent diseases: Respiratory
system diseases

No 109 (80.15%) 28 (71.79%) chi2 = 0.801
p = 0.371Yes 27 (19.85%) 11 (28.21%)

Co-existent diseases: Locomotor
system disorders

No 95 (69.85%) 26 (66.67%) chi2 = 0.034
p = 0.855Yes 41 (30.15%) 13 (33.33%)

Co-existent diseases: Diabetic
foot syndrome

No 109 (80.15%) 28 (71.79%) chi2 = 0.801
p = 0.371Yes 27 (19.85%) 11 (28.21%)

Co-existent diseases: Eye diseases
No 81 (59.56%) 22 (56.41%) chi2 = 0.028

p = 0.867Yes 55 (40.44%) 17 (43.59%)

Diabetes treatment method

Oral anti-diabetes
medications 81 (59.56%) 25 (64.10%)

p = 0.683

Insulin 23 (16.91%) 8 (20.51%)

Oral anti-diabetes
medications and

insulin
27 (19.85%) 6 (15.38%)

non-pharmacological
methods 5 (3.68%) 0 (0.00%)

p—for quantitative variables the Mann-Whitney test, for qualitative variables chi-square test or Fisher’s exact test,
M—mean, SD—standard deviation, Me—median, Q1—first quartile, Q3—third quartile, ACDS—adherence in
chronic diseases scale.

3.4. Frailty Syndrome vs. Adherence to Therapeutic Recommendations

The analysis of the correlation between adherence to medication and frailty syndrome
revealed that the median of the overall score of TFI was significantly higher (p < 0.001)
in the low adherence group (Mdn = 9, Q1–Q3; 7–10 pts) than in medium (Mdn = 6,
Q1–Q3; 5–9 pts) or high (Me = 6.00, Q1–Q3; 4.5–8 pts) adherence groups. The median of
the scores in the physical domain of TFI was also significantly higher in the low adherence
group (Mdn = 5, Q1–Q3; 4–6 pts) than in the medium (Mdn = 4, Q1–Q3; 2–5 pts) or high
adherence groups (Mdn = 3, Q1–Q3; 2–4.5 pts). A similar relevant correlation was observed
in the psychological domain of TFI (p = 0.034). However, no essential correlations were
noticed between average scores in the social domain of TFI and the level of adherence
(p = 0.339) (Table 5).
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Table 5. The correlation between adherence to medication and frailty syndrome.

Tilburg Frailty Indicator
(TFI)

ACDS

pLow Adherence—A
(n = 39)

Medium Adherence—B
(n = 101)

High Adherence—C
(n = 35)

TFI total score
M ± SD 8.62 ± 2.27 6.64 ± 2.69 6 ± 2.72 p < 0.001 *

A > B, C
Mdn 9 6 6

Q1–Q3 7–10 5–9 4.5–8

TFI: physical domain
M ± SD 4.87 ± 1.64 3.43 ± 1.94 3.09 ± 1.82 p < 0.001 *

A > B, C
Mdn 5 4 3

Q1–Q3 4–6 2–5 2–4.5

TFI: psychological
domain

M ± SD 2.44 ± 0.99 2.02 ± 0.91 1.89 ± 0.83 p = 0.034 *
A > B, C

Mdn 2 2 2
Q1–Q3 2–3 2–2 1–2

TFI: social domain
M ± SD 1.31 ± 0.92 1.2 ± 0.69 1.03 ± 0.66

p = 0.339Mdn 1 1 1
Q1–Q3 1–2 1–2 1–1

p—Kruskal-Wallis test and post-hoc analysis (Dunn’s test), * statistically significant relationship (p < 0.05), TFI,
Tilburg frailty indicator; M, mean; SD, standard deviation; Me, median; Q1, first quartile, Q3, third quartile.

3.5. Non-Adherence Predictors vs. Multifactorial Regression Model

The multifactorial logistic regression model showed that there were three factors
significant as independent predictors of the chance to be qualified to the non-adherence
group, namely, TFI, male gender, and the number of all medications taken daily by a
patient. Each point scored at the TFI scale increased the chance of being qualified to the
non-adherence group by 55.8% OR 1.558, (95% CI 1.245–1.95). Being male increased the
chance by 2.954 times in comparison to being female, OR 2.954, (95% CI 1.044–8.353). The
odds ratio for all the medications taken daily by a DM2 elderly patient was OR 0.847–each
extra tablet/pill decreased the non-adherence group qualification chance by 15.3% (95% CI
0.728–0.954) (Table 6).

Table 6. Non-adherence predictors-multivariate logistic regression model.

Variables OR 95% CI p

Tilburg Frailty Indicator (total score) 1.558 1.245 1.95 <0.001 *

Age (years) 1.062 0.98 1.152 0.144

Gender
Women 1 ref.

Men 2.954 1.044 8.353 0.041 *

Marital status
Single 1 ref.

In relationship 0.524 0.175 1.565 0.247

Education

Primary 1 ref.
Occupational 3.609 0.562 23.184 0.176

Secondary 0.854 0.155 4.717 0.856
High 1.11 0.132 9.328 0.923

Place of residence
Village 1 ref.

City 0.554 0.125 2.448 0.436

Body Mass Index (BMI)

normal body weight 1 ref.
overweight 1.839 0.374 9.048 0.454

1st degree obesity 1.747 0.347 8.786 0.499
2nd/3rd degree obesity 0.728 0.121 4.375 0.728

Co-existent diseases: Hypertension
No 1 ref.

Yes 3.111 0.76 12.729 0.114

Co-existent diseases: Ischemic
heart disease

No 1 ref.
Yes 1.271 0.476 3.399 0.632
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Table 6. Cont.

Variables OR 95% CI p

Co-existent diseases:
Rheumatic diseases

No 1 ref.
Yes 2.223 0.667 7.407 0.193

Co-existent diseases:
Kidney’s diseases

No 1 ref.
Yes 1.946 0.553 6.854 0.3

Co-existent diseases: Respiratory
system diseases

No 1 ref.
Yes 1.119 0.361 3.471 0.846

Co-existent diseases: Locomotor
system disorders

No 1 ref.
Yes 0.926 0.324 2.646 0.886

Co-existent diseases: Diabetic
foot syndrome

No 1 ref.
Yes 0.384 0.106 1.391 0.145

Co-existent diseases: Eye diseases No 1 ref.
Yes 1.149 0.402 3.285 0.796

Diabetes duration [years] [years] 0.97 0.908 1.035 0.358

Diabetes treatment method

Oral anti-diabetes medications 1 ref.
Insulin 0.778 0.119 5.086 0.793

Oral anti-diabetes medications and insulin 1.112 0.281 4.392 0.88
non-pharmacological methods 0 0 Inf 0.991

Number of anti-diabetes medications taken daily 0.78 0.401 1.514 0.462

Number of all daily medications 0.847 0.728 0.984 0.03 *

p—multivariate logistic regression, * statistically significant relationship (p < 0.05), OR, odds ratio, ref.—refer-
ence category.

4. Discussion

Adherence to medical and dietary recommendations, undertaking physical activity
and self-checks are crucially important to avoid severe and chronic complications in dia-
betes, however, they may all appear hard to fulfill in the elderly in terms of deteriorating
mental and physical abilities [47]. One of the primary examinations carried out in Poland in
the group of elderly DM2 patients is focused on assessing relevant predictors of adherence
to medication and co-existent frailty syndrome.

The results of this research revealed that most of the elderly DM2 patients suffered
from frailty syndrome as well. It was also proved that the level of adherence to medication
was significantly determined by the existence of the syndrome. Eventually, it was observed
that the low adherence group of patients achieved significantly higher overall TFI scores
than the medium and high adherence groups. They had higher indicators of TFI in the
physical and psychological domains of TFI as well. The relevant independent predictors of
non-adherence qualification chance were three factors such as TFI score, male gender, and
the number of all medications taken by a patient daily.

The results confirm the frequent co-existence of type 2 diabetes and frailty syndrome
in patients aged over 60 as in 80% of the respondents diagnosed in the study. Such a high
percentage of the coexistence of frailty syndrome in these patients is disturbing. The meta-
analysis of the 32 studies by Kong et al. (2021) shows that the pooled prevalence of frailty
and prefrailty in older adults with diabetes was 20.1% (95% CI = 16.0–24.2%) and 49.1%
(95%CI = 45.1–53.1%), respectively, with significant heterogeneity across the studies [48].
The result obtained by us differs from the one presented in the meta-analysis; however, it is
worth noting that Kong et al. did not take into account any of the Polish studies. Another
study (Survey of Health, Aging, and Retirement in Europe, SHARE) showed that more
than 50% of the European population aged 50 years and over were pre-frail or frail [49].
However, here the age threshold of the respondents was much lower compared to our
study, and besides, the authors did not focus only on diabetic patients but on the general
population. The available literature basically lacks research similar to ours conducted in
Poland. However, this does not change the fact that the common prevalence of frailty
syndrome surely calls for special attention to be paid to the adherence with therapeutic
recommendations in this group of patients.
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Diabetes and frailty are two conditions that frequently occur concurrently and are
increasingly prevalent in older patient [50]. Yoon et al. (2019) claim that frailty syndrome
appears to be the third category of complications in elderly diabetes patients along with
common microvascular diseases and complications which lead to serious disabilities [6].
Diabetic patients are more likely to be frail than non-diabetic older adults [10,51]. In the
study by Chhetri et al. (2017) (n = 10, 039, mean age of 70.51) the prevalence of frailty
syndrome among diabetic patients was higher compared to non-diabetic older adults
(19.32% vs. 11.92%). In this study diabetics were at 1.36 (95% CI = 1.18, 1.56) and 1.56
(95% CI = 1.32, 1.85) fold increase in risk of frailty compared to non-diabetic population
for prevalence and incidence respectively [10]. The research by Ferri-Guerra et al. (2019)
showed that in 763 DM patients (mean age 72.9 years) 50.5% were frail [52]. Other studies
also confirmed that the prevalence of frailty in adults older than 65 years was three- to
five-fold higher in patients with diabetes than that in the general population [51,53].

Patients with diabetes mellitus are at risk for developing frailty due to the com-
plex interplay between different cardiometabolic factors [54]. A 2013 study by Bouillon
et al. lists adiposity, low high-density lipoprotein (HDL)-cholesterol level, high blood
pressure, and cigarette smoking as the risk factors of frailty syndrome occurrence [53].
García-Esquinas et al. (2015) explained the association between diabetes mellitus and frailty
by unhealthy behaviors and obesity and to a greater extent by poor glucose control and
altered serum lipid profile among diabetic individuals [55].

The self-report study is consistent with other studies because it focused on assessing
the degree of adherence to treatment and its connotation with the weakness syndrome in
elderly patients with type 2 diabetes. The results showed that the majority of respondents
showed moderate and poor compliance. A high degree of compliance with the recommen-
dations was noted only in every fifth respondent. An analysis of the correlation between
drug use and the severity of the fragile syndrome also showed that the mean TFI overall
score was significantly higher in the low adhesion group compared to the moderate and
high adherence patients. Likewise, the numbers in the physical and psychological domains
were relatively higher in the low adherence group.

Prevalence of non-adherence among DM2 patients ranged between 6.9% and 90.6%.
which may be due to differences in study designs methodology and populations [56].
Following therapeutic recommendations forces patients to change their existing lifestyle,
requires constant education, developing the ability to properly interpret changes in their
health condition, and coping with new situations. Therefore, if the physical domain of
frailty syndrome (physical health, unintended body weight loss, walking and balance
problems, hearing and vision impairment, fatigue, and grip power decrease) is to be
analyzed in the context of adherence, it is easily recognizable that the patients experienced
serious issues in the field of physical health. Reports from 2005–2007 by other researchers
also prove rapid pathological changes in diabetics. The research by health, aging, and body
composition (Health ABC) showed that elderly type 2 diabetes patients lose the power in
the knee extensor muscles much earlier than non-diabetics [57]. The English reported that
elderly men with newly diagnosed diabetes revealed much weaker muscle strength and a
higher probability of physical functions impairment than non-diabetic patients [58]. In the
study by Bourdel-Marchasson et al. (2019) the sarcopenia symptoms were found more often
in patients with frailty syndrome and were connected with a decreased volume of grey
matter responsible for locomotor control [59]. Diabetes also influenced the grip strength in
the study by Gundmi et al. 2018 [60]. Based on the results of the self-report, patients can
conclude that the lower the adhesion to drugs, the higher the value in the physical domain
of TFI. Motta et al. (2020) indicated that muscle strength is probably the most important
factor that can be improved by exercise in patients with brittleness syndrome [61].

Therefore, while planning education among such patients suffering additionally from
diabetes, we suggest taking advantage of this conclusion and the findings. They may serve
as a strong motivator encouraging this age group to physical activity. As diabetes mellitus
negatively affects muscle system functioning, such interventions, aimed at improving
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muscle functioning, should be implemented as soon as possible and patients should be
informed about them. Due to the description of the sample group and current COVID-19
situation adjusting a proper method of adherence control may appear problematic. Tele-
medicine might be a good solution here. Telepharmacy increases adherence to therapeutic
recommendations, especially when the system is enriched with the possibility of remote
consultations between the patient and the pharmacist [62].

After the analysis of the self-reported results in the psychological domain of TFI, it
might also be concluded that psychological components were at a higher level in the low
adherence group in comparison to medium and high adherence groups. Earlier studies
showed that DM2 patients are predestined to cognitive impairment and the changes affect
adherence. For example, Tamura et al. (2018) showed that frailty and cognitive impairment
are prevalent among patients with the cardiometabolic disease [63]. According to Munshi
(2017), diabetes is a risk factor for the development of vascular as well as neurodegenerative
dementia [64]. Considering what was mentioned above, patients with cognitive impairment
may double medication doses or forget to take it, forget insulin injections and monitor blood
glucose, as well as eat on time [19]. Apart from memory issues, half of the respondents
in the study reported mood changes over the last month and the same number of them
experienced nervousness. People with diabetes are two to three times more likely to develop
depressive symptoms. Depressive symptoms are common in patients with uncontrolled
type 2 diabetes who also have neuropathy and retinopathy. Hypertension, cardiovascular
disease, and an unhealthy diet have been associated with depression [65,66].

In the other study of patients with DM2 (mean age 75.2 years old) carried out in
Portugal, the group 22.3% had cognitive impairment, 16% had depression and 23.4% had
anxiety. Those authors showed that higher anxiety and depression were associated with
non-adherence to medication and to physical activity [19]. The analysis of the self-reported
data in comparison to other studies confirms that planning proper management of diabetes
mellitus in elderly patients should be based on the complex assessment of the patients in
terms of frailty syndrome and its components (physical, psychological, and social). Frailty
is the consequence of the interaction between the aging process and some chronic diseases
and conditions that compromise functional systems [67].

Studies have shown that there are three factors of independent predictors of the
chance of qualifying for non-adherence in the elderly, namely TFI score, male gender,
and the number of medications taken daily by the patient. Self-report studies showed
that each point obtained in the TFI scale increased the chance of qualifying a patient to
the non-adherence group. Fragility negatively affected adherence by patients with other
chronic diseases.

Another study from Poland shows that the coexistence of frailty syndrome has a
negative impact on the adherence of older patients with hypertension [68]. In the study by
Jankowska-Polańska et al. (2016), frail patients with hypertension had lower medication
adherence in comparison to the non-frail subjects (6.60 ± 1.89 vs. 7.11 ± 1.42; p = 0.028) [69].
Frailty was associated with poor medication adherence in the study conducted among
Chinese community-dwelling older patients with chronic diseases. In this study, authors
concluded that medication necessity and medication concerns attenuated the total effect
of frailty on medication adherence by 13.6% and 70.3% respectively [70]. The results
above seem to confirm the opinion by Strain et al. (2021)—they are of the opinion that
“frailty, rather than age, determines the prognosis for older adults with diabetes and should
therefore be a key determinant of target setting and treatment choices when individualizing
care” [71].

The self-reported study showed additionally that a significant predictor of non-
adherence, except for TFI, was being male—it increased the chance of being qualified
to the non-adherence group by 2954 times in comparison to being female. It was also found
in the research of Horii et al. (2019) that being male was a significant predictor of adherence
(OR 0.45, 95% CI 0.23–0.89, p = 0.022) [72]. It is worth mentioning that the impact of gender
on adherence in DM2 patients was reported in existing studies heterogeneously. In the
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study by Demoz et al. (2020) predictors statistically associated with poor adherence were
being female and the presence of at least one diabetic complication [73]. In the study by
Aloudah et al. (2018) gender did not determine the level of adherence to oral hypoglycemic
agents and lower adherence was associated with younger age, higher numbers of non-oral
hypoglycemic agents, and higher HbA1c levels [74]. Gender did not influence adherence
in the research by Aminde et al. (2019) either. In multivariable analysis, authors showed
that an age above 60 years, alcohol consumption, and insulin-only therapy were associated
with non-adherence [20].

The third aspect which affected adherence in the research was the number of med-
ications taken by a patient daily. The odd ratio for all the medications taken daily was
OR 0.847 and each extra tablet decreased the chance of being qualified to the non-adherence
group by 15.3%. The method of DM treatment and the number of diabetic medications did
not determine adherence.

Polypharmacy has previously been shown to be inversely associated with medication
adherence in several studies of patients with DM2 [74,75] and in studies of patients with
other chronic diseases [76,77]. The self-reported findings in correlation with the results by
other researchers suggest reducing the number of medications to the most necessary ones
to maintain optimal health conditions in over 60 years old with DM2, co-existent diseases,
and frailty syndrome. It seems to be one of the non-adherence prophylaxis methods.
The self-reported study also indicated the factors of non-adherence in over 60 years old
DM2 patients. The similarities and differences between the results of the study and the
results achieved by other researchers in terms of non-adherence predictors indicated a need
for more personalized drug selection and therapeutic management to improve clinical
outcomes in this group. It is important to notice that a lot of research cited in the discussion
above is concentrated on adherence in respect to DM2, elderly age or frail patients with
other chronic diseases. It stems from the deficits in literature on the topic of adherence,
DM2, old age and frailty syndrome.

We suggest preceding the stage of planning proper diabetes management with a
complex assessment of DM elderly patients for the occurrence of frailty syndrome and its
components (physical, psychological, and social) with the use of a standardized instru-
ment. We also suggest repeating the assessment in regular intervals or when needed to
optimize health care. Moreover, there is a need for more personalized drug selection and
therapeutic management to improve clinical outcomes in this group. The complex assess-
ment of DM elderly patients for the occurrence of frailty syndrome and its components
will allow members of the therapeutic team (doctors, nurses, social workers, nutritionists,
rehabilitators) to jointly develop and implement individualized interventions aimed at
the patient’s needs to improve his adherence to medication. Rather, the focus should be
on preventing non-adherence at an early stage of the disease by taking steps in the right
order, i.e., (1) assessing the presence of the patient’s weakness syndrome, (2) undertaking
interventions aimed at the patient’s physical, psychological, or social sphere depending on
the assessment result, aimed at optimizing his adherence, (3) evaluating the medication
adherence and glycemic control. However, checking the effectiveness of such a solution
requires further research.

The first crucial limitation of the study derives from a small sample group analyzed
and the limitation to one voivodship. The second is that only a questionnaire was used to
assess adherence. The use of an analysis of pharmacy registers and medication use control
in addition to the questionnaire would significantly increase the clinical value of the analysis
however as Denicolò et al. (2021) notice there is no golden standard to assess adherence [56].
The third limitation referred to the ACDS questionnaire which only examined adherence
in terms of pharmacotherapy, while in DM patients in the context of adherence, there are
other elements equally essential such as regular physical activity, adherence with dietary
recommendations, regular blood pressure, and glycemia measurements, etc.
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5. Conclusions

Frailty syndrome was found in four-fifths of the DM2 elderly patients and it affected
the adherence to medication in this group. The low adherence group achieved higher
overall TFI scores and separately higher ones in physical and psychological domains in
comparison to medium and high adherence groups. The independent predictors affecting
non-adherence included three factors: a TFI score, male gender, and the number of all
medications taken by a patient daily.
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Abstract: Since the heterogeneity of the growing group of older outpatients with cognitive decline, it
is challenging to evaluate survival rates in clinical shared decision making. The primary outcome
was to determine whether the Multidimensional Prognostic Index (MPI) predicts mortality, whilst
assessing the MPI distribution was considered secondary. This retrospective chart review included
311 outpatients aged ≥65 years and diagnosed with dementia or mild cognitive impairment (MCI).
The MPI includes several domains of the comprehensive geriatric assessment (CGA). All charac-
teristics and data to calculate the risk score and mortality data were extracted from administrative
information in the database of the Alzheimer’s Center and medical records. The study population
(mean age 76.8 years, men = 51.4%) was divided as follows: 34.1% belonged to MPI category 1, 52.1%
to MPI category 2 and 13.8% to MPI category 3. Patients with dementia have a higher mean MPI
risk score than patients with MCI (0.47 vs. 0.32; p < 0.001). The HRs and corresponding 95% CIs for
mortality in patients in MPI categories 2 and 3 were 1.67 (0.81–3.45) and 3.80 (1.56–9.24) compared
with MPI category 1, respectively. This study shows that the MPI predicts mortality in outpatients
with cognitive decline.

Keywords: dementia; Multidimensional Prognostic Index; cognitive decline; aging; mortality; frailty;
geriatric assessment

1. Introduction

Cognitive decline is one of the most significant and common problems in older per-
sons [1]. Dementia is an overall term for chronic and progressive neurodegenerative
disorders with the loss of cognitive functioning [2]. Mild cognitive impairment (MCI) is
a syndrome of having greater than expected cognitive decline for the person’s age and
education level, but in contrast to dementia, it does not significantly interfere with daily
life activities [3]. Patients with MCI have an increased risk of developing dementia, and the
conversion rate is almost 10% per year [4]. The prevalence rate of dementia in Europe in
older persons aged over 65 is about 7%, and for MCI, this is four times greater [5,6]. The
number of people living with dementia will double by 2050 [7]. Deaths from dementia are
rising, making it the second leading cause of death in high-income countries [8]. Dementia
appears to lead to higher mortality and is also associated with a loss of quality of life,
higher healthcare costs, and, more often, institutionalization [9–11]. Nevertheless, it is still
challenging for clinicians to inform their patients based on medical knowledge about the
prognosis after being diagnosed with dementia or MCI.

The prognosis of older patients with cognitive decline is determined by their cognitive
status and results from a combination of biological, functional, nutritional, environmental,
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psychological, and socioeconomic factors [12]. The comprehensive geriatric assessment
(CGA) is the main tool to integrate information from all these domains and determine the
prognosis [13]. In shared clinical decision-making, life expectancy and quality of life are
important factors in evaluating diagnostic and therapeutic interventions [14]. Estimating
the state of frailty and life expectancy of the patients is essential to point out the most
appropriate decisions for treatment, prevention, institutionalization and care manage-
ment [15]. Considering the heterogeneity of the group of patients with cognitive decline, it
is challenging to evaluate survival rates.

The Multidimensional Prognostic Index (MPI) is derived from a standardized CGA. It
uses a mathematic algorithm including information on eight domains relevant for assessing
frail older persons (i.e., functional, cognitive and nutritional status, cohabitation status,
comorbidities, polypharmacy and risk of pressure sores) using standardized and validated
rating scales [13]. The MPI generates a numeric score between 0 and 1 that expresses the
global risk index of multidimensional impairment. Therefore, the MPI can translate clinical
outcomes of the CGA into a risk score that can predict negative outcomes. This tool has
been developed and identified as well-calibrated to predict short and long-term mortality
in several independent cohorts of hospitalized and community-dwelling older patients
with acute and chronic diseases [1,13,14,16,17].

The present study aimed to investigate the distribution and the possible predictive
value on mortality of the MPI within a population of outpatients with cognitive decline.

2. Materials and Methods

This study was a retrospective chart review study. All outpatients aged 65 years and
older who were referred to the Alzheimer Center of the Erasmus MC University Medical
Center, Rotterdam, from 1 January 2010 to 31 December 2020, and were primarily seen by a
geriatrician were screened for inclusion in the study. Patients diagnosed with dementia
or MCI after undergoing the standard workup were included. Exclusion criteria were a
diagnosis of frontotemporal dementia (FTD), a psychiatric disorder and if data regarding
calculating the MPI risk score was incomplete.

The present study was conducted according to the Declaration of Helsinki. In the
Netherlands, ethical approval and patient consent are not required for a retrospective chart
review study in which data collected during routine clinical care are extracted and analyzed
anonymously. Two physicians were responsible for correctly extracting the information
needed (FO, FMR).

All patients were included from the database of the Alzheimer’s Center (n = 4461). The
following data were already available: age, sex, Mini-Mental State Examination (MMSE)
score and diagnosis. Information on mortality and the variables to calculate the MPI
risk score were collected from the medical records. The MPI was determined based on
information from eight different domains of the CGA [13]:

1. Cohabitation status was divided into three parts: living with family (with spouse
and/or other relatives and/or a caregiver), institutionalized and alone;

2. Medication use was defined by the number of drugs used and was ranged into three
groups: ≤3, from 4 to 6 and ≥7;

3. Functional status was evaluated by Katz’s Activities of Daily Living (ADL) index [18];
4. Independence was defined by Lawton’s Instrumental Activities of Daily Living (IADL)

index [19];
5. Cognitive status was assessed with the Mini-Mental State Examination (MMSE). When

appropriate, in case of a diverse cultural background and/or language barrier, the
Rowland University Dementia Assessment Scale (RUDAS) was used [20,21];

6. Comorbidity was examined using the Cumulative Illness Rating Scale comorbidity
index (CIRS-CI) [22];

7. The risk of developing pressure sores was evaluated through the Exton Smith Scale
(ESS) [23];
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8. Nutritional status was investigated with the Mini Nutritional Assessment short-form
(MNA-SF) [24].

For each domain, a value is determined according to the conventional cutoff points
derived from the literature (Table 1). Value 0 indicates no problem, 0.5 is a minor problem,
and 1 is a severe problem. The sum of the calculated scores from the eight domains was
divided by 8 to obtain the final MPI risk score ranging from 0 = no risk to 1 = highest risk.
Additionally, the MPI was expressed as three categories of risk: MPI category 1 low risk
(MPI risk score 0–0.33), MPI category 2 moderate risk (MPI risk score 0.34–0.66) and MPI
category 3 high risk (MPI risk score 0.67–1) [13].

Table 1. MPI risk score is assigned to each domain based on the severity of the problem.

Assessment
No Problem
(Value = 0)

Minor Problem
(Value = 0.5)

Severe Problem
(Value = 1)

CHS Living with family Institutionalized Alone
Number of medications 0–3 4–6 ≥7
ADL 6–5 4–3 2–0
IADL 8–6 5–4 3–0
MMSE (n = 289)
RUDAS (n = 22)

28–30
26–30

25–27
17–25

0–24
0–16

CIRS-CI 0 1–2 ≥3
ESS 16–20 10–15 5–9
MNA-SF ≥12 8–11 0–7

Notes: Values are given in points. Abbreviations: MPI, Multidimensional Prognostic Index; CHS, cohabitation
status; ADL, Activities of Daily Living; IADL, Instrumental Activities of Daily Living; MMSE, Mini-Mental State
Examination; RUDAS, Rowland Universal Dementia Assessment Scale; CIRS-CI, Cumulative Illness Rating Scale
Comorbidity Index; ESS, Exton Smith Scale; MNA-SF, Multi Nutritional Assessment Short Form.

The diagnosis of dementia was reached within the Alzheimer Center’s team during
weekly multidisciplinary consultation, according to the Diagnostic and Statistical Manual
of Mental Disorders (DSM) 5th edition criteria [25].

Baseline characteristics were reported as frequencies for categorical variables and
mean ± standard deviation (SD) for continuous variables. Comparisons across MPI cate-
gories were performed using a Chi-squared test for categorical variables and a one-way
ANOVA test for continuous variables. For the comparisons between dementia and MCI,
a Chi-squared test was used for categorical variables, and an independent samples T-
test was used for continuous variables. To investigate the predictive role of MPI upon
mortality, a Cox regression model was used to assess the hazard ratios (HR) and 95%
confidence interval (95% CI). The model was adjusted for age and sex. Only 12 patients
belonged to the MPI category 3, and we repeated the Cox regression analysis combining
MPI categories 2 and 3 for further analysis. All statistical analyses were performed using
SPSS Statistics 27. Two-sided p-values < 0.05 were considered statistically significant.

3. Results

The database included 4461 patients, of which 3802 were not included because of
having visited another center, not being primarily seen by a geriatrician or age < 65 years.
A total of 659 patients were screened for inclusion, and eventually, the study population
included 311 patients (mean age 76.8 ± 6 years, 160 men (51.4%)) (Figure 1).

In total, 73% of patients had dementia, and 27% had MCI. In the dementia group,
45.4% were diagnosed with Alzheimer’s disease, 16.7% with vascular dementia, 18.9%
with mixed dementia (Alzheimer’s and vascular dementia) and 18.9% with other forms
of dementia (seven patients with Lewy body dementia, two with logopenic progressive
aphasia, two with corticobasal degeneration and 32 remained undifferentiated). Table 2
shows the clinical characteristics of the patients included in the study. In total, 106 (34.1%)
patients belonged to MPI category 1, 162 (52.1%) to MPI category 2 and 43 (13.8%) to MPI
category 3. The majority (66.9%) of the patients lived together with family, 29.9% lived
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alone, and 3.2% were institutionalized. The daily number of drugs taken was high at
6.1 ± 3.9, and the comorbidity index (CIRS-CI) was rated at 3.2 ± 1.7. The patients had
a moderate degree of dependence (ADL 5.3 ± 1.3; IADL 4.8 ± 2.4) but were cognitively
impaired according to cognitive screening tests (MMSE 21.8 ± 5; RUDAS 18.8 ± 5.5). The
cognitive status was scored using the MMSE in 289 patients (92.9%) and the RUDAS in
22 patients (7.1%). The risk of pressure ulcers was low (ESS score 17.5 ± 2.4), probably
since the study population consisted of outpatients. With a mean MNA-SF of 11 ± 2.3,
there was a moderate risk of malnutrition.

Figure 1. Flow chart of the study.

Table 3 presents the characteristics of the patients according to their MPI category.
A higher MPI category is associated with a higher prevalence of dementia and a lower
prevalence of MCI (p < 0.001 between MPI 1 and MPI 2/3; p = 0.008 between MPI 2 and
MPI 3). Patients in MPI categories 2 and 3 were older (p < 0.05) than patients in MPI
category 1. As expected, participants in higher MPI categories were more likely to use
more medication, suffer from more comorbidities, be less independent in activities of daily
living, have higher pressure sore risk and have a higher risk of malnutrition (p < 0.001 in
all domains). The cognitive status of patients in MPI categories 2 and 3 was worse than in
MPI category 1 (p < 0.001). There were fewer men in the dementia group than in the MCI
group (45.4% vs. 67.9%, respectively; p < 0.001). The mean MPI risk score was higher in
patients with dementia than with MCI (0.47 ± 0.18 vs. 0.32 ± 0.15; p < 0.001). Patients with
dementia had worse ADL and IADL scores, cognitive status according to the MMSE or
RUDAS, pressure sore risk and malnutrition risk (p < 0.001 in all domains) than patients
with MCI. They were also more likely to use more medications than patients with MCI
(p = 0.035).
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Table 2. General characteristics (n = 311).

Men 160

Age (years) 76.8 ± 6
MCI 84
Dementia 227

Alzheimer’s disease 103
Vascular dementia 38
Mixed dementia 43
Other 43

MPI-1 106
MPI-2 162
MPI-3 43
MPI risk score 0.43 ± 0.19
CHS

With family 208
Institutionalized 10
Alone 93

Number of medications 6.1 ± 3.9
ADL 5.3 ± 1.3
IADL 4.8 ± 2.4

Notes: Values are given as n or mean ± SD. Abbreviations: SD, standard deviation; MCI, mild cognitive
impairment; MPI, Multidimensional Prognostic Index; CHS, cohabitation status; ADL, activities of daily living;
IADL, instrumental activities of daily living; MMSE, Mini-Mental State Examination; RUDAS, Rowland Universal
Dementia Assessment Scale; CIRS-CI, Cumulative Illness Rating Scale Comorbidity Index; ESS, Exton Smith Scale;
MNA-SF, Multi Nutritional Assessment Short Form.

Table 3. General characteristics according to MPI categories.

Variable
MPI 1
(n = 106)

MPI 2
(n = 162)

MPI 3
(n = 43)

p-Value

Men 56 88 16 * ns
** ns
*** 0.046

Age (years) 75.6 ± 5.8 77.1 ± 5.7 78.3 ± 6.9 * 0.045
** 0.012
*** ns

Dementia 58 127 42 * <0.001
MCI 48 35 1 ** <0.001

*** 0.008
CHS

With family 88 105 15
Institutionalized 0 5 5
Alone 18 52 23

Number of medications 3.3 ± 3.1 7 ± 3.3 9.9 ± 3.3 <0.001
ADL 5.9 ± 0.4 5.5 ± 0.9 3.1 ± 1.6 <0.001
IADL 6.5 ± 1.7 4.4 ± 2.2 2 ± 1.6 <0.001
MMSE 24.5 ± 3.9 20.7 ± 5.1 19.1 ± 4.4 * <0.001

** <0.001
*** ns

RUDAS 21.8 ± 5 18.3 ± 5.5 17.2 ± 6.1 ns
CIRS-CI 1.9 ± 1.3 3.6 ± 1.4 4.8 ± 1.4 <0.001

Notes: Values are given as n or mean ± SD. Abbreviations: SD, standard deviation; ns, not significant; MCI, mild
cognitive impairment; MPI, Multidimensional Prognostic Index; CHS, cohabitation status; ADL, activities of daily
living; IADL, instrumental activities of daily living; MMSE, Mini-Mental State Examination; RUDAS, Rowland
Universal Dementia Assessment Scale; CIRS-CI, Cumulative Illness Rating Scale Comorbidity Index; ESS, Exton
Smith Scale; MNA-SF, Multi Nutritional Assessment Short Form. * p-value between MPI 1 and MPI 2. ** p-value
between MPI 1 and MPI 3. *** p-value between MPI 2 and MPI 3.

Seventy-one patients (22.8%) died during follow-up. After diagnosis, the average
patient survival time was 2.5 years (from a minimum of 0.2 to a maximum of 10.4 years).
Figure 2 shows the survival curve for the three MPI categories. The HRs and corresponding
95% CIs for mortality in patients in MPI category 2 and MPI category 3 were 1.67 (0.81–3.45)
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and 3.80 (1.56–9.24), respectively. When we combined patients in MPI categories 2 and 3,
the HR for mortality was 3.98 (95% CI: 1.97—8.04, p < 0.001) compared to patients in MPI
category 1.

Figure 2. Cox regression survival curve stratified by MPI groups. Model adjusted for age and sex.

4. Discussion

In the present study, we found that older outpatients with cognitive decline and high
MPI scores have an increased mortality risk. Patients with dementia had higher MPI scores
than patients with MCI.

Several prognostic instruments have been investigated in older patients with cognitive
decline. Nearly all instruments were validated in specific groups of patients such as institu-
tionalized older patients with advanced dementia and Alzheimer’s disease or investigated
only the influence of single characteristics [26–29]. A systematic review of prognostic
instruments based on literature confirmed the lack of prognostic indicators of 6-month
mortality in older patients with advanced dementia [30]. A nationwide prospective cohort
study in the Netherlands found an increased one- and five-year mortality risk in patients
with dementia compared with the general population. Still, specific patient characteristics
were not taken into account [31]. Recently, a nationwide registry-linkage study developed a
survival time tool for older patients with dementia. This tool appeared to be very accurate
in predicting the three-year survival [32].

A large prospective study found that the MPI had significantly better prognostic
accuracy than three other frailty indices predicting short- and long-term mortality in
different settings in hospitalized older patients [33]. A higher MPI risk score seemed,
besides a higher risk of mortality, to be associated with other negative outcomes, such as
institutionalization, rehospitalization and access to home care services [16,34]. As expected
and in agreement with other recent studies, the MPI was also effective in predicting
mortality in older patients with cognitive decline in this study [1,34]. The study of Pilotto
et al. was based on hospitalized patients with dementia, and MCI was not considered.
However, no study had explored whether the prevalence of dementia and MCI was higher
or lower among the MPI categories [1].

The findings of our study should be interpreted with some limitations. First, the
patients included were recruited within a single university medical center, and therefore we
cannot extrapolate our findings to a general population. Second, we have used a modified
version of the original MPI. Nevertheless, the different tools used in the present study
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were previously validated [22,35,36]. Third, transitions between the MPI categories over
time can occur, potentially affecting the results. Information on education level was not
available. Therefore, we cannot exclude that this might have biased the results.

This study has several strengths. First, a relatively large number of outpatients was
included. Second, since the diagnosis is based on multidisciplinary consultation using
biomarkers, diagnostic imaging and neuropsychological assessment, it is less likely that
the diagnosis of dementia or MCI is missed or misdiagnosed. Third, including patients
when only the RUDAS was available contributed to a culturally diverse background
study population.

In conclusion, we found that a high MPI risk score was associated with an increased
mortality rate in a group of older outpatients with cognitive decline. These findings need
to be confirmed in larger and heterogeneous populations of patients with cognitive decline.
If confirmed, the MPI would be a novel tool for risk stratification and medical decisions in
this peculiar category of patients.
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Abstract: A multicenter cross-sectional study was designed to assess the quality of treatment of
1190 patients with chronic pain at the time of referral to a specialized pain unit. A total of 119 physi-
cians from 77 pain units throughout Spain collected 23 indicators of the quality of care from 10 con-
secutive clinical records of chronic pain patients (5 men, 5 women). Degenerative spinal diseases
(38.6%) and lumbosciatic pain (29.8%) were the most common etiologies. At the time of referral to
the pain unit, 9.8% of patients were not receiving any analgesic treatment. Treatment was modified
in 88.1% of the patients by adding adjuvant drugs, adding opioids or increasing the doses of anal-
gesic medications, and using analgesic techniques. Women had higher percentages of osteoarthritis,
headache and fibromyalgia as the cause of pain, longer duration of pain and severe pain intensity,
and a higher proportion of changes in the diagnosis of the underlying condition with which they
had been referred to the pain unit. Improvements should be made in the patient management and
referral protocols not only in the clinics prior to patient referral to the pain unit, but also in the pain
units themselves.

Keywords: chronic pain; pain unit; quality indicators; analgesics; opioids; gender differences

1. Introduction

Chronic pain is one of the most common reasons for adults to seek medical care,
particularly in primary care [1], and is associated with restrictions in daily life activities and
mobility, reduced quality of life, anxiety and depression, and dependency on opioids [2,3].
The high prevalence of chronic pain and pain-related diseases as the leading cause of
disability and disease burden globally has been confirmed in different studies, where
15–25% of adult population suffer chronic pain, reaching to the 50% in older than 65 [2,4–6].
Low back pain and recurrent tension-type headache are the conditions that cause most
disability and dysfunction [7]. Additionally, the demand for pain care shows an increasing
trend due to aging of the population and a high prevalence of chronic diseases [8,9].

Despite increased focus on the importance of pain control and effective analgesic
medications, inadequate pain management has been widely reported with a large variability
of undertreatment across studies and settings [10–12]. Barriers to the implementation of
adequate pain control are multifactorial involving patient-related and biopsychosocial
factors, disease-related factors, underestimation of pain intensity, lack of adequate training
of healthcare providers, inadequate pain evaluation, and especially the complexity of the
pathophysiological mechanisms of pain [13–16]. A multidisciplinary approach to pain
management based on early multidimensional diagnosis of chronic pain and rapid initiation
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of evidence-based therapy according to an individual treatment plan is necessary to ensure
the best outcomes [17,18].

Pain units were created to provide multidisciplinary pain assessment and care, in-
volving a team of anesthetists, neurologists, psychiatrists, occupational therapists, nursing
staff, and rehabilitation physicians [12]. In a meta-analysis of 65 studies, the effects of
multidisciplinary treatments for chronic pain appeared to be stable over time and were not
limited to improvements in pain but also extended to mood, interference with daily activi-
ties, and behavioral variables such as return to work or use of the health care system [19].
Multimodal pain management directed by pain specialists in pain clinics plays a pivotal
role in the care of patients with chronic pain [20–26], but there is still little information
on different aspects related to the profile of patients referred to these units, reason for
referral, characteristics of pain management before referral, interventions and treatment
prescribed by pain unit specialists, and outcomes attained. Although the use of the pain
units is recommended worldwide, local rules for the referral of the patients could influence
the characteristics of the patients for the first referral. Thus, in Spain, patients may be
referred to the pain unit from primary health care or a specialist, mainly outpatients, when
there is a problem diagnosing the underlying disease that generates the pain, and when
the pain has not been controlled. Therefore, it is to be expected that the patient referred to
the pain unit does not have the pain controlled, and this should be the main reason for his
consultation [26]. This study aimed to evaluate the current practice of patients with chronic
pain referred to pain units from a national perspective, and to provide useful information
to assist stakeholders involved in pain care in their decision-making challenges.

2. Materials and Methods

2.1. Design

This was a multicenter, cross-sectional study conducted in pain units throughout
Spain over a 5-month period (May–September 2020) and based on data collected from
the medical records of patients with chronic pain (the DUO project). DUO is the Spanish
acronym of “Dolor y Uso de Opiáceos” (Pain and Opioids Use). The primary objective of
the study was to assess the clinical condition of patients with chronic pain at the time of
referral to the pain unit, including the control of pain and details of treatment (medication
and doses). The secondary objective was to assess the management of patients in the pain
unit. The study protocol was approved by the Clinical Research Ethics Committee (CEIC)
of Hospital Universitari de Bellvitge (code PR048/20, approval date 27 February 2020),
and informed consent was waived because study data were collected from the electronic
patients’ medical records. All data were anonymized.

2.2. Participants

Patients of both genders aged 18 years or older were eligible provided that they
presented with chronic pain, had been managed in the outpatient setting, and were referred
to the pain unit for the first time. Chronic pain was defined according to the International
Association for the Study of Pain (IASP) as either chronic primary or secondary pain in
≥1 anatomic region that is either persistent or recurs for >3 months and causes functional
disability and emotional stress [24]. Chronic primary pain syndrome was also defined as
pain that cannot be accounted for by any other chronic pain disorder.

2.3. Study Procedures

The scientific committee of the study was composed by two pain management spe-
cialists (V.M.R., A.C.V.) who developed the study questionnaire based on different recom-
mendations of clinical practice guidelines for pain management [25,26]. The questionnaire
included 35 questions, which were grouped into three sections: (a) indicators of the par-
ticipating physician (4 items), (b) indicators of structure of the pain unit (8 items), and
(c) indicators of the chronic pain process (23 items). The description of the study question-
naire is included in the Supplementary Material.
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Study participants were staff physicians working in pain units throughout Spain. They
were recruited by the contract research organization through formal e-mail invitations
that included a brochure with full information about the project. The questionnaire was
lodged in an internet microsite that could be accessed via a weblink, and only physicians
who accepted to participate in the study were provided with access to the questionnaire
platform URL and the user’s password. Participation in the study was anonymous and
voluntary. To complete the section of process indicators, participating physicians collected
data of 10 consecutive patients (5 men and 5 women) with chronic pain who were referred
to the pain unit during the study period.

2.4. Statistical Analysis

A sample size of 120 pain units was necessary to describe the process indicators
selected for the study with an estimated precision of ±6% in the confidence intervals (CI) of
the proportions, with a 94% statistical power for a two-tailed alpha error of 0.05. Categorical
variables are expressed as frequencies and percentages, and continuous variables as mean
and 95% CI. The chi-square test or the Fisher’s exact test was used for the comparison
of categorical variables, and the Student’s t-test for quantitative variables. In relation to
process indicators, differences between men and women were analyzed using the Student’s
t-test or the Mann–Whitney U test for the comparison of the mean values and 95% CI for
valid cases (number of patients in which the value of the variable was available) and the
mean percentages and 95% CI of compliance with the indicator for valid cases in each pain
unit. Statistical significance was set at p < 0.05. The SPSS version 27.0 statistical package
(IBM SPSS, Chicago, IL, USA) was used for the analysis of data.

3. Results

3.1. Characteristics of Participants

A total of 119 physicians from pain units completed the study questionnaire and
provided pooled data of 1190 patients with chronic pain. Pain units were located in 16
out of total 17 regions of Spain. There were 57 men and 62 women, with a mean age
of 46.2 years and mean years of professional experience of 12.5. Most physicians were
specialists in anesthesiology (86.6%) and worked in public hospitals (89.9%) (Table 1).

Table 1. Characteristics of 119 participants.

Variables Number (%) Mean (95% CI)

Participating physicians

Gender
Male 57 (47.9)

Female 62 (52.1)
Age of the participating physician 46.2 (44.5–48.0)

Years of professional experience in the field of pain 12.5 (10.8–14.1)
Current clinical specialty

Anesthesiology 103 (86.6)
Primary care 5 (4.2)

Physical medicine and rehabilitation 10 (8.4)
Neurosurgery 1 (0.8)

Structure indicators

Type of center to which the unit belongs
Public hospital/center 107 (89.9)

Mixed center 12 (10.1)
What level does your pain unit correspond to?

Level I 10 (8.4)
Level I 58 (47.1)

Level III 53 (44.5)
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Table 1. Cont.

Variables Number (%) Mean (95% CI)

Number of patients seen in the unit in one month 462.6 (402.8–522.4)
Number of new patients referred to the unit in

one month 103.8 (89.8–117.8)

Does the unit have a pain assessment protocol?
No 25 (21.2)
Yes 93 (78.8)

Does the unit use validated chronic pain
assessment scales?

No 5 (4.2)
Yes 114 (95.8)

Is health-related quality of life of patients with
chronic pain evaluated using validated scales?

No 59 (49.6)
Yes 60 (50.4)

Is mental health of patients with chronic pain
evaluated using validated scales?

No 85 (71.4)
Yes 34 (28.6)

CI: confidence interval; Level I: monographic unit; Level II: multidisciplinary pain treatment unit; Level III:
multidisciplinary pain center or unit for the study and treatment of pain.

3.2. Structure Indicators

The mean number of new patients referred to the pain unit in one month was 104,
accounting for 26.2% of new consultations. Pain assessment protocols were available in
78.8% of the pain units, and validated scales for the assessment of chronic pain were used
in 95.8% of the cases. Validated scales for assessing quality of life and mental health were
used in 50.4% and 28.6% of cases, respectively (Table 1).

3.3. Process Indicators

Details of process indicators are shown in Tables 2 and 3. Around 45% of patients were
referred to the pain unit from orthopaedic surgery and traumatology; men as compared
with women were more frequently referred from neurology/neurosurgery (11.7% vs. 7.6%,
p = 0.02) and oncology (4.2% vs. 2.4%, p = 0.03) services, whereas a higher percentage of
women were referred from rheumatology services (9.3% vs. 4.7%, p = 0.001). Women were
also older than men (61.9 vs. 59.1 years, p = 0.001). Regarding the employment status, more
men were in the active category, whereas more women were housewives. Leading causes
of chronic pain were degenerative spinal diseases and lumbosciatic pain. Lumbosciatic
pain was significantly more common in men (p = 0.001), whereas osteoarthritis (p = 0.001),
headache (p = 0.033) and fibromyalgia (p < 0.0001) were significantly more frequent in
women. Women also showed a significantly longer duration of chronic pain (32.7 months)
than men (26.8 months) (p = 0.007). In relation to the type of pain, significant gender
differences included somatic pain (p = 0.001) and primary pain (p = 0.045) more frequent
in women, and neuropathic pain more frequent in men (p = 0.008). The intensity of pain
assessed on a 0–10 scale at the time of pain unit consultation was 6.9 (95% CI 6.7–7.2) in
women and 6.6 (95% CI 6.3–6.8) in men (p = 0.041). Moreover, severe pain was reported
by a higher percentage of women (p = 0.033) and mild pain by a higher percentage of men
(p = 0.033).

More than 80% of patients had impaired functionality due to chronic pain and
more than 50% sleep disturbances caused by the pain condition. Breakthrough pain
was present in 27% of patients. Differences between men and women in these variables
were not observed.
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Table 2. Process indicators in 1190 patients with chronic pain referred to the pain unit.

Variables
Total

% (95% CI)

Gender
p

ValueMen
% (95% CI)

Women
% (95% CI)

Specialty from which the patient
is referred

Orthopaedic surgery and traumatology 44.7 (40.6–48.9) 43.5 (38.6–48.3) 45.8 (41.0–50.6)
Neurology/neurosurgery 9.7 (7.3–12.0) 11.7 (8.5–14.9) 7.6 (5.1–10.1) 0.02

Rheumatology 7.0 (5.3–8.7) 4.7 (2.8–6.5) 9.3 (6.8–11.9) 0.001
Primary care 14.3 (11.3–17.3) 13.8 (10.6–17.0) 14.9 (11.3–18.5)

Oncology 3.3 (2.1–4.5) 4.2 (2.7–5.8) 2.4 (1.1–3.7) 0.03
Physical medicine and rehabilitation 13.0 (10.0–15.9) 12.7 (9.4–16.1) 13.2 (9.5–16.9)

Internal medicine 1.4 (0.7–2.2) 1.7 (0.7–2.7) 1.2 (0.3–2.1)
Others 7.0 (5.2–8.8) 7.7 (5.1–10.3) 6.4 (4.4–8.5)

Patient age, years, mean (95% CI) 60.5 (59.6–61.4) 59.1 (57.7–60.3) 61.9 (60.6–63.1) 0.001

Patient employment status
Active 36.8 (33.4–40.1) 43.9 (39.6–48.3) 29.6 (25.7–33.5) <0.0001

Unemployed 11.7 (9.1–14.3) 12.1 (9.0–15.1) 11.4 (8.1–14.6)
Pensioner 42.6 (39.0–46.2) 42.8 (38.6–47.0) 42.4 (37.3–47.5)

Housewives 8.6 (6.7–10.5) 0.7 (0.0–1.3) 16.4 (12.8–20.1) <0.0001
Student 0.3 (0.0–0.5) 0.5 (−0.1–1.1) 0 (0.0–0.0)

Main cause of chronic pain
Degenerative spinal diseases 38.6 (34.4–42.8) 36.8 (32.1–41.5) 40.5 (35.2–45.9)

Lumbosciatic pain 29.8 (26.3–33.2) 34.5 (29.9–39.0) 25.1 (20.8–29.4) 0.001
Trauma 3.1 (1.8–4.5) 3.9 (1.8–5.9) 3.9 (1.9–5.9)

Complex regional syndrome 4.1 (2.6–5.6) 3.7 (2.1–5.3) 4.6 (2.3–6.8)
Osteoarthritis extremities 9.0 (6.9–11.1) 6.7 (4.6–8.8) 11.2 (8.3–14.1) 0.001

Peripheral neuropathy 5.6 (4.0–7.3) 6.6 (4.3–8.8) 4.8 (2.9–6.6)
Visceral 1.4 (0.7–2.2) 1.9 (0.8–2.9) 0.9 (0.1–1.6)

Neoplastic 3.6 (2.4–4.8) 4.4 (2.8–6.0) 2.7 (1.3–4.1)
Headache 0.8 (0.3–1.4) 0.3 (−0.1–0.8) 1.2 (0.3–2.1) 0.033

Fibromyalgia 4.0 (2.6–5.4) 0.5 (−0.1–1.1) 7.6 (5.1–10.2) <0.0001
Herpes zoster 1.7 (1.0–2.4) 2.0 (0.9–3.1) 1.4 (0.4–2.3)

Other 5.6 (3.5–7.6) 4.4 (2.8–6.0) 2.7 (1.3–4.1)
Duration of pain, months, mean (95% CI) 29.7 (26.7–32.6) 26.9 (23.1–30.6) 32.7 (28.2–37.2) 0.007

Type of pain
Somatic 23.2 (19.3–27.2) 19.5 (15.5–23.5) 27.2 (22.3–32.1) 0.001
Visceral 1.4 (0.7–2.1) 1.2 (0.3–2.1) 1.7 (0.7–2.7)

Neuropathic 24.0 (20.6–27.4) 27.0 (22.9–31.2) 21.1 (17.1–25.2) 0.008
Mixed 50.2 (45.5–54.9) 52.0 (46.9–57.0) 47.9 (42.4–53.5)

Primary 1.5 (0.5–2.6) 0.5 (−0.1–1.1) 2.6 (0.6–4.5) 0.045
Pain intensity measurement with a

validated scale before referral 39.9 (31.8–47.9) 40.4 (32.1–48.8) 38.6 (30.3–46.9)

Pain intensity (0–10) at pain unit
consultation, mean (95% CI) 6.8 (6.6–6.9) 6.6 (6.4–6.8) 6.9 (6.7–7.2) 0.041

Current pain intensity (0–10 points)
Mild (0–4) 13.1 (9.8–16.5) 15.3 (11.1–19.5) 11.1 (7.6–14.7) 0.033

Moderate (5–7) 55.5 (51.6–59.4) 56.6 (51.9–61.4) 54.7 (49.9–59.4)
Severe (8–10) 32.5 (28.1–36.8) 29.0 (24.1–33.8) 35.6 (30.6–40.6) 0.033

Impaired functionality due to chronic pain 82.6 (78.0–87.2) 81.5 (76.6–86.4) 84.3 (79.6–89.0)
Sleep disturbance due to chronic pain 58.7 (53.3–64.0) 56.9 (51.1–62.7) 61.7 (56.0–67.5)
Assessment of sleep disturbance using

validated scales 16.3 (10.2–22.3) 16.0 (9.7–22.2) 16.0 (9.9–22.1)

Presence of breakthrough pain 26.6 (20.7–32.4) 26.7 (20.5–32.9) 26.2 (20.1–32.3)
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Table 2. Cont.

Variables
Total

% (95% CI)

Gender
p

ValueMen
% (95% CI)

Women
% (95% CI)

Analgesic step of the patient on visiting
the pain unit
No treatment 9.8 (7.5–12.2) 10.6 (7.8–13.4) 9.1 (6.1–12.1)

First step: non-opioid analgesic 24.1 (20.1–28.1) 25.0 (20.1–30.0) 23.3 (18.8–27.7)
First step: non-opioid
analgesic + adjuvant 13.7 (11.5–16.0) 15.9 (12.4–19.5) 11.7 (8.7–14.7)

Second step: weak opioid 10.8 (8.0–13.6) 9.3 (6.2–12.3) 11.6 (8.0–15.2)
Second step: weak opioid + adjuvant 10.3 (7.9–12.7) 10.3 (7.4–13.2) 10.6 (7.4–13.8)

Second step: weak
opioid + non-opioid analgesic 8.8 (6.7–10.9) 8.0 (5.0–11.0) 9.6 (6.8–12.4)

Second step: weak opioid + non-opioid
analgesic + adjuvant 8.1 (6.0–10.2) 8.2 (5.7–10.8) 8.0 (5.3–10.8)

Third step: strong opioid 5.5 (3.8–7.3) 5.6 (3.3–7.9) 5.7 (3.6–7.8)
Third step: strong opioid + adjuvant 6.6 (4.7–8.5) 7.3 (4.7–9.9) 6.0 (3.7–8.2)

Third step: strong
opioid + non-opioid analgesic 4.4 (2.9–5.8) 3.4 (1.6–5.1) 5.3 (3.3–7.3)

Third step: strong opioid + non-opioid
analgesic + adjuvant 6.7 (4.5–8.9) 6.6 (4.1–9.1) 6.8 (4.1–9.6)

Interventional techniques, drug
administration via spinal route,

peripheral nerve block, sympathetic or
neurolytic block, electrical stimulation

techniques, neurosurgery

2.2 (0.9–3.5) 2.5 (0.8–4.2) 1.8 (0.4–3.2)

Instructions for the use of
rescue analgesics 45.5 (38.4–52.5) 44.5 (37.2–51.8) 45.9 (38.4–53.3)

CI: confidence interval.

Table 3. Pain treatment in 1190 patients with chronic pain referred to the pain unit.

Variables
Total

% (95% CI)

Gender
p

ValueMen
% (95% CI)

Women
% (95% CI)

Drug treatment on admission to the
pain unit

None 8.4 (5.9–11.0) 9.1 (6.2–11.9) 7.7 (4.8–10.7)
Non-steroidal anti-inflammatory agents 37.6 (30.9–44.3) 42.6 (33.3–51.9) 34.8 (27.5–42.0) 0.049

Metamizole 24.5 (20.4–28.6) 22.0 (17.3–26.7) 28.2 (22.2–34.2) 0.042
Paracetamol 54.5 (47.8–61.1) 53.2 (45.1–61.4) 56.5 (49.2–63.9)

Codeine 1.3 (0.4–2.2) 0.7 (−0.4–1.7) 1.8 (0.4–3.3)
Tramadol 40.0 (34.8–45.1) 40.0 (33.4–46.7) 40.5 (34.6–46.3)

Buprenorphine 2.5 (1.2–3.7) 2.4 (1.0–3.7) 2.8 (0.7–4.8)
Fentanyl 9.4 (6.6–12.3) 8.3 (5.1–11.6) 10.6 (7.2–14.0)

Hydromorphone 0.2 (−0.1–0.4) 0.2 (−0.2–0.5) 0.2 (−0.2–0.5)
Morphine 1.6 (0.2–3.1) 1.4 (0.1–2.7) 2.0 (0.1–3.9)

Oxycodone 0.4 (0.0–0.8) 0.5 (−0.2–1.2) 0.3 (−0.1–0.8)
Oxycodone/naloxone 5.4 (2.8–8.1) 5.5 (3.1–7.9) 5.5 (1.7–9.2)

Tapentadol 11.6 (8.6–14.6) 10.5 (7.1–14.0) 12.9 (8.7–17.0)
Lidocaine 1.2 (0.4–2.0) 0.8 (0.0–1.6) 1.5 (0.3–2.6)
Capsaicin 1.8 (0.6–3.0) 0.8 (0.1–1.6) 3.0 (0.2–5.7)

Amitriptyline 7.4 (5.3–9.5) 6.2 (3.8–8.5) 8.5 (5.6–11.3)
Duloxetine 1.8 (0.6–3.0) 1.0 (0.0–2.0) 2.8 (0.2–5.5)
Venlafaxine 26.6 (22.8–30.5) 27.2 (22.1–32.4) 26.0 (21.0–30.9)
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Table 3. Cont.

Variables
Total

% (95% CI)

Gender
p

ValueMen
% (95% CI)

Women
% (95% CI)

Pregabalin 10.7 (8.3–13.1) 12.0 (8.6–15.3) 10.2 (5.9–14.4)
Gabapentin 2.8 (1.4–4.2) 2.8 (1.1–4.4) 2.8 (1.1–4.4)

Corticosteroids 6.5 (4.4–8.7) 7.3 (4.7–9.9) 5.6 (2.9–8.2)

Mean drug doses on admission to the
pain unit

Metamizole (mg) 1369.1 (1223.7–1514.5) 1413.1 (1192.2–1634.0) 1329.5 (1133.0–1526.0)
Paracetamol (mg) 1886.7 (1766.9–2006.6) 1821.0 (1645.6–1996.5) 1962.9 (1797.7–2128.1)

Codeine (mg) 55.0 (16.0–94.0) 90.0 49.6 (5.4–93.9)
Tramadol (mg) 139.7 (129.9–149.6) 138.7 (124.0–153.3) 140.8 (127.4–154.2)

Buprenorphine (μg) 40.4 (32.1–48.7) 37.9 (27.2–48.6) 43.4 (28.3–58.6)
Fentanyl (μg) 87.2 (56.5–117.8) 109.7 (52.2–167.3) 71.9 (37.8–106.0)

Hydromorphone (mg) 8.0 - 8.0
Morphine (mg) 35.0 (19.0–51.0) 39.0 (12.0–66.0) 32.0 (7.0–57.0)

Oxycodone (mg) 29.0 (6.0–53.0) 24.0 (−15.0–63.0) 38.0 (−8.0–83.0)
Oxycodone/naloxone (mg) 29.0 (22.0–36.0) 29.0 (19.0–39.0) 28.0 (17.0–40.0)

Tapentadol (mg) 130.0 (112.0–148.0) 137.0 (105.0–170.0) 124.0 (104.0–143.0)
Amitriptyline (mg) 24.7 (19.5–29.8) 29.1 (17.1–41.0) 22.0 (18.0–25.0)

Duloxetine (mg) 60.0 (53.0–68.0) 53.0 (43.0–62.0) 67.0 (56.0–78.0)
Venlafaxine (mg) 109.0 (67.0–151.0) 139.0 (10.0–267.0) 99.0 (49.0–149.0)
Pregabalin (mg) 165.1 (148.5–181.8) 180.9 (155.7–206.1) 147.0 (126.1–167.9)
Gabapentin (mg) 847.0 (735.0–959.0) 876.0 (737.0–1014.0) 805.0 (608.0–1002.0)

Actions taken at the pain unit regarding
drug treatment

No action, previous treatment maintained 11.9 (8.8–15.1) 13.3 (9.7–16.8) 10.6 (7.1–14.1)
First step dose modification 10.4 (5.8–14.9) 10.5 (6.1–14.9) 11.2 (4.8–17.6)

Second step dose modification 14.6 (10.3–18.8) 14.3 (10.0–18.5) 13.8 (9.0–18.7)
Third step dose modification 10.4 (6.9–13.8) 8.4 (5.2–11.6) 12.4 (6.7–18.1)

Change of the first step non-opioid
analgesic 7.7 (3.5–11.8) 6.1 (2.8–9.4) 10.0 (2.6–17.3)

Moved from the first to the second step 16.8 (12.4–21.3) 17.6 (12.8–22.4) 16.9 (10.7–23.2)
Change-rotation of second step opioid 4.7 (1.4–8.1) 4.3 (1.5–7.1) 6.0 (0.5–11.5)

Change weak to strong opioid (2nd to 3rd
step) 16.2 (11.2–21.2) 14.9 (10.6–19.2) 18.6 (11.0–26.2)

Change-rotation of third step opioid 6.7 (3.1–10.3) 7.2 (4.3–10.1) 7.2 (0.3–14.1)
Change of adjuvant 7.8 (4.3–11.4) 6.4 (3.4–9.4) 10.2 (4.4–16.0)

Addition of one or more non-opioid
analgesics 7.5 (5.0–10.1) 7.8 (4.8–10.9) 7.4 (4.5–10.3)

Addition of one or more adjuvants 28.1 (23.3–33.0) 28.0 (22.5–33.5) 28.3 (22.6–34.0)
Start of interventional techniques, drug

administration via spinal route,
peripheral nerve block, sympathetic or
neurolytic block, electrical stimulation

techniques or neurosurgery

60.4 (44.6–76.3) 60.0 (48.1–71.9) 53.0 (44.1–61.9)

Reasons for treatment changes
Lack of efficacy 60.2 (55.2–65.1) 62.1 (56.6–67.6) 58.4 (64.1)

Side effects 9.1 (6.7–11.4) 7.8 (5.3–10.3) 10.3 (7.3–13.4)
Insufficient dose 24.2 (19.6–28.7) 23.6 (18.8–28.4) 25.1 (19.8–30.4)

Others 10.6 (7.5–13.8) 13.6 (6.5–20.8) 9.8 (6.5–13.2)
Patient follow-up

Refer the patient for a second consultation
appointment at the pain unit 90.3 (87.9–92.8) 90.8 (87.8–93.7) 89.8 (86.8–92.9)

Refer the patient to the service from
which he/she was referred 2.8 (1.5–4.1) 2.2 (1.0–3.4) 3.4 (1.5–5.3)
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Table 3. Cont.

Variables
Total

% (95% CI)

Gender
p

ValueMen
% (95% CI)

Women
% (95% CI)

Refer the patient to a different specialist
from which he/she came from 2.6 (1.4–3.8) 2.4 (0.9–3.9) 2.9 (1.4–4.3)

Refer the patient to primary care 4.6 (2.9–6.4) 5.2 (3.1–7.3) 4.1 (2.1–6.0)
Modification of the previous diagnosis 17.3 (13.1–21.5) 14.8 (10.6–19.0) 19.0 (14.4–23.6) 0.043

Exclusion of addictive disorders in
opioid-treated patients 57.6 (49.7–65.4) 60.6 (52.4–68.8) 55.2 (47.0–63.5)

Information that opioids may affect
driving ability 59.3 (51.5–67.0) 61.6 (53.5–69.8) 57.9 (49.5–66.4)

CI: confidence interval.

Figure 1 summarizes treatment according to the analgesic ladder steps on referral to
the pain unit and modification of treatment recommended in the pain unit. A total of 9.8%
of the patients with chronic pain were not receiving any treatment at the time of referral to
the pain unit. The remaining 90.2% were receiving some analgesic treatment, with 37.8%
of patients treated according to the first ladder step (mainly non-opioid analgesics only),
38% to the second ladder step (weak opioids with or without adjuvant drugs in 21% of
cases), and 23% to the third step (strong opioids alone in only 5.5% of cases) (Table 2). Other
therapeutic interventions, such as peripheral nerve block, electrical stimulation techniques,
analgesia through the spinal route, sympathetic/neurolytic block were only used in 2%
of patients. On the other hand, only 44% of patients had received instructions for use of
rescue analgesia. Gender-related differences in the distribution of patients according to the
analgesic ladder were not observed.

Figure 1. Treatment details according to the steps of the analgesic ladder in first-time referral to
the pain unit (white boxes) and actions taken at the pain unit regarding modification of treatment
(grey boxes).

Paracetamol, non-steroidal anti-inflammatory drugs (NSAIDs), tramadol, metamizole
and venlafaxine were the most commonly used medications (Table 3). Metamizole was
use by a significantly higher percentage of women as compared with men (28.2% vs. 22%,
p = 0.042), whereas NSAIDs were more commonly used in men (42.6% vs. 34.7%, p = 0.049).
On admission to the pain unit, drug treatment was changed in 88.1% of patients, with lack
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of efficacy being the main reason for change in about 60% of patients. Addition of one or
more adjuvant drugs, modification of doses of second step analgesics, change from the
first to the second step, and change from weak to strong opioid were the actions more
frequently recommended, with similar percentages in men and women (Table 3). However,
the previous diagnosis was modified in 19% of women and in 14.8% in men (p = 0.043).

Finally, after the first consultation in the pain unit, 90.3% of patients were appointed
for a second visit in the pain unit, 4.6% were referred to the primary care setting, 2.8% to
the same service or specialty than the one they came from, and 2.6% to a different specialty.

4. Discussion

This study aimed to gather knowledge on the clinical profile of patients with chronic
pain at the time of referral to a specialized pain unit, usually because of poor control
of pain. The nationwide perspective of the project is supported by the participation of
119 physicians from 77 pain units out of the 123 accredited units in the Spanish public
healthcare system [27]. Additionally, the physicians who completed the survey had a mean
experience in the pain field of 12 years excluding their training period, and most of them
were specialists in anesthesiology. Seventy-nine percent of pain units had a written protocol
for pain assessment, although it would be desirable for all units to implement a protocolized
evaluation of pain. There was a reduced percentage of units in which health-related quality
of life and mental health of patients with chronic pain were evaluated on a routine basis, a
relevant aspect that should be improved because of the deleterious effect of chronic pain
on daily functioning and the risk of triggering anxiety, depression, and other mental health
issues [28]. Perhaps one of the barriers of the pain therapy centers is that they have limited
time and insufficient resources to test and follow patients’ quality of life.

Patients were referred to the pain units from different settings, especially from or-
thopaedic surgery and traumatology (45%), followed by primary care (14%) and physical
medicine and rehabilitation (13%), which is consistent with common causes of pain, in-
cluding degenerative spinal diseases, lumbosciatic pain, and arthrosis. In a previous study
of 269 patients referred to 12 outpatient hospital pain clinics in Catalonia, Spain, 50% of
patients were referred by specialists in orthopaedic surgery and traumatology and 20%
by primary care [21]. Despite that fact that most patients suffered from moderate-severe
pain with impaired functionality in more than 80% of cases and sleep disturbance in almost
60%, pain had not been measured using a validated instrument in 40% of patients prior to
referral to the pain unit. The impact of pain on the quality of sleep was only evaluated in
16% of patients. Moreover, chronic pain was long-lasting with a mean duration of more
than 2 years. These findings indicate that there is still large room for improvement in
the management of chronic pain before referral to pain specialists. However, differences
in the duration of pain according to types and causes of pain or referral services were
not analyzed. Some differences found between men and women could be expected as
women showed a higher proportion of arthrosis, headache and fibromyalgia, as well as
pain intensity, which agrees with data from a Norwegian population-based study in which
women reported significantly higher pain intensity scores than men [29].

Data reported in other studies regarding undertreatment of chronic pain [12,21,30,31]
were also found in the present study, including around 10% of patients who had not received
any pain therapy and the fact that drug treatment was modified in 88.1% of patients on the
first visit to the pain clinic. The proportion of patients receiving drugs of the first and second
step of the WHO analgesic ladder was similar (38%), and 23% of patients were treated with
strong opioids (third step). It should be noted that 45.4% of patients received adjuvant
drugs, particularly over the first and second steps. The most commonly prescribed analgesic
medication was paracetamol (in more than half of the patients) followed by tramadol,
NSAIDs, and metamizole. However, paracetamol has been shown to be ineffective in the
treatment of low back pain and provides minimal short-term benefits in patients with
osteoarthritis [32]. The use of adjuvant agents together with the main drugs is allowed
on all analgesic ladders [33]. Adjuvant drugs improve the analgesic response and are
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particularly useful for some types of pain, such as neuropathic pain. These drugs include
antidepressants, anxiolytics, steroids, muscle relaxants, capsaicin or local anesthetics. The
analgesic effect is probably produced via enhancement of transmitter concentrations in
pain-modulating pathways [34]. Interestingly, venlafaxine was the most common adjuvant
drug used by patients at the time of referral to the pain unit (26.6%), but duloxetine, which
has significant analgesic effects for managing chronic pain associated with fibromyalgia
and peripheral neuropathic pain [35], was used by 1.8% of the patients only.

The main action taken in the pain unit was a change of treatment in 88.1% of the
patients to achieve a better control of pain because of lack of efficacy or insufficient doses
of previous medications. In patients in the second and third steps, a non-opioid analgesic
was added. Moreover, 17% of patients in the first analgesic step moved to the second step,
and 16% of those in the second step moved to the third step. Interventional procedures for
analgesia are measures mainly adopted by pain specialists and were indicated in 60% of
the patients. In none of the actions taken at the pain unit, significant differences between
men and women were found, except for modifying the previous diagnosis, which occurred
more frequently in women than in men, although changes related to individual diagnosis
were not evaluated. On the other hand, some of the differences found in our study between
men and women in relation to higher pain intensity, longer duration of pain, and chronic
conditions, such as headache, back pain, and fibromyalgia, have been reported in other
studies also [29,36].

Pooled data collection prevented individual patient comparisons. Data were recorded
during the first visit to the pain clinic and, although pain conditions continued to be
managed by pain specialists in subsequent visits, the course of patients was not evaluated.
Despite these limitations, the sample of pain units accounted for 63% of all pain units
available in the public healthcare system of the country, supporting the representativeness
of the sample.

5. Conclusions

The present findings indicate that improvements should be made in the patient man-
agement and referral protocols, with reinforcement of the importance of using validated
instruments to assess the intensity of pain and the impacts of chronic pain on quality of
life and mental health. Gender-related differences require attention, especially in relation
to higher pain intensity and causes of chronic pain in women. Efforts should be made to
provide an integrated multidisciplinary care of patients with chronic pain with the objective
of optimizing drug treatment and improving adequate long-lasting control of pain.
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Abstract: (1) Background: In health care and in society at large, sarcopaenia is a disorder of major
importance that can lead to disability and other negative health-related events. Our study aim is
to determine the prevalence of sarcopaenia among older people attended in primary care and to
analyse the factors associated with this age-related clinical condition; (2) Methods: A multicentre
cross-sectional study was conducted of 333 community-dwelling Spanish adults aged 65 years
or more. Sociodemographic, clinical, functional, anthropometric, and pharmacological data were
collected. Sarcopaenia was defined following European Working Group on Sarcopaenia in Older
People (EWGSOP) criteria; (3) Results: Sarcopaenia was present in 20.4% of the study sample,
and to a severe degree in 6%. The intensity of the association between sarcopaenia and frailty
was weak-moderate (Cramer V = 0.45). According to the multinomial logistic regression model
performed, sarcopaenia was positively associated with age and with the presence of psychopathology
(OR = 2.72; 95% CI = 1.30–5.70) and was inversely correlated with body mass index (OR = 0.73,
95% CI = 0.67–0.80; (4) Conclusions: Sarcopaenia commonly affects community-dwelling older
persons and may be associated with age, body mass index, and psychopathology. The latter factor
may be modifiable or treatable and is therefore a possible target for intervention.

Keywords: sarcopaenia; older adults; primary care; psychopathology; frailty; body mass index

1. Introduction

In recent years, there has been growing interest in identifying age-related conditions
that can lead to disability. In this context, special attention has been paid to the study
of sarcopaenia, a condition that is closely related to physical function impairment. The
term sarcopaenia was originally proposed in 1989 to describe age-related decrease in
muscle mass [1,2]. Subsequently, various operational definitions and diagnostic criteria
have been proposed. It has been suggested that defining sarcopaenia only in terms of
muscle mass is of very limited value, for several reasons. Firstly, the association between
this criterion alone and adverse health outcomes is weak. Moreover, muscle strength
does not depend exclusively on muscle mass, and the relationship between them is not
linear [3,4]. In response to these observations, a functional dimension has been added to
the term. In 2010, the European Working Group on Sarcopaenia in Older People (EWGSOP)
provided a working definition for sarcopaenia [5], proposing that it be diagnosed using
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the twin criteria of low muscle mass and low muscle function (either low strength and/or
low physical performance). This operational definition represented an important change
and is currently in wide use, worldwide. More recently, however, in order to reflect the
growing body of new scientific and clinical evidence regarding this question, the EWGSOP
recommendations have been updated (as EWGSOP2) [6], and the broad description of
sarcopaenia is that it is a muscle disease (or failure) rooted in adverse muscle changes
that accrue over a lifetime. In fact, sarcopaenia is already formally recognised as a muscle
disease, with a specific ICD-10-MC diagnosis code, which represents an important step
forward towards a generally accepted classification [7,8].

Progressive muscle loss in the elderly is due in part to physiological age-related
changes, such as the loss of motoneuron units, decreased hormone status, and increased
insulin sensitivity, which in turn lead to increased proteolysis, decreased muscle protein
synthesis, and increased fat infiltration of the muscle [9]. Other factors that may contribute
to the development of sarcopaenia include immobility, inflammation, an inactive lifestyle,
and malnutrition. We believe it important to seek a better understanding of this geriatric
syndrome due to its prevalence, its association with negative health-related events, the
existence of certain potentially reversible factors, and because it is, at least initially, a
treatable condition. In this respect, physical exercise to gain muscle resistance and a
focused nutritional intervention are of fundamental importance.

Widely varying accounts have been given of the prevalence of sarcopaenia [10–14]. In
part, this is because it depends on the characteristics of the population under study (such
as age, gender, comorbidity, and race) and on the healthcare setting considered, but the
value obtained is also subject to the methodology used to assess muscle mass and even to
the definition made of sarcopaenia [11]. Even when focusing exclusively on community-
dwelling older people, the heterogeneity of the samples analysed, the criteria used, and the
cut-off points selected combine to affect the prevalence obtained, reported values of which
range from 6% to 59.8% [11], or from 9.9% to 40.4% according to other sources [12–14]. In
any case, the global rate of sarcopaenia is undoubtedly rising across the world, and the
impact is especially high among the elderly population in nursing homes and those who
are hospitalised or in rehabilitation units [11].

Sarcopaenia has a major impact on society and its healthcare systems, imposing severe
personal, social, and economic burdens [15]. Among other consequences, it increases the
risk of falls and fractures [16,17], impairs patients’ ability to perform activities of daily
living [18], provokes mobility disorders [19], limits independence [20], decreases the quality
of life [21], and can even lead to death [22,23].

In view of these considerations, a heightened awareness of the dangers of sarcopaenia
should become a part of clinical routine, with special regard to community-dwelling older
persons. Primary care is the most common health contact point for most of the older
population. Moreover, attention is usually comprehensive and personalised, making this
healthcare environment very suitable for the identification, management, and study of
sarcopaenia. However, the assessment and treatment of sarcopaenia at the outpatient level
is still uncommon. Accordingly, this complex syndrome is probably underdiagnosed [24].
In view of its relationship with disability and other negative health-related events, and
the need to continue characterising its prevalence in different settings, the present study
was designed to address these questions. The progression of sarcopaenia depends on
various factors, and their joint effects are directly relevant to the possibilities of prevention
and treatment [25]. The main aim of the present study is to determine the prevalence of
sarcopaenia among older adults living in the community in Spain, where life expectancy
rates are among the highest in the world [26], and to analyse related factors, some of which
are potentially modifiable through specific interventions and preventive actions.

2. Materials and Methods

This multicentre cross-sectional study was carried out within a primary healthcare context.
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2.1. Reference Population and Study Sample

The study sample was composed of persons aged 65 years or more, living in the
community, attended at primary care centres in Malaga (Spain). All participants were
registered in the database of the Spanish NHS, were treated in an outpatient setting (i.e., not
institutionalised), and provided signed informed consent to take part in the study. As exclu-
sion criteria, none had implanted metal devices (pacemakers or osteoarticular prostheses,
because they might cause interference with electric bioimpedanciometry measurements),
had suffered the complete or partial amputation of a limb, or had an advanced or terminal
illness. The patients were recruited at nine primary healthcare centres, using stratified
random sampling designed to obtain a representative sample. The study population was al-
located in proportion to the size of each healthcare centre. Based on a published prevalence
of sarcopaenia in primary care of 22% [27,28] and assuming a margin of error of less than
4.5% and a 95% confidence interval, we calculated that the minimum sample size required
for this study would be 325 persons.

2.2. Data Collection and Global Assessment

The participants were interviewed using a structured questionnaire, and various
physical tests were conducted to assess the presence and degree of sarcopaenia. Further
data were obtained from medication packaging and digital medical records. A complete set
of sociodemographic, clinical, functional, and pharmacological data were collected from
all participants. The clinical data included all diseases recorded, possible comorbidities,
and Charlson’s comorbidity index (CCI) [29]. Information was also obtained about the
medication prescribed (indication, dosage, and duration of any treatment received during
the last three months or more). Polypharmacy was defined as the chronic prescription of
five or more drugs.

Cognitive function was evaluated using Pfeiffer’s short portable mental state question-
naire (SPMSQ) [30], and mood status was determined using Yesavage’s geriatric depression
scale (GDS-15) [31]. The patients’ independence in performing instrumental activities of
daily living (IADL) was assessed using the Lawton scale [32]. The body mass index (BMI)
was calculated, and nutritional screening was performed using the Spanish version (Nestlé
Nutrition Institute) of the Mini Nutritional Assessment-Short Form [33]. The different BMI
categories (underweight, normal, overweight, and obesity) were operationalised following
the World Health Organization cut-off values.

Frailty was assessed according to the phenotype proposed by Fried et al. [34], which
consists of the following criteria: (a) unintentional weight loss of 4.5 kg or more in the
previous year; (b) self-reported exhaustion, identified by two questions on the Center for
Epidemiological Studies Depression (CES-D) scale; (c) weakness, defined by low handgrip
strength and measured in kg in the dominant hand using a dynamometer (highest of three
consecutive measurements), adjusted for gender and BMI (grip strength was classified
as low when the force exerted was below the first quintile of the distribution); (d) slow
walking speed (lowest quintile of gait speed), assessed by the walking time (in seconds)
over a distance of 4.57 m, adjusted for gender and height; and (e) low physical activity,
measured by the weighted score of kilocalories expended per week, obtained from the
Minnesota Leisure Time Activity Questionnaire and adjusted for gender. Participants were
classified as non-frail (robust) if they met none of the criteria, pre-frail if they met one or
two criteria, and frail if three or more criteria were met.

2.3. Assessment of Sarcopaenia

The main study outcome was sarcopaenia, which was defined following EWGSOP
criteria [5]. According to these criteria, diagnosis of sarcopaenia required the documen-
tation of low muscle mass plus the documentation of either low muscle strength or low
physical performance.
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2.3.1. Muscle Mass

Muscle mass was measured by bioelectrical impedance analysis (BIA). The BIA resis-
tance (measurement range 150–1200 Ohms) was determined using a Tanita BC-418 body
composition analyser (Tanita Corporation, Tokyo, Japan) with an 8-electrode method and
an operating frequency of 50 kHz. Muscle mass was calculated using Janssen’s bioelectrical
impedance analysis equation [35]. Absolute skeletal muscle mass was converted to skeletal
muscle index (SMI) by dividing the limb skeletal muscle mass (kg) by the square of the
height (m2). Low muscle mass was defined as the SMI of two standard deviations (SDs)
or more below the normal sex-specific mean for young persons. Using the cut-off points
indicated in the EWGSOP consensus, low muscle mass was classified as SMI < 8.87 kg/m2

in men and <6.42 kg/m2 in women.

2.3.2. Muscle Strength

Muscle strength was assessed by grip strength, measured using a Jamar hydraulic
grip hand dynamometer SP-5030J1 (Lafayette Instrument Company, Lafayette, IN, USA).
Patients were instructed to perform a maximal isometric contraction, and the highest
value of three consecutive measurements was recorded. BMI-adjusted values were used as
cut-off points to classify low muscle strength (following EWGSOP recommendations for
men/women) [5].

2.3.3. Physical Performance

Usual walking speed (m/s) on a 4-metre course was used as an objective measure of
physical performance. The time elapsed from the start to the finish point was recorded
by an investigator with a digital chronometer, and the best time of two attempts was
recorded. A cut-off point of 0.8 m/s or less in gait speed was used to define low physical
performance [5].

Sarcopaenia was diagnosed as follows: low muscle mass alone was defined as pre-
sarcopaenia; the joint presence of low muscle mass and low muscle strength or low perfor-
mance was defined as sarcopaenia; and the presence of all three criteria was considered as
severe sarcopaenia.

All data were measured and collected by primary care clinicians, who were active
members of the research team.

2.4. Statistical Analysis

Exploratory data analysis and frequency tables were used to describe the study vari-
ables. Taking into account the four possible categories of the main variable according to the
EWGSOP conceptual stages of sarcopaenia (pre-sarcopaenia, sarcopaenia, severe sarcopae-
nia, and no sarcopaenia), a multinomial logistic regression model was used to study the
relationship between the independent variables and the outcome variable, sarcopaenia [36].
All independent variables were included in the regression model. The influence of various
factors on the states of pre-sarcopaenia, sarcopaenia, and severe sarcopaenia was examined,
taking non-sarcopaenic patients as a benchmark. Odds ratios (OR) and 95% confidence
intervals (CI) were calculated for each covariate included in the model. A 5% significance
level was assumed to indicate statistical significance. All statistical data analyses were
performed using SPSS version 24.0 (IBM SPSS Statistics, Armonk, NY, USA).

2.5. Ethical Considerations

This study was conducted in accordance with the Declaration of Helsinki. The Málaga
Clinical Research Ethics Committee approved the study (PI-0234-14), and informed consent
was obtained from all patients prior to their inclusion.
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3. Results

3.1. Characteristics of the Study Population

The study population consisted of 333 community-dwelling Spanish adults aged
65 years or more. Their mean age was 72.81 years (standard deviation 5.1, range 65–91),
and slightly more than half were female. Only 19.5% lived alone; the rest lived with a
partner, family member(s), or caretaker (professional or otherwise). The average CCI score
was 1.30 (standard deviation 1.4, range 0–7), and 33.3% of the patients had a score > 2.
Each patient presented an average of 7.4 diagnoses (standard deviation 3.4, range 0–20)
and was consuming 6.5 drugs (standard deviation 4.0; range 0–21), with a polymedication
prevalence of 65.8%. The most prevalent chronic conditions were bone and joint disorders
(mainly osteoarthritis of the knee, hip, hand, and shoulder) (76.9%), hypertension (68.2%),
and dyslipidaemia (51.7%). Some form of psychopathology (mainly anxiety and/or de-
pression) was present in 37.8% of the patients, and 42.6% suffered insomnia. The mean
score on the Lawton scale was 6.7 (standard deviation 1.7, range 0–8) with half of the
sample being independently capable of performing IADL. Regarding anthropometric and
nutritional characteristics, the mean BMI was 30.3 kg/m2 (standard deviation 4.9, range
18.9–52.3). Only 14.7% of the patients had a normal weight; 39.6% presented overweight
and 45.6% obesity. Among the participants with obesity, more than half (56.6%) were class
I (30–34.9 kg/m2), 34.9% were class II (35–39.9 kg/m2), and 8.5% were obesity class III or
severe (>40 kg/m2). Nevertheless, according to the MNA, 95.5% of the participants had a
good nutritional status and only 3.3% were at risk of malnutrition or were malnourished
(1.2%). The sociodemographic, functional, cognitive, and clinical characteristics of the
study participants are summarised in Table 1.

Table 1. Characteristics of the study population (n = 333).

Quantitative Variables Mean Standard Deviation

Age (years) 72.8 5.1
Lawton (IADL) 6.7 1.7
BMI (kg/m2) 30.3 4.9

Number of comorbidities 7.4 3.4
Number of drugs per patient 6.5 4

Qualitative Variables Subjects (n) Percentage (%)

Gender
Male 138 41.4

Female 195 58.6
Lawton (IADL)

0–1 4 1.2
2–3 19 5.7
4–5 44 13.2
6–7 95 28.5

8 171 51.4
SPMSQ (Pfeiffer)

0–2 errors 305 91.6
3–4 errors 21 6.3

5 errors and over 7 2.1
GDS-15

0–5 255 76.6
6–9 56 16.8

10 and over 22 6.6
BMI categories
Underweight 0 0
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Table 1. Cont.

Qualitative Variables Subjects (n) Percentage (%)

Normal 49 14.7
Overweight 132 39.6

Obese 152 45.6
Nutritional status

Normal 318 95.5
Malnutrition risk 11 3.3

Malnourished 4 1.2
Charlson Comorbidity Index

0–1 219 65.8
2 53 15.9

3 or more 61 18.3
Specific comorbidities

Bone and joint disorders 256 76.9
Hypertension 227 68.2
Dyslipidaemia 172 51.7

Insomnia 142 42.6
Psychopathology 126 37.8
Diabetes mellitus 89 26.8

Heart disease 81 24.3
Respiratory disease 125 21.5

Osteoporosis 57 17.1
Polymedication 219 65.8

Frailty states
Robust (non-frail) 72 21.6

Pre-frail 190 57.1
Frail 71 21.3

Fried criterion
Unintentional weight loss 22 6.6

Exhaustion 68 20.4
Weakness 209 62.8

Slow walking speed 59 17.7
Low physical activity 164 49,2

IADL: Instrumental activities of daily living; BMI: Body mass index (0.0–18.5: underweight; 18.5–24.9: normal;
25.0–29.9: overweight; 30 and over: obese); SPMSQ: Short Portable Mental Status Questionnaire (0–2 errors:
normal mental functioning; 3–4 errors: mild cognitive impairment; 5 errors and over: moderate-severe cognitive
impairment); GDS-15: Geriatric Depression Scale (0–5: no depression; 6–9: suggestive of depression; 10 and over:
almost always depression).

Frailty was present in 21.3% of participants; 57.1% were pre-frail and 21.6% were non-
frail. The most prevalent Fried phenotype criterion observed in the sample was weakness
(62.8%), followed by low physical activity (49.2%) and exhaustion (20.4%).

3.2. Assessment of Sarcopaenia and Related Factors

According to the EWGSOP algorithm, 20.4% of the community-dwelling older adults
in the sample had sarcopaenia, and 6% had severe sarcopaenia. Slightly more than half
(57.7%) of the participants did not meet any criteria for sarcopaenia and 15.9% were con-
sidered pre-sarcopaenic (low muscle mass alone) (Table 2). The mean SMI was 7.6 kg/m2

(standard deviation 1.4; range 4.8–12.0). For the female participants, the mean SMI was
6.7 kg/m2 (standard deviation 0.8; range 4.8–9.2), and for the men, it was 9.0 kg/m2 (stan-
dard deviation 0.9; range 5.8–12.0). Therefore, sarcopaenia was present, overall, in 26.4% of
this elderly population. The condition was more common in women (29.2%) than in men
(22.5%), and among the non-obese than the obese (37% vs. 13.8%, respectively; p < 0.001).
The coincidence of obesity and sarcopaenia was present in 6.3% of the sample. In this
respect, too, the mean BMI was higher in non-sarcopaenic than in sarcopaenic patients
(31.3 kg/m2 versus 27.6 kg/m2, respectively; p < 0.001).
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Table 2. Sarcopaenia categories and criteria according to EWGSOP (n = 333).

Subjects (n) Percentage (%)

Sarcopaenia categories
No sarcopaenia 192 57.7
Pre-sarcopaenia 53 15.9

Sarcopaenia 68 20.4
Severe sarcopaenia 20 6

Criteria
Low muscle mass 141 42.3

Low muscle strength 209 62.8
Slow walking speed 59 17.7

Categories: No sarcopaenia: 0 criteria present; Pre-sarcopaenia: low muscle mass alone; Sarcopaenia (2 criteria
present): low muscle mass + low muscle strength or low performance; Severe sarcopaenia: 3 criteria present.

Regarding the combination of sarcopaenia and frailty, 7.8% of participants were
both frail and sarcopaenic, while 13.5% were frail-only. None were sarcopaenic-only.
Therefore, there were no patients who were sarcopaenic and robust at the same time, and
all sarcopaenic individuals were either in a state of pre-frailty (70.5%) or one of frailty
(29.5%). The prevalence of frailty among those with sarcopaenia was 40.2%; among those
with frailty, the prevalence of sarcopaenia was 36.6%. The intensity of the association
between sarcopaenia and frailty was weak-moderate (Cramer V = 0.45).

A multinomial logistic regression analysis was performed to further examine the influ-
ence of the independent variables on the EWGSOP sarcopaenia categories (Table 3). The
two factors that were most consistently associated with the presence of sarcopaenia were
BMI and the diagnosis of a psychopathology. In fact, the odds of presenting sarcopaenia
and severe sarcopaenia decreased by 27% and 25% for each additional point (kg/m2) of BMI
(OR = 0.73, 95% CI = 0.67–0.80; OR = 0.75, 95% CI = 0.66–0.86), respectively. However, these
odds rose sharply for persons with a psychopathology, for all states of sarcopaenia. Thus,
the OR of patients with vs. without a psychopathology were 2.56 (95% CI = 1.06–6.19) for
pre-sarcopaenia, 2.72 (95% CI = 1.30–5.70) for sarcopaenia, and 7.89 (95% CI = 2.25–27.59)
for severe sarcopaenia, with all other covariates being equal. No relevant association was
found between sarcopaenia and the other prevalent pathologies considered or with the
number of medications consumed. In this population sample, gender did not behave as a
predictor variable; however, age was related to severe sarcopaenia. Thus, for each addi-
tional year of life, the odds of presenting severe sarcopaenia increased by 10% (OR = 1.11,
95% CI = 1.01–1.22).

Table 3. Factors related to sarcopaenia. Multinomial logistic regression for pre-sarcopaenia, sarcopae-
nia, and severe sarcopaenia states (with respect to non-sarcopenic).

Independent Variable
Pre-Sarcopaenia OR

(95% CI)
Sarcopaenia OR

(95% CI)
Severe Sarcopaenia OR

(95% CI)

Age 0.94 (0.87–1.02) 0.98 (0.92–1.04) 1.11 (1.01–1.22) *
Number of comorbidities 0.79 (0.65–0.97) * 0.92 (0.78–1.08) 1.04 (0.82–1.33)

Number of medicines 1.08 (0.95–1.24) 0.98 (0.87–1.10) 1.03 (0.85–1.24)
BMI 0.74 (0.67–0.83) *** 0.73 (0.67–0.0.80) *** 0.75 (0.66–0.86) ***

Gender
Male 0.51 (0.22–1.18) 0.64 (0.31–1.31) 0.46 (0.11–1.84)

Female 1 1 1

Diabetes mellitus
Yes 1.12 (0.45–2.76) 0.76 (0.33–1.74) 2.58 (0.79–8.41)
No 1 1 1
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Table 3. Cont.

Independent Variable
Pre-Sarcopaenia OR

(95% CI)
Sarcopaenia OR

(95% CI)
Severe Sarcopaenia OR

(95% CI)

Heart disease
Yes 1.04 (0.34–3.09) 1.09 (0.43–2.75) 0.44 (0.89–2.24)
No 1 1 1

Bone and joint disorder
Yes 0.38 (0.16–0.89) * 0.73 (0.32–1.65) 1.59 (0.16–15.09)
No 1 1 1

Osteoporosis
Yes 0.87 (0.31–2.45) 0.28 (0.10–0.79) * 1.10 (0.34–3.58)
No 1 1 1

Psychopathology
Yes 2.56 (1.06– 6.19) * 2.72 (1.30–5.70) ** 7.89 (2.25–27.59) ***
No 1 1 1

Low physical activity
Yes 0.31 (0.13–0.72) * 0.95 (0.48–1.85) 1.90 (0.59–6.09)
No 1 1 1

OR: odds ratio; BMI: Body mass index (kg/m2). * p < 0.05; ** p < 0.01; *** p < 0.001.

4. Discussion

The results of the present study show that sarcopaenia (assessed using the EWGSOP
algorithm) is present in about a quarter of community-dwelling older patients (sarcopaenia
in 20.4% and severe sarcopaenia in 6%). These prevalence data are slightly higher than
those reported by similar studies conducted in Spain [27] or elsewhere [28] and are close to
the upper limit of the expected range in this health setting. Systematic reviews of studies
also carried out on elderly outpatient populations, using the same diagnostic criteria, have
reported prevalences ranging from 9.9–40.4% [13], 1–33 % [10], and 10–27% [37]. This
considerable heterogeneity between the studies may reflect differences in the diagnostic
criteria used, in the cut-off points chosen, and in the characteristics of the target population.
In our study, the EWGSOP algorithm was used because it was the working definition most
commonly employed when the study began, and thus provided the best comparability
with previous work in this area. Moreover, the EWGSOP operational definition offered
cut-off points for muscle strength that corresponded to those of the weakness item in
the Fried criteria. Very recent studies have shown that the EWGSOP2 diagnostic criteria
detect lower prevalences than EWGSOP [38], i.e., the 2010 original version presents greater
sensitivity [39].

According to our findings, sarcopaenia is positively associated with age and with the
presence of one or more psychopathologies, and inversely correlated with BMI. In our
study population, the prevalence of sarcopaenia was higher in women than in men, but
a statistically significant association with gender was not confirmed in the multivariate
regression model. Although some studies have observed a higher prevalence in the female
population [40], most systematic reviews report that more men than women are affected by
sarcopaenia [11,14]. There is no clear explanation in this regard, nor has this conclusion
been definitively established. It has been suggested that the cut-off value threshold could
influence the question [41], or that reduced functional status in men is more closely related
to the loss of muscle mass, while in women this decline would be more associated with
osteoarthritis, osteoporosis, or depression [42]. We did find a significant relationship with
age, such that for each additional year of life, the odds of presenting severe sarcopenia
increased by 10%. This is a biologically plausible result that is consistent with previous
findings [40,43,44].

Regarding comorbidities, the clinical condition that was associated with all states of
sarcopaenia was the diagnosis of psychopathology (mainly anxiety and depression), which
doubled the odds of a patient presenting pre-sarcopaenia or sarcopaenia and multiplied
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them by seven for severe sarcopaenia. Sarcopaenia has most frequently been associated with
other chronic conditions such as chronic lung disease, neurological disease, and neoplasia.
However, some evidence of a relationship with depression has also been observed, but this
association appears to be weaker and is less commonly reported [45–47]. An association
has also been reported between mental pathology and frailty [48,49]. It has been observed
that persons with a psychopathology tend to be less physically active, to have a less active
social life, and to consume a less healthy diet, and that any or all of these factors could be
related to a loss of strength and muscle mass.

Our findings show that after adjusting for potential confounders, BMI is closely as-
sociated with sarcopaenia. Thus, the odds of a patient presenting sarcopaenia and severe
sarcopaenia decrease by 27% and 25% for each additional point (kg/m2) of BMI, respec-
tively. In consequence, we found the prevalence of sarcopaenia among those with obesity
to be significantly lower than among the non-obese population (13.8% vs. 37%, respec-
tively). This inverse relationship between BMI and sarcopaenia is consistent with other
studies [43,44]. However, although BMI has been considered an approximate marker of
nutritional status, sarcopaenia sometimes coexists with obesity. In our study sample, the
prevalence of sarcopaenic obesity was 6.3%, an intermediate figure according to data
from a recent systematic review and meta-analysis (2–9%) [37]. It seems that adipose
inflammation leads to intra-abdominal fat redistribution and fat infiltration in the mus-
cle. Accordingly, synergy between the loss of muscle mass and this fat infiltration could
trigger the pathogenesis of sarcopaenic obesity [50]. In any case, the nutritional status
of our community-dwelling older persons was very good (only 1.2% malnutrition), but
the presence of obesity was high compared to previous reports. Thus, a study of older
adults in 21 European countries reported only 20.9% obesity compared to 45.6% in our
sample population [51]. Among other causes, this high prevalence could be due to a certain
north-south gradient. According to a national study conducted in Spain, obesity is higher
in the south (where Malaga is located) than in the rest of the country [52].

The coexistence of frailty and sarcopaenia was observed in 7.8% of the patients in
our study. This rate is lower than that found in another multicentre study conducted
in Spain, but the latter focused on hospitalised patients with a higher disease burden,
which would explain the discrepancy (18%) [43]. In a recent cohort study of community-
dwelling older adults in Australia, more similar to ours, only 2.8% of participants were
both frail and sarcopaenic. Among these participants, with either condition, the risk of
mortality was over three times higher [53]. The prevalence of frailty among those with
sarcopaenia was 40.2%, and that of sarcopaenia among frail patients was 36.6%, results very
similar to those found by Reijinierse et al. (42.1% and 36.4%, respectively) who concluded
that outpatients with sarcopaenia were more likely to be frail than frail outpatients to be
sarcopaenic [54]. Therefore, although sarcopaenia and frailty are related processes and
indeed there is some overlap between the criteria that define them, the combined prevalence
is low, which reflects the fact that they are different constructs and represent different types
of pathophysiology. Sarcopaenia consists of impaired function and muscle mass, while
frailty is a broader, multifactorial process that reduces homeostatic reserves. This slight
degree of concordance corroborates the conclusions of previous research, in which the two
diagnoses did not always coincide according to all definitions applied [54]. In addition, our
results show that the intensity of the association between sarcopaenia and frailty was only
weak-moderate (Cramer V = 0.45), a low intercorrelation previously reported by the Toledo
Study of Healthy Aging (Cramer V = 0.16) [27]. Therefore, it is important to diagnose these
conditions separately in order to perform the most appropriate intervention. In accordance
with Thompson et al., we believe that individuals identified as frail would benefit from
an assessment for sarcopaenia, and vice versa, as a joint assessment is more predictive of
mortality than one of either condition alone [53].

It seems well established that progressive resistance training and an adequate protein
intake help build muscle mass. In this respect, too, certain dietary interventions (mainly
concerning amino acids, vitamin D, antioxidants, and other supplements) are currently
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being considered [55]. However, although sarcopaenia is currently a topic of great interest,
some authors have drawn attention to the possible adverse effects of overdiagnosis and of
classifying this phenomenon as a disease. Indeed, it has not been shown that diagnosing
sarcopaenia reduces morbidity and mortality, or that the specific treatment for this condition
produces better results than the general recommendations of appropriate physical exercise
and diet. Moreover, the diagnostic criteria applied tend to be varied and even arbitrary [56].
In view of these considerations, we believe that while sarcopaenia screening studies are
positive, encouraging awareness of this condition, revealing its impact and underlining
the necessity to adopt an appropriate lifestyle and diet, nevertheless unnecessary labelling
should be avoided, and more and better evidence should be obtained about sarcopaenia
and its impact on the elderly population.

The study we describe has various strengths. It is based on the analysis of data
obtained from a representative sample of healthcare centres and on the global assessment
of the participants. The data considered are sufficient in quantity and quality, having
been collected directly via personal interviews, anthropometric tests, and medical records.
Moreover, in our opinion, the outpatient setting is ideal for assessing conditions such as
frailty and sarcopaenia because it is where large numbers of elderly patients are attended
and where certain interventions are best performed. Among other strong points of our
analysis, the EWGSOP diagnostic criteria were rigorously applied, and the cut-off points
used to classify low muscle mass coincide with those of many other studies [40,41,44,57,58].
This parameter was assessed using BIA, as in most studies in the field, due to its accessibility,
ease of use, and portability within the health centre. Although DXA is a more precise
method, its use in clinical routine is limited by cost considerations and the need for more
specialised equipment and personnel. In addition, data suggest there is a good correlation
between BIA and DXA [59]. Among the limitations of the study are its cross-sectional
design, which means that causal relationships cannot be established, and the fact that
it was carried out in a single region and country, which reduces its external validity.
However, we believe that the sample considered is representative of a large proportion of
community-dwelling older adults, and that the findings found provide a good reflection of
circumstances in similar socio-sanitary environments. Another possible limitation of the
study is not having considered among the exclusion criteria possible cachexia status, such
as cancer and COPD, which are circumstances that can also cause muscle loss.

5. Conclusions

According to the EWGSOP criteria, sarcopaenia is a common condition among
community-dwelling older persons and may be associated with factors such as age, body
mass index, and the presence of one or more psychopathologies. The latter predictive
factor may be modifiable or treatable, and thus constitutes a possible area of intervention.
Therefore, more attention should be paid to certain signs (or symptoms) to better detect
anxiety and depression in the elderly, as these processes tend to be underdiagnosed and
appropriate remedial measures would promote healthy aging. Sarcopaenia and frailty are
related but separate conditions and require specific approaches.
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39. Vágnerová, T.; Michálková, H.; Dvořáčková, O.; Topinková, E. Comparison between EWGSOP1 and EWGSOP2 criteria and
modelling of diagnostic algorithm for sarcopenic obesity in over 70 years old patients. Eur. Geriatr. Med. 2022, 13, 641–648.
[CrossRef]

40. Volpato, S.; Bianchi, L.; Cherubini, A.; Landi, F.; Maggio, A.; Savino, E.; Bandinelli, S.; Ceda, G.P.; Guralnik, J.M.; Ferrucci, L.
Prevalence and clinical correlates of sarcopenia in community-dwelling older people: Application of the EWGSOP definition and
diagnostic algorithm. J. Gerontol. A Biol. Sci. Med. Sci. 2014, 69, 438–446. [CrossRef]

41. Smoliner, C.; Sieber, C.C.; Wirth, R. Prevalence of sarcopenia in geriatric hospitalized patients. J. Am. Med. Dir. Assoc. 2014, 15,
267–272. [CrossRef]

42. Kim, I. Age and gender differences in the relation of chronic diseases to activity of daily living (ADL) disability for elderly South
Koreans: Based on representative dataH. J. Prev. Med. Public Health 2011, 4, 32–40. [CrossRef]

43. Bernabeu-Wittel, M.; González-Molina, A.; Fernández-Ojeda, R.; Díez-Manglano, J.; Salgado, F.; Soto-Martín, M.; Muniesa, M.;
Ollero-Baturone, M.; Gómez-Salgado, J. Impact of Sarcopenia and Frailty in a Multicenter Cohort of Polypathological Patients.
J. Clin. Med. 2019, 8, 535. [CrossRef] [PubMed]

227



J. Clin. Med. 2022, 11, 3814

44. Bianchi, L.; Abete, P.; Bellelli, G.; Bo, M.; Cherubini, A.; Corica, F.; Di, B.M.; Maggio, M.; Manca, G.M.; Rizzo, M.R.; et al. GLISTEN
Group Investigators. Prevalence and Clinical Correlates of Sarcopenia, Identified According to the EWGSOP Definition and
Diagnostic Algorithm, in Hospitalized Older People: The GLISTEN Study. J. Gerontol. A Biol. Sci. Med. Sci. 2017, 72, 1575–1581.
[CrossRef]

45. Kirk, B.; Zanker, J.; Bani Hassan, E.; Bird, S.; Brennan-Olsen, S.; Duque, G. Sarcopenia Definitions and Outcomes Consortium
(SDOC) Criteria are Strongly Associated With Malnutrition, Depression, Falls, and Fractures in High-Risk Older Persons. J. Am.
Med. Dir. Assoc. 2021, 22, 741–745. [CrossRef] [PubMed]

46. Pilati, I.; Slee, A.; Frost, R. Sarcopenic Obesity and Depression: A Systematic Review. J. Frailty Aging 2022, 11, 51–58. [CrossRef]
[PubMed]

47. Fábrega-Cuadros, R.; Cruz-Díaz, D.; Martínez-Amat, A.; Aibar-Almazán, A.; Redecillas-Peiró, M.T.; Hita-Contreras, F. As-
sociations of sleep and depression with obesity and sarcopenia in middle-aged and older adults. Maturitas 2020, 142, 1–7.
[CrossRef]

48. Kume, Y.; Takahashi, T.; Itakura, Y.; Lee, S.; Makizako, H.; Ono, T. Polypharmacy and Lack of Joy Are Related to Physical Frailty
among Northern Japanese Community-Dwellers from the ORANGE Cohort Study. Gerontology 2021, 67, 184–193. [CrossRef]

49. Blanco-Reina, E.; Aguilar-Cano, L.; García-Merino, M.R.; Ocaña-Riola, R.; Valdellós, J.; Bellido-Estévez, I.; Ariza-Zafra, G.
Assessing Prevalence and Factors Related to Frailty in Community-Dwelling Older Adults: A Multinomial Logistic Analysis.
J. Clin. Med. 2021, 10, 3576. [CrossRef]

50. Li, C.W.; Yu, K.; Shyh-Chang, N.; Jiang, Z.; Liu, T.; Ma, S.; Luo, L.; Guang, L.; Liang, K.; Ma, W.; et al. Pathogenesis of sarcopenia
and the relationship with fat mass: Descriptive review. J. Cachexia Sarcopenia Muscle 2022, 13, 781–794. [CrossRef]

51. Marconcin, P.; Ihle, A.; Werneck, A.O.; Gouveia, E.R.; Ferrari, G.; Peralta, M.; Marques, A. The Association of Healthy Lifestyle
Behaviors with Overweight and Obesity among Older Adults from 21 Countries. Nutrients 2021, 13, 315. [CrossRef]

52. Pérez-Rodrigo, C.; Gianzo Citores, M.; Hervás Bárbara, G.; Aranceta-Bartrina, J. Prevalence of obesity and abdominal obesity in
Spanish population aged 65 years and over: ENPE study. Med. Clin. 2022, 58, 49–57. [CrossRef]

53. Thompson, M.Q.; Yu, S.; Tucker, G.R.; Adams, R.J.; Cesari, M.; Theou, O.; Visvanathan, R. Frailty and sarcopenia in combination
are more predictive of mortality than either condition alone. Maturitas 2021, 144, 102–107. [CrossRef] [PubMed]

54. Reijnierse, E.M.; Trappenburg, M.C.; Blauw, G.J.; Verlaan, S.; de van der Schueren, M.A.; Meskers, C.G.; Maier, A.B. Common
Ground? The Concordance of Sarcopenia and Frailty Definitions. J. Am. Med. Dir. Assoc. 2016, 17, e7–e12. [CrossRef] [PubMed]

55. Cruz-Jentoft, A.J.; Dawson Hughes, B.; Scott, D.; Sanders, K.M.; Rizzoli, R. Nutritional strategies for maintaining muscle mass
and strength from middle age to later life: A narrative review. Maturitas 2020, 132, 57–64. [CrossRef] [PubMed]

56. Haase, C.B.; Brodersen, J.B.; Bülow, J. Sarcopenia: Early prevention or overdiagnosis? BMJ 2022, 376, e052592. [CrossRef]
57. Landi, F.; Liperoti, R.; Fusco, D.; Mastropaolo, S.; Quattrociocchi, D.; Proia, A.; Tosato, M.; Bernabei, R.; Onder, G. Sarcopenia and

mortality among older nursing home residents. J. Am. Med. Dir. Assoc. 2012, 13, 121–126. [CrossRef]
58. Legrand, D.; Vaes, B.; Matheï, C.; Swine, C.; Degryse, J.M. The prevalence of sarcopenia in very old individuals according to the

European consensus definition: Insights from the BELFRAIL study. Age Ageing 2013, 42, 727–734. [CrossRef]
59. Reiss, J.; Iglseder, B.; Kreutzer, M.; Weilbuchner, I.; Treschnitzer, W.; Kässmann, H.; Pirich, C.; Reiter, R. Case finding for sarcopenia

in geriatric inpatients: Performance of bioimpedance analysis in comparison to dual X-ray absorptiometry. BMC Geriatr. 2016,
16, 52. [CrossRef]

228



Citation: Tap, L.; Corsonello, A.; Di

Rosa, M.; Fabbietti, P.; Formiga, F.;

Moreno-González, R.; Ärnlöv, J.;

Carlsson, A.C.; Polinder-Bos, H.A.;

Roller-Wirnsberger, R.E.; et al.

Inflammaging and Blood Pressure

Profiles in Late Life: The Screening

for CKD among Older People across

Europe (SCOPE) Study. J. Clin. Med.

2022, 11, 7311. https://doi.org/

10.3390/jcm11247311

Academic Editor: Antonio

Gonzalez-Perez

Received: 13 November 2022

Accepted: 6 December 2022

Published: 9 December 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Article

Inflammaging and Blood Pressure Profiles in Late Life: The
Screening for CKD among Older People across Europe
(SCOPE) Study

Lisanne Tap 1,*, Andrea Corsonello 2, Mirko Di Rosa 2, Paolo Fabbietti 2, Francesc Formiga 3,

Rafael Moreno-González 3, Johan Ärnlöv 4,5, Axel C. Carlsson 5,6, Harmke A. Polinder-Bos 1,

Regina E. Roller-Wirnsberger 7, Gerhard H. Wirnsberger 7, Tomasz Kostka 8, Agnieszka Guligowska 8,

Rada Artzi-Medvedik 9, Ilan Yehoshua 10, Christian Weingart 11, Cornel C. Sieber 11, Pedro Gil 12,

Sara Lainez Martinez 12, Fabrizia Lattanzio 2 and Francesco U. S. Mattace-Raso 1,† on behalf of the

SCOPE Investigators

1 Department of Internal Medicine, Section of Geriatric Medicine, Erasmus MC,
University Medical Center Rotterdam, 3015 GD Rotterdam, The Netherlands

2 Italian National Research Center on Aging (INRCA), 60124 Ancona, Italy
3 Geriatric Unit, Internal Medicine Department, Bellvitge University Hospital-IDIBELL-L’Hospitalet de

Llobregat, 08907 Barcelona, Spain
4 School of Health and Social Studies, Dalarna University, 791 31 Falun, Sweden
5 Division of Family Medicine and Primary Care, Department of Neurobiology,

Care Sciences and Society (NVS), Karolinska Institutet, 171 77 Stockholm, Sweden
6 Academic Primary Health Care Centre, Stockholm Region, 113 65 Stockholm, Sweden
7 Department of Internal Medicine, Medical University of Graz, 8036 Graz, Austria
8 Department of Geriatrics, Healthy Ageing Research Centre, Medical University of Lodz, 90-549 Lodz, Poland
9 Department of Nursing, The Recanati School for Community Health Professions, Faculty of Health Sciences,

Ben-Gurion University of the Negev, Beer Sheva 84105, Israel
10 Maccabi Healthcare Services, Southern Region, Tel Aviv 69978, Israel
11 Department of General Internal Medicine and Geriatrics, Krankenhaus Barmherzige Brüder

Regensburg and Institute for Biomedicine of Aging, Friedrich-Alexander-Universität Erlangen-Nürnberg,
93049 Regensburg, Germany

12 Department of Geriatric Medicine, Hospital Clinico San Carlos, 28040 Madrid, Spain
* Correspondence: l.tap@erasmusmc.nl; Tel.: +31-10-7035979
† SCOPE Investigators are listed in acknowledgments.

Abstract: The neutrophil-to-lymphocyte ratio (NLR) is a marker for systemic inflammation. Since
inflammation plays a relevant role in vascular aging, the aim of this study was to investigate whether
NLR is associated with blood pressure profiles in older adults. This study was performed within
the framework of the SCOPE study including 2461 outpatients aged 75 years and over. Mean blood
pressure values, namely systolic blood pressure (SBP), diastolic blood pressure (DBP) and pulse
pressure (PP) were investigated across tertiles of NLR. Change in blood pressure levels in 2 years
of follow-up were compared across categories of baseline NLR. Data of 2397 individuals were used,
of which 1854 individuals had hypertension. Mean values of blood pressure did not differ across
categories of baseline NLR in individuals without hypertension. Individuals with hypertension with
a high-range NLR had lower SBP and PP when compared to those in low-range NLR (mean difference
SBP −2.94 mmHg, p = 0.032 and PP −2.55 mmHg, p = 0.030). Mean change in blood pressure in
2 years did only slightly differ in non-clinically relevant ranges, when compared across tertiles of
baseline NLR. NLR as a marker of inflammaging was not associated with unfavorable blood pressure
profiles in older individuals with or without hypertension.

Keywords: inflammation; neutrophil-to-lymphocyte ratio; hypertension; blood pressure; vascular
aging; older adults
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1. Introduction

Hypertension is very common in older adults and viewed as an accelerated form
of vascular aging [1,2]. Vascular aging is characterized by breaks in elastic fibers and
accumulation of collagen in the arterial wall, resulting in a decline of elastic properties
and thus an increase in arterial stiffness [3]. Increased arterial stiffness is also associated
with subsequent development of hypertension and related blood pressure alterations, such
as a decline in diastolic blood pressure (DBP) and an increase in systolic blood pressure
(SBP) and pulse pressure (PP) [4]. Besides age and cardiovascular risk factors, systemic
inflammation also plays a relevant role in the rate of vascular aging [5]. However, whether
‘inflammaging’ is associated with vascular aging at older age is not completely clear.

Immunosenescence refers to the significant changes of the immune system with ag-
ing [6]. It results in remodeling of specific cell types, higher levels of pro-inflammatory
cytokines and seems to induce a permanent low-grade state of chronic inflammation [7]. A
variety of biochemical and hematological markers can be measured to assess this systemic
inflammation [8]. For instance, the role of C-reactive protein has been widely observed
in observational studies in several chronic conditions [9–11]. Interestingly, more recent
literature indicates that the ratio of blood cells subtypes have a significant prognostic value
for cardiovascular diseases [12,13]. The neutrophil-to-lymphocyte ratio (NLR), derived
directly from the differential white blood cell count, is a relatively novel marker reflecting
the balance between two aspects of the immune system: acute and chronic inflammation
(neutrophil count) and adaptive immunity (lymphocyte count) [14]. During (chronic) ill-
ness and various pathological states, this balance shifts due to systemic inflammation and
oxidative stress. The NLR has proven its prognostic value in several diseases, such as car-
diovascular diseases [15,16], infections [17] and several types of cancer [18], in which higher
NLR values represent higher rates of inflammation. NLR is an inexpensive, ‘easy to obtain’
and highly available measurement, making it a very accessible tool in clinical practice.

The aim of this study was to explore whether NLR as marker of inflammation is
associated with blood pressure profiles in older adults aged 75 years and over with and
without hypertension.

2. Materials and Methods

The present study was performed within the framework of the Screening for Chronic
Kidney Disease among Older People across Europe (SCOPE) study. The SCOPE study
(European Grant Agreement no. 436849), is a multicenter 2-year prospective cohort study
involving patients older than 75 years attending outpatient services in participating insti-
tutions in Austria, Germany, Israel, Italy, the Netherlands, Poland and Spain. Methods
of the SCOPE study have been extensively described elsewhere [19]. Participants were
requested to sign a written informed consent before entering the study. The study protocol
was approved by ethics committees at all participating institutions, and complies with the
Declaration of Helsinki and Good Clinical Practice Guidelines.

2.1. Inflammation

Blood samples were obtained during baseline visit to assess clinical laboratory tests
including the differentiated white blood cell count. The NLR was calculated by dividing
the absolute neutrophil count by the absolute lymphocyte count. No specific normal values
or cut-off point of NLR in older adults exist and most researchers have explored NLR in
categories in their own population. The authors decide to categorize participants in groups
of low-range, mid-range and high range values of NLR using tertiles stratified for the
presence of hypertension.

2.2. Blood Pressure Profiles

Blood pressure measurements were conducted during baseline visit and also every
following visit after 1 and 2 years of follow-up using an oscillometric device with a brachial
cuff in resting position. SBP and DBP were measured and documented in millimetres of
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mercury (mmHg). PP, also expressed in mmHg, was calculated as the difference between
SBP and DBP. PP is a marker of age-related vascular stiffness in which higher values of PP
indicate greater stiffness (i.e., less elasticity) [20]. Since blood pressure was also measured
during follow-up, change in blood pressure values (SBP, DBP and PP) was calculated and
documented as change in mmHg. Hypertension was registered when present in medical
history and/or when antihypertensive medication was used for this indication.

2.3. Other Variables

Demographic data and socioeconomic status were documented. Information on
alcohol use, smoking status, medical history and use of medication was collected, including
the use and type of antihypertensive medication. Additionally, the cumulative illness rating
scale for geriatrics (CIRS-G) was calculated [21]. During the study visit, a comprehensive
geriatric assessment (CGA) was performed including information on other domains, such
as information on cognition and functional status [22].

2.4. Statistical Analysis

Descriptive statistics were expressed as percentage for categorical variables and mean
and standard deviation (SD) or median and interquartile ranges (IQR) for continuous
variables, depending on normal or non-normal distribution. First, characteristics were
compared between participants with and without hypertension using the Chi square test
for categorical variables and T-test or Mann–Whitney U test for continuous variables,
depending on normal or non-normal distribution. Second, cross-sectional analyses were
conducted in which mean values of SBP, DBP and PP were compared across tertiles of
NLR using analysis of variance (ANOVA) stratified for the presence of hypertension.
Multivariate analyses were also conducted with adjustment for covariates age, sex, BMI,
diabetes mellitus, CIRS-G and the use of antihypertensive medication. Third, mean change
of SBP, DBP and PP in two years of follow-up were compared across tertiles of NLR
stratified for the presence of hypertension using ANOVA. In multivariate analyses, these
tests were adjusted for baseline value of SBP, DBP or PP and previous identified covariates.
Individuals who were lost to follow-up, died or with missing data were excluded from
related analyses (Figure 1). A p-value of <0.05 was considered statistically significant.

Figure 1. Flowchart on in- and exclusion of individuals within the current study.
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3. Results

In total, 2461 participants were enrolled in the SCOPE study and 2397 participants
were included in the analyses as result of missing data on 64 participants. The complete
flowchart on the included and excluded individuals is shown in Figure 1. A total of 1854
individuals (77.3%) had a medical history of hypertension and/or used anti-hypertensive
medication for this indication and 543 participants (22.7%) had no hypertension. Overall
baseline characteristics stratified for the presence of hypertension are presented in Table 1.

Table 1. Overall sample description in individuals with and without hypertension.

Variable
Hypertension

(n = 1854)
No Hypertension

(n = 543)
p-Value

Age, years 80 [77–83] 79 [77–82] <0.001
Women 1034 (55.8%) 307 (56.5%) NS

Living alone 456 (24.6%) 119 (21.9%) NS
BMI, kg/m2 27.7 [25.1–30.8] 25.8 [23.4–28.6] <0.001

Alcohol consumption 449 (24.2%) 161 (29.7%) 0.009
Current Smoker 73 (3.9%) 30 (5.5%) NS
Former Smoker 698 (37.6%) 201 (37%) NS
ADL dependent 475 (25.6%) 99 (18.2%) 0.001
iADL dependent 822 (44.3%) 156 (28.7%) <0.001

CKD 1306 (70.4%) 274 (50.5%) <0.001
eGFR-BIS, mL/min 52.9 [41.4–62.0] 59.9 [52.5–66.7] <0.001

TIA 175 (9.4%) 35 (6.4%) 0.030
Stroke 126 (6.8%) 13 (2.4%) <0.001
Cancer 328 (17.7%) 87 (16%) NS
COPD 239 (12.9%) 48 (8.8%) 0.011
CHF 360 (19.4%) 38 (7%) <0.001

Diabetes Mellitus 541 (29.2%) 64 (11.8%) <0.001
Atrial fibrillation 319 (17.2%) 44 (8.1%) <0.001
Vascular disease 259 (14%) 43 (7.9%) <0.001

SBP, mmHg 140 [130–152] 132 [120–147] <0.001
DBP, mmHg 79 [70–85] 78 [70–83] NS
PP, mmHg 62 [52–73] 55 [48–67] <0.001

CIRS-G, total score 9 [6–12] 5 [3–8] <0.001
CIRS-G, severity index 1.5 [1.3–1.8] 1.4 [1.0–1.7] <0.001

Neutrophils, 109/L 4.0 [3.2–5.1] 3.5 [2.8–4.4] <0.001
Lymphocytes, 109/L 1.7 [1.3–2.1] 1.6 [1.3–2.1] NS

NLR 1 2.4 [1.8–3.3] 2.1 [1.6–2.8] <0.001
Antihypertensives 1795 (94.9%) 139 (25.6%) <0.001

Calcium channel blockers 606 (32.7%) 16 (3.0%) <0.001
ACE-inhibitors/ARB 1344 (72.5%) 50 (9.2%) <0.001

Diuretics 866 (46.7%) 40 (7.4%) <0.001
Beta-blockers 915 (49.4%) 92 (16.9%) <0.001

Values are expressed as number (percentage) or median [IQR]. p-values are based on chi-squared test for cate-
gorical variables and Mann–Whitney U test for continuous variables; 1 Data available on 1731 individuals with
hypertension and 518 without hypertension. Abbreviations: BMI, Body Mass Index; (i) ADL, (instrumental)
Activities of Daily Living; CKD; chronic kidney disease, eGFR-BIS, estimated Glomerular Filtration Rate-Berlin
Initiative Study; TIA, transient ischemic attack; COPD, chronic obstructive pulmonary disease; CHF, chronic heart
failure; SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, Pulse Pressure; CIRS-G, Cumulative Illness
Rating Scale for Geriatrics; NLR; neutrophils-to-lymphocyte ratio; ACE, angiotensin-converting enzyme; ARBs,
angiotensin receptor blockers.

Individuals with hypertension were older (80 vs. 79 years, p < 0.001), had higher BMI
(27.7 vs. 25.8 kg/m2, p < 0.001), SBP (140 vs. 132 mmHg, p < 0.001) and PP (62 vs. 55 mmHg,
p = 0.001) than individuals without hypertension. Additionally, the prevalence of comor-
bidities was higher in individuals with hypertension, than in those without hypertension,
such as the prevalence of chronic kidney disease (70.4% vs. 50.5%, p < 0.001), stroke (6.8%
vs. 2.4%, p < 0.001) and diabetes mellitus (29.2% vs. 11.8%, p < 0.001), resulting in higher
comorbidity score (CIRS-G 9 vs. 5, p < 0.001). The amount of neutrophils was higher in
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individuals with hypertension than in those without hypertension (4.0 vs. 3.5 × 109/L,
p < 0.001), whereas lymphocytes count did not differ between groups (1.7 vs. 1.6 × 109/L),
resulting in higher values of NLR in individuals with hypertension (2.4 vs. 2.1, p < 0.001).
Individuals with hypertension more often used anti-hypertensive medication than individ-
uals without hypertension (94.9% vs. 24.6%, p < 0.001). Most frequently, individuals with
hypertension used ACE-inhibitors/ARBs (72.5%). They also used beta-blockers (49.4%),
diuretics (46.7%) or calcium channel blockers (32.7%).

3.1. Individuals with Hypertension

The low-range NLR tertile contained individuals with a value up to 1.95 and the
high-range NLR started from 3.01. Mean values of blood pressure across tertiles of NLR
are presented in Figure 2A–C.

Figure 2. Mean values of blood pressure across tertiles of NLR in individuals with hypertension
(A–C) and no hypertension (D–F). Dots represent mean values, bars represent standard deviation.
Figure A and D, systolic blood pressure (SBP) in mmHg; Figure B and E, diastolic blood pressure
(DBP) in mmHg; Figure C and F pulse pressure (PP) in mmHg.

Mean values of SBP were 142.0± 18.8 mmHg, 141.5± 18.7 mmHg and 139.7 ± 18.3 mmHg
from lowest to highest tertile of NLR, respectively. Individuals in the high-range NLR
had slightly lower SBP when compared to low-range NLR (mean difference −2.94 mmHg,
95% CI −5.70; −0.18 mmHg, p = 0.032). Mean values of DBP were 77.9 ± 10.9 mmHg,
77.4 ± 11.9 mmHg and 77.3 ± 11.0 mmHg, respectively, with no differences across categories.
Mean values of PP were 64.3 ± 15.9 mmHg, 64.1 ± 16.5 mmHg and 62.4 ± 16.0 mmHg, re-
spectively. Individuals in the high-range NLR had lower PP when compared to low-range
NLR (mean difference −2.55 mmHg, 95% CI −4.93; −0.18 mmHg, p = 0.030).

Mean change of blood pressure levels were compared across tertiles of baseline NLR
and presented in Table 2.

Mean changes from lowest to highest tertile of baseline NLR were 2.8 ± 20.8 mmHg,
0.7 ± 21.3 mmHg and 1.4 ± 21.4 mmHg for SBP, 0.4 ± 33.8 mmHg, 0.4 ± 12.2 mmHg and
0.6 ± 12.3 mmHg for DBP and 0.9 ± 17.4 mmHg, 1.1 ± 18.7 mmHg and 0.9 ± 18.2 mmHg
for PP (respectively).

Mean change in blood pressure values in 2 years did only slightly differ in non-
clinically relevant ranges.
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Table 2. Mean change of blood pressure values across tertiles of NLR in individuals with and
without hypertension.

Hypertension
(n = 1251)

Low NLR
(n = 432)

Mid NLR
(n = 429)

High NLR
(n = 390)

ΔSBP, mmHg 2.8 ± 20.8 0.7 ± 21.3 1.4 ± 21.4
ΔDBP, mmHg 0.4 ± 33.8 0.4 ± 12.2 0.6 ± 12.3
ΔPP, mmHg 0.9 ± 17.4 1.1 ± 18.7 0.9 ± 18.2

No Hypertension
(n = 422)

Low NLR
(n = 152)

Low NLR
(n = 145)

Low NLR
(n = 125)

ΔSBP, mmHg 0.6 ± 19.0 0.6 ± 19.3 2.9 ± 21.1
ΔDBP, mmHg 1.3 ± 11.9 1.1 ± 11.7 1.7 ± 11.8
ΔPP, mmHg 0.1 ± 15.8 1.8 ± 14.4 1.2 ± 17.4

Values are expressed as mean (±SD); Δ = delta/change; p-values are based on one-way ANOVA comparison.
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; NLR; neutrophil-to-lymphocyte ratio.

3.2. Individuals without Hypertension

The low-range NLR tertile contained individuals with a value up to 1.77, whereas the
high-range NLR started from 2.53. Mean values of blood pressure across tertiles of NLR are
presented in Figure 2D–F. Mean values of SBP were 134.2 ± 20.8 mmHg, 133.9 ± 16.9 mmHg
and 134.3 ± 18.1 mmHg from lowest to highest tertile of NLR, respectively. Mean values
of DBP were 77.0 ± 11.4 mmHg, 76.7 ± 10.3 mmHg and 76.4 ± 11.7 mmHg from low-
est to highest tertile of NLR, respectively. Mean values of PP were 58.4 ± 15.5 mmHg,
57.2 ± 13.9 mmHg and 57.9 ± 15.9 mmHg from lowest to highest tertile of NLR, respec-
tively. There were no differences in blood pressure levels across categories.

Mean change of blood pressure levels in individuals without hypertension are also
presented in Table 2. Mean changes from lowest to highest tertile of baseline NLR were
0.6 ± 19.0 mmHg, 0.6 ± 19.3 mmHg and 2.9 ± 21.1 mmHg for SBP, 1.3 ± 11.9 mmHg,
1.1 ± 11.7 mmHg and 1.7 ± 11.8 mmHg for DBP and 0.1 ± 15.8 mmHg, 1.8 ± 14.4 mmHg
and 1.2 ± 17.4 mmHg for PP (respectively). There was no difference in changes of blood
pressure levels across categories.

4. Discussion

NLR as a marker of inflammaging, was not associated with unfavorable blood pressure
profiles in individuals with and without hypertension aged 75 years and over. Mean
changes in blood pressure levels during a follow up of 2 years were close to zero and
no differences could be observed in changes of blood pressure levels, when comparing
individuals with low-range, mid-range or high-range NLR.

The role of oxidative stress and inflammation in vascular aging and development
of hypertension is well established [5]. During aging of the immune system, specific cell
types will remodel and a permanent state of chronic inflammation is induced [23]. Several
studies found that higher levels of C-reactive protein and pro-inflammatory cytokines
are associated with increased arterial stiffness [24,25]. Chronic inflammation can affect
blood vessel structures and this effect is most likely due to the role of inflammatory state in
endothelial dysfunction, by inhibiting endothelium-dependent vasodilatation. In middle-
aged adults, a cross-sectional study investigated the possible association between NLR and
24 h blood pressure measurements in patients with newly diagnosed hypertension [26].
Results showed that patients with no antihypertensive therapy in the upper two quartiles
of NLR had the highest systolic and diastolic blood pressure. Additionally, a significant
association between NLR and high blood pressure load was found. Interestingly, the
quartiles of NLR were comparable with the tertiles used in our study, namely first < 1.55,
second 1.55–1.92, third 1.92–2.48 and fourth > 2.48. Since this study involves a specific
group of untreated patients with hypertension with a mean age of 49 years, the main results
could not be compared to our older adults, who commonly have a history of decades
with hypertension. Another cross-sectional study performed in England investigated the
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relation between NLR and 24 h blood pressure measurements in 508 individuals between
the age of 18–80 years who underwent the blood pressure measurement for the diagnosis or
evaluation of hypertension [27]. A positive association between NLR and arterial stiffness
was found. Moreover, increasing NLR was an independent predictor of cardiovascular
outcomes. Included patients had a mean age of 58.8 ± 14.0 and this study did not focus on
blood pressure profiles and NLR, and therefore these results in younger patients could not
be completely compared to our findings.

As far as we are concerned, no studies have investigated the possible association
between NLR and blood pressure profiles in old age. We had hypothesized that a higher
rate of inflammation would be associated with unfavorable blood pressure levels, however,
the findings could not confirm our hypothesis. We took into account also the potential
of anti-inflammatory effects of the different type of antihypertensive medication on this
association [28–30], however adjusting for this potential confounder did not change our
results. A potential explanation for our findings could be due to a ceiling effect. There is
an association between inflammation and blood pressure levels at younger age, however,
in our population of individuals aged 75 years and over, a ceiling effect might explain
our findings. Additionally, it is possible that seriously ill patients with unfavorable in-
flammation and blood pressure profiles or the highest rate of comorbidities, were not
included in this study, due to death or no willingness to participate due to health-related
issues. Additionally, death during follow-up could have affected our results. Eventually,
the annual change in blood pressure levels in our population might be too small to be
investigated during a follow-up of 2 years. A study conducted in the USA which included
older adults of 75 years and over found a mean annual change in SBP of <1 mmHg in men
and circa 2 mmHg in women and a mean annual change in DBP of circa 1.2 mmHg in both
sexes [31]. We found quite an opposite result as than what we expected in individuals
with hypertension, namely the group with the highest NLR had the lowest SBP and PP.
A possible explanation for this finding could lay in the fact that theoretically, patients
with hypertension and high NLR represent a group with the least favorable health status.
Consequently, those older adults might be the ones with most frequent hospital visits and
better health-care surveillance leading to better blood pressure control.

Some limitations of the present study deserve consideration. First, we decided to
analyse blood pressure levels across tertiles of NLR, instead of a continuous number which
could have affected the results. This decision was based on the fact that no normal values
for older adults exist and since it is not known whether or not every step of higher or
lower NLR is as relevant. Second, blood pressure values were documented from one
measurement per visit, while 24 h blood pressure measurement could have provided
another view on blood pressure profiles. Third, we did not took into account changes in
medication during follow-up which could have affected the mean levels of blood pressure
of time. Fourth, as stated previously, we cannot exclude that the length of follow-up
might be too short to investigate a possible relation between inflammation and blood
pressure profiles. Fifth, survival bias could have led to a ceiling effect in which individuals
with the most unfavorable profiles were not included or could not be followed up. The
present study also has strengths. We have studied a large real-world population of older
adults in 7 different countries, with no strict inclusion criteria, therefore our findings
may apply for a large population of older adults across Europe. Moreover, all data were
obtained systematically in participating centers, which makes these results very reliable.
Furthermore, NLR is a novel and interesting marker to investigate, so the present study
contributes in this relatively new field of research. Additionally, multiple blood pressure
values were included, among which SBP, DBP and PP. Since blood pressure profiles can
change with aging those three included measurements were able to reflect different angles
of vascular aging.
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5. Conclusions

In conclusion, in older adults with higher rates of inflammation, we expected to find
unfavorable blood pressure profiles reflecting elevated arterial stiffness and higher rate of
vascular aging. However, this association was not found. The search for contributing factors
to accelerated vascular aging even at higher age is still highly relevant in order to recognize
individuals at risk for cardiovascular outcomes and optimize possible treatment strategies.
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Abstract: Background: Implantation of continuous flow left ventricular assist devices (LVAD’s) has
been increasingly used in patients with advanced heart failure (HF). Little is known about the non-
invasive hemodynamics and the relationship with adverse events in this specific group of patients.
We aimed to identify any differences in non-invasive hemodynamics in patients with an LVAD
in different age categories and to investigate if there is an association with major adverse events.
Methods: In this observational cross-sectional study, HF patients with a continuous flow LVAD
were included. Non-invasive hemodynamic parameters were measured with a validated, automated
oscillometric blood pressure monitor. The occurrences of adverse events were registered by reviewing
the medical records of the patients. An independent-samples T-test and Chi-square test were used
to compare different groups of patients. Results: Forty-seven patients were included; of these, only
12 (25.6%) had a successful measurement. Heart rate, heart rate-adjusted augmentation index, and
pulse wave velocity were higher in the ≥55 years of age LVAD group compared to the <55 years of
age LVAD group (all p < 0.05). Stroke volume was significantly lower in the ≥55 years of age LVAD
group compared to the <55 years of age LVAD group (p = 0.015). Patients with adverse events such
as cardiovascular events, GI-bleeding, or admission to a hospital had lower central pulse pressure
(cPP) than patients without any adverse event. Conclusion: Older LVAD patients have a significantly
higher heart rate, heart rate-adjusted augmentation index, and pulse wave velocity and a significantly
lower stroke volume compared to participants aged < 55 years. The pulsatile component of blood
pressure was decreased in patients with adverse events.

Keywords: aging; non-invasive hemodynamics; blood pressure; heart failure; continuous flow;
LVAD; non-pulsatility; adverse events

1. Introduction

Implantation of a left-ventricular assist device (LVAD) has been increasingly used
in advanced heart failure (HF) patients that are refractory to optimal medical therapy. It
can be used as a bridge-to-heart transplantation therapy, or as destination therapy [1].
Bridge-to-heart transplantation therapy reduces mortality and improves patients’ overall
condition [2]. Patients undergoing destination therapy are, by definition, ineligible for
transplantation, mostly due to increased age or other comorbidities [3]. Heart failure
remains a potentially fatal disease despite advances in therapy [4]. If evolved therapies for
advanced heart failure patients give no result, LVAD implantation can be used. The small
pool of donor hearts and the growing group of heart failure patients in need of a transplant
causes an increase in LVAD destination therapy [1].
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LVADs improves clinical outcomes in HF patients by improving hemodynamics, but
with a non-physiological non-pulsatile, continuous-flow hemodynamics [5]. Little is known
about the hemodynamics patterns in patients implanted with an LVAD. Because of the
improvement of continuous-flow LVADs (CF-LVADs) in durability, the cumulative effects
of these changed hemodynamics have become an important area of interest [6]. Despite
improvements in survival, CF-LVADs are associated with complications such as long-term
end-organ dysfunction, gastro-intestinal (GI) bleeding, hospitalization, and cardiovascular
events. Both low arterial pulsatility and increased aortic stiffness may increase the risk of
those adverse events [7–9].

Clarification of hemodynamic parameters in LVAD patients may help to optimize
these parameters and improve clinical outcomes. While there is no conclusive evidence to
suggest that this will occur, we hypothesize that LVAD patients will have a specific blood
pressure profile that differs from patients without an LVAD. Therefore, we will investigate
non-invasive hemodynamic parameters in patients with an LVAD. The purpose of this
study is to identify any differences in non-invasive hemodynamics between patients with
an LVAD within different age categories and whether specific hemodynamic patterns are
associated with any adverse event.

2. Materials and Methods

2.1. Patient Selection

We included outpatients with HF with an LVAD who were followed by the department
of Cardiology at the Erasmus MC University Medical Center, Rotterdam, in the period of
December 2021 until March 2022. Patients were asked to participate in the study if they
were >18 years when they were implanted with an LVAD. Written informed consent was
obtained from all participants before we started the measurements. The study protocol
(MEC-2015-405) was approved by the medical-ethical board of Erasmus MC University
Medical Center, Rotterdam.

2.2. Variables

Demographic data used: age, sex, weight, length, BMI (kg/m2), etiology of HF,
indication for LVAD, and device type; medications were assessed by reviewing the medical
records of the patients. Renal function (assessed by eGFR–creatinine based), bilirubin,
NT-proBNP, and hemoglobin were measured during laboratory control.

2.3. Hemodynamic Data

LVAD device values and blood pressure values were collected by reviewing the
electronic medical records of the patients. Non-invasive hemodynamic data were collected
through measurements with a Mobil-O-Graph. The Mobil-O-Graph (IEM, Rheinland,
Germany) is a previously validated, automated oscillometric blood pressure monitor [10,11].
Besides brachial blood pressure readings, the monitor provides an estimation of the aortic
pulse wave velocity (aPWV) through analysis of brachial pulse wave morphology. The
measurements were performed in a quiet examination room, with the patient seated with
both legs uncrossed on the floor, after two minutes rest. The brachial cuff was applied
to the right upper arm on the right spot of the brachial artery and inflated two times to
perform a complete measurement.

Other hemodynamic parameters obtained during the same measurement, using inbuilt
algorithms, included mean arterial pressure (MAP), heart rate (HR), pulse pressure (PP),
stroke volume (SV), cardiac output (CO), peripheral vascular resistance (SVR), cardiac
index (CIx), augmentation pressure, and augmentation index (AIx). The collected data
were uploaded into HMS Client Server 5.1 software, Rheinland, Germany.

2.4. Adverse Events Registration

We retrospectively reviewed the electronic medical records of patients who were
selected in the study to register if there were adverse events in people on the waiting list
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or after LVAD implantation. We focused on three major complications. Adverse events
were defined as cardiovascular events such as myocardial infarct or CVA, gastro-intestinal
bleeding, and admission to a hospital.

2.5. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics 28, Chicago, IL, USA,
version for Windows. All patients with a successful or failed measurement were analyzed
for baseline characteristics and LVAD device values. For further analyses, patients without
a successful measurement were excluded. Normally distributed data are presented as
median and interquartile range (IQR) for continuous variables and frequency (%) for
categorical variables. Characteristics were compared between the group patients with and
without complications, using the T-test for continuous variables. The Chi-square test was
used to compare percentages. To investigate the possible role of aging patients, patients
were divided into age categories < 55 years and ≥55 years. A two-tailed p-value of ≤0.05
was considered statistically significant.

3. Results

Figure 1 shows the flowchart of the inclusion of patients. In total, 47 patients were
asked to participate in the study. All 47 patients underwent a blood pressure measurement
with the Mobil-O-Graph. Thirty-five patients were excluded from analyses of the non-
invasive hemodynamics because we were not able to perform a successful measurement in
these patients. We included 12 patients for analyses of the non-invasive hemodynamics.

Figure 1. Flowchart inclusion of patients.

Table 1 shows the baseline characteristics for patients with HF with an LVAD with
a successful blood pressure measurement, compared with patients with a non-successful
measurement. In 25.6%, we were able to perform a successful measurement in HF with an
LVAD. There was no statistically significant difference in age, sex, weight, BMI, time since
LVAD implantation, or etiology of HF between groups. In both groups, most of the patients
were men. Only one patient had an LVAD device type HM-II; all other patients had a
device type HM-III. There was also no statistically significant difference between the blood
pressure values measured by the LVAD nurse practitioner. The LVAD parameters flow and
PI were significant different between groups. In patients with a failed measurement, we
found a higher flow (p = 0.014) and a lower PI (p = 0.002). The mean NT-proBNP in patients

241



J. Clin. Med. 2023, 12, 29

with a failed measurement was higher; however, this difference was barely statistically
significant (p = 0.057).

Table 1. Baseline characteristics of HF with an LVAD with successful or failed measurement.

Characteristics
Successful

Measurement (12)
Failed Measurement

(35)
p-Value

Age, years, IQR 57 (34–66) 60 (53–64) ns
Sex, men, n (%) 10 (83.3) 30 (85.7) ns
Weight, kg 80 (78–96) 88.2 (77.6–101.2) ns
BMI, kg/m2 26.6 (25.3–30) 27.8 (25.3–30.0] ns
Time on LVAD, months 19.5 (3–30) 23 (13–41] ns
Etiology of HF, ischemic, %
(n) 58.3 (7) 57.1 (20) ns

Smoking, % 2 (16.7) 2 (5.7) ns
Diabetes, % 2 (16.7) 5 (14.3) ns
Hypertension, % 2 (16.7) 6 (17.1) ns
LVAD device type, HM-3,
% (n) 11 (91.7) 35 (100) ns

SBP, mmHg 108 (104–116) 102 (99–112) ns
MAP, mmHg 93 (84–96) 85 (82–90) ns
DBP, mmHg 83 (75–87) 79 (73–84) ns
PP, mmHg 23 (17–28) 26 (23–30) ns
LVAD parameters
• RPM, r/min 5300 (5200–5400) 5400 (5300–5500) ns
• Flow, L/min 4.4 (4.1–4.5) 4.6 (4.3–4.9) 0.014
• PI 4.4 (3.9–5.7) 3.6 (2.9–4.40) 0.002
• Pulse Power, Watt 3.8 (3.8–4) 4.0 (3.8–4.2) ns
eGFR, ml/min/1.73 m2 69 (63–90) 60.0 (43–77) ns
Hb, mmol/L 8.7 (7.7–9) 8.6 (7.8–9.3) ns
Bilirubin, μmol/L 9.0 (8–16) 11.0 (8–17) ns
NT-proBNP, pmol/L 152 (99–213) 190 (138–390) 0.057

Abbreviations: LVAD, left ventricular assist device; BMI, body mass index; HF, heart failure; HM-II, Heartmate II;
HM-III, Heartmate III; SBP, systolic blood pressure; MAP, mean arterial pressure; DBP, diastolic blood pressure;
PP, pulse pressure; RPM, revolutions per minute; PI, pulsatility index; eGFR, estimated glomerular filtration rate;
Hb, hemoglobin; NT-proBNP, N-terminal pro-brain natriuretic peptide.

Table 2 shows the baseline characteristics of patients with an LVAD in the different
age categories, <55 years and ≥55 years. The <55 years group included four patients, the
group with patients ≥ 55 years included seven patients.

Figure 2 shows the mean levels and distribution of the non-invasive hemodynamic
parameters in the age categories < 55 years and ≥55 years. Heart rate, heart rate-adjusted
augmentation index, and pulse wave velocity were statistically significant higher in the
≥55 years of age LVAD group compared to the <55 years of age LVAD group (all p < 0.05).
Stroke volume was significantly lower in the ≥55 years of age LVAD group compared to
the <55 years of age LVAD group (p = 0.015).

In Table 3, the baseline characteristics of patients with HF with an LVAD are presented.
We included 12 patients with HF with an LVAD, of which seven patients had no adverse
event and five patients had adverse event. Adverse events include hospitalization (for
cardiac causes), GI-bleeding, and a cardiovascular event. There was no statistically signifi-
cant difference in any of the baseline characteristics between the two groups. Patients with
any adverse event did have a longer median time since LVAD implantation (13.5 versus
28.3 months). Only one patient had an LVAD device type HM-II, all other patients had an
LVAD device type HM-III. The LVAD parameters, such as RPM, flow, PI, and pulse power,
were measured by the LVAD technician on the same day our measurement was performed.
This also applies for the blood pressure values and the lab results. There were no missing
data for any of the patients.
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Table 2. Baseline characteristics of HF with an LVAD in different age categories.

Characteristics Age < 55 Years (n = 4) Age ≥ 55 Years (n = 6) p-Value

Age, years, IQR 33 (24.5–49) 62 (57–72) <0.001
Sex, men, n (%) 4 (100) 6 (75) ns
Weight, kg 81.7 (77.9–112.6) 80 (78–96) ns
BMI, kg/m2 25.7 (29.4–25.2) 27.9 (25.7–29.9) ns
Time since LVAD,
months 29 (14.3–66.3) 6.0 (2–25) ns

Etiology of HF,
ischemic, n (%) 0 7 (87.5) 0.004

Smoking, % 0 2 (25) ns
Diabetes, % 1 (25) 1 (12.5) ns
Hypertension, % 0 2 (25) 25% (2) ns
LVAD device type,
HM-III, % (n) 1 (25) 0 ns

SBP, mmHg 108.5 (98.3–117.3) 108 (104–116) ns
MAP, mmHg 90 (78.8–96) 93 (87–95) ns
DBP, mmHg 79.5 (69.8–88.5) 83 (80–87) ns
PP, mmHg 25 (21.3–33.3) 23 (15–28) ns
LVAD parameters
• RPM, r/min 5250 (5200–7350) 5300 (5250–5250) ns
• Flow, L/min 4.4 (4.1–4.5) 4.4 (4.2–4.5) ns
• PI 5.1 (4.5–6.4) 4.1 (3.9–4.6) ns
• Pulse Power, Watt 4.0 (3.8–4.8) 3.8 (3.8–4.0) ns
eGFR, m/min/1.73 m2 75.7 (67.5–86) 63 (54–83.5) ns
Hb, mmol/L 9.0 (8.6–9.3) 8.4 (7.7–8.9) ns
Bilirubin, μmol/L 16 (7.5–29) 9 (8.5–10.5) ns
NT-proBNP, pmol/L 117.5 (39.5–201) 152 (120–215) ns

Abbreviations: LVAD, left ventricular assist device; BMI, body mass index; HF, heart failure; HM-II, Heartmate II;
HM-III, Heartmate III; SBP, systolic blood pressure; MAP, mean arterial pressure; DBP, diastolic blood pressure;
PP, pulse pressure; RPM, revolutions per minute; PI, pulsatility index; eGFR, estimated glomerular filtration rate;
Hb, hemoglobin; NT-proBNP, N-terminal pro-brain natriuretic peptide.

Figure 2. Distribution of non-invasive hemodynamics in HF with an LVAD within different age
categories (A–H). Abbreviations: cSBP, central systolic blood pressure; cDBP, central diastolic blood
pressure; cPP, central pulse pressure; HR, heart rate; SV, stroke volume; CO, cardiac output; AIx,
augmentation index; PWV, pulse wave velocity. Note: bars represent mean values, dots represent
individual patients. * p = 0.034; ** p = 0.015; *** p = 0.013; **** p = 0.001.
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Table 3. Baseline characteristics of patients with an LVAD with and without any adverse event.

Characteristics
LVAD without Adverse
Event (7)

LVAD with Any
Adverse Event (5)

p-Value

Age, years 57.5 (29.5–63) 55 (44–72) ns
Sex, men, n (%) 5 (71.4) 5 (100) ns
Weight, kg 78.5 (77.5–86.6) 96 (79.5–110.1) ns
BMI, kg/m2 25.8 (24.7–28.1) 30 (25.9–30.4) ns
Time since LVAD, months 13.5 (1.75–28) 28.3 (7.5–53) ns
Etiology of HF, ischemic, % (n) 57.1 (4) 60 (3) ns
Smoking, % 2 (28.6) 0 ns
Diabetes, % 0 2 (40) ns
Hypertension, % 2 (28.6) 0 ns
LVAD device type, HM-III, %
(n) 6 (100) 4 (80) ns

SBP, mmHg 112 (102–118.3) 107 (102–113) ns
MAP, mmHg 93.5 (84.5–97.8) 91 (777–95.5) ns
DBP, mmHg 82.5 (77–89.3) 83 (65.5–88) ns
PP, mmHg 20 (14.8–29.8) 24 (21.5–32.5) ns
LVAD parameters
• RPM, r/min 5300 (5175–5300) 5400 (5200–5400) ns
• Flow, L/min 4.3 (3.9–4.4) 4.5 (4.3–4.5) ns
• PI 4.2 (3.7–7.6) 4.4 (4.2–5.3) ns
• Pulse Power, Watt 3.8 (3.7–4.0) 3.9 (3.8–4.7) ns
eGFR, mL/min/1.73 m2 73 (58.5–84) 66 (54–90) ns
Hb, mmol/L 8 (7.7–9.5) 9 (8.6–9) ns
Bilirubin, μmol/L 9 (6.8–12.8) 12 (8–25) ns
NT-proBNP, pmol/L 162 (90.2–256.5) 152 (66–212) ns

Abbreviations: LVAD, left ventricular assist device; BMI, body mass index; HF, heart failure; HM-II, Heartmate II;
HM-III, Heartmate III; SBP, systolic blood pressure; MAP, mean arterial pressure; DBP, diastolic blood pressure;
PP, pulse pressure; RPM, revolutions per minute; PI, pulsatility index; eGFR, estimated glomerular filtration rate;
Hb, hemoglobin; NT-proBNP, N-terminal pro-brain natriuretic peptide.

In Figure 3, the mean values and the distribution of the non-invasive hemodynamic
parameters are shown in different groups, with and without complications. Only the central
pulse pressure (cPP) was statistically significant different between the two groups. Patients
without adverse events had a median cPP of 18.5 IQR 14.3–24.3, patients with adverse
events had a median cPP of 14 IQR 9–16, p = 0.044. There was no statistically significant
difference between the mean values of the other hemodynamics.

Figure 3. Distribution of non-invasive hemodynamics in HF with an LVAD with and without adverse
events (A–H). Abbreviations: cSBP, central systolic blood pressure; cDBP, central diastolic blood
pressure; cPP, central pulse pressure; HR, heart rate; SV, stroke volume; CO, cardiac output; AIx,
augmentation index; PWV, pulse wave velocity. Note: bars represent mean values, dots represent
individual patients. * p = 0.044.
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4. Discussion

In this cross-sectional study, we found that older LVAD patients had higher aortic stiff-
ness, augmentation index, and heart rate but lower stroke volume compared to participants
aged < 55 years. The pulsatile component of blood pressure was decreased in patients with
previous adverse events.

LVAD patients have a reduced arterial pulse pressure [12], which makes it difficult
to measure the blood pressure with an automated oscillometric blood pressure monitor.
Nonetheless, previous studies validated blood pressure measurements with the Mobil-O-
Graph in LVAD patients using an A-line comparison. Even though this methodology was
previously validated [10,13] with a success rate of 91% [13] and 82% [10], we were able to
obtain the measurements in only 25.6% of the LVAD patients.

Castagna et al. found that a lower HeartMate II speed was associated with a higher
success rate (p < 0.05) [10]. In our study, we also compared the RPM speed between the
successful and failed measurement group. We found no significant difference, but our
study group consisted of only one HeartMate II against 46 HeartMate III implants, which
could make this comparison questionable. Furthermore, they found that no other measured
parameters were associated with measurement success. Meanwhile, we did find that LVAD
flow, LVAD Pulse Index (PI), and NT-proBNP were associated with measurement success.
Lower values of the PI indicate lower filling pressures and lower contractility of the left
ventricle. With lower values of the PI, the LVAD is providing greater support and the flow
pulse coming from the left ventricle is lower [14]. This is a possible explanation why it is
harder to measure the blood pressure in patients with a lower PI.

A previous study by Schofield et al. [15] investigated a limited number of hemody-
namic parameters in LVAD patients and is the only study who investigated this subject.
Because of the limited existing literature about hemodynamics in LVAD patients, we com-
pared our study findings to the literature regarding the association between hemodynamics
and age in healthy individuals. First of all, Houghton et al. [16] found that stroke volume
under resting conditions in healthy individuals reduces with increasing age. Our study also
found a significantly lower stroke volume in LVAD patients ≥ 55 years compared to LVAD
patients < 55 years. The same study of Houghton et al. [16] also investigated the association
between aging and heart rate and found that there was no significant difference between
heart rate in younger and older participants. Surprisingly, in our LVAD patients we did find
a significant increase in heart rate with increasing age. PWV is a marker for arterial stiffness,
which is an indicator for vascular aging. It can predict cardiovascular events according to
several studies [17–19]. According to Styczynski et al. [20], there is an age-related increase
in PWV. In our study we also found that LVAD patients ≥ 55 years had a significantly
higher PWV than LVAD patients < 55 years. Thus, an increased age is associated with a
higher PWV, which could function as a predictor for cardiovascular events. Notable is that
the augmentation index is not significantly different in LVAD patients divided in different
age categories in our study. Augmentation index is an indirect measure of arterial stiffness
and is calculated with the augmentation pressure and pulse pressure. According to Fantin
et al. [21], the AIx increases with age up to 55 years and tend to plateau thereafter. Because
our age categories are divided into < 55 years and ≥ 55 years, this could explain why
there is no significant difference due to the plateauing of the AIx increase. An associated
hemodynamic parameter is the heart rate-adjusted augmentation index. To confound for
the influence of heart rate, the augmentation index is calculated as it would be at 75 beats
per minute. Beckmann et al. [22] found that the AIx@75 significantly increases with age. In
our study, the AIx@75 also significantly increased between age categories <55 years and
≥55 years.

All non-invasive hemodynamic parameters were not significantly different between
men and women. This outcome is difficult to judge because our study population only
consisted of two women and nine men. Because of the small study group and imbalance,
it is injudicious to conclude that there is truly no significant difference between men and
women for all non-invasive hemodynamic parameters.
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The non-invasive hemodynamic parameters measured in the previous studies dis-
cussed above were investigated in participants without an LVAD and should therefore be
taken into consideration. What is interesting to see is that some non-invasive hemodynamic
parameters show the same difference in age categories in patients with and without an
LVAD. This may highlight that, on some levels, the blood pressure profile of heart failure
patients with and without an LVAD is very similar. However, there are also some differ-
ences between our study and the existing literature, such as heart rate, which indicates that
LVAD patients do have a different blood pressure profile.

As a result of a small pool of heart donors and the large growing group of heart failure
patients in need of a transplant, destination therapy with an LVAD, which mainly consist
of older patients > 60 years, is growing and accounts for progressively more implants
than before [23]. Technological improvements in pump design and surgical techniques
have made the efficiency of LVAD support longer [24]. As a result of the fast development
in LVAD technology and the longer efficiency of LVAD support, understanding hemo-
dynamics in LVAD patients has become more clinically relevant. In patients with HF
with an LVAD, we found that a decrease in cPP in patients was associated with adverse
events. This is consistent with findings in earlier studies that showed that adverse events
in patients with an LVAD may be partly a result of chronic exposure to a low pulsatility.
Patients with CF-LVADs with a low PP can have elevated levels of sympathetic nerve
activity (SNA) [25], which, by causing high BP levels, predisposes to adverse events [26].
Furthermore, it has been suggested that higher levels of increased sympathetic tone can
cause smooth muscle relaxation. This can lead to arteriovenous dilatation and ultimately
arteriovenous malformation, which causes GI-bleeding [27]. Crow et al. retrospectively
compared patients with pulsatile versus non-pulsatile LVADs and they found higher rates
of GI-bleeding in patients with a non-pulsatile flow [28]. CF-LVADs give a continuous
blood flow with minimal pulsatility that decreases the cyclical stretch of the arterial wall,
leading to increased aortic stiffness [29]. It is reported that the aortic stiffness increases
immediately after LVAD implantation, with attenuation of this increase in the first year [29].
Higher aortic stiffness is associated with significantly higher rates of common complications
of CF-LVAD therapy [8].

Limitations: The findings of our study must be interpreted cautiously because of the
relatively small group of patients included. While measuring, we were only able to suc-
cessfully measure in a small percentage of our patients. The difficulty of measuring LVAD
patients is most likely due to different flow. LVAD patients have a constant flow, while pa-
tients without an LVAD have a pulsatile flow. Application of non-invasive haemodynamic
assessment based on an oscillometric blood pressure monitor might not be feasible in LVAD
patients. This means that the LVAD represents an obstacle to carrying out valuable pulse
wave analysis. We assessed patients at different times after LVAD implantation of since
they were diagnosed with HF. Especially in patients with an LVAD, it is possible that in the
early phase after LVAD implantation they were not completely stabilized and recovered
from the device implantation. Because of the cross-sectional design, we did not perform
serial assessments; therefore, we cannot rule out the possibility that the non-invasive hemo-
dynamics may change over time. One strength of our explorative study is the examination
of a relatively novel and increasing population with an increasing relevance in the future.
Second, measurements with the Mobil-O-Graph only take a few minutes and could easily
be applied in daily practice. Before this can be applied, research is necessary regarding the
clinical relevance of the measured non-invasive hemodynamics.

5. Conclusions

In this cross-sectional study, we found that LVAD patients aged 55 years and older
had higher levels of aortic stiffness, augmentation index, and heartrate and a lower stroke
volume when compared with younger patients. The pulsatile component of blood pressure
is decreased in patients with adverse events.
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Considering the explorative character of this study, future research is necessary to
investigate whether the non-invasive hemodynamics can predict the occurrence of adverse
events in patients with HF with an LVAD.
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Abstract: Although handgrip strength (HGS) may be treated as a biomarker of many health problems,
there is little evidence on the potential role of HGS in the prevention of pain or anxiety in older adults.
We investigated the relationship of HGS to the presence of pain and anxiety among community-
dwelling older adults. The study was performed in 2038 outpatients, aged 60 to 106 years. The
Jamar hand-held hydraulic dynamometer was used to measure HGS. The prevalence of pain and
anxiety was assessed with the Euroqol 5D questionnaire. Symptoms of depression were recorded
with 15-item Geriatric Depression Scale (GDS). In the multivariate logistic regression model taking
into account age, sex, BMI and concomitant diseases, the significant influence of HGS on the presence
of pain (odds ratio [OR] = 0.988) in the entire study population and among men (OR = 0.983) was
found. HGS was a significant independent predictor for the presence of anxiety in the entire study
population (OR = 0.987), in women (OR = 0.985) and in men (OR = 0.988). In the fully adjusted model
with included GDS, 1 kg higher HGS was still associated with 1.2% and 1.3% lower probability of
the presence of pain and anxiety, respectively. We conclude that low HGS is associated with the
presence of pain and anxiety among older adults, independent of age, sex, depression symptoms and
concomitant chronic diseases. Future research should assess whether improvement of HGS would
alleviate psychological dysfunction in older adults.

Keywords: pain; anxiety; elderly; handgrip; quality of life

1. Introduction

Chronic pain is common among older adults and is associated with suffering, falls and
disability. It is a risk factor for premature death and accelerated cognitive decline. It also
causes social isolation and generates greater costs and burden on health systems [1]. Drug
treatment is only partially effective and is associated with adverse effects [2]. As the number
of older adults in the population increases, anxiety is also becoming a common problem,
resulting in increased burden on healthcare, contributing to high social and individual costs.
Late detection of this disorder is associated with uncharacteristic symptoms, multimorbidity
and the ageing process itself [3]. Therefore, more research should be implemented to
improve the diagnosis of pain and anxiety in the elderly and explore their relationship
with other factors, which may contribute to better prevention, influence the way these
complaints are approached and improve the quality of treatment.

One of the potential simple measures related to pain and anxiety may be handgrip
strength (HGS) [4,5]. Because of greater muscle mass, males are on average stronger
than females [6]. HGS may be treated as a biomarker, as it can be used to determine
overall strength, upper limb function, sarcopenia, frailty syndrome, bone mineral density,
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fractures, falls, malnutrition, cognitive impairment, depression, sleep problems, diabetes,
multimorbidity and quality of life at the same time [4,7–10]. Monitoring and sustaining HGS
can act as a preventive measure of mortality and the appearance of diseases, functional
decline and hospitalization problems [11–14]. Routine use of HGS can be as a single
measurement or as part of several investigations to identify older adults who may present
with poor health [4].

In the available literature, there are some data on the impact of HGS on pain or anxiety
in specific populations of patients [15–19]. Nevertheless, there is a paucity of data on the
potential role of sustaining HGS in the prevention of feelings of pain or anxiety in older
adults, especially in larger populations of seniors. Therefore, in this work, we investigated
the relationship of HGS to the presence of pain and anxiety among community-dwelling
older adults.

2. Materials and Methods

The study was performed in 2038 outpatients of the Geriatric Clinic of the Medical
University of Lodz, Poland, aged 60 to 106 years who volunteered to participate in the
study. The inclusion criteria were age 60 years and over, living in the community, in-person
contact that allows them to understand the instructions logically and written consent to
participate in the study. We excluded patients who were not able or refused to perform the
necessary tests and who had recently undergone hand surgery or treated for inflammation
at this location.

The study was approved by the Bioethics Committee of the Medical University of
Lodz and complies with the Declaration of Helsinki and Good Clinical Practice Guidelines.

2.1. Euroqol 5D Quality of Life Assessment Questionnaire

The Euroqol 5D questionnaire is a widely used and validated generic instrument [20,21].
The test is divided into two parts. The first consists of five statements relating to mobility,
self-care, usual activities, pain/discomfort and anxiety/depression. One can choose from
‘no problems’, ‘moderate problems’ and ‘extreme problems’. The second part is a visual
analogue scale or Euroqol-VAS and is a ‘thermometer’ where 100 indicates ‘best imaginable
health state’ and 0 indicates ‘worst imaginable health state’. The patient assesses his or
her health status using both parts. For the purposes of this study, part of the Euroqol 5D
questionnaire was used, namely that concerned with the prevalence of pain and anxiety
among the study group [21].

2.2. The Geriatric Depression Scale (GDS)

The GDS was created for the assessment of depression among older people [22].
It is composed of simple answers (Yes/No). The shorter version of the test consists of
15 questions selected from the longer version. Each question is scored as 0 or 1 point. A
score of 0–4 is indicative of normal; 5–8 of mild depression; 9–11 of moderate depression;
and 12–15 of severe depression. The GDS is a fairly sensitive and specific test [22].

2.3. Handgrip Strength

The Jamar hand-held hydraulic dynamometer (Sammons Preston, Rolyon, Boling-
brook, IL, USA) was used to measure muscle strength (HGS) according to the standardized
protocol [23]. The patient repeated tests 3 times with each hand. The best score was used
for analysis.

2.4. Statistical Methods

Statistical analysis was performed using Statistica (13) software (StatSoft, Kraków, Poland).
The quantitative values are presented as means with standard deviations and qual-

itative variables as numbers and percentages. One-way analysis of variance (ANOVA)
and the Chi2 test were used to compare the two groups. The logistic regression model
was established to predict the probability of presence of pain and anxiety as dependent
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variables using the stepwise regression method, with the age, sex, body mass index (BMI),
the presence of diseases, GDS score and HGS as independent variables.

A multivariate logistic regression model was constructed by employing the forward–
backward stepwise selection procedure. The first model was without the GDS variable and
the second was with the GDS variable.

An analysis of the comparison of the presence of pain in the group of men with
HGS < 27 and with HGS ≥ 27 kg and in the group of women with HGS < 16 and with
HGS ≥ 16 kg was also performed. Those cut-off points have been proposed by the European
Working Group on Sarcopenia [24].

For all statistical analyses, values of p < 0.05 were considered significant.

3. Results

3.1. Demographic and Clinical Data

Seventy-seven percent of the participants reported pain and sixty-five percent reported
anxiety. The characteristics of the patients according to the prevalence of pain and anxiety
have been presented in Tables 1–6.

Table 1. Characteristics of pain prevalence among study patients.

Pain

Variable Yes (n = 1570) No (n = 468) p-Value

Age [years] 74.53 ± 8.47 72.16 ± 8.13 ≤0.001 a

Men [n (%)] 405 (25.8) 169 (36.1) ≤0.001 b

BMI [kg/m2] 27.46 ± 4.80 26.94 ± 4.42 ≤0.05 a

Diabetes [n (%)] 313 (19.9) 74 (15.8) ≤0.05 b

Respiratory diseases [n (%)] 201 (12.8) 50 (10.7) ns b

Musculoskeletal disorders [n (%)] 326 (20.8) 102 (21.8) ns b

Chronic heart failure [n (%)] 626 (39.9) 103 (22) ≤0.001 b

Myocardial infarction [n (%)] 159 (10.1) 30 (6.4) ≤0.05 b

Hypertension [n (%)] 1072 (68.3) 267 (57) ≤0.001 b

Stroke [n (%)] 193 (12.3) 36 (7.7) ≤0.01 b

Cancer [n (%)] 131 (8.3) 34 (7.3) ns b

GDS 5.03 ± 3.76 3.05 ± 2.93 ≤0.001 a

HGS [kg] 30.11 ± 14.23 34.21 ± 14.94 ≤0.001 a

The quantitative values are presented as mean ± SD and as number and percentage. a Analysis of variance (ANOVA)
test; b Chi2 test. Abbreviations: BMI—body mass index, GDS—Geriatric Depression Scale, HGS—handgrip strength.

Table 2. Characteristics of anxiety prevalence among study patients.

Anxiety

Variable Yes (n = 1330) No (n = 708) p-Value

Age [years] 74.48 ± 8.41 73.06 ± 8.45 ≤0.001 a

Men [n (%)] 303 (22.8) 271 (38.3) ≤0.001 b

BMI [kg/m2] 27.35 ± 4.87 27.32 ± 4.42 ns a

Diabetes [n (%)] 269 (20.2) 118 (16.7) ns b

Respiratory diseases [n (%)] 171 (12.8) 80 (11.3) ns b

Musculoskeletal disorders [n (%)] 280 (21) 148 (20.9) ns b

Chronic heart failure [n (%)] 544 (40.9) 185 (26.1) ≤0.001 b

Myocardial infarction [n (%)] 134 (10.1) 55 (7.8) ns b

Hypertension [n (%)] 902 (67.8) 437 (61.7) ≤0.01 b

Stroke [n (%)] 172 (12.9) 57 (8) ≤0.001 b

Cancer [n (%)] 111 (8.3) 54 (7.6) ns b

GDS 5.6 ± 3.71 2.65 ± 2.73 ≤0.001 a

HGS [kg] 29.21 ± 13.7 34.52 ± 15.32 ≤0.001 a

The quantitative values are presented as mean ± SD and as number and percentage. a Analysis of vari-
ance (ANOVA) test; b Chi2 test. Abbreviations: BMI—body mass index, GDS—Geriatric Depression Scale,
HGS—handgrip strength, ns—not significant.
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Table 3. Characteristics of pain prevalence among women.

Pain among Women

Variable Yes (n = 1165) No (n = 299) p-Value

Age [years] 75.29 ± 8.45 72.92 ± 8.27 ≤0.001 a

BMI [kg/m2] 27.51 ± 4.94 26.63 ± 4.52 ≤0.01 a

Diabetes [n (%)] 226 (19.4) 37 (12.37) ≤0.01 b

Respiratory diseases [n (%)] 127 (10.9) 36 (12.04) ns b

Musculoskeletal disorders [n (%)] 241 (20.7) 79 (26.42) ≤0.05 b

Chronic heart failure [n (%)] 482 (41.4) 75 (25.08) ≤0.001 b

Myocardial infarction [n (%)] 98 (8.4) 18 (6.02) ns b

Hypertension [n (%)] 793 (68.1) 184 (61.54) ≤0.05 b

Stroke [n (%)] 138 (11.8) 23 (7.69) ≤0.05 b

Cancer [n (%)] 101 (8.7) 24 (8.03) ns b

GDS 5.20 ± 3.77 3.33 ± 3.09 ≤0.001 a

HGS [kg] 25.31 ± 10.69 27.28 ± 11.41 ≤0.01 a

The quantitative values are presented as mean ± SD and as number and percentage. a Analysis of variance
(ANOVA) test; b Chi2 test. Abbreviations: BMI—body mass index, GDS—Geriatric Depression Scale, HGS—
handgrip strength, ns—not significant.

Table 4. Characteristics of pain prevalence among men.

Pain among Men

Variable Yes (n = 405) No (n = 169) p-Value

Age [years] 72.34 ± 8.14 70.82 ± 7.71 ≤0.05 a

BMI [kg/m2] 27.29 ± 4.38 27.49 ± 4.2 ns a

Diabetes [n (%)] 87 (21.5) 37 (21.89) ns b

Respiratory diseases [n (%)] 74 (18.3) 14 (8.28) ≤0.01 b

Musculoskeletal disorders [n (%)] 85 (21) 23 (13.61) ≤0.05 b

Chronic heart failure [n (%)] 144 (35.6) 28 (16.57) ≤0.001 b

Myocardial infarction [n (%)] 61 (15.1) 12 (7.1) ≤0.01 b

Hypertension [n (%)] 279 (68.9) 83 (49.11) ≤0.001 b

Stroke [n (%)] 55 (13.6) 13 (7.69) ≤0.05 b

Cancer [n (%)] 30 (7.4) 10 (5.92) ns b

GDS 4.54 ± 3.7 2.56 ± 2.56 ≤0.001 a

HGS [kg] 43.91 ± 14.17 46.45 ± 12.37 ≤0.05 a

The quantitative values are presented as mean ± SD and as number and percentage. a Analysis of vari-
ance (ANOVA) test; b Chi2 test. Abbreviations: BMI—body mass index, GDS—Geriatric Depression Scale,
HGS—handgrip strength, ns—not significant.

Table 5. Characteristics of anxiety prevalence among women.

Anxiety among Women

Variable Yes (n = 1027) No (n = 437) p-Value

Age [years] 75.17 ± 8.46 73.96 ± 8.42 ≤0.05 a

BMI [kg/m2] 27.43 ± 4.98 27.11 ± 4.6 ns a

Diabetes [n (%)] 201 (19.6) 62 (14.19) ≤0.05 b

Respiratory diseases [n (%)] 115 (11.2) 48 (10.98) ns b

Musculoskeletal disorders [n (%)] 219 (21.3) 101 (23.11) ns b

Chronic heart failure [n (%)] 433 (42.2) 124 (28.38) ≤0.001 b

Myocardial infarction [n (%)] 86 (8.4) 30 (6.86) ns b

Hypertension [n (%)] 700 (68.2) 277 (63.39) ns b

Stroke [n (%)] 128 (12.5) 33 (7.55) ≤0.01 b

Cancer [n (%)] 92 (9) 33 (7.55) ns b

GDS 5.66 ± 3.7 2.82 ± 2.91 ≤0.001 a

HGS [kg] 25.06 ± 10.32 27.26 ± 11.91 ≤0.001 a

The quantitative values are presented as mean ± SD and as number and percentage. a Analysis of vari-
ance (ANOVA) test; b Chi2 test. Abbreviations: BMI—body mass index, GDS—Geriatric Depression Scale,
HGS—handgrip strength, ns—not significant.
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Table 6. Characteristics of anxiety prevalence among men.

Anxiety among Men

Variable Yes (n = 1027) No (n = 437) p-Value

Age [years] 72.16 ± 7.81 71.59 ± 8.29 ns a

BMI [kg/m2] 27.08 ± 4.48 27.65 ± 4.13 ns a

Diabetes [n (%)] 68 (22.4) 56 (20.66) ns b

Respiratory diseases [n (%)] 56 (18.5) 32 (11.81) ≤0.05 b

Musculoskeletal disorders [n (%)] 61 (20.1) 47 (17.34) ns b

Chronic heart failure [n (%)] 111 (36.6) 61 (22.51) ≤0.001 b

Myocardial infarction [n (%)] 48 (15.8) 25 (9.23) ≤0.05 b

Hypertension [n (%)] 202 (66.7) 160 (59.04) ns b

Stroke [n (%)] 44 (14.5) 24 (8.86) ≤0.05 b

Cancer [n (%)] 19 (6.3) 21 (7.75) ns b

GDS 5.39 ± 3.75 2.36 ± 2.39 ≤0.001 a

HGS [kg] 43.26 ± 14.38 46.22 ± 12.75 ≤0.01 a

The quantitative values are presented as mean ± SD and as number and percentage. a Analysis of vari-
ance (ANOVA) test; b Chi2 test. Abbreviations: BMI—body mass index, GDS—Geriatric Depression Scale,
HGS—handgrip strength, ns—not significant.

Subjects with pain were older, more often women, had higher BMI, higher prevalence
of diabetes, heart failure, myocardial infarction, hypertension and stroke (Table 1). Subjects
with anxiety were older, more often women, had higher prevalence of heart failure, hy-
pertension and stroke (Table 2). Both pain and anxiety sufferers were characterized by higher
GDS score and lower HGS as compared to the subjects without these problems (Tables 1 and 2).
Those associations were generally similar when assessed separately in women and men,
especially with consistent differences for GDS and HGS (Tables 3–6). The presence of
chronic diseases was generally related to higher prevalence of pain and anxiety.

Of interest is an inverse association between the presence of musculoskeletal disorders
and the manifestation of pain in women. A similar trend was observed for anxiety in
women. Different associations of musculoskeletal disorders with the manifestation of pain
in both sexes was confirmed with statistically significant interaction (p = 0.0028) between
musculoskeletal disorders and sex with the manifestation of pain as a dependent variable.

3.2. Multivariate Regression Models

In the first multivariate logistic regression model (without the GDS), several inde-
pendent predictors of pain and anxiety were identified. Statistically significant effects of
female sex on the presence of pain and anxiety; higher age and BMI on the presence of
pain, especially among women; chronic heart failure on the presence of pain and anxiety
among both men and women; stroke on the presence of anxiety, especially among women;
hypertension on the presence of pain, especially among men; and respiratory diseases and
musculoskeletal disorders on the presence of pain were found.

Particular attention was directed to the effects of HGS on the presence of pain and
anxiety in a multivariate design. Significant influence of HGS on the presence of pain (odds
ratio [OR] = 0.988, 95% confidence interval [CI] = 0.980–0.995; p = 0.002) (forward regression)
in the entire study population was found, in addition to presence of pain among men
(OR = 0.983, 95% CI = 0.969–0.998; p = 0.022). HGS was a significant independent predictor
for the presence of anxiety in the entire study population (OR = 0.987, 95% CI = 0.979–0.995;
p = 0.001), in addition to presence of anxiety among women (OR = 0.985, 95% CI = 0.975–0.996;
p = 0.005) and among men (OR = 0.988, 95% CI = 0.975–1.000; p = 0.047). Except for the
regression with pain in the entire population, all other results were the same for the forward
and backward designs.

In the second multivariate logistic regression model, GDS was also included as an
independent variable. GDS was selected as the most powerful (p < 0.001 for all analyses)
independent predictor of pain or anxiety both in the entire study population and separately
in women and men. Together with GDS, there were found statistically significant effects
for being female on the presence of pain and anxiety; higher age on the presence of anxiety
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and pain, especially among women; higher BMI on the presence of pain, especially among
women; chronic heart failure in all groups except anxiety among men; and hypertension on
the presence of pain, especially among men.

HGS was a significant independent predictor for the presence of pain in the entire study
population (OR = 0.988, 95% CI = 0.980–0.995; p = 0.001) (forward regression), and also for the
presence of anxiety in the entire study population (OR = 0.987, 95% CI = 0.977–0.996; p = 0.007)
(backward regression) and presence of anxiety among women (OR = 0.988, 95% CI = 0.976–1.000;
p = 0.049) (backward regression).

The main findings on the effects of HGS on the presence of pain and anxiety from
the multivariate regression models have been shown in Table 7. Independent of other
co-determinants, the contribution of HGS to the lower prevalence of pain and anxiety
varied from 1.2% to 1.7% per 1 kg increase as a measure of HGS.

Table 7. Independent of other co-determinants, the contribution of HGS (increase in HGS per 1 kg) to
the lower prevalence of pain and anxiety among study patients.

Multivariate Logistic Regression Model
without GDS

Multivariate Logistic Regression Model
with GDS

Study Population Women Men Study Population Women Men

Pain ↓1.2% - ↓1.7% ↓1.2% - -
Anxiety ↓1.5% ↓1.3% ↓1.2% ↓1.3% ↓1.2% -

GDS—Geriatric Depression Scale, HGS—handgrip strength.

3.3. Comparison to Sarcopenia HGS Cut-Off Points

Male and female groups with and without pain were compared according to sarcope-
nia HGS cut-off points proposed by the European Working Group on Sarcopenia (Figure 1).
The prevalence of pain tended to be higher (p = 0.0858 for men and p = 0.0674 for women)
in subjects fulfilling the HGS criteria for sarcopenia. Those associations were even more
visible for anxiety (Figure 2). The prevalence of anxiety was higher (p < 0.001 for men and
p = 0.0013 for women) in subjects fulfilling the HGS criteria for sarcopenia.
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Figure 1. Comparison of the presence of pain by sex with a specific HGS cut-off points: in men with
HGS < 27 (n = 40) and ≥ 27 kg (n = 534) and in women with HGS < 16 (n = 210) and HGS ≥ 16 kg
(n = 1254). Chi2 score for men: p = 0.0858; Chi2 score for women: p = 0.0674.
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Figure 2. Comparison of the presence of anxiety by sex with specific HGS cut-off points: in men with
HGS < 27 (n = 40) and ≥ 27 kg (n = 534) and in women with HGS < 16 (n = 210) and HGS ≥ 16 kg
(n = 1254). Chi2 score for men: p < 0.001; Chi2 score for women: p = 0.0013.

4. Discussion

This study analyzed the relationship between handgrip strength (HGS) and the pres-
ence of pain and anxiety among older adults. The data on this subject available in the
literature are not consistent. Our study shows that both pain and anxiety are very common
in the study population and that HGS influences the presence of pain and anxiety among
older adults independent of age, sex and concomitant chronic diseases. This relationship is
generally similar in males and females, but the co-contribution of concomitant disorders
may differ between the two sexes.

The prevalence of pain and anxiety increases with age [2,3]. Both pain and anxiety are
associated with decreased functioning, poor mental health and have a negative impact on
quality of life for older people [3,25,26]. Chronic pain and anxiety also increase health care
costs [3,26]. HGS is a simple, quick and reliable method of assessing maximum voluntary
compressive force. This measurement is useful for assessing qualitative and functional
aspects of muscle strength, but also for evaluating nutritional status and general health. In
addition, HGS is associated with many chronic diseases [27].

Recent data have shown that HGS can be an independent predictor of quality of life
in a variety of disease settings, from arthritis to chronic liver disease and depression [28].
Lower HGS was significantly associated with prevalence of pain, anxiety and poor quality
of life in cancer survivors [28,29]. Pain intensity and HGS were dysfunctions affecting
upper limb disability in women with bilateral idiopathic carpal tunnel syndrome [15],
and carpal tunnel syndrome patients with low levels of education showed reduced HGS
and more catastrophic thinking [16]. The results of the study by Daliri et al. [17] show
that anxiety correlates with pain and lower HGS in patients with cervical radiculopathy.
Furthermore, this correlation is almost similar in patients with carpal tunnel syndrome.
Disability in patients with carpal tunnel syndrome as well as cervical radiculopathy is
associated with anxiety, depression and catastrophic thinking. The authors suggest that
further research should determine whether psychological distress causes more disability or
the reverse [17]. In a cross-sectional study of 439 women with fibromyalgia, lower physical
performance assessed through the Senior Fitness Test battery and HGS test was associated
with higher levels of anxiety [30]. In women with early rheumatoid arthritis HGS was
found to be significantly reduced in those with widespread pain as compared to women
without widespread pain [31]. The effects of preoperative pain, anxiety and depression on
arm, shoulder and hand disability; quality of life; HGS strength and range of motion in
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the first year after salvage wrist surgery were studied [18]. Negative effects of pain and
anxiety on patient-reported outcomes were found. Preoperative pain or tendency to anxiety
had a strong negative effect on postoperative disability. Anxiety also resulted in lower
postoperative quality of life, while pain had a negative effect on HGS [18]. In contrast,
severe fatigue in people with rheumatoid arthritis was associated more with self-rated
health, pain and anxiety/depression rather than with physical capacity tests (lower limb
function, HGS and aerobic capacity) [32].

Similar to with specific diseases, several general population studies indicated an
association between HGS and mental health. Korean men and women with low HGS
had poor mobility and pain or discomfort on the Euroqol-5D scale [33]. In middle-aged
Japanese women, low grip strength and insomnia were independently associated with pain
symptoms. The authors suggested that treating insomnia in these women may offset muscle
and joint pain and thus improve HGS, or treating pain may reduce insomnia in addition to
improving HGS [34]. In 3952 subjects aged ≥50 years, a one-standard-deviation increase
in HGS was associated with 12.1% lower odds of prevalent Generalized Anxiety Disorder
(GAD), and middle- and high-strength tertiles were associated with 27.3% and 23.1%
lower odds, respectively [35]. In a 7-year prospective cohort study of 152,978 UK Biobank
participants, an exercise test and dynamometer were used to measure cardiorespiratory
fitness and HGS, respectively [36]. Patient Health Questionnaire-9 and Generalised Anxiety
Disorder-7 scales estimated the incidence of common mental disorders at follow-up. Low
and medium HGS were associated with 1.381 and 1.116 higher odds of common mental
disorder compared to high HGS. Individuals in the lowest group for both cardiorespiratory
fitness and HGS had 1.981 higher odds of depression and 1.599 higher odds of anxiety,
compared to a high level of fitness group [36]. In another analysis from the UK Biobank
prospective cohort study, of the 162,167 participants included, 5462 (3.4%) developed
depression and 6614 (4.1%) anxiety, over a median follow-up period of 10.0 years. In the
fully adjusted model, a 5 kg lower HGS rating was associated with a 7% and 8% higher
risk of depression and anxiety, respectively. The authors recommend that future research
should assess if resistance training aimed at increasing HGS can prevent the occurrence of
mental health conditions [37].

Relatively few studies assessed the relationship of HGS to the prevalence of pain
or anxiety in older populations. Imai et al. assessed the frailty and chronic pain of
107 older adults. The prevalence of chronic pain with pre-frailty was high, and chronic
pain and pre-frailty were strongly related [26]. A recent meta-analysis demonstrated a
relationship between low muscle strength and intensified depressive symptoms in older
populations [38]. In contrast, in 173 institutionalized older individuals, there were no
differences in HGS values between the groups with and without chronic pain [39].

Our data show that both pain and anxiety are very common in the older population,
especially in women. Presence of symptoms of depression (GDS) was selected as the most
powerful independent predictor of pain or anxiety, both in the entire study population and
separately in women and men. Higher HGS was related to the lower presence of pain and
anxiety among older adults independent of age, GDS and concomitant chronic diseases.
In the fully adjusted model, a HGS rating higher than 1kg was associated with 1.2% and
1.3% lower probability of the presence of pain and anxiety, respectively. These data seem
comparable to the analysis from the UK Biobank prospective cohort [37]. The association
of HGS to the prevalence of pain and anxiety was apparently similar in males and females.
Nevertheless, the co-contribution of concomitant disorders may differ between the two
sexes. While the presence of chronic diseases was generally related to higher prevalence
of pain and anxiety, an inverse association of the presence of musculoskeletal disorders to
the manifestation of pain, with a similar trend for anxiety, was observed in women. This
phenomenon may be explained by the fact that women with musculoskeletal disorders
were almost three years younger (p < 0.001) as compared to women without those diseases.
Therefore, it seems that younger women are more prone to suffer from musculoskeletal
diseases, while with age this problem becomes less troublesome.
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Our study has some limitations. Its cross-sectional character excludes any firm causal-
ity statements. In addition, the study was conducted in a central European population, and
results may be different in other cultures. Nevertheless, the key strengths of this study are
the careful recruitment procedures and the large study population.

5. Conclusions

A significant relationship between low HGS and the presence of pain and anxiety in the
study population was found. Maintenance of high HGS may be considered an important
protective factor against feelings of pain and anxiety, independent of age, depression and
concomitant diseases. Future research should prospectively assess reciprocal associations
between HGS and pain or anxiety and whether improvement of HGS would alleviate
psychological dysfunction in older adults. It seems that this would also be helpful for the
geriatric healthcare system.
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Abstract: A longitudinal alteration in health-related quality of life (HRQoL) over a two-year period
and its association with early-stage chronic kidney disease (CKD) progression was investigated
among 1748 older adults (>75 years). HRQoL was measured by the Euro-Quality of Life Visual
Analog Scale (EQ-VAS) at baseline and at one and two years after recruitment. A full comprehensive
geriatric assessment was performed, including sociodemographic and clinical characteristics, the
Geriatric Depression Scale-Short Form (GDS-SF), Short Physical Performance Battery (SPPB), and
estimated glomerular filtration rate (eGFR). The association between EQ-VAS decline and covariates
was investigated by multivariable analyses. A total of 41% of the participants showed EQ-VAS
decline, and 16.3% showed kidney function decline over the two-year follow-up period. Participants
with EQ-VAS decline showed an increase in GDS-SF scores and a greater decline in SPPB scores. The
logistic regression analyses showed no contribution of a decrease in kidney function on EQ-VAS
decline in the early stages of CKD. However, older adults with a greater GDS-SF score were more
likely to present EQ-VAS decline over time, whereas an increase in the SPPB scores was associated
with less EQ-VAS decline. This finding should be considered in clinical practice and when HRQoL is
used to evaluate health interventions among older adults.

Keywords: quality of life; chronic kidney disease; older adults; prospective studies; cohort studies;
disease progression
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1. Introduction

The increase in the prevalence of chronic kidney disease (CKD) among older adults
is related to a broad range of health concerns, including impaired physical, cognitive,
and mental function [1–3], malnutrition [4], sarcopenia [5], and frailty [6,7]. These health-
related problems among older adults increase the use of healthcare resources and challenge
healthcare systems [8,9] more than other diseases [10–12]. This contributes to reducing the
health-related quality of life (HRQoL) of community-dwelling older adults even in the early
stages of CKD [13]. HRQoL was suggested to be a significant outcome, and its repeated
evaluations are recommended to assess the quality of care in patients with end-stage renal
disease (ESRD) [14].

HRQoL is a subjective perception of individuals or groups of their physical and mental
health [15]. Not surprisingly, patients with severe CKD and ESRD show lower HRQoL
scores [16–20]. Reduced HRQoL in patients with ESRD is associated with lower survival
and higher hospitalization rates [16–18]. A previous cross-sectional study showed that even
in early CKD stages in community-dwelling older adults, HRQoL was significantly lower
compared to healthy older adults, and that the impact of CKD on HRQoL is multifactorial
and partly mediated by physical performance and depressive symptoms [13]. This finding
is consistent with other cross-sectional studies that have shown lower HRQoL even in the
early stages (e.g., 3a and 3b) of CKD [21–24]. Longitudinal data on the association between
CKD progression and HRQoL decline among older adults are rare, especially in the early
stages of CKD, because this topic is less investigated. Yet, a few studies have shown
that morbidity and mortality outcomes are associated with low HRQoL in patients with
CKD [25–28]. In these studies, physical performance, psychological state, and HRQoL were
significantly associated with increased risks of ESRD and mortality among CKD patients.

The SCOPE study represents a valuable opportunity to investigate the associations
between decreased HRQoL and decline in kidney function over a two-year follow-up
period in non-end-stage renal disease participants [29]. Because HRQoL is not directly
affected by core symptoms of CKD, but by the deterioration in physical and psychological
function [13], the aims of the present study were to investigate the association between
alterations in HRQoL over a two-year period and the progression of early-stage CKD
among older adults. Thus, four research questions were formulated to be addressed in the
present analyses: (1) Are changes in physical functioning and depressive symptoms over a
two-year period associated with decreased HRQoL? (2) Is baseline HRQoL associated with
CKD progression over a two-year period? (3) Are there changes in HRQoL over a two-year
period in community-dwelling older adults? (4) Is CKD progression over a two-year period
associated with decreased HRQoL? The findings of this analysis will help to deepen the
understanding of the impact of negative aspects of CKD on HRQoL among older adults in
the early stages of the disease and to better evaluate HRQoL, not only as a consequence of
the disease but also as a broad reflection of well-being among the older population.

2. Materials and Methods

2.1. Study Design and Participants

The present analysis was performed within the framework of the “Screening for
Chronic Kidney Disease among Older People across Europe” (SCOPE) project, a mul-
ticenter 2-year prospective cohort study involving people older than 75 years attending
outpatient services in participating institutions in Austria, Germany, Israel, Italy, the Nether-
lands, Poland, and Spain (clinical trial number NCT02691546, registered on 25th February
2016 at clinicaltrials.gov). Methods of the SCOPE study have been described in detail
elsewhere [29]. A full comprehensive geriatric assessment (CGA) was performed at the
baseline (T0), at one year (12-month follow-up visit, T1), and 2 years (24-month follow-up
visit, T2) after the recruitment. Overall, 2461 participants were initially enrolled in the
study, but only 1748 provided complete HRQoL data at all three time points and were
included in this analysis (Figure 1). A comparison between 1748 older adults whom we
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included vs. 713 who were excluded from the analysis due to incomplete HRQoL data can
be found in Supplementary Table S1.

Figure 1. Flowchart on in- and exclusion of individuals within the current analysis.

2.2. Study Protocol and Instruments

During face-to-face interviews, demographic and clinical variables were collected as
follows: sex, age, education, marital status; blood pressure, body mass index (BMI, kg/m2);
Mini-Mental State Examination (MMSE) [30]; history of medical conditions (e.g., diabetes
mellitus, hypertension, stroke, hip fracture, chronic obstructive pulmonary disease (COPD),
osteoporosis, Parkinson’s disease, anemia); the presence of lower urinary tract symptoms
(LUTS) [31]; and history of falls during the last year. Overall comorbidity was assessed
by the Cumulative Illness Rating Scale for Geriatrics (CIRS-G) [32] and by the number of
prescribed medications taken by the participants during the past month (four or less or
more than five). A 15-item Geriatric Depression Scale-Short Form (GDS-SF) [33] was used
for the evaluation of self-reported symptoms of depression. Short Physical Performance
Battery (SPPB) [34] and a hand grip strength test [35] were used for physical performance
evaluation. Further, blood and urine laboratory tests were performed at T0, T1, and T2 and
included hemoglobin, albumin, serum creatinine, urinary protein-to-creatinine ratio, and
estimated glomerular filtration rate (eGFR).

2.3. HRQoL Assessment

HRQoL was assessed by the Euro-Quality of Life Visual Analogue Scale (EQ-VAS)
and the Euro-Quality of Life 5 Dimensions (EQ-5D) [36]. The EQ-VAS asks participants
to indicate their overall health on a visual analog scale, ranging from “worst possible”
(score = 0) to “best possible” health (score = 100). Higher scores on this scale represent
better subjective HRQoL. The EQ-5D is used to evaluate the HRQoL measure with one
question on five different dimensions, which include mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression. The answers given to EQ-5D are scored from
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1: “I have no problems . . . ” for perfect health status, to 5: “I am unable to . . . ” for bad
health status. The 5-digit numbers for the five dimensions are combined and describe the
patient’s total self-rated health status. This means that the higher the EQ-5D score on this
scale, the worse HRQoL is. The EQ-VAS scores were the explanatory variable in this study.
Similar to our previous cross-sectional study [13], we defined three categories of HRQoL:
low as an EQ-VAS score of 0–50; intermediate as an EQ-VAS score of 51–75; and high as
EQ-VAS score of 76–100.

2.4. HRQoL Decline Outcome

The HRQoL decline over the two-year follow-up period was defined as a downgrading
of at least one category according to the EQ-VAS score (i.e., from high to intermediate or
low; or from intermediate to low). Based on the above, the participants were divided into
two groups: (1) the EQ-VAS decline group; and (2) the no EQ-VAS decline group. We
also calculated the variation in EQ-VAS from T0 to T2 as the difference in the EQ-VAS
score = Δ EQ-VAS.

2.5. Kidney Function Evaluation

In this analysis, eGFR was calculated using the Berlin Initiative Study (BIS)
Equations (1) and (2) [37]:

Women: eGFR = (3736 × (Scr) − 0.87 × (age) − 0.95) × 0.82 (1)

Men: eGFR = 3736 × (Scr) − 0.87 × (age) − 0.95, (2)

Serum creatinine was measured by Isotope Dilution Mass Spectrometry (IDMS) trace-
able methods. According to K/DOQI clinical practice guidelines [14], CKD is divided into
5 stages, from stage 1 with normal renal filtration rate (eGFR ≥ 90 mL/min/1.73 m2) to
stage 5, including kidney failure or end-stage renal disease (eGFR < 15 mL/min/1.73 m2).
For the purpose of our analysis, CKD stages 1 and 2 were combined, defined as non-CKD
patients (eGFR ≥ 60 mL/min/1.73 m2), stages 3a + 3b defined as moderate CKD (GFR,
30–59.9 mL/min/1.73 m2), stage 4 defined as severe CKD (GFR, 15–29.9 mL/min/1.73 m2),
and stage 5 defined as ESRD (GFR < 14.9 mL/min/1.73 m2). CKD was defined as
eGFR < 59.9 mL/min/1.73 m2.

2.6. CKD Progression Outcome

CKD progression was defined as a worsening of at least one CKD stage at least once
during the two-year follow-up period (i.e., a decline from CKD stages 3a + b to stages 4
or lower). Based on the above, we divided the participants into two groups: (1) CKD
progression group; and (2) no CKD progression group. In addition, Δ eGFR was calculated
as the difference in the eGFR from T0 to T2.

2.7. Physical and Mental Functions Decline Outcomes

Worsening of self-reported symptoms of depression was indicated by the positive dif-
ference in the GDS-SF score from T0 to T2 (Δ GDS-SF). Deterioration in physical functioning
was assessed as the difference from T0 to T2 in the following indicators: overall SPPB score;
balance score; gait speed test; chair stand test; and hand grip strength test. Negative Δ
SPPB scores and Δ handgrip strength are related to declining/worsening physical function.

2.8. Statistical Analysis

Continuous variables were reported as a mean and standard deviation; comparisons
between groups (EQ-VAS decline vs. no EQ-VAS decline) were performed by Student’s
t-test or Mann–Whitney U test on the basis of their distribution (assessed using Shapiro–
Wilk test). Categorical variables were expressed as absolute frequencies and percentages,
and statistical differences were analyzed by Chi-square test. We first computed descriptive
statistics for the subject’s characteristics at baseline and the changes over a 2-year period,
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i.e., from baseline (T0) to T2 (Δ). Associations between ΔEQ-VAS and variation variables
(i.e., ΔeGFR, ΔSPPB—overall and subscales, and ΔGDS-SF) were assessed with Spearman
rank correlation with Bonferroni-adjusted significance level and graphically represented
with scatterplot diagrams. Possible interactions of co-morbidities with ΔeGFR as a factor
of quality-of=life decline were also tested. Finally, three multivariable logistic models
(unadjusted, age- and sex-adjusted, and fully adjusted) for each variation variable were per-
formed to estimate their relation to EQ-VAS decline. Odds ratios (OR) and 95% confidence
intervals (CI) were reported for each potential determinant. Fully adjusted models included
age, gender, educational level, EQ-VAS at baseline, MMSE at baseline, BMI at baseline,
GDS-SF at baseline, grip strength at baseline, and more than five prescribed medications at
baseline. The variance inflation factors (VIFs) and tolerance were additionally measured
in the multivariable logistic regression analysis to investigate the degree of multicollinear-
ity among covariates: VIF >10 and tolerance <0.25 were used to define the presence of
high multicollinearity (Miles J. Tolerance and variance inflation factor. First published in
29 September 2014, Wiley StatsRef Stat Ref Online, (Hoboken, New Jersey, USA); 2014.
https://doi.org/10.1002/9781118445112.stat06593).

Data were analyzed using STATA version 15.1 Statistical Software Package for Win-
dows (Stata Corp, College Station, TX, USA). Statistical significance was set a priori
at p < 0.05.

3. Results

3.1. Participants’ Characteristics

In our cohort of 1748 older adults, 1029 (58.7%) were found with no EQ-VAS decline,
and 719 (41.3%) had EQ-VAS decline (Table 1). Compared to the no EQ-VAS decline
group, the older adults in the EQ-VAS decline group were more frequently females, had a
higher educational level, higher BMI, lower MMSE; were taking more than five prescribed
medications per day; had higher GDS-SF, higher EQ-5D, higher EQ-VAS, and lower grip
strength. Interestingly, Δ GDS-SF increased in the EQ-VAS decline group vs. the no EQ-VAS
decline group (+0.1 vs. −0.2, p = 0.046). Compared to the no EQ-VAS decline group, the
EQ-VAS decline group showed a significantly higher decline in Δ SPPB balance and Δ SPPB
gait speed (−0.1 vs. −0.2, p = 0.029 and −0.1 vs. −0.3, p = 0.034, respectively). No influence
of Δ eGFR was found on EQ-VAS decline.

Table 1. Sociodemographic, clinical, physical, and emotional characteristics at baseline and their
change over a two-year follow-up period (i.e., Δ) of: (1) older adults with no EQ-VAS decline and (2)
older adults with EQ-VAS decline.

Total
No EQ-VAS

Decline
EQ-VAS
Decline

p-Value

N = 1748 N = 1029 N = 719

Baseline Assessment

Sex, female n(%) 969(55.4%) 547(53.2%) 422(58.7%) 0.022
Age, mean ± SD 79.9 ± 3.9 79.9 ± 3.9 80.0 ± 3.9 0.631
Education (years), mean ± SD 11.5 ± 4.9 11.3 ± 5.0 11.7 ± 4.9 0.026
Marital status, widow n(%) 553(31.6%) 312(30.3%) 241(33.5%) 0.157
BMI, mean ± SD 27.7 ± 4.3 27.4 ± 4.2 28.0 ± 4.4 0.011
MMSE, mean ± SD 28.1 ± 2.5 28.2 ± 2.5 27.9 ± 2.6 0.001
Diabetes mellitus, n(%) 398(22.8%) 227(22.1%) 171(23.8%) 0.398
Hypertension, n(%) 1314(75.2%) 770(74.8%) 544(75.7%) 0.692
Stroke, n(%) 94(5.4%) 61(5.9%) 33(4.6%) 0.222
Hip fracture, n(%) 74(4.2%) 50(4.9%) 24(3.3%) 0.120
COPD, n(%) 203(11.6%) 110(10.7%) 93(12.9%) 0.149
Osteoporosis, n(%) 534(30.5%) 317(30.8%) 217(30.2%) 0.780
Parkinson’s disease, n(%) 26(1.5%) 16(1.6%) 10(1.4%) 0.780
Anemia, n(%) 296(16.9%) 169(16.4%) 127(17.7%) 0.299
LUTS, n(%) 493(28.2%) 273(26.5%) 220(30.6%) 0.116
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Table 1. Cont.

Total
No EQ-VAS

Decline
EQ-VAS
Decline

p-Value

N = 1748 N = 1029 N = 719

Falls history, n(%) 521(29.8%) 313(30.4%) 208(28.9%) 0.503
CKD, n(%) 1111(63.6%) 664(64.5%) 447(62.2%) 0.154
eGFR (mL/min/1.73 m2),
mean ± SD

54.6 ± 14.1 54.6 ± 14.1 54.7 ± 14.1 0.605

CIRS-G score, mean ± SD 8.3 ± 4.5 8.2 ± 4.5 8.3 ± 4.4 0.624
5+ prescribed medications,
n(%) 1123(64.2%) 631(61.3%) 492(68.4%) 0.004

GDS-SF score, mean ± SD 2.5 ± 2.6 2.4 ± 2.7 2.8 ± 2.4 0.000
EQ-5D, mean ± SD 7.9 ± 3.0 7.8 ± 3.1 8.0 ± 2.8 0.003
EQ-VAS, mean ± SD 72.0 ± 17.2 70.3 ± 18.4 74.5 ± 15.0 0.000
SPPB score, mean ± SD 9.0 ± 2.8 9.0 ± 2.8 9.1 ± 2.6 0.836
Balance test, mean ± SD 3.3 ± 1.1 3.2 ± 1.1 3.3 ± 1.0 0.141
Gait speed test, mean ± SD 3.3 ± 1.0 3.3 ± 1.0 3.3 ± 0.9 0.671
Chair stand test, mean ± SD 2.7 ± 1.2 2.7 ± 1.2 2.6 ± 1.2 0.227
Grip strength test, mean ± SD 25.1 ± 10.1 25.7 ± 10.2 24.1 ± 9.7 0.002

After a two-year
follow-up period

CKD progression, n(%) 284(16.3%) 166(16.1%) 118(16.4%) 0.190
Δ eGFR (mL/min/1.73 m2),
mean ± SD

−0.1 ± 18.2 7.8 ± 14.4 −11.4 ± 17.0 0.360

Δ GDS-SF score, mean ± SD −0.1 ± 2.5 −0.2 ± 2.5 +0.1 ± 2.4 0.046
Δ SPPB score, mean ± SD −0.6 ± 2.3 −0.5 ± 2.2 −0.8 ± 2.4 0.075
Δ Balance, mean ± SD −0.1 ± 1.2 −0.1 ± 1.2 −0.2 ± 1.2 0.029
Δ Gait speed, mean ± SD −0.2 ± 1.0 −0.1 ± 0.9 −0.3 ± 1.0 0.034
Δ Chair stand, mean ± SD −0.1 ± 1.1 −0.1 ± 1.1 −0.1 ± 1.2 0.512
Δ Grip strength, mean ± SD −1.1 ± 5.5 −1.0 ± 4.9 −1.2 ± 6.2 0.837

Abbreviations: EQ-VAS, Euro-Quality of Life Visual Analog Scale; BMI, body mass index; MMSE, Mini-
Mental State Examination; COPD, chronic obstructive pulmonary disease; LUTS, lower urinary tract symptoms;
CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; CIRS-G, Cumulative Illness Rating
Scale for Geriatrics; GDS-SF, Geriatric Depression Scale-Short Form; EQ-5D, Euro-Quality of Life 5 Dimensions;
SPPB, short physical performance battery. Note: Negative value of Δ eGFR, Δ SPPB, Δ balance, and/or Δ gait
indicates a progression of CKD and physical performance, respectively, and a positive value of Δ GDS-SF indicates
a progression in self-reported depressive symptoms.

3.2. Associations between Δ EQ-VAS, Δ eGFR, and Other Health-Related Variables

The association between Δ EQ-VAS score during the two-year follow-up was assessed
using Spearman rank correlation with Δ eGFR, Δ SPPB score, Δ hand grip strength, and
Δ GDS-SF score, as shown in Figure 2A–D. Figure 2A clearly shows no associations be-
tween Δ EQ-VAS and Δ eGFR (Rs = 0.026, p = 0.366). However, an increase in GDS-SF
score (i.e., Δ GDS-SF) was negatively associated with Δ EQ-VAS (Rs = 0.109, p < 0.001,
Figure 2B), suggesting that increased depressive symptoms during the two-year follow-up
had a significant association with HRQoL decline among older adults. Further, changes in
physical performance over time, i.e., Δ SPPB score and Δ SPPB balance score, have a low
yet significantly positive association with Δ EQ-VAS (Rs = 0.096, p = 0.001 and Rs = 0. 0.097,
p = 0.001, respectively, Figure 2C,D), suggesting that reduced balance during the 2-year
follow-up had a significant effect on HRQoL decline among older adults. In addition, we
found no association between Δ EQ-VAS and hand grip strength. Spearman’s rank correla-
tion coefficients remained statistically significant once Bonferroni correction was applied.
There was no association between co-morbidities (e.g., diabetes mellitus, hypertension,
stroke, hip fracture, COPD, osteoporosis, Parkinson’s disease, anemia, LUTS, and falls
history at baseline) and decline in eGFR.

265



J. Clin. Med. 2023, 12, 3959

D

A

C

B

D

B

C

Δ
 E

Q
-V

A
S

−1
00

   
   

   
   

 −
-5

0 
   

   
   

   
   

  0
   

   
   

   
   

   
 5

0 
   

   
   

   
   

10
0

Δ
 E

Q
-V

A
S

−1
00

   
   

   
   

   
−5

0 
   

   
   

   
   

   
 0

   
   

   
   

   
   

  5
0 

   
   

   
   

   
  1

00

Δ
 E

Q
-V

A
S

−1
00

   
   

   
   

 −
-5

0 
   

   
   

   
   

  0
   

   
   

   
   

   
 5

0 
   

   
   

   
   

10
0

Δ
 E

Q
-V

A
S

−1
00

   
   

   
   

 −
-5

0 
   

   
   

   
   

   
 0

   
   

   
   

   
   

  5
0 

   
   

   
   

   
  1

00

 

Figure 2. Scatterplot and linear fitted values of the difference in the EQ-VAS score from T0 to T2
(Δ EQ-VAS) and (A) Δ eGFR; (B) Δ GDS; (C) Δ SPPB scores; and (D) Δ SPPB balance scores, i.e., the
difference from T0 to T2.

According to the logistic regression analyses (Table 2), there is no contribution of a
decrease in kidney function in the early stages of CKD (i.e., Δ eGFR) on EQ-VAS decline.
We found that older adults who had more depressive symptoms over the two-year period
(i.e., positive Δ GDS) were more likely to report having EQ-VAS decline also after adjusting
for age and sex; the EQ-VAS decline was similar (OR = 1.06, 95%CI = 1.02–1.11). When
adjusting for educational level, EQ-VAS at baseline, MMSE at baseline, BMI at baseline,
GDS-SF at baseline, grip strength at baseline, and more than five prescribed medications at
baseline contributed to a somewhat higher EQ-VAS decline (OR = 1.14, 95%CI = 1.09–1.20).
Interestingly, an increase in the overall SPPB score during the two-year follow-up period
was associated with less EQ-VAS decline by 5% (OR = 0.95, 95%CI = 0.91–0.99). These
results were similar after adjusting for age, sex, educational level, EQ-VAS at baseline,
MMSE at baseline, BMI at baseline, GDS-SF at baseline, grip strength at baseline, and more
than five prescribed medications at baseline. The potential “protection effect” was even
higher for Δ SPPB balance and Δ SPPB gait (OR = 0.92, 95%CI = 0.85–0.99 and OR = 0.89,
95%CI = 0.81–0.99, respectively). Adjusting for age and sex (model 2) and for educational
level, EQ-VAS at baseline and MMSE at baseline (model 3) did not change the ORs. In
addition, Δ SPPB chair stand and Δ hand grip revealed no association with EQ-VAS decline.
As for the validity of the analyses, for Models 2 and 3, the mean VIF was <10, ranging from
1.31 and 1.41, and tolerance was >0.25 for each independent variable, confirming that no
collinearity issue existed.
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Table 2. Determinants of EQ-VAS decline, OR (95%CI).

Independent
Variable

Δ eGFR Δ GDS-SF
Δ SPPB

Total Score
Δ SPPB
Balance

Δ SPPB
Gait

Δ Sit to
Stand

Δ Hand
Grip

Model 1. Only
independent variable

1.01
(0.99–1.02)

1.06
(1.02–1.10)

0.95
(0.91–0.99)

0.92
(0.85–0.99)

0.89
(0.81–0.99)

1.03
(0.93–1.13)

0.99
(0.97–1.01)

Model 2. Model 1
adjusted for age and sex

1.01
(0.99–1.02)

1.06
(1.02–1.11)

0.94
(0.91–0.99)

0.92
(0.85–0.99)

0.89
(0.80–0.98)

1.02
(0.92–1.12)

0.99
(0.97–1.01)

Model 3. Model 2
adjusted for educational

level, EQ-VAS at baseline,
MMSE at baseline, BMI at

baseline, GDS-SF at
baseline, grip strength at
baseline, more than five
prescribed medications

at baseline

1.01
(0.99–1.02)

1.14
(1.09–1.20)

0.95
(0.91–0.99)

0.92
(0.84–1.00)

0.88
(0.78–0.98)

1.03
(0.93–1.14)

0.98
(0.96–1.01)

Abbreviations: EQ-VAS, Euro-Quality of Life Visual Analog Scale; OR, odds ratio; BMI, body mass index;
MMSE, Mini-Mental State Examination; eGFR, estimated glomerular filtration rate; GDS-SF, Geriatric Depression
Scale-Short Form; SPPB, short physical performance battery.

4. Discussion

In the present study, we found that 16.3% of older adults showed a decline in kidney
function over the two-year follow-up period. A similar percentage of decline was found in
a study conducted in the UK (18% of the participants showed a decline in kidney function
within five years), whereas the risk of ESRD was very low (0.2%) [38]. However, we found
a considerable decrement in HRQoL over the two-year period, whereas approximately
41% (n = 719) reported an EQ-VAS decline. Our study provides evidence that HRQoL
decline among older adults is not associated with early stages of kidney function decline
over a two-year period. Previous studies found that only patients with CKD on dialysis
or with ESRD have a significantly lower HRQoL [39,40]. In patients with pre-dialysis
chronic renal failure, the decline in HRQoL has been shown to be faster than that in the
general population and was associated with an increase in serum creatinine and a decrease
in hematocrit levels [25]. It has also been reported that the physical and psychological
domains and HRQoL scores were significantly associated with increased risk of ESRD
and mortality among CKD patients [28]. Low HRQoL across numerous subscales was
independently associated with a higher risk of cardiovascular events and mortality in CKD
patients, but not with CKD progression [27]. In an earlier study, an increased risk of CKD
progression and mortality was associated with a lower physical health component of the
SF-36 score [26]. The physical function in the above studies [26–28] was evaluated using
an indirect measure of physical function, i.e., the physical component score of SF-12 and
SF-36; thus, it was hard to compare to our cohort, in which physical function was measured
using SPPB. In an earlier study [2], reduced renal function was associated with poorer
physical performance (SPPB total score < 5) among older hospitalized patients with CKD,
which suggests that these older hospitalized adults were more frail than in our cohort
of community-dwelling independent older adults. Additionally, Tsai et al. [28] reported
that 41.3% of their cohort suffered from depression compared with 14% in our cohort [13],
suggesting that their cohort was less resilient. These previous findings combined with our
results suggest that HRQoL decline among patients with CKD is associated with ESRD or
dialysis, but not at the early stages of CKD progression.

Although earlier studies provide important findings, they are limited in scope, since
they did not include older adults in the early CKD stages, which most patients with CKD
belong to. More broadly, the association between HRQoL and longitudinal outcomes
of physical and psychological domains among older adults in early CKD stages has not
been examined. A significant body of research has investigated the possible association
between HRQoL and the physical function of patients with ESRD or following kidney
transplant, but these factors are not well-explored in those with less severe CKD [41]. This
highlights the significance of our finding. Among the possible interpretations of our results,
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it is worth noting that changes in physical function and depressive symptoms over time
have the strongest impact on the decline in EQ-VAS among community-dwelling elderly
adults. The multivariate regression analyses showed that the decline in physical functioning
and the increase in depressive symptoms over time were independently associated with
HRQoL decline. Changes in physical performance over time, i.e., Δ SPPB, have a low yet
significantly positive association with Δ EQ-VAS over time; these results may suggest that
balance and gait function may ‘protect’ older adults from a decline in HRQoL. Another
explanation might be that a better HRQoL leads to better physical function among older
adults. Since our results are based on a cross-sectional study design that permits us to
determine associations between variables and not causal relationships, the answer to this
question should be investigated separately in a later prospective study. Most of the time,
HRQoL has been interpreted as an accompanying outcome of one’s disease. However, our
findings suggest that HRQoL is an important person-centered measurement, since changes
in HRQoL seem to be an indicator of changes in physical and mental health status. Thus, it
can be used for general population surveys, clinical research, and health policy evaluation.
HRQoL also provides insight into treatment methods, since the improvement in both
physical and mental function may improve HRQoL, and this may play an important role
in clinical decisions and policy making. The exact mechanism underlying the association
between HRQoL and the progression of CKD is abstract and difficult to explore. The decline
in EQ-VAS that was found in our study is associated with reduced functional levels in the
early stages of CKD among older adults, suggesting that physical or mental maintenance is
not seriously addressed, which may be a risk factor for poorer HRQoL outcomes in this
population. In other words, poor physical function and mental health can be surrogate
parameters indicating an increase in the multi-morbidity burden that older adults feel.

The guidelines for the management of individuals with multiple coexisting chronic
diseases [42] suggest that clinicians should assess physical performance such as gait speed,
balance, and self-reported health status. They should also be aware of mental health issues.
This is compatible with the concept of healthy aging by the World Health Organization [43],
which defines healthy aging as a “process of developing and maintaining the functional abil-
ity that enables well-being in older age”. Our findings provide evidence that this approach
is important in older adults even in the early stages of CKD, for which no clinical treatment
is provided. Physical performance and mental state as potentially modifiable factors with
an independent association with HRQoL are also important clinical considerations. When
managing care for older adults, clinicians should provide care that will particularly treat
physical function and mental health, since these issues affect the HRQoL of their patients.
This could include planning a joint treatment with other healthcare professionals.

The strengths of our study are its meticulous protocol with a large and heterogeneous
sample of respondents from different European countries and Israel. The combined use
of subjective and classification-like scales reinforced analytical opportunities, as shown.
It must be noted that the heterogeneous sample of older adults may also increase the
variability of our outcome measures, specifically the objective measures of HRQoL. The
prospective design allowed us to test the influence of physical and mental outcomes on
change in HRQoL over time and to assess whether kidney function sub-stages affect
HRQoL. The use of a physical performance examination such as the SPPB, which provides
an objective measure of function, is also a strength of the study. However, the limitations
of the current study must be noted. The main limitation of this study is the fact that our
findings are based on a sample of older people who had a relatively high functional level
and were in the early CKD stages, not allowing for a generalization of these conclusions
to more frail older adults and ESRD patients. Second, the 713 participants who were
excluded from the analysis due to incomplete information on the HRQoL may impact
the results due to a selection bias. In a separate analysis, we found that the excluded
older adults were older, more frequently widowed, had lower MMSE and lower SPPB at
baseline, and had more frequently co-morbidities such as stroke, hypertension, diabetes,
hip fractures, and depression than the 1748 individuals who were included in this study
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(see Supplementary Table S1). This might have affected our findings. However, it must be
noted that the eGFR, depression, physical function, and handgrip strength over a two-year
follow-up period, which were the main outcome parameters in the present study, were not
different between groups. Finally, this observational study cannot resolve the difficulty of
all hidden bias and confounding factors, despite the adjustments. Despite all these issues,
longitudinal observational studies are useful for evaluating epidemiological associations
and enable us to analyze the relationship between HRQoL and renal, physical, and mental
outcomes through statistical techniques.

5. Conclusions

The findings of our study suggest that among older adults aged 75 years and older,
HRQoL decline was not related to kidney function decline in the early stages of CKD.
However, physical function and depressive symptoms, separately, have a low yet significant
impact on HRQoL among older adults. This is an important message to clinicians and
policymakers that a change in HRQoL should be taken into account to evaluate health
interventions in this age group. Whether HRQoL change should be used for an evaluation
depends strongly on the aims of the intervention and the characteristics of the participants.
Due to the nature of this observational study, a careful interpretation of the findings
as well as further research are needed. These studies are required to test whether the
implementation of physical and psychological interventions in the early stages of CKD
influences clinical outcomes, specifically HRQoL, among older adults.
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Abstract: Background: We examined the association between restless legs syndrome (RLS) and com-
prehensive geriatric assessment (CGA) data in two older European populations. The second goal was
to evaluate correlates of their quality of life (QoL). Methods: Diagnostic criteria of the International
RLS Study Group (IRLSSG) and elements of CGA were used in this study. Results: Among the
examined 246 participants, 77 (31.3%) suffered from RLS, more often in the UK (39.4%) than in Poland
(25.4%) (p = 0.019). In the multivariate logistic regression model, female sex [OR (CI) = 3.29 (1.51–7.21);
p = 0.0014], the number of medications per day [OR (CI) = 1.11 (1.02–1.20); p = 0.011] and alcohol
consumption [OR (CI) = 5.41 (2.67–10.95); p < 0.001] increased the probability of RLS. Residing in
Poland [OR (CI) = 3.06 (1.36–6.88); p = 0.005], the presence of RLS [OR (CI) = 2.90 (1.36–6.17); p = 0.004],
chronic heart failure, [OR (CI) = 3.60 (1.75–7.41); p < 0.001], osteoarthritis [OR (CI) = 2.85 (1.47–5.49);
p = 0.0016], and urinary incontinence [OR (CI) = 4.74 (1.87–11.9); p < 0.001] were associated with a
higher probability of mobility dimension problems in the QoL. Higher physical activity was related to
a lower probability of mobility problems [OR (CI) = 0.85 (0.78–0.92); p < 0.001]. Conclusions: female
sex, the number of medications and alcohol consumption are independent correlates of RLS in older
adults. RLS together with several chronic medical conditions and a low physical activity level were
independent correlates of the mobility dimension of the QoL.

Keywords: older adults; comprehensive geriatric assessment; alcohol consumption; number of
medications; quality of life

1. Introduction

Restless legs syndrome (RLS) is associated with unpleasant sensory experiences, with
usual onsets in the evenings and nights. It occurs in the extremities and in extreme cases, it
can also involve the torso, making rest difficult during a sleepless night. This sensory-motor
neurologic disorder often dramatically affects sleep and QoL [1]. The lifetime prevalence
of RLS is estimated to be within 2% to 3% of the adult population [2]. Since the very
first description noted by Oxford physician Thomas Willis in the XVII century, RLS, also
known as Willis–Ekbom disease, has been described in well over 5000 articles published on
PubMed [3].

The pathophysiology of RLS is only partially understood [4,5]. The prevalence of RLS
is higher in older people and females. RLS is most commonly related to iron deficiency
and iron-deficiency anemia, pregnancy, uremia and polyneuropathies [6,7]. Brain iron
deficiency, toxic metal exposure, concomitant diseases and postinfectious immunological
mechanisms may influence the production of RLS symptoms [8–12]. Of individuals with
conditions associated with iron-deficiency states, including pregnancy, renal failure, and
anemia, 25–30% of them may develop RLS [13]. Patients with RLS could be deficient in
vitamins D and B12 [14,15]. Various comorbidities such as kidney disease, cardiovascu-
lar diseases, diabetes mellitus, hypothyroidism, chronic liver disease, and neurological,
rheumatological and respiratory disorders accompany RLS [2,16–19]. In our recent study, a
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significantly higher number of amalgam dental fillings were found in older adults with
RLS as compared to the subjects without RLS symptoms [20].

As the prevalence of RLS increases with advancing age substantially decreasing the
QoL of older adults, this population should be among the primary targets of research on
RLS epidemiology and pathophysiology [21]. Several lifestyle factors have been linked
to the occurrence of RLS in the general adult population [22]. Nevertheless, limited data
exist on factors predisposing to RLS occurrence in older adults. Specfically, there are no
studies relating RLS to comprehensive geriatric assessment (CGA) data and assessing the
potential contribution of RLS to the quality of life (QoL) of older adults taking into account
multiple covariates of CGA. Our study aimed to examine the association between RLS and
an extensive set of CGA-potentially related factors such as smoking, alcohol consumption,
concomitant diseases, physical and cognitive functioning, medications used, nutritional
status and physical activity, in two older European populations. The second goal of the
study was to evaluate correlates of the QoL of those subjects.

2. Materials and Methods

2.1. Subjects

The study population comprised 246 subjects (63 males and 183 females, median age
79 years) who volunteered to participate in the study, and was composed of two groups. The
first was 104 subjects living in a Polish Housing Society in Penrhos, North Wales, founded
in 1949, providing accommodation and support to Polish ex-service men and women who
remained in the UK following World War II. The second group was 142 outpatients of the
Geriatric Clinic of the Medical University of Lodz, Poland.

The exclusion criteria were having a known anemia, chronic kidney disease, known
iron or vitamin deficiency, terminal illness, major disabilities or severe dementia. The
criteria for inclusion in the study were being of an age > 60 years, having satisfactory
verbal communication, the ability to perform functional tests and give written consent to
participate in the study.

The study was approved by the Bioethics Committee of the Medical University of
Lodz and complies with the Declaration of Helsinki and Good Clinical Practice Guidelines.

2.2. Methods

All subjects were interviewed to obtain a full medical history including regular med-
ication taken. The medical history was supplemented based on the patient’s medical
records. In case of doubt, the interview was further supplemented by a conversation with a
nurse or caregiver. Information about alcohol intake and smoking was gathered. Alcohol
consumption was classified as “yes” if any amount of alcoholic beverages were consumed
during the last 7 days. Current smoking was defined as smoking at least part or all of a
cigarette during the past 30 days [23]. Arm blood pressure was measured once.

The diagnosis of RLS is purely clinical and is based on the information obtained
during an interview with the patient. We applied the diagnostic criteria of the International
Restless Legs Syndrome Study Group (IRLSSG) in the form of four questions from an
internationally used questionnaire in order to determine the appearance of the problem of
RLS [24].

The analysis of factors coexisting with RLS based on a comprehensive geriatric as-
sessment (CGA) was conducted. A functional efficiency assessment was made using the
ADL (Activities of Daily Living) scale [25] and the instrumental functioning scale—IADL
(Instrumental Activities of Daily Living) [26]. The ADL scale is used to assess the basic
activities of daily living, such as bathing, use of the toilet, continence, dressing, eating and
mobility. One point (max 6 points in total) is awarded for the ability to perform a given
activity. The IADL scale is a tool used to assess the ability to live independently in the
community. It contains 8 questions (max 8 points in total) about complex daily activities
regarding using the phone, shopping, food preparation, cleaning, washing, using means of
transport, using medication and using money.
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The TUG test is a popular test used to assess functional ability. It involves performing
a series of activities over time (time is measured with a stopwatch): getting up from a chair,
walking for a distance of 3 m, turning around, walking again for a distance of 3 m and
sitting on the chair. A result above 14 s is considered to be at an increased risk of falling [27].

Physical activity assessments were conducted using two questionnaires: the seven-day
recall PA questionnaire [28] and the Stanford questionnaire [29]. The seven-day recall PA
questionnaire is designed to determine the average daily physical activity energy expen-
diture (PA-EE) over the past 7 days (kcal·kg−1 day−1). Energy expenditure is calculated
based on time spent sleeping and the light, moderate, vigorous and very hard activities
over the past week. The Stanford Moderate Index was used to assess health behaviors
related to physical activity (PA-HRB). This index is determined on the basis of 6 questions
about habitual behaviors of light and moderate intensity. One point is awarded for each
confirming answer (maximum 6 points in total).

The nutritional status of the study group was assessed using tools such as the MNA
(Mini Nutritional Assessment) questionnaire [30], and anthropometric measures, including
body mass and height (RADWAG personal weight scales, Radom, Poland) as well as waist
and calf circumferences (SECA measuring tape, Hamburg, Germany). The body mass index
(BMI) was calculated by dividing body weight by height in meters squared. The MNA
is a questionnaire recommended for assessing the nutritional status of older people. It
consists of parts such as a general assessment, anthropometric measures, dietary assessment
and self-assessment. The full version was used in the study, consisting of 18 questions
regarding various aspects of the risk of malnutrition. In the test, it is possible to obtain from
0 to 30 points, with a score of 24 points and above indicating a normal level of nutrition,
17–23.5 points indicating a risk of malnutrition, and a score below 17 points indicating
malnutrition.

Mental state was assessed using the GDS (Geriatric Depression Scale) [31] and a short
mental state assessment scale—the MMSE (mini-mental state examination) [32]. The short
form of the GDS is a tool used to screen and assess symptoms of depression in older people.
The scale consists of 15 questions related to mood disorders with possible answers of “yes”
or “no”. The GDS-15 is scored as follows: 0 to 5 points—normal, 6–10 points—a risk of
depression and 11 points or more indicates depression. The MMSE is a clinical scale used
to examine disorders in a patient’s cognitive functioning. The scale assesses areas of mental
abilities, including their orientation in time and place, attention/concentration, short-term
memory, language skills, visuospatial abilities, and their ability to understand and follow
instructions. During the test, it is possible to obtain a maximum of 30 points, where 27 to
30 points is normal, 24 to 26 points indicates mild cognitive impairment without dementia,
19 to 23 points—mild dementia, 11 to 18—moderate dementia and less than 11 suggests
severe dementia.

The QoL was assessed by the international EQ-5D questionnaire [33]. The ques-
tionnaire consists of two parts. The first one assesses the existence of a problem in five
domains of functioning (mobility, self-care, usual activities, pain/discomfort, and anxi-
ety/depression). Each domain is assessed on a 3-point scale (1—no problem, 2—some
problems, 3—severe problems). In the second part, using a 100-point visual analog scale
(VAS), participants determine their perception of their overall health. Zero on this scale
means the worst imaginable health status, while 100 means excellent health.

2.3. Statistical Analysis

The results were verified for their normality of distribution and equality of variance.
The one-way analysis of variance (ANOVA), Mann–Whitney test or chi-square test were
used to compare the groups. The EQ-5D dimension data were dichotomized (no prob-
lems vs. any problem) for statistical analyses. A multiple logistic regression was used to
select independent correlates of RLS or QoL data with independent variables significant in
bivariate associations entering the regression models. A multivariate logistic regression
model was constructed by employing the forward–backward stepwise selection procedure.
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Odds ratios (OR) and confidence intervals (CI) with 95% confidence limits were calculated.
The quantitative variables are presented as the mean ± standard deviation or median
and interquartile range [25–75%], qualitative variables as numbers and percentages. The
statistical analysis was performed using Statistica (version 13.3) software (StatSoft, Kraków,
Poland). The limit of significance was set at p = 0.05 for all analyses.

3. Results

3.1. Demographic and Clinical Data

Among the examined 246 participants, 183 (74.4%) were women. The proportion of
men was smaller in Poland (19%) than in the UK (34.6%), p < 0.001. The English group was
significantly older, p < 0.001 (the mean age in the UK was 83.5 ± 7.6 and in Poland was
75.8 ± 8.4 years). Seventy-seven (31.3%) subjects suffered from RLS, significantly more
often in the UK (39.4%) than in Poland (25.4%) (p = 0.019). People from the Polish group
smoked more cigarettes per day but consumed less alcohol (both p < 0.001).

Among the 246 participants, 71.1% were diagnosed with arterial hypertension, 37.4%
had hypercholesterolemia, 22.8% suffered from diabetes mellitus, 39.4% had ischemic
heart disease, 49.6% had chronic heart failure, 13.8% of the individuals had a myocardial
infarction while 15.4% had a stroke in the past. The Polish group suffered more often
from arterial hypertension (p = 0.001), ischemic heart disease and chronic heart failure
(both p < 0.001), and stroke (p = 0.030). The English group suffered more often from
hypercholesterolemia (p = 0.003) and ophthalmologic diseases (p = 0.012). The number
of infections per year was higher in the Polish group and this group had fewer influenza
vaccinations per year (both p < 0.001). The English group was taking more medications per
day than the Polish (p = 0.005) and had higher systolic blood pressure (p < 0.001). English
participants had higher ADL and IADL, MNA screening and EQ-5D VAS scores, but lower
GDS and EQ5D dimensions scores (p < 0.001). The English group had a lower total energy
expenditure (kcal/kg/day) (p < 0.001) but higher score for the Stanford Moderate Index
(p = 0.041).

Table 1 shows the characteristics of the whole studied population divided into
two groups, with and without RLS. Both groups had a similar age and smoking sta-
tus. RLS was more frequent in women than in men. The consumption of alcohol was
significantly higher in the group with symptoms of RLS (39.0%) than in those without
RLS (16.0%), which was similar when analyzed separately in women and men (p < 0.001).
The prevalence of alcohol consumption in relation to the presence of RLS according to
sex and country is shown in Figure 1. The prevalence of concomitant diseases was not
different between the RLS and non-RLS groups. The number of medications used per day
and IADL scores (borderline significance) were higher in the RLS group. Other measures
of the comprehensive geriatric assessment were not statistically different between the RLS
and non-RLS groups.

Table 1. Characteristics for all subjects with and without restless legs syndrome (RLS).

Subjects with RLS
(n = 77)

Subjects without
RLS (n = 169)

p-Value

Age (years) 80.0 ± 8.5
81 (74; 87)

78.6 ± 9.1
80 (72; 86) 0.26

Males (n; %) 13; 16.9 50; 29.6 0.03

Smoking (n; %) 3; 3.9 14; 8.3 0.21

Alcohol/7 days (n; %) 30; 39.0 27; 16.0 <0.001

Arterial hypertension (n; %) 56; 72.7 119; 70.4 0.71

Hypercholesterolemia (n; %) 29; 37.7 63; 37.3 0.95

Diabetes mellitus (n; %) 15; 19.5 41; 24.3 0.41
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Table 1. Cont.

Subjects with RLS
(n = 77)

Subjects without
RLS (n = 169)

p-Value

Myocardial infarction (n; %) 10; 13.0 24; 14.2 0.80

Ischemic heart disease (n; %) 27; 35.1 70; 41.4 0.34

Chronic heart failure (n; %) 36; 46.8 86; 50.9 0.55

Stroke (n; %) 8; 10.4 30; 17.8 0.14

Chronic obstructive pulmonary
disease (n; %) 18; 23.4 30; 17.8 0.30

Osteoarthritis (n; %) 49; 63.6 88; 52.1 0.09

Osteoporosis (n; %) 27; 35.1 59; 34.9 0.98

Digestive tract diseases (n; %) 18; 23.4 33; 19.5 0.49

Past or present cancer (n; %) 8; 10.4 26; 15.4 0.29

Ophthalmologic diseases (n; %) 28; 36.4 54; 32.1 0.52

Depression (n; %) 17; 22.1 22; 13.1 0.07

Urinary incontinence (n; %) 27; 35.1 57; 33.9 0.86

Faecal incontinence (n; %) 12; 15.6 35; 20.8 0.33

Infections last year 1.0 ± 1.1
1 (0; 2)

1.1 ± 1.2
1 (0; 2) 0.49

Influenza vaccination last year (n; %) 41; 53.2 91; 54.5 0.86

Medications/day 7.0 ± 3.4
6 (5; 9)

5.9 ± 3.6
5 (3; 8) 0.023

RRs 143.0 ± 19.8
140 (130; 152)

143.2 ± 19.6
140 (130; 155) 0.94

RRd 80.1 ± 11.0
80 (75; 85)

81.6 ± 10.9
80 (75; 90) 0.33

BMI (kg/m2)
26.4 ± 4.8
26 (23; 30)

26.3 ± 4.2
26 (23; 29) 0.77

Calf circumference (cm) 34.9 ± 4.8
35 (32; 38)

34.6 ± 4.5
35 (32; 37) 0.62

ADL 4.9 ± 1.7
5.5 (5; 6)

4.6 ± 1.9
5.5 (4; 6) 0.19

IADL 5.3 ± 2.9
6 (3; 8)

4.4 ± 3.2
5 (1; 8) 0.050

TUG test (sec) 16.7 ± 9.5
14 (10; 21)

17.2 ± 10.7
14 (10; 21) 0.73

MNA 22.5 ± 4.2
24 (20; 26)

23.5 ± 3.7
24 (22; 27) 0.063

MMSE 24.8 ± 4.6
25 (21; 29)

23.8 ± 5.6
25(20; 29) 0.15

GDS 5.3 ± 3.7
5 (2; 8)

5.1 ± 3.7
5 (2; 8) 0.67

Energy expenditure kcal/kg/day 37.1 ± 4.3
35 (34; 39)

37.7 ± 5.0
36 (34; 40) 0.34

Stanford Moderate index 1.8 ± 1.5
2 (1; 3)

1.7 ± 1.6
1 (0; 3) 0.78
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Figure 1. Prevalence of alcohol consumption in relation to the presence of RLS according to sex
and country.

Table 2 shows the QoL indices in the groups with and without RLS. The prevalence of
mobility problems was higher in the RLS group, other indices were not statistically different.

Table 2. QoL for all subjects with and without RLS examined using the EQ-5D questionnaire.

Subjects with RLS
(n = 77)

Subjects without
RLS (n = 169)

p-Value

Mobility [%]

0.01
no problems 20.8 36.3
moderate 63.6 44.0
severe 15.6 19.6

Self-care [%]

0.44
no problems 61.0 57.1
moderate 26.0 23.2
severe 13.0 19.6

Usual activities [%]

0.31
no problems 37.7 42.9
moderate 39.0 29.2
severe 23.4 28.0

Pain/discomfort [%]

0.10
no problems 11.7 23.2
moderate 79.2 70.2
severe 9.1 6.5

Anxiety, depression [%]

0.25
no problems 29.9 36.9
moderate 62.3 59.5
severe 7.8 3.6

Self-assessment of health (EQ-5D
Visual Analogue Scale)

56.9 ± 18.9
50 (50; 70)

55.8 ± 20
50 (45; 70) 0.67

3.2. Multivariate Regression Models

The age, sex, country of participants and all variables significantly related to RLS in
bivariate associations entered the multivariate logistic regression model. The results are
presented in Table 3. In the stepwise selection procedure, sex, the number of medications per
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day and alcohol consumption were identified as independent correlates of RLS. Female sex
[OR (CI) = 3.29 (1.51–7.21); p = 0.0014], the number of medications per day [OR (CI) = 1.11
(1.02–1.20); p = 0.011] and alcohol consumption [OR (CI) = 5.41 (2.67–10.95); p < 0.001]
increased the probability of RLS. Forward and backward stepwise regression models gave
the same results.

Table 3. Results of the multiple logistic regression with age, sex, country of participants, and all
variables significantly related to RLS in bivariate associations.

Factor Odds Ratios (95.0% Confidence Intervals) p-Value

Age 1.008 (0.97–1.05) 0.69

Medications/day 1.11 (1.02–1.20) 0.018

IADL 1.04 (0.93–1.17) 0.51

Sex 3.22 (1.47–7.08) 0.0019

Country 1.07 (0.47–2.43) 0.87

Alcohol/7 days 5.04 (2.24–11.32) <0.001

Age, physical activity (kcal/kg/day), RLS, and the presence of chronic heart failure,
osteoarthritis and urinary incontinence were related to mobility dimension problems of
the EQ-5D questionnaire. These variables were included in the multivariate regression
models together with sex and country of residence. Although related to the mobility
dimension, TUG and ADL results were not included in the multivariate models because
of their obvious overlapping characteristics to mobility. Country of residence, RLS, the
presence of chronic heart failure, osteoarthritis and urinary incontinence as well as physical
activity level (kcal/kg/day) were selected as independent correlates of mobility dimension
problems. Residing in Poland was related to a higher probability of mobility problems [OR
(CI) = 3.06 (1.36–6.88); p = 0.005]. The presence of RLS [OR (CI) = 2.90 (1.36–6.17); p = 0.004],
chronic heart failure, [OR (CI) = 3.60 (1.75–7.41); p < 0.001], osteoarthritis [OR (CI) = 2.85
(1.47–5.49); p = 0.0016], and urinary incontinence [OR (CI) = 4.74 (1.87–11.9); p < 0.001]
were associated with a higher probability of mobility problems. Higher physical activity
was related to a lower probability of mobility problems—a 15% lower probability for an
increase of energy expenditure of 1 kcal/kg/day [OR (CI) = 0.85 (0.78–0.92); p < 0.001].

As the RLS relationship to the pain/anxiety dimension of the EQ-5D questionnaire
was of borderline significance, this association was also checked in the multivariate design.
Variables selected as independent correlates of the pain/anxiety dimension of the EQ-
5D were RRs [OR (CI) = 1.03 (1.01–1.05); p = 0.014], the GDS [OR (CI) = 1.30 (1.15–1.48);
p < 0.001], and osteoarthritis [OR (CI) = 4.08 (1.93–8.70); p < 0.001].

4. Discussion

In the present study, we have assessed the prevalence of RLS in relation to the com-
prehensive geriatric assessment in two populations of older subjects, living in Poland
and the United Kingdom. The obtained data shed some light on the epidemiology and
possible pathophysiology of RLS in an advanced-aged population. We found that female
sex, the number of medications taken per day and alcohol consumption are independent
correlates of RLS in older adults. RLS together with chronic heart failure, osteoarthritis and
urinary incontinence as well as physical activity level were independent correlates of the
mobility dimension of the QoL. These data only partially conform to the results obtained in
younger populations.

RLS can present alone or with comorbidities that make proper diagnosis difficult [34].
The background literature review covered correlates from various areas such as environ-
mental factors, including heavy metals, dietary factors, lifestyle factors, medical conditions
and drug interactions [5,12]. RLS has been associated with obesity [35], an increased body
mass index and diabetes [36,37]. People with a normal weight had a lower risk of devel-
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oping RLS [22]. Obesity increased the risk of sleep disturbances in the long term, and
both obesity and sleep disturbances had negative effects on health [38]. Smoking was
related to an increased RLS risk in several studies [22,35,36,39]. In our study, when multiple
other potential covariates were assessed, the BMI or smoking status did not emerge as
independent correlates of RLS presence.

Various comorbidities such as kidney disease, cardiovascular diseases, obstructive
lung disease, diabetes mellitus, hypothyroidism, chronic liver disease, and neurological,
rheumatological and respiratory disorders may accompany RLS [2,16–19,40]. In a cross-
sectional study including 5324 subjects, high cholesterol and hypertension were associated
with RLS [41]. In a large population-based study, having RLS at baseline was not a
significant predictor of any subsequent cardiovascular risk factors and/or vascular diseases,
but cardiovascular risk factors and diseases predicted the subsequent development of
RLS in the general population [42]. Similarly, we have not found a correlation between
vascular diseases and restless legs syndrome in our groups. Other age-related medical
conditions associated with sleep disturbances, including respiratory diseases such as
asthma, infections, digestive tract diseases, physical disability, dementia, pain, depression,
anxiety, and sleep itself, were taken into account. Except for some tendency for depressive
symptoms, no strong correlation of accompanying diseases was found in relation to RLS in
our study.

Of special interest is a statistically significant and independent-of-other-factors corre-
lation between the prevalence of RLS and the consumption of alcohol in older men and
women, assessed separately, as well as a whole group from Poland and the United King-
dom. In several studies, an association between RLS and alcohol consumption has been
suggested [35,36,43]. In an Indian population study, chronic daily alcohol consumption
was found to be associated with RLS [44]. Aldrich and Shipley found that in a significant
proportion of alcohol users, periodic leg movements contributed to sleep disturbance.
Additionally, women who consumed two or more drinks per day were more likely to report
symptoms of restless legs and to be diagnosed with RLS [45]. In contrast, a non-significant
trend between a higher alcohol consumption and a lower risk of RLS was observed in
one study [22]. Likewise, in a sample of 317 psychiatric inpatients, RLS was associated
with lower alcohol consumption [37]. Interestingly, not indifferent to this could also be
alcohol detoxification therapy. The results of the study by Jiménez-Jiménez et al. show
that a significant percentage of patients undergoing alcohol detoxification therapy develop
RLS symptoms [43]. Mackie et al. show that alcohol withdrawal may involve generalized
physical and psychological discomfort and insomnia, and patients with alcohol withdrawal
experience symptoms that meet the criteria for RLS [46].

Alcohol consumption, regardless of the dose, affects the occurrence of sleep disorders,
including sleep onset latency, consolidation in the first sleep period and disruptions in the
second half of sleep [47]. Alcohol adds to aging-related sleep disturbances and cognitive
impairment by affecting the brain. This occurs because the function of neurons, neuron
survival, cell migration and glia, and glial cell (astrocytes and oligodendrocytes) differenti-
ation are disrupted by alcohol [47]. However, despite extensive inquiry, we could not find
one study that confirms a statistical significance between alcohol usage and RLS in an older
population, taking into account possible covariates. Therefore, our data strongly suggest
an important contribution of alcohol consumption to the prevalence of RLS, independent
of other multiple possible co-determinants.

We also found that the RLS group used significantly more medication than the group
without RLS alongside the higher alcohol intake. It is possible that alcohol correlates
with RLS directly as well as indirectly, e.g., by altering the effects of simultaneously taken
medications. Drug–food/alcohol interactions are known to reduce the therapeutic effects
of medications, as well as to induce potent adverse drug reactions [48]. Medications, such
as antidepressants, antihistamines, and antipsychotics have been associated with RLS [1].
Secondary forms of RLS and possible interactions of medications require particular con-
sideration in older adults [49]. Both alcohol and many medications are metabolized by
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the same enzymes in the liver, where pharmacokinetic interactions generally occur. Alco-
hol can interact with numerous classes of prescription medications including antibiotics,
antidepressants, antihistamines, barbiturates, benzodiazepines, histamine H2 receptor
antagonists, muscle relaxants, nonnarcotic pain medications and anti-inflammatory agents,
opioids, and warfarin. It can also interact with over-the-counter medicines and herbal
products, often with negative effects [50].

We were not able to demonstrate any relationship between physical activity and
RLS. In one study, physical activity reduced the risk of RLS and had a positive effect on
its symptoms [22]. The mechanism by which this happens remains unknown, although
several theories have been postulated. For instance, better blood flow in the lower limbs
or the increased release of endorphins and dopamine. Additionally, symptoms, which are
experienced at rest are likely to be reduced in those who exercise [22]. In another study,
exercise therapy significantly affected the manifestations of the illness. Stretching, fitness
training, and reflexology were beneficial with no side effects [51].

In several studies RLS was associated with a significantly lower HRQL and a higher
prevalence of depression [39,52]. In a few studies, in older adults, this was assessed in
relation to some aspects of the CGA [53–55]. In a Turkish study of 492 subjects aged on
average 73 years, sleep disturbance, depressive mood, the fear of falling, reduced QoL,
frailty and polypharmacy were more prevalent in the RLS group [56]. In a recent small study
(54 RLS patients, 30 people in the control group), RLS patients were prone to sleep disorders,
anxiety, and depression. Sleep disorders increased with the severity of the RLS and had
some influence on the patient’s cognitive function [53]. In a recent systematic review,
a negative association between RLS and global cognition and attention was found. No
significant differences in memory, executive function, or spatial cognition were observed
between the RLS and control groups [54]. In a cross-sectional study of 1008 subjects
aged ≥54 years, RLS did not predict incident disability for aggregate measures but was
associated with an increased risk for specific limitations, including difficulty with climbing
several stair flights, prolonged sitting, rising from a chair, stooping, moving heavy objects,
carrying ten pounds, raising arms, or picking up a dime [57]. Interestingly, a large study
on 90,337 Chinese adults showed that RLS was associated with increased incidents of
perceived olfactory and taste dysfunction [58]. In a small study of 32 older patients, five
with RLS, there was no association of RLS with clinical, laboratory or neurophysiological
findings [55]. In the present study, we found a nonsignificant trend of greater depression
in RLS sufferers. Additionally, we found that mobility difficulties were significantly more
frequent in those with RLS which might suggest impairment related to the symptoms
of RLS.

Several limitations of the present study should be acknowledged. Because the study
was performed in selected populations, the results of this study may lack generalizability.
The difference in alcohol consumption between the UK and Poland was high. Nevertheless,
the participants both in Poland and the UK were questioned by the same investigator (MS).
Therefore, this difference may be likely attributed to cultural dissimilarities between the
two populations. To minimize potential biases, subjects without known anemia, chronic
kidney disease, known iron or vitamin deficiency, terminal illness, major disabilities or
cognitive impairment were included in the study. Nevertheless, the study lacks laboratory
data on iron or vitamin deficiency. Although we have adjusted for the presence of major
chronic diseases and CGA data, other factors might have influenced the occurrence of RLS.
Possible biases in the interview (patients’ forgetfulness in older age) should also be taken
into consideration. Therefore, current findings should be corroborated in future studies
assessing other potential confounders in more general populations.

5. Conclusions

Female sex, the number of medications taken per day and alcohol consumption
are independent correlates of RLS in older adults. RLS together with several chronic
medical conditions and a low physical activity level were independent correlates of the
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mobility dimension of the QoL. Therefore, controlling alcohol consumption seems the most
important clinical implication put forward to alleviate the burden of RLS in older adults,
probably contributing also to a better QoL.
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Abstract: Anemia is a common hematological disorder that affects 12% of the community-dwelling
population, 40% of hospitalized patients, and 47% of nursing home residents. Our understanding of
the impact of inflammation on iron metabolism and erythropoiesis is still lacking. In older adults,
anemia can be divided into nutritional deficiency anemia, bleeding anemia, and unexplained anemia.
The last type of anemia might be caused by reduced erythropoietin (EPO) activity, progressive EPO
resistance of bone marrow erythroid progenitors, and the chronic subclinical pro-inflammatory state.
Overall, one-third of older patients with anemia demonstrate a nutritional deficiency, one-third have
a chronic subclinical pro-inflammatory state and chronic kidney disease, and one-third suffer from
anemia of unknown etiology. Understanding anemia’s pathophysiology in people aged 65 and over
is crucial because it contributes to frailty, falls, cognitive decline, decreased functional ability, and
higher mortality risk. Inflammation produces adverse effects on the cells of the hematological system.
These effects include iron deficiency (hypoferremia), reduced EPO production, and the elevated
phagocytosis of erythrocytes by hepatic and splenic macrophages. Additionally, inflammation causes
enhanced eryptosis due to oxidative stress in the circulation. Identifying mechanisms behind age-
related inflammation is essential for a better understanding and preventing anemia in older adults.

Keywords: aging; anemia diagnosis; erythropoiesis; geriatric diseases; inflammation; iro deficiency;
hypoferremia; oxidative stress

1. Introduction

The world population is rapidly aging, and this demographic shift is expected to
continue over the coming decades. This phenomenon is characterized by an increase in
both the number and the percentage of older adults worldwide. Currently, 10% of the
world population is aged 65 years or older, but this figure is expected to reach 16% by
2050. Developing countries are particularly affected by this trend due to the declining
levels of mortality, as reflected in the increased levels of life expectancy at birth [1]. As
individuals grow older, their organic functionality naturally declines over time (aging),
ultimately resulting in death. Aging is also associated with an increased likelihood of
common conditions such as cardiovascular diseases, cancer, diabetes, or neurodegenerative
diseases, which, in turn, elevate the risk of mortality [2].

Anemia, a condition that frequently occurs in older patients, has no standard definition.
The World Health Organization (WHO) established the diagnostic criteria for anemia,
which was defined as a hemoglobin (Hb) level < 13.0 g/dL for men and <12.0 g/dL for
women [3]. Since the WHO definition of anemia was established more than five decades
ago on the basis of a limited population sample and without proper documentation of
the methodology used, understandably, there are now certain restrictions related to these
thresholds. Nevertheless, the WHO definition continues to be the standard for anemia
classification in older adults, despite suggestions from various studies that the definition be
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revised. Higher Hb reference values to define anemia were suggested after the analyses of
American databases including the National Health and Nutrition Examination Survey III [4]
and the Scripps-Kaiser database [5]. The Cardiovascular Health Study [6] identified optimal
Hb levels of ≥13.7 g/dL for men and ≥12.6 g/dL for women, which were recorded to be
associated with improved survival. The population study by Culleton et al. [7] determined
that optimal Hb values of 13.0 to 15.0 g/dL for women and 14.0 to 17.0 g/dL for men
could help avoid hospitalization and reduce the risk of mortality in old age. Wouters et al.
recommended modifying Hb values to <13.0 g/dL for women over 60 years of age to align
with the definition used for men [8].

Age-related, chronic, low-grade inflammation is not only a consequence of increasing
chronological age, but also a marker of biological aging, multimorbidity, and mortality
risk [9]. Systemic inflammation can significantly exacerbate health status and lead to a
decline in overall well-being [10]. As the immune system ages, its ability to effectively re-
spond to and manage inflammation diminishes, which renders the elderly more susceptible
to a range of diseases such as anemia [11,12]. Therefore, the objective of this review was to
explore the pathophysiological causes of anemia in the elderly, particularly those associated
with inflammation, and to elucidate the underlying mechanisms and contributing factors
for anemia in this age group.

Prevalence of Anemia

The prevalence of anemia varies across age groups, genders, and races, and the condi-
tion is more common in older individuals, with higher rates observed in men compared to
women and in black individuals compared to white ones. However, it is noteworthy that
most individuals classified as anemic according to the WHO criteria demonstrated anemia
of a mild degree [3].

A systematic review of 34 studies showed that in people aged >65 years, the preva-
lence of anemia was recorded in 12% of community-dwelling persons, 40% of hospitalized
patients, and 47% of nursing home residents [13], with the overall mean prevalence of
17% [14]. The increased prevalence of anemia among nursing home residents was of-
ten attributed to poorer health status and the higher occurrence of comorbidities in the
elderly residents of these facilities compared to the community-dwelling age-matched
population [15]. Insights into the prevalence of anemia across different populations and its
findings, based on selected studies, are summarized in Table 1.

Table 1. Selected studies examining the prevalence of anemia across various populations and
its findings.

Study Name/Author Country Findings Reference

EMPIRE study Portugal

- higher prevalence of anemia in men
than women (22.2% vs. 19.9%,
respectively).

- anemia prevalence increased with age,
with the rates of 17.3% in the 65–79 age
group and 31.4% in those aged 80 years
and above.

[16]

Third US National Health and
Nutrition Examination Survey

(NHANES III)
USA

- a progressive increase in anemia
prevalence with increasing age in the
study participants aged ≥65 years,
where the prevalence of 13% and 23%
was recorded in subgroups aged 75–84
vs. ≥85, respectively.

- data demonstrated that anemia was
more prevalent in men than in women.

[1]
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Table 1. Cont.

Study Name/Author Country Findings Reference

Zaninetti et al. Italy

- anemia was prevalent in 62% of males
aged ≥65 years compared to 44.1%
prevalence in the group aged below
65 years.

- similar observations pertained to
female gender where the proportion of
women ≥65 years with anemia reached
60.1% vs. 53.5% recorded in females
below 65 years of age.

[17]

Muñoz et al. Spain

- prevalence of anemia varied depending
on the surgical intervention, ranging
from 14% in prostate surgery to 61% in
colorectal cancer cases.

[18]

The severity of anemia was found to be higher in skilled nursing facilities compared to
community-based settings, as revealed in a survey of five such facilities where a hemoglobin
level ≤ 10 g/dL was detected in 11.4% of the residents [19]. In hospitalized patients aged
≥65 years, the prevalence of anemia reached up to 48%, with 65% of patients exhibiting mild
(Hb > 10 g/dL) to moderate (Hb 8–10 g/dL) anemia [20]. Interestingly, it was observed that
the recognition and investigation of anemia were rarely undertaken [21]. These findings
highlight the increased severity of anemia in skilled nursing facilities and the need to raise
the awareness of the staff and the management of this condition in both health care settings.

It is evident that the analyzed issue differs depending on the geographical location
and the economic status of various countries.

The identification of the putative factors underlying anemia of inflammation in older
adults poses a considerable challenge as this age group is affected by a tremendous extent
of subclinical and clinical morbidities as well as an age-related increase in the levels of
proinflammatory cytokines. It is therefore hardly surprising that nearly a fifth of anemia
cases (19.7%) in older adults have been classified as anemia of inflammation, also known
as anemia of chronic disease [1]. However, distinguishing anemia of chronic inflammation
from iron deficiency anemia is particularly challenging in older adults due to the comorbid
effects of gastrointestinal bleeding and the effects of medications [22]. Serum ferritin levels
can still fall within the reference range when both types of anemia are present, which might
potentially have led to an overestimation of anemia of chronic inflammation prevalence
in the NHANES III study [1] at the expense of iron deficiency anemia. Furthermore, even
distinguishing anemia of chronic inflammation from anemia of chronic kidney disease is
somewhat tenuous, given the emerging evidence of increased inflammation associated
with renal function in older adults without chronic kidney disease [23,24].

2. Causes of Anemia in Older Adults

The processes responsible for the maintenance of homeostasis diminish with increasing
age, and one of these processes involves a decrease in hematopoietic potential. However,
there are no adequate hemoglobin reference values below which anemia can be diagnosed
in adults aged over 65 years, so the referential range for the general population is still
applied [25]. Figure 1 provides a visual representation of the main factors contributing to the
development of aging-related inflammation that can further contribute to the development
of anemia in the elderly.
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Figure 1. Causes of anemia in the elderly. The diagram shows the main causes of the devel-
opment of aging-related inflammation that can contribute to anemia in the elderly. Aging pro-
cesses such as genome instability, reactive oxygen species in the mitochondria, synthesis of pro-
inflammatory cytokines, negative environmental factors, and chronic diseases lead to inflammation.
Inadequate nutrition, eating disorders, and loss of appetite contribute to an increased risk of nutri-
tional deficiencies—iron, vitamin B12, folic acid, zinc, selenium, and copper. Their deficiency leads to
inflammation and modulation of the intestinal microbiota to its detriment, increasing the risk of intesti-
nal dysbiosis. The number of somatic mutations increasing with age can lead to clonal hematopoiesis.
This, in turn, increases the incidence of myeloid myeloproliferative neoplasms, myeloid-derived
suppressor cells causing inflammation. Clonal hematopoiesis shortens the lifespan and durability
of erythrocytes, increasing their risk of hemolysis, the process of eryptosis. Chronic inflammatory
processes further contribute to gastrointestinal inflammatory disease and blood loss; a decrease in
sensitivity to hypoxia and EPO, thereby causing a reduction in EPO synthesis; endocrine dysfunction
causing a decrease in sex hormones; and a decrease in muscle mass to sarcopenia, leading to the risk
of cachexia. Pharmacotherapy with drug–drug interactions can produce adverse effects potentially
contributing to anemia in older adults. Lately, anemia in the elderly has been reported to cause an
increase in hepcidin, a plasma ferritin causing pro-inflammatory iron overload. CCUS, clonal cytope-
nia of unknown significance; CHIP, clonal hematopoiesis of indeterminate potential; CKD, chronic
kidney disease; COPD, chronic obstructive pulmonary disease; EPO, erythropoietin; GI, gastrointesti-
nal; HF, heart failure; HT, hypertensive; ICUS, idiopathic cytopenia of undetermined significance;
IDUS, idiopathic dysplasia of undetermined significance; MASLD, metabolic dysfunction-associated
steatotic liver disease; MASH, metabolic dysfunction-associated steatohepatitis; ROS, reactive oxygen
species. Created with BioRender.com (accessed on 9 March 2024).
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Genomic instability is a fundamental cause of the progressive aging process [26]. The
factors favoring genome instability include environmental factors [27], the influence of
chemicals [28], oxidative stress [29], hypoxia progression with aging [30], and chronic
inflammation [31]. An increase in DNA instability results in elevated numbers of somatic
mutations in the resulting cells [32]. With age, somatic mutations also affect all cells
involved in hematopoiesis, resulting in clonal hematopoiesis [33]. The incidence of progres-
sive clonal hematopoiesis increases with age [34]. The number of clonal abnormalities is
correlated with the risk of developing myeloid and myeloproliferative neoplasms including
acute myeloid leukemia, myelodysplastic syndromes, myeloproliferative syndromes, and
mixed (myelodysplastic-myeloproliferative) syndromes. The list of the above-mentioned
diseases also includes anaplastic anemia.

Increased mitochondrial damage in stem cells [35] and impaired mitochondrial func-
tion observed in chronic diseases during hematopoiesis [36] are further elements of the
hypothesis concerning the etiology of anemia in old age. Accumulating damage to telom-
eres leads to aging of the mitochondria and the increased production of reactive oxygen
species (ROS), which results in generalized hypoxia as a consequence [37,38]. In the
longer term, a persistent increase in hypoxia activates systemic compensatory and adaptive
mechanisms [39].

3. Pathophysiology of Inflammation Causing Anemia in Older Adults

As individuals age, the phenomenon known as inflammaging becomes increasingly
prevalent. Inflammaging is characterized by chronic low-grade inflammation, and it
is considered a significant contributor to the aging process. The underlying mechanism
involves the release of a multitude of inflammatory mediators that are produced in response
to tissue damage and stress. The key players in chronic inflammation include a variety of
interleukins such as IL-1, IL-1b IL-2, IL-6, IL-8, IL-12, IL-13, IL-15, IL-18, IL-22, and IL-23.
The pro-inflammatory activity of these cytokines initiates and amplifies the inflammatory
response. Additionally, tumor necrosis factor α (TNFα) and interferon-γ (IFN-γ) are also
prominent pro-inflammatory cytokines. Variations in the genetic sequences within the
promoter regions of proinflammatory and controlled cytokine genes can influence the
processes of inflammaging and vulnerability to age-related diseases [40].

On the other hand, attempts are made by anti-inflammatory cytokines including
IL-1Ra, IL-4, IL-10, and transforming growth factor (TGF-β1) to counterbalance the pro-
inflammatory response. These cytokines, in turn, are engaged in the suppression of inflam-
mation and they promote a more balanced immune response. Along with the cytokines,
a range of other molecules contribute to the complex network of inflammaging. For
instance, lipoxin A4 plays the role of a lipid mediator with potent anti-inflammatory prop-
erties. Heat shock proteins are also involved in the regulation of inflammation, acting like
chaperones that help to protect cells from stress-induced damage [41–43]. According to
Minciullo et al. [43], inflammaging is a key to our understanding of the aging process, and
anti-inflammaging may be one of the secrets of longevity. Therefore, anemia caused by
inflammation is an important issue to be tackled more quickly and multidimensionally.

3.1. Iron Restriction (Hypoferremia)

During infection or inflammatory events, hypoferremia occurs quickly with a de-
crease in plasma iron level and transferrin saturation, which prevents the formation of
nontransferrin-bound iron, a powerful trigger for the pathogenicity of Gram-negative bacte-
ria and potentially also other microorganisms [44,45]. Iron consumption by erythropoiesis
and the turnover of senescent or damaged erythrocytes by macrophages are the primary
factors affected by various inflammatory processes. Therefore, maintaining strict control
over iron levels during inflammation is crucial for host defense.

Hepcidin, a 25-amino-acid peptide released by liver cells, circulates in the blood and
is expelled in the urine. Hepcidin serves as the primary governing factor for both iron
absorption and distribution across different tissues [46,47]. Elevated levels of circulating
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hepcidin, induced by IL-6, inhibit the release of cellular iron into plasma by binding to the
cellular iron efflux channel ferroportin [48]. Ferroportin occurs on the cells that serve as
specialized iron managers within the body, and these cells include duodenal enterocytes
that are responsible for the absorption of dietary iron, hepatic and splenic macrophages that
recycle senescent erythrocytes, hepatocytes that are engaged in iron storage, and placental
trophoblasts that facilitate iron transfer to the developing fetus during pregnancy [49].

Macrophages play a crucial role in recycling iron from aging red blood cells and once
recycled, the iron is released into the bloodstream through ferroportin. Inflammation
triggers an increase in hepcidin levels, thereby leading to enhanced internalization and
the breakdown of ferroportin [50]. As a result, the release of ferrous iron from key iron
transport tissues such as duodenal enterocytes, iron-recycling macrophages, and iron-
storing hepatocytes into the bloodstream is reduced. This leads to the accumulation of
iron within their cellular ferritin. Subsequently, the continuous utilization of iron by
erythropoiesis depletes the extracellular iron pool, which results in low levels of iron and
restricted erythropoiesis.

Anemia of inflammation is characterized by hypoferremia accompanied by increased
plasma ferritin and hepcidin levels, whereas iron-deficiency anemia manifests itself in
hypoferremia accompanied by low levels of plasma ferritin and hepcidin. Inflammatory
hypoferremia, similar to hypoferremia in systemic iron deficiency, inhibits erythropoiesis,
however, the inhibitory effect is detected at a relatively high threshold (transferrin sat-
uration of 15 to 20%), which may suggest a protective function of this mechanism to
ensure an adequate iron supply for other tissues such as muscles, the central nervous
system, and nonerythroid marrow, which are less affected by decreased plasma iron levels
(Figure 2) [51].

Figure 2. Inflammation impact on the regulation of systemic iron metabolism. Hepcidin plays
a crucial role in systemic iron level control via ferroportin concentration in iron-exporting cells
including duodenal enterocytes, hepatic and splenic iron-recycling macrophages and hepatocytes.
Created with BioRender.com (accessed on 9 March 2024).

Our previous study demonstrated higher hepcidin levels in the group with anemia
compared to non-anemic participants [52], which is consistent with other reports, for
instance, the Leiden 85-plus Study, which also revealed elevated serum hepcidin levels
in older adults with anemia of inflammation. However, the InCHIANTI study did not
find an increase in urinary hepcidin levels [48,53]. The available studies also reported
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differences in hepcidin levels across the compared genders. On average, approximately 50%
lower hepcidin levels were observed in premenopausal women than in the age-matched
male groups. However, post-menopause hepcidin levels tend to become comparable in
both gender groups, which was reported in the Val Borbera study [54] and the Nijmegen
Biomedical Studies [55].

The impact of hepcidin–ferroportin interaction in iron homeostasis is shown in Figure 2.

3.2. Erythropoiesis Suppression

Pro-inflammatory cytokines, especially interferons and TNFα, appear to inhibit the
proliferation and differentiation of erythroid progenitor cells, leading to ineffective erythro-
poiesis as a result [56].

Early inflammatory responses include leukocytosis and the increased production
of leukocytes in the marrow, which is manifested by an increased number of myeloid
precursors (>4:1 myeloid to erythroid precursors ratio). Inflammatory cytokines such
as TNF-α [57] and interferon-γ [58] activate the transcription factor PU.1 and trigger
bone marrow reprogramming, which promotes myelopoiesis and lymphopoiesis while
suppressing erythropoiesis. Inflammatory cytokines also inhibit the ability of BFU-E to
generate more differentiated erythroid cells [59,60].

Another bone marrow-reprogramming mechanism involves inflammation-induced
suppression of erythropoietin production, the primary hormone responsible for erythro-
poiesis. In patients with systemic inflammation, serum erythropoietin levels are lower
compared to the individuals with a similar degree of iron-deficiency anemia [61,62]. In-
flammation also impairs the responsiveness of erythroid precursors to erythropoietin,
as evidenced by increased exogenous erythropoietin requirements in end-stage kidney
disease patients with inflammation [63,64]. Resistance to erythropoietin is partly medi-
ated by a decrease in the number of erythropoietin receptors on erythroid progenitors,
whose proliferative capacity is therefore reduced, which is a recently discovered effect of
hypoferremia [65].

The Klotho enzyme, which is mainly expressed in humans in the kidney and brain by
the KL gene, especially its alpha-Klotho variant activated by fibroblast growth factor 23
(FGF23), has been indicated as another potential cause of inflammatory anemia in old
age [66,67]. Most of the early as well as current studies have focused on the role of alpha-
Klotho in chronic kidney disease (CKD) in elderly populations, and reported an age-related
Klotho reduction and association with increased likelihood of anemia [68]. Klotho is
involved in hematopoiesis regulation through its impact on the hypoxia-inducible factor
(HIF1α) pathway. Its deficiency interferes with hematopoietic stem cell development and
erythropoiesis [69]. Klotho has the ability to modulate inflammation and oxidative stress
through various mechanisms. As a suppressor gene of aging, Klotho protein expression,
among other things, reduces phosphorus, ROS, and slows age-related renal fibrosis [70,71].
Increased Klotho levels could also potentially contribute to inflammation and anemia
reduction in the elderly [70].

The production of erythropoietin, a major cytokine that affects the development of
red blood cells, is triggered by a mechanism that detects low oxygen levels in anemia
conditions. The relationship between the impaired response of hematopoietic stem cells to
EPO and the development of anemia was observed in elderly patients [72]. The Baltimore
Longitudinal Study on Aging [73] reported that EPO levels increased with age in healthy
individuals without anemia, particularly in those without diabetes or hypertension. Con-
versely, individuals with anemia demonstrated a lower rate of EPO increase, suggesting
that anemia is linked to a failure in the normal compensatory rise of EPO levels during
aging. Although low EPO levels have specifically been associated with unexplained anemia
in the elderly population, the exact cause of the inadequate EPO response is still unknown.
Therefore, further studies on larger samples of elderly patients are necessary to confirm
these findings [73]. A study by Chencheng et al. [68] suggested that low serum Klotho
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levels were associated with an increased likelihood of anemia in middle-aged and older
adults regardless of kidney disease.

Overall, the age-dependent impairment of EPO response suggests a progressive re-
sistance of hematopoietic stem cells to EPO as individuals age. The underlying reasons
are yet to be determined, however, they could be attributed to impairments in normal
EPO-dependent pathways caused by inflammatory cytokines, age-related comorbidities,
declines in renal function, or a combination of these factors [74].

3.3. Shorter Erythrocyte Lifespan

The available studies on anemia of inflammation have consistently reported a mod-
erate reduction (approximately 2–5%) in the lifespan of red blood cells with a decrease to
approximately 90 days. However, a shortened erythrocyte lifespan was also observed in
many cases of non-anemic inflammation, which indicates that anemia develops only when
the compensatory response of red blood cell production is impaired [75].

The shortened lifespan of erythrocytes during inflammation has been ascribed to
macrophage activation triggered by inflammatory cytokines, which results in prema-
ture phagocytosis and erythrocyte elimination. Macrocytic anemia and heightened ery-
throphagocytosis are prominent manifestations observed in macrophage activation syn-
dromes, particularly those associated with systemic juvenile rheumatoid arthritis [76].
Multiple cytokines including interferon-γ and IL-4 have been implicated in macrophage
activation for erythrophagocytosis in mouse models [57,77].

Except for rare cases of fulminant hemophagocytic states, erythrophagocytosis in
anemia of inflammation exhibits only a mild increase, and the increase could easily be
compensated if the production of erythrocytes is unimpaired [78,79].

Furthermore, the inflammatory cascade involves the generation of reactive oxygen
and nitrogen species, shaping the intricate interrelationship between inflammation and the
behavior of erythrocytes in the circulatory system. The oxidative stress within the vascular
bed exerts multifaceted effects on the structural integrity of red blood cells, characterized
by lipid peroxidation and the oxidation of membrane skeletal proteins. These biochemical
alterations do not only compromise the molecular architecture of red blood cell membranes,
but they also have profound implications for their functional properties [80–83].

The consequence of oxidative stress-induced modifications extends beyond mere
structural compromise, significantly impacting the physiological characteristics of red
blood cells. Notably, the reduction in osmotic resistance and deformability of red blood
cells has emerged as a pivotal outcome of oxidative stress in the vascular microenviron-
ment [84]. The compromised osmotic resistance renders erythrocytes more susceptible
to premature removal from circulation as their resilience to environmental challenges
diminishes [81,82,85,86].

The intricate relationship between oxidative stress and red blood cell dynamics un-
derscores the accelerated elimination of these cells from the circulatory system. This phe-
nomenon, although crucial in our understanding of broader implications of inflammation-
induced alterations, unfortunately remains unexplored in the current discourse. An in-
depth exploration of this aspect of oxidative stress is imperative for our thorough compre-
hension of the intricate mechanisms underpinning anemia in the context of inflammation.

Figure 3 provides a comprehensive overview of the interconnected processes con-
tributing to inflammation-induced anemia. The schematic representation serves as a visual
guide to illustrating the complex dynamics involving the key elements in the pathogenesis
of inflammation-associated anemia.
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Figure 3. Overview of the processes linked to inflammation-induced anemia: iron restriction (yellow
background), erythropoiesis suppression (blue background), and shortened erythrocyte lifespan (red
background). Created with BioRender.com (accessed on 9 March 2024).

4. Diseases Associated with Anemia in Older Adults

Anemia in older adults has a multifactorial cause. Consequently, there are no and
major and clear-cut contributors to anemia in the elderly. Overlapping diseases leading
to multimorbidity and an increased risk of frailty syndrome make the identification of
the causes of anemia even more challenging [87,88]. Nonetheless, the disease entities that
are associated with reduced synthesis, disruption of normal hematopoiesis to achieve the
desired volume and number of red blood cells and hemoglobin content, can be included in
the list of potential anemia-inducing conditions. This section discusses the most common
diseases associated with anemia in older adults. As depicted in Table 2, there are numerous
common diseases prevalent among the elderly that have the potential to lead to anemia.
Understanding these diseases is vital for health care professionals to accurately diagnose
and manage anemia in this population.

The commonly reported reasons include the increased risk of nutritional disorders due
to an excessive intake or negative balance in dietary supply of energy, nutrients, vitamins,
and the inability to replenish the effects of catabolic processes [89]. Cachexia, defined
as disease-related malnutrition (DRM) with inflammation in the ESPEN guidelines on
definitions and terminology of clinical nutrition [90], has been reported in relevant analyses.

The process of aging is associated with epigenetic changes that lead to somatic mu-
tations of cells beginning with pluripotent hematopoietic stem cells (PHSCs), which are
further growth pathways in hematopoiesis. These alterations result in shorter erythrocyte
lifespan and increased eryptosis rate. As a consequence, augmented oxidative stress in-
creases inflammation and the risk of age-related chronic diseases as well as hematopoietic
disorders [91,92]. The progressive deterioration of kidney and liver function in elderly
populations is a key element in the development of anemia and it involves: firstly, macro-
scopic changes, mainly a lower mass of the organs and, secondly, microscopic pathological
tissue and cells changes such as atherosclerosis of capillaries, atrophy, fibrosis, and collagen
deposition. Functional and structural changes in the aging organs increase the probability
of erythropoiesis suppression [93–95].
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Table 2. Examples of common diseases potentially leading to anemia in older adults.

Chronic inflammatory diseases

Pulmonary infectious
Infective endocarditis
Chronic urinary tract infection
Chronic liver diseases
Arthritis
Chronic fungal infections
COPD
Chronic kidney disease
Chronic heart failure
Atherosclerosis

Autoimmune disorders

Rheumatoid arthritis
Rheumatic fever
Vasculitis
Sarcoidosis

Hematological diseases ICUS, CCUS, IDUS, CHIP, MDS
Aplastic anemia

Cancer disease Hematological malignancy, lymphomas, solid tumors

Endocrinological and metabolic
diseases

Metabolic syndrome
Overweight
Sarcopenia
Cachexia
Malnutrition

Gastrointestinal diseases

Esophagitis, gastroenteritis, peptic ulcers, ulcerative
colitis—GI bleeding
Intestinal malabsorption syndrome (lactose, gluten
intolerance)
Celiac disease
Helicobacter pylori, Clostridioides difficile
Dysbiosis

Nutritional deficiency
B12, folic acid, vitamin D
Amino acids
Iron, zinc, selenium, copper,

Drug-induced anemia

Antibiotics, NSAIDs
Proton pump inhibitors (PPIs),
Chemotherapy
Radiotherapy
Polypharmacy

Abbreviations: CCUS, clonal cytopenia of unknown significance; CHIP, clonal hematopoiesis of indeterminate
potential; COPD, chronic obstructive pulmonary disease; GI, gastrointestinal; ICUS, idiopathic cytopenia of
undetermined significance; IDUS, idiopathic dysplasia of undetermined significance; MDS, myelodysplastic
syndromes; NSAIDs, non-steroidal anti-inflammatory drugs.

4.1. Hematopoietic Disorders

Hematopoiesis-regulating mechanisms that involve players such as cytokines, chemokines,
hormones, adhesion molecules, and transcription factors occur at each stage of the cell lines,
ranging from the process of renewal, through differentiation to maturation of blood cells.
However, the process of aging is linked to the impairment to the processes of self-renewal,
differentiation, proliferation, and maturation of cells involved in hematopoiesis.

Age-related progressive changes such as epigenetic alterations, genetic instability,
telomere shortening, and accumulation of p53 damage have all been reported to affect cellu-
lar aging [96,97]. Progressive somatic mutations cause an increase in clonal hematopoiesis
of indeterminate potential (CHIP) in an average of 25% of the human population aged
over 65 years, with a further increase observed with aging. The most common mutations
concern the following genes: DNMT3A, TET2, ASXL1, JAK2, SF3B1, and TP53 [33,98–100].
Clonal changes correlate with increased heterogeneity of the cell size indices such as the
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red cell distribution width (RDW) [100]. These findings have been supported by recent
genome-wide association studies. Furthermore, studies have also demonstrated correla-
tions with an increase in inflammatory markers such as CRP, IL-1b, and IL-18, but with a
decrease in hemoglobin [98,99,101]. These somatic mutations result in an increased risk of
chronic diseases typical of old age, myeloproliferative diseases, and mortality.

Changes associated with clonal hematopoiesis can also lead to aplastic anemias [102].
Along with changes in the cell population in the hematopoietic lineage, the bone marrow
undergoes conversion from hematopoietically active red marrow to hematopoietically
inactive yellow bone marrow [103]. A decrease in bone density and disturbances to
homeostasis in osteoblast–osteoclast communication are also correlated with an increased
risk of anemia in elderly people [104].

Consequently, the balance between new erythrocyte formation and their erythrophago-
cytosis and hemolysis is disrupted and can lead to a decrease in the number of erythrocytes
in the bloodstream. Since oxidative stress is known to affect erythrocyte lifespan, one of the
hypotheses for anemia involves the activity of reactive oxygen species on erythrocytes in
the course of chronic inflammation in a progressive process of aging.

In the 1980s, Tozzi-Ciancarelli and Fedele showed that the structural properties of
erythrocytes differed between older and young adults [105]. The age-related accumulation
of defective proteins has further consequences for hematopoiesis, ultimately creating
defects in the structure of reticulocytes and erythrocytes such as changes in the spectrin-
4.1-actin complex, cytoskeleton structure, glycocalyx, and band protein III, which causes
hemolysis [106–110].

4.2. Kidney Disease

Chronic kidney disease was defined by the KDIGO (Kidney Disease; Improving
Global Outcomes) 2012 Clinical Practice Guideline for the Evaluation and Management
of Chronic Kidney Disease as a progressive abnormality of kidney structure and function,
a condition leading to end-stage renal disease requiring renal replacement therapy [111].
Uremia progression is accompanied by an increase in chronic inflammation and oxida-
tive stress. The processes of hematopoiesis and eryptosis are therefore disrupted by the
accumulation of pro-inflammatory molecules such as CRP, NOS, ROS, IL-1, IL-6, TNF-α,
and other inflammatory mediators. Normal nephron functioning deteriorates with age,
as shown by a decrease in the glomerular filtration rate (GFR) in the aging population.
In a population study of 12,381 Germans, Waas and Schulz [112] recorded a decrease by
1 mL/min/m2 estimated GFR (eGFR) per year from the third decade of life. The increased
risk of developing progressive nephropathy includes age-related chronic diseases such
as hypertension, diabetes, and glomerulonephritis [113]. An epidemiological study by
Kovesda et al. [114] recorded 25.3% prevalence of anemia in people with stages 3–5 CKD
(eGFR < 60 mL/min/1.73 m2). With regard to age groups, anemia was more likely to
develop in patients aged ≥75 years, who also demonstrated a significant correlation with
lower mean hemoglobin concentrations. According to Stauffer et al. [115], anemia was twice
as prevalent in people with CKD as in the general population (15.4% vs. 7.6%, respectively).

The phenomena of polypharmacy and polypragmasy, which belong to the risk fac-
tors for kidney disease, are frequently recorded in the elderly [116]. Increased use of
drugs available without prescription, primarily, non-steroidal anti-inflammatory drugs
(NSAIDs), herbal remedies, and dietary supplements can lead to drug-induced nephrotoxi-
city [117] with potential consequences being acute kidney injury (AKI), possibly leading to
irreversible CKD [118].

Other risk factors of AKI and CKD progression include water–electrolyte disturbances.
Older adults belong to the age group at increased risk of disruption of physiological home-
ostasis such as thirst control disturbances and water–electrolyte imbalance. Dysfunction of
central nervous system mechanisms of thirst control results in reduced thirst in response to
current water–electrolyte needs [119,120]. These tendencies toward dehydration are the
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risk factors for hemodynamic weakness, which significantly contributes to the increased
risk of kidney damage [121,122].

Erythropoietin, the major regulator in erythropoiesis renewal, is prenatally synthe-
sized in the liver, but hepatic EPO production is switched to the kidneys and taken over
perinatally by peritubular interstitial fibroblasts (which belong to renal erythropoietin-
producing cells (REPCs)) [123]. In chronic kidney disease, the number of REPCs is reduced
due to their differentiation into myofibroblasts, which lose their ability to produce EPO.
Therefore, an insufficient number of hypoxia-inducible factor (HIF)-sensitive REPCs in
response to hypoxic stimuli causes an EPO decrease and erythropoiesis, leading to the
development of anemia [124].

Vlasschaert et al. [125] observed more rapid development of progressive chronic kid-
ney disease and greater severity of anemia in patients with previous CKD and current CHIP.

4.3. Hormonal Factors

Hormonal regulation is also affected by age-related changes, which pertains to both
genders: menopausal and postmenopausal changes in women and andropausal transition
in men have been widely investigated. In both genders, a reduction in circulating estrogen
and testosterone plasma levels have been recorded. An age-related decrease in muscle
mass due to lower testosterone levels also results in reduced sensitivity of erythropoietin
forming [126,127]. Significant correlations between sarcopenia and anemia were detected
in population-based studies [128–130]. A reduction in erythropoiesis may also result
from decreased thyroid hormonal activity, which slows down the anabolic hormone level.
Fatigue, weakness, and loss of appetite are among the significant effects of decreased
numbers of blood erythrocytes [131].

With aging, the endocrine abnormalities decrease the production of hormones and
consequently affect red blood cell homeostasis. A potential impact of anabolic hormones
(IGF-1, testosterone, TSH, T3, T4) on hepcidin regulation and the expression of progenitor
cells involved in hematopoiesis has been recorded [132] The late-onset hypogonadism
in andropausal elderly males and hypoestrogenism in postmenopausal elderly females
are the hormonal factors that potentially contribute to anemia development. Adequate
plasma testosterone levels modulate pro-inflammatory cytokines, mainly IL-6, which ensure
appropriate hepcidin levels and proper hematopoietic cell differentiation without clonal
cells. These are the elements that favorably affect the hemoglobin and hematocrit levels
in older men [133,134]. Reduced testosterone levels correlate with a negative response to
erythropoiesis-stimulating factors [135].

It should be noted, however, that in elderly patients with prostate cancer treated with
hormone replacement therapy (androgen deprivation), radiotherapy, and brachytherapy
procedures, their hemoglobin levels were observed to fall by an average of 1–2.5 g/dL,
which should not be directly linked to inflammatory processes and anemia [132,136].

Progenitor cells contain estrogen receptors (ER-α and ER-β) that are influenced by
estrogen during differentiation [137]. Zhou and Tseng [138] showed that estrogen reg-
ulated erythropoiesis by ROS and NOS modulation on the progenitor erythroid cells,
which affected proliferation and differentiation. The research conducted to date has also
confirmed the protective cardiovascular effects of estrogens in women as their NOS and
ROS-modulating activity produces anti-inflammatory effects [139]. Moreover, estrogen has
an erythropoiesis-stimulating effect on bone marrow stem cells, which has been proven to
support erythrocyte count and hemoglobin levels in pregnant women [140].

Estrogens participate in the estrogen–iron axis through their ability to inhibit hep-
cidin formation. A decrease in hepcidin results in an increase in iron storage, while an
inflammation-induced increase of hepcidin levels, among other factors, negatively affects
iron metabolism.
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4.4. Gastrointestinal Diseases

Gastrointestinal (GI) changes are common in the elderly, with some GI disorders
being more prevalent in this age group such as changes in the oral cavity, esophagitis,
gastroesophageal reflux disease (GERD), chronic atrophic gastritis, Clostridioides difficile
and Helicobacter pylori infection, peptic ulcer disease, celiac disease, small bowel bleeding,
angiodysplasias, small bowel ulcers, inflammatory bowel disease (IBD), small intestinal
bacterial overgrowth (SIBO), abdominal hernia, constipation, and diarrheal illnesses [141].

Decreased production of pepsin and hydrochloric acid limits the bioavailability of
dietary and supplementary vitamin B12 [141,142]. Examples of bioavailability limitations
include the use of acid suppressants to protect against medication side-effects (mainly
NSAIDs), the presence of gastritis and/or duodenal inflammation, and esophageal dis-
orders. Age-associated changes to intestinal epithelial cells and enterocyte function may
result in insufficient nutrient absorption [143]. These limitations are also related to the
higher prevalence of celiac disease in the elderly, reaching from 4 to about 25 percent [144].
In fact, this difference may be due to delayed diagnosis for celiac disease, mainly because of
the atypical clinical manifestations of this enteropathy [141,143,145]. A higher incidence of
hernias, adhesions, diverticulosis, and risk of obstruction may also contribute to bacterial
overgrowth (SIBO) and chronic intestinal inflammation. Diverticular disease is rare in the
general population, but it was found to affect 65% of people aged ≥65 years [141,146,147].

Abnormal hematological indicators such as inflammation-related normocytic anemia
occur in approximately half of patients with hepatic cirrhosis [148]. Hepcidin plays a major
role in hepatic disorders due to iron restriction. On the other hand, information regarding
patients with cirrhosis is limited, and there is debate about the plasma erythropoietin
(EPO) levels in these individuals. It is plausible that EPO elevation could be a result of
renal hypoperfusion, hypoxia, anemia, or a hepato-protective and regenerative mechanism
mediated by EPO. In contrast, inadequate EPO response in advanced cirrhosis might be
attributed to poor hepatic synthesis capacity, decreasing co-factor levels, and inflammatory
feedback mechanisms. Ultimately, the source of a potential increase in EPO production
during certain stages of cirrhosis—whether from the kidney or liver—remains a lingering
question [149].

While some changes associated with an aging GI system are physiologic, others are
pathological and particularly more prevalent among those above 65 years of age [141].
Such GI diseases increase the risk of gastrointestinal bleeding.

Diseases of the gastrointestinal tract in old age are among the main causes of anemia
due to the reduced absorption of micro- and macronutrients necessary for cell synthesis
in erythropoiesis up to the erythrocytes themselves. It is challenging to unequivocally
demonstrate anemia in the elderly as a result of chronic inflammation due to the over-
lapping causes of anemia such as disorders, impaired iron absorption, and the intake of
other micronutrients.

4.5. Intestinal Dysbiosis

Our microbiota is subject to constant variation over our life course. The risk of intesti-
nal dysbiosis (i.e., a significant reduction in beneficial microorganisms and an increase in
opportunistic or pathobiont microbes in the gastrointestinal tract) is on the increase in old
age depending on our health status, lifestyle, previous illnesses, and general inflamma-
tion [150,151]. Intestinal epithelial barrier dysfunction and increased permeability with
aging, previously confirmed only in patients with inflammatory bowel diseases, have raised
particular concerns. This is especially relevant for individuals with inflammatory bowel
disease, nutritional deficiencies, overweight, metabolic syndrome, or those undergoing
antibiotic therapy [152].

Josefsdottir et al. [153] demonstrated that the gut microbiota supports adequate
hematopoiesis. Previous hypotheses suggested a signaling model involving the gut micro-
biome and the bone marrow.
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The gut microbiome–macrophage–iron axis recently discovered by Zhang and Gao [154]
shows that microbiota-derived metabolites increase iron availability in a manner dependent
on bone marrow macrophage erythrophagocytosis, which affects hematopoietic differen-
tiation and blood regeneration. These include STAT1 signaling, type I IFN signaling in
hematopoietic cells [155]. The presence of a favorable gut microbiota population ensur-
ing adequate synthesis of short-chain fatty acids (SCFAs) such as acetate, butyrate, and
propionate may contribute to erythrophagocytosis and favorable hematopoietic regener-
ation [156–158]. Soriano-Lerma and García-Burgos [159] reported a potential mediatory
function of SCFAs in iron absorption, and possibly in anemia status modulation. A gradual
increase in unfavorable intestinal microbiota contributes to an increased risk of intestinal
absorption disorders in the elderly [143,160].

4.6. Autoimmune Diseases

The risk of chronic inflammation including autoimmunization increases with age.
Paradoxically, an increase in the incidence of new autoimmune pathologies in all autoim-
mune diseases has not been recorded in older adults [161]. A recent population-based
study by Conrad et al. [162] confirmed that they occurred almost twice as often in women
as in men, and the mean age of diagnosis was 54 years. Only in entities such as Graves’
disease, pernicious anemia, and rheumatoid arthritis (RA) did the risk increase with age.
For the other diseases (coeliac disease, inflammatory bowel disease and vasculitis), the
incidence reached three different peaks: in childhood, early adulthood, and old age.

Even if we assume that the components of immunescence such as chronic inflamma-
tion, increased production of autoantibodies, and a decline in the immune response are
most likely to be chronic autoimmunity rather than autoimmune diseases, they are still
potential contributors to anemia in the elderly [163,164]. Some scientific reports support the
link between anemia and autoimmune diseases, however, other causes of anemia should
be considered such as anti-inflammatory drugs, glucocorticosteroids, biologic drugs that re-
duce iron-bioavailability and other essential micro- and macro-nutrients for erythropoiesis,
or increased macrophage release [165]. This hypothesis may be supported by the decrease
in Hb levels in RA, and the degree of clinical exacerbation of rheumatic disease. However,
more research is needed into the relationships between anemia and autoimmunity and au-
toimmune diseases in older adults, taking into account confounding factors such as the use
of medications that increase the risk of gastrointestinal diseases and limit bioavailability as
well as other chronic diseases (e.g., CKD, hematological diseases, malnutrition, or hepatic
diseases) [165–169].

Numerous research papers have reported that erythropoiesis-enhancing treatment re-
duced the severity of autoimmune diseases [170–174]. However, the conclusions should be
treated with caution, as in some autoimmune diseases, EPO may produce pro-inflammatory
or anti-inflammatory effects [175].

It is possible that the response of B and T lymphocytes in the autoimmunity process is
potentially related to the increased risk of stress erythropoiesis, which does not allow older
people to keep pace with the demand for erythrocytes [176,177].

5. Summary

Extensive studies on anemia in older adults have revealed significant outcomes includ-
ing increased mortality, hospitalization rates, frailty, falls, mobility limitations, cognitive
decline, dementia, functional dependence, and reduced quality of life. These findings
are consistent across major cohort studies that excluded individuals with other condi-
tions [6,178–181]. The multifactorial and highly prevalent nature of anemia in older adults
is directly correlated with age. While the degree of anemia is mostly mild in the ambulatory
setting, institutionalized patients exhibit higher rates of anemia of increased severity.

Aging-related changes are evident in the frequent occurrence of both anemia and
indicators of inflammation in the elderly. It is crucial to recognize the interconnectedness
of anemia and inflammaging, as they are, to some extent, manifestations of the same

298



J. Clin. Med. 2024, 13, 2049

biological processes such as elevated levels of various proinflammatory mediators. Both
conditions, anemia and inflammation, contribute to a heightened mortality risk, with the
underlying causes of decreased survival likely stemming from a variety of factors. To
enhance the clinical management of individual patients, a deeper understanding of the
molecular mechanisms driving anemia and inflammation is essential. Our perspective
emphasizes the need for personalized care based on the comprehensive clinical context
when dealing with elderly patients.

A critical facet involves recalibrating reference values for older adults for key hema-
tological parameters such as hemoglobin and hematocrit to align with the unique phys-
iological changes associated with aging. This should make the diagnostic process more
accurate and reflective of the health status of older individuals. Moreover, a diagnostic
panel should be devised to encompass a spectrum of markers essential for comprehensive
anemia assessment in older age. In addition to conventional indicators, special attention
should be directed to hepcidin and inflammatory biomarkers such as CRP and cytokines
such as IL-1β and TNF-α [52]. These indicators provide a more nuanced insight into the
underlying causes of anemia, enabling tailored interventions that could address specific
clinical conditions common in the elderly population.

Stratifying the elderly population into distinct age groups is another crucial modifica-
tion proposal in the diagnostic approach. While anemia can affect individuals at various life
stages, placing emphasis on those aged 65 and above recognizes the increased susceptibility
to anemia-related issues in this demographic. Moreover, pinpointing high-risk groups such
as individuals with specific chronic diseases ensures targeted and more frequent screenings
for those who need it the most. Notably, persons aged 80 and above as well as institutional-
ized patients require even more vigilant monitoring, considering their advanced age and
higher vulnerability to potential anemia-associated complications.

Moving beyond diagnostic measures, the multifaceted nature of combating anemia in
the elderly necessitates the consideration of both non-pharmacological and pharmacological
interventions. Non-pharmacological strategies, particularly dietary adjustments, have
emerged as a cornerstone in anemia management.

However, when pharmacological interventions are warranted, a judicious approach is
essential. Considering the likelihood of elderly individuals already being on a myriad of
medications, potential interactions must be carefully evaluated.

In essence, addressing anemia in the elderly requires a meticulous balance between
comprehensive diagnostic measures and tailored interventions. By embracing these mod-
ifications in diagnostic testing and intervention strategies, health care professionals can
navigate the complexities of anemia management in older individuals with greater preci-
sion and efficacy.

We ought to incorporate every accessible data found in the Clinical Practice Guide-
lines, which shall support the comprehensive management of these patients through a
multidisciplinary and multimodal approach.

This review provides valuable insights that can guide future endeavors in refining
the approach to anemia in the elderly, ultimately contributing to improved health care
outcomes for this demographic population.
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Abstract: Objectives: The objective of the study was to carry out an analysis of the methodological
quality of clinical trials (effects of exercise on frailty in older people) based on ACSM recommen-
dations. Methods: The search scope included PubMed, Embase, Web of Science, Cochrane, and
literature that cannot be retrieved from the database. The topic was the impact of exercise on frailty
in elderly people. Changes in five outcome measures (FP, BI, SPPB, GS, and BMI) were assessed
using mean differences (MD) and 95% confidence intervals (95% CI). A random effects model (RE)
was used to conduct a meta-analysis and compare the results between subgroups. Results: The
intervention effects of exercise on the five outcome indicators of frailty in elderly people were all
significant (p < 0.05). The effect of a high-consistency subgroup on outcome indicators FP and GS
was more significant than that of the low- or uncertain-consistency subgroup (MD: −1.09 < −0.11,
MD: 2.39 >1.1). There was no significant difference in the intervention effect as reflected in the
outcome measures SPPB and BMI in the high-consistency subgroup (p = 0.07, p = 0.34). There was no
significant difference in the impact of the intervention on the outcome measure BI between the two
subgroups (p = 0.06, p = 0.14). Conclusions: Exercise prescriptions with high consistency with ACSM
recommendations may be more effective in both FP and GS interventions than those with uncertain
or low consistency. However, it is essential to note that the data derived from the meta-analysis is
still subject to the small number of studies, the unknown degree of consistency of participants in
individual studies, and the different mix of cases in the studies.

Keywords: frailty; elderly; ACSM recommendations; exercise intervention; exercise dose

1. Introduction

The clinical syndrome that meets three or more of the following criteria is referred
to as frailty: unexpected weight loss (10 pounds in the last year), poor physical activity,
self-reported tiredness, grip strength weakening, and sluggish walking [1]. The clinical
condition known as frailty is defined by an individual’s extreme susceptibility to both
internal and external stimuli [2]. The world’s aging population is one of the demographic
groups seeing the most drastic changes. Current estimates indicate that between 2015 and
2030, there will be 1.4 billion persons worldwide who are 60 years of age or older, up from
901 million in 2015. By 2050, that number is expected to approach 2.1 billion [3]. Frailty in
elderly people is a multi-dimensional syndrome that involves the interaction of biological,
psychological, and social factors. It is associated with a higher risk of adverse outcomes,
such as a decline in functional ability, falls, delirium, institutionalization, hospitalization,
and death [4,5]. Exercises, dietary intervention, multi-component treatments, and indi-
vidually customized geriatric care models are the four main kinds of interventions that
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have been tried to enhance the health outcomes of weak patients or, more recently, to battle
frailty [6]. Many macronutrients and micronutrients have been shown to either directly
cause or interact with frailty, indicating that diet plays a crucial role in both avoiding
and exacerbating frailty syndrome [7]. However, more longitudinal studies on this topic
are required to further understand the potential role of nutrition in preventing, postpon-
ing, or reversing frailty syndrome [8]. In elderly patients, frailty and polypharmacy are
prevalent and well-researched conditions, but little is known about how they could affect
one another [9]. Reducing polypharmacy could be a cautious strategy to prevent and
manage frailty. Further research is needed to confirm the possible benefits of reducing
polypharmacy in frailty development, reversion, or delay [10]. Low-level care could be
promoted as a primary intervention [11]. Exercise reduces age-related oxidative damage
and chronic inflammation, increases autophagy, and improves mitochondrial function, the
myokine profile, the insulin-like growth factor-1 (IGF-1) signaling pathway, and insulin
sensitivity [12]. Consequently, physical activity and exercise are regarded as one of the
primary methods for preventing the physical deterioration associated with frailty in elderly
people.

Lifestyle behaviors like physical activity can help manage frailty levels [13]. Frailty
is not a reason to avoid physical activity; in fact, it can be one of the most significant
reasons to recommend it [14]. Although the optimal level of exercise intervention intensity
(duration and frequency) is yet unknown, consistency is consistently high across different
programs [4]. Physical performance tests have been used as alternative measures of frailty
since they are associated with, or predictive of, frailty [15–17]. Although the Short Physical
Performance Battery (SPPB) was originally designed to assess lower limb function, it has
also been used to gauge physical frailty in earlier research [18,19]. Grip strength is a viable
test to administer in a clinical context and has been utilized as a single item measure
for frailty in several investigations [16,20]. One of the most used frailty assessments, the
Fried Frailty Phenotype (FP), operationalizes frailty as a biological phenotype into five
quantifiable criteria [1]. The Barthel Index is a valid measure of disability [21]. These are
important predictors of health outcomes and are therefore useful outcome measures to
assess the effectiveness of exercise. A person’s height and weight are used to calculate
their body mass index (BMI), which enables them to be categorized as overweight or
obese [22]. Body fat contributes to the association between BMI and frailty, and a larger
proportion of body fat is linked to frailty [23]. All of the indicators mentioned above can be
affected by exercise. For older persons who are at risk of frailty, exercise is the medication
that may reverse or alleviate frailty, maintain quality of life, and restore independent
functioning [24].The best approach for enhancing gait, balance, and strength in older adults
while also lowering their fall risk and preserving their functional ability as they age appears
to be a multi-component exercise intervention program that includes strength, endurance,
and balance training [25]. Nonetheless, some academics have suggested that in order to
choose the most beneficial exercise regimen, additional research on this subject that also
includes fragile populations is required [26].

The American College of Sports Medicine (ACSM) has created exercise regimens that
are advised for older folks. These regimens include specific recommendations for the
dosage of cardiorespiratory exercise, resistance training, and balancing exercise for frail
people [27,28]. However, it is currently unclear whether exercise interventions based on
the ACSM recommendations will significantly impact frailty in elderly people more than
exercise interventions with low or uncertain consistency. This systematic review aims
to analyze the methodological quality of clinical randomized controlled trials (effects of
exercise on frailty in older adults) based on ACSM recommendations.

2. Materials and Methods

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement have been followed in reporting the systematic review and meta-analyses, and
will be registered in PROSPERO (CRD42024517899).
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2.1. Search Strategy

Our search strategy was based on the PICOS principle. We searched the PubMed,
Embase, Web of Science, and Cochrane databases from their inception to 20 January 2024.
It was last searched on 25 January 2024. It focused on disease type, study population,
intervention, and research methodology. The search terms included the following: (“Asthe-
nia” or “Frailty” or “Fatigue” or “Neurasthenia” or “Muscle Weakness” or “Frailties” or
“Frailness” or “Frailty Syndrome” or “Debility” or “Debilities”) AND (“Exercise” or “walk-
ing” or “Nordic Walking” or “Exercises” or “Physical Activity” or “Activities, Physical” or
“Activity, Physical” or “Physical Activities” or “Exercise, Physical” or “Exercises, Physical”
or “Physical Exercise” or “Physical Exercises” or “Exercise, Aerobic” or “Aerobic Exercise”
or “Aerobic Exercises” or “Exercises, Aerobic” or “Exercise Training” or “Exercise Train-
ings” or “Training, Exercise” or “Trainings, Exercise” or “Training, Resistance” or “Strength
Training” or “Training, Strength” or “Balance” or “Ambulation” or “Stair Climbing” or
“Walking, Nordic” or “Pole Walking” or “Walking, Pole”) AND (“Randomized controlled
trial” or “controlled clinical trial” or “randomized” or “placebo” or “randomly”) AND
(“aged” or “elderly”). The detailed search strategy is shown in Supplementary Materials.
We manually searched for the literature that could not be retrieved from the database.
When necessary, we contacted the authors by email for further information.

2.2. Criteria for Selection of Studies

First of all, we need to state that there are no restrictions on the publication time and
language of the included articles. The study inclusion criteria were as follows: (a) published
studies using randomized controls (RCTs); (b) the participants consisted of older adults
who had previously received a diagnosis of pre-frailty or frailty, as well as those exhibiting
suspected symptoms of frailty (either during hospitalization or shortly after discharge).
Different clinical trials have used different criteria to identify frailty in patients. Some trials
have used a Barthel Index score of 50 or higher and the MEC-35, which is a modified and
validated version of the mini-mental state test in Spanish. Other trials have used a walking
pace test and a chair standing test to identify frailness. Some trials have even used patients’
self-reports and the number of falls they have experienced as criteria for determining frailty.
These methods are able to derive participants in a state that approximates, but is not exactly
equivalent to, pre-frailty or frailty; (c) any kind of exercise program, such as resistance,
flexibility, or aerobic training, might be used as an intervention; (d) the control group only
received routine care that did not include exercise or carried out daily life; (e) outcome
measures included at least one of five outcomes related to frailty in elderly people: grip
strength, BI, SPPB, the Fried scale, and BMI.

The research exclusion criteria included the following: (a) reports, meeting minutes,
comments, etc., were not considered; (b) in the intervention group, interventions that
combined exercise, nutrition, drug treatment, etc.; (c) in the control group, in addition to
routine care and daily life, all interventions; (d) redundant experimental data that appeared
in many papers related to the same research were excluded.

The titles and abstracts of the literature that satisfied the inclusion requirements were
separately examined by two writers (N.P. and J.T.). The whole text of the paper was
retrieved if one of the writers determined that a research paper satisfied the criteria. Subse-
quently, two writers separately evaluated whether the whole text satisfied the requirements.
In the event that an agreement could not be reached, debate led to the decision being taken
by the fourth author (D.L.). Subjects were defined as older individuals without regard to
language, body mass index, gender, or publication date constraints.

2.3. Data Synthesis and Analyses

Two authors (N.P. and J.T.) independently extracted data for the included studies.
Grip strength and Fried scale were the primary outcomes; SPPB, BI, and BMI were the
secondary outcomes. An Excel spreadsheet was designed in advance to extract the rele-
vant data, including publication characteristics (author name, country, publication year),
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methodological characteristics (interventions, sample size), participant characteristics (age,
gender), campaign characteristics (intervention period, intervention frequency, duration),
risk assessment, and outcome characteristics.

When extracting the result data, Engauge Digitizer 4.1 software was used to extract
the research data presented in the form of pictures. We extracted data only immediately
after the intervention for studies with multiple follow-up assessments.

After the data extraction, the exercise intervention was evaluated for dose and con-
sistency. The exercise intervention doses in this study were assessed against ACSM rec-
ommendations for developing and maintaining cardiorespiratory, muscle, skeletal, and
neurological function in healthy adults [29]. According to ACSM recommendations, two
authors (NP and JT) independently evaluated each study’s exercise intervention based on
different criteria defined for exercise dose (frequency, intensity, duration, etc.) to assess
consistency to exercise dose (Table 1).

Table 1. The ACSM guidelines for muscular strength, flexibility, and cardiorespiratory fitness in
individuals who seem to be in good health.

Exercise Dose
Cardiorespiratory

Exercise
Resistance Exercise Flexibility Exercise

Frequency 4–5 days/week

On non-consecutive days,
1–2 days each week,

progressively rising to
2–3 days per week.

5–7 days/week

Intensity/
workload

Moderate intensity,
40–59%VO2R/HRR,
CR-10 scale rating of

3–4

The last two sets should be
difficult; adjust the resistance

accordingly. If it’s
manageable, high-intensity

exercise may be done.

Stretch until you feel
your muscles being

pulled tight or a slight
discomfort.

Duration

Gradually increase
from 20 min to at

least 30 min (up to
45–60 min)

After approximately two
weeks, work your way up to

two sets of eight to twelve
repetitions. Don’t exceed
8–10 exercises in a single

session.

Repeated 2–4 times,
static stretching is

sustained for 10–30 s.

HRR: heart rate reserve. VO2R: oxygen uptake reserve.

The scoring criteria for each indicator in this meta-analysis was 0 points for not com-
pletely meeting the standards; 1 point for not being sure whether it meets or may meet
the standards; 2 points for completely meeting the standards. If two authors had different
opinions during the review process, a third author was invited to discuss this until a con-
sensus was reached. This scoring rubric was used to calculate the proportion of each metric
that meets the ACSM recommended exercise measures. When the proportion was ≥70%,
this meant a high-consistency relationship with ACSM recommendations; when <70%, this
meant a low- or uncertain-consistency relationship with ACSM recommendations.

2.4. Biased Risk Assessment

Two pairs of authors completed quality assessments (NP and JT and ZO, DL, and
SG). The evaluation tool used was the Cochrane risk of bias tool (Rob). The evaluation
reference standard was Cochrane Collaboration’s tool for assessing the risk of bias [30].
This study’s investigations were all randomized controlled trials. Evaluation indicators
include incomplete outcome data (attrition bias), biased reporting (reporting bias), blinding
of personnel and participants (performance bias), allocation concealment (selection bias),
random sequence generation (selection bias), and other bias [30]. Three categories were
used to categorize bias risk: “low risk,” “unclear risk”, and “high risk”.
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2.5. Statistical Analyses

This meta-analysis used REVIEW MANAGER 5.4.1 to perform statistics and analysis
on the data, divided into two groups: high consistency with ACSM guidelines and low or
uncertain consistency with ACSM guidelines. In the heterogeneity test within the subgroup,
if I2 > 50%, the random effects model was used, and if I2 < 50%, the random effects model or
the fixed effect model was used [31]. When the included literature used scales to evaluate
outcome indicators, if the scales used were different, standard mean difference for analysis
was used; if the scales used were the same, mean difference for analysis was used.

3. Results

3.1. Study Selection

The retrieved literature included PubMed (2027), Embase (45), Web of Science (3712),
and Cochrane (8401), totaling 14,185 articles. A total of seven articles were found through
other search methods. After removing duplicates (2027), 12,165 articles remained. After a
preliminary review of titles and abstracts, 743 articles remained; after a final evaluation of
whole texts, 20 remained [32–51] (Figure 1).

 

Figure 1. PRISMA study flow diagram.

3.2. Study Characteristics

In total, 2016 persons over 60 were enrolled in the 20 investigations (1004 in the
intervention group and 1012 in the control group). The studies that were considered
include the following outcome indicators: “BMI,” “grip strength,” “SPPB,” “Fried,” and
“BI.” There are thirteen articles on “grip strength” result indicators, six on “Fried” outcome
indicators, eight on “BI” outcome indicators, eleven on “SPPB” outcome indicators, and
three on “BMI” outcome indicators [32–51]. The included articles are from France, Turkey,
Spain, Denmark, Japan, Taiwan, Singapore, Ireland, Canada, Thailand, and China (Table 2).
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The intervention periods in the included literature ranged from 8 to 32 weeks, ranging
from 1 to 7 days per week, and the duration of a single intervention ranged from 5 to 90 min.
Interventions included regular exercise training, individualized physical activity programs,
multi-component physical exercise, dance, and Tai Chi. The intervention measures in the
control group were daily life without participating in any physical exercise (Table 2).

Among the included literature, 14 studies were about cardiopulmonary exercise,
18 were about resistance exercise, and 11 were about flexibility exercise. Among them, a total
of 10 articles have high consistency to ACSM recommendations (consistency ≥70%), and
the remaining ten articles have low or uncertain consistency (consistency <70%) (Table 3).

3.3. Risk of Bias

Low risk of bias >50%, include three indicators: bias in reporting (selective reporting),
bias in random sequence generation (selection bias), and additional biases. Three signs
indicate an unclear risk of bias ≥50%: allocation concealment (selection bias), staff and
participant blinding (performance bias), and outcome assessment blinding (detection bias).
Incomplete outcome data (attrition bias) present an unclear risk of bias and a high risk of
bias ≥75%, as well as a high risk of bias ≈25% (Figure 2).

 

Figure 2. The risk of bias graph displays the percentages representing the review authors’ assessments
of each risk of bias item for all the included research.

All 20 included articles were randomized controlled trials. Ten articles did not report
their allocation methods. Only 13 articles used one blinding method because exercise
intervention is difficult to implement under double-masked conditions. None of the
20 articles reported whether blinding was used when processing the results. Experimental
samples were lost in 16 articles (12 articles lost samples <10 people, and 4 articles lost
samples >10 people). Six articles have the possibility of selective reporting. It was unclear
whether there were other risks of bias in seven articles (Figure 3).
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Figure 3. Review the authors’ assessments of each risk of bias item for every research article that is
included in the risk of bias summary [32–51]. Red: there is a risk. Yellow: it is uncertain whether the
risk exists. Green: there is no risk.

3.4. The Impact of Consistency with ACSM Recommendations on the Fried Frailty Phenotype

Outcome indicator 1 (Fried Frailty Phenotype) contains a total of six articles, with
300 people in the intervention group and 306 people in the control group; there was high
consistency with ACSM guidelines in five articles, and low or uncertain consistency with
ACSM guidelines in one article. After the heterogeneity test (I2 = 97%), the random effects
model was used for statistical analysis. All articles used the same scale for this outcome
indicator, so mean difference (MD) was used for statistics and analysis.

Data analysis showed that the overall impact of exercise on the Fried Frailty Phenotype
(FP) was −0.93 (95% CI: −1.75, −0.1), which was significantly different (p = 0.03). This
shows that exercise has a significant intervention effect on FP.

The results of the subgroup analysis showed that in the high-consistency group, the
MD was −1.09 (95% CI: −2.01, −0.16) and I2 = 98%, which was significantly different
(p = 0.02). This indicates that exercise prescription with high consistency to ACSM guide-
lines significantly affects the FP intervention.

The results of the subgroup analysis showed that in the low- or uncertain-consistency
group, the MD was −0.11 (95% CI: −0.53, 0.31), which was not significantly different
(p = 0.61). It is unclear whether exercise prescription with low or uncertain consistency to
ACSM guidelines significantly influences FP.

In summary, exercise has a significant intervention effect on FP indicators; the MD was
−0.93 (95% CI: −1.75, −0.1) and (p = 0.03). Exercise prescription with high consistency to
ACSM guidelines has a more significant impact on FP than exercise prescription with low
or uncertain consistency to ACSM guidelines (−1.09 < −0.11), and the intervention effect is
better. Because the FP score is more significant, it indicates a higher degree of frailty [1]
(Figure 4). However, the higher heterogeneity in the high-consistency subgroup may be
due to the intervention period, intervention measures, and study sample characteristics
(Table 2).
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Figure 4. Forest plot for meta-analysis of the impact of exercise on FP indicators in frail elderly
people [36,40,47–50]

Subsequently, we conducted publication bias testing through REVIEW MANAGER
5.4.1. We observed the funnel plot and found that both sides were approximately symmet-
rical, indicating no obvious publication bias (Figure 5).

 

Figure 5. Funnel plot for FP indicator.

3.5. The Impact of Consistency with ACSM Recommendations on the Barthel Index

Outcome indicator 2 (Barthel Index) contains a total of eight articles, with 438 people in
the intervention group and 432 people in the control group; there was high consistency with
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ACSM guidelines (four articles), and low or uncertain consistency with ACSM guidelines
(four articles). After the heterogeneity test (I2 = 94%), the random effects model was used
for statistical analysis. All articles used the same scale for this outcome indicator, so mean
difference (MD) was used for statistics and analysis.

Data analysis showed that the overall impact of exercise on the Barthel Index (BI)
was 5.79 (95% CI: 1.11, 10.46), which was significantly different (p = 0.02). This shows that
exercise has a significant intervention effect on BI.

The results of the subgroup analysis showed that in the high-consistency group, the
MD was 5.72 (95% CI: −0.16, 11.6) and I2 = 87%, which was not significantly different
(p = 0.06). This indicates that it is unclear whether exercise prescription with high consis-
tency to ACSM guidelines has a significant intervention effect on BI.

The results of the subgroup analysis showed that in the low- or uncertain-consistency
group, the MD was 5.85 (95% CI: −1.95, 13.65), which was not significantly different
(p = 0.14). It is unclear whether exercise prescription with low or uncertain consistency to
ACSM guidelines has a significant intervention effect on BI.

In summary, exercise has a significant intervention effect on BI indicators; the MD was
5.79 (95% CI: 1.11, 10.46) and (p = 0.02). However, it is unclear whether exercise prescriptions
with high consistency to ACSM guidelines or with low or uncertain consistency to ACSM
guidelines have a significant intervention effect on BI indicators (Figure 6). The higher
heterogeneity in the two subgroups may be due to the intervention period, intervention
measures, and study sample characteristics (Table 2). It should be noted here that the higher
the BI score, the stronger the independence and the lower the dependence.

 

Figure 6. Forest plot for meta-analysis of the impact of exercise on BI indicators in frail elderly
people [33,34,37,38,42,43,46,48].

Subsequently, we conducted publication bias testing through REVIEW MANAGER
5.4.1. We observed the funnel plot and found that both sides were approximately symmet-
rical, indicating no obvious publication bias (Figure 7).
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Figure 7. Funnel plot for BI indicator.

3.6. The Impact of Consistency with ACSM Recommendations on the Short Physical Performance
Battery

Outcome indicator 3 (Short Physical Performance Battery) contains a total of 10 articles,
with 585 people in the intervention group and 596 people in the control group; there was
high consistency with ACSM guidelines in 4 articles, and low or uncertain consistency with
ACSM guidelines in 6 articles. After the heterogeneity test (I2 = 93%), the random effects
model was used for statistical analysis. All articles used the same scale for this outcome
indicator, so mean difference (MD) was used for statistics and analysis.

Data analysis showed that the overall impact of exercise on Short Physical Performance
Battery (SPPB) was 1.03 (95% CI: 0.28, 1.78), which was significantly different (p = 0.007).
This shows that exercise has a significant intervention effect on SPPB.

The results of the subgroup analysis showed that in the high-consistency group, the
MD was 1.42 (95% CI: −0.12, 2.96) and I2 = 95%, which was not significantly different
(p = 0.07). This indicates that it is unclear whether exercise prescription with high consis-
tency to ACSM guidelines has a significant intervention effect on SPPB.

The subgroup analysis findings revealed that the MD was 0.73 (95% CI: 0.01, 1.46) in
the low- or unclear-consistency group, which was different (p = 0.05). This suggests that
the SPPB intervention is impacted by exercise prescription that is inconsistent or poor in
relation to ACSM standards.

In summary, exercise has a significant intervention effect on SPPB indicators, with
an MD of 1.03 (95% CI: 0.28, 1.78) and (p = 0.007). Exercise prescriptions with low or
uncertain ACSM guideline consistency had a more statistically significant impact on
SPPB than those with high ACSM guideline consistency (p = 0.05 > p = 0.07). However,
looking only at the mean of the intervention effect, the former is smaller than the latter
(0.73 < 1.42). This suggests that exercise prescriptions with high consistency to ACSM
guidelines may be more effective for SPPB intervention than those with low or uncertain
consistency to ACSM guidelines (Figure 8). The higher heterogeneity in the two subgroups
may be due to the intervention period, intervention measures, and study sample character-
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istics (Table 2). It should be noted that the higher the SPPB score, the better the physical
function performance.

 

Figure 8. Forest plot for meta-analysis of the impact of exercise on SPPB indicators in frail elderly
people [35–37,39,42–44,46,48,51].

Subsequently, we conducted publication bias testing through REVIEW MANAGER
5.4.1. We observed the funnel plot and found that both sides were approximately symmet-
rical, indicating no obvious publication bias (Figure 9).

 

Figure 9. Funnel plot for SPPB indicator.
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3.7. The Impact of Consistency with ACSM Recommendations on the Grip Strength

Outcome indicator 4 (grip strength) contains a total of 13 articles, with 712 people in
the intervention group and 732 people in the control group; there was high consistency with
ACSM guidelines in 7 articles, and low or uncertain consistency with ACSM guidelines
in 6 articles. After the heterogeneity test (I2 = 78%), the random effects model was used
for statistical analysis. All articles used the same scale for this outcome indicator, so mean
difference (MD) was used for statistics and analysis.

Data analysis showed that the overall impact of exercise on the grip strength (GS)
was 1.86 (95% CI: 0.75, 2.97), which was significantly different (p = 0.001). This shows that
exercise has a significant intervention effect on GS.

The results of the subgroup analysis showed that in the high-consistency group,
the MD was 2.39 (95% CI: 0.69, 4.09) and I2 = 74%, which was significantly different
(p = 0.006). This indicates that exercise prescription with high consistency to ACSM
guidelines significantly affects GS intervention.

The results of the subgroup analysis showed that in the low- or uncertain-consistency
group, the MD was 1.1 (95% CI: −0.89, 3.09) and I2 = 84%, which was not significantly
different (p = 0.28). It is unclear whether exercise prescription with low or uncertain
consistency to ACSM guidelines has a significant intervention effect on GS.

In summary, exercise has a significant intervention effect on GS indicators; the MD
was 1.86 (95% CI: 0.75, 2.97) and (p = 0.001). Exercise prescription with high consistency
to ACSM guidelines has a more significant impact on GS than exercise prescription with
low or uncertain consistency to ACSM guidelines (2.39 > 1.1), and the intervention effect
is better. Because the GS score number is more significant, It indicates a lower degree of
frailty [16] (Figure 10). The higher heterogeneity in the two subgroups may be due to the
intervention period, intervention measures, and study sample characteristics (Table 2).

 

Figure 10. Forest plot for meta-analysis of the impact of exercise on GS indicators in frail elderly
people [32,34–37,39,41,43–47,49].

Subsequently, we conducted publication bias testing through REVIEW MANAGER
5.4.1. We observed the funnel plot and found that both sides were approximately symmet-
rical, indicating no obvious publication bias (Figure 11).

323



J. Clin. Med. 2024, 13, 3037

 

Figure 11. Funnel plot for GS indicator.

3.8. The Impact of Consistency with ACSM Recommendations on the Body Mass Index

There are three publications for outcome indicator 5 (BMI), with 89 participants in the
intervention group and 83 participants in the control group. One study showed excellent
consistency with ACSM standards, while the other two showed poor or questionable
consistency (two articles). For statistical analysis, the fixed effects model was used after
the heterogeneity test (I2 = 31%). Since this outcome variable was used on the same scale
across all publications, statistics and analysis were performed using mean difference (MD).

Data analysis showed that the overall impact of exercise on body mass index (BMI)
was −1.14 (95% CI: −2.17, −0.11), which was significantly different (p = 0.03). This shows
that exercise has a significant intervention effect on BMI.

The results of the subgroup analysis showed that in the high-consistency group, the
MD was −0.6 (95% CI: −1.84, 0.64), which was not significantly different (p = 0.34). This
indicates that it is unclear whether exercise prescription with high consistency to ACSM
guidelines significantly influences BMI.

The results of the subgroup analysis showed that in the low- or uncertain-consistency
group, the MD was −2.37 (95% CI: −4.24, −0.5) and I2 = 0%, which was significantly dif-
ferent (p = 0.01). This indicates that exercise prescription with low or uncertain consistency
to ACSM guidelines significantly affects BMI intervention.

In summary, exercise significantly influences BMI indicators; the MD was −1.14 (95%
CI: −2.17, −0.11) and (p = 0.03). Exercise prescription with low or uncertain consistency
to ACSM guidelines has a more significant impact on BMI than exercise prescription with
high consistency to ACSM guidelines (−2.37 > −0.6) (Figure 12). It is worth mentioning
that BMI is a range index, and a noticeable intervention effect does not mean the actual
impact is better.
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Figure 12. Forest plot for meta-analysis of the impact of exercise on BMI indicators in frail elderly
people [37,38,50].

Subsequently, we conducted publication bias testing through REVIEW MANAGER
5.4.1. We observed the funnel plot and found that both sides were approximately symmet-
rical, indicating no obvious publication bias (Figure 13).

 

Figure 13. Funnel plot for BMI indicator.

4. Discussion

This study is based on the exercise prescriptions recommended by ACSM. It compares
the effects of exercise prescriptions with high consistency and low or uncertain consistency
recommended by ACSM on frailty in elderly people. A total of 20 studies were included,
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including 11 different exercise interventions and 2016 frail older adults. Exercise has once
again proven to be a very effective intervention in improving frailty in elderly people [12].
It is worth mentioning that through meta-analysis, we found that exercise prescriptions
with high consistency to ACSM recommendations have a significant intervention effect
on two outcome indicators related to frailty in elderly people (Fried Frailty Phenotype
and grip strength) and are better than exercise prescriptions with low or uncertain consis-
tency to ACSM recommendations. However, exercise prescriptions with low or uncertain
consistency to ACSM recommendations have a significant intervention effect on BMI, but
this does not mean that there is an excellent actual effect. Finally, we found that exer-
cise prescriptions with different consistency had no significant intervention effect on the
two outcome indicators (Barthel Index, Short Physical Performance Battery). None of the
20 studies we included explicitly showed blinding of data analysts, so there is a risk of
selection bias. It is important to note here that we did not assess the methodological quality
and certainty of the included studies, so these viewpoints need to be viewed critically.

Exercise has a significant intervention effect on FP indicators. The requirements
include five components: unintentional weight loss, fatigue, poor muscle strength, slug-
gishness, and physical inactivity [1]. First of all, it is well known that exercise has a direct
intervention effect on these components, which is why both high consistency and low or
uncertain consistency with the exercise prescription recommended by the ACSM can have
a significant intervention effect on this indicator. Secondly, we found that the intervention
effects differ depending on the frequency, intensity, and exercise duration. An ineffectively
low dose will not impart full benefits, whereas the adverse effects stemming from an
excessively high dose may overshadow potential benefits and introduce detriments [52].
This is also why high consistency to the exercise prescription recommended by the ACSM
can improve this indicator’s intervention.

Through meta-analysis, we found that only exercise prescriptions with high consis-
tency to ACSM recommendations have a significant intervention effect on this indicator
(MD: 2.39, p = 0.006). It is worth mentioning that an increase in grip strength of more than
1.6 kg can be called a fundamental change [53]. Resistance training is considered an effi-
cient treatment for age-related sarcopenia and can improve muscle strength and quality in
patients [54], but it must also include grip strength. Therefore, a suitable resistance exercise
program is essential. We believe that the resistance training program recommended by the
ACSM is trustworthy because its training frequency, intensity, number of repetitions, and
number of sets are similar to other resistance exercise programs for elderly people. These
exercise prescriptions have been proven to be effective in improving the grip strength of
elderly people [55–57] (Table 4).

Table 4. Comparison of ACSM recommended exercise prescriptions and other exercise prescriptions
in resistance exercise.

Frequency Intensity/Workload Repetitions Sets

ACSM exercise
prescriptions

1–2 d/wk,
2–3 d/wk

Change the
resistance from
medium to high

8–12 1–2

Other exercise
prescriptions (1) 2–3 d/wk 1 RM 50–80% 5–8 1–2

Other exercise
prescriptions (2) 2 d/wk 1 RM 51–69% 7–9 2–3

Other exercise
prescriptions (3) 2 d/wk relatively high

degree of effort 6–12 1–3

Subsequently, we found that exercise prescriptions with low or uncertain consistency to ACSM recommendations
were not detailed enough when designing resistance exercise programs (Table 3), which resulted in insignificant
intervention effects for patients (MD: 1.1, p = 0.28).
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Exercise has been shown to improve ADL, which is consistent with the results of
our meta-analysis (MD: 5.79, p = 0.02). However, whether it is high or low or uncertain
consistency with the exercise prescription recommended by the ACSM, the intervention
effect on BI indicator is insignificant (p = 0.06, p = 0.14). The intervention effect of exercise
on SPPB indicator is also significant (MD: 1.03, p = 0.007). However, whether it is high or
low or uncertain consistency with the exercise prescription recommended by the ACSM,
the intervention effect on this indicator is insignificant (p = 0.07, p = 0.05). We speculate
that this may be because the BI and SPPB indicators do not lead to apparent differences
in intervention effects due to specific exercise doses. This is why they are widely used
as secondary outcome indicators in some exercise dosage experiments. Exercise has a
significant intervention effect on BMI (MD: −1.14, p = 0.03). However, only the intervention
effect of high consistency to ASCM recommended exercise prescription is not substantial
(p = 0.34). This may be because only one article in the high-consistency group includes
this indicator. In addition, BMI is only a statistical index used to estimate body fat; the
impact of obesity on health outcomes in elderly people is complex; this has been described
as the obesity paradox [58]. This is also why most experiments use BMI as a baseline
measurement or secondary outcome indicator.

In summary, although exercise has a significant intervention effect on five outcome
indicators related to frailty in elderly people, exercise prescriptions with high consistency to
ACSM recommendations have a more substantial impact on two frequently used primary
outcome indicators (Fried Frailty Phenotype, grip strength). Different exercise doses did not
affect the differences in the intervention effects of the remaining three outcome indicators.

5. Strengths and Limitations

Firstly, the topic of our meta-analysis is novel and has high clinical significance.
Currently, many studies focus on the intervention effects of different exercise prescriptions
on frailty in elderly people. The most critical part of the intervention in these studies was
the dose of exercise [59]. However, many studies or scholars have disagreed on how much
exercise should be given to pre-frail or frail older adults. Of course, this is also because
people consider the clinical value of personalized exercise prescription [60]. Nonetheless,
the standardized application of exercise dose is still a topic worthy of discussion.

Secondly, our meta-analysis has the following limitations: 1: The number of articles
included in the final study is small, although we tried to obtain as many articles as possible
through various methods. We did not search the databases SCOPUS, CINAHL, PEDro,
LILACS, and some gray literature; 2: The research results are interfered with by some
confounding factors (age, gender, weight, physical condition, etc.), so it is difficult for us to
avoid heterogeneity between studies; 3: We did not assess the quality and certainty of the
included studies; 4: We did not test for MICD (minimum significant clinical difference).

Finally, readers need to be cautious when interpreting our findings, especially among
those outcomes with small sample sizes.

6. Conclusions

This review again supports and demonstrates that exercise can improve frailty in older
adults. In exploring the optimal exercise dose for older adults with pre-frailty and frailty,
we found that exercise prescriptions with high consistency with ACSM recommendations
may be more effective as reflected in the outcome measures of FP and GS than for those
with uncertain or low consistency. However, it is essential to note that the data derived
from the meta-analysis is still subject to the small number of studies, the unknown degree
of adherence to the exercise of the participants in individual studies, and the different mix
of cases in the studies. There is, therefore, a need to expand the sample size in this field to
verify the impact of interventions on the five outcomes related to frailty in elderly people.
In addition, there are many methodological biases in the evidence based on the included
interventions, so the above conclusions can only be preliminary.
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Abstract: Background: Humans perceive and interpret the world through the lens of self-reference
processes, typically facilitating enhanced performance for the task at hand. However, this research
has predominantly emphasized the automatic facet of self-reference processing, overlooking how
it interacts with control processes affecting everyday situations. Methods: We investigated this
relationship between automatic and control self-reference processing in neuropsychological patients
performing self-face perception tasks and the Birmingham frontal task measuring executive func-
tions. Results: Principal component analysis across tasks revealed two components: one loaded on
familiarity/orientation judgments reflecting automatic self-reference processing, and the other linked
to the cross task and executive function indicating control processing requirements. Voxel-based
morphometry and track-wise lesion-mapping analyses showed that impairments in automatic self-
reference were associated with reduced grey matter in the ventromedial prefrontal cortex and right
inferior temporal gyrus, and white matter damage in the right inferior fronto-occipital fasciculus.
Deficits in executive control were linked to reduced grey matter in the bilateral inferior parietal lobule
and left anterior insula, and white matter disconnections in the left superior longitudinal fasciculus
and arcuate fasciculus. Conclusions: The causal evidence suggests that automatic and control facets
of self-reference processes are subserved by distinct yet integrated ventral prefrontal–temporal and
dorsal frontal–parietal networks, respectively.

Keywords: principal component analysis; voxel-based morphometry; white matter pathway; ventral
neural network; dorsal control network

1. Introduction

Humans perceive and interpret the external world through the lens of their own sense
of self [1–5]. This self-reference ability typically manifests as a self-prioritization effect (SPE)
or self-bias, a processing advantage for self-related versus non-self information [6–10]. The
effect occurs across cognitive domains spanning from perception, attention, and memory
to decision-making [11–32]. However, due to its emphasis on automatic self-reference
processing [33–37], this research has overlooked potential interactions with control pro-
cesses that affect everyday situations. Recent theoretical frameworks propose distinct yet
interactive mechanisms and neural networks for self-reference processing and cognitive
control [38–50]. Specifically, ventral temporal–prefrontal networks support automatic self-
referencing, while dorsal prefrontal–parietal networks mediate attentional and executive
control processes that can regulate self-biases. Although the neural manifestation of each
of these core cognitive processes is well characterized, the precise relationship between
them in supporting adaptive self-prioritization remains elusive. Here, we aimed to address
this question by examining the roles of automatic and executive control functions in the
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SPE using previously reported patient data [51,52], combined with new neuropsycholog-
ical assessments of control processing, to uncover latent cognitive factors underpinning
the SPE. This new approach enabled the investigation of causal neural mechanisms un-
derlying distinct components of self-prioritization processes, transcending traditional
task-based analysis.

The Self Attentional Network model (SAN [38]) hypothesizes that social stimuli, such
as self-related information, automatically attract attention, facilitating the SPE. It has been
suggested to be mediated through the activation of ventral prefrontal–temporal networks.
When self-related stimuli are task irrelevant, however, dorsal fronto-parietal networks
are engaged for top-down control over this self-bias to maintain task goals. The SAN
proposes that self-prioritization emerges from dynamic interactions between these ventral
and dorsal control networks through key processing nodes [53,54]—the ventromedial
prefrontal cortex (vmPFC) and left posterior superior temporal sulcus (LpSTS) within the
ventral network, and the bilateral prefrontal cortex (DLPFC) and intraparietal sulcus (IPS)
within the dorsal network. Notably, the vmPFC plays a prominent role in self-referencing,
considered crucial for facilitating automatic self-prioritization as the central self-network
node [55–60]. While there is some indirect evidence supporting contributions of each core
network to the SAN model, direct evidence elucidating the precise relationship between
them as a whole remains lacking [61,62].

The SAN model has been supported by functional neuroimaging studies in healthy
participants. During a self-matching task [16], researchers reported increased activation
in the vmPFC and the LpSTS in response to self-related stimuli compared to other-related
stimuli [63]. These results suggest these regions as crucial nodes within the ventral self
network. Specifically, the vmPFC functions as a central node for self-representation [64–67],
while the LpSTS is implicated in social attention processes [68,69]. In the reverse compari-
son, processing other-related stimuli elicited greater activity in the DLPFC, a key region
in the dorsal fronto-parietal network. This enhanced activation in the DLPFC indicates
recruitment of cognitive control processes during the processing of other-related stimuli.
Moreover, participants exhibited an inverse vmPFC–DLPFC relationship when match-
ing self-related stimuli, with the SPE on behaviors (self vs. other) positively relating to
activation of the vmPFC but negatively to DLPFC activation [70–72]. Dynamic causal
modelling analysis revealed that the strength of neural couplings from the vmPFC to the
LpSTS predicted the size of the SPE, suggesting dynamic interaction between the ventral
(e.g., vmPFC and LpSTS) and dorsal frontoparietal (e.g., DLPFC) networks in the control
of behaviors in the presence of self-related stimuli [63]. Further evidence for the regu-
latory role of DLPFC in self-reference processing comes from a paradigm that directly
manipulates the task relevance of self-related stimuli [73]. When self-related distractors
had to be ignored, left intra-parietal sulcus (a region part of the fronto-parietal network)
activity increased, suggesting front-parietal control mechanisms in averting attention from
social salient self-stimuli. Furthermore, focusing on self-face stimuli, an fMRI meta-analysis
revealed increased responses to self- versus an other-face in ventral regions, including
medial temporal, fusiform gyrus, superior temporal, inferior parietal, anterior cingulate,
and inferior frontal cortices. The correlational nature of fMRI research precludes causal
inferences, necessitating converging evidence from lesions.

Supporting the SAN model, a virtual-lesion study with transcranial direct current
stimulation (tDCS) [74] reported diminished self-prioritization–hypos self-bias following
vmPFC suppression stimulation (cathodal) (but see [70,75]). Disrupting the processes
of LpSTS with a transcranial magnetic stimulation (TMS) caused reduced performances
on self-related stimuli [76]. Similarly, TMS to the right posterior temporal parietal junc-
tion led to reduced egocentric self-biases [77]. These findings are further supported by
neuropsychological studies in patients with acquired lesion, manifesting hypo or hyper
self-biases. In a neuropsychological study, two left neuropsychological patients showed a
double dissociation of the SPE. The patients performed the self-matching task and demon-
strated opposing self-prioritization impairments [78]. Relative to controls, patient SC with
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lesions to the prefrontal cortex expanding from the vmPFC to insula and subcortical tracts
showed a diminish self-prioritization effect–hypo self-bias. In contrast, patient BR with
lesions to the temporal and parietal cortices, including the LpSTS, exhibited an enhanced
self-prioritization–hyper self-bias. It is important to note that although the studies above
demonstrated that distribution to the normal functionality of nodes within the SAN led
to alteration in SPE, the direction of reported alteration was not consistent. Specifically,
a virtual lesion to the left pSTS led to hypo self-bias [76], while an acquired lesion led to
hyper self-bias [78]. We suggest that the left temporal–parietal region consists of multiple
sub-nodes that contribute to the SAN, as revealed by the fine-tuned voxel-based analysis.

The neural substrates associated with hypo and hyper self-biases were further exam-
ined using voxel-based morphometry (VBM) in a heterogenic cohort of chronic neuropsy-
chological patients performing a familiarity categorization task with faces [52]. Patients
made familiarity judgments on their own face, a personally familiar face, and a stranger’s
face presented with different head orientations. Self-prioritization was computed by con-
trasting responses to self versus familiar other faces. Lesions to the inferior temporal
extending to the hippocampus and disconnection of the right inferior occipito-frontal
(IFOF) and inferior lateral frontal (ILF) fasciculi were associated with hypo self-bias, a
diminished self-prioritization relative to matched healthy controls. In contrast, lesions to
the LpSTS and superior prefrontal cortex yielded hyper self-bias. Notably, the extent of
self-bias correlated with patients’ executive function ability [52]. In a complementary study
with the same cohort [51], researchers assessed the SPE using two different tasks with the
same set of face images. In the orientation judgment task with faces as targets, participants
judged the orientation of faces (left versus right). In the cross task with faces as distracters,
participants judged the length of the horizontal or vertical feature of a cross. Hypo self-bias
on the orientation task was predicted by lesions to the left anterior temporal pole, insula,
superior parietal, and right superior frontal gyrus and disconnection of the left IFOF and
ILF. For the cross task, hyper self-bias was predicted by lesions to the inferior parietal,
superior temporal, and cingulate and disconnection of the cingulum. Critically, lesions
to left supramarginal predicted SPE deficits irrespective of the task [51,52]. In summary,
acquired lesion to ventral frontal and temporal regions is associated with hypo self-bias,
while acquired lesion of the LpSTS is associated with hyper self-bias and lesion to a nearby
area of the left supramarginal is associated with hypo-self.

Although the neuropsychological findings yield causal insights into the neural mecha-
nisms of the SPE, a key challenge when making inferences from specific tasks is that the
mapping of tasks to the underlying cognitive process of interest is not one-to-one. For exam-
ple, the familiarity categorization task relies not only on self-reference processing but also
face and picture recognition, episodic memory, and generic executive functions. Similarly,
the face orientation task recruits spatial mapping, action perception, and generic executive
function beyond self-reference per se. In addition, previous research only indirectly inferred
involvement of executive functions and control processing. In other words, the extent to
which executive function contributed to task performance and self-prioritization is unclear.
Principal component analysis (PCA) [79] across tasks is one method that can overcome
idiosyncratic effects of a specific self-task while directly quantifying the contribution of
executive function to self-reference.

In the present study, to search for causal neural mechanisms underpinning automatic
and control self-reference processing for the SPE, we combined PCA across multiple tasks
with function lesion-mapping techniques. Specifically, we re-analyzed data from two
previous studies assessing the SPE in different manners [51,52], combined with new neu-
ropsychological assessments of executive functions using the Birmingham frontal task [80],
to uncover latent cognitive factors underpinning the SPE. This combined approach enabled
investigation of the causal neural mechanisms that underscore distinct manifestations of
self-prioritization processes. Most tasks assessing self-related processing require cognitive
flexibility to switch between self-related and non-self-related information. That is, pro-
cessing non-self-related stimuli requires switching away from the self-prioritization rule
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to enable processing of other stimuli. Thus, we were particularly interested in examining
the flexibility of executive functions, as measured by the Birmingham frontal task. We
computed the SPE (self vs. familiar other) separately from each of the self-face processing
tasks across the two studies for (i) the face familiarity categorization, (ii) a face orientation
task, and (iii) the cross judgment task, where participants were instructed to disregard face
stimuli while assessing the relative length of elements (horizontal versus vertical) of a cross
superimposed on the faces. The Birmingham frontal task assessed patient’s flexibility in
learning and switching rules to predict a dot movement on a grid. The PCA was performed
on the three face SPEs and the Birmingham frontal task. We computed function lesion
mapping of grey matter using VBM analysis [81], and track-wise lesion deficits [82] for
white matter disconnection associated with cognitive deficits.

2. Materials and Methods

2.1. Participants
2.1.1. Patients

We recruited 30 patients (age range from 36 to 78 years; mean 64.97 ± 10.91 years,
3 women, 27 men) from the panel of neuropsychological volunteers at the School of
Psychology, University of Birmingham (Supplementary Table S1 shows demographic and
clinical data for individual patients). All patients had chronic acquired brain lesions (i.e.,
were recruited at least 6 months post-injury). A total of 25 of 30 patients suffered stroke, 3
with carbon monoxide poisoning, 1 with herpes simplex encephalitis, and 1 with cortico-
basal degeneration. All patients who participated in the study had no prosopagnosia
and no contraindications to MRI. Prior to neuropsychological testing, each patient was
presented with central images and required to discriminate their own faces, the faces of
familiar others, and those of unfamiliar people. Participation was contingent on 100%
discrimination accuracy. No other exclusion criteria were used. All patients provided
written informed consent, in agreement with ethics protocols at the School of Psychology
and Birmingham University Imaging Centre (BUIC). Lesion overlap across all patients is
illustrated in Figure 1.

Figure 1. Lesion overlap map representing the spatial distribution of lesions among all 30 patients
included in the current study. Lesion maps from individual patients were reconstructed based on [83];
see the Section 2—Materials and Methods for details. The lesion overlap map is shown for ten axial
slices in standard MNI space with given MNI Z-coordinates of the presented axial sections. The color
bar shows the number of patients with a lesion within a particular voxel (range 1–30).
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2.1.2. Healthy Controls

For the lesion identification protocol (see below), we acquired T1-weighted images
from 100 healthy controls (55 males and 45 females, mean age 54.5 years, range 20–87) with
no history of stroke, brain damage, or neurological disorders. All the controls provided
written informed consent in agreement with ethics protocols at the School of Psychology
and the Birmingham University Imaging Centre (BUIC).

2.2. Neuropsychological Assessments

The study employed four tasks, as illustrated in Figure 2, including a face orientation
task, a cross task, a categorization task, and a rule-finding and -switching task.

In the face orientation task, participants were presented with images of their own face
(self), the face of a familiar other (friend), and the face of an unfamiliar person (stranger),
and they had to judge the orientation of the face but not the identity. In the cross task,
there was a cross simultaneously presented with the face image and participants had to
judge which horizontal or vertical element of the cross was longer while ignoring the face
in the background. In the categorization task, they were asked to classify the identity
of the face stimuli into one of two groups, familiar (self and familiar other/friend) or
unfamiliar (unfamiliar other/stranger). We took six photographs of each participant’s face
and six images of a gender-matched other person who was highly personally familiar to
the participant. All images were taken with a neutral facial expression, comprising 3 left
profiles and 3 right profiles of each individual. Each image was depicted at angles ranging
from 15◦ to 45◦ in both directions. A gender-matched, unfamiliar other was randomly
selected from the image dataset for inclusion in the current study.

In each task, the images subtended about 5◦ × 5◦ of the visual angle at a viewing
distance of 60 cm. Each patient completed two blocks of seventy-two trials, with equal
numbers of images in the self, familiar, and unfamiliar face conditions. Within each block,
thirty-six trials were facial images oriented to the left and thirty-six oriented to the right.
Therefore, there were forty-eight trials per face condition (self, familiar, or unfamiliar) for
data analysis. Each trial began with the presentation of a white fixation cross at the center
of screen for 500 ms. A face image was then displayed at the center of the screen until the
patients made a response. The maximum duration of a face was 3000 ms, and this was
followed by feedback for 1000 ms. In all three of the tasks described above, the SPE in
the tasks was estimated by the differential scores in reaction times between the familiar
other and the self conditions dividing by the sum of the two conditions in order to reduce
individual difference. Higher or lower scores indicate the severity of the deficits—hyper or
hypo self-prioritization. The data were published in two previous studies [51,52].

In the rule-finding and -switching task in the Birmingham frontal tasks from the BCoS
assessment battery [80], each stimulus consists of a grid made of six columns and six lines.
Most cells are grey, but two are red and two are green. Participants were asked to lean to
predict the movement of a black marker across the grid. The marker moves in a lawful
manner but then switches the rule by which it is operating. The switch either operates
along a single dimension (e.g., moving in one direction then another) or it operates across
dimensions (switch from a position rule to a color rule, where the marker jumps between
squares of the same color). The rule-finding score gives measures of control function [84].
The BCoS assessment battery includes healthy control norms.

Overall, in the orientation task and categorization task, self-related information was
task-relevant. In contrast, self-related stimuli were task-irrelevant in the cross task, where
control processing was required to inhibit self-related distractors to keep efficient responses
to targets. Likewise, in the rule-finding and -switching task, patients had to keep findings
the rules while switching between the rules in order to complete the task, where again
executive control processing was required. Supplementary Table S1 presents patients’
performance across the tasks. These SPE and rule-finding scores were entered into the
principal component analysis (PCA).
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Figure 2. Neuropsychological assessments. (a) Experimental stimuli and protocols in the face tasks.
Participants display their own face, the face of a friend, or the face of a stranger. They have to judge
the orientation of the face in the face orientation task and categorize faces into the familiar (self and
friend) or unfamiliar category in the categorization task. In the cross task, a cross appears on the top
of the face, where participants are required to judge which horizontal or vertical element of the cross
is longer while ignoring the face in the background. (b) In the rule-finding and -switching task in
the Birmingham frontal task, participants are asked to predict the next movement of the black dot.
(c) Principal component analysis identifies two components among the four assessments and the
loadings of the four assessments for the automatic self-reference and control processing components.
(d) No significant correlation between the two components demonstrates their separate functions of
the four assessments (the distribution of participants’ loading scores in the two components).
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2.3. Principal Component Analysis (PCA)

The PCA was performed to isolate cognitive functions underlying various symptoms
associated with lesion location across the whole group of patients. This aimed at identifying
independent factors across the four assessments, as well as the loading of each assessment
on common factors [85,86]. The individual SPEs or rule-finding score were normalized by
subtracting the averaged group mean and divided by one standard deviation. Normalized
data were entered into factor analyses using a principal component approach with an
orthogonal rotational (Varimax) procedure. Factors were chosen based on eigen values
greater than 1. The adequacy of the correlation matrix for the factor analysis was assessed
with Bartlett’s test and the Kaiser–Meyer–Olkin measure [87,88].

As predicted, there were two components—one reflecting automatic self-reference
processing associated with the orientation task and the categorization task, and the other
reflecting control processing based on the cross task and the Birmingham frontal task. The
neuropsychological assessments were then re-calculated based on the components instead
of single tasks for all individual patients. Principal component scores were measured by
the sum of the associated task scores multiplying the relevant loadings. The scores were
then used for the VBM analysis and tract-wise lesion deficit analysis.

2.4. Neuroimaging Assessment
2.4.1. Image Acquirement

All patients and healthy controls were scanned at the Birmingham University Imaging
Centre (BUIC) on a 3T Philips Achieva MRI system with an 8-channel phased array SENSE
head coil. Patients’ scans were obtained in close proximity to the time of neuropsychological
assessments. The anatomical scans were acquired using a sagittal T1-weighted sequence
(sagittal orientation, TE/TR = 3.8/8.4 ms, voxel size 1 × 1 × 1 mm3).

2.4.2. Image Pre-Processing

All T1 scans (both from 30 patients and 100 controls) were first converted and reori-
ented using MRICro (Chris Rorden, Georgia Tech, Atlanta, GA, USA). The pre-processing
of all T1 scans was completed using SPM5 (Statistical Parametric Mapping, Welcome De-
partment of Cognitive Neurology, London, UK). All brain scans were transformed into the
standard MNI space using the unified segmentation procedure [81]. The unified segmenta-
tion procedure involves tissue classification based on the signal intensity in each voxel and
on a priori knowledge of the expected location of grey matter (GM), white matter (WM),
and cerebrospinal fluid (CSF) in the brain. The unified segment procedure as implemented
in SPM5 has been shown to be optimal for spatial normalization of lesioned brains [89].
Furthermore, to improve tissue classification and spatial normalization of lesioned brains,
a modified segmentation procedure was used (see [83] for details). The modified approach
was to resolve misclassification of damaged tissue by including an additional prior for an
atypical tissue class (an added “extra” class) to account for the “abnormal” voxels within
lesions and thus allowing for classification of the outlier voxels. The segmented images
(GM and WM maps) were smoothed with an 8 mm FWHM Gaussian filter to accommo-
date the assumption of random field theory used in statistical analysis [90]. The choice
of intermediate smoothing of an 8 mm FWHM was previously shown to be optimal for
lesion detection and further analysis of segmented images [83,91]. The pre-processed GM
and WM images were used for the automated lesion reconstruction, and in the analyses
to determine voxel-by-voxel relationships between grey matter damage and the self and
attentional control factors.

2.4.3. Lesion Reconstruction

Lesion maps from individual patients were reconstructed by using a modified segmen-
tation procedure and an outlier detection algorithm based on fuzzy clustering [83,92,93].
This procedure identifies voxels that are different in the lesioned brain compared with a set
of 100 healthy controls. The GM and WM outlier voxels are then combined into a single
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outlier image and thresholded to generate to a binary map of the lesion [83]. The results of
lesion reconstruction were verified against the patient’s T1 scans. We used the lesion maps
for all patients in the track-wise lesion-deficit analysis and to calculate lesion volumes. The
lesion volumes for patients were computed using Matlab 7.14/R2012a [94].

2.4.4. Voxel-Based Morphometry (VBM)

To delineate anatomical structures involved in the automatic self-reference and control
components and examine contributions of grey matter changes, VBM was chosen as
the analysis approach [95] since it does not require patient classification with respect to
anatomical symptoms and so the analysis can include patients with a wide range of damage,
including left, right, and bilateral lesions. Since our patients were not pre-selected based on
clinical, anatomical, or neuropsychological criteria, VBM analysis allowed us to look for
common anatomical function relationships across the whole brain, irrespective of etiology
(stroke, degenerative changes) [95].

We assessed the relationship between grey matter damage and the deficits in the
automatic self-reference and control functions derived from the PCA, respectively, using
VBM carried out with SPM8 (Statistical Parametric Mapping, Wellcome Department of
Cognitive Neurology, London, UK). We used parametric statics within the framework
of the general linear model [96] and performed the analyses with the segmented GM
images, with deficits associated with the two components as the main covariate of interest,
while including covariates, age, gender, time since lesion, and lesion volume. We report
results only showing a significant effect at the p < 0.05 cluster level, corrected for multiple
comparisons, with the amplitude of voxels surviving at p < 0.005 uncorrected across the
whole brain and an extent threshold of 100 mm3 (>50 voxels). The brain coordinates are
presented in the MNI space. The anatomical location of the brain regions identified in VBM
analyses is based on [97], Automated Anatomical Labeling of Activations [98], and the
Woolsey Brain Atlas [99].

2.4.5. Track-Wise Lesion-Deficit Analysis

To assess the relationship between white matter damage and the deficits in the au-
tomatic self-reference and control components, we conducted tract-wise lesion-deficit
analyses based on an approach [82] utilizing DTI tractography atlases of all major human
white matter tracts (association, projection, and commissural) for a total of 8 pathways in
each hemisphere, including the inferior frontal occipital fasciculus (IFOF), inferior longi-
tudinal fasciculus (ILF), and uncinate, arcuate, cingulum, and 3 branches of the superior
longitudinal fasciculus (SLF I, SLF II, SLFIII [100,101]). By using the patients’ reconstructed
lesion maps (in MNI space), and the maps of white matter tracts from the above atlases (also
in MNI space), we first evaluated the pattern of disconnection within these white matter
tracts for each individual patient. All maps of white matter tracts represent a probability of
a given voxel belonging to that tract, and these maps were overlapped with patients’ lesion
maps. We then considered a given white matter tract to be disconnected (binary measure)
if the individual patient lesion overlapped on a voxel within the white matter pathway
map with a probability of at least 50% (above the chance level). Finally, we calculated the
percentage of patients with the disconnection within specific white matter tracts within
the left and right hemispheres, i.e., patients with versus patients without automatic self-
reference processing deficits and patients with versus patients without control processing
deficits (see Figure 3).
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Figure 3. Voxel-based morphometry analysis: grey matter substrates of the two components identi-
fied in the principal component analysis for (a) automatic self-reference processing and (b) control
processing. The areas of damage associated with both components of deficits are colored according
to the level of significance in the VBM analysis, where brighter colors represent higher t-values. The
numbers in brackets indicate peak MNI coordinates.

We also calculated the continuous measure of the pathway disconnection by calculat-
ing the size of the overlap (in cubic centimeters) between each patient’s lesion map and each
thresholded (50%) pathway map using Matlab7.14/R2012a [94]. We used these continuous
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measures of white matter disconnections in the statistical track-wise lesion-deficit analyses
based on linear regression. In the linear regression, we entered the lesion volume, age, and
each individual pathway disconnection measure as independent variables to test whether
the disconnection within specific pathways (controlling for age, injury type, and lesion
location: left, right, or bilateral) predicts automatic self-reference deficits and/or control
deficits (measures corresponding to the two components identified in the PCA analysis) as
the dependent variable. The regression analyses were carried out separately for the left and
right hemispheres. Each tract-wise lesion-deficit analysis was subjected to FDR correction.
These significant effects survived FDR correction across all comparisons.

3. Results

3.1. Neuropsychological Profiles and the Self and Attentional Control Factors

The PCA yielded two components that accounted for 62% of the variance. The first
component emerged from the orientation task and categorization task (automatic self-
reference). The second component was associated with the cross task and rule-finding
and -switching task (control processing). The two components showed a dissociation in
functions between automatic self-reference and control processing. This was loaded on all
variables and accounted for 62% of the variance. Factor loadings for principal component
analysis using varimax rotation for the four tasks are shown in Figure 2.

3.2. Neuroimaging Findings: Grey Matter Damage

In the studied group of patients, the overall lesion distribution was within both hemi-
spheres, encompassing both grey and white matter substrates and with maximum overlap
within the right hemisphere, as presented in Figure 1. We subsequently assessed the neural
correlates of deficits in the components of automatic self-reference and control processing
identified in the PCA analysis, first employing VBM to explore the grey matter correlates
of the two components. Grey matter lesions in the left ventral medial prefrontal cortex
and inferior temporal gyrus were associated with the automatic self-reference component
(corresponding to hypo self-bias deficits; Table 1 and Figure 3a), while grey matter lesions
in the bilateral inferior parietal lobule and the left anterior insular cortex were associated
with the deficits in the control component (Table 1 and Figure 3b).

Table 1. Grey matter substrates of automatic self-reference and control processing components as
identified in the VBM analysis.

Factor
Size

(Voxels)
Z-Score Coordinates (X, Y, Z) Brain Structure

Automatic self-reference
1384 3.44 34 26 −42 Right ITG 1

50 3.41 −10 50 4 Left vmPFC 2

Control processing

405 3.93 44 −46 62 Right IPL 3

275 3.74 −28 −66 52 Left IPL 3

343 3.39 −46 −10 4 Left AIC 4

1 ITG = inferior frontal gyrus. 2 vmPFC = ventral medial prefrontal cortex. 3 IPL = inferior parietal lobule.
4 AIC = anterior insular cortex.

3.3. Neuroimaging Findings: White Matter Disconnections

The patterns of white matter disconnections in the studied group of patients are
depicted in Figure 4. To identify the contribution of white matter disconnections to deficits
of automatic self-reference or control processing deficits, linear regression analysis was
performed for each whiter matter pathway. The analyses revealed that disconnection in the
right IFOF predicted deficits in the automatic self-reference component, F (5, 24) = 4.018,
p = 0.009, with an R2 of 0.456 (right IFOF: b = 0.452; p = 0.036; lesion location: b = 0.399;
p = 0.031; Figure 4b, upper panel, and Figure 5a), while the left hemispheric white matter
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disconnections contributed specifically to the control processing deficit, F (5, 24) = 3.062,
p = 0.028, with an R2 of 0.389 (left SLFII, SLFIII, and arcuate: b = 0.443; p = 0.037; lesion
location: b = 0.413; p = 0.034; Figure 4b, bottom panel, and Figure 5b). The effects for other
white matter pathways failed to show any reliable results after FDR correction. These
regression analyses indicate that asymmetrical white matter disconnections predicted
impairment in automatic self-reference and control processing (see Figures 4b and 5).

Figure 4. Tract-wise lesion deficits: (a). Percentage of patients with disconnection in the eight
examined association, commissural, and projection white matter pathways within the left versus
right hemisphere, plotted across the entire group of patients. (b). Percentage of patients with
disconnection in the eight examined association, commissural, and projection white matter pathways
within the left versus right hemisphere, calculated for groups with and without deficits in automatic
self-reference and control processing (classified based on norms from healthy control participants.
Note: We cannot directly classify patients with or without deficits based on the scores for the two
components derived from PCA analysis). As indicated in the Methods section, the tract-wise lesion
deficits include eight pathways within both the left and the right hemisphere (cingulum; arcuate;
SLFI, II, III, 3 branches of the superior longitudinal fasciculus; uncinate; ILF, inferior longitudinal
fasciculus; IFOF, inferior frontal occipital fasciculus).
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Figure 5. Tract-wise lesion deficits: the trajectories of white matter pathways (blue) presented in
relation to cortical substrates for automatic self-reference (a) and control components (b), as identified
in VBM analysis (red). The white matter pathways (IFOF, inferior frontal occipital fasciculus; SLF II,
III, second and third branch of the superior longitudinal fasciculus; arcuate) are plotted as thresholded
(50%) binary maps from the DTI tractography atlas of human white matter tracts [101,102], and the
VBM results are presented as binary statistical maps thresholded at the significance level of p < 0.005.

4. Discussion

The PCA across four cognitive tasks revealed two distinct components accounting for
the dynamics of the SPE, relating to automatic and control processing. This dichotomy,
explaining approximately 2/3 of the variance in self-bias, elucidates the pivotal roles of
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automatic and controlled processes for the SPE. Neuroimaging analyses revealed the causal
neural mechanisms underlying these functions—reduced grey matter in the vmPFC and
right inferior temporal gyrus was associated with automatic self-reference processing
deficits. This was compounded by disconnection of the right IFOF. In contrast, lesions in
the bilateral dorsal parietal cortex and left inferior frontal cortex, alongside white matter
damage in the left arcuate, SLF II, and SLF III fasciculus, were linked to decreased control
functions. Such a dissociation between the ventral prefrontal–temporal network and the
dorsal fronto-parietal control network is consistent with their roles in mediating automatic
versus controlled self-reference processing.

We identified fundamental but distinct roles of the ventral prefrontal–temporal and
dorsal bilaterial fronto-parietal networks in the SPE, supporting the SAN model. Our
causal evaluation showed the critical functions of the vmPFC, right inferior temporal gyrus
(ITG), and right IFOF in automatic self-reference processing for self-bias. These results were
partially consistent with previous evidence that damage to the right inferior temporal and
right IFOF disconnection reduced the SPE [52]. However, the role of vmPFC was newly
revealed. These results likely stem from our cross task approach capturing this region’s
broader self-reference functions. Indeed, capturing robust latent variables across multiple
task contexts, enabled by our PAC approach, may be critical for fully understanding
the contributions of key nodes like vmPFC and connectivity to self-reference in stroke
patients typically with bilateral hemisphere lesions (Figure 1). Specifically, the vmPFC
constitutes a core “ventral self” network prominently engaged in many self-reference
tasks [56,57]. The function of this region in self-processing is well documented, spanning
from basic matching tasks to trait evaluation [63–65]. Our causal lesion evidence extends
these findings, suggesting that the vmPFC may serve as a fundamental driver of automatic
self-reference processing, operating independently of specific task demands [103–107].

The role of the vmPFC and the right ITG in automatic self-reference processing may
have implications for understanding alterations in self-concept in various neuropsychiatric
conditions. Disfunction of the prefrontal cortex, including the vmPFC, has been identi-
fied in major depressive disorder [108–110]. Recent research also reported that the right
ITG might serve as a potential biomarker for major depressive disorder in individuals
with childhood sexual abuse [111]. The evidence underlies the potential link between
disrupted self-processing and the manifestation of depressive symptoms. Liu and col-
leagues provided evidence for this relationship, demonstrating that alterations in the SPE,
as measured by matching tasks related to self- and emotion-processing, can predict the
onset of depressive episodes in pre-clinical participants [112]. Critically, these tasks recruit
the vmPFC and pSTS as central nodes in modulating the SPE [63]. This predictive ability of
altered SPE indicates that subtle changes in automatic self-processing may serve as early
indicators for the development of depressive symptoms. On the other hand, patients with
brain disorders who retained vmPFC and SPE functionality can harness these aspects of
maintained automatic self-processing to enhance cognitive performance, such as attention
in patients with neglect [113].

Moreover, it has been shown that the dorsal fronto-parietal network plays a key
role in regulating the SPE [63,73,78,114,115]. The current study indicated that control
processing is mediated by the bilateral dorsal parietal context and left inferior frontal areas,
aligning with our previous findings in specific tasks where patients with lesions to the left
hemisphere, including the superior parietal lobe, cingulate gyrus, and prefrontal cortex,
produced a hyper self-bias [51,52]. Critically, we found that this control function among
these cortical regions may be mediated through white matter pathways, including the
arcuate and superior longitudinal fasciculus. The current finding provides new evidence
that the dynamic integration of automatic and control self-reference processes relies on the
intricate white matter architecture linking the frontal and parietal regions, extending recent
functional connectivity insights into the white matter pathways [116–119].

Our findings have several implications for theoretical models of social cognition
and clinical practice. First, they provide empirical validation for the SAN account for
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self-prioritization, which posits a dynamic interaction between ventral self and dorsal
control networks [38,40]. This interaction is crucial for understanding the relationship
between the neural basis of adaptive self-reference processing and control functions in
everyday situations. Second, the elucidation of the roles of specific white matter pathways
in modulating self-bias opens new avenues for research into the structural and functional
connectivity of the brain and how disconnections of white matter pathways produce social
cognitive deficits. Importantly, understanding how disruptions in white matter pathways
contribute to social cognitive deficits invites further exploration to reveal the underlying
mechanisms. Third, the identification of causal neural substrates associated with deficits
in self-reference and control processing post-stroke or brain injury could inform targeted
therapeutic interventions to rehabilitate these cognitive and social cognitive impairments,
given the potential compensatory role of these functions. It has been reported that self-
association approaches can be used to enhance neuropsychological patients’ memory and
attention performance [113,120]. Techniques such as TMS and tDCS could be invaluable
for revealing the complex neural dynamics that govern automatic and control facets of
self-reference processing for neural rehabilitation [74,121].

In conclusion, our multiple-task, function lesion-mapping approach delineated the
complementary ventral self and dorsal control networks mediating automatic versus
regulated components of self-prioritization via their distributed grey and white matter
substrates. These causal evaluations shed lights on neurobiological models of self-reference
and inform therapeutic efforts for social cognitive impairments.
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