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José Augusto Garcı́a Navarro Spanish 
Society of Geriatrics and Gerontology

Spain

Editors
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Jose Vi ña, Mari Carmen Gomez-Cabrera and Federico V. Pallardó
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Carmen Lancho Martı́n, Marina Cuesta Santa Teresa, Teresa Alarcón, Cristina Ojeda Thies, 
Rocı́o Queipo Matas, Juan Ignacio González-Montalvo and 
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Since the end of World War II, science has not stopped progressing. Health and
social advances have increased human longevity as never before [1]. We live longer,
partially due to an increase in our knowledge of the physiological processes of successful
aging, but also due to the pathophysiological processes of unhealthy aging. Among the
least favorable aging trajectories, a syndrome that stands out from the gerontological and
geriatric perspective is frailty. Since Linda Fried described the physiological cycle of this
geriatric syndrome in 2001 [2], the presence of frailty in the elderly has been associated with
a loss of functionality, hospital admissions, disability, mortality and institutionalization in
nursing homes. In fact, it is a more robust predictor of adverse events than some variables
that are still used abnormally in clinical inertia, such as chronological age [3]. This ageism
remains in force in clinical practice, as has been possible to verify with the COVID-19
pandemic [4] that has devastated the planet. As it has been published, the elderly found it
difficult to access the necessary clinical resources due to a simple matter of age.

Our Special Issue deals with the following issue: how to improve healthcare for our
elders. One of the reviews included could not be more revealing in this regard, detailing
the epigenetic factors linked to successful trajectories of aging [5]. Our life expectancy
depends mainly on environmental factors, but we should not forget how the environment
modifies our genetic expression through epigenetic mechanisms. Identifying the molecular
and cellular epigenetic mechanisms can contribute to the early detection of changes or
deficits associated with the different aging trajectories, including those that lead to frailty.
The era of biomarkers has arrived. The biological clock shows the states of robustness and
frailty in adults. With this information, clinicians can predict adverse events and improve
decision-making processes.

Frailty, as should be remembered, is associated with multiple geriatric syndromes,
including polypharmacy and pharmacological iatrogenesis. The periodic review of the
pharmacological history of the elderly should be part of usual clinical routine. In this
context, evaluating and reducing the anticholinergic load of prescribed medications has a
positive effect on the cognitive status of our older adults and also reduces the incidence
of some adverse events, such as respiratory infections [6]. Likewise, the analysis of frailty
allows access to key prognostic information, in both community-dwelling and hospitalized
older adults [7]. Similarly, advances in geriatric knowledge allow us to predict walking
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recovery after hip fracture surgery [8]. Thus, variables such as age and the estimation
of anesthetic risk (due to its link with the prevalence of comorbidity), independence in
walking prior to the fracture, the presence of cognitive impairment and pressure ulcers
(both geriatric syndromes), the delay in surgery and early mobilization (two of the great
challenges of clinical management), and the destination at discharge strongly influence
gait recovery. Falls is another important geriatric syndrome and is linked to hip fracture
incidence. Even if undervalued by the clinical practice, falling has important social and
health implications, among which are the non-negligible associated costs. Falls are consid-
ered normal in the elderly by a great number of clinicians; this ageist principle is gradually
being broken as indicated by the significant number of articles published between 2010
and 2020 on the matter [9]. These published studies should highlight the implication of
geriatric factors in falling, such as sarcopenia, cognitive status, frailty, depression and fear
of falling. The prevention of falls in older adults continues to be a great public health
challenge.Accustomed to associating frailty with functional and clinical factors, clinicians
often forget the social conditioning factors and constructs, such as social frailty [10]. Social
frailty is associated with a worse clinical, nutritional, psycho-affective, cognitive situation,
and with lower life satisfaction. In fact, physical activity is linked with social and psycho-
logical factors, such as the presence of depressive symptoms [11], the perception of fatigue,
loneliness and social isolation. In this Special Issue, two studies pay attention to clinical
application of thermal points. In older adults with dementia and verbal fluency impair-
ments, thermal sensation could be useful to communicate with patients [12]. Moreover,
thermotherapy could be effective in pain control [13].

Finally, interdisciplinary teams develop an important role in complex processes man-
agement, such as elective colorectal cancer surgery [14]. Holistic approaches, with a correct
continuity of care, prolongs the benefits of enhanced recovery after surgery (ERAS) proto-
cols, in the nutritional state and in hemoglobin blood levels, reducing transfusion rates.

This Special Issue offers different manuscripts to readers trying to improve life sat-
isfaction, quality of life and life expectancy in older adults in different scenarios. It is up
to us to achieve these goals. We are sure that these interesting papers will contribute to
improve the clinical practice. Enjoy these articles.
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Abstract: Neck pain is a serious problem for public health. This study aimed to compare the effects
of thermotherapy plus neck stabilization exercise versus neck stabilization exercise alone on pain,
neck disability, muscle properties, and alignment of the neck and shoulder in the elderly with
chronic nonspecific neck pain. This study is a single-blinded randomized controlled trial. Thirty-five
individuals with chronic nonspecific neck pain were randomly allocated to intervention (n = 18)
or control (n = 17) groups. The intervention group received thermotherapy with a salt-pack for
30 min and performed a neck stabilization exercise for 40 min twice a day for 5 days (10 sessions).
The control group performed a neck stabilization exercise at the same time points. Pain intensity,
pain pressure threshold (PPT), neck disability index, muscle properties, and alignment of the neck and
shoulder were evaluated before and after the intervention. Significant time and group interactions
were observed for pain at rest (p < 0.001) and during movement (p < 0.001), and for PPT at the
upper-trapezius (p < 0.001), levator-scapula (p = 0.003), and splenius-capitis (p = 0.001). The disability
caused by neck pain also significantly changed between groups over time (p = 0.005). In comparison
with the control group, the intervention group showed significant improvements in muscle properties
for the upper-trapezius (tone, p = 0.021; stiffness, p = 0.017), levator-scapula (stiffness, p = 0.025;
elasticity, p= 0.035), and splenius-capitis (stiffness, p= 0.012), and alignment of the neck (p= 0.016) and
shoulder (p < 0.001) over time. These results recommend the clinical use of salt pack thermotherapy
in addition to neck stabilization exercise as a complementary intervention for chronic nonspecific
neck pain control.

Keywords: neck stabilization exercise; nonspecific neck pain; salt pack; thermotherapy

1. Introduction

Neck pain is a common health problem with a lifetime prevalence of 14.2% to 71% in the adult
population and is considered a major problem for public health [1]. In particular, Korean women
of middle and older age have a prevalence of 20.8% [2]. The common presentation of neck pain is
nonspecific neck pain, defined as simple neck pain without a specific underlying disease causing the
pain, which results from postural and mechanical causes [3,4]. Appropriate management of nonspecific
neck pain is essential because chronic neck pain results in increased muscle tone, restricted cervical
range of motion, functional impairments of activities of daily living, and decreased quality of life [4].

Nonspecific neck pain can be treated with a variety of interventions, such as medication,
manual therapy, heat, and exercise [3–6]. In particular, exercise is an evidence-based practice to

IJERPH 2020, 17, 5572; doi:10.3390/ijerph17155572 www.mdpi.com/journal/ijerph5
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not only relieve pain in individuals with nonspecific neck pain, but also to improve muscle strength,
motor function, and quality of life [7]. The efficacy of cervical-scapulothoracic stabilization exercise and
neck stabilization exercise for the management of neck pain have been reported in previous studies [8–10].

Thermotherapy has been used to reduce chronic musculoskeletal pain and has been reported as a
complementary intervention [11–19]. Since the application of thermotherapy to the skin increases the
temperature and blood flow to the muscle and decreases muscle fatigue [14–16], it may be associated
with an increase in muscle flexibility [17]. These effects of thermotherapy can also decrease muscle
spasms [13]. Considering these findings, the application of thermotherapy followed by exercise during the
rehabilitation process may strengthen the stability of neck muscles; thus, thermotherapy combined with
neck stabilization exercise may be more effective than exercise alone for relieving nonspecific neck pain.

A hot pack is one of the most common methods of thermotherapy, and various heat transfer
substances, such as silicate gel, polymer gel, and water, were used in the hot pack [20–23]. Salt can
be an option for a heat transfer substance in hot packs. Considering that thermotherapy using
salt have analgesic and anti-inflammatory effects [24,25], hot packs using salt can be used for
management of musculoskeletal pain. However, no clinical trial has been specifically conducted
to investigate the feasibility of salt packs in patients with nonspecific neck pain, and the efficacy
of thermotherapy combined with neck stabilization exercise for nonspecific neck pain has not been
investigated. Thus, the aim of this study was to investigate the efficacy of a combination of a
salt pack with neck stabilization exercise on pain, pain pressure threshold (PPT), neck disability,
and alignment in individuals with chronic nonspecific neck pain. To this end, we compared the effects
of thermotherapy using a salt pack plus neck stabilization exercise versus a neck stabilization exercise
alone for symptomatic relief from chronic nonspecific neck pain.

2. Methods

2.1. Study Design

This study was designed as a single-blinded, randomized controlled trial. The experimental
protocol was approved by the Gachon University Institutional Review Board (1044396-201903-HR-040-01).
The study was performed in accordance with the protocol, and all participants provided written informed
consent prior to their enrollment in the study.

2.2. Participants and Sample Size

For this study, we enrolled elders (>60 years) with chronic nonspecific neck pain that had lasted
longer than 6 months (visual analogue scale (VAS) > 3/10), who had not undertaken regular physical
activity in the past year. Chronic nonspecific neck pain was defined as neck pain provoked by neck
postures, movements, or pressure for at least 3 months without a known pathology (neurological,
trauma-induced, etc.) as the cause of the complaints [26]. The exclusion criteria were neck pain
associated with inflammatory, hormonal, and neurological disorders or structural deformity in
the upper extremities; neck pain related to previous surgery; positive radicular signs consistent
with nerve root compression; severe referred pain; severe psychological disorder; or pregnancy.
In addition, participants were excluded if they were under anti-inflammatory, analgesic, anticoagulant,
muscle relaxant, or antidepressant medication use 1 week before the study commenced [26].

The sample size was calculated using the computer software G-power (Heinrich-Heine-University
Düsseldorf, version 3.1.9.4, Düsseldorf, Germany) In the present study, the effect size was set to 0.25
(medium effect size) [27], and the alpha level was 0.05. On the basis of these values, 34 participants
(17 participants per group) were needed to achieve 80% power using a 2-sided test. Thus, with a 10%
dropout rate, a total of 38 participants were required.
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2.3. Experimental Procedures and Interventions

All participants were randomly assigned to treatment or control groups using a stratified
randomization method [28]. Participants were stratified by age (60–69/70–79) and baseline VAS
at rest (3–5/6–8) and randomization was performed within each stratum by using permuted block
randomization (block size 4). The group allocation was concealed to the outcome assessor by blinding
the group assignment, and primary and secondary variables were assessed before and after the
intervention. Pre-test were performed on the morning (9 a.m. to 10 a.m.) before the first intervention,
and post-tests were performed in the morning (9 a.m. to 10 a.m.) on the next day after the intervention.
All assessments were conducted in a random order to exclude potential fatigue and order effects due
to measurement order.

The intervention group performed neck stabilization exercise and thermotherapy using a salt
pack, and the control group performed only neck stabilization exercises at Saesum Resort in Taean-gun.
The neck stabilization exercise was applied by slightly modifying the exercise intervention performed
in the previous study [10]. It consisted of a warm-up (5 min), main exercise (30 min), and cool-down
(5 min), and was performed in both the intervention and control groups. The warm-up and cool-down
consisted of neck and upper extremity stretching, and the main exercise was as follows: (1) Deep
neck flexor isometric exercise in supine position; (2) Multi-directional isometric exercise (cervical
flexion, extension, rotation, side bending) in a sitting position; (3) Upper extremity movement exercise;
(4) Resistive exercise with Thera-band. The neck stabilization exercise was performed according to the
therapist’s instruction.

After the neck stabilization exercise, the intervention group performed additional thermotherapy
using a salt pack. For thermotherapy, bay salt was used in packs. The salt was collected at Taean-gun,
Chungcheongnam-do, Republic of Korea in April 2019 and then packed in cotton cloth. The far
infrared radiation (FIR) emissivity of bay salt used in this study was 0.900 μm and the FIR emission
power was 3.89 × 102 W/m2·μm (Table A1 in Appendix A). The salt packs were kept in a warming
cabinet (LH-1043G, Lassele Co., Ltd., Ansan, Korea) set at 60 ◦C until the start of the intervention.
The participant was in a prone position. A salt pack set at 55 ◦C was applied to the neck and
shoulder [29]; even after 30 min of application, it was maintained at about 40–50 ◦C. All interventions
were conducted twice a day for 5 days, neck stabilization exercise was performed for 40 min and
additional thermotherapy using salt pack was performed for 30 min.

2.4. Outcome Measures

2.4.1. Primary Variables

The visual analogue scale (VAS) [30] was used to assess pain intensity at rest and during movement.
VAS at rest (resting pain) was defined as an unpleasant feeling or pain without movement, and VAS
during movement (movement-induced pain) was defined as unpleasant feelings or pain incurred by
neck movement (flexion, extension, lateral flexion, rotation) [31]. Patients marked their pain intensity
at rest and during movement on a VAS table.

To assess the PPT of the neck, the PPT assessment method described in a previous study was used
with a distal algometer (Somedic AB, Farsta, Sweden) containing a 1-cm2 probe [11,32,33]. The pressure
head of the algometer was applied to the upper trapezius, levator scapula, and splenius capitis of the
neck and shoulder area, as in a previous study [34]. The assessor gradually increased the application
pressure in 10-kPa/s increments until the participants expressed a pain response, such as a pain-induced
vocalization and a gesture related to pain (hand grasp or eye blink) [32]. The measurement was
repeated twice, and the measurement interval was 30 s. The mean threshold was calculated for the left-
and right-side points.

The neck disability index (NDI) was used to assess functional disability due to neck pain;
this assessment consists of 10 items describing the impact of pain on different daily living activities [33].
Each item is rated on a six-point Likert scale (range 0–5), with 0 indicating no limitation due to pain
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and 5 indicating that an activity is impossible to perform. The total score ranges from 0 to 50, with a
higher score indicating a higher level of disability. The NDI is the most widely used tool for assessing
functional outcomes in patients with neck pain and is recommended for evaluation of the effectiveness
of neck pain treatment.

2.4.2. Secondary Variables

A handheld myotonometer (Myoton AS, Tallinn, Estonia) with excellent intra and inter-tester
reliability (ICC = 0.97) was used to measure the mechanical properties of muscle (muscle tone, stiffness,
and elasticity) [35]. The skeletal muscle assessments were performed at the same region where PPT
was measured. Each time, the probe (3 mm diameter) of equipment was placed perpendicular to the
skin’s surface and five repeated measurements were obtained. The myofascial tissue oscillations were
evoked with 5 brief (15 ms) mechanical impulses at 0.4 N force and frequency of 1 Hz. The mean
threshold was calculated for the left- and right-side points. Muscle tone is a value expressing muscle
tone in a passive or resting state without voluntary contraction. Muscle stiffness is a value representing
the resistance of tissue to external mechanical impulse. Muscle elasticity is a value expressing the
ability to recover to the initial shape after the disappearance of the external force of deformation.

Changes in cervical and shoulder alignments were assessed using the cervical angle and shoulder
angle, respectively [36] (Figure A1). the cervical angle and shoulder angle were defined through three
markers (tragus of ear, spinous process of the C7, acromion) attached to the participants’ anatomical
landmarks. Images were collected by a 16-megapixel camera (SM-N976N, Samsung, Suwon, Korea)
with an acromion height of 1.5 m, located perpendicular to the ground by a spirit level. The collected
images were processed through the MATLAB (version 2019b, Mathworks, Inc., Natick, MA, USA).
The cervical angle is formed when a line drawn from the tragus of the ear to the C7 vertebra intersects
a horizontal line, and the shoulder angle is formed when a horizontal line passing through the lateral
shoulder meets the line drawn from C7 to the lateral shoulder.

2.5. Statistical Analysis

Data analyses were performed using IBM SPSS Statistics 25.0. (IBM-SPSS Inc, Chicago, IL, USA)
The statistician was blinded to group allocation for all analyses. An independent t-test and the χ2 test
was performed in order to compare general characteristics between the two groups. Repeated measures
ANOVA was used to analyze the changes in variables between groups over time and main effect
comparisons were performed. Post-hoc analysis was performed through independent t-test and paired
t-test using Bonferroni methods. A p-value of < 0.05 was considered statistically significant.

3. Results

3.1. Participant Characteristics

A total of 53 participants were recruited, all of whom were women. Fifteen individuals were
excluded from participating; 13 did not meet the inclusion criteria and two declined to participate.
Because individuals scheduled their problems, in the intervention group, one individual did not
participate in the final assessment. In the control group, two individuals declined to participate after
allocation. However, there were no complaints or dropout due to the intensity of the intervention
except for those who were dropped out for the above reasons. A total of 35 patients completed the study.
Figure 1 shows the participant flow through the enrollment, allocation, assessment, and analysis stages.

There were no significant differences between the intervention and control groups in terms
of the general participant characteristics (age, height, weight, and body mass index) (Table 1).
Additionally, there are no significant differences in the baseline values of the outcome variables
assessed in this study between the two groups.
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Figure 1. Flow diagram of study participants.

Table 1. General characteristics of the participants.

Variable
Intervention Group

(n = 18)
Control Group

(n = 17)
P

Age (years) 68.06 ± 4.71 66.24 ± 4.71 0.261
Height (m) 1.54 ± 0.04 1.53 ± 0.03 0.299
Weight (kg) 58.92 ± 7.52 57.34 ± 4.68 0.457
BMI (kg/m2) 24.73 ± 2.93 24.5 ± 1.80 0.780
VAS at rest (cm) 4.78 ± 1.11 4.53 ± 1.37 0.560
Onset duration (month) 15.33 ± 7.76 14.29 ± 7.74 0.694
Job context †

Working 13 (72.22) 11 (64.71)
0.632Non-working 5 (27.78) 6 (35.29)

Data are expressed as mean ± standard deviation or number (%) † . BMI, body mass index; P, p-value;
VAS, visual analogue scale.

3.2. Primary Outcomes

3.2.1. Pain Intensity

As shown in Table 2, compared to neck stabilization exercise alone, salt pack therapy combined
with neck stabilization exercise significantly improved pain intensity over time at rest (p < 0.001) and
during movement (p < 0.001). The intervention group showed a significantly decreased pain intensity
at rest (p < 0.001) and during movement (p < 0.001) after the intervention. The control group also
showed a significantly decreased pain intensity at rest (p = 0.009) and during movement (p = 0.001).
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Table 2. The changes in pain intensity, pain pressure threshold, and neck disability.

Outcome/Group Baseline
Two Weeks

Post-Treatment
P (Pairwise

Comparison)
P (T * G)

VAS at rest(cm)
Intervention group 4.78 ± 1.11 1.17 ± 1.04 <0.001

<0.001Control group 4.53 ± 1.37 3.41 ± 1.28 0.009
VAS during movement(cm)

Intervention group 6.75 ± 1.06 2.28 ± 1.41 <0.001
<0.001Control group 6.06 ± 1.14 4.53 ± 1.37 0.001

PPT_Upper trapezius (kg)
Intervention group 2.41 ± 0.50 4.28 ± 1.38 <0.001

0.002Control group 2.56 ± 0.75 3.22 ± 0.87 0.014
PPT_Levator scapula (kg)

Intervention group 2.07 ± 0.51 4.12 ± 1.18 <0.001
<0.001Control group 2.38 ± 0.89 2.99 ± 0.83 0.018

PPT_Splenius capitis (kg)
Intervention group 2.56 ± 0.93 4.52 ± 0.84 <0.001

0.001Control group 2.90 ± 0.87 3.55 ± 0.78 0.015

NDI (%)
Intervention group 36.11 ± 12.88 16.56 ± 10.56 <0.001

0.005Control group 33.65 ± 11.92 27.29 ± 10.79 0.052

Data are expressed as mean ± standard deviation. P, p-value; T * G, time and group interaction; VAS, visual analog
scale; PPT, pain pressure threshold; NDI, neck disability index.

3.2.2. Pain Pressure Threshold

A significant increase in the PPT for the upper trapezius (p = 0.002), levator scapula (p < 0.001),
and splenius capitis (p < 0.001) was observed in the groups over time (Table 2). In comparison with
the control, the intervention group showed a significant improvement in PPT for the upper trapezius
(p = 0.002), levator scapula (p < 0.001), and splenius capitis (p = 0.001). Both thermotherapy with neck
stabilization exercise (upper trapezius, p < 0.001; levator scapula, p < 0.001; splenius capitis, p < 0.001)
and neck stabilization exercise alone (upper trapezius, p = 0.014; levator scapula, p = 0.018; splenius
capitis, p = 0.015) significantly increased PPT after treatment.

3.2.3. Neck Disability

Significant improvement in disability due to neck pain was observed in groups over time (p= 0.005,
Table 2). Interestingly, salt pack with neck stabilization exercise yielded significant improvements in
disability due to neck pain in comparison with the improvements obtained with neck stability exercise
alone (p = 0.005). The intervention group showed significant increases in NDI scores (p < 0.001).
However, the control group did not show a significant change in NDI after neck stability exercise.

3.3. Secondary Outcomes

3.3.1. Muscle Properties

In comparison with the control group, the intervention group showed a significant improvement
over time in muscle tone (upper trapezius, p = 0.021), stiffness (upper trapezius, p = 0.017; levator
scapula, p = 0.025; splenius capitis, p = 0.012), and elasticity (levator scapula, p = 0.035) (Table 3).
The intervention group also showed significant differences in muscle tone (upper trapezius, p < 0.001;
levator scapula, p = 0.003; splenius capitis, p = 0.006), stiffness (upper trapezius, p < 0.001; levator
scapula, p < 0.001; splenius capitis, p < 0.001), and elasticity (upper trapezius, p = 0.001; levator scapula,
p < 0.001; splenius capitis, p = 0.001) after the intervention. However, the control group did not show
significant improvements in muscle tone, stiffness, and elasticity after neck stabilization exercise.
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Table 3. The changes in muscle characteristics.

Outcome/Group. Baseline
Two Weeks

Post-Treatment
P (Pairwise

Comparison)
P (T * G)

Upper trapezius
Tone (Hz)

Intervention group 13.71 ± 2.25 11.64 ± 0.91 <0.001
0.021Control group 14.19 ± 2.72 13.88 ± 3.43 0.552

Stiffness (N/m)
Intervention group 255.56 ± 19.25 229.83 ± 27.64 <0.001

0.017Control group 260.94 ± 11.33 254.88 ± 32.14 0.288
Elasticity (logarithm)

Intervention group 1.69 ± 0.26 1.97 ± 0.42 0.001
0.079Control group 1.59 ± 0.23 1.67 ± 0.31 0.328

Levator scapula
Tone (Hz)

Intervention group 19.03 ± 1.89 17.04 ± 2.23 0.003
0.129Control group 20.11 ± 2.66 19.48 ± 3.10 0.331

Stiffness (N/m)
Intervention group 335.78 ± 48.50 280.06 ± 53.92 <0.001

0.025Control group 345.00 ± 48.90 333.35 ± 54.75 0.393
Elasticity (logarithm)

Intervention group 1.42 ± 0.17 1.65 ± 0.23 <0.001
0.035Control group 1.38 ± 0.14 1.44 ± 0.25 0.325

Splenius capitis
Tone (Hz)

Intervention group 21.01 ± 1.65 19.07 ± 2.69 0.006
0.094Control group 21.18 ± 2.47 20.88 ± 3.5 0.655

Stiffness (N/m)
Intervention group 388.56 ± 48.13 332.22 ± 52.88 <0.001

0.012Control group 395.24 ± 51.39 385.59 ± 59.32 0.449
Elasticity (logarithm)

Intervention group 1.49 ± 0.15 1.64 ± 0.23 0.001
0.101Control group 1.48 ± 0.15 1.53 ± 0.24 0.296

Data are expressed as mean ± standard deviation. P, p-value; T * G, time and group interaction.

3.3.2. Cervical and Shoulder Alignments

In assessments of neck posture correction, cervical (p = 0.016) and shoulder (p < 0.001) alignments
significantly improved in the groups over time (Table 4). As shown in Table 4, cervical (p < 0.001)
and shoulder (p < 0.001) angles significantly improved after salt pack therapy with neck stabilization
exercise. However, the control group did not show significant improvements in cervical and shoulder
angles. Salt pack combined with neck stabilization exercise was not significantly more effective than
neck stabilization exercise only.

Table 4. The changes in cervical and shoulder alignment.

Outcome/Group Baseline
Two Weeks

Post-Treatment
P (Pairwise
comparison)

P (T * G)

Cervical angle (degree)
Intervention group 48.06 ± 6.31 50.26 ± 6.22 <0.001

0.016Control group 50.12 ± 4.62 50.59 ± 5.43 0.352
Shoulder angle (degree)

Intervention group 60.49 ± 4.57 65.86 ± 4.64 <0.001
<0.001Control group 62.18 ± 5.49 62.97 ± 6.30 0.293

Data are expressed as mean ± standard deviation. P, p-value; T * G, time and group interaction.
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4. Discussion

This study aimed to compare the effects of thermotherapy combined with neck stabilization
exercise to those of neck stabilization exercise alone on chronic nonspecific neck pain. This study is the
first investigation to demonstrate that 10 sessions of salt pack thermotherapy plus neck stabilization
exercise provide benefits that are superior to those of neck stability exercise alone on pain intensity,
PPT, neck disability, muscle properties, and body alignment in individuals with chronic nonspecific
neck pain. These results may provide evidence to use salt pack therapy plus neck stabilization exercise
as a complementary intervention for relief from nonspecific neck pain.

Previous studies have reported the effects of therapeutic exercise, including neck stabilization exercise,
with or without thermotherapy on nonspecific musculoskeletal pain and disability [8–12,34,37–39].
Our study also demonstrated that both thermotherapy using a salt pack plus neck stabilization exercise
and neck stabilization exercise alone had significant effects in reducing pain intensity, increasing
PPT, and improving disability. Interestingly, in comparison with neck stabilization exercise alone,
the intervention group also showed significantly better neck pain control. In the study by Cramor et al. [12]
both the thermotherapy and non-thermotherapy groups received their usual medication and physical
therapy regimens during the study period, with the thermotherapy group receiving thermotherapy
using mud packs; their findings suggested that the additional thermotherapy significantly alleviated
nonspecific neck pain. Thermotherapy has been shown to effectively alleviate pain and improve
somatosensory function in individuals with chronic neck pain [12]. The results of previous studies that
applied thermotherapy with exercise for low back pain control support our findings [11]. In addition to the
thermal effect, it appears that there is also the effect of FIR emitted from the bay salt. FIR can provide pain
control and increased blood flow [40]. This effect of FIR may contribute to pain reduction and changes in
muscle characteristics. The superiority of the intervention group may be explained by a reduction in pain
intensity [11,12,37] and improvement in muscle flexibility [41] as a result of thermotherapy prior to neck
stabilization exercise. These changes in pain intensity and PPT may have resulted in the decreased neck
disability evidenced by the NDI results.

This study showed significant time and group interactions of PPT, and both intervention and
control groups showed significant improvements in PPT. Prior studies have also reported that
thermotherapy has a greater influence on PPT in comparison with other treatments for chronic neck
pain [38,42]. However, a previous study [12] reported no significant change in PPT after thermotherapy
application. That study explained that with hyperalgesia pressure is maintained by central sensitization
in patients with chronic neck pain [43] and that thermotherapy had no effect on central sensitization.
The discrepancies between the findings of our study and that study may be attributable to the alteration
of pain memories associated with central sensitization in patients with chronic musculoskeletal pain
via exercise [44]. A previous study [9] reported significant improvement in the PPT on the middle
point of the upper trapezius in patients with nonspecific neck pain after neck stabilization exercise,
which supports our results for PPT.

This study also examined the changes in muscle properties of the neck/shoulder in both groups.
The intervention group demonstrated significantly decreased muscle tone, stiffness and elasticity,
but the control group did not show significant changes in muscle properties. Thermotherapy increases
the temperature of and blood flow to the muscle and reduces muscle fatigue [14–16], which may
decrease muscle tone, stiffness, and elasticity. In addition, significant recovery of these muscle
properties and neck pain may be associated with the significant differences in the effects on cervical
and shoulder alignment between the two groups. Previous studies have reported that the high tone of
the upper trapezius is associated with the forward neck [45,46], and that increased tone and stiffness of
the neck and shoulder muscles can be a major physical factor for neck pain [47,48]. Our results showed
a significant reduction in tone and stiffness of the neck and shoulder muscles, neck pain, and forward
neck and round shoulder in the intervention group. These results showed that changes in muscle
characteristics due to thermotherapy combined with neck stabilization exercise had a significant effect
on neck and shoulder alignment and neck pain.
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In the intervention group of this study, the intervention time for one session is more than one hour,
which may be burdensome to the body. The participant’s condition was continuously checked during
and after the intervention, and there were no adverse symptoms such as pain, fatigue, and delayed
onset muscle soreness. Moreover, there were no complaints about the interventions, and no participants
dropped out due to problems with interventions. It seems that there was no problem because active
intervention (neck stabilization exercise) was performed for only 40 min and then thermos-intervention
was performed for 30 min.

There are some limitations to the present study. First, since the current study assessed the findings only
after 10 sessions applied over 5 days, a thorough understanding of the effects of repeated thermotherapy
with neck stability exercises over longer periods is necessary to evaluate the clinical use of salt pack
interventions. Second, all participants in this study were women, even though sex was not an
inclusion/exclusion criterion in this study. To obtain more generalizable conclusions relating to the
efficacy of the salt pack combined with neck stabilization exercise for chronic nonspecific neck pain,
further studies with suitable sex ratios may be needed. Third, although this feasibility study showed
significant effects on pain intensity, PPT, muscle properties, and aliment in individuals with chronic
nonspecific neck pain, the small sample size may limit the generalizability of these results.

5. Conclusions

According to the results of this study, salt pack thermotherapy combined with neck stabilization
exercise is superior to neck stabilization exercise alone for chronic nonspecific neck pain control.
However, to generalize the clinical use of this intervention for management of nonspecific neck pain,
further studies with larger sample sizes and longer periods of application are needed.
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Appendix A

Figure A1. Cervical and shoulder angles.
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Table A1. Emissivity and emission power of the far infrared radiation by 45 ◦C bay salt.

Emissivity (5~20 μm) Emission Power (W/m2·μm)

0.9000 3.89 × 102
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Abstract: Anticholinergic drugs may increase the risk of serious respiratory infection, especially in
the elderly. The study aims to investigate the prevalence of anticholinergic drugs and the correlation
of incident pneumonia associated with the use of anticholinergic drugs among the elderly in Taiwan.
The study population was 275,005 elderly patients aged ≥65 years old, selected from the longitudinal
health insurance database (LHID) in 2016. Among all the elderly patients, about 60% had received
anticholinergic medication at least once. Furthermore, the study selected elderly patients who had not
been diagnosed with pneumonia and had not received any anticholinergic drugs in the past year in
order to evaluate the correlation between pneumonia and anticholinergic drugs. The study excluded
elderly patients who died or had received related drugs of incident pneumonia during the study
period and selected elderly patients receiving anticholinergic drugs as the case group. Propensity
score matching (PSM) on a 1:1 scale was used to match elderly patients that were not receiving any
anticholinergic drugs as the control group, resulting in a final sample of 32,215 patients receiving
anticholinergic drugs and 32,215 patients not receiving any anticholinergic drugs. Conditional logistic
regression was used to estimate the association between anticholinergic drugs and pneumonia
after controlling for potential confounders. Compared with patients not receiving anticholinergic
drugs, the adjusted odds ratio of patients receiving anticholinergic drugs was 1.33 (95% confidence
interval: 1.18 to 1.49). Anticholinergic medication is common among elderly patients in Taiwan.
Elderly patients receiving anticholinergic drugs may increase their risk of incident pneumonia.
The safety of anticholinergic drugs in the elderly should be of concern in Taiwan.

Keywords: anticholinergic drugs; pneumonia; elderly; potentially inappropriate medication;
pharmacoepidemiology

1. Introduction

Anticholinergic drugs act centrally and peripherally on muscarinic acetylcholine receptors.
Cimetidine, metoclopramide, and ranitidine are commonly employed in the treatment of the urinary
bladder, the respiratory tract, and gastroesophageal disease via the intervention of the muscarinic
receptor [1]. The peripheral anticholinergic complaint of dry mouth can promote mucosal damage and
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increase the risk for serious respiratory infection, secondary to losing the effect of the antimicrobial
activity of saliva [2]. Owing to the nonselective nature of this muscarinic receptor antagonist,
elderly patients are particularly susceptible to anticholinergic drugs because of age-related changes in
pharmacokinetic and pharmacodynamic properties [3].

Anticholinergic drugs are one of the risk factors for pneumonia in elderly patients. It can increase
the risk of pneumonia in elderly patients, although the strength of the muscarinic blockade of every
anticholinergic drug is different [4,5]. One of the mechanisms for pneumonia is that dry mouth caused
by anticholinergic drugs may lead to oropharyngeal and esophageal swallowing impairments and
result in aspiration pneumonia [6,7]. The impairment of airway mucociliary transport in patients can
prolong bacterial stay in the lungs and eventually contribute to respiratory infections; in addition,
lower esophageal sphincter pressure can lead to acid reflux and cause aspiration [8]. The central
effects of anticholinergic drugs may increase the risk of pharyngeal aspiration, including sedation and
altered mental status, then lead to the incident pneumonia. This can more likely result in bacterial
pneumonia when aspirated bacteria are not effectively cleared [9,10]. Sedation and altered mental
status have also been associated with poor pulmonary hygiene and may lead to viral respiratory
infection. It may also contribute to pneumonia [11]. Another mechanism that could be involved in
anticholinergic-induced pneumonia is low levels of mucous secretions, which may increase the risk of
incident pneumonia because of bacterial growth [6]. Previous literature suggests that oropharyngeal
aspiration is a prominent etiologic factor for pneumonia in elderly adults with swallowing disorders
and weak cough reflexes [9–11].

Many elderly patients suffer from multiple chronic diseases and commonly take different
prescription medications for multiple conditions. It is known that changes in drug metabolism
in the elderly occur with age. There is a common finding in elderly patients, where the use of multiple
drugs may cause serious side effects. Many age-related diseases and disease-related conditions may
predispose geriatric patients to anticholinergic intoxication [2]. In clinical practice, medications with
anticholinergic effects are considered potentially inappropriate when used on the elderly [12,13].
Consequently, anticholinergic rating scales (ARS) are used to express the grade of anticholinergic
effect in clinical practice, ranging from limited or none (Level 0), moderate (Level 1), strong (Level 2),
and very strong (Level 3) [14,15], while the correlation between anticholinergic gradation and incident
pneumonia is inconsistent. Some studies have indicated that the risk of incident pneumonia is not
related to high potency anticholinergic drugs (Level 3) [6]. Previous studies have identified several
drugs with anticholinergic properties we should be aware of, namely, the possibility of side effects
in elderly patients, including respiratory system medicines (cetirizine, loratadine, pseudoephedrine),
psychotropic medicines (paroxetine, quetiapine), alimentary tract medicines (cimetidine, ranitidine),
and neurological disorder medications (larbidopa–levodopa, levodopa) [15–17].

To date, few studies have been conducted using a nationwide database to evaluate the correlation
between pneumonia and anticholinergic drugs in elderly patients, especially in Taiwan [6,18]. It is
essential to understand the risk of pneumonia in elderly patients receiving anticholinergic drugs.
Therefore, this study was conducted to investigate the prevalence of anticholinergic drugs and the risk
factors related to pneumonia and, moreover, estimate the correlation of incident pneumonia associated
with the use of anticholinergic drugs among the elderly by using a nationwide database in Taiwan.

2. Materials and Methods

2.1. Data Source

The study is secondary data analysis, from 2015 to 2016, based on the longitudinal health
insurance database (LHID) released by the Health and Welfare Data Science Center, Ministry of Health
and Welfare (HWDC, MOHW; Registration No. H107175). LHID randomly selected two million
beneficiaries from the Taiwan National Health Insurance (NHI) program. The information in LHID
included detailed clinical records of the outpatient department and hospitalization, diagnostic codes,

18



IJERPH 2020, 17, 6260

and prescribing information. The NHI program is nationwide social insurance that has enrolled up
to 99% of citizens since 1995. Hence, the database is a nationally representative health database for
Taiwan. HWDC provides scrambled random identification numbers for insured patients to protect
the privacy of beneficiaries. This study protocol was approved as a completely ethical review by the
Institutional Review Board of China Medical University Hospital, Taiwan (No. CMUH107-REC2-004).
The database is anonymous; therefore, the requirement for informed consent was waived.

2.2. Study Subjects

Figure 1 lists the flowchart of the selected patients for inclusion. The study population was
275,005 elderly patients aged ≥65 years old, selected from LHID on 1 January 2016 to investigate the
prevalence of anticholinergic drugs. Furthermore, the elderly patients who had not been diagnosed
with pneumonia and had not received any anticholinergic drugs in the past year were enrolled in the
study to evaluate the correlation between pneumonia and anticholinergic drugs. We also excluded
10,532 patients who died and the 33,189 patients who had received related drugs of incident pneumonia
in the study period in order to improve the validity of the study results. The related drugs of incident
pneumonia contained amiodarone, angiotensin-converting enzyme inhibitors (ACEIs), amantadine,
and steroids [12–17]. Moreover, the study classified elderly patients according to their medication
records in 2016 and selected elderly patients who were receiving anticholinergic drugs as the case group.
In the study, there were a total of 49 drugs with the potential to cause anticholinergic adverse effects [17],
including psychotropic medicines (e.g., paroxetine, quetiapine, trazodone), alimentary tract and
metabolism medicines (e.g., cimetidine, metoclopramide, ranitidine, loperamide), respiratory system
and allergy medicines (e.g., cetirizine, loratadine, pseudoephedrine), and neurological disorder
medications (e.g., carbidopa–levodopa, levodopa) (see Table A1). Furthermore, to reduce the potential
confounding caused by unbalanced covariates in nonexperimental settings, we used propensity score
matching (PSM) on a 1:1 scale to match elderly patients not receiving any anticholinergic drugs
as the control group, resulting in a final sample of 32,215 patients receiving anticholinergic drugs
and 32,215 patients not receiving any anticholinergic drugs. The propensity score of the study is
the probability of patients receiving anticholinergic drugs, calculated by gender, age, insured salary,
urbanization, and the Charlson comorbidity index (CCI).
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Figure 1. Flowchart of the study subject selection process. (Abbreviations: LHID, longitudinal health
insurance database; CCI, Charlson comorbidity index)

2.3. Study Design

The study is a retrospective study to investigate the prevalence of anticholinergic drugs among
elderly patients in Taiwan. Furthermore, the study design is divided into three phases to assess the
correlation between anticholinergic drugs and pneumonia. The first phase was the exclusion period,
from 1 January to 31 December 2015, in which to select the study subjects. The second phase was the
observation period, from 1 January to 30 November 2016, in which to estimate the correlation between
anticholinergic drugs and pneumonia. Patients were followed-up 30 days after anticholinergic drug
prescriptions in order to observe the incidence of pneumonia. The third phase was in December 2016
to ensure the follow-up period. Thus, the patients receiving anticholinergic drugs in this phase would
not be enrolled as study subjects. The study design diagram is exhibited in Figure 2.

The definition of incident pneumonia in the study was according to the principal diagnosis code
in J12–J18, based on the International Classification of Diseases, Tenth Revision, Clinical Modification
(ICD-10-CM). The study investigated the association between anticholinergic drugs and pneumonia
via conditional logistic regression. Control variables in the study contained gender, age, insured salary,
urbanization, CCI scores, and comorbidities related to pneumonia. Comorbidities contained
diabetes mellitus (DM; ICD-10-CM: E08-E13), Alzheimer’s disease (AD; ICD-10-CM: G30, F00),
stroke (ICD-10-CM: I60-I69), Parkinson’s disease (PD; ICD-10-CM: G20), major depression disorder
(MDD; ICD-10-CM: F32.9, F33.9), chronic kidney disease (CKD; ICD-10-CM: N18), asthma (ICD-10-CM:
J45), chronic obstructive pulmonary disease (COPD; ICD-10-CM: J40-J44, J47), heart failure (HF;
ICD-10-CM: I50), upper respiratory infection (URI; ICD-10-CM: J00-J06), gastroesophageal reflux
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disease (GERD; ICD-10-CM: K21), and epilepsy (ICD-10-CM: G40-G41). The definition of comorbidities
was with diagnosis at least three times a year, except epileptic seizure. Epileptic seizure was defined
by diagnosis once a year.

Figure 2. The study design diagram.

2.4. Statistical Analysis

Descriptive statistics were used to summarize distributions of the prevalence of anticholinergic
drugs in the elderly in Taiwan. We used the standardized mean difference to examine the balance of
case and control groups after matching. We further used conditional logistic regression to estimate the
association between anticholinergic drugs and pneumonia after controlling for potential confounders.
SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA) was used for statistical analysis in the
study, and the statistical significance was defined as p-value < 0.05.

3. Results

3.1. The Prevalence of Anticholinergic Drugs

Table 1 presents the prevalence of anticholinergic drugs in elderly patients. There was a total
of 967,887 prescriptions with anticholinergic drugs, about 12.96%, out of all prescriptions. The most
frequency anticholinergic prescriptions were cimetidine (2.54%), cetirizine (1.19%), pseudoephedrine
(1.15%), metoclopramide (1.13%), ranitidine (0.83%), quetiapine (0.80%), carbidopa–levodopa (0.66%),
loratadine (0.65%), trazodone (0.54%), and loperamide (0.51%), sequentially. To elderly patients,
there were 165,262 patients (60.09%) who had received anticholinergic medication at least once out of
all elderly patients.

Table 1. The distribution of prescriptions in elderly patients.

Prescriptions
No. of Prescriptions No. of Patients Had Received

N % N %

Total 7,467,908 100.00 275,005 100.00

Without anticholinergic drugs 6,500,021 87.04 109,743 39.91

With anticholinergic drugs 967,887 12.96 165,262 60.09

Most frequency anticholinergic drugs
Cimetidine 189,862 2.54 53,171 19.33
Cetirizine 88,587 1.19 33,987 12.36

Pseudoephedrine 86,201 1.15 36,453 13.26
Metoclopramide 84,483 1.13 30,241 11.00

Ranitidine 61,831 0.83 16,066 5.84
Quetiapine 59,961 0.80 8126 2.95

Carbidopa–Levodopa 49,145 0.66 6371 2.32
Loratadine 48,793 0.65 20,132 7.32
Trazodone 40,079 0.54 6875 2.50

Loperamide 38,237 0.51 20,527 7.46
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3.2. The Baseline Characteristics Distribution of Study Subjects

After subject selection, there was a total of 64,430 elderly patients in the study, and both
groups, with and without anticholinergic drugs, had 32,215 patients. The mean age of patients
receiving anticholinergic drugs was 73.58 ± 7.35 years, 51.77% were female, and 72.74% were in highly
urbanization areas. As in Table 2, baseline characteristics were well balanced between elderly patients
with and without anticholinergic drugs after matching. Among patients receiving anticholinergic
drugs, there were 8614 patients (26.74%) with DM, 3457 patients (10.73%) with stroke, 317 patients
with Parkinson’s disease (0.98%), 3684 patients with CKD (11.43%), 1928 patients with asthma (5.98%),
2781 patients with COPD (8.63%), 1076 patients with HF (3.34%), 18,688 patients with URI (58.01%),
862 patients with GERD (2.68%), and 120 patients with epilepsy (0.37%).

Table 2. The baseline characteristics distribution of study subjects after matching.

Variables

Crude Data After Matching

Anticholinergic Drugs

SMD 3 p-Value 1

Anticholinergic Drugs

SMD 3 p-Value 1Without With Without With

N % N % N % N %

Total 55,345 100.00 32,230 100.00 32,215 100.00 32,215 100.00

Gender 2 0.08 <0.001 0 0.969
Female 27,610 49.89 17,337 53.79 17,317 53.75 17,322 53.77
Male 27,735 50.11 14,893 46.21 14,898 46.25 14,893 46.23

Age (year) 2 73.28±7.42 73.58±7.35 0.05 <0.001 73.59±7.42 73.58±7.35 0 0.981
65–70 25,432 45.95 14,034 43.54 13,992 43.43 14,034 43.56
71–75 11,619 20.99 6881 21.35 6878 21.35 6878 21.35
76–80 8317 15.03 5322 16.51 5344 16.59 5310 16.48
>80 9977 18.03 5993 18.59 6001 18.63 5993 18.60

Insured salary 3 0.06 <0.001 0 0.994
<20,008 18,342 33.14 9070 28.14 9046 28.08 9070 28.15

20,008–22,800 19,850 35.87 13,174 40.87 13,184 40.93 13,159 40.85
22,801–50,600 11,176 20.19 6632 20.58 6621 20.55 6632 20.59
>50,600 5977 10.80 3354 10.41 3364 10.44 3354 10.41

Urbanization 2 0.07 <0.001 0 0.903
Urban 42,143 76.15 23,434 72.71 23,480 72.89 23,434 72.74

Suburban 8781 15.87 5759 17.87 5729 17.78 5747 17.84
Rural 4421 7.99 3037 9.42 3006 9.33 3034 9.42

CCI 2, 3 0.22 <0.001 0 0.989
0 32,820 59.30 15,617 48.45 15,626 48.51 15,617 48.48

1–2 18,210 32.90 13,155 40.82 13,138 40.78 13,155 40.84
≥3 4315 7.80 3458 10.73 3451 10.71 3443 10.69

DM 3 −0.14 <0.001 −0.02 0.015
No 43,788 79.12 23,605 73.24 23,872 74.10 23,601 73.26
Yes 11,557 20.88 8625 26.76 8343 25.90 8614 26.74

AD 3 −0.04 <0.001 −0.03 <0.001
No 55,148 99.64 32,012 99.32 32,076 99.57 31,997 99.32
Yes 197 0.36 218 0.68 139 0.43 218 0.68

Stroke −0.11 <0.001 −0.04 <0.001
No 51,081 92.30 28,768 89.26 29,131 90.43 28,758 89.27
Yes 4264 7.70 3462 10.74 3084 9.57 3457 10.73

PD 3 −0.08 <0.001 −0.08 <0.001
No 55,175 99.69 31,913 99.02 32,101 99.65 31,898 99.02
Yes 170 0.31 317 0.98 114 0.35 317 0.98

MDD 3 −0.06 <0.001 −0.05 <0.001
No 54,660 98.76 31,579 97.98 31,773 98.63 31,564 97.98
Yes 685 1.24 651 2.02 442 1.37 651 2.02

CKD 3 −0.13 <0.001 −0.08 <0.001
No 51,169 92.45 28,540 88.55 29,312 90.99 28,532 88.57
Yes 4176 7.55 3690 11.45 2903 9.01 3683 11.43

Asthma −0.14 <0.001 −0.11 <0.001
No 53,685 97.00 30,302 94.02 31,048 96.38 30,287 94.02
Yes 1660 3.00 1928 5.98 1167 3.62 1928 5.98

COPD 3 −0.19 <0.001 −0.15 <0.001
No 53,077 95.90 29,448 91.37 30,653 95.15 29,434 91.37
Yes 2268 4.10 2782 8.63 1562 4.85 2781 8.63
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Table 2. Cont.

Variables

Crude Data After Matching

Anticholinergic Drugs

SMD 3 p-Value 1

Anticholinergic Drugs

SMD 3 p-Value 1Without With Without With

N % N % N % N %

HF 3 −0.08 <0.001 −0.05 <0.001
No 54,226 97.98 31,150 96.65 31,429 97.56 31,139 96.66
Yes 1119 2.02 1080 3.35 786 2.44 1076 3.34

URI 3 −0.63 <0.001 −0.59 <0.001
No 39,636 71.62 13,536 42.00 22,565 70.05 13,527 41.99
Yes 15,709 28.38 18,694 58.00 9650 29.95 18,688 58.01

GERD 3 −0.12 <0.001 −0.11 <0.001
No 54,765 98.95 31,368 97.33 31,849 98.86 31,353 97.32
Yes 580 1.05 862 2.67 366 1.14 862 2.68

Epilepsy −0.02 0.004 −0.01 0.075
No 55,199 99.74 32,109 99.62 32,121 99.71 32,095 99.63
Yes 146 0.26 121 0.38 94 0.29 120 0.37

1 Chi-square test. 2 The matching variables and the unit of insured salary are in New Taiwan dollars (NTD).
3 Abbreviations: SMD, Standardized mean difference; CCI, Charlson comorbidity index; DM, diabetes mellitus; AD,
Alzheimer’s disease; PD, Parkinson’s disease; MDD, major depression disorder; CKD, chronic kidney disease; COPD,
chronic obstructive pulmonary disease; HF, heart failure; URI, upper respiratory infection; GERD, gastroesophageal
reflux disease.

3.3. The Incidence Rate of Pneumonia in Elderly Patients

Table 3 indicates that among all participants, 1519 patients had occurred pneumonia, and the
incidence rate was 23.58 cases per 1000 elderly patients. The incidence rate of patients receiving
anticholinergic drugs was 33.23 cases per 1000 elderly patients. Compared with patients not receiving
anticholinergic drugs, the risk ratio was 2.18 times of incident pneumonia. Compared with patients
without DM, patients with DM had 1.31 times the risk of incident pneumonia. Additionally, compared
with patients without comorbidities, patients with comorbidities had a higher risk of incident
pneumonia, including stroke (2.21 times), PD (2.89 times), CKD (1.85 times), asthma (5.54 times),
COPD (6.77 times), HF (2.75 times), URI (1.98 times), GERD (2.15 times), and epilepsy (4.61 times).

Table 3. The incidence rate of pneumonia in elderly patients.

Variables
Pneumonia

Risk Ratio
N Incident Rate (‰)

Total 1519 23.58

Anticholinergic drugs
Without 529 15.27

With 990 33.23 2.18

Diabetes mellitus
No 1036 21.82
Yes 483 28.48 1.31

Alzheimer’s disease
No 1507 23.52
Yes 12 33.61 1.43

Stroke
No 1215 20.99
Yes 304 46.48 2.21

Parkinson’s disease
No 1490 23.28
Yes 29 67.29 2.89
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Table 3. Cont.

Variables
Pneumonia

Risk Ratio
N Incident Rate (‰)

Major depression
disorder

No 1493 23.57
Yes 26 23.79 1.01

Chronic kidney disease
No 1255 21.70
Yes 264 40.09 1.85

Asthma
No 1187 19.35
Yes 332 107.27 5.54

Chronic obstructive
pulmonary disease

No 1020 16.98
Yes 499 114.90 6.77

Heart failure
No 1404 22.44
Yes 115 61.76 2.75

Upper respiratory
infection

No 594 16.46
Yes 925 32.64 1.98

Gastroesophageal
reflux disease

No 1458 23.07
Yes 61 49.67 2.15

Epilepsy
No 1496 23.30
Yes 23 107.48 4.61

3.4. Correlation between Anticholinergic Drugs and Pneumonia

Table 4 points out that patients receiving anticholinergic drugs increased their risk of incident
pneumonia (adjusted odds ratio [OR]: 1.33; 95% confidence interval [CI]: 1.18 to 1.49) after controlling
for potential confounders. DM increased the risk of incident pneumonia (aOR: 1.44; 95% CI: 1.26 to
1.65). AD also increased the risk of incident pneumonia, but had no statistical significance (aOR: 1.20;
95% CI: 0.66 to 2.17). aORs of incident pneumonia in patients with comorbidities were all significantly
higher than patients without, including stroke (aOR: 2.02; 95% CI: 1.75 to 2.33), PD (aOR: 1.94; 95% CI:
1.28 to 2.94), CKD (aOR: 1.57; 95% CI: 1.35 to 1.82), asthma (aOR: 1.57; 95% CI: 1.31 to 1.87), COPD (aOR:
4.93; 95% CI: 4.21 to 5.78), HF (aOR: 1.64; 95% CI: 1.32 to 2.04), URI (aOR: 1.79; 95% CI: 1.60 to 2.00),
GERD (aOR: 1.52; 95% CI: 1.15 to 2.01), and epilepsy (aOR: 3.11; 95% CI: 1.92 to 5.03).
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Table 4. Comparing the risk of incident pneumonia between elderly patients with and without
anticholinergic drugs.

Variables aOR 1,2 95% Confidence Interval p-Value

Anticholinergic agent 1.33 1.18–1.49

 

<0.001
DM 1 1.44 1.26–1.65 <0.001
AD 1 1.20 0.66–2.18 0.561

Stroke 2.02 1.75–2.33 <0.001
PD 1 1.94 1.28–2.94 0.002

MDD 1 0.74 0.49–1.12 0.158
CKD 1 1.57 1.35–1.82 <0.001

Asthma 1.57 1.31–1.87 <0.001
COPD 1 4.93 4.21–5.78 <0.001

HF 1 1.64 1.32–2.04 <0.001
URI 1 1.79 1.60–2.00 <0.001

GERD 1 1.52 1.15–2.01 0.003
Epilepsy 3.11 1.92–5.03 <0.001

1 Abbreviations: aOR, adjusted odds ratio; DM, diabetes mellitus; AD, Alzheimer’s disease; PD, Parkinson’s disease;
MDD, major depression disorder; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; HF,
heart failure; URI, upper respiratory infection; GERD, gastroesophageal reflux disease. 2 The conditional logistic
regression model, stratified by matching variables, was used to estimate the risk.

4. Discussion

Our study results indicate that about 60% of elderly patients had received anticholinergic
medication at least once, and the most frequent anticholinergic prescriptions in Taiwan were
cimetidine, cetirizine, pseudoephedrine, metoclopramide, and ranitidine. These drugs are used
to treat URI and excessive secretions of gastric acid in primary care clinics in Taiwan. A previous
study indicated that most frequent anticholinergic drugs were ranitidine, trazodone, paroxetine,
oxybutynin, and nortriptyline [19]. Those were used to treat cardiovascular and neurological disorders.
This indicates that there is a wide disparity in the prescription pattern of anticholinergic drugs between
other countries and Taiwan. It may be related to the difference in medical care-seeking behavior caused
by the health care system.

Pneumonia is a life-threatening infectious disease where age is one of the strongest risk factors.
Our study demonstrates that anticholinergic drugs are related to incident pneumonia in the elderly.
A population-based case–control study by Paul et al. [10] expressed that anticholinergic medication
use is associated with pneumonia risk, compared with no use. Moreover, both acute and chronic use
of anticholinergic drugs were associated with a higher risk for pneumonia, whereas there was no
association with previous use. Another case–control study in America by Chatterjee et al. [6] estimated
anticholinergic drug exposure and the risk of pneumonia. The overall use of anticholinergic drugs
was associated with the risk of pneumonia, while the effect of anticholinergic drugs was not related
to pneumonia. It indicated that even low-potency anticholinergic drugs may cause a significant risk
of pneumonia. A nationwide study in Finland had a similar result [18]. Most of the low-potency
anticholinergic drugs are cardiovascular drugs, and the risk may be partially explained by comorbidity.
The main purpose of our study was to explore the potential relationship between the risk of pneumonia
and anticholinergic drug use in the elderly in Taiwan. To enhance the accuracy of the study results,
our study used PSM to obtain control groups for each elderly patient receiving anticholinergic drugs.
A propensity score is a unit with certain characteristics that is assigned to each elderly patient receiving
anticholinergic drugs. The scores can be used to reduce or eliminate selection bias in observational
studies by the characteristics of elderly patients with and without anticholinergic drugs [20–23].
Compared with previous studies, our study design and methodology are more rigorous. Our study
was inappropriate for further analysis regarding the effect of different levels of anticholinergic drugs
due to the elderly subjects in our study being matched based on whether they received anticholinergic
drugs rather than different levels of anticholinergic drugs. To our knowledge, there has been no related
population-based study to estimate the relationship between incident pneumonia and anticholinergic
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drug use in Taiwan. Our study was not aimed at exploring the mechanisms between anticholinergic
drugs and increased pneumonia risk, but the association between anticholinergic drugs and pneumonia
in the elderly was clear. Although the incident rate of pneumonia caused by anticholinergic drugs is
relatively rare, future studies should develop more well-designed prospective population trials to be
carried out to ascertain the relationship.

The comorbidities may also predispose elderly patients to an increased risk of pneumonia.
Our study results were consistent with previous studies that noted that comorbidities, including DM,
stroke, PD, CKD, asthma, COPD, HF, URI, and GERD, were risk factors of pneumonia. The elderly
with COPD or asthma are a high-risk population of bacterial infection, and one of the major infections
is caused by streptococcus pneumoniae bacteria. It can cause many types of illnesses that contained
pneumonia, meningitis, and septicemia. Therefore, COPD and asthma are both associated with a
greater risk of incident pneumonia in the elderly [24–26]. DM may also increase the pneumonia
risk in the elderly due to poor glycemic control. Aging is associated with a progressive decline in
respiratory system function, and poor glycemic control can cause microvascular complications of
lung capillaries [27–29]. Moreover, previous studies have documented that the elderly with stroke,
dementia, or Parkinson’s disease have a higher risk of incident pneumonia [26,27,30]. It was possibly
attributable to dysphagia, difficulty swallowing, and cough reflexes. Oropharyngeal dysphagia is
also one of the risk factors for pneumonia in elderly patients [31–33]. Renal disease in the elderly is
clinically important. Previous studies have described that there is a positive direction in the association
between predialysis CKD and acute community-acquired infection [34]. Hypoimmunity of the elderly
patient with CKD may predispose the patient to acute lower respiratory infections. Another study
demonstrated that cardiovascular function declined in elderly patients with heart disease, which would
affect the mucociliary clearance functions that trap and remove particulates and pathogens from the
airways, leading to an increased risk of incident pneumonia [35]. Furthermore, a population-based
cohort study indicated that GERD is associated with a long-term risk of pneumonia, especially in
GERD with proton pump inhibitors (PPIs) for a longer treatment than four months [36]. There is a
relationship between gastric acid suppressants and an increased risk of pneumonia [37]. Authors have
suggested that the inhibition of gastric acid secretion by acid-suppressive therapy allows pathogen
colonization from the upper gastrointestinal tract [24].

The major strength of the study is that it is based on a nationwide database, avoiding bias such as
selection, nonresponse, and poor recall. Big data analysis is a new trend in modern healthcare research.
LHID has completeness in recording prescriptions and clinical diagnosis. Moreover, the study was
not only adjusted for potential confounding factors but also used PSM to avoid bias in the selection
of study subjects. Therefore, the study indicates the correlation between anticholinergic drugs and
pneumonia with a narrower and statistically significant confidence interval.

There were also a few limitations to the study. Some pneumonia-related variables, such as
medication adherence, tobacco consumption behavior, and laboratory parameters, cannot be obtained
from LHID. Additionally, the study only used the ICD code to define disease without any medical
procedure codes. There may be overdiagnosis. Although our study indicated the correlation between
anticholinergic drugs and pneumonia, the strength of the anticholinergic effect may also be related to
pneumonia. We will explore the risk of incident pneumonia with different anticholinergic drugs in
further study. Finally, this study is a type of observational study that analyzes data from a population
database. The study result can only provide evidence to demonstrate that anticholinergic drugs are
related to incident pneumonia. It is essential to obtain more information from other databases to
analyze the cause–effect relation in future research.

5. Conclusions

The use of anticholinergic drugs is common in the elderly in Taiwan because these medications
are prescribed for the symptomatic management of medical conditions. Elderly patients receiving
anticholinergic drugs may increase their risk of incident pneumonia. Moreover, DM, stroke, PD,
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CKD, asthma, COPD, HF, URI, and GERD were also associated with incident pneumonia in the
elderly. Anticholinergic drugs can have many beneficial effects, but these drugs need to be balanced
against potential harm. Drugs with anticholinergic properties can be problematic, especially for the
elderly population. Prescribers should consider dose reductions and monitoring when prescribing
anticholinergic drugs to elderly patients to reduce the risks of adverse outcomes. Furthermore,
randomized clinical trials are warranted to determine the effectiveness and safety of anticholinergic
drugs in the elderly.
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Appendix A

Table A1. The list of anticholinergic drugs.

Anticholinergic Drugs

Amitriptyline hydrochloride
Atropine products
Benztropine mesylate
Carisoprodol
Chlorpheniramine maleate
Chlorpromazine hydrochloride
Cyproheptadine hydrochloride
Dicyclomine hydrochloride
Diphenhydramine hydrochloride
Fluphenazine hydrochloride
Hydroxyzine hydrochloride and hydroxyzine pamoate
Hyoscyamine products
Imipramine hydrochloride
Meclizine hydrochloride
Oxybutynin chloride
Perphenazine
Promethazine hydrochloride
Thioridazine hydrochloride
Thiothixene
Tizanidine hydrochloride
Trifluoperazine hydrochloride
Amantadine hydrochloride
Baclofen
Cetirizine hydrochloride
Cimetidine
Clozapine
Cyclobenzaprine hydrochloride
Desipramine hydrochloride
Loperamide hydrochloride
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Table A1. Cont.

Anticholinergic Drugs

Loratadine
Nortriptyline hydrochloride
Olanzapine
Prochlorperazine maleate
Pseudoephedrine hydrochloride-triprolidine hydrochloride
Tolterodine tartrate
Carbidopa-levodopa
Entacapone
Haloperidol
Metocarbamol
Metoclopramide hydrochloride
Mirtazapine
Paroxetine hydrochloride
Pramipexole dihydrochloride
Quetiapine fumarate
Ranitidine hydrochloride
Risperidone
Selegiline hydrochloride
Trazodone hydrochloride
Ziprasidone hydrochloride

Source: Rudolph, J.L.; Salow, M.J.; Angelini, M.C.; McGlinchey, R.E. The anticholinergic risk scale and anticholinergic
adverse effects in older persons. Arch. Intern. Med. 2008, 168, 508–513.
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Abstract: The temperature of the indoor environment is important for health and wellbeing,
especially at the extremes of age. The study aim was to understand the relationship between
self-reported thermal sensation and extremity skin temperature in care home residents with and
without dementia. The Abbreviated Mental Test (AMT) was used to discriminate residents to
two categories, those with, and those without, dementia. After residents settled and further
explanation of the study given (approximately 15 min), measurements included: tympanic membrane
temperature, thermal sensation rating and infrared thermal mapping of non-dominant hand and
forearm. Sixty-nine afebrile adults (60–101 years of age) were studied in groups of two to five, in mean
ambient temperatures of 21.4–26.6 ◦C (median 23.6 ◦C). Significant differences were observed between
groups; thermal sensation rating (p= 0.02), tympanic temperature (p= 0.01), fingertip skin temperature
(p = 0.01) and temperature gradients; fingertip-wrist p = 0.001 and fingertip-distal forearm, p = 0.001.
Residents with dementia were in significantly lower air temperatures (p = 0.001). Although equal
numbers of residents per group rated the environment as ‘neutral’ (comfortable), resident ratings
for ‘cool/cold’ were more frequent amongst those with dementia compared with no dementia.
In parallel, extremity (hand) thermograms revealed visual temperature demarcation, variously across
fingertip, wrist, and forearm commensurate with peripheral vasoconstriction. Infrared thermography
provided a quantitative and qualitative method to measure and observe hand skin temperature across
multiple regions of interest alongside thermal sensation self-report. As an imaging modality, infrared
thermography has potential as an additional assessment technology with clinical utility to identify
vulnerable residents who may be unable to communicate verbally, or reliably, their satisfaction with
indoor environmental conditions.

Keywords: infrared thermography; cutaneous temperature; skin blood flow; dementia;
body temperature; thermal sensation; thermal comfort; imaging; mapping; environmental
temperature; frailty
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1. Introduction

To experience a thermally comfortable indoor environment, an older person living in residential
care relies almost entirely upon decisions made by others. This is typically the care home staffwho will
regulate the temperature of the communal spaces and bedrooms. For those residents with dementia,
simple interventions to adjust the physical stimuli of light, noise and temperature can improve a
person’s quality of life [1] experience [2] and behaviour [3]. Thermal comfort, therefore, becomes an
important aspect of wellbeing and quality of life, which may require a different set of indoor thermal
adjustments (including clothing) than required for active younger people.

A fundamental starting point is to understand the definition of thermal comfort; a condition of
mind which expresses satisfaction with the immediate environment [4]. As a subjective experience,
it may well differ amongst groups of people sharing the same environment at the same time.

The international standard, EN ISO 7730 [5] covering the evaluation of moderate thermal
environments (developed in parallel with the revised American Society of Heating, Refrigerating
and Air-Conditioning Engineers (ASHRAE, standard 55) specifies methods for measurement and
evaluation of thermal environments. Thermal sensation is predominately related to heat balance and
is influenced by physical activity, clothing and the indoor environmental factors of air temperature,
mean radiant temperature, humidity and air velocity [5]. By seeking to provide a comfortable thermal
environment for the majority, building and architectural sciences have led the way in finding solutions
to achieve thermal comfort for the built environment. A subjective seven-point thermal sensation
scale [4] developed originally from the work of Bedford [6] is completed by each individual. It is a
scale widely used in thermal surveys and field trials [7] and forms the basis to calculate the average
thermal sensation vote of large groups of individuals exposed to the same environment, along with an
index of those dissatisfied i.e., people who vote feeling too hot, warm, cool or cold.

Whilst international standards are available, their use has largely been focused on determining
thermal comfort of the workforce in offices and factories. Much less is known about thermal comfort
in the old and very old living in residential care [8–10]. The need for new perspectives on thermal
sensation and thermal comfort in older age is now appreciated [3,11–13] particularly given that the
changes that occur in the nervous system associated with ageing leads to a decrease (‘blunting’) of
thermal sensitivity and thermal perception [14] especially in response to cold stimuli [15] which is
most pronounced at the extremities and follows a distal-proximal pattern [16]. Furthermore, due to a
diminished cutaneous vasoconstrictor response to body cooling [17], older people may lose both their
perception of the environment and their ability to conserve heat at the extremities. They may therefore
(a) not perceive themselves as cold and (b) have a reduced physiological efficiency to conserve heat and
are therefore at an increased risk of ‘symptomless cooling’ [14,18] putting the older person at greater
risk of chilling or worse still, hypothermia [16].

As evidence emerges [11] that the existing analytical models for determination and interpretation of
thermal comfort are not appropriate in older age, opportunities open up to investigate multidimensional
approaches to thermal comfort, specifically of relevance to older people.

The aims of this study therefore, were to (i) identify the range of thermal sensation self-reports
amongst groups of care-home residents, with and without dementia, sharing the same indoor
environmental conditions (ii) use objective, long-wave infrared (LWIR) thermography to map extremity
skin temperature and (iii) determine the correspondence between thermal sensation self-report and the
extremity thermal map.

2. Materials and Methods

2.1. Study Design

Prospective observational feasibility investigation.
Inclusion Criteria: residents living in residential care aged 60 years or over.
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Exclusion criteria: residents unable to communicate or lacking capacity to respond to
simple questions.

2.2. Sample Size

As a feasibility study, the target population is 70 participants. Assuming attrition, the revised
target is 60 participants. With this number, there will be 90% power, at significance level 0.05, to detect
one value or unit (◦C) change in temperature with 1.4 SD difference between the two groups.

2.3. Participants

Adults living in residential care homes within the South Yorkshire and Derbyshire counties of the
UK were recruited over 12 months.

2.4. Screening and Recruitment Pathway

Older adults were invited to give their written informed consent to participate in the study after
first reading the participant information sheet. Screening for capacity was undertaken by research
nurses of the clinical research network (CRN) for the Yorkshire-Humber and Derbyshire National
Health Service (NHS regions). The manager of each residence was first contacted and information was
provided verbally and via leaflets for the care home staff to retain. If the manager was interested in
the objectives of the study, a researcher returned to the care home to discuss the specific details of the
study. The care home manager identified those residents considered to have capacity to give their own
informed consent as a study participant using a ‘Noticeable Problems Checklist’. For those residents
with a medical diagnosis of dementia, or those considered by the care staff to have fluctuating capacity,
the relative (or independent clinician) was provided with study information, by letter, and asked to
consider willingness to give their signed consent on behalf of the resident. Once consent had been
obtained, a mutually convenient date for recruitment was made to obtain signed consent from the
resident or appropriate authority.

2.5. Recruitment

On the day of study, and with consent obtained, a further screening for capacity was undertaken
using the Abbreviated Mental Test (AMT) [19], a 10-point scale used as a guide to screening for
dementia in those without a formal dementia diagnosis. A score below 8 indicates a level of cognitive
impairment warranting ‘assignment’ to the dementia category (D). Residents with AMT score of ≥8
were assigned to a ‘no dementia’ category (ND).

2.6. Data Collection

2.6.1. Demographic Data

Demographic data was collected to include, age, gender, ethnicity, years in residence, ‘handedness’.

2.6.2. Frailty Assessment

The level of clinical frailty was assessed on a seven-point, clinical frailty scale (version 2007–2009
Dalhousie University, Halifax, NS, Canada) [20].

2.6.3. Body Temperature Measurement

Body temperature was measured at the tympanum (Ttymp) using a Thermoscan device (Model LF
40, Braun, Lausanne, Switzerland) before thermography commenced.
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2.6.4. Past Medical History (PMH) and Current Medications

For each older resident, a brief medical history was obtained along with co-morbid condition/s
and medication history, including polypharmacy. Past medical history (PMH) and medication type
may influence: (a) the individuals’ thermal ‘perception’ and (b) heat distribution at the extremities;
the former influencing feelings of thermal comfort and the latter, the appearance of the heat signature
(i.e., the appearance of the thermal map).

PMH with potential to affect thermal comfort perception includes thyroid dysfunction, impaired
neurological perception (e.g., learning difficulties, stroke, dementia, including Alzheimer’s disease,
peripheral neuropathy). A PMH likely to affect heat distribution at the extremities (and thus the
thermal map) is linked to vascular compromise. Pre-existing conditions were documented and
include all forms of diabetes, hypertension, vasculitis, peripheral vascular disease, heart failure and
Raynaud’s disease. Current medication/s and dose was also documented with drugs having potential
thermoregulatory effects assigned to the following categories: (a) vasoconstrictor effects, (b) vasodilator
effects, (c) neurological effects, (d) diuretic effects.

2.6.5. Indoor Environment

Residents were studied in groups of two or more sitting in their usual daytime communal room.
Responses were sought under ‘real world’ conditions of the care home. The study was scheduled to
commence at least one hour after breakfast. This gave sufficient time to complete imaging before lunch
was served. Recommendations for measurement of ambient conditions (EN ISO 7730) [5] were made
for air temperature, (Ta

◦C), relative humidity (RH%) and air velocity (m·s−1) measured using a Kestrel
environmental monitor (Kestrel 3000, Kestrel Instruments, Boothwyn, PA, USA).

2.6.6. Clothing

An approximation of clothing fabric insulation for each garment worn by the resident was
made using available reference values [21]. Insulation of clothing is expressed as a ‘Clo’ unit.
Clothing ‘ensembles’ were estimated from a weighted valuation:

0.676
∑

Icl,i + 0.117 (1)

where
∑

Icl refers to the sum of individual clothing items worn. A pragmatic approach to clothing
category produced three groups: 0–0.50 Clo, 0.51–1.00 Clo, >1.0 Clo for light, medium and heavy
clothing ensembles respectively. A Clo score of 0 corresponds to a person, nude. A Clo score of 1.0,
the value of clothing insulation needed to maintain a person in comfort, sitting at 21 ◦C with air
movement, 0.1 m·s−1, relative humidity (RH) ≤ 50%, the example used being a person wearing a
business suit [21].

2.6.7. Imaging-Long Wave Infrared (LWIR) Thermography

Infrared thermography was undertaken using an uncooled microbolometer detector, (model A-600
series, FLIR, Täby, Sweden) with image resolution 640 × 320 pixels, mounted on a tripod (Vanguard,
Alta Pro 264AT, Dorset, UK) and connected to a laptop computer. The LWIR detector system was
positioned such that the seated participants were comfortable. In the sitting position, acral region
(both hands) were positioned, first with the dorsum followed by palmar surface upwards resting upon
a paper ‘hand template’ (Figure 1) overlying an insulated tile.
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Figure 1. Long wave infrared imaging detector mounted on a tripod. The figure shows the participant
during imaging with hands positioned upon a paper ‘hand template’ overlying an insulated tile.
The portable table was used throughout the study to ensure consistency of the imaging set-up.

This provided visual orientation to the participants for the placement of fingers and hands in a
consistent position and to obtain a clear field of view (FOV). After checking detector focus and distance,
a maximum of three images were obtained. Colour thermal maps were obtained using a proprietary
FLIR software (FLIR Systems AB, Täby, Sweden) and colour palette (see Figure 2).

In this paper, data were reported of the dorsum of the hand as this was the most comfortable
position for older participants. The colour palette, with temperature key, shows darkest colours
(indigo/blue) representing the lowest skin temperature and bright colour (white/yellow) highest
temperatures (Figure 2).
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(A) 

 

(B) 

Figure 2. (A): Thermal map of left and right hand positioned upon an insulated tile. The region of
interest (ROI, non-dominant hand) displayed as a vertical line constructed centrally for ring (R), middle
(M) and index (I) fingers. Selection of the finger with greatest variability was used to construct six
‘box’ ROIs from which mean ROI values were obtained (B) and with data from the selected finger used
in subsequent analyses. (B) shows anatomical ROI positions for temperature (◦C) of distal phalange
(TDP), middle phalange (TTmp), proximal phalange (TPP), metacarpal (TMeta), capitate bones (TCap) and
distal humerus (TDH).

2.6.8. LWIR Region of Interest (ROI) and Image Processing

Emissivity was set to 0.98 for all images; temperature span 16 ◦C; range 20.7–36.7 ◦C. A ‘first-pass’
review of thermal maps for temperature variability across ring (R), middle (M) and index (I) finger was
made. Thermograms showed that fingers typically appeared ‘non-uniform’ in temperature distribution.
Thus, for each participant, a vertical ‘line’ ROI was constructed (Figure 2A) for each of R, M and I fingers.
The finger with the greatest skin temperature value S.D (an indication of temperature variability) was
used in subsequent analyses. For the selected finger, a series of six vertical ‘box’ ROIs (Figure 2B)
were constructed (manually) traversing the centre of each finger of the non-dominant hand and using
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pre-defined dimensions; fingertip (distal phalange, TDP), wrist (capitate bones, TCap) and forearm
(distal humerus/ulnar TDH). Thee ROI dimensions were used throughout the post-processing of LWIR
images; TDP, (280 pixels) TCap, (2436 pixels) and TDH, (1900 pixels). On occasions, the anatomical ROI
did not conform well to the finger (e.g., the hand was too slim for the size of the ROI or the hands were
‘gnarled’ by arthritis, preventing the ‘flat’ placement of the hands, so the ROI dimension was adjusted
slightly to ‘fit’ ROI to finger anatomy. Mean temperature difference (◦C) across the extremities were
calculated as: TDP − TCap (ΔT1) and TDP − TDH (ΔT2). The mean temperature difference between TDP

and tympanic temperature is given as ΔT3.

2.6.9. Calibration

Calibration of the FLIR thermal camera was undertaken against a black-body source (P80P,
Ametek-Land, Dronfield, UK) to determine temperature accuracy and thermal camera performance
across a 20 ◦C environmental temperature range (20–40 ◦C).

2.6.10. Warmth Sensation Rating

After adjusting to the study environment, each participant was asked to rate their thermal
sensation using the 7-point thermal sensation scale with options ranging from −3 (cold), −2 (cool),
−1 (slightly cool), 0 (neutral), +1 (slightly warm), +2 (warm), +3 (hot) [4]. The McIntyre scale [22] for
thermal preference (thermal vote, TV) was used to obtain a response to the question “I would like to
be”: options include (a) cooler (b) no change (c) warmer.

2.6.11. Statistical Analyses

All computations have been carries out with SPSS version 24 (IBM, Armonk, NY, USA).
The associated factors analysed in participants over 60 years are presented as numbers, percentage, mean
(standard deviation, SD), with p-value. Chi-Square tests were used for categorical data. Anova tests
were performed for comparison of mean values of independent variables amongst the two participant
groups: ND and D. ANOVA was used to determine whether there were any statistically significant
differences between the means of two independent groups (Table 1).
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Table 1. Characteristic of care home residents, clothing ensemble, ambient conditions and core and
skin temperature values (◦C) with temperature difference (ΔT). Table shows descriptive analysis that
focused on associations between key variables.

Categorical Factor
Dementia Diagnosis/AMT < 8

Group D n = (%)
AMT 8–10

Group ND n = (%)
p Value

Male 10 (45.5) 12 (54.5)
0.43Female 24 (51.5) 23 (48.9)

Age: years
60–70 2 (33.3) 4 (66.7)

0.25
71–80 9 (69.2) 4 (30.8)
81–90 16 (51.6) 15 (48.4)

Over 90 7 (36.8) 12 (63.2)
Ethnicity

White British 33 (50) 33 (50)
0.22White European 0 2 (100)

White 1 (100) 0
Frailty Score

Well 0 1(100)

0.028

Managing Well 6 (75) 2 (25)
Vulnerable 1 (10) 9 (90)
Mildly Frail 1 (50) 1 (50)

Moderately Frail 9 (40.9) 13 (59.1)
Severely Frail 17 (65.4) 9 (34.6)

Dominant Hand
Right 31 (49.2) 32 (50.8)

0.4Left 3 (60) 2 (40)
Ambidextrous 0 1 (100)

Finger with greatest SD
Left ring 11 (68.8) 5 (31.2)

0.34

Left middle 5 (38.5) 8 (61.5)
Left index 14 (43.8) 18 (56.2)
Right ring 1 (100 0

Right middle 0 1 (100)
Right index 2 (40) 3 (60)

Clothing ensemble (Clo unit)
Light 6 (30) 14 (70)

Medium 26 (55.3) 21 (44.7) 0.05
Heavy 2 (100) 0

Thermal sensation rating
−2 1 (100) 0

0.02

−1 10 (76.9) 3 (23.1)
0 21 (48.8) 22 (51.2)
1 0 7 (100)

1.5 1 (100) 0
2 1 (33.3) 2 (66.7)

Thermal Vote
Cooler 1 (16) 5 (84)

0.09No change 27 (49.1) 28 (50.9)
Warmer 6 (75) 2 (25)

Temperature n = (%) Mean (SD) n = (%) Mean (SD)
Air temperature (◦C) 34 (49.3) 23.1 (0.2) 35 (50.7) 24.1 (0.17) 0.001

Relative Humidity (%RH) 34 (49.3) 49 (1.1) 35 (50.7) 52.1 (1.6) 0.2
ROI: mean DP (◦C) 33 (48.5) 30.0 (0.46) 35 (51.5) 31.6 (0.4) 0.01
ROI: mean Cap (◦C) 33 (48.5) 31.7 (0.25) 35 (51.5) 32.0 (0.25) 0.4
ROI: mean DH (◦C) 33 (48.5) 31.9 (0.19) 35 (51.5) 32.0 (0.24) 0.1

ΔT1 (mean DP- mean CAP) ◦C 33 (48.5) −1.7 (0.29) 35 (51.5) −0.43 (0.24) 0.001
ΔT2 (mean DP-mean DH) ◦C 33 (48.5) −1.8 (0.34) 35 (51.5) −0.39 (0.26) 0.001
Tympanic temperature (◦C) 34 (50) 36.6 (0.07) 34 (50) 36.8 (0.6) 0.01

ROI—region of interest; DP—distal phalange; CAP—capitate bones; DH—distal humerus.
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2.7. Ethics Approval, Screening and Recruitment

All subjects gave their informed consent for inclusion before they participated in the study.
The study was conducted in accordance with the Declaration of Helsinki, and the protocol was
approved by the East Midlands (Derby, UK) research ethics committee and Health Research Authority
(HRA) (16/EM/0483).

3. Results

3.1. Characteristics of Older Adults Living in Residential Care

Seventy-three residents gave their consent to the study. Data was analysed from 69 people aged
60–101 (mean 84) years; 47 were female. Participants were recruited from 15 English residences.
All were white British, Irish or European. Sixty residents had mild, moderate, or severe frailty.
Nine residents only, were ‘well’ or ‘managing well’ on the frailty score. There was a significant
difference concerning frailty with more residents in the dementia (D) group being severely frail
(p = 0.028) (Table 1).

AMT ranged from 0–10 (median 8). Thirty-four residents were assigned to ‘dementia’ category,
(D) and 35 residents, (ND) (Table 1). Residents were studied in groups of two to five at each imaging
session (median three residents per session) in still air (<0.1 m·sec−1) Ta 21.4–26.6 ◦C (mean 23.6 ◦C)
RH 32–78% (mean 51%). Under these indoor ambient conditions, a variety of clothing ensembles were
worn (Clo range 0.26–1.54, mean 0.61 Clo) corresponding to light (n = 20) medium (n = 47) heavy
(n = 2) clothing ensembles respectively.

3.2. Thermal Sensation (TS) Self-Rating

Of the 68 of 69 participants who provided a TS self-report, the majority rated the environment
‘comfortable’ (TS score 0, n = 43, 63%). For the remainder, responses raged from +2 (n = 3), +1 (n = 7),
−1 (n = 13), −2 (n = 1) corresponding to ‘warm’, ‘slightly warm’, ‘slightly cool’, ‘cool’ respectively
with a range of different TS ratings between residents across individual care homes (Table 2). None of
the residents rated −3 (cold) or +3 (hot). Overall, 92% of residents rated TS −1 to +1. Most residents
(n = 55, 80%) on providing a TV did not wish to change the temperature of the environment whereas
eight (11%) would have preferred a warmer temperature and six (9%) a lower air temperature.

39



IJERPH 2020, 17, 6932

Table 2. Individual thermal sensation ratings reported by residents sharing the same environmental
conditions at each imaging session in groups of two to five. Study undertaken over a period of 12
calendar months at 15 residential care sites. Residents with dementia who participated in the imaging
sessions are identified by highlighted and emboldened text. Four residential care sites (6,9,11,12) were
visited twice.

Site ID Month/Day of Study Mean Ta (◦C) Mean RH %
Thermal Sensation Rating

Resident 1 Resident 2 Resident 3 Resident 4 Resident 5
1 7 June 24.3 60 0 missing 0
2 13 July 24.0 47 0 0 0 −1
3 12 July 24.3 56 0 1 1 1
4 28 July 22.5 54 0 0
5 6 September 24.6 60 0 0 0
6 28 September 25.8 52 0 1 1 0
6 6 October 23.6 38 0 −1 0 0
7 12 October 23.1 57 2 0
8 20 October 24.2 60 0 1 0 0
9 7 November 22.0 53 −1 −1
9 8 December 24.0 32 1 0

10 11 April 22.0 55 0 1.5
11 17 April 24.5 48 −1 0 0
11 24 April 21.8 44 0 0 −1
12 11 May 25.3 37 −1 0
13 16 May 22.6 45 0 0 0 0
14 18 May 24.2 46 0 0 0
12 21 May 22.7 50 −1 0 0 −1 −1
11 12 June 22.0 53 −1 0 0
15 14 June 23.6 54 0 −2 −1 0 2
11 19 June 22.1 54 0 −1 0
6 19 June 24.0 58 0 2

RH—relative humidity, emboldened text within highlighted cells indicates the residents with a confirmed diagnosis
of dementia or Abbreviated Mental Test (AMT) < 8.

3.3. Thermal Sensation Ratings and Clothing Insulation

When sharing the same room (and thus same Ta), differences in TS rating and TV were reported.
A significant difference in TS rating was noted between residents (D vs. ND) (p = 0.02, Table 1).
Residents (D) more frequently expressed feeling ‘slightly cool’ or ‘cool’ (n = 11) compared with ND
residents (n = 3; Table 1). By contrast, residents without dementia more frequently expressed feelings
of being ‘slightly warm’ or ‘warm’ (n = 9) compared to those with dementia (n = 2). Throughout the
months during which the study was conducted, clothing worn by the majority of residents (Table 1)
provided light to medium insulation; differences in clothing insulation tending towards medium to
heavy Clo units for residents with dementia (borderline significance, p = 0.05).

3.4. Core (Tympanic) Temperature

Residents were afebrile, Ttymp 35.5–37.5 ◦C (mean 36.7 ◦C). A statistical but not clinically significant
difference was observed between ND vs. D groups (p = 0.01, Table 1). Differences (TDP − Ttymp) were
consistently negative for all older adults; ΔT3 range −12.5 ◦C to −2.3 ◦C.

3.5. Skin Extremity Temperature

Right hand was dominant in 63 of 69 residents (91%). Thermal mapping and data analysis of
‘non-dominant’ finger/hand ROIs were therefore performed predominately for left hand. Individual
extremity skin temperature values for TDP, TCap, TDH for all residents are lowest for TDP. Mean vales
for TDP, TCap, TDH were 30.9 ◦C (2.6 ◦C), 31.9 ◦C (1.5 ◦C), 31.9 ◦C (1.3 ◦C) respectively. Mean TDP was
significantly lower (p = 0.01) for residents with dementia compared to ND (Table 1; Figure 3).
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Figure 3. Mean skin temperature at each of three ROI regions represented by finger-tip (distal phalange,
TDP), capitate bones (TCap) and forearm at distal humerus/ulner (TDH) of residents with dementia/AMT
< 8 (D) (open circles, O) and residents without a confirmed diagnosis of dementia/AMT ≥ 8 (ND) (open
square �). * Significant difference between mean temperature for TDP of residents D vs. ND group
(p = 0.01). Horizonal bars represent mean values.

3.6. Comparisons Between Groups

D vs. ND: Air, extremity skin and tympanic temperature: Ta of the communal rooms where
residents were sitting was, on average, 1.0 ◦C lower (p = 0.001) in D compared to the ND group (Table 1;
Figure 4).

Figure 4. Distribution of air temperature (◦C) within care homes by group: dementia or an AMT < 8
(yes/no) showing median, lower and upper quartiles, and lower and upper extremes of air temperature.
Outlier: participant studied at lowest Ta, 21.4 ◦C.

A wide range of ROI temperature differences were recorded at each ROI (Figure 5) and from these
values the temperature gradient, delta T (ΔT) calculated for ΔT1 (TDP − TCap) and ΔT2 (TDP − TDH)
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with respect to TS rating. Figure 6 shows the mean temperature (◦C) at each of the three ROIs with
respect to each residents’ reported TS rating.

Figure 5. Upper panel: extremity temperature difference between fingertip to wrist ΔT1

(mean TDP- mean TCap) and lower panel: fingertip to forearm, ΔT2 (mean TDP − TDH) by group
and TS ratings; dementia (O); no dementia (ND).

For ΔT1, mean difference, 0.43 ◦C (0.24) (ND) vs. −1.7 ◦C (0.29 ◦C) (D) p = 0.001. For ΔT2,
mean difference, 0.39 ◦C (0.26 ◦C) (ND) vs. −1.8 ◦C (−0.34 ◦C) (D) p = 0.001 (Table 1) The range of
temperature differences, ΔT1 for residents with dementia ranged from −6.4 ◦C to −1.5 ◦C and for
residents without dementia, −3.7 ◦C to 2.3 ◦C. The range of temperature differences, ΔT2, −7.7 ◦C
to 0.6 ◦C and −4.1 ◦C to 2.3 ◦C for D vs. ND respectively. A significant difference (mean 0.2 ◦C) for
tympanic temperature (p = 0.01) was observed between groups ND and D.
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Figure 6. Mean extremity temperature values at three ROIs; distal phalange TDP (upper panel); capitate
bones, TCap (middle); distal humerus, TDH (lower) by group and TS rating. dementia (O), no� dementia
(�) for each reported thermal sensation rating.

3.7. Extremity Temperature Values and Thermal Sensation Rating

On further exploration of thermal sensation for TDP, residents who were dissatisfied with the
environment provided ratings of −2 and −1 (slightly cool, cool, respectively), 11 were residents with
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dementia (D) and 4 did not have dementia (ND). Eleven residents (9 ND, 2 D) were also dissatisfied
with the environment perceiving it as slightly warm (+1, +1.5) or warm (+2).

3.8. Thermal Mapping of Extremities: Correspondence Between the Thermal Map and Thermal Sensation
Report

Qualitative review of hand thermograms, showed the visual appearance of skin temperature for
ΔT1 and ΔT2 of all residents in the environment of their cluster groups:

(A) ‘Cold hands’: LWIR thermogram appearance was not consistent with thermal sensation report.
Thirteen residents (9 in D category) showed the visible appearance of ‘cold hands’ mean TDP < 30 ◦C
(range 23.5–29.9 ◦C; median 26.5 ◦C) in air temperatures ranging from 21.4 ◦C to 25.6 ◦C (median 23.5 ◦C)
(Figure 7). Thermal sensation ratings were variable ranging from −2 (cool n = 1), −1 (slightly cool,
n = 3), 0 (comfortable/neutral, n = 8) to +2 (warm n = 1). For cold hands, the temperature difference for
ΔT1 ranged from −6.4 ◦C to −2.0 ◦C (median −2.8 ◦C) and for ΔT2 −7.8 ◦C to −1.3 ◦C (median −3.8 ◦C).
A clear demarcation in temperature across the hands was observed such that areas were ‘invisible’
against ambient temperature on the thermal map. ‘Thermal amputation’ was evident visually for the
digits in 4 residents with (D) where ΔT1 was −6.4 ◦C, −4.7 ◦C, −4.3 ◦C (n = 1 data missing).

Figure 7. Thermal maps of hand and forearm of 13 residents with the visual appearance of ‘cold’ hands.
Figure shows the study group; dementia (D) or no dementia (ND), thermal sensation (TS) rating and
the individual temperature difference (◦C) for ΔT1 and for ΔT2.
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(B) ‘Warm hands’: By contrast (Figure 8) the brightest colour appearance visually on thermograms
corresponded with highest hand temperatures in 10 residents (5 D; 5 ND) (mean TDP 31.7–35.2 ◦C;
median 33.7 ◦C) across air temperature of 21.9 ◦C to 25.3 ◦C (median 22.9 ◦C) i.e., similar air temperature
to those with cold hands. Individual thermal sensation ratings for this group were: −1 (slightly cool,
n = 1); 0 (comfortable/neutral, n = 7), 1 (slightly warm, n = 1) and 2 (warm, n = 1). Temperature
difference across the hands for ΔT1 ranged from −1.1 ◦C to +1.9 ◦C (median 0.3 ◦C). Similarly, for ΔT2,
mean temperature differences between ROIs was small: range −1.2 ◦C to +2.34 ◦C (median 0.45 ◦C).

Figure 8. Thermal maps of hand and forearm of 10 residents with the visual appearance of ‘warm’
hands. Figure shows the study group; dementia (D) or no dementia (ND), thermal sensation (TS) rating
and temperature difference (◦C) for ΔT1 and for ΔT2.
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3.9. Medical History and Medications with Potential Influence on Perception of Temperature and Thermal
Appearance

None of the residents had a past medical history of Raynaud’s disease. There was however,
a significant difference in the number of current medications between the residents with and without
dementia (p = 0.001). However, with respect to medication with known vasoconstrictor or vasodilator
effects which might be expected to have an effect on the distribution of blood flow (and temperature) at
the extremities, there was no significant difference between the groups, neither were there significant
difference in the medications given with known effects on neurological function known to impact on
perception of thermal comfort. No other significant difference in medication type was noted for the
remaining classes of prescribed drugs.

4. Discussion

The majority of care home residents in this study were in the older-old age group; 27% aged
90 years or more and with approximately half of the group with cognitive deficits. Studies of
thermal comfort are typically performed under controlled conditions of a climate chamber e.g., [13,23].
Whilst Soebarto et al. [24] did undertake studies (of young and old people) in a climate chamber in
both young and older people, the authors comment that this is not practical for the very old and frail.
Undertaking the current study under the ‘real-world’ conditions of the care home provides a true
representation of an individual’s day to day indoor environment and associated thermoregulatory
responses. In seeking to understand the responses of older people to their environment, we recognise
that identifying those with cognitive deficits (vascular cognitive impairment, Alzheimer’s prodrome)
often falls short of an exact medical diagnosis [25]. This makes disease classification for research [26]
to two binary groups (‘dementia’ vs. ‘no dementia’) rather more ‘nuanced’ because age-related
cognitive decline follows a continuum across the boundary between normal cognition to the severely
demented [26]. It was therefore not possible to assign residents accurately to two groups based on
diagnostic differentiation using neuropathology or amyloid biomarkers [27] so the AMT score was
used as a pragmatic alternative in the absence of a confirmed diagnosis.

Conducted across 15 English residential care homes, the overarching finding was that older
people exposed to the same environmental conditions sense thermal comfort quite differently from
one another and this carriers an important message for their carers, alerting them to the potential that
residents will experience both satisfaction and dissatisfaction under the same indoor conditions.

Thermal comfort is just one aspect of the environment that exerts an effect on older people [11,28]
especially those with dementia [29]. It is clear from the work of Walker et al. [10] that during cold
weather, carers and managers are concerned about keeping residents warm and comfortable but see
this as challenging due to the diversity of co-morbid conditions, frailty, and different levels of activity
of people who live together. The same concerns hold for keeping residents cool in hot weather [3].
However, in the absence of any established method or consensus on how best to provide thermal
comfort for the majority, it is likely that those residents in thermal discomfort (whether too cold or too
hot) will be overlooked, especially if they are unable to communicate effectively.

Many researchers [30–33] have explored skin temperature (the physiological interface with the
environment) as a predictor of thermal comfort. For example Wu et al. [34] investigated upper skin
extremity temperature (finger, wrist, hand, forearm) and the conditions required for indoor thermal
comfort in an office environment using the same 7-point thermal sensation scale as for the current study.
In mean air temperature of 26.8 ◦C, 60% of adults rated thermal sensation 0 (‘neutral’) and 90%, rated TS
from −1 to +1 (slightly cool, neutral, slightly warm). Similar results were observed in the older aged
residents in this study, 63% and 92% rating TS 0 (neutral) and −1 to +1 respectively, albeit in mean air
temperature 2 ◦C lower than the office-based adults. As for upper extremity temperatures in the older
residents, mean finger-tip (30.9 ◦C), wrist (31.9 ◦C) and forearm (31.9 ◦C) temperatures were 2 ◦C lower
than reported by Wu et al. [34] where corresponding regions (fingertip, wrist, forearm temperatures)
were 33.4 ◦C 33.7 ◦C and 33.7 ◦C respectively. Of interest therefore is that whilst older adults had lower
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mean skin temperatures and were in lower indoor temperatures, a comparable percentage of residents
were satisfied with the environment and rated their TS as 0 (neutral/comfortable). The possibility that
the older person’s thermal perception of the environment is ‘blunted’ is consistent with the biological
consequences of ageing on thermogenesis and decline in thermosensitivity [35]. This blunting of
thermal sensation can occur similarly as in other types of sensory perception loss with age [36];
hearing, vision, taste and smell being additional examples. We have observed features of thermal
blunting in the older residents, particularly those with dementia where we observed residents with low
extremity (digit) temperatures corresponding to ‘cold hands’ reporting thermal sensation as neutral
(or comfortable) even with obvious visual ‘thermal amputation’ on the thermal map and even where
environmental temperature was within the thermoneutral range [37,38].

In the thermoneutral zone, skin blood flow in the hands is tonically active and vasomotor tone
of skin capillaries operates as the primary ‘controller’ of deep body temperature. Hands (and feet)
represent ‘radiator’ organs [39] losing heat to the environment as well as retaining and conserving body
heat. Skin temperature therefore varies with changes in vasomotor tone. Capillaries of non-glabrous
skin, along with arterio-venous anastomoses (AVAs) of glabrous (hairless) skin of hands and feet
are continuously adjusting (cycling) blood flow to extremity skin to balance heat loss with heat
retention [38,40]. These physiological measures, independent of an individual’s TS perception may
provide a more robust indicator of temperature derangement than achieved through thermal comfort
scales, especially under conditions where there is a risk of ‘symptomless cooling’ [14,18]. If it is
possible to measure and/or ‘see’ the consequences of marked vasoconstriction (or vasodilation) at
the extremities this may provide a more reliable indicator of thermal risk; ‘cooling without noticing’.
We have shown previously [8], as have others [41], that the feeling of being chilled tends to start in
the hands or feet. Harazin et al. [42] report finger skin temperature (at a ‘cut-off’ temperature below
29 ◦C) in adults (with vibrotactile perception disorders consequent on peripheral neuropathy) as a
characteristic of ‘cold hands’ even in air temperature above 21 ◦C.

In addition, Pathak et al. [23] have shown that skin temperature gradients are significantly related
to resting metabolic rate such that air temperature of 25 ◦C may serve as an objective measure for the
conditions to maintain homeothermy. Looking further at both extremity skin temperature, Wu et al. [34]
report finger temperature above 30 ◦C (and finger-forearm temperature gradients close to 0 ◦C) to
represent a significant threshold for an overall sensation of thermal comfort. Furthermore, at mean
air temperature of 26.8 ◦C, Wu et al. [34] report temperature gradients between fingertip to wrist and
fingertip to forearm ranging from −3.5 to 0.3 ◦C and −4.0 ◦C to −0.3 ◦C respectively; the negative
temperature gradient serving as an indicator of a ‘cool’ TS response.

In the current study, older adults showed peripheral vasoconstriction as evidenced by the
temperature gradients across the extremities; more intense in those with D than ND for both fingertip
to wrist (ΔT1) and fingertip to distal forearm (ΔT2). At mean air temperature of 23 ◦C (Group D) and
24 ◦C (group ND) this air temperature is within the thermoneutral (comfort) zone (23–27 ◦C) for light
to moderately clothed adults [23] yet older residents show evidence of extremes of thermoregulation
as evidenced by both marked peripheral vasoconstriction and vasodilation in hand ROIs observable
on the thermal maps.

Being able to take temperature measurements using conventional thermometry and across multiple
areas of the skin surface in the setting of care homes presents a significant challenge in routine care.
However, with infrared thermography, a quick visual assessment of the physiological response to the
environment can be made by imaging of the extremities. Heat maps reflect the net effect of changes
in vasomotor tone on skin temperature. As far as it is possible to tell, this is the first report of an
independent imaging technology to map ‘what we see’ on LWIR thermography with ‘what people
say’ about their thermal comfort. In other words, can we ‘see’ signs of thermal discomfort using
thermal imaging and is there a potential benefit in doing so? Although other techniques; laser Doppler
imaging [43], laser speckle imaging [44] or venous occlusion plethysmography [45] are available,
they are rather less practical for the conditions of the care home whereas LWIR thermography offers
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an ‘at a glance’ imaging solution about thermal conditions of the ‘radiator’ organs, the most obvious
exposed skin site being the hands. What we see on thermal imaging is the distribution of heat at the
extremities which, at least for digit skin temperature (where metabolically active tissue is minimal) is
entirely due to blood flow.

On qualitative review of thermal maps, the appearance of ‘cold’ and ‘warm’ hands emerged
based on colour coding across a temperature span of 16 ◦C. For residents with ‘cold hands’, fingertip
temperature (TDP) was, in all cases <30 ◦C with fingertips consistently colder than wrist and forearm
and with a wide (negative) skin temperature gradients for ΔT1 and ΔT2 irrespective of TS rating.
These results support the work of both Pathak and Wu [23,34] (albeit studying younger, healthy
adults) that fingertip temperature below a cut-off, together with wide (negative) temperature gradient
(fingertip-wrist and fingertip-forearm) occur across the thermoneutral range. As we have observed, on
review of the hand thermograms, this powerful vasoconstrictor response, which can decrease skin blood
essentially to zero [46], is not always accompanied by a sensation equivalent to thermal discomfort.

Whilst commonly used models for thermal comfort are based on Fanger’s work [47], such models
were developed from studies in young, healthy adults in the workplace. That these models are
inappropriate for older people is now recognized because changes in the structure of the nervous
system as people age means that thermal sensitivity and perception decreases [14]. In the older group
of residents, we have seen how varied the thermal comfort responses of older people are, even under
the same environmental temperature. Shahzad et al. [48] have shown that neutral thermal sensation
does not guarantee thermal comfort; 36% of participants in their study did not want to feel ‘neutral’ as
their comfort condition, preferring a non-neutral thermal sensation. This finding supports the work
of de Dear [49] in differentiating thermal ‘pleasure’ from thermal ‘neutrality’; some people finding a
cool environment more ‘pleasing’ than a neutral position which, apart from personal preference may
also be influenced by cultural and social factors. For example, Florez-Duquet et al. [50] showed that
older subjects generally did not report, or complain, of cold even during an entire cold exposure test
whereas young adults did. Taylor et al. [15] showed that older people require a more intense stimulus,
starting at the extremities before they ‘feel’ cold. Consequently, older people are being exposed to
intense thermoregulatory challenges that will go unnoticed under the ‘normal’ indoor temperatures of
the care home.

As the focus for long-term care has shifted from processes of care (safety, medical concerns)
towards improving outcomes for residents [1] opportunities arise to meet this new challenge; to improve
quality of life through considerations of the care home environment [51].

Whilst the majority of residents (both groups), expressed satisfaction with the environment by
rating 0 on the thermal sensation scale, many did not; rating the environment too cool or even too
warm. The first impression therefore, would be that residents were not in their comfort zone even in
warm conditions but is this truly a measure of true satisfaction with the environment? Further evidence
of the validity of the thermal sensation report can be explored by investigating concomitant changes in
physiological factors, notably the degree of peripheral skin vasomotor tone.

Finally, of importance, in the context of determining the health and thermal comfort of older
people in residential care, is not only in the ability to spot the vulnerable person at risk of chilling
(or overheating) but in finding a practical solution to the variability in thermal sensation responses
to the indoor environment in this older population, many of whom are immobile. Personal thermal
comfort approaches could include ‘smart’ garments and local climate ‘bubbles’. Our next step will
be in tackling the best approaches to determine a range of approaches that are practical and feasible
within the care home. What is clear, due to the COVID-19 pandemic, is that assessing residents by
touch will now be excluded for any thermal comfort assessment for the near future.

5. Conclusions

What we have observed by undertaking this feasibility study, perhaps more useful to those
involved in the care of older people than relying on a persons reported thermal sensation rating, is in
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being able to ‘see’ the physiological responses to the environment in which they live. It is recognised
that in older age, cultural factors as well as decline in neurosensory function can have an impact
on sensory perception such that these senses may be blunted. This further confounds the value of
thermal comfort rating scales in older people. The quick, relatively inexpensive, technique of thermal
imaging, allows an immediate assessment of ‘live’ efferent thermoregulatory activity without the
need for absolute measurements per se, so providing a new aspect of multi-dimensional thermal
assessment. Thus, from the physiological ‘first responders’ of thermoregulation: skin extremity
temperature (and concomitant extremity skin perfusion), the technique of infrared thermography
could, in the future, provide technology-driven approaches to thermal assessment. Thermographic
mapping of extremities as a prodromal thermal signature of incipient chilling (or overheating) could
offer a better biomarker of thermal satisfaction and temperature safety within the environment than
an older person’s own temperature sensibility. The future for this challenging field of health care
will be in designing solutions to promote personalised thermal comfort involving interdisciplinary
collaborations across medical, engineering, design and the built environment.
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CIT Cold induced thermogenesis
Clo clothing insulation unit
CRN clinical research network
Icl overall insulation of assembly in Clo units (Clo)
FOV field of view
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PMH past medical history
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ROI region of interest
SD standard deviation
Ta air temperature
Tr rectal temperature
TDP distal phalange skin temperature
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Δ delta
ΔT temperature difference
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Abstract: Due to the dramatic impact of the COVID-19 pandemic, Spain underwent a strict lockdown
(March–May 2020). How the lockdown modified older adults’ physical activity (PA) has been poorly
described. This research assesses the effect of the lockdown on PA levels and identifies predictors
of sufficient/insufficient PA in frail older community-dwellers. Community-dwelling participants
from the +ÀGIL Barcelona frailty intervention program, suspended during the pandemic, underwent
a phone-assessment during the lockdown. PA was measured before and after the lockdown using
the Brief Physical Activity Assessment Tool (BPAAT). We included 98 frail older adults free of
COVID-19 (mean age = 82.7 years, 66.3% women, mean Short Physical Performance Battery =
8.1 points). About one third of participants (32.2%) were not meeting sufficient PA levels at the
end of the lockdown. Depressive symptoms (OR = 0.12, CI95% = 0.02–0.55) and fatigue (OR = 0.11,
CI95% = 0.03–0.44) decreased the odds of maintaining sufficient PA, whereas maintaining social
networks (OR = 5.07, CI95% = 1.60–16.08) and reading (OR = 6.29, CI95% = 1.66–23.90) increased it.
Living alone was associated with the reduction of PA levels (b = −1.30, CI95% = −2.14–−0.46). In
our sample, pre-lockdown mental health, frailty-related symptoms and social relationships were
consistently associated with both PA levels during-lockdown and pre-post change. These data
suggest considering specific plans to maintain PA levels in frail older community-dwellers.
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1. Introduction

The COVID-19 global pandemic has had a dramatic impact on the population’s health,
especially for older adults [1]. To mitigate the quick spread of infection, several measures
have been undertaken around the globe. In Spain, one of the most affected countries,
these measures included a strict lockdown (14 March to 2 May 2020). During this period,
citizens were not allowed to leave their homes except to attend work, essential medical
appointments, shop for food and take care of vulnerable or dependent individuals. A
steady phase of de-escalation was then implemented until 21 June 2020, when mobility
restrictions were finally removed.

Frailty, a dynamic state of increased vulnerability to internal or external stressors,
determines a higher risk of negative health outcomes, such as disability, falls, fractures,
institutionalization and death [2]. Therefore, its identification and the development of
individualized prevention strategies are mandatory [3–5]. In order to promote a more
comprehensive and life-course assessment of older adults, the World Health Organization
(WHO) introduced the concept of functional ability (i.e., having the capabilities that enable
all people to be and do what they value), which is determined by the interaction between
intrinsic capacity (i.e., composite of all physical and mental capacities) and the environ-
ment [3]. This latter was clearly altered by the COVID-19 pandemic, and the consequent
preventative restrictions. Although lockdowns and mobility restrictions are crucial public
health countermeasures, these caused a radical and sudden change in people’s lifestyles, in
particular regarding physical activity (PA) levels [6,7].

PA has been previously described as a risk factor for frailty [8–10] and a key component
of interventions to prevent or reduce the development and progression of frailty [3,11–13].
It has been estimated that the preventive measures applied during the COVID-19 pandemic
led to a 25% reduction of PA in the general population [6,14–17], and more than 45% in
older adults [6,14–16,18,19]. Despite these data, the possible determinants of this reduction
in PA levels have not been explored yet. This might be relevant to design future strategies
to resume PA and prevent frailty and disability. Comprehensive geriatric assessment (CGA)
includes measures pertaining to different domains, such as functional, physical, cognitive,
mood, nutritional and social, which usually interact to determine negative health outcomes
for older adults [20]. Variables of the CGA might help predict the change or decrease in PA
levels in older adults during the lockdown.

Among the heterogeneous group of older adults, the COVID-19 pandemic posed
particular challenges to community-dwelling frail older adults’ approach and care. Nev-
ertheless, the impact and consequences of decreased daily activities and social contacts
limitations in this vulnerable group, including community-dwelling, frail older adults with
a relatively preserved autonomy before the pandemic, has been poorly described. Focusing
on this population group is particularly relevant due to the increased risk of accelerated
disability. Therefore, it is crucial to appropriately target at-risk individuals to implement
individualized post-pandemic plans to recover PA.

In this paper, we describe PA changes due to mobility restrictions in community-
dwelling, frail older persons who had not been diagnosed with COVID-19 from a running
program, to delay or revert frailty in community-dwelling older adults of Barcelona.
Taking advantage of the extensive CGA pre-lockdown, which also included a standardized
measure of PA, we explored factors associated with the improvement or maintenance of
sufficient PA levels during the lockdown.

2. Materials and Methods

2.1. Study Population

The study population was derived from the +ÀGIL Barcelona project, an implemented,
ongoing, real-life multidimensional intervention program, based on integrating primary
care, geriatrics and other community resources. Models and results of the initiative have
been previously published [11,21]. In brief, the program enrolls nondisabled frail older
adults [22] based on the comprehensive geriatric assessment (CGA) performed by a geriatric
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multidisciplinary team in collaboration with primary care professionals for designing a
person-tailored community intervention. Pillars of the intervention include a 10-week
boost of multicomponent physical exercise, aiming to empower participants to perform PA,
complemented with home sessions based on the validated ViviFrail platform [23]. After the
boost, the continuation of PA in existing resources in the community is pursued. Promotion
of the Mediterranean diet, health education and optimization of pharmacological therapies
are also part of the intervention. After the initial CGA, the geriatrician repeats an assessment
at three months (and occasionally six months) to revise and adapt the intervention. +ÀGIL
Barcelona has been continuously running from July 2016 until March 2020 (enrolling
100 participants/year). Due to the COVID-19 pandemic, face-to-face assessments were
temporarily suspended, replaced by phone calls during the follow-up procedure and data
collection.

In May 2020, at the end of the Spanish lockdown applied by the Spanish Government
(14 March to 2 May), a follow-up visit via phone was performed with each participant in the
+ÀGIL Barcelona program who had been assessed face-to-face during the 12 months prior
to the lockdown (either as the baseline, three or six-month visit). In case the participant
could not complete the phone call assessment, a self-identified proxy or caregiver answered
the follow-up interview. The interviews lasted around 20 min and were performed by two
trained physiotherapist researchers.

2.2. Measure of Physical Activity

During the phone survey, the level of PA was assessed with the Brief Physical Activity
Assessment Tool (BPAAT), the same tool used in all the routine visits pre-lockdown [24,25].
The BPAAT is a two-question tool. The first item explores the frequency and duration of
PA at vigorous intensity, and the second item assesses the frequency and PA duration at
moderate-intensity during a typical week. The BPPAT scoring algorithm was designed
to identify whether patients meet or not PA recommendations through the combination
of both questions. Its total score ranges from 0 to 8, allowing the ability to distinguish
sufficiently active (20 min of vigorous-intensity ≥ 3 times/week or 30 min of moderate-
intensity ≥ 5 times/week or ≥5 times/week of any combination of moderate or vigorous
PA, scores 4–8 points) from insufficiently active participants (who do not meet any previous
recommendation, scores 0–3 points). Previous studies report a reliability of 0.76 and
construct validity of 0.71 [25]. The outcomes of interest were: (1) total PA during the
lockdown (BPAAT total score at the phone survey); (2) improvement (from insufficient
to sufficient) or maintenance of sufficient PA vs reduction (from sufficient or insufficient)
or maintenance of insufficient PA, according to BPAAT total score. Qualitative aspects
related to PA during the lockdown were also part of the phone interview (e.g., self-reported
maintenance of pre-lockdown PA level, use of +ÀGIL Barcelona strategies to maintain
physical activity).

2.3. Covariates

Data from the last face-to-face CGA pre-lockdown were considered as covariates.
These included sociodemographic data (age, sex, education, living alone), clinical charac-
teristics including the Charlson Comorbidity Index [26] and current treatment, functional
independence for basic (ADLs) and instrumental activities for daily living (IADLs), nu-
trition, depression, physical function and frailty. Functional independence for ADLs was
assessed by the Barthel index, an ordinal scale range from 0–100 points (total dependent-
independent) [27]. The Lawton index was used to measure the independence for IADLs; it
ranges from 0–8 points (total dependent-independent) [28]. Nutrition was assessed by the
Mini Nutritional Assessment–Short Form, a validated screening tool to identify older adults
who are malnourished or at risk of malnutrition; it ranges from 0–12 points (normal nu-
trition status: 14–12 points, at risk malnutrition: 11–8 points, malnourish: 0–7 points) [29].
The Mini-cog© (Washington, DC, USA), a 3-min instrument was used for cognitive im-
pairment screening, range from 0–5 points (<3 points increase the likelihood of dementia
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or cognitive impairment) [30,31]. The screening of depression symptoms was assessed
by the Yesavage Geriatric Depression Scale, a simple and valid tool for discriminating
depressive symptoms; it ranges from 0–15 points (≥6 points: moderate depression) [32,33].
The physical function was measured with the Short Physical Performance Battery (SPPB),
a tool that combines the results of the gait speed, chair stand and balance tests, with a
range from 0–12 points (<10 points high likelihood of frailty) [34]. Finally, the frailty de-
gree was assessed according to the Clinical Frailty Scale (CFS), a clinical judgement-based
frailty tool, which summarizes the CGA results and generates a frailty score range from
very-fit to terminally ill [35]. The validity and reliability of all the scales used have been
assessed previously.

Data collected by semi-structured phone interview during the lockdown, included
sociodemographic data (cohabitation, support at home, social relations with family or
other persons, tools to maintain social contact and frequency), COVID-19 related variables
(COVID-19 diagnosis on relatives, new onset of acute clinical events and self-reported
fatigue, considered a frailty-related symptom [36], health visits canceled due to the pan-
demic, communication with healthcare professional, and activities to stay active during
the lockdown.

2.4. Statistical Analysis

Characteristics of the sample before the lockdown are presented as mean values and
standard deviation (SD), or median values and interquartile range (IQR) for continuous
variables, as applicable, and frequency and percentages for categorical variables. The pre-
post lockdown PA level was analyzed by a paired sample t-test for repeated samples when
total BPAAT score was taken into account, and McNemar’s test for a repeated sample when
the change in PA categories was analyzed (sufficient vs insufficient PA level). Differences
among participants with improvement or sufficient PA level and those with reduction
or insufficient PA level, were analyzed using the Student’s t-test or the Mann-Whitney
U-test and Chi-square test, as appropriate. Variables showing an association with the
outcomes (p-value < 0.05) and those considered clinically relevant, or to have a potential
influence on the outcomes, were included in a stepwise multivariable logistic (dichotomous
outcome of change) and stepwise linear regression models (total PA during the lockdown),
as appropriate, to obtain final parsimonious models (with age, gender and education
locked into the models for being relevant predictors of PA or proxy of socio-economic
status). All analyses were performed using Stata version 14.

2.5. Ethical Aspects

The +ÀGIL Barcelona program and study protocol were approved by the Clinical
Research Ethics Committee of the Institut Universitari d’Investigació en Atención Primaria,
Jordi Gol i Gorina (20/048-P). Before starting the telephone interview, oral informed consent
was obtained from all participants or, if the participant could not provide such consent,
from a proxy.

3. Results

Out of 117 contacted participants from +ÀGIL, 107 (91.5%) agreed to answer the phone
survey. To ensure the homogeneity of the population, those previously diagnosed with
SARS-COVID-19 (n = 4), or with incomplete PA data (n = 5), were excluded. Finally, we
included in the analyses 98 participants (mean age = 82.4 SD 6.1 years; 66.3% women;
mean time since last face-to-face visit 8.1 SD 3.7 months). The vast majority (88.8%) of the
phone interviews were answered by the participants. There were no significant differences
in terms of age, sex and time since the last face-to-face assessment between those who
participated and those who refused to participate or were excluded from the survey.

A general decrease in PA level during the lockdown (BPAAT total score: −1.1/8
(95 CI% 0.6; 1.5) points; p < 0.001)) and reduction of participants reporting sufficient PA
(−32.2%; p = 0.003) was reported (Figure 1). Overall, 22% of the sample continued to
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follow the personalized PA recommendations designed and delivered through the +ÀGIL
Barcelona program.

Figure 1. Effect of the strict lockdown due to COVID-19 pandemic on physical activity. The McNemar’s test for repeated
samples was used for categorical variables. Paired sample t-test for repeated samples was used for continuous variables.
Brief Physical Activity Assessment score ranged from 0–8 (≥4 points: sufficient active, 0–3: insufficient active).

Participants with reduced or insufficient PA presented higher pre-lockdown IADLs
disability and comorbidity, more prevalent depressive symptoms and previous diagnosis
or positive screening for cognitive impairment/dementia than those who improved or
maintained sufficient PA (Table 1). This same group, with reduced or insufficient PA
level, also reported more fatigue, more health concerns and less social contact with friends
or other people outside the family during the lockdown (Table 2). On the other hand,
participants who improved or maintained sufficient PA were more likely to follow PA-
related recommendations from the +ÀGIL Barcelona program during the lockdown and
to perform other leisure activities, such as reading, as a strategy to stay physically or
mentally active.

Table 1. Characteristics of the sample before the lockdown due to COVID-19.

Baseline Characteristics
Included

n = 98
Reduction or Insufficient PA,

n = 58 a
Improvement or

Sufficient PA, n = 40 a p-Value

Age, mean (SD) 82.4 (6.1) 82.2 (5.5) 82.8 (6.8) 0.606

Woman, % (n) 66.3 (65) 62.1 (36) 72.5 (29) 0.283

Lives alone, % (n) 54.1 (54) 56.9 (33) 50.0 (20) 0.501

Education, % (n)
Illiterate

Primary school
Secondary school
University degree

8.3 (8)
39.2 (38)
38.1 (37)
14.4 (14)

7.0 (4)
43.9 (25)
38.6 (22)
10.5 (6)

10.0 (4)
32.5 (13)
37.5 (15)
20.0 (8)

0.476

Falls in the last year, % (n) 28.6 (28) 27.6 (16) 30.0 (12) 0.795

Lawton Index b, median (IQR) 5 (3–8) 4.5 (2–7) 7 (4–8) 0.012

Barthel Index c, median (IQR) 95 (85–100) 92.5 (85–95) 95 (90–100) 0.091

Malnutrition risk d, % (n)
Normal nutrition status
At risk of malnutrition

Malnourished

79.0 (75)
19.0 (20)
1.1 (1)

73.2 (41)
25.0 (14)
1.8 (1)

87.2 (34)
12.8 (5)
0.0 (0)

0.227
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Table 1. Cont.

Baseline Characteristics
Included

n = 98
Reduction or Insufficient PA,

n = 58 a
Improvement or

Sufficient PA, n = 40 a p-Value

Depressive symptoms e, % (n) 21.9 (21) 30.4 (17) 10.0 (4) 0.017

Charlson Comorbidity Index, median (IQR) 2 (1–3) 2 (1–3) 1 (0–2) 0.041

Previous cognitive impairment or positive
screening f, % (n)

36.1 (35) 45.6 (26) 22.5 (9) 0.020

Number of drugs, mean (SD) 7.4 (3.5) 7.7 (3.4) 7.0 (3.5) 0.368

Clinical Frailty Scale—vulnerable or any
degree of frailty, % (n) 63.3 (62) 67.2 (39) 57.5 (23) 0.326

SPPB g, mean (SD) 8.3 (3.1) 7.9 (3.2) 8.8 (2.9) 0.202

Gait speed, median (IQR) 0.75 (0.58–0.92) 0.72 (0.66–0.77) 0.79 (0.72–0.86) 0.175

Sufficient physical activity, % (n) 60.2 (59) 51.7 (30) 72.5 (29) 0.039

PA: Physical Activity. IQR: interquartile range, SD: standard deviation. Student’s t-test or the Mann-Whitney U-test were used for
continuous variables as appropriate and Chi-square test for categorical. a Change in PA level: Improve an insufficient or maintain a
sufficient PA level vs. reduction or maintain insufficient PA level. Brief PA Assessment score, range from 0–8 (≥4 points: sufficient active,
0–3: insufficient active). b Independence for activities of daily living, Barthel index: range from 0–100. c Independence for instrumental
activities of daily living, Lawton index: range from 0–8. d Mini-Nutritional Assessment Short form score: range from 0–14 points (0–7:
Malnourished, 8–11: At risk of malnutrition, 12–14: Normal). e Geriatric Depression Scale Yesavage: range from 0–15 points (>5 points:
depression). f Previous diagnosis of cognitive impairment or dementia or positive screening performed with Minicog©. Minicog© range
0–5 (<3 positive screening for cognitive impairment). g Short Physical Performance Battery, range from 0–12 (<10 points: frailty).

In multivariable models, living alone before the lockdown (ß= −1.30, 95%CI −2.14–−0.46,
p = 0.003), previous depressive symptoms (ß= −1.15, 95%CI −1.89–−0.41, p = 0.003)
and self-reported fatigue during the COVID-19 outbreak (ß= −1.25, 95%CI −1.87–−0.63,
p < 0.001) were inversely associated with PA levels (BPAAT total score) during the lock-
down. Having social contact with people different from family (ß = 0.99, 95%CI 0.41–1.57,
p = 0.001) and performing reading activities during the lockdown (ß = 0.74, 95%CI 0.08–1.39,
p = 0.028) were associated with higher BPAAT scores during the lockdown (Table 3). Nei-
ther physical function measures (SPPB, gait speed), nor frailty (CFS) or cognitive impairment
were associated with the amount of PA during the lockdown or with the change in PA levels.

Table 2. Description of characteristics of the sample during the lockdown due to COVID-19.

Baseline Characteristics
Included

n = 98

Reduction or
Insufficient PA,

n = 58 a

Improvement or
Sufficient PA,

n = 40 a
p-Value

Lives alone, % (n) 38.1 (37) 38.6 (22) 37.5 (15) 0.913

Maintained daily social contact (any type), % (n) 79.6 (78) 75.9 (44) 85.0 (34) 0.270

Social contact different than family, % (n) 46.9 (46) 37.9 (22) 60.0 (24) 0.031

Any new health concerns b, % (n) 39.8 (39) 48.3 (28) 27.5 (11) 0.039

Sought medical attention, % (n) 56.4 (22) 57.1 (16) 54.6 (6) 0.883

Following +ÀGIL PA recommendation, % (n) 22.5 (22) 8.6 (5) 42.5 (17) <0.001

Obstacles to desired PA, % (n)
Apathy

Falls
Fatigue

Functional impairment
Lockdown situation

Medical condition incident
No time

30.3 (10)
3.0 (1)

15.2 (5)
3.0 (1)

15.2 (5)
21.2 (7)
12.2 (4)

29.6 (8)
3.7 (1)

18.5 (5)
3.7 (1)

11.0 (3)
25.9 (7)
7.4 (2)

33.3 (2)
0.0 (0)
0.0 (0)
0.0 (0)

33.3 (2)
0.0 (0)

33.3 (2)

0.362

Vigorous PA (one-twice/wk) c 5.2 (5) 3.5 (2) 7.7 (3) 0.354

Moderate PA d, % (n)
≥5 times/wk
3–4 times/wk
1–2 times/wk

Never

39.8 (39)
19.4 (19)
26.5 (26)
14.3 (14)

0.0 (0)
31.0 (18)
44.8 (26)
24.1 (14)

97.5 (39)
2.5 (1)
0.0 (0)
0.0 (0)

<0.001
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Table 2. Cont.

Baseline Characteristics
Included

n = 98

Reduction or
Insufficient PA,

n = 58 a

Improvement or
Sufficient PA,

n = 40 a
p-Value

Self-reported fatigue 38.1 (37) 49.1 (28) 22.5 (9) 0.008

Activities to stay active during the lockdown e, % (n)
Housework

Leisure activities f

Music/TV
Provide care

Reading
Social contact

Use of technology

45.9 (45)
36.7 (36)
69.4 (68)
5.1 (5)

26.5 (26)
10.2(10)
5.1 (5)

37.9 (22)
32.8 (19)
74.1 (43)
8.6 (5)

17.2 (10)
8.6 (5)
1.7 (1)

57.5 (23)
42.5 (17)
62.5 (25)
0.0 (0)

40.0 (16)
12.5 (5)
10.0 (4)

0.056
0.326
0.219
0.057
0.012
0.533
0.067

PA: Physical activity. Wk: week. Chi-square test was performed to analyze the difference between categorical variables. a Change in PA
level: Improve insufficient or maintain sufficient PA level vs reduction or maintain insufficient PA level. Brief Physical Activity Assessment
score, range from 0–8 (≥4 points: sufficient active, 0–3: insufficient active). b Acute health concern: diarrhea, urinary infection, allergies. c

≥20 min or more of jogging (mainly in the house), heavy lifting, etc. d ≥30 min walking that increases heart rate or breath harder than
normal. e Not mutually exclusive. f Painting, crafts, table games, urban gardening.

Table 3. Association of pre-lockdown characteristics and total physical activity a during the lockdown or pre-post improve-
ment or maintenance of sufficient physical activity a.

Prelockdown Characteristics
(from the Last Available

Assessment)

Linear Regression Logistic Regression

BPAAT during-Lockdown Total Score a Improve or Maintain Sufficient PA during vs.
Prelockdown b

B (95% CI) p OR (95% CI) p

Age 0.01 −0.04; 0.05 0.752 1.03 0.95; 1.12 0.494

Female 0.30 −0.31; 0.91 0.336 2.61 0.85; 8.04 0.094

Education 0.03 −0.13, 0.18 0.705 0.87 0.65; 1.17 0.370

Depressive symptoms
(pre-lockdown) c −1.15 −1.89; −0.41 0.003 0.12 0.02; 0.55 0.006

Social contact different than
family (during the lockdown) 0.99 0.41; 1.57 0.001 5.07 1.60; 16.08 0.006

Self-reported fatigue −1.25 −1.87; −0.63 <0.001 0.11 0.03; 0.44 0.002

Reading to stay active (during
the lockdown) 0.74 0.08; 1.39 0.028 6.29 1.66; 23.90 0.007

Lives alone (pre-lockdown) −1.30 −2.14; −0.46 0.003 - -

Lives alone (during
the lockdown) −0.78 −1.74; 0.07 0.073 - - -

Diagnosis of cognitive
impairment (pre-lockdown) d - - - 0.29 0.08; 1.06 0.061

Stepwise multivariable linear and logistic regression were performed as appropriate. Age, sex and education level were set as lockterm in
both cases. Variables with empty cells were not included in the final model. PA: Physical Activity. a Brief Physical Activity Assessment
score, range from 0–8. b Change in physical activity level: Improve insufficient or maintain sufficient physical activity level vs reduction
or maintain insufficient physical activity level. c Geriatric Depression Scale Yesavage: range from 0–15 points (>5 points: depression). d

Previous diagnosis of cognitive impairment or dementia or last Minicog© assessment <3. Minicog© range 0–5 (<3 positive screening for
cognitive impairment).

Looking at the pre-post change in PA levels, multivariable models showed consistent
results for pre-lockdown depressive symptoms (OR= 0.12, 95%CI 0.02–0.55, p = 0.006)
and self-reported fatigue (OR = 0.11, 95%CI 0.03–0.44; p = 0.002), which were negatively
associated with improvement/maintenance of sufficient PA, as well as for social contacts
with people different from family networks (friends or neighbors), which increased the
odds for a positive outcome (OR = 5.07, 95%CI 1.60–16.08; p = 0.006). In this model, reading
during the lockdown (OR = 6.29, 95%CI 1.66–23.90; p = 0.007) was positively associated
with improving/maintaining sufficient PA (Table 3).
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4. Discussion

In our population of community-dwelling frail older adults, strict home lockdown due
to the COVID-19 pandemic determined a generalized decrease in PA, although a remarkable
proportion maintained or improved PA. Regarding pre-lockdown characteristics, higher
depressive symptoms were associated with total PA during the outbreak and change in PA,
and participants living alone performed less PA during the outbreak. On the other hand,
social relationships and leisure activities during the outbreak were directly associated with
PA levels and pre-post change, whereas self-reported fatigue had an inverse association
with PA levels.

During the first months of the outbreak, Spain adopted a strict home lockdown
motivated by the pandemic’s severe impact [37]. Previous studies from Italy and Japan
also reported a decrease in PA [6,14–19,38]; or a rising prevalence of inactive older per-
sons [18,19]. Despite the similarities in the mobility restriction measures among the three
countries, the study populations are different: the Italian study used a cohort that under-
went the implantation of a cardio meter-defibrillator before the pandemic [14,18] whereas
the one enrolled by Suzuki et al. [18] was discharged from a rehabilitation setting; both
samples were significantly younger than ours. Compared with the study by Yamada et al.,
which showed a relevant prevalence of frailty (25%) [18,19], our population was older and
frailer. The impact on the mental and physical health status of preventive social distancing
measures in frail community-dwelling older adults has been poorly described. Targeting
such a vulnerable group is particularly relevant due to its higher risk of progressing to
disability. Moreover, our study offers unique pre-post lockdown measures of PA.

Among the several public health challenges driven from the COVID-19 pandemic,
promoting PA is particularly complex due to strict mobility restrictions, including access
to public space (e.g., gyms, parks, civic centers, etc.), and social-distancing measures.
These regulations precluded free and low-cost options to perform PA and might decrease
motivation, hampering PA adherence. Interestingly, despite a long time since the last
face-to-face visit, a remarkable proportion of our sample followed the personalized PA
recommendations derived from the +ÀGIL Barcelona program. This reinforces the need of
community-based programs to empower older adults for self-care [39].

The association between depressive symptoms and low PA levels has been previously
described [40] and could be explained by generalized reduced activity, both in the cog-
nitive/affective and behavioral realms. Depression negatively impacts lifestyle choices,
and individuals with depressive symptoms tend to be less motivated, more sedentary and
less physically fit than non-depressed ones [41,42]. In previous Spanish surveys during
the lockdown, older persons showed less emotional distress and higher resilience to the
pandemic than younger adults [43]. However, the profile of resilient individuals seemed to
be characterized by more optimistic personality traits [44], a regular practice of vigorous
and moderate PA, positive self-perceptions of ageing, less depressive symptoms [45,46]
as well as less perceived loneliness during the lockdown [47]. It is possible that, in these
surveys, vulnerable responders were not sufficiently represented. We also cannot exclude
a bidirectional association between depressive symptoms and PA, because higher PA is
associated with better physical and cognitive function [48], lower rates of frailty [49] and
less depressive symptoms in community-dwelling older adults [50,51].

We also found a negative, independent association between fatigue and total PA levels
and its improvement or maintenance during the lockdown. Fatigue, a subjective self-
reported global tiredness and lack of energy [52], has been associated with lower physical
and mental function, disability and mortality [53–55], and is one of the pillars of the frailty
pre-disability concept [36,56]. Self-perceived fatigue can be a symptom of an underlying
disease (e.g., cardiovascular, respiratory, psychiatric, etc.), but it has also been associated
with an inactive lifestyle [57], so that a bidirectional causality, in the association between
fatigue and PA, cannot be excluded, moreover because both fatigue and PA were collected
in the same timeframe at the moment of the telephonic interview.
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Social relationships are pivotal for healthy aging [58] and have been previously as-
sociated with a higher chance of maintaining physical health and longevity [59]. On the
other hand, loneliness is a risk factor for physical and mental illness, fatigue and physical
inactivity [60]. Consequently, social connections are essential to foster activity and PA
in older adults and are an important component of PA group programs success [11,61].
Although during the first COVID-19 outbreak the population, especially older adults, may
have progressively adapted to the new daily routines and limitations, this situation has a
clear negative impact on social relationships and loneliness [62–64]. Tackling loneliness
and social relationships requires specific implementation strategies [65], and these need
to be adapted and implemented to promote the adherence to exercise programs [23,66],
particularly in these challenging times. In summary, the complex interaction between
depressive symptoms, physical function, social participation and activity deserves special
attention in older adults [67], and this should be kept in mind for the post-lockdown and
post-COVID-19 recovery plans.

Reading is a complex activity, which combines both cognitive and mental functions.
Previous studies have reported that reading has a positive impact on stress, insomnia,
depression symptoms and dementia development. Indeed, all of them related negatively
with levels of physical activity [68]. Surprisingly, in our sample, although the group with
preserved PA showed better physical function (either SPPB score or gait speed) and frailty
(CFS), the association between frailty and PA was not significant in the multivariable
models. Similarly, we found no association between previous cognitive impairment and
PA. These negative findings might be attributable to the sample’s relative homogeneity
enrolled in the +ÀGIL Barcelona program, where the frailty screening was an inclusion
criterion [21].

Limitations and Future Research Recommendations

We acknowledge the different limitations of our study. First, our pre-lockdown as-
sessment cannot completely reflect the situation immediately pre-lockdown because of
the time elapsed since the last face-to-face visit to the telephonic interview. However, it
provides the added value of a longitudinal design. Second, the sample size was relatively
small, although representing almost 50% of the whole +ÀGIL Barcelona sample. As for
strengths, PA levels were assessed by the BPAAT scale, a short validated scale, with good
psychometric properties, that was already part of the +ÀGIL Barcelona assessment, allow-
ing us to track pre-post changes. In this same line, the study population had an extended
pre-lockdown assessment, which offered a comprehensive sample characterization. The
telephone interview was short, which is important for such a vulnerable population, who
could get tired easily.

Considering that reduced PA is a key risk factor to increased frailty and disability, our
results highlight the need to design and adapt strategies for community and home-based
PA in older adults, particularly in challenging situations such as the ongoing COVID-19
pandemic. These strategies should likely take into account multifactorial contributors to
reduced PA, such as mental status, social relationships and frailty-related symptoms such
as fatigue. In light of COVID-19 pandemics, we also believe that there is an increased need
for adapted digital solutions to provide PA in the community. These should be adapted
through a broad system thinking strategy, particularly for vulnerable older adults with
such multidomain contributors to inadequate PA.

5. Conclusions

In our sample, strict home lockdown due to the COVID-19 pandemic had determined
a decrease in PA levels. Moreover, pre-lockdown mental health, frailty-related symptoms
and social relationships were consistently associated with both PA levels during-lockdown
and pre-post change. Our data could be used to design specific person-centered plans to
maintain PA levels in frail older community-dwellers. However, larger population studies
including dwelling older adults are needed to confirm our results.
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Abstract: Social frailty affects various aspects of health in community-dwelling older adults.
This study aimed to identify the prevalence of social frailty and the significance of its association with
South Korean older adults’ health status and life satisfaction. This study involved a secondary data
analysis of the 2017 National Survey of Older Koreans. From the 10,299 respondents of the survey,
10,081 were selected with no exclusion criteria. Multiple regression analyses were conducted to
identify the factors related to life satisfaction. Compared with the robust and social prefrailty groups,
the social frailty group had higher nutritional risk (χ2 = 312.161, p = 0.000), depressive symptoms
(χ2 = 977.587, p = 0.000), cognitive dysfunction (χ2 = 25.051, p = 0.000), and lower life satisfaction
(F = 1050.272, p = 0.000). The results of multiple linear regression, adjusted for sociodemographic
and health-related characteristics, indicated that social frailty had the strongest negative association
with life satisfaction (β = −0.267, p = 0.000). However, cognitive function was significantly positively
associated with life satisfaction (β = 0.062, p = 0.000). Social frailty was significantly correlated with
physical, psychological, and mental health as well as life satisfaction in community-dwelling older
South Koreans. Therefore, accounting for the social aspect of functioning is an essential part of a
multidimensional approach to improving health and life satisfaction in communities.

Keywords: social frailty; older adults; life satisfaction

1. Introduction

The median age of the South Korean population is rapidly increasing; in 2019, indi-
viduals aged 65 and over accounted for 14.9% of the South Korean population, and this
proportion has been projected to exceed 46.5% by 2067 [1]. Given this rapid increase in the
older adult population, frailty and life satisfaction in this age group are becoming more
critical than at any other age [2,3]. A high level of life satisfaction is an indicator of happi-
ness and success in old age [4–6]. Life satisfaction, a subjective evaluation of contentment
with one’s life [4], is affected not only by intrinsic physical and mental capacities but also
by functional abilities and environmental aspects such as social factors [7]. Therefore, the
World Health Organization’s initiative to create age-friendly cities includes measures to
increase older adults’ life satisfaction [8]. Creating age-friendly environments requires
collaboration and coordination across multiple sectors and with diverse stakeholders, in-
cluding older people. The foundation of such efforts is to allow older adults to have social
relationships in their own life community.

Frailty is defined as a biological syndrome of extreme vulnerability to endogenous
and exogenous stressors associated with multisystem decline in physiological reserve,
resulting in increased risk of adverse outcomes including disability, hospitalization, and
death [3,9]. This multidimensional concept has physical, cognitive, psychological, and
social components [10].

IJERPH 2021, 18, 818. https://doi.org/10.3390/ijerph18020818 https://www.mdpi.com/journal/ijerph

67



IJERPH 2021, 18, 818

Recently, the concept of “social frailty” has been increasingly emphasized. Based on
a scoping review [4] and using the theory of social production function, a conceptual
framework has been proposed. Social frailty is defined as a continuum of being at risk of
losing, or having lost, resources that are important for fulfilling one or more basic social
needs during the lifespan [11]. However, existing explorations of social frailty have been
complicated by the interconnections of contextual, societal, and cultural considerations [10].

Previous studies have reported that social frailty is associated with muscle weak-
ness [12] and cognitive function [2], and that social frailty can lead to disability and
mortality [13]. In a study of homeless women, drug use, emotion regulation, and daily
alcohol use were significant correlates of social frailty [14]. However, there have been few
reports of the prevalence of social frailty and how it relates to older South Korean adults’
health status and life satisfaction.

Thus, this study aims (1) to examine the differences in general and health status
characteristics of community-dwelling older adults in South Korea according to social
frailty status; (2) to examine the correlations among social frailty status, nutritional status,
depression, cognitive function, and life satisfaction; and (3) to explore the health-related
predictors associated with life satisfaction.

2. Materials and Methods

2.1. Participants

This cross-sectional study used secondary data from the 2017 National Survey of
Older Koreans [15]. The National Survey of Older Koreans, conducted by the Ministry of
Health and Welfare every three years, seeks to gather the data necessary to devise policy
measures to improve quality of life and better manage population aging in this age group.
The 2017 survey included 10,299 individuals aged 65 or older living in standard residential
facilities or premises in 17 metropolitan cities and provinces across South Korea. The 2017
National Survey of Older Koreans sample was selected using a proportional two-stage
stratified sampling method, which was first stratified and collected by 17 metropolitan
cities and provinces across Korea and then again by neighborhoods in the nine provinces
and Sejong (but not in the metropolitan cities) [15]. The Ministry of Health and Welfare
research team applied various weights in the raw data to ensure the accuracy of estimations.
The weight of the raw data was adjusted by considering the weights for households and
individuals [15]. The data were obtained through in-person interviews in 934 survey areas
from 12 June to 28 August 2017. The survey was conducted by 60 surveyors, trained by
the research staff in advance. Surveyors checked the answered questionnaires for any
omissions and errors and relayed their feedback to the research team. Raw data used in
this study were obtained on 5 June 2020 after obtaining approval from the Health and
Welfare Data Portal (https://data.kihasa.re.kr/). From the 10,299 respondents of the 2017
National Survey of Older Koreans, 10,081 were selected without any exclusion criteria; 218
were excluded for missing responses.

2.2. Measures
2.2.1. Sociodemographic and Health-Related Characteristics

Sociodemographic characteristics included age, gender, education level, economic
status, and living conditions (living alone, living with partner, living with others). Economic
status was sorted in ascending order by annual personal income and divided into five
categories so that each group contained 20% of the participants. Then, only the bottom 20%
of the group were used in the analysis, as they best suited our interests. Health-related
characteristics included the number of prescription medications, diagnosis of chronic
diseases, subjective health status (very healthy, healthy, average, in ill health, in very ill
health), lower-extremity muscle (sitting and standing up), and lifestyle (smoking and
physical activity).
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2.2.2. Social Frailty

To identify and assess social frailty, we operationalized the concept into five categories
based on a previous study [9]: going out (not participating in any leisure and social
activities such as travel, hobbies, learning or studying, social clubs, networking, political
and social groups, volunteering, senior citizen centers, community centers for older adults),
visiting friends (no), feeling worthless (yes), living alone (yes), and contact with someone
(no). Participants with none, one, and two or more of these components were classified
into the robust, social prefrailty, and social frailty groups, respectively [9,16,17].

2.2.3. Nutritional Status

Nutritional status was measured using “Determine Your Nutritional Health,” a tool
developed by the Nutrition Screening Initiative [18]. Used to assess nutritional status
in older adults, this instrument consists of 10 items, each of which is rated from 1 to 4.
The range of possible scores is from 0 to 21; accordingly, nutritional status is categorized as
good (0 to 2 points), moderate risk (3 to 5 points), and high risk (6 points or more). In this
study, 3 points or more were classified into the nutritional risk group.

2.2.4. Depression

Depression was measured using the 15-item Geriatric Depression Scale-Short Form
Korean Version (GDSSF-K) [19]. The GDSSF-K includes five positive items and 10 negative
items in a yes/no response format. The total GDSSF-K score was obtained by counting
the number of “yes” responses after the positive items were reverse coded so that higher
scores indicated higher levels of depressive symptoms. The total scores ranged from 0 to
15. The criteria for determining depression were “normal” in the total score for less than
5 points, “moderate depression” for 6 to 9 points, and “depressed” for more than 10 points.
In the 2017 National Survey of Older Koreans [15], people scoring more than 8 points were
classified as “depressed”, and this criterion was used in our analysis. There is evidence
supporting the construct and criterion related validity of the GDSSF-K [19]; Cronbach’s
alpha was 0.88 in a previous study [19] and 0.89 in the present study.

2.2.5. Cognitive Function

Cognitive function was measured using the Mini-Mental State Examination for Demen-
tia Screening (MMSE-DS) [20]. The 19-item MMSE-DS has a maximum score of 30 points,
with higher scores indicative of higher cognitive function. This tool has been standardized
by age, gender, and educational level for normative cognitive function assessment in older
adults in South Korea [20]. There is evidence supporting the validity of the MMSE-DS [21];
Cronbach’s alpha was 0.82 in a previous study and 0.93 in the present study.

2.2.6. Life Satisfaction

Life satisfaction was measured using the question “To what extent are you satisfied
with the following aspects of your life: health status, economic status, relationship with
spouse, relationship with children, leisure and cultural activities, and relationships with
friends and society?” The response options were: 1 = very satisfied, 2 = satisfied, 3 = average,
4 = not satisfied, and 5 = not satisfied at all. Responses to all items were reverse coded, so
that higher scores indicated higher levels of life satisfaction. The total scores ranged from 6
to 30; Cronbach’s alpha was 0.61 in the present study.

2.3. Ethical Considerations

The 2017 National Survey of Older Koreans was approved by Statistics Korea (Ap-
proval No. 11771). For our study, after obtaining approval from the Korea Institute for
Health and Social Affairs, we received raw data without personal identification information.
Moreover, the study was approved by the Institutional Review Board (IRB No.: 1044396-
202006-HR-110-01) of Gachon University, to which one of the researchers is affiliated.
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2.4. Data Analyses

Sample characteristics were summarized using means and standard deviations (SDs)
for continuous variables and proportions for categorical variables. To evaluate the differ-
ences in characteristics between participants from the three groups (robust, social prefrailty,
and social frailty), we used Pearson’s χ2 test for categorical data and analysis of variance for
continuous data. Then, we performed multiple regression analysis to identify the factors
related to life satisfaction. Before running the multiple regression analysis, we conducted a
correlation analysis, and the independent variables were tested for multicollinearity using
tolerance value and variance inflation factor (VIF). Less than 10% of confirmed missing
cases were excluded from the analysis by applying listwise deletion [22]. All statistical
analyses were conducted using SPSS version 23.0 (IBM Corp., Armonk, NY, USA) with
the two-tailed significance level set at 0.05. For effect size, we followed Cohen’s criteria
(0.10 = small, 0.25 = medium, 0.40 = large) [23] in analysis of variance, and Rea and Parker’s
criteria (0.00 ≤ x < 0.10 = negligible, 0.10 ≤ x < 0.20 = weak, 0.20 ≤ x < 0.40 = moder-
ate, 0.40 ≤ x < 0.60 = relatively strong, 0.60 ≤ x < 0.80 = strong, 0.80 ≤ x ≤ 1.00 = very
strong) [24] in Pearson’s χ2 test.

3. Results

3.1. General Characteristics of the Study Sample

The sample characteristics are shown in Table 1. Out of the 10,081 participants, 1292
(12.8%), 4281 (42.5%), and 4508 (44.7%) were classified into the robust, social prefrailty, and
social frailty groups, respectively. The mean age in the robust, social prefrailty, and social
frailty groups was 72.2 years, 73.9 years, and 75.6 years, respectively. Those in the social
frailty group were older, had lower education level, economic status, and subjective health
status, and were more likely to live alone compared with the robust and social prefrailty
groups (p = 0.000). Regarding lifestyle, there was a difference in physical activity according
to social frailty status (p = 0.000). However, there were no statistically significant differences
between the three groups regarding smoking.

Additionally, the social frailty group had a higher proportion of participants with
more than three diagnosed chronic diseases and a higher number of prescribed medications
compared to those in the robust and social prefrailty groups.

Table 1. General characteristics of participants in the robust, social prefrailty, and social frailty groups.

Characteristic Total n = 10,081
Robust
n = 1292

Social
Prefrailty n = 4281

Social Frailty
n = 4508

χ2/F
(df )

p
(E.S.)

Age, years
Mean (SD)

74.5
(6.2)

72.2
(5.5)

73.9
(6.0)

75.6
(6.4)

180.424 a

(2)
0.000

(0.139) b

Men
n (%) 4046 (40.1) 598 (46.3) 1864

(43.5)
1584
(35.1)

87.868
(2)

0.000
(0.093) c

Education, years
Mean (SD)

6.8
(4.6)

7.6
(4.3)

7.2
(4.5)

6.1
(4.7)

106.257 a

(2)
0.000

(0.212) b

Low economic status
n (%) 2037 (20.2) 53

(4.1)
488

(11.4)
1496
(33.2)

1063.055
(8)

0.000
(0.230) c

Living alone
n (%) 2552 (25.3) 0

(0.0)
450

(10.5)
2102
(46.7)

2061.501
(4)

0.000
(0.320) c

More than 3
diagnosed chronic

diseases
n (%)

5326 (52.8) 556 (43.0) 2135
(49.9)

2635
(58.5)

137.111
(6)

0.000
(0.082) c

Number of
prescribed medicines

Mean (SD)

4.0
(3.4)

3.3
(3.2)

3.7
(3.2)

4.5
(3.5)

88.864 a

(2)
0.000

(0.132) b
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Table 1. Cont.

Characteristic Total n = 10,081
Robust
n = 1292

Social
Prefrailty n = 4281

Social Frailty
n = 4508

χ2/F
(df )

p
(E.S.)

Current smoker
n (%)

950
(9.4) 129 (10.0) 368

(8.6)
453

(10.0)
5.975

(2)
0.050

(0.024) c

Weakness in
lower-extremity

muscles
n (%)

2148 (21.3) 107 (8.3) 682
(15.9)

1359
(30.1)

414.594
(2)

0.000
(0.203) c

No physical activity
n (%) 3346 (33.2) 289 (22.4) 1263

(29.5)
1794
(39.8)

183.198
(2)

0.000
(0.135) c

Subjective health
status,

very poor health
n (%)

469
(4.7)

30
(2.3)

112
(2.6)

327
(7.3)

439.035
(8)

0.000
(0.148) c

Note: E.S. = effect size; a analysis of variance; b Effect size f ; c Cramer’s V.

3.2. Differences in Nutritional Status, Depression, Cognitive Function, and Life Satisfaction by
Social Frailty Status

Table 2 displays the differences in nutritional status, depression, cognitive function,
and life satisfaction by social frailty status, categorized into the three groups robust, social
prefrailty, and social frailty. The prevalence of nutritional risk, depression, and lower
cognitive function was highest in the social frailty group. Moreover, the social frailty group
scored the lowest on all six categories of life satisfaction: health status, economic status,
relationship with spouse, relationship with children, leisure and cultural activities, and
relationships with friends and society.

Table 2. Prevalence of social frailty in different health domains.

Health
Domain

Total
n = 10,081

Robust
n = 1292

Social
Prefrailty
n = 4281

Social
Frailty

n = 4508

χ2/F
(df )

p
(E.S.)

Nutritional
status risk a n

(%)

6213
(61.6)

623
(48.2)

2401
(56.1)

3189
(70.7)

312.161
(2)

0.000
(0.176) e

Depressed b

n (%)
2177
(21.6)

73
(5.7)

495
(11.6)

1609
(35.7)

977.587
(2)

0.000
(0.311) e

Cognitive
dysfunction c

n (%)

260
(2.6)

10
(0.8)

104
(2.4)

146
(3.2)

25.051
(2)

0.000
(0.050) e

Life
satisfaction
Mean (SD)

18.81
(3.81)

21.14
(3.09)

19.89
(3.32)

17.06
(3.68)

1050.272 d

(2)
0.000

(0.462) f

Note: a Determine Your Nutritional Health tool developed by the Nutrition Screening Initiative; b Geriatric
Depression Scale-Short Form Korean Version (GDSSF-K); c Mini-Mental State Examination for Dementia Screening
(MMSE-DS); d analysis of variance; e Cramer’s V; f effect size f ; df = degrees of freedom; E.S. = effect size.

3.3. Correlation of Predictors

Table 3 shows that the predictors were correlated. Depression and nutritional status
had a high correlation (r = 0.455, p = 0.000). In addition, life satisfaction, which was the
criterion variable, was significantly correlated with all predictors.
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Table 3. Correlations between predictors and life satisfaction.

Social Frailty
Nutritional

Status
Depression

Cognitive
Function

r (p) r (p) r (p) r (p)

Social frailty

Nutritional
status 0.236 (0.000)

Depression 0.339 (0.000) 0.455 (0.000)

Cognitive
function −0.175 (0.000) −0.261 (0.000) −0.273 (0.000)

Life satisfaction −0.408 (0.000) −0.486 (0.000) −0.545 (0.000) 0.339 (0.000)

3.4. Multiple Regression Analysis

Multiple linear regression analyses revealed that social frailty had the strongest nega-
tive association with life satisfaction (β = −0.267, p = 0.000) (Table 4). However, cognitive
function was significantly positively associated with life satisfaction (β = 0.062, p = 0.000).
The variance inflation factor (VIF) of predictors and the tolerance of predictors were
1.427–2.749 and 0.364–0.701 respectively, which suggests the absence of multicollinearity
between the predictors.

Table 4. Factors related to the life satisfaction of older adults.

Predictors

Criterion: Life Satisfaction
R2 = 0.49, p = 0.000

β SE T p VIF

Social frailty −0.267 0.091 −22.422 0.000 2.749

Depression −0.224 0.008 −24.632 0.000 1.597

Nutritional
status −0.186 0.010 −21.718 0.000 1.427

Cognitive
function 0.062 0.009 7.041 0.000 1.528

Note: n = 9833 (missing cases are excluded listwise); β = standardized coefficient; SE = standard error; VIF = vari-
ance inflation factor.

4. Discussion

The prevalence of social frailty in the sample was 44.7%. Further, the social frailty
group displayed the highest prevalence of nutritional risk, depression, low cognitive func-
tion, and poor life satisfaction. Additionally, social frailty displayed the strongest negative
association with life satisfaction. These findings suggest that social frailty may affect older
adults’ physical, cognitive, and psychological functions as well as life satisfaction.

The prevalence of social frailty in this study was higher than the rates reported
by Tsutsumimoto et al. (11.1%) [9] and Yamada and Arai (18%) [13]. Our social frailty
index was operationalized based on several previous studies [9,16,17]. Additionally, our
study samples were composed of community-dwelling older adults without any exclusion
criteria like disabilities in activities of daily living or severe diseases [9] and long-term care
recipients [13]. Therefore, the major differences from previous studies are with regard to
the items of the social frailty questionnaire and the study population. While the five-item
social frailty assessment is popular [9,25–27], participants’ culture and environment have
not always been considered in existing research. Regarding other measures of social frailty,
as in this study, many previous studies have used participants’ living status (living alone or
with someone) [9,12,13,16,17]. In Korea, the proportion of single-person households ages
65 or older is expected to be 36.6% in 2045, the highest compared to couple households

72



IJERPH 2021, 18, 818

(30.2%) or couples and children (9.2%) [28]. Therefore, the country needs to prepare for
social frailty caused by population aging and the rapid increase in the number of older
adults living alone.

This study shows that older adults with social frailty tend to be more vulnerable
to impairments in cognitive and psychological functions than their robust counterparts.
This result is in line with those of several previous studies, which revealed that higher
levels of social frailty were associated with cognitive dysfunction [9,25] and depressive
symptoms [16,25]. Furthermore, deteriorations in social frailty status have been associated
with worsening physical nutritional status. Malnutrition is considered one of the physical
functions responsible for sarcopenia, osteoporosis, and impaired immune response [29].
In terms of physical functions, recent cohort studies have focused on the impact of social
frailty on physical frailty [12] and disability [26,30]. Similarly, social frailty has been
shown to be associated with cognitive impairment, depression, and physical functioning
in China [25]. These findings confirm that older adults with poor social relationships and
social engagement are at an increased risk of multidimensional dysfunctions. Future studies
should further delineate the causal relationship between social frailty and multidimensional
health functions.

To the best of our knowledge, this is the first study to examine the association between
social frailty and life satisfaction in older adults. According to the results, social frailty
had a stronger negative association with life satisfaction than with physical, psychological,
and cognitive functions. Previous studies have revealed a negative relationship between
depression levels and life satisfaction [31–33]. Further, in a longitudinal study, long-term
life dissatisfaction predicted the onset of major depressive disorder [34]. In addition,
cognition has been shown to be associated with life satisfaction [33]. Our study provides
a starting point for examining the impact of social frailty on life satisfaction in older
adults. Life satisfaction, a subjective cognitive evaluation of an individual’s life [5], is a
component and crucial indicator of quality of life [6]. The World Health Organization
also emphasizes the importance of social relationships for older adults; the maintenance
of social relationships is a prerequisite for healthy aging, bringing life satisfaction [8].
Especially, during the current coronavirus disease 2019 pandemic, social isolation may
amplify the prevalence of social frailty in older adults [35]. Therefore, the result that
social frailty had the strongest association with life satisfaction in older adults provides
justification for preparing plans to increase life satisfaction by preventing social frailty and
promoting social relationships.

The strengths of this study are the large sample size and the use of an operationalized
assessment to identify social frailty. On the other hand, the large sample size can cause
overpower problems in situations where there is little association between groups. It is
necessary to pay attention to the interpretation of the results based on the effect size [23,24],
which are reported in Tables 1 and 2. In the difference in characteristics according to
social frailty status, the effect sizes of gender, chronic disease, age, number of prescribed
medicines, physical activity, subjective health status, nutritional status, and cognitive func-
tion were lower than those of other characteristics [24]; however, there was a considerable
difference in life satisfaction according to social frailty [23]. While the effect size can confirm
the practical difference (or association) between groups [36], it has a limitation in that it is
a relative value that can vary depending on the characteristics of the population or other
variables [23]. Nevertheless, to our knowledge, the current study is the first to report an
association between life satisfaction and social frailty.

However, this study also has some limitations. First, owing to the use of cross-
sectional secondary data, causality could not be explored; this should be clarified in a
future prospective study. Second, although Diener et al.’s Satisfaction with Life Scale [37] is
the most widely used instrument in the field, we used the six categories of life satisfaction
surveyed in the 2017 National Survey of Older Koreans. Third, the categories of social
frailty were based on recent studies [9,16,17], not an established method. Therefore, future
research on tool development to measure social frailty is needed. Lastly, social frailty can
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be affected by many environmental factors based on social context. Therefore, research is
needed to identify the relationship between social frailty and life satisfaction in people of
various ethnic groups.

5. Conclusions

Social frailty and its association with nutritional status, depression, cognitive function,
and life satisfaction should be considered as an integrative comprehensive older adult care.
Further studies are needed to develop of efficient social frailty intervention strategies to
improve and enhance life satisfaction.
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Abstract: The present study aimed to identify the trends in research on accidental falls in older
adults over the last decade. The MeSH (Medical Subject Headings) and entry terms were applied
in the Web of Science Core Collection. Relevant studies in English within articles or reviews on
falls in older adults were included from 2010 to 2020. Moreover, CiteSpace 5.6.R5 (64-bit) was
adopted for analysis with scientific measurements and visualization. Cooper Cyrus, Stephen R Lord,
Minoru Yamada, Catherine Sherrington, and others have critically impacted the study of falls in older
adults. Osteoporosis, dementia, sarcopenia, hypertension, osteosarcopenia, traumatic brain injury,
frailty, depression, and fear of falling would be significantly correlated with falls in older adults.
Multiple types of exercise can provide effective improvements in executive cognitive performance,
gait performance, quality of life, and can also lower the rates of falls and fall-related fractures. Fall
detection, hospitalization, classification, symptom, gender, and cost are the current research focus
and development direction in research on falls in older adults. The prevention of falls in older adults
is one of the most important public health issues in today’s aging society. Although lots of effects
and research advancements had been taken, fall prevention still is uncharted territory for too many
older adults. Service improvements can exploit the mentioned findings to formulate policies, and
design and implement exercise programs for fall prevention.

Keywords: older adults; accidental falls; research hotspot; CiteSpace; knowledge domain visualization

1. Introduction

With aging, inactivity can lead to adverse and deep consequences, including health,
economic, environmental, and social effects [1]. Many people are subject to multiple chronic
diseases and drugs in their daily lives [2], which overall elevate the risk of falls for older
adults. The annual incidence of falls for people aged over 65 is 30%–40%, and the incidence
of falls for people aged over 80 is as high as 50% [3,4], which causes premature mortality,
loss of independence, placement in assisted-living facilities, and death. A classification of
fall risk factors has been proposed according to extrinsic and intrinsic factors. The extrinsic
factors are related to surrounding space or environment-related, taking up to 30%–50%
in most series [5], (e.g., tripping, slipping, walking on uneven surfaces, and inadequate
illumination). The intrinsic or individual-related causes include advanced age, gait and
balance impairment, concomitant chronic conditions (e.g., cardiovascular diseases, and
sensory impairment), cognitive deficits, disorders of the central nervous system, severe
osteoporosis with spontaneous fracture, and acute illness, drug side-effects, alcohol intake,
anemia, hypothyroidism, unstable joints, and foot problems [6].

Falling always causes severe injuries, which is one of the costliest health conditions
among older adults, imposing a heavy burden on the health care system [7]. An evidence-
based fall prevention program can not only significantly reduce the incidence of fall-related
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injuries and medical costs but also improve the quality of life of older adults. As revealed
from high-certainty evidence, exercise can prevent falls [8], which could reduce the rate of
falls by 23% and down-regulate the number of people that experience one or more falls by
15% in community-dwelling older adults [9]. Furthermore, exercise-based interventions as
a cost-effective treatment to prevent falls can benefit older adults substantially by improving
their health, independence, and quality of life. Accordingly, regular screening for fall risk
and care, and interventions, should be implemented in older adults.

Falls are usually multifactorial, effective prevention strategies are essential to reduce
the public health burden on the increasing number of falls and fall-related mortality.
Some countries recommend annual instability screening in people aged 65 or over, the
geriatric specialists for coping with falls and other geriatric syndromes are increasingly
demanded. To this end, it is necessary to conduct a comprehensive summary of the
research about accidental falls in older adults over the last decade. An evidence-based fall
prevention program can not only significantly reduce the incidence of fall-related injuries
and medical costs, but also enhance the public’s awareness, and improve the quality of life
of older adults. Therefore, articles or reviews in English were downloaded from the Web of
Science Core Collection from 2010 to 2020, and Citespace 5.6.R5 (64-bit) (Chaomei Chen,
Philadelphia, PA, USA) was used for visualization and interpretation to identify the status
and focus of studies regarding falls in older adults, presenting the development direction
for following falls studies in older adults.

2. Method

2.1. Data Selected

The input data of this study was found using a combination of the research results
from the multiple topic search queries into the Web of Science Core Collection. This study
employed the MeSH and entry terms singularly or in combination (34,899, see Appendix A).
First, we ensured that the data being used was from 2010 to 2020.

The second placed stress on older adults and falls. One of the topic terms included
“accidental fall*”, fall*, “fall*, accidental”, “fall and slip”, “slip and fall”. This query
produced 171,659 records as Set #6. Besides, another topic term consists of aged, elderly,
this query led to 1,705,687 records as Set #9. At last, we combined Set #6 and Set #9 together
and got the final dataset, Set #10, containing 34,899 records.

Similar queries #1–#10 were employed here to retrieve bibliographic records on the
common data sources for science mapping, including PubMed (14,025, see Appendix B),
Embase (15,588, see Appendix C), Scopus (33,624, see Appendix D). Books, documents, and
research grants, or other types of data sources may be required to be considered. However,
this review is only limited to the records of types of articles or reviews in English in the
Web of Science Core Collection.

All bibliographic information was downloaded and saved as plain text files for sub-
sequent data processing and analysis. Subsequently, the data were imported into the
Citespace and the duplicate data were deleted to prepare for the next step of visualization.

2.2. Data Analysis Method

Citespace refers to an information visualization tool extensively applied in the field
of knowledge graphs [10]. Visualization tools were adopted to display and analyze the
knowledge context of a certain domain, and the development process and structural
relationship in this domain were suggested. Therefore, this review adopted CiteSpace
5.6.R5 (64-bit) to achieve visualization to gain insights into this field of accidental falls
in older adults and discover the research frontier and knowledge base of the field in
considerable data.

Notably, when the clustering function was started, the Modularity Q and the Mean
Silhouette scores critically impacted visualization, representing an overall structural char-
acteristic of the network. Overall, Q > 0.3 displayed an overall significant structure. If
S > 0.5 or higher, the cluster was usually considered to be reasonable [11].
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3. Result

3.1. Analysis Results and Visualization
3.1.1. Basic Statistical Analysis

The number of papers published regarding falls in older adults was elevated from
2127 in 2010 to 4244 in 2020 (Figure 1). It is suggested that falls in older adults are attracting
rising attention from researchers.

Figure 1. Papers regarding accidental falls in older adults (2010–2020).

3.1.2. Distribution of Journal Papers

Table 1 lists the top 10 journals that published the largest number of papers regarding
falls in older adults from 2010 to 2020. PLoS One published about 609 papers, ranking
the first. Overall, the specific subject scope comprises Geriatrics Gerontology, Medical
General Internal, Public Environmental Occupational Health, Gerontology, Rehabilitation,
Orthopedics, Clinical Neurology, Surgery, Neurosciences, Sport Sciences, and so on. In the
listed top 10 journals, the highest impact factor is Age and Ageing, nearly 4.902.

Table 1. Top 10 journal published analysis (2010–2020).

No. Journal Title IF Amount Country Research Area

1 PLoS One 2.740 609 USA Science & Technology-Other Topics (Q2)

2 Gait & Posture 2.349 425 Ireland
Neuroscience & Neurology (Q3)

Orthopedics (Q2)
Sport Sciences (Q2)

3 BMC Geriatrics 3.077 366 England Geriatrics & Gerontology (Q2)

4 Journal of the American Geriatrics Society 4.180 321 USA Geriatrics & Gerontology (Q1)

5 Archives of Gerontology and Geriatrics 2.128 272 Ireland Geriatrics & Gerontology (Q3)

6 Osteoporosis International 3.864 271 England Endocrinology & Metabolism (Q2)

7 Aging Clinical and Experimental Research 2.697 264 Italy Geriatrics & Gerontology (Q3)

8 BMJ Open 2.496 219 England General & Internal Medicine (Q2)

9 Journal of the American Medical
Directors Association 4.367 197 USA Geriatrics & Gerontology (Q1)

10 Age and Ageing 4.902 196 England Geriatrics & Gerontology (Q1)

3.1.3. Co-Institution Analysis

We ran CiteSpace, generating a network as usual: 2010–2020, Slice length: 1 year;
Node Select the node type: Institution, Top N = 20, choice Pathfinder and Pruning the
merged network. Other parameters were the default settings. Also, the Co-institutions
knowledge mapping was generated, in which N = 60, E = 67 (density was 0.0379).

Figure 2 indicates that the main research strengths were in universities. The University
of Sydney has published the most papers and has conducted strong scientific research in
the study on falls in older adults. Furthermore, the greatest number of bursts in the study
was Harvard Medical School, reaching 59.04. The University of Oxford was the institution
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with the strongest centrality, reaching 8. The highest-ranked by Sigma was the University
of Pittsburgh.

Figure 2. Co-institutions’ network (2010–2020). The color of the circle represents when the article was published. The larger
the node diameter, the more papers institutions have published. The thicker the line between the nodes, the closer the two
institutions work together.

3.1.4. Co-Author Analysis

By analyzing the author, the cooperative relationship with others could be investigated.
We ran CiteSpace, generating a network as usual: 2010–2020, Slice length: 1 year; Node
Select the node type: Author, Top N = 20, and choice Pathfinder and Pruning the merged
network, other parameter settings were likely to institutions. This study found knowledge
mapping of the co-author with N = 186, E = 186 (a density of 0.0108) (Figure 3).

Table 2 shows that Stephen R. Lord ranked first in the number of citations, with
175 citations. The most obvious Burst referred to the Minoru Yamada, reaching 12.13. The
strongest centripetal force was Cooper Cyrus, displaying a centripetal force of 8. The
highest Sigma (∑) was Catherine Sherrington, and the Sigma was 0.32.

Table 2. Author rank in different conditions.

No. Co-Authorship Papers Burst Centrality Sigma

1 Stephen R Lord Minoru Yamada Cooper Cyrus Catherine
Sherrington

2 Kim Delbaere Koutatsu Nagai Mirjam Pijnappels Clemens Becker
3 Catherine Sherrington Kazuki Uemura Teresa Liu-Ambrose Jacqueline C T Close
4 Keith D Hill Anne-Marie Hill Keith D Hill Jorunn L Helbostad
5 Jacqueline CT Close Noriaki Ichihashi Jeffrey M Hausdorff Lindy Clemson

Centrality represents the degree of nodes that are part of the path that connects any pair of nodes in the network.
Burst refers to the specific time during which a sudden change in frequency occurs. Sigma measures a combination
of structural and temporal characteristics of nodes.
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Figure 3. Co-authorship network (2010–2020). The color of the line represents the time the co-authors worked together. The
larger the node diameter, the more papers the author has collaborated to publish. The thicker the line between the nodes,
the closer the cooperation between the two authors.

The Web of Science was used (Table 3), and Cooper Cyrus’s H-index was 144. Professor
Cyrus leads an internationally competitive program of research into the epidemiology
of musculoskeletal disorders, most notably osteoporosis. Stephen R Lord has published
over 600 papers in the areas of balance, gait, falls in older people, and is acknowledged
as a leading international researcher in his field. His research primarily focuses on two
themes: the identification of physiological risk factors for falls and the development and
evaluation of fall prevention strategies. Minoru Yamada’s H-index was 28; cited 2501 times.
Also, his research follows three main themes: the epidemiological study on sarcopenia and
frailty; the effect of a care prevention program on healthy life expectancy; and the effect
of physical activity on health outcomes in older adults. Catherine Sherrington’s H-index
reached 52; cited 11,623 times. Currently, she is leading the Physical Activity, Ageing,
and Disability Research Stream within the Institute, and is focused on health, aging falls,
and rehabilitation.
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Table 3. Researchers’ academic information.

Researcher H-Index Sum of Cited Research Areas

Cooper Cyrus 144 106,019 Osteoporosis & Osteoarthritis & Epidemiology
Stephen R Lord 93 91,427 Falls in Older People

Jeffrey M Hausdorff 76 28,247 Gait & Neurodynamic

Catherine Sherrington 52 11,620 Health & Exercise & falls & Ageing &
Rehabilitation

Keith D Hill 44 6778 Falls prevention & Exercise & Rehabilitation
Teresa Liu-Ambrose 41 5789 Fall prevention & Healthy aging
Jacqueline C T Close 40 6746 Gait & Gerontology & Geriatric Assessment

Kim Delbaere 38 4792 Ageing & Accidental falls & Fear of falling &
Cognitive function

Clemens Becker 36 4654 Falls & Exercise & Rehabilitation
Jorunn L Helbostad 31 3476 Movement disorders and falls at old age

Minoru Yamada 28 2501 Gerontology & Rehabilitation

Mirjam Pijnappels 28 2787 The effects of aging on neuromuscular and
cognitive aspects of mobility

Noriaki Ichihashi 26 2192 Rehabilitation & Physical therapy
Lindy Clemson 25 2972 Ageing & Occupational Therapy
Kazuki Uemura 23 1802 Rehabilitation & Welfare engineering
Koutatsu Nagai 17 816 Gerontology & Physical Therapy
Anne-Marie Hill 16 1043 Falls prevention & Patient education

3.2. Keyword Cluster Analysis
3.2.1. Keyword Analysis

Keyword frequency analysis helps clarify the research trends on falls in older adults.
Risk, balance, mortality, and prevalence were relatively high with frequencies of more than
2000 times, and prevention, gait, injury, women, exercise, hip fracture, community, quality
of life, exercise, fracture, care, and management were relatively high with frequencies over
1000 times.

3.2.2. Keyword Cluster Analysis

We ran CiteSpace, generating a network as usual: 2010–2020, Slice length: 1 year;
Node Select the node type: Keyword; Top N = 100 and choice Pathfinder and Pruning the
merged network. Given the co-occurrence of keywords, the nodes were revised, and the
Log-likelihood (LLR) algorithm was adopted for clustering calculation. The visualization
map obtained N = 147, E = 150 (density = 0.014), the Modularity Q score was 0.8423, the
Mean Silhouette score was 0.6805, as presented in Figure 4.

There was a total of 20 clusters, mainly including 14 clusters, as listed in Table 4.
Research topics regarding falls in older adults can be separated into two main topics. The
first topic is risk factors that may cause accidental falls (e.g., #1 osteoporosis, #10 dementia,
#13 fear of falling). The other one refers to intervention to prevent falls (e.g., #11 exercise,
#12 vitamin D).

3.2.3. Research Hot Spots and Path Analysis

A timeline visualization depicts clusters along a horizontal timeline. The main 14
clusters are presented in Figure 5. Each one can indicate the evolution of research in the
field on falls in older adults from 2010 to 2020.
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Figure 4. A landscape view of keyword cluster analysis generated by Top N = 100 per slice from 2010 to 2020. (LRF = 3,
LBY = 8, and e = 2.0).

Table 4. Subjects of cluster analysis (2010–2020).

Clusters Silhouette Size Log-Likelihood (LLR)

#0 older adults 15 1 Risk factor, mobility, pain, prevention, quality of life

#1 osteoporosis 14 0.968 Fall detection, bone mineral density, classification, machine learning, fracture, wearable sensors

#2 gait 13 0.985 Balance, walking, postural control, variability, parkinsons disease, gait analysis

#3 trauma 12 0.966 Injury, impact, emergency department, frailty, suicide

#4 aging 11 1 Hip fracture, falls, vitamin d supplementation, prescription, Romberg test

#5 mortality 11 1 Blood pressure, survival, surgery, hypertension, morbidity, disease

#6 exercise 10 0.971 Physical activity, health, intervention, randomized controlled trial, fitness, social participation

#7 epidemiology 9 0.956 Traumatic brain injury, management, trend, diagnosis, rehabilitation

#8 validity 9 0.967 Reliability, women health, knee pain, lower extremity, inertial sensors, practice guidelines

#9 vitamin d 8 1 Sarcopenia, fractures, physical performance, obesity, muscle strength, osteosarcopenia,

#10 dementia 8 0.966 Cognitive impairment, polypharmacy, motoric cognitive risk syndrome, attention, long-term care

#11 frailty 8 0.952 Care, quality, patient, comprehensive geriatric assessment, disability,

#12 depression 7 0.96 Prevalence, population, mental health, sleep quality, behavior, anxiety,

#13 fear of falling 6 0.918 Efficacy, safety, exercise, nurses, fear, physical activity monitoring
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Figure 5. A timeline of the 14 largest clusters in accidental falls in older adults (2010–2020).

3.2.4. Keywords Citation Bursts Analysis

Citation burst refers to keywords appearing suddenly in a short period or which
usage frequency increases sharply. Overall, it reveals the evolution of the research topic in
different periods, as listed in Table 5.

Table 5. 38 Keywords with the strongest citation bursts (2010–2020).

Keywords Year Strength Begin End 2010–2020

vitamin d 2010 25.7615 2010 2013
infection 2010 34.6606 2010 2012

double blind 2010 22.0649 2010 2011
growth 2010 4.5875 2010 2012
history 2010 36.0171 2010 2013

community 2010 10.2497 2010 2011
guideline 2010 30.1278 2010 2013

hypertension 2010 28.7127 2010 2015
randomized controlled trial 2010 16.4364 2010 2011

older people 2010 55.1187 2010 2014
postmenopausal women 2010 16.4984 2010 2012

bone mineral density 2010 2.6016 2010 2011
older women 2010 31.0928 2010 2013

dynamics 2010 26.5791 2011 2012
home 2010 48.2979 2011 2014

follow up 2010 16.818 2012 2017
controlled trial 2010 23.878 2012 2013

postural balance 2010 15.4265 2012 2017
rate 2010 25.3309 2013 2014

body composition 2010 32.8776 2013 2014
prediction 2010 2.6749 2013 2014

fall prevention 2010 25.6649 2013 2014
consequence 2010 27.3192 2014 2015

cohort 2010 43.2065 2014 2018
safety 2010 28.2582 2015 2016

attention 2010 33.7397 2016 2017
experience 2010 13.7373 2016 2018

pain 2010 28.5537 2016 2018
individual 2010 33.4865 2016 2020

trial 2010 9.7152 2016 2017
symptom 2010 32.2689 2016 2020
gait speed 2010 23.6379 2016 2017

life 2010 16.1569 2017 2018
classification 2010 37.0551 2018 2020
fall detection 2010 48.4538 2018 2020

cost 2010 16.6557 2018 2020
hospitalization 2010 37.8174 2018 2020

gender 2010 27.1045 2018 2020

: shows which period the citation burst is the strongest. For instance, the postural balance has the longest
period of burst from 2012 to 2017.
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4. Discussion

4.1. Main Research Scholars’ Views

Age-related anatomic and functional changes in perception, neuromuscular function,
and cognitive systems impair the control of balance and gait. Targeted training can improve
muscle strength, balance, gait, mobility, while preventing falls in older adults [12], so fall
prevention programs should be tailored to older adults’ level of physical well-being [13].

Postmenopausal women aged over 50 are at an increased risk of developing sarcopenia
and osteoporosis. Accordingly, healthy lifestyle measures in women aged over 50 are
essential for healthy aging [14]. Besides, the combination of optimal protein intake and
exercise leads to a greater degree of benefit than either intervention alone.

Osteosarcopenia refers to a novel syndrome that often commonly appears in a frail
subset of older adults. Combined with pharmacological, nutritional, and exercise-based
interventions, it should enable a more comprehensive approach to mitigate osteosarcopenia
in the future [15].

Exercise and fall prevention interventions should combine with special cultures and
positively exploit the support from society, physicians, and families [16]. Health care
professionals should routinely discuss fall prevention with older adults, provide evidence-
based advice during consultations, and follow up with referrals [17]. In addition, dual-task
training, cognitive-motor training, reactive step training, and multicomponent exercise
programs can effectively improve executive cognitive, gait performance, and quality of
life [18], as well as lower the rates of falls and fall-related fractures [19,20]. An environmen-
tal intervention perspective combined with adequate follow-up can successfully reduce
community-dwelling older adults’ falls [21].

4.2. Main Clusters Analysis

#1 Osteoporosis. Osteoporosis is a silent disease until a fracture occurs, which has
widely developed as a worldwide health problem for men and women aged over 50.
Lumbar muscle strength and the presence of osteoporosis are endogenous factors of the risk
of falls [22]. Compared with women without osteoporosis, women with postmenopausal
osteoporosis had a history of one or more falls in the past year and were at a higher risk
of recurrent falls so that at-risk populations should be identified through early diagnosis
and treatment [22]. Balance training may significantly reduce the frequency of falls in
osteoporosis patients [23]. Activities aimed at developing muscle strength, body balance,
and improving intrinsic receptive sensation should be encouraged [24]. The potential
consequences of severe osteoporosis can be mitigated by pharmacological therapies and
the proper selection of modalities [25].

#2 Gait and #13 Fear of falling. These are common with advancing age. Decreased at-
tention while walking is a significant risk factor for falls among community-dwelling older
adults. Impairments in balance and gait are critical to older adults because they jeopardize
the independence and contribute to the risk of falls and injuries [26]. A cut-off gait speed
of 1.0 m/s can be a useful tool to identify individuals who are high-risk individuals and
evaluate preventive interventions [27]. The number of medications was associated with
a decrease in gait performance. Each additional medication up-regulates the risk of gait
decline by 12% to 16% [28]. A history of falls in the previous year was a good predictor of
the fear of falling, and fear of falling is an independent risk factor for falls in older adults.
Falls Efficacy Scale-International (FES-I) and Tinetti’s Falls Efficacy Scale are reliable and
valid to measure the fear of falling [29,30]. Whether exercise interventions reduce the fear
of falling beyond the end of the intervention has been insufficiently evidenced [31].

#3 Trauma and #5 Mortality. Research on traumatic brain injury (TBI) has increased
over the past two decades [32]. TBI is the main cause of emergency department visits
in older adults, which is a significant part of the overall injury burden [33]. The major
consequences of TBI are hip fractures and intracranial injury, which account for 46% of
fatal falls in older adults [34]. Moreover, TBI arising from closed head trauma (CHT)
significantly increases the risk of developing Alzheimer’s disease (AD), Parkinson’s disease
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(PD), and chronic traumatic encephalopathy (CTE) [35], and these would increase the risk
of fall-related injuries in older adults. The incidence of TBI may continue to increase over
time. Trauma patients with these risk factors may require higher professional health care
levels and should be enrolled in a formally fall prevention program [36]. Moreover, trauma
in older adults should be addressed from a public health vision with improved social
service quality and prevention. Falls are a significant cause of mortality in older adults [37].
Unintentional falls continued to be a major cause of death (29%) in China [38]. The
trend in mortality from falls was similarly observed increasing among US and European
data [39–42]. The fall-related mortality in Japanese older adults aged 65–74 years showed a
more rapid and continuous decreasing trend, but men over 75 years did not decrease [43].

#4 Aging and #11 Frailty. With the increasing older adult population, frailty is an
important health care topic for people with geriatric syndromes. The effect of satisfaction
with aging as a potential protective mechanism against fall results in reducing the risk
for falls [44]. Frailty and pre-frailness are significantly associated with a higher risk of
fracture, disability, and falls [45]. The future fall risk attributed to frailty was suggested to
be higher in men than in women [46]. Accordingly, older adults should be evaluated for
the possibility of geriatric syndromes to lower the risk of falls, fractures, or death.

#6 Exercise and #9 Vitamin D. Exercise programs reduce the rate of falls. An exer-
cise program primarily involves balance and functional training [9], while a program
includes multiple types of exercise (usually balance and functional exercises and resistance
exercises) [47]; Otago exercise program, high-intensity interval training (HIIT), or virtual
reality (VR) will have more significantly reduced the fall rate [48–50]. The interaction of
exercise and various nutrients, especially protein and some multi-nutritional supplements,
influenced muscle and bone health in older adults. Low levels of vitamin D have been
associated with increased fall rates. However, no consistent conclusion has been reached
for the relationship between vitamin D deficiency and these broader health outcomes [51],
including daily oral doses of vitamin D [52–54]. Subsequent research should be conducted
to determine the role of vitamin D in the relationship with falls in older adults.

One point that needs to be emphasized is that most countries have taken active
interventions to prevent falls in older adults, significantly reducing the rate of falls in
older adults. However, our society still lacks awareness of sarcopenia (Table 4 #9). The
underlying mechanism of sarcopenia remains unclear, and no widely accepted definitions
are suitable for use in research and clinical settings, and methodological challenges and
debates are ongoing [55]. Sarcopenia has been associated with aging and older adults, but
the development of sarcopenia now can also possibly occur earlier in life [56], so this study
attempted to give a brief introduction to sarcopenia.

In 1989, Irwin Rosenberg proposed the theory of sarcopenia. In 2016, the ICD-10-MC
Diagnosis Code officially identified sarcopenia as a muscle disease [57]. In 2010, the Eu-
ropean Working Group on Sarcopenia in Older People (EWGSOP) developed practical
clinical definitions and consensus diagnostic criteria [56] and updated the definition of
myasthenia gravis by exploiting the last decade’s research and accumulated clinical evi-
dence in 2018 [58]. The Asian Sarcopenia Working Group (AWGS) defined the diagnostic
sarcopenia criteria by referencing Asian data in 2014 [59], while diagnostic procedures,
protocols, and some metrics were revised in 2019 [60]. Both the Foundation for the National
Institutes of Health (FNIH) and the International Working Group on Sarcopenia (IWGS)
also have their definitions of sarcopenia. Thus, research based on different definitions may
be misleading and difficult to interpret, such as cutoff point, diagnostic procedures, and
so on.

Here, the definition of sarcopenia by the EWGSOP 2 is taken as an example. Sar-
copenia is a progressive and generalized skeletal muscle disorder that is associated with
an increased likelihood of adverse outcomes including falls, fractures, physical disability,
and mortality [58]. Nutritional, inactivity, disease, iatrogenic may be the most frequent
underlying causes of sarcopenia [61]. Specifically, sarcopenia is probable when low muscle
strength is detected. A sarcopenia diagnosis is confirmed by the presence of low muscle
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quantity or quality. When low muscle strength, low muscle quantity/quality, and low
physical performance are all detected, sarcopenia is considered severe. Subsequently, stud-
ies found that, when untreated, sarcopenia can bring a high personal, social, and economic
burden [62]. For human health, sarcopenia can elevate the risk of falls and fractures [63],
impairing the ability to perform activities of daily living [64], as well as raising the risk
of hospitalization.

Lifestyle interventions, especially exercise and nutritional supplementation, prevail
as mainstays of treatment. Subsequent research is required to investigate the potential
long-term benefits of lifestyle interventions, nutritional supplements, or pharmacotherapy
for sarcopenia. Moreover, several questions should be studied in-depth, including how
to identify the high risk of sarcopenia early, what makes sarcopenia worse, which muscle
indicators can be the most effective predictors of adverse outcomes, how we can optimally
assess the muscle mass, how to determine effective critical value, which measurement tools
are the most accurate, what interventions are available for sarcopenia, as well as which
intervention should be the first choice.

#7 Epidemiology and #8 Validity. The incidence of falls and related complications
increases with age. Furthermore, the epidemiology of falls in the incidence for women
was higher than men. The rate of falls in community-dwelling adults is lower than in
long-term care institutions. Most community-dwelling falls lead to about 5% fracture or
hospitalization, and those in long-term institutions tend to more serious, with 10–25%
of such falls resulting in fracture or laceration. Wrist fractures are common between
the ages of 65 and 75, while hip fractures predominate after age 75 [5]. Wrist fractures
usually result from falls forward or backward on an outstretched hand and hip fractures
typically from falls to the side [65]. A lot of fall assessment tools have been developed and
designed for different purposes over recent decades, most of them are targeted at assessing
geriatric patients and have been available on reliability and validity [66]. But patient fall
risk scales more focus on specific intrinsic and extrinsic factors, it could not fully assess
a patient’s current fall risk status, which needs more patient-centered assessments and
interventions [67].

#10 Dementia and #12 Depression. People with various levels of cognitive impairment
can benefit from supervised multimodal exercise to improve physical function [68]. With
the incidence of dementia growing globally, people with dementia are at a higher risk of falls
and fall-related injuries, while there is still an argument about the exercise intervention for
dementia patients [69]. There is little evidence about the effect of specific types of exercise on
dementia risk [70]. More high-quality intervention studies should be conducted to inform
evidence-practice initiatives. Depression is associated with the incidence of dementia, with
a variety of possibly psychological or physiological mechanisms. Depression and falls are
common and co-exist. Geriatric depression score (GDs) was used as a significant predictor
of older adults from falls. Depression treatment should be incorporated in fall prevention
programs for older adults at a high risk of increasing/multiple falls. Based on the existing
state of knowledge, exercise (especially tai chi) and cognitive behavioral therapy should be
considered to treat mild depression in older fallers [71].

4.3. Keywords Citation Bursts

According to Table 5, hypertension and postmenopausal women have attracted
widespread attention at first. In postmenopausal women, due to insufficient estrogen,
osteoporosis affects bone formation and increases the risk of falls. Women have caught the
attention of scholars, and studies had proved that exercise training for postmenopausal
women is an effective approach to improve fall or fracture [72]. The studies conducted
between 2010–2015 on links between hypertension and falls are also of high significance. It
is known that the increased risk of falls due to hypertension is related to the use of anti-
hypertensive drugs, vascular sclerosis, and poor gait performance. Accordingly, nursing
and intervention guidance should be strengthened to prevent patients with hypertension
falls. With studies conducted in-depth, bone mineral density, postural balance, and body
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composition became research hotspots, and then gradually turned to fall prevention and
prediction. Note that fall detection, classification, hospitalization, cost, and gender are
receiving more attention.

A fall detection system by exploiting the Internet of Things can reduce the serious con-
sequences of falls [73], which has made important progress in novel sensors, technologies,
and algorithms [74]. However, there are two main challenges facing fall detection systems.
One is to identify when a serious fall takes place, the other one refers to the lack of real
data on falls to improve the research. Furthermore, how to apply laboratory data to real
life, how to protect user privacy, and how to shift from detecting falls to predicting falls
are recognized as the novel directions of development [75]. The classification of falls and
the incidence of falls in different settings, socio-demographic determinants, international
trends, and the measurement of fall outcomes, including the costs of falls and fall-related
injuries, are the hot topics [76]. Costs generated by falls are expected to increase with the
rapid expansion of the aging population. These costs fall into two parts. One is direct costs
including health care costs (e.g., medications), while the other is treatment and consul-
tations for rehabilitation, i.e., losses in societal productivity of activities for individuals
and caregivers [77]. Occupational therapy had the effectiveness and cost-effectiveness in
improving functional ability and decrease hospital readmission for older adults [78]. Risk
factors for falls vary with gender [79]. Gender should be considered in the design of fall
prevention strategies [80].

5. Conclusions

First, studies on falls in older adults have been increasingly conducted in the 21st
century; the number of papers published every year is increasing. The mentioned findings
suggest that when setting the selection criteria for Top N = 20, Cooper Cyrus, Stephen
R Lord, Minoru Yamada, and Catherine Sherrington play an important role in the study
of falls in older adults. The University of Sydney (Australia) has published the largest
number of papers on falls in older adults, and the most obvious burst in the present study
is Harvard Medical School (USA). The University of Oxford (USA) was the most central
institution. The highest Sigma (∑) is The University of Pittsburgh (USA).

Second, Geriatrics Gerontology, Medical General Internal, Clinical Neurology, Clinical
Neurology, Neurosciences, Orthopedics, Rehabilitation, Surgery, Sport Sciences, Public
Environmental Occupational Health and Gerontology are considered the main research
scopes involved in falls. The journals PloS One, Gait & Posture, and BMC Geriatrics were
the top 3 journals regarding accidental falls in older adults.

Third, osteoporosis, dementia, sarcopenia, hypertension, traumatic brain injury, frailty,
depression, fear of falling would be significantly correlated with falls in older adults.
Nowadays, fall detection, hospitalization, classification, gender, and cost are the focus and
direction of the development of falls in older adults.

Fourth, age-related changes in perception, neuromuscular, and cognitive systems
interfere with the control of balance and gait. Fall prevention programs should be tailored
to the older adult’s level of physical well-being. Targeted training can improve muscle
strength, balance, gait, and mobility while preventing falls in older adults. A program
consisting of multiple types of exercise, HIIT, or VR may more significantly reduce the fall
rate of older adults than a single exercise intervention.

Falling is a serious issue concerned with the health of older adults, which affects the
physical and mental health and quality of life for themselves and their families. Only
one-third of all older adults who fell have sought medical assistance; one possible reason
is the lack of public awareness about the importance of fall prevention [81]. This study
introduces the last decade of research results on fall-related factors from different aspects
such as physiology, pathology, psychology, environment, and sports science expounds
on the latest developments in this aspect of research and relevant experts’ opinions are
summarized, enabling more people to gain comprehensive insights into falls of older adults
to prevent or reduce older adults from fall-related injuries. Moreover, a good peer view is
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presented for the study using scientific methods to find good methods to prevent, treat or
reduce the risk of falls. There are some limitations to the study. For instance, the selected
papers were only included in the Web of Science Core Collection, and searches are not
selected in PubMed, Scopus, or other databases. Besides, the literature contains papers in
English only; the status of research on falls in older adults in other language nations is not
possible to determine. Lastly, CiteSpace analysis is biased towards quantitative analysis. In
subsequent studies, the qualitative research method of the interview method should be
adopted to remedy the defects of quantitative research. Though further research is needed,
this preliminary result may give a new horizon for fall prevention.
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Appendix A. Web of Science Core Collection

Table A1. Search history from Web of Science Core Collection.

Set Results

#10 34,899
#9 AND #6

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC Timespan=2010-2020

#9 1,834,798
#18 OR #17

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC Timespan=2010-2020

#8 134,166
TOPIC: (Elderly) AND DOCUMENT TYPES: (Article OR Review) AND LANGUAGE: (English)

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC Timespan=2010-2020

#7 1,784,189
TOPIC: (Aged) AND DOCUMENT TYPES: (Article OR Review) AND LANGUAGE: (English)

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC Timespan=2010-2020

#6 181,751
#5 OR #4 OR #3 OR #2 OR #1

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC Timespan=2010-2020

#5 73
TOPIC: ("Slip and Fall") AND DOCUMENT TYPES: (Article OR Review) AND LANGUAGE: (English)

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC Timespan=2010-2020

#4 3
TOPIC: ("Fall and Slip") AND DOCUMENT TYPES: (Article OR Review) AND LANGUAGE: (English)

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC Timespan=2010-2020

#3 16
TOPIC: ("Fall*, Accidental") AND DOCUMENT TYPES: (Article OR Review) AND LANGUAGE: (English)

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC Timespan=2010-2020

#2 181,751
TOPIC: (Fall*) AND DOCUMENT TYPES: (Article OR Review) AND LANGUAGE: (English)

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC Timespan=2010-2020

#1 1704
TOPIC: ("Accidental Fall*") AND DOCUMENT TYPES: (Article OR Review) AND LANGUAGE: (English)

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC Timespan=2010-2020

Appendix B. PubMed

Search: ((“Accidental Falls”[Mesh]) OR (((((((Falls[Title/Abstract]) OR (Falling[Title/Abstract]))
OR (“Falls, Accidental”[Title/Abstract])) OR (“Falls, Accidental”[Title/Abstract])) OR
(“Fall, Accidental”[Title/Abstract])) OR (“Slip[Title/Abstract] AND Fall”[Title/Abstract]))
OR (“Fall[Title/Abstract] AND Slip”[Title/Abstract]))) AND ((“Aged”[Mesh]) OR (El-
derly[Title/Abstract])) Filters: Journal Article, Review, English, Humans, from 2010/1/1–
2020/12/31.
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Appendix C. Embase

Table A2. Search history from Embase.

Set Results

#8 #3 AND #6 AND ([article]/lim OR [review]/lim) AND
[english]/lim AND [humans]/lim AND [2010–2020]/py 15,588

#7 #3 AND #6 33,343

#6 #4 OR #5 3,293,154

#5 ‘elderly’:ab,ti 356,182

#4 ‘aged’/exp 3,213,541

#3 #1 OR #2 90,715

#2 ‘falls’:ab,ti OR ‘accidental falls’:ab,ti OR ‘falls, accidental’:ab,ti OR
‘accidental fall’:ab,ti OR ‘fall, accidental’:ab,ti 67,327

#1 ‘falling’/exp 41,962

Appendix D. Scopus

((TITLE-ABS-KEY (“accidental fall*”) OR TITLE-ABS-KEY (fall*) OR TITLE-ABS-KEY
(falling) OR TI-TLE-ABS-KEY (“Fall*, Accidental”) OR TITLE-ABS-KEY (“Slip and Fall”) OR
TITLE-ABS-KEY (“Fall and Slip”))) AND ((TITLE-ABS-KEY (aged) OR TITLE-ABS-KEY (el-
derly))) AND (LIMIT-TO (DOCTYPE, “ar”) OR LIMIT-TO (DOCTYPE, “re”)) AND (LIMIT-
TO (PUBYEAR, 2020) OR LIMIT-TO (PUBYEAR, 2019) OR LIMIT-TO (PUBYEAR, 2018) OR
LIMIT-TO (PUBYEAR, 2017) OR LIMIT-TO (PUBYEAR, 2016) OR LIMIT-TO (PUBYEAR,
2015) OR LIMIT-TO (PUBYEAR, 2014) OR LIMIT-TO (PUBYEAR, 2013) OR LIMIT-TO
(PUBYEAR, 2012) OR LIMIT-TO (PUBYEAR, 2011) OR LIMIT-TO (PUBYEAR, 2010)) AND
(LIMIT-TO (LANGUAGE, “English”)) AND (LIMIT-TO (SRCTYPE, “j”)) AND (LIM-IT-TO
(EXACTKEYWORD, “Human”) OR LIMIT-TO (EXACTKEYWORD, “Humans”)).
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Abstract: The main epigenetic features in aging are: reduced bulk levels of core histones, altered
pattern of histone post-translational modifications, changes in the pattern of DNA methylation,
replacement of canonical histones with histone variants, and altered expression of non-coding RNA.
The identification of epigenetic mechanisms may contribute to the early detection of age-associated
subclinical changes or deficits at the molecular and/or cellular level, to predict the development of
frailty, or even more interestingly, to improve health trajectories in older adults. Frailty reflects a
state of increased vulnerability to stressors as a result of decreased physiologic reserves, and even
dysregulation of multiple physiologic systems leading to adverse health outcomes for individuals of
the same chronological age. A key approach to overcome the challenges of frailty is the development
of biomarkers to improve early diagnostic accuracy and to predict trajectories in older individuals.
The identification of epigenetic biomarkers of frailty could provide important support for the clinical
diagnosis of frailty, or more specifically, to the evaluation of its associated risks. Interventional studies
aimed at delaying the onset of frailty and the functional alterations associated with it, would also
undoubtedly benefit from the identification of frailty biomarkers. Specific to the article yet reasonably
common within the subject discipline.

Keywords: geriatric syndromes; healthy aging; exercise; histones; DNA methylation; non-coding RNA

1. Introduction

The concept of frailty has been evolving for more than 20 years. Since the publi-
cation of a validated phenotype of frailty as a medical syndrome in 2001 by Fried and
colleagues [1], this geriatric condition has received growing interest due to its associa-
tion with longevity and aging-related phenotypes (Figure 1). At the moment there is
no consensus on the definition of frailty, but it is accepted that frailty reflects a state of
increased vulnerability to stressors as a result of decreased physiologic reserves, and even
dysregulation of multiple physiologic systems leading to adverse health outcomes for
individuals of the same chronological age [2]. From a gerontological point of view, frailty
is a stochastic, deleterious and dynamic process of deficit accumulation. Cellular deficits
include: senescence and stem cell exhaustion, loss of proteostasis, decline in metabolism,
inflammation, DNA damage and deficit in DNA repair, hormone dysregulation, and epige-
netic alterations [3]. The accumulation of these deficits varies across life stages and some
individuals are more predisposed to them [4]. Since cells are the primary sites of deficit
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accumulation, cellular frailty may be the major driver of the systemic physiological decline
of tissues and organs [5], which may lead to late-onset multimorbidity.

Weight loss, unintentional

FRAILTY  PHENOTYPE

Weakness, grip strenght

Poor endurance and energy

Slowness

Low physical activity level

>5% BW in prior year

In the lowest 20%  

Self report of exhaustion

Time to walk 15 feets:
slowest 20% 

Score of Kcal/ wk: 
lowest 20% 

FRAILTY COMPONENTS  

Figure 1. Frailty features contributing to the frailty phenotype during aging.

Frailty is the main determinant of longevity and quality of life in the elderly popu-
lation and it has become a public health concern [6]. Among the causes of frailty, one of
most important contributors is the adoption of unhealthy lifestyles (i.e., physical inactivity
and/or sedentarism, malnutrition, smoking and alcohol intake) [7]. Frailty is a dynamic
process, characterized by frequent transitions between states of frailty and towards disabil-
ity and dependency. Disability is characterized by a functional limitation that increases
the demand for long-term care services for the elderly, which infers high social-health and
personal costs [8]. Frailty increases dramatically with age, with a prevalence of 5.2% in
men and 9.6% in women over the age of 65 years [9]. These figures grow to 40% in adults
aged 80 years and older. Frailty increases the risk of falls, delirium, disability and other
geriatric syndromes [10,11]. It also increases vulnerability to age-related disorders, such as
myocardial infarction, diabetes and hypertension in those who suffer from it [12].

In the past two decades, a large proportion of the global burden of disease has changed
due to high rates of disability resulting from morbidity of non-communicable diseases. In
fact, it is considered that disability increases health costs more than disease by itself [2].
In this scenario, we have to define phenotypic aging, which includes the changes in body
composition and structures (i.e., loss of skeletal muscle mass), energetics, homeostatic
mechanisms, and neuronal function that occur while we age and that may contribute to
functional aging. Functional aging is referred to as the age-associated decline in physical,
emotional, cognitive, and social functions leading to a decrease in the performance of basic
activities of daily living and contributing to the loss of independence [13].

Recent research is helping to shed light on mechanisms underlying frailty, how frailty
can influence disease onset and progression, and how new interventions can attenuate
frailty to improve health status. Moreover, frailty helps to explain heterogeneity in aged
people and it provides the basis to understand the differences between biological and
chronological age.

The main physiological systems dysregulated in the frail patient include the en-
docrine [14], musculoskeletal [15], respiratory [16], renal, cardiovascular [17], immune [18],
hematopoietic system [19], and also the nervous system [20]. Moreover, mounting evidence
indicates that frailty may increase the risk of mild cognitive impairment and contribute
to dementia [21]. This probably occurs because frailty and cognitive disorders may share
common biological pathways. Thus, frail older adults may be at higher risk of incident
cognitive disorders than robust ones.

Several predictive models related to frailty are available in the literature. Most of these
predictive models are focused on defining and validating a frailty index, which is used as a
predictor of disability, hospitalization, and mortality. There are also a smaller number of
studies in which these indexes are used to predict the ability to perform activities of daily
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living (ADL), instrumental activities of daily living (IADL), or the risk of falls [22]. In any
case, each of these indexes can improve the clinical management of frailty.

A key approach to overcoming the challenge of frailty is to implement precision
medicine by using biological biomarkers to improve diagnostic accuracy and to optimize
its management. Finding biomarkers would allow gerontologists to predict the functional
trajectories of older adults at preclinical stages. This could help to develop early inter-
ventions aimed at preventing frailty and its natural progression to disability. Precision
medicine was defined by the National Research Council’s Toward Precision Medicine
in 2008 as: “The tailoring of medical treatment to the individual characteristics of each
patient . . . to classify individuals into subpopulations that differ in their susceptibility to
a particular disease or their response to a specific treatment. Preventive and therapeutic
interventions can then be concentrated on those patients who will benefit, sparing expense
and side effects for those who will not”.

Today we know, thanks to the “Human Genome Project” and the “Human Epigenome
and the Human Epigenome Roadmap Projects”, that genetics is not the only contributor to
disease. In most complex diseases and human conditions genetics cannot, by itself, explain
the deficits or molecular alterations related to the onset of the disease, its progression
or even the response to a specific treatment. In fact, most human diseases are complex
multifactorial pathologies, caused by genetic background and epigenetic inputs, which can
modulate transcriptional programs and lead to adverse clinical outcomes.

Epigenetics is defined as the discipline that studies the regulation of gene expression
by mechanisms not related to changes in the DNA sequence. These regulatory processes
can be heritable and set the features of specific cell lineages and subpopulations. Many of
these epigenetic mechanisms suffer the influence of environmental factors and are part of
the adaptive homeostatic mechanisms of all organisms. Thus, the epigenetic regulatory
mechanisms are continuously being implemented for surviving. Organisms with powerful
adaptive mechanisms have developed an extremely complex epigenetic machinery and
if the organism has a long-life span, like in humans, the epigenetic regulatory actions are
expected to play a very important role.

Epigenetics is a rising discipline in biomedicine, which aims to improve predictive and
precision medicine by discovering new mechanisms underlying diseases and providing
new biomarkers in order to identify molecular targets that are modulable, for instance, by
using epigenetic drugs [23–25]. Most human biological processes have complex multifacto-
rial modulators that include polymorphisms and copy number variation in human genes,
besides epigenetic mechanisms, that contribute to the modulation of gene expression [26].

According to Pal and Tyler [27] the main epigenetic features in aging are: (i) reduced
bulk levels of core histones, (ii) altered pattern of histone post-translational modifications,
(iii) changes in the pattern of DNA methylation, (iv) replacement of canonical histones
with histone variants, and (v) altered expression of non-coding RNA. The consequence of
these changes in the epigenetic regulation alters the local accessibility of the transcriptional
and DNA repairing machinery to the genetic material, thus, producing among others,
aberrant gene expression, reactivation of transposable elements and genomic instability [27].
Epigenetics is able to explain, in most cases, the importance of life style factors and the
influence of the environment on the aging process.

We have defined an epigenetic biomarker as “any epigenetic mark or altered epigenetic
mechanism which generally serves to evaluate health or disease status and is particularly
stable and reproducible during sample processing and analysis” [25]. There is a current
need to better understand the etiology of frailty to develop effective interventions for its
prevention, amelioration, or even its reversion. The identification of potential sensitive
and specific biomarkers may provide insights into the molecular, metabolic, cellular, and
physiological alterations that lead human beings to frailty [28].

The present review aims to provide answers to some of the uncertainties regarding
the role of epigenetic mechanisms in frailty development.
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2. Materials and Methods

The present review was carried out by conducting an electronic search in OVID
(Medline and Embase), combining the following MeSH keywords: “epigenomics” or
“biomarkers”, combined with “frailty”. The search was limited to publications in the last
ten years, in English, Spanish, and French. A total of 158 articles were obtained of which
87 were finally selected. The MeSH construction (“Epigenomics” [Mesh] OR “Epigenetic
Repression” [Mesh] OR “Epigenesis, Genetic” [Mesh] OR “Biomarkers” [Mesh]) AND
“Frailty” [Mesh] were used. Some additional instructions were added for certain specific
objectives where necessary. In 14 cases, supplementary information was obtained in the
form of references of the selected articles.

The articles were selected by the investigators based on the following inclusion criteria:
randomized clinical trials, cohort studies, case-control studies, observational studies, and
before and after analyses; population: older adults; outcome geriatric syndromes and
frailty. The exclusion criteria were: letters to the editor, case reports, manuscripts with no
available abstract or those with only the abstract published. All the published studies were
re-evaluated by the authors of the review, and final inclusion was restricted to those of
sufficient quality to afford information pertinent to the objectives of this review.

3. Results

Frailty has become a public health concern. A key approach to overcoming the
challenge of frailty is to implement precision medicine by using biological biomarkers
to improve diagnostic accuracy and to optimize its management. Finding epigenetic
biomarkers would provide an excellent tool to predict the evolution of frailty to disability
and dependency in older individuals as well as contribute to designing personalized
pharmacological and non-pharmacological interventions.

3.1. Epigenetic Mechanisms Related to Aging and Frailty

Importantly, changes across cell generations accumulate genetic and epigenetic alter-
ations [29]. Among the different generalized changes during aging in mammals, global
DNA hypomethylation mainly in DNA repeats, as well as, local hypermethylation at spe-
cific gene promoters have been found [30]. These can result in gene expression silencing in
DNA repair and anti-inflammatory genes [31]. It has also been suggested that other genes
participating in the maintenance of muscle and nervous systems processes, chromatin
remodeling, and transcription control may also be affected [32]. It has been proposed that
these global changes in DNA methylation are associated with the incomplete restoration
of epigenetic patterns after DNA replication or DNA repair [33], which contribute to the
accumulation of epimutations in the bulk DNA. These changes in the methylation pat-
tern together with other epigenetic related factors associated with aging were coined the
“epigenetic drift [34]” by Veitia and coworkers since it was considered as a general and
progressive epigenetic process directly related to senescence, which is especially important
in tissue-specific stem cells. Among these adult stem cells, muscle satellite cells play a very
important role in sarcopenia, which is one of the key features in frailty. The important
changes that take place in satellite cells upon aging have been recently demonstrated in
mouse muscle stem cells [35], underscoring the importance of skeletal muscle epigenetic
regulation in the development of the frail phenotype.

3.1.1. DNA Methylation

Since its discovery, DNA methylation (DNAm) has been the best studied epigenetic
modification. It affects the 5′ carbon position of cytosine, mostly in the context of CpG
dinucleotide. There is a significant amount of work describing the analysis of DNA
methylation and its role in human diseases. From a clinical point of view, DNA methylation
harbors great potential value as a diagnostic and prognostic biomarker. The possibility
of screening blood-circulating DNA or DNA extracted from leukocytes for alterations in
DNA methylation also increases its value as an epigenetic biomarker.
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It has been demonstrated that DNA methylation displays a strong correlation with
age and age-related processes. In a pioneering work published in PNAS in 2005, global
and locus-specific differences in DNA methylation in identical twins of various ages was
found. Moreover, the authors demonstrated a correlation between DNA methylation
and quality of life during aging and also that DNA methylation can be influenced by
different environmental and lifestyle factors [33]. Seven years later, using DNA from
peripheral blood cells, an association between global DNA methylation levels and age-
related functional decline was reported [36]. The authors found lower global methylation
levels in frail subjects than in those who had a better functional status such as pre-frail and
non-frail [37]. This finding was accompanied by a longitudinal study to explore whether
the methylation levels were sensitive to changes in the frailty status over time. It was found
that the decrease in global DNA methylation was associated with functional decline and
not to chronological age, at least after 65 years of age [36]. This led to the suggestion that
biological age and aging acceleration can be predicted based on methylation patterns at
specific CpG sites [38].

Epigenetic clocks, which are based on the use of specific DNA methylation pat-
terns, can also be correlated to individuals’ chronological ages to assess inter-individual
and/or inter-tissue variability in the aging rate [38]. For a number of epigenetic clocks, the
divergence between epigenetic age and chronological age reflects biological age accelera-
tion. In this regard, epigenetic age acceleration has been associated with the risk of heart
disease [39], breast cancer [40,41], lung cancer [42], neurodegenerative diseases such as
Alzheimer’s disease [43], and it has also been associated with differential susceptibility to
death [44–47].

There are up to eleven epigenetic clocks [48], which incorporate a subset of CpGs
(between 1 and 513) that are differentially weighted to estimate epigenetic age and predict
age-related outcomes.

The most validated epigenetic clock was proposed by Horvath (the Horvath’s clock) [40].
It uses the exact 353 CpG loci predictor to analyze DNAm age acceleration. Other epigenetic
clocks are also gaining relevance, such as the Hannum’s clock [49] or the clock proposed by
Zhang and co-workers that was developed in 2017 as a predictor for all-cause mortality [47].
More recently, an epigenetic clock for lifespan and health span has been developed to
differentiate same-aged individuals based on morbidity and mortality risk [45].

Over the years, additional approaches analyzing a lower number of CpG sites for an
estimation of the epigenetic age have also been proposed [50,51]. Two clocks have been
developed by Wolfgang Wagner’s group: the 3 CpG model [50] and the 99 CpG model [52].
Weidner and co-workers selected 3 CpGs from DNAm in blood from array data of the
27K Illumina array, which were later validated by Lin and Wagner using the Infinium
450K Beadchip array (Illumina) [52]. This resulted in an age predictor with an average
accuracy of 5.4 years. Vidal-Bralo et al. [51] developed an epigenetic clock analyzing the
DNAm in 390 healthy subjects. This clock consists of an age predictor based on 8 CpG
sites, out of a preselected list of the most informative CpGs (with an age correlation over
0.85). More recently, Liu and co-workers have also proposed a “Meta-Clock”, consisting of
a new approach by deconstructing the clocks into submodules and recombining them into
a more robust epigenetic aging measurement [48]. This clock has demonstrated improved
prediction for mortality and more robust aging associations with DNAm [48].

The influence of genetic and environmental factors as well as technical differences in
the selected DNAm analysis methods have been highlighted as the main drawbacks of the
age-related CpGs analysis [53].

Several studies have shown that epigenetic age acceleration is associated with frailty
in older individuals [54,55]. Two laboratories have studied DNA methylation changes in
frailty using the deficit accumulation method [56] and the frailty phenotype [55].
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3.1.2. Histone Post-Translational Modifications and Histone Variants

Chromatin is organized by repeating arrays of nucleosomes, which consist of 145 bp
of DNA wrapped around a histone octamer. Each histone octamer consists of two copies
of each histone, H4, H3, H2A, and H2B. Histones can be chemically modified, producing
histone post-translational modifications (PTMs) (i.e., acetylation, methylation, phospho-
rylation, butyrylation, hydroxybutyrylation, crotonylation, citrullination, formylation,
glycosylation, O-GlcNAcylation, carbonylation, parsylation, and glutathionylation) [57].
These changes can modify the nucleosome structure and accessibility to different regions
of the genome. Proper coordination between components of the epigenetic machineries is
responsible for the introduction or removal of PTMs, which are essential for the correct
control of epigenome function. Otherwise, mutations in epigenetic enzymes (i.e., writers
and erasers) and/or in epigenetic readers, which alter the “histone code”, can be translated
into diseases.

Histone post-translational modifications are more difficult to map completely over
the whole epigenome than DNA methylation, which makes them more difficult to analyze
using high throughput technologies. However, several efforts have been made in order
to explore histone metabolism, histone replacement, and histone PTMs introduction and
removal. In this regard, Benayoun and co-workers have described reduced bulk levels of
core histones, altered histone posttranslational modifications and cellular misregulation in
the replacement of histone variants in aging [58].

In different histone post-translational modifications, phosphorylation of Ser139 in the
histone variant H2AX, also known as γH2AX, is a key event that marks double strand
breaks in the DNA [59], and therefore, DNA instability and DNA repair deficits. Impor-
tantly, elevated levels and persistence in time of γH2AX is considered an unrepairable
double strand break [60], which may result in tumorigenesis, mitotic arrest or cell death.

3.1.3. Non-Coding RNA

Epigenetic regulation is also mediated by non-coding RNAs (ncRNAs), which are
molecules that, despite being non-protein-coding RNAs, have important regulatory func-
tions in gene expression. Generally, ncRNAs regulate gene expression at the transcriptional
and post-transcriptional level. These ncRNAs include microRNAs (miRNAs) and long
non-coding RNAs (lncRNAs). miRNAs are a large family of short RNA molecules with an
average size of 17–25 nucleotides [61]. miRNAs can down-regulate gene expression by in-
hibiting mRNA translation when binding to its 3′-UTR or by degrading mRNA molecules,
as well as increase mRNA translation of some targets [62] when miRNAs bind to 5′-UTR
regions of the target mRNA. lncRNA transcripts are longer than 200 nucleotides and poorly
conserved. lncRNAs are transcribed from all over the genome including intergenic regions,
domains overlapping one or more exons of another transcript on the same strand (sense) or
on the opposite strand (antisense), or intronic regions of protein-coding genes [63]. Many
lncRNAs act by forming complexes with chromatin-modifying proteins and recruiting
them to specific sites in the genome, thereby modifying chromatin states and influencing
gene expression [64].

MiRNAs have gained relevance in recent years in research on aging due to their role
in the control of several biological processes [65]. For instance, it has been suggested
that miRNAs can control muscle metabolism and muscle wasting [66]. This opens up
new avenues at different levels, such as the identification of the molecular targets to test
miRNA-based interventions as a therapeutic strategy against sarcopenia [66].

Smith-Vikos and co-workers have proposed the analysis of circulating miRNAs in
serum and plasma to screen for biomarkers of healthy aging and longevity [67]. Exosomes,
small cell-derived vesicles found within extracellular fluids and originated from cellular
multivesicular bodies fused with the plasma membrane, have also been identified as valu-
able biomarkers for a number of disease conditions. Exosomes can contain microRNA [68].
Inflamma-miRs, mitomiRs and myomiRs have been closely related with frailty [69] as we
describe in the following section.
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3.2. Epigenetic Biomarkers Associated with Aging and Frailty

A key approach to overcome the challenges of frailty is the development of biomarkers
to improve early diagnostic accuracy and to predict clinical trajectories in older individuals.
Furthermore, frailty biomarkers should allow us to stratify patients and distinguish those
who will benefit from a specific therapeutic approach compared to those who will not
benefit from a specific intervention, thus making frailty identification one of the pillars in
decision-making in regard to older patients.

Epigenetic biomarkers should have the ability to detect early subclinical changes
or deficits at the molecular and/or cellular level [70]. So, they can help to identify key
dysregulated transcriptional programs, which may help to identify molecular targets for
pharmacological and non-pharmacological interventions to prevent or delay the develop-
ment of frailty, and also its consequences. Clinical validation of a candidate biomarker
(Table 1) will provide support for the clinical diagnosis and monitoring of frailty or any of
its associated risks.

It has been demonstrated that a biological epigenetic clock is better associated with
frailty index [71] than the telomere length [54]. The DNA methylation patterns play a
relevant role in explaining inter-individual differences in biological aging and frailty [36,72].
These studies suggest that an “accelerated” biological aging determined by epigenetic
changes may be closely correlated to clinically relevant features related to frailty pheno-
types [73].

3.2.1. DNA Methylation as a Frailty Biomarker

The first study performed to assess the potential relationship between epigenetic age
acceleration and frailty-related characteristics was published in 2015. The authors per-
formed a DNA methylation analysis in the Lothian Birth Cohort 1936 (LBC1936) and found
significant correlation coefficients ranging from −0.05 to −0.07 between age acceleration
based on the DNAm analysis and cognitive function, grip strength, or lung function [46].

Afterwards, Breitling and co-workers, studied the epigenetic clock developed by
Horvath [40] in a cross-sectional observational study with 1820 subjects from two large
subsets of community-dwelling older adults in the German ESTHER cohort study. These
authors found that epigenetic age acceleration was correlated with clinically relevant aging-
related phenotypes. More specifically, their results suggested one added functional deficit
per 12 years of methylation age acceleration [54]. Importantly, in this study, the authors
also found that telomere length measured in leukocytes, a well-studied parameter related
with aging, was not associated with frailty index [54].

More recent studies have also explored the association between telomere length and
DNAm with frailty. In the Berlin Aging Study II (BASE-II), a marginal association of
age acceleration was found between leukocyte telomere length (rLTL) and DNAm [74].
However, in a recent work by Demuth et al., it was shown that neither DNAm age accel-
eration [51] nor rLTL were significantly associated with the Fried’s Frailty Score or the
functional assessments in the Berlin Aging Study II [75]. Interestingly, only one of the
analyzed assessments, the clock drawing test, was significantly associated with DNAm age
acceleration in older men, with an average of 1.9 years higher DNAm age acceleration [75].
This result seems important, because the clock drawing test is used to predict dementia
and detect early-stage Alzheimer’s disease [76]. The results reported by Demuth and co-
workers seem contradictory to those described by Breitling’s research group [54]. However,
this might be the result of the different approaches used to measure frailty index and also
the different methodologies used to measure DNAm age acceleration, the 353 CpG loci
measurement according to the Hovarth’s clock [40], and the seven-CpGs age acceleration
method proposed by Vidal-Bralo and collaborators [51].

Further studies exploring the association of the “Meta-Clock” with frailty are needed
to demonstrate its utility in assessing the relationship between epigenetic age acceleration
and frailty-related phenotypes [48].
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3.2.2. Histone PTMs and Histone Variants as Frailty Biomarkers

The implications of increased and decreased levels of histone acetylation in enhanc-
ing and constraining cognitive functions, particularly learning and memory have been
demonstrated [77]. Accordingly, several histone deacetylase inhibitors (HDACis) have
proven successful in rescuing cognitive deficits in animal models of neurodegeneration and
cognitive decline such as Alzheimer’s disease [77]. They might constitute a new strategy
for pharmacological interventions against cognitive impairments by improving learning
capacity, activating learning genes and mediating “cognitive epigenetic priming” [78].
“Cognitive epigenetic priming” is a theory that aims to explain the potential of histone
acetylation to promote memory by facilitating the expression of neuroplasticity-related
genes [78]. This is of special relevance, since cognitive impairment seems to be closely
related with frailty, as we described above. Histone acetylation is closely related with other
features associated with frailty such as sarcopenia. Global histone H3 methylation and acety-
lation decreases in muscle tissue with age, which may be linked to the well-known age-related
type IIb fiber atrophy in skeletal muscle [79]. Walsh and collaborators demonstrated that the
use of butyrate, an HDACi, increases the histone acetylation levels in skeletal muscle and
prevents age-associated hindlimb muscle loss in female C57Bl/6 mice [80].

Measurement of the H2A histone family member X (H2AX) phosphorylation, at
the amino acid Ser139, can provide information regarding frailty severity [81]. This was
demonstrated in leukocytes and monocytes isolated from individuals classified as non-frail,
pre-frail or frail depending on the Fried’s frailty score [81]. The authors found that the
percentage of γH2AX in the cells and the number of positive frailty criteria were signifi-
cantly correlated (r = 0.201, p < 0.01). In addition, they performed a multivariate statistical
analysis, adjusting by gender, age, and tobacco consumption (and alternatively adjusting
by BMI), and confirmed previous results from univariate analyses on the influence of
frailty. Therefore, frailty severity was accompanied by a progressive decrease in DNA
repair capacity in lymphocytes (p < 0.05). Interestingly, the authors also independently
studied the association of γH2AX with each one of the five Fried’s frailty criteria: (i) unin-
tentional weight loss; (ii) muscular weakness (grip strength); (iii) self-reported exhaustion;
(iv) slow walking; and (v) low physical activity level [1] and found significantly higher
γH2AX values in individuals positive for the low physical activity (p < 0.001), slow waking
(p < 0.01) and low grip strength (p < 0.01) criteria. The main conclusion from this study is
that the levels of γH2AX increase progressively according to frailty severity and that the
use of the γH2AX levels, besides the micronucleus frequency in lymphocytes, could be a
useful parameter to identify pre-frail and frail individuals [81]

3.2.3. Non-Coding RNAs as Frailty Biomarkers

Ipson and co-workers compared the differential expression of exosome-derived miR-
NAs from young adults by using small RNA sequencing (smallRNA-seq) in robust and frail
individuals and identified eight enriched miRNAs associated with frailty: miR-10a-3p, miR-
92a-3p, miR-185–3p, miR-194–5p, miR-326, miR-532–5p, miR-576–5p, and miR-760 [82].

Rusanova and collaborators [83] explored the expression of several miRNAs by RT-
qPCR and found that robust subjects had higher expression of miR-146a, miR-223, and
miR-483, while the frail ones showed higher expression of miR-21, miR-223, and miR-483
when compared to the control group. However, the authors found that miR-223 and
miR-483 levels increased to a similar extent in robust and frail individuals matched by age,
so both biomarkers should be considered as biomarkers of aging but not frailty. miR-223-
5p targets BMI1, a transcript of a key gene involved in the self-renewal of bone marrow
mesenchymal stem cells playing a critical role in promoting osteogenesis [84]. Further
studies with bigger cohorts are needed to explore the potential of miR-223 as a candidate
frailty biomarker due to its association with bone mass loss and osteoporosis [85].

Rusanova and coworkers have also reviewed different families of microRNAs linked to
“inflammaging” (inflamma-miRs), to musculoskeletal health (myomiRs), and microRNAs
that can directly or indirectly affect the mitochondrial function (mitomiRs) [69]. The list
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of miRNAs that can be considered as frailty biomarkers include: miR-1, miR-21, miR-34a,
miR-146a, miR-185, and miR-206, miR-223 [69]. The importance of miR-21 as a potential
frailty biomarker has also been suggested by other research groups [86].

Table 1. Epigenetic biomarkers to study frailty-related phenotypes.

Epigenetic
Mechanism

Epigenetic Biomarker
Associated to Frailty

Biospecimen
Association between the

Epigenetic Change and Frailty
Reference

DNA methylation Horvath’s clock Leukocytes

Epigenetic age acceleration was
correlated with clinically

relevant aging-related
phenotypes

[54]

Histone PTMs

H3K9me3 and H3K9ac
and H3K27ac decreases

with age

Muscle samples in rat
models Muscle loss and sarcopenia [79]

γH2AX Leukocytes

Significantly higher γH2AX
values observed in individuals

positive for low physical activity
(p < 0.001), slow waking (p <

0.01), and low grip strength (p <
0.01) criteria

[81]

Non-coding RNAs

miR-10a-3p,
miR-92a-3p,
miR-185–3p,

miR-194–5p, miR-326,
miR-532–5p,

miR-576–5p, miR-760

Plasma
exosome-derived

miRNAs
Associated to frailty [82]

miR-21,
miR-223,
miR-483

Plasma
Increased expression in frail
subjects compared to control

subjects
[83]

miR-146a Plasma Low levels in frail subjects
compared to robust old adults [83]

miR-1,
miR-21,

miR-34a, miR-146a,
miR-185, miR-206,

miR-223

Plasma Increased levels in frail subjects
compared to robust old adults [69]

miR-34a-5p
miR-449b-5p Muscle biopsy

Elevated in sarcopenic muscle
compared with muscle tissue

from controls
[87]

By using muscle biopsies and a microarray-based experimental approach, Zheng et al.
found that miR-34a-5p and miR-449b-5p levels were elevated in sarcopenic muscles, high-
lighting their importance in muscle aging [87].

Further studies should be performed to increase the number of subjects and to provide
reliable values for sensitivity and specificity, which may increase the validity of these
miRNA as frailty biomarkers.

Regarding lncRNAs, in the LonGenity study, genome-wide association studies were
used to explore whether variations in the 9p21–23 locus played a role in frailty in
637 community-dwelling older individuals [88]. The authors found associations between
SNPs in the regulatory 9p21–23 region and the frailty phenotype; signifying the importance
of this locus in aging [88]. Interestingly, the genomic locus 9p23 harbors several genes
including ANRIL, a long non-coding RNA gene associated with cardiovascular diseases
and strokes [89]. A polymorphism rs2811712 located in ANRIL gene has been associated
with physical function in older people (65–80 years) with the minor allele being associated
with reduced physical impairment [90]. However, although this SNP located into lncRNAs
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was indirectly associated with physical impairment, its expression levels have not yet
been explored.

Other lncRNAs are feasible candidates to be investigated in elderly people to evaluate
its contribution to frailty [91]. In this regard, lncRNA H19, is an interesting candidate be-
cause it plays a key role in myoblast differentiation during skeletal muscle regeneration by
negatively regulating the bone morphogenetic protein (BMP) pathway [92]. Other lncRNAs
that are related with muscle cells differentiation and proliferation are MALAT1, linc-MD1,
and SIRT1 AS. lncRNA MALAT1 is downregulated by myostatin [93] and it suppresses
the proliferation of myoblasts [94], suggesting that it may influence myogenesis during
aging. Regarding linc-MD1, it is involved in the decline in skeletal muscle regeneration via
HuR [95], a gene which is downregulated in differentiated muscle cells and contributes to
sarcopenia. Another interesting lncRNA is SIRT1 AS, which is a natural antisense of the
NAD-dependent deacetylase Sirt1. SIRT1 AS controls myogenic programs during muscle
aging [96].

3.3. Epigenetic Biomarkers to Follow-up the Interventions in Frailty

There are two important characteristics regarding the frailty syndrome, firstly, if left
unaddressed it will evolve into disability and eventually, death, and secondly, if it is
properly treated, its onset can be delayed and the physiological condition of the subject can
be improved [97].

The implementation of intervention programs in the elderly is not an easy task since
it is a very heterogeneous population [98]. This heterogeneity is the basis of the previ-
ously mentioned field of personalized medicine, whose objective is to adapt interventions
and treatments individually, considering the patient’s lifestyle [99]. Interventional stud-
ies would undoubtedly benefit from the identification of frailty biomarkers, including
epigenetic biomarkers.

There are no known pharmacologic interventions for the prevention of frailty [100].
However, because of major advances in understanding the molecular basis of aging, there is
now tremendous interest and it is a very active area of investigation in the search for agents
that may potentially modify human aging and health span. Delaying the onset of frailty is
tightly correlated with improvement in health span. Although a single definition of health
span is not available, a common definition is: “the period of life spent in good health, free
from the chronic diseases and disabilities of aging” [101]. Several anti-aging interventions
have potential translatability in the treatment and prevention of frailty [102]. Some of
these interventions have been very well characterized in animal studies but they need
to be tested in humans. The main pharmacological interventions in aging with potential
translation to frailty are: caloric restriction mimetics such as (i) metformin, (ii) rapamycin,
and (iii) resveratrol as well as more novel approaches that are emerging in the field such as
(iv) nicotinamide adenine dinucleotide precursors, (v) synthetic activators of sirtuins such
as SRT2104, and (vi) senolytics (dasatinib and quercetin) [102]. The ENRGISE (Enabling
Reduction of Low-Grade Inflammation in Seniors) study deserves a comment in this section
because it is an ongoing clinical trial (NCT02676466) that is examining the effect of fish oil
and angiotensin receptor blockade on systemic inflammation and gait speed [100].

The main interventions developed to date to improve frailty-related health outcomes
include lifestyle/behavioral factors: exercise, nutrition, multicomponent interventions,
individually-tailored geriatric care models and cognitive health maintenance [32,100].
Among them, exercise is considered the most effective intervention in preclinical and
clinical models of frailty [103,104].

In clinical practice, it has been shown that frailty can not only be delayed but also
reversed by exercise training [105]. The use of an appropriate exercise program can delay
or even reverse the physiological changes related to age that occur at the musculoskeletal
level [97,106]. Multicomponent interventions have also proved beneficial to treat frailty.
Multicomponent exercise is defined as a program of endurance, strength, coordination,
balance, and flexibility exercises that have the potential to impact a variety of functional
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performance measurements. This type of exercise is a recommended alternative to more
traditional exercise regimens, particularly due to its potential to impact functional perfor-
mance outcomes in older adults [104,107–115].

One of the most successful multi-center intervention clinical trials with a one-year
supervised physical activity program, “Lifestyle Interventions and Independence for Elders
Pilot (LIFE-P) Study” (NCT00116194), established a 20% reduction in the prevalence of at
least one criterion of frailty one year after the exercise program [116,117].

Exercise has an impact on several of the root mechanisms of aging also known as
biological aging [118]. By doing so, it can delay phenotypic aging.

Despite the evidence of the benefits of physical exercise on health status, the prevalence
of inactivity (35%) in subjects aged ≥75 years is worrisome [119]. Therefore, is very
important to promote physical activity in this group of people. Several research groups
have shown that supervised intervention programs aimed at improving the functionality
of the elderly, fundamentally based on physical exercise, are more effective than those
carried out autonomously in the subject’s environment [109].

Physical exercise can influence fundamental epigenetic mechanisms such as DNA
methylation in skeletal muscle. DNA methylation not only tracks chronological age in hu-
mans but also phenotypic changes along lifespan, predicting, for instance, cardiovascular
mortality and other age-associated adverse outcomes [45]. Exercise-associated decrease in
whole genome methylation has been found in muscle biopsies in healthy sedentary individ-
uals after an acute bout of exercise [120,121]. This hypomethylation in specific promoters
was accompanied by an increased expression of some genes involved in energy metabolism
and mitochondrial function. These results suggest that DNA methylation changes can rep-
resent an active and adaptive response to skeletal muscle contraction. Methylation changes
have also been analyzed in human skeletal muscle after a training program [122]. In this
study the authors reported a significant modulation in DNA methylation in genes involved
in structural changes of muscle tissue, inflammation, and immunological pathways after
three months of endurance exercise training.

Lifelong physical activity is also able to induce hypomethylation in promoters of
genes involved in resistance to oxidative stress, energy metabolism or myogenesis [123].
The exercise-induced epigenetic changes can be retained, and that DNA methylation could
underpin the capacity of skeletal muscle to maintain information into later life and to
respond differently to previous stimuli such as training [123].

Our current knowledge on how age-associated DNA methylation changes are related
to frailty and the role of interventions such as exercise in epigenetic modifications is still
sparse. Further research is needed because all the studies published up until now have
been performed on young and healthy adults, and to date, no interventional studies have
examined the effects of training on DNA methylation status in elderly people.

Apart from physical exercise, malnutrition and loneliness are other key aspects in the
functional deterioration of the elderly. The prevalence of malnutrition in Western Europe
in people over 65 is 23% on average and ranges between 6% and 51% [7]. This malnu-
trition, produced by a deficit of calories or protein, must be considered when proposing
interventions aimed at improving the quality of life of our elderly.

4. Discussion and Conclusions

The identification of epigenetic biomarkers may contribute to the early detection of
subclinical changes or deficits at the molecular and/or cellular level, to prevent or delay
the development of frailty, and also its consequences. This will provide important support
for the clinical diagnosis of frailty or any of its associated risks. Interventional studies
would undoubtedly benefit from the search for biomarkers of frailty.

In addition, the identification of biomarkers can help to improve the health trajectory
of the elderly, postponing and mitigating the appearance of functional problems. Improving
the clinical follow-up of the elderly as well as predicting the future evolution of frailty
and dependency in these people is a social and medical commitment. In this regard, it
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is necessary to orient research efforts in the design of personalized pharmacological and
non-pharmacological interventions as a good example of personalized medicine.
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Abstract: Hip fractures are an important socio-economic problem in western countries. Over the past
60 years orthogeriatric care has improved the management of older patients admitted to hospital after
suffering hip fractures. Quality of care in orthogeriatric co-management units has increased, reducing
adverse events during acute admission, length of stay, both in-hospital and mid-term mortality, as
well as healthcare and social costs. Nevertheless, a large number of areas of controversy regarding
the clinical management of older adults admitted due to hip fracture remain to be clarified. This
narrative review, centered in the last 5 years, combined the search terms “hip fracture”, “geriatric
assessment”, “second hip fracture”, “surgery”, “perioperative management” and “orthogeriatric
care”, in order to summarise the state of the art of some questions such as the optimum analgesic
protocol, the best approach for treating anemia, the surgical options recommendable for each type of
fracture and the efficiency of orthogeriatric co-management and functional recovery.

Keywords: hip fractures; geriatric assessment; orthogeriatric care; functional recovery; geriatric
syndromes; mortality; hip fracture surgery; multidisciplinary care

1. Introduction

Osteoporotic hip fractures are one of the main health problems of geriatric patients.
Approximately 1.3 million hip fractures were diagnosed in 1990 worldwide [1], and this
worldwide annual incidence is expected to increase to over 6 million globally by 2050 [2].
Nearly 80% of the fractures suffered by women and 50% of those in men occur after
reaching the age of 70 years [3]. Ninety percent of the fractures occur after falls from
standing height [4]. Mortality rates of 10% during acute hospital admission and 30%
at one year [5,6] have been reported, but these figures can be reduced introducing an
orthogeriatric team [7]. Orthogeriatric care can be defined as the collaboration between
orthopedic surgeons and geriatricians to improve hip fracture patient outcomes during
hospital admission [8].

Survival after hip fracture does not imply full recovery. Of those who survive, only half
recover the functional level they had before the injury [9,10] and one quarter of previously
independent patients require admission to an elderly care home [11]. The estimated socio-
economic costs derived from treating hip fractures represent 0.1% of global health care
costs worldwide increasing to 1.4% in more developed regions [1].
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The advanced age, baseline functional status and the common presence of comor-
bidities such as chronic heart failure and cognitive impairment among patients with hip
fracture are the main arguments in favor of orthogeriatric co-management, which reduces
the risk of perioperative complications, functional decline, and mortality [12]. Joint geri-
atric trauma management was introduced in the United Kingdom in the mid-twentieth
century [13]. The past two decades, however, have born an increase in the design and
implementation of coordinated perioperative models [14], which have been shown to
reduce in-hospital complications [15,16], hospital stay and readmissions [17], disability,
and in-hospital mortality [16].

A narrative review published in 2016 [18] considered that geriatric medicine improved
awareness of the extra-orthopedic issues complicating the patient’s course and influenced
treatment outcomes, improving length of stay, decreasing complication rates and reducing
both in-hospital and mid-term mortality after discharge, as well as improving quality of
care and reducing healthcare costs. Many questions remain to be answered this field. In
addition to the traditional goals of the orthogeriatric team, another crucial objective is
enrolling the patient in the most appropriate rehabilitation program, with the aims of
reducing institutionalization and facilitating functional recovery and return to the patients’
prefracture social situation [19]. To achieve these goals, correct assessment of the baseline
functional situation and maximum potential of recovery are of vital importance. The
high prevalence of disability following fracture can condition the patient referral process
after hospital discharge [20], and in this sense the management plan does not conclude
upon discharge from hospital but rather involves continuation of patient care beyond the
in-hospital process. Thus, the scope of the orthogeriatric team goes beyond the hospital
setting, expanding the benefits of integral geriatric care [19]. The role of orthogeriatric care
has been defined best in the United Kingdom, largely as a consequence of the development
of the best practice tariff introduced in 2010 in order to improve the care of patients with
hip fracture [21]. Later, preoperative and postsurgical cognitive assessments were also
included [22]. The National Institute for Health and Care Excellence issued a document on
the quality care of patients with hip fracture that highlighted a number of quality standards
to be met in order to maximise efficiency in the care of patients with hip fracture [23]. All
orthogeriatric care models have in common the suitability of care provided by multidisci-
plinary teams proficient in geriatrics, the need of early surgery, the role of a case manager
(in this case a geriatrician) throughout the whole process, pain control, avoidance of the
appearance or worsening of geriatric syndromes, and adequate continuity of care after
hospital discharge, with the aim of recovering baseline function [24]. Orthogeriatric care
has been validated by a meta-analysis [8]. However, there are still areas of controversy in
need of study and analysis, such as the ideal thromboprophylactic, anaesthetic and anal-
gesic protocols, the assessment and management of cognitive impairment and malnutrition
during acute hospitalisation, improvement of patient mobility, postoperative rehabilitation
and the efficiency of the programs used in convalescence units or in home rehabilitation
care [18,24]. Orthogeriatric co-management exists in several forms, with various types of
structural collaboration between orthopedic trauma surgeons and multi-professional geri-
atric teams. The models are country-specific and there are still no clear recommendations
on how this service should be best organized; further studies are needed to determine the
best model and to define a uniform set of outcome parameters for use in future clinical
studies [25].

The present review aims to provide answers to some of these questions regarding
orthogeriatric management of patients with hip fracture, with the goal of clarifying which
measures have improved outcomes.

2. Methods

The present review was carried out by conducting an electronic search in OVID
(MedLine and Embase), combining the following MeSH keywords: “hip fractures” and
“geriatric assessment”, combined with “perioperative management” “surgery”, “second
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hip fracture” and “orthogeriatric care”. The MeSH construction [Hip fractures] AND
([Geriatric assessment] OR “perioperative management”) OR “orthogeriatric care” OR
“geriatric syndromes”) was used. The search was limited to publications in the last 5 years;
in English, Spanish, and French; and in human subjects.

A total of 783 articles were obtained, of which 124 were finally selected. Some addi-
tional instructions were added for certain specific objectives where necessary. In 9 cases,
supplementary information was obtained in the form of references of the selected articles.
Details of the evaluation and selection process of the items are shown in Figure 1. The
articles were selected by four researchers based on the following inclusion criteria: (1) study
type: randomized clinical trials, cohort studies, case–control studies, observational stud-
ies, and before–after analyses in orthogeriatric units; (2) population: geriatric patients
with proximal femoral fracture; (3) intervention: orthogeriatric treatment initiated peri-
operatively; and (4) outcomes: surgical delay (defining delayed surgery as that occurring
beyond the day after admission, as recommended by the UK’s National Institute for Health
and Care Excellence (NICE) clinical guideline for the management of hip fractures [23]),
length of hospital stay, prognostic factors and mortality, functional recovery, geriatric syn-
dromes, perioperative care such as renal function, anemia, and costs. The exclusion criteria
were letters to the Editor, case reports, articles with no available abstract or those with only
the abstract published, and studies meeting the inclusion criteria but with 50% of the study
sample aged less than 65 years (i.e., predominantly non-geriatric). All selected studies were
included in a database including an abstract of the main results reported. The authors of
the review reevaluated all articles, and final inclusion was restricted to those of sufficient
quality to provide information pertinent to the aims of this review. In case of discrepancy
between the four authors, the fifth author determined including the study or not. The
outcome measures examined were mortality, length of hospital stay, medical complications,
discharge destination, functional status and recovery. The authors evaluated the different
studies according the 12 outcomes parameters proposed by an Expert Roundtable [26].

Figure 1. Flow chart of the study selection procedure used in the literature research.
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3. Results

A total number of 133 studies we included in this review. Aspects such as race or
sex-related differences in the outcomes were only taken into account when reported in the
studies. A recent pre-post intervention observational study compared a retrospective con-
trol arm (Usual orthopedic care (UOC)) to two parallel arms, orthogeriatric co-management
(OGC) and orthopedic team with the support of a geriatric consultant service (GCS). Pa-
tients in the OGC group were more likely to undergo surgery within 48 h after admission
(OR 2.62; 95% Confidence Interval (CI): 1.40–4.91), but not those in the GCS group, com-
pared with those who received UOC. OGC was also associated with lower length of stay
(LOS) and 1-year mortality [27]. In spite of the available evidence, many hospitals still lack
this model of care. Another important issue is the collection of data via national registries
allowing for audit and comparison of outcomes between the traditional approach and
orthogeriatric management, as well between the models available in different countries, in
order to define the benefits of the different implemented models [28]. All variants agree in
the need for early geriatric clinical care and early surgical management. A 24-h delay may
be a threshold for an increased risk of complications and mortality. In a population-based,
retrospective cohort study among 42,230 patients with hip fracture, patients who received
surgery after 24 h had a significantly higher risk of 30-day mortality (% absolute RD, 0.79;
95%CI, 0.23–1.35) and the composite outcome of complications (myocardial infarction,
deep vein thrombosis, pulmonary embolism, and pneumonia) (% absolute RD, 2.16; 95%CI,
1.43–2.89) [29]. Clinical stabilization of patients by the orthogeriatric teams, based on
clinical recommendations and guidelines, can help reduce delays, increasing diagnostic
precision and risk assessment of comorbidities. Thus, the role of an orthogeriatrician in an
orthopaedic department who leads a multidisciplinary approach in the management of
older patients with hip fractures is vital, ensuring that surgical delay is under 48 h after
presentation, as well as reducing postoperative and total length of stay [30].

The orthogeriatric approach uses an important tool: The Comprehensive Geriatric
Assessment (CGA). Two recent meta-analyses on the advantages of this tool in hip fractures
patients showed a decrease in mortality and an improvement in activities of daily living [31],
physical function and quality of life [32]. By adequately estimating perioperative risk,
preventing complications and avoiding heterogeneity in the fulfilment of the goals of care;
CGA leads to an important decrease of hospital stay and complications, and prioritizes
the recovery of baseline functional and social status. The good results shown are made
possible by a continuous improvement in quality of care, reduction of the length of stay in
the emergency department, promotion of structured management, and inclusion of new
evidence-based measures. Throughout this review, the authors will describe the newest
evidence regarding the management of geriatric patients admitted for hip fractures.

3.1. Geriatric Syndromes
Delirium

The incidence of delirium among orthopedic surgery patients has been reported to
be between 4.5 and 41.2%, according to a recent meta-analysis [33]; this wide range in
the incidence reported is due to the different ages of the patients included in the studies,
the screening tools employed, the types of settings and the surgical and anesthetic tech-
niques used. Risk factors for delirium included advanced age, male sex, comorbidities,
malnutrition, preoperative and postoperative haemoglobin levels, postoperative sodium
levels, postoperative length of stay, hearing impairment, polypharmacy, antipsychotic
drugs, opioid prescription, and cognitive impairment [33].

Analogously, four observational studies have shown an incidence of delirium of
15.7% [34], 22,09% [35], 24.2% [36] and 31.1% [37]. Poeran et al. associated postoperative
delirium with long-acting and combined short and long-acting benzodiazepines and ke-
tamine while neuraxial anaesthesia and opioid use were associated with lower risk [34].
Tao et al. identified baseline Barthel index, Mini-Mental State Examination (MMSE), in-
strumental activities of daily living (IADLs), and Geriatric Depression Scale (GDS) as risk
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factors for delirium [35]. Aldwikat et al. found that comorbidity and cognitive impairment
were independent risk factors for the development of delirium [36]. Finally, Pioli et al.
linked risk of delirium to older age, higher degree of comorbidity and functional impair-
ment [37]. In addition, in the multivariate analysis, surgical delay was an independent
risk factor for delirium, along with age, prefracture functional disability and cognitive im-
pairment (mildly to moderately impaired versus cognitively healthy or severely impaired
patients). All the described factors were included in the previously cited meta-analysis [33].

Another two meta-analyses identified risk factors already described in the one men-
tioned above. Yang et al. reported an incidence of delirium of 24.0 % and found preopera-
tive cognitive impairment, advanced age, living in an institution, heart failure, total hip
arthroplasty, multiple comorbidities and opioid usage as risk factors for delirium, while
females were less likely to develop delirium after hip surgery [38]. Smith et al. found age
80 years and over, living in a care institution before the fracture and the pre-admission
diagnosis of dementia to be factors associated with the appearance of delirium, which
occurred in 31.2% [39].

Delirium is associated with increased mortality, with the aforementioned confounders
responsible for the statistically significant association between incident postoperative
delirium and mortality, as shown in a meta-analysis published in 2017 [40].

There is an overlap between the different geriatric syndromes, emphasizing the need
of CGA in older patients admitted by hip fracture. Patients that were malnourished
(OR = 2.98; 95%CI: 1.43–6.19), or at risk of malnutrition (OR = 2.42; 95%CI: 1.29–4.53) had
an increased risk of delirium [41]. Other known risk factors for delirium are cognitive
impairment and dementia. An observational study reported that 52% of patients developed
delirium in addition to dementia, and as this overlap increased length of stay and short-
term mortality [42]. A study published before the period included in this review already
showed an overlap of geriatric syndromes between depressive symptoms and incidence
of delirium (21.7% of patients); other syndromes overlapping with delirium in this study
were vision impairment and lower cognitive function [43].

It is perhaps due to this overlap of geriatric syndromes that strategies for prevention
and treatment of delirium based on proactive geriatric consultation have shown a decrease
in the incidence of delirium. Two meta-analyses published in 2017 analysed the role of
CGA in reducing the incidence of delirium. The first one found a significant reduction in
delirium overall (relative risk [RR] = 0.81; 95% = 0.69–0.94) in the intervention group. Post-
hoc subgroup analysis found this effect to be maintained in the team-based intervention
group (RR = 0.77; 95%CI = 0.61–0.98) but not the ward-based group [44]. The second one
showed that comprehensive geriatric care reduced the incidence of perioperative delirium
(Odds ratio [OR] = 0.71; 95%CI = 0.57–0.89; p = 0.003) and that it was associated with
better cognitive status during hospitalization or at 1-month follow-up (MD = 1.03; 95%CI,
0.93–1.13; p ≤ 0.00001) but there was no significant difference in the duration of periopera-
tive delirium between both groups (MD = −2.48; 95%CI = −7.36–2.40; p = 0.32) [45]. Most
of the risk factors described for delirium are evaluated during the CGA process, and this
assessment reduces delirium incidence by identifying potential risk factors and developing
preventive strategies.

Another important strategy to decrease the incidence of delirium incidence is prompt
surgery. Surgical delay is linked to delirium, as has been previously mentioned [37], but
the duration of surgery is associated to delirium risk, too. A recent study reported that
the risk for delirium was increased with surgical duration: every 30-min increase in the
duration of surgery was associated with a 6% increase in the risk of delirium, and the risk
was higher was in patients who had received general anaesthesia [46].

3.2. Cognitive Impairment

Both cognitive impairment and dementia are quite prevalent among patients with hip
fractures. Furthermore, rather than maintaining their cognitive function, older patients
with cognitive decline could further develop cognitive disorders after hospitalization
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following hip fracture. An observational study included 402 patients with hip fracture, 188
of whom were previously cognitively intact. Of these, 12 (6.4%) patients showed a cognitive
decline in the 6 months following the fracture. Multivariate regression analysis showed
that older age and the appearance of medical complications were significant independent
risk factors for cognitive decline [47]. Older studies have reported from a 40% prevalence of
some degree of cognitive impairment [48] to an 85% prevalence of dementia [49]. Dementia
is underdiagnosed in older hospitalised patients, in spite of being an important risk factor
for suffering hip fractures [49].

Detecting cognitive impairment is vital, as one of the most important risk factors
of functional decline and mortality in hip fracture patients is concomitant dementia. A
recent observational study found that patients with cognitive impairment showed a higher
overall mortality, even after discharge from hospital [50]. This study reported that patients
with dementia were more likely to suffer respiratory infections, urinary tract infections,
sepsis, had a poorer baseline functional status, and worse ambulation at final follow-
up [50]. The relationship between function and cognitive decline is well known [51]. Only
31% percent of hip fracture patients recovered previous activities of daily living (ADL)
ability in an observational study, and recovery was less likely for those ≥85 years old,
with dementia and with a Charlson Comorbidity Index > 2 [52]. Another study reported
that hip fracture patients with worse scores in a cognition scale had less functional gain,
but those who improved their cognitive score showed better recovery of gait ability [53],
demonstrating the benefits of a dual cognitive and functional rehabilitation in these patients.
For this reason, rehabilitation protocols for functional recovery in hip fracture patients
with cognitive impairment or dementia should include cognitive stimulation programs, as
well. As previously mentioned, the negative association between dementia in hip fracture
patients and mortality can be attenuated by geriatric care. A study of 650 patients (mean
age 86 years (standard deviation [SD]: 6 years)) identified 168 patients with dementia (DP),
400 patients without dementia (NDP) and 82 patients with in whom cognitive status was
not determined (CSND). After adjusting for age, sex, comorbidities, polypharmacy, pre-
fracture independence, time-to-surgery, and delirium, there were no significant differences
between groups for mortality or for recovery of ambulation at 6 months, but DP and CSND
were more likely to be newly institutionalized, being possible to attribute this absence
of difference to the effect of a dedicated geriatric care pathway [54]. Thus, treatment of
behavioral psychological symptoms of dementia (BPSD) during rehabilitation is crucial.
A retrospective cohort study based on the Japan Rehabilitation Database showed that
participants who presented BPSD when initiating rehabilitation but who had resolved their
symptoms at the end of rehabilitation had better functional recovery [55]. Likewise, the
goals of rehabilitation in hip fracture patients with dementia should focus not only on
functional recovery, but rather add other objectives such as quality of life, decrease in the
complication rate or optimization of social support [56].

Finally, a study among older veterans diagnosed with dementia suggested that acetyl-
cholinesterase inhibitors (AChEI) could reduce the risk of fragility fractures by increasing
bone density and quality, as well as improving bone healing after fracture [57]. Over an av-
erage of 4.6 years of follow-up, 20.1% suffered a fracture, and 42.3% of the cohort had been
prescribed AChEIs. The hazard of suffering any fracture was significantly lower among
AChEI users compared with those on other/no dementia medications in fully adjusted
models (hazard ratio [HR] = 0.81; 95%CI: 0.75–0.88). After considering competing mortality
risks, fracture risk remained 18% lower in veterans using AChEIs (HR = 0.82; 95%CI:
0.76–0.89) [57]. This is a field of interest for research to confirm if AChEI would be useful
to prevent hip fracture or increase bone healing after surgery in patients with dementia.

3.3. Mood Disorders and Depression

The prevalence of mood disorders is high among hip fracture patients and depression
and its treatment increase the risk of fractures and have a negative impact on functional
recovery and mortality [58]. Van de Ree et al. reported a prevalence of psychological
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distress of 36% at 1 week to 31% at 1 year after hip fracture. Frailty at presentation for hip
fracture was the most important prognostic factor for symptoms of depression (OR = 2.74;
95%CI = 1.41–5.34) and anxiety (OR = 2.60; 95%CI = 1.15–5.85) in the year following hip frac-
ture [59]. Again, overlapping of geriatric syndromes overlap has important consequences
for older patients with hip fractures and highlight CGA-based intervention strategies
that involve early identification of geriatric syndromes and provision of appropriate and
prompt treatments.

Depression is common among hip fracture elderly patients: a cross-sectional study
reported and overall prevalence of 46%, significantly higher in women, persons over 81
years old, diabetics and those with anxiety [60]. These studies provide further proof of
the need of routine geriatric assessment in older patients hospitalized after hip fracture.
A secondary analysis of data from a randomized controlled trial comparing usual care
with an interdisciplinary program evaluated differences in depressive symptoms using
the Chinese version of the Geriatric Depression Scale short-form. Three trajectory groups
were defined according to changes in depressive symptoms: a non-depressive group, a
marginally depressive group and a persistently depressive group. Compared to patients
who received usual care, those in the interdisciplinary program had a significantly lower
risk of being in the persistently depressive group [61]. Women and those physically and
cognitively more impaired were found to be more likely to be assigned to the marginally
and persistently depressive groups. Screening of depression could contribute to managing
it better and minimizing its negative impact on patient recovery.

3.3.1. Urinary Incontinence

Urinary incontinence (UI) is another highly prevalent geriatric syndrome among
older patients with hip fracture. In a randomized clinical trial, 44% of study participants
self-reported UI and four out of five reported nocturia at baseline [62]. A cohort study
demonstrated that UI was associated to an increased risk of falls, but not of hip fractures [63].
Post-void residual (PVR) urine volume was elevated in 15.6% of patients included in
a prospective observational study, and elevated PVR was more likely in the setting of
urinary or fecal incontinence, difficulties in activities of daily living, malnutrition, poor
performance on Timed Up and Go test and Elderly Mobility Scale. One-year mortality after
hip fracture was significantly higher among those with elevated PVR. PVR deserves to be
included in the CGA of frail older patients, including women [64]. Post-operative urinary
retention (POUR) is common after hip fracture surgery, and is linked to opioid use and
anticholinergic medication. The high incidence of asymptomatic POUR in older patients
underscores the need of improved screening tools for early identification and treatment
of this condition [65]. Half of the population was unable to recover their prefracture
autonomy in a prospective cohort study. Risk factors for not recovering autonomy were
increasing age, number of comorbidities, lower prefracture autonomy, increased use of an
anti-decubitus mattress, more days with diapers, a urinary catheter or bed rails, a higher
number of days with disorientation, failure to recover ambulation, and a nonintensive care
pathway. Recovery of ambulation, treatment of disorientation and management of urinary
incontinence are modifiable factors significantly associated with the functional recovery of
autonomy [66]. Health professionals should be aware of the high prevalence of urinary
problems in older adults with hip fractures, and screening tools and early management
should be implemented in these patients.

3.3.2. Constipation

Constipation is also common among patients admitted due to hip fracture. I has
been reported to be associated with immobilization, loss of intimacy, polypharmacy and
treatments such as opioids. Approximately 70% of all patients develop constipation the
first days after surgery, and 62% continue to suffer from it 1 month after surgery [67].
Some multicomponent interventions included in the CGA could reduce the incidence of
constipation. A quasi-experimental study testing the efficacy of a nursing intervention
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based on active patient involvement including individualised nursing care plans reported
significant lower rates of constipation in the intervention group, attributed to higher fibre
and fluid intakes [68].

4. Malnutrition

Nutritional problems have a reported prevalence between 9 and 18,7% among older
patients hospitalised due to hip fracture according to recent studies, and 50% of patients
are at risk of malnutrition.

In a retrospective cohort study of 29,377 geriatric patients 45.9% had hypoalbumine-
mia, and the risk of mortality was inversely associated with serum albumin concentration
as a continuous variable. Compared with normoalbuminemic patients, hypoalbuminemic
patients had higher rates of death, sepsis and unplanned intubation, as well as a longer
length of stay. Hypoalbuminemia is a powerful independent risk factor for mortality [69].
A systematic review including 44 articles and 26,281 subjects found a prevalence of mal-
nutrition of 18.7% (using the Mini-Nutritional Assessment (MNA) (large or short form))
that increased to 45.7% when different criteria were used (such as Body Mass Index (BMI),
weight loss, or albumin concentration). Low scores in anthropometric indices were associ-
ated with a higher risk of in-hospital complications and with poorer functional recovery.
Despite improvement in the management of geriatric patients with hip fractures, mortality
remained unacceptably high (30% at 1 year and up to 40% at 3 years) and malnutrition
was associated with a higher risk of dying [70]. Nutritional assessment as part of the
CGA including nutritional screening tools and serum parameters such as albumin is cost
effective, improves nutritional status and functional recovery. At baseline, 9% patients were
malnourished and 42% patients at risk of malnutrition among 472 hip fracture patients aged
65 years and older included in a population-based prospective study that used baseline
Mini-Nutritional Assessment Short Form (MNA-SF) scores. Malnutrition was associated
with mortality. Risk of malnutrition and malnutrition also predicted institutionalization,
and the risk of malnutrition was associated with decline in mobility in the multivariate
binary logistic regression analyses [71]. In a prospective study that included 509 patients
(mean age 85.6 (SD 6.9) years, 79.2% female), 20.1% had a BMI lower than 22 kg/m2; 81.2%
had protein and 17.1% had both energy and protein malnutrition. Serum vitamin D was
<30 ng/mL in 93% of patients and 17.1% were sarcopenic. There is an overlap between
protein and energy malnutrition, vitamin D deficiency and sarcopenia [72].

Nutritional impairments, vitamin D deficiency and sarcopenia have been associated
with functional decline, length of stay, complications such as sepsis and mortality. Further-
more, nutritional assessment has been reported to be cost-effective, and should be included
in routine CGA in elderly patients admitted for hip fracture. The question regarding which
is the best nutritional screening tool remains open. Three studies evaluated which best tool
was best to diagnose malnutrition. Helminen et al. performed a prospective study in which
7% of patients were malnourished and 41% at risk of malnutrition at baseline, according
to the MNA-SF. The MNA-SF predicted mortality, LOS and readmissions better than the
NRS2002 (Nutritional Risk Score 2002), while both were ineffective in predicting changes
in mobility and living arrangements [73]. Inoue et al. compared the MNA-SF, MUST
(Malnutrition Universal Screening Tool), NRS-2002 and GNRI (Geriatric Nutritional Risk
Index) in 205 patients. Multiple linear regression revealed that MNA-SF was associated
with the motor-FIM (functional independence measure) at discharge, efficiency on the
motor-FIM relative to length of stay and 10-m walking speed. The GNRI was associated
with 10-m walking speed, but not motor-FIM or motor-FIM efficiency. MNA-SF was identi-
fied as the ideal nutritional screening tool predict functional outcomes during the acute
postoperative phase in older hip fracture patients [74]. Finally, Koren-Hakim compared
MNA-SF, MUST and NRS-2002 in 215 patients (71.6% female; mean age 83.5 (SD 6.09))
and found a.significant relationship between the nutritional groups of the three scores.
For all screening tools, body mass index, weight loss and pre-admission food intake were
related to the patients’ nutritional status. Only the MNA-SF was able to detect the well-
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nourished patients that would have less readmissions in the 6 months after the fracture.
Well-nourished patients according to the MNA-SF had lower mortality at 36 months than
malnourished patients and those at risk of malnutrition. The association between the
NRS-2002 patients’ nutritional status and mortality was weaker [75]. According to these
studies, the MNA could be the best nutritional screening tool for hip fracture patients and
would offer the best prediction of survival and functional recovery.

Several studies have evaluated functional recovery among patients with nutritional
impairments after hospital discharge. A retrospective observational cohort study divided
patients into two groups based on MNA-SF scores at discharge vs. admission: improvement
in nutritional status (IN group) and non-improvement in nutritional status (NN group).
Patients in the IN group were younger and had higher admission FIM and MNA-SF
scores. The median FIM score at discharge was significantly higher in the IN group
than in the NN group. Multivariate analysis revealed a significant association between
improvement in nutritional status and higher FIM scores at discharge [76]. Another
retrospective cohort study analysing 107 rehabilitation patients aged ≥65 years and older
reported that compared to lower-functioning patients, higher-functioning patients were
younger, were hospitalised less time, and had lower Cumulative Illness Rating-Scale for
Geriatrics (CIRS-G) scores with higher mean Mini-Mental Status Examination (MMSE)
scores. The gain in FIM was significantly higher in patients at low risk of malnutrition
(according to the Short Nutritional Assessment Questionnaire, SNAQ), in those who did
not lose weight, had normal albumin, and lower CIES-G scores. Patients who achieved
functional independence–discharge FIM ≥ 90–ate normally and experienced less “loss of
appetite”. Weight loss was the strongest negative predictor of the gain in FIM. Nutritional
status, especially weight change, is an independent negative predictor for the success of
rehabilitation [77]. A multicenter prospective cohort study evaluated nutritional status
using the MNA-SF in 204 patients: 51 (25.0%) patients were malnourished, 98 (48.0%)
were at risk of malnutrition, and 55 (27.0%) were well-nourished before the fracture. At
discharge, FIM scores were higher in well-nourished patients than in those malnourished
or at risk of malnutrition (p < 0.01). MNA-SF remained a significant independent predictor
for FIM at discharge even after adjusted multiple regression. The baseline nutritional
status was a significant independent predictor for functional status at discharge from acute
admission [78]. Finally, a prospective observational cohort study of 254 geriatric patients
undergoing surgery showed that most followed one of the five trajectories at one-year:
(1) 30% (n = 63) returned home, (2) 11% (n = 22) returned to a nursing home, (3) 16%
(n = 36) needed rehabilitation, (4) 13% (n = 28) were discharged to a location different from
that prior to admission and (5) 18% (n = 37) had died. Patients following trajectory 1 were
younger while those in trajectory 5 had lower MNA scores. Delay between discharge from
the attending staff and true departure from the hospital was associated with low MNA
scores, low MMSE scores and with the need for a rehabilitation centre (trajectory 3) [79].
Early assessment of nutritional status and early intervention are important for successful
postoperative rehabilitation.

A subanalysis of a randomized controlled trial of orthogeriatric care included nutri-
tional advice and supplementation in the intervention group (orthogeriatric care). Vitamin
K1 and 25-(OH)-D levels were higher at 4 months in the intervention group than in controls.
No difference was found in bone turnover markers between groups, but a substantial loss
of weight and physical function was found in both groups [80].

4.1. Sarcopenia

Sarcopenia is partially dependent of nutritional status. The following risk factors of
sarcopenia were identified in a multicenter prospective observational study: undernutrition
(body mass index-BMI and Mini Nutritional Assessment-Short Form or MNA-SF), hand-
grip strength and skeletal muscle index. During follow-up, 114 patients died (60.5%
sarcopenic vs. 39.5% non-sarcopenic, p = 0.001). Cox regression analyses showed that
sarcopenia and low hand-grip strength were associated with an increased risk of dying.
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Older patients with undernutrition had a higher risk of developing sarcopenia during
hospitalisation, and sarcopenic patients were almost twice as likely to die during follow-up
after hip fracture [81]. Using the European Working Group on Sarcopenia in Older People
Criteria (EWGSOP), a prospective study of 479 consecutive patients hospitalized for hip
fracture identified sarcopenia in 17.1%. Sarcopenia was associated with living in nursing
homes, older age, and having a lower body mass index, but only low body mass index was
predictive of sarcopenia after adjustment in the multivariate analysis [82]. A third study
assessed sarcopenia using the SARC-F self-reported questionnaire and found a prevalence
of 63.5%. The sensitivity, specificity, positive predictive value, negative predictive value
were 95.35 %, 56.94 %, 56.94%, 95.35%, and 71.3%, respectively versus the EWGSOP-2
criteria as the reference standard [83], suggesting SARC-F could be useful to identify
sarcopenia in hip fracture patients. This is particularly important as sarcopenia is linked to
poorer functional recovery. Another study diagnosed sarcopenia using the definition of
the Foundation for National Institutes of Health (FNIH) criteria in 127 patients (mean age
of 81.3 (SD 4.8) years, and 64.8% female) and identified sarcopenia in 33.9%. Participants
with sarcopenia were less likely to have complete functional recovery and showed lower
Barthel index scores at discharge from the rehabilitation unit [84].

In summary, sarcopenia is common among older patients with hip fractures, and is
associated with a poorer nutritional status and lower likelihood of functional recovery in
rehabilitation programs. These patients could benefit of the development of personalized
treatment plans that include nutritional and functional interventions.

4.2. Frailty

Frailty is another geriatric syndrome highly prevalent in older patients with hip frac-
ture and has been associated with the incidence of complications and length of stay. Of
696 patients aged 65 years and older included in a prospective cohort study, 53.3% were
considered frail. Frailty was negatively associated with health status, self-rated health and
capability well-being 1 year after hip fracture, even after adjusting for confounders [85].
Another study evaluated the value of the ASA (American Society of Anaesthesiologists)
score and Edmonton frailty score in predicting the outcome of treatment of femoral neck
fractures in older patients. The frailty index, calculated using Edmonton scoring index,
showed that 49% had low frailty scores and 51% had high frailty scores. Patients with high
frailty scores and ASA grade had a greater chance of developing wound infection, as well
as higher morbidity and mortality following femoral neck fracture [86]. Frail patients had a
significantly lower survival compared to nonfrail patients in a prospective observational co-
hort study [87]. The final study included in this subsection used the 7-point Clinical Frailty
Scale to diagnosis frailty in 164 patients: 81 patients were ‘not vulnerable’ (frailty score 1–3)
and 83 were ‘vulnerable or frail’ (frailty score ≥ 4). One month after surgery, 5% patients
had died, all of them with frailty scores ≥ 4 (p = 0.007). Postoperative morbidity during
the 28-day follow-up was less common among patients categorised as ‘not vulnerable’.
Postoperative length of stay was longer for ‘vulnerable or frail’ with scores ≥ 4 [88]. Frail
patients also show a lower chance of functional recovery: in a study of 100 consecutive hip
fracture patients (mean age 79.1 (SD 9.6) years), 37.8% had post-operative complications.
Frailty, measured using the MFC (modified fried criteria) and REFS (reported Edmonton
frail scale), was significantly associated with suffering complications using both scales
(OR = 4.46, p = 0.04 and OR = 6.76, p = 0.01, respectively), which were the only significant
predictors of post-operative complications on univariate analyses. However, only REFS
(OR = 3.42, p = 0.04) predicted early post-operative complications in the hierarchical lo-
gistic regression model. REFS also significantly predicted [basic activities of daily living
(BADL)] function at 6-month follow-up in the multivariable logistic regression models.
(BADL, OR = 6.19, p = 0.01). Frailty, measured with the REFS, was a good predictor of early
post-operative outcomes in this pilot study of older adults undergoing hip surgery, and it
also predicted 6-month BADL function [89].

122



IJERPH 2021, 18, 3049

4.3. Pressure Sores

Pressure sores are a geriatric syndrome commonly presenting during hospitalisation
after hip fracture. Proof of their importance is that national hip fracture audits include
pressure sores as a variable. A study comparing the results reported by different national
hip fracture registries described an incidence of pressure sores between 2 and 6.7% [28].
These rates are lower than those described in cohort studies and meta-analysis, as we shall
discuss later. The difference can be possibly explained due to the fact that registries are
based on health records and rely of the quality of this clinical information.

Pressure sores are more common in some diseases such as diabetes. A meta-analysis
reported that 15.1% of diabetics had pressure sores, compared to 7.5% among hip fracture
patients without diabetes. The risk of pressure ulcers during hospitalisation was increased
in diabetics with hip fractures (OR = 1.825 [95%CI: 1.373–2.425) [90]. Geriatric care needs
to intensify preventive measures in these patients. Pressure ulcers are also associated with
surgical delay: a meta-analysis showed an increase in complications including pressure
ulcers among patients with higher surgical delay [91].

Approximately 12% of patients suffered category II or higher pressure ulcers in a
prospective cohort study that identified five risk factors associated with developing sores:
higher preoperative Braden score, surgical procedure with internal fixation, a higher
percentage of days with the presence of foam valves before surgery, use of a urinary
catheter, and use of a diaper in the postoperative period [92]. Another prospective cohort
study also found an incidence of 12% and linked this geriatric syndrome to low albumin
levels, history of atrial fibrillation, coronary artery disease and diabetes. Pressure ulcers
were also associated with 6-month mortality (RR = 2.38, 95%CI = 1.31–4.32, p = 0.044) [93].

In another cohort study of 8871 geriatric hip fracture patients, 457 (5.15%) devel-
oped pressure ulcers. Risk factors of developing pressure ulcers were preoperative sepsis,
elevated platelet count, insulin-dependent diabetes, pre-existing pressure ulcers, postop-
erative pneumonia, urinary tract infection, and delirium [94]. Pressure sores appeared in
22.7% of 1083 older adult patients with fragility hip fractures included in a prospective
multicentric prognostic cohort study; risk factors identified were: age over 80 years, the
length of time an indwelling urinary catheter was used, duration of pain, the absence of
side rails on the bed, and the use of a foam position valve [95]. The incidence of pressure
ulcers was 25.7% in a cohort study of 462 patients with hip fracture. The incidence was
higher in weaker subjects, and baseline Barthel index, and MNA scores were lower among
those developing ulcers. However, only low handgrip strength remained associated with
the development of pressure ulcers upon multivariate adjustment [96].

The effects of multidisciplinary co-management of older hip fracture patients were
evaluated in a retrospective study that included 3540 patients. Half of the patients who
received co-management received surgery within 48 h of ward admission, compared to
6.4% before the intervention, 0.3% (vs 1.4%) developed pressure ulcers, and 76% (vs 19%)
were assessed for osteoporosis [97].

In a prospective prognostic cohort study of patients admitted with fragility hip frac-
tures and monitored over a 12-month period, 27% developed pressure sores. Multivariate
analysis identified the following risk factors: age older than 81 years, type of surgery, and
placement of the limb in a foam rubber splint. Pressure ulcers are a relatively common
complication in older adults with hip fractures, especially high-risk patients or with certain
treatments. Pre-emptively identifying patients at highest risk of pressure injury taking
these factors into account could help provide and targeted care [98].

5. Polypharmacy

Polypharmacy, fall-risk increasing drugs and inadequate prescription are very com-
mon in older adults. A retrospective cohort study analysed polypharmacy and fall-risk
increasing drugs (FRIDS) in 228 patients older than 80 years discharged from an Orthogeri-
atric Unit who were able to walk before surgery. The mean number of drugs and FRIDS
prescribed at discharge was 11.6 (SD 3.0) and 2.9 (SD 1.6), respectively. Polypharmacy was
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very prevalent: 23.3% (5–9 drugs) and 75.9% (≥10 drugs); only three patients did not meet
the definition of polypharmacy. In addition, only 11 patients had no FRIDS and 35.5%
were on <3 FRIDS. The most prevalent FRIDS were: agents acting on the renin-angiotensin
system (43.9%) and anxiolytics (39.9%). The number of FRIDS was higher in patients with
extreme polypharmacy. Those independent in instrumental activities had lower risk of
extreme polypharmacy (≥10 drugs), while patients living in a nursing home had higher
risk of >3FRIDS [99].

Orthogeriatric co-management with CGA based care could help stop inappropriate
prescriptions. The differences in drugs prescribed at admission and discharge were anal-
ysed in a randomized clinical trial that compared comprehensive geriatric care (CGC) in
a geriatric ward with traditional orthopaedic care (OC). The mean number of drugs pre-
scribed at discharge in the CGC group was lower compared with OC (7.1 (SD 2.8) versus 6.2
(SD 3.0)) and the total number of withdrawals and of starts was higher in the CGC group.
The number of drug changes during hospitalisation was negatively associated with mo-
bility and function at 4-month follow-up in both groups, but this association disappeared
in multivariate analysis using baseline function and comorbidities as a confounders [100].
CGA interventions including assessment of drugs prescription at hospital discharge could
have a potential impact on adverse events and the incidence of falls in older patients.
Table 1 summarizes the most important papers on geriatric syndromes included in this
review. The studies were included in this selection according to the level of evidence and
the authors’ consideration of their clinical relevance.
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6. Perioperative Care

6.1. Renal Function

Low glomerular filtration rates have been associated with increased comorbidity, lower
haemoglobin concentrations at admission, longer surgical delay, and greater incidence of
delirium. Of 1425 consecutive hip fracture patients included in a population-based prospec-
tive study, 40% had renal dysfunction on admission using the Chronic Kidney Disease
Epidemiology equation (eGFRCDK-EPI) [101]. In the multivariate analyses, eGFRCDK-EPI
values of 30–44 mL/min/1.73 m2 (HR = 1.91; 95%CI = 1.44–2.52) and <30 mL/min/1.73 m2

(HR = 1.95; 95%CI = 1.36–2.78) were associated with increased mortality. In summary, mod-
erate to severe renal dysfunction measured by eGFRCDK-EPI and polypharmacy increased
mortality after hip fracture. Frequent assessment of renal function and medications are
essential in the care of geriatric hip fracture patients.

6.2. Anemia and Patients Blood Management

Approximately 40% of all hip fracture patients have haemoglobin (Hb) values below
12 g/dL upon admission to hospital. Anaemia progresses significantly during the days
before surgery, more so in extracapsular fractures. In hip fracture patients, anaemia has
been associated with increased risk of blood transfusion, poorer functional outcomes and
increased mortality [102]. Hip fracture surgery is additionally associated with perioperative
blood loss frequently requiring transfusion. Patient blood management (PBM) involves
multidisciplinary strategies to optimize outcomes. The management of anaemic patients
includes preoperative fluid resuscitation, the administration of iron alone or combined
with vitamin B12, folic acid, and on occasion erythropoietin, as well as blood products; it
also includes the minimization of further intraoperative and perioperative losses.

Some risk factors for increased hidden blood loss after a hip fracture are higher ASA
score, perioperative gastrointestinal bleeding/ulcer and use of general anaesthesia com-
pared to spinal anaesthesia. Patients with higher hidden blood loss were more likely
to receive transfusions [103]. Advanced age, preoperative anaemia, female sex, lower
BMI, higher ASA scores, chronic obstructive pulmonary disease (COPD), hypertension,
increased surgical delay, and having intertrochanteric and subtrochanteric femur fractures
were perioperative independent risk factors associated with receiving postoperative blood
transfusions in older patients with hip fractures included in the American College of
Surgeons National Surgical Quality Improvement Program (ACS NSQIP) [104]. Patients
receiving postoperative transfusions had a significantly higher risk-adjusted 30-day mor-
tality, total hospital length of stay and readmission rates. Survival at 90 days, 180 days,
and one year after surgery was significantly lower among patients with a Hb level below
12 g/dL at admission [105].

The 2018 PBM International Consensus Conference defined the current status of the
PBM evidence base for clinical practice in major orthopaedic surgery. It recommended
using intravenous (IV) iron for patients with iron deficiency anaemia to reduce red blood
cell (RBC) transfusion rates; erythropoietin therapy in addition to IV iron in patients with
Hb levels < 13 g/dL; and it also established a conditional recommendation in favour
of using a RBC transfusion threshold of Hb < 8 g/dL in adults with hip fractures and
cardiovascular disease or risk factors [106].

PBM-based strategies for the prevention and treatment of anaemia and transfusion
have demonstrated an improvement of outcomes after hip fracture. A meta-analysis
comparing restrictive versus liberal transfusion strategies in patients undergoing hip
fracture surgery found no differences in the rates of delirium, mortality, the overall inci-
dence of infections, the incidence of pneumonia, wound infection, cardiovascular events,
congestive heart failure, thromboembolic events or length of hospital stay between re-
strictive (haemoglobin level threshold ≤ 8 g/dL or symptoms) and liberal (Hb level
threshold ≤ 10 g/dL) RBC transfusion strategies (p > 0.05). However, the authors found
that restrictive transfusion thresholds were associated with higher rates of acute coronary
syndrome and a 40% decrease in the risk of cerebrovascular accidents. The authors con-
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cluded that that clinicians should individualise treatment based on patient condition before
adopting a transfusion strategy, rather than using haemoglobin level thresholds [107]. In a
retrospective study, a restrictive transfusion strategy was associated with fewer acute cardio-
vascular complications and a reduction in packed RBC units used per participant, but also
with a greater frequency of transfusion in the rehabilitation setting [108]. Another retrospec-
tive cohort study compared a restrictive (transfusion threshold of haemoglobin < 8 g/dL)
with a very restrictive transfusion protocol (threshold of <7 g/dL Hb in hemodynamically
stable patients and <8 g/dL in patients with symptomatic anaemia or a history of coronary
artery disease); the very restrictive protocol decreased transfusion rates, a lower likelihood
of transfusion of more than 1 unit of RBCs, and lower inpatient cardiac morbidity without
differences in morbidity, in-hospital mortality and readmission and survival at one month
follow-up [109].

Intravenous iron is an alternative to avoid RBC transfusion. A meta-analysis compar-
ing iron supplementation with placebo in 1201 patients undergoing hip fracture surgery,
found that administering 200–300 mg iron IV preoperatively was associated with a re-
duction in transfusion volume and length of stay, but was not found to reduce infections
or mortality [110]. Preoperative iron supplementation combined with restrictive transfu-
sion strategy (Hb level threshold ≤ 8 g/dL or symptoms) was compared with a liberal
transfusion strategy (Hb level threshold ≤ 10 g/dL) without iron supplementation during
hospitalization for hip fracture in a retrospective cohort study. The restrictive transfusion
strategy was associated with a reduction in packed RBC units used per patient, but more
transfusions in rehabilitation settings [111].

The combined use of IV iron and erythropoietin (EPO) did not reduce the percentage
of transfused patients in two cohort studies [112,113] but it did reduce the number of
RBC units required. Patients in the intervention group showed improved functional
recovery at 3 and 6 months after the fracture, measured with the Barthel index and the
Functional Ambulation Categories (FAC scale) [112]. A retrospective study compared RBC
transfusion with a patients treated with iron and EPO [114]. The transfusion group had
higher haemoglobin levels on the first postoperative day without differences in mortality;
haemoglobin levels were completely recovered within 2 weeks in both groups. Treatment
with EPO could improve functional recovery as well, as suggested by a randomized clinical
trial [115] that used EPO in sarcopenic patients with femoral intertrochanteric fractures
and reported a higher handgrip strength in sarcopenic women in the intervention group,
but not in men. The appendicular skeletal muscle increment of the intervention group
was markedly increased regardless of sex. The postoperative infection rate and length of
stay were lower in the intervention group. In summary, EPO could improve the muscle
strength of female patients with sarcopenia during the perioperative period-but not revert
sarcopenia itself. EPO could also increase muscle mass in both sexes. Postoperative
administration of EPO could therefore potentially accelerate postoperative rehabilitation.

Intravenous tranexamic acid (TXA) is another option in PBM. It possesses great po-
tential in reducing blood loss and allogeneic blood transfusion safely in patients with
hip fractures undergoing surgery. Five meta-analyses [116–120] of RCTs comparing in-
traoperative administration of TXA with placebo in patients undergoing hip fracture
surgery showed significant differences between groups regarding transfusion rates of
allogeneic blood, total blood loss, intraoperative blood loss, postoperative blood loss and
postoperative haemoglobin, without affecting the rates of thromboembolic events, deep ve-
nous thrombosis, acute coronary syndrome, cerebrovascular events, wound complications
or mortality.

6.3. Pain Management

Insufficient control of pain during hospitalisation for hip fracture has been associated
with an increased incidence of delirium and poorer outcomes. A review published in
2016 warned of the importance of pain associated with hip fracture due to its severe
consequences and delayed recovery. However, the prevailing opioid-dependent model of

128



IJERPH 2021, 18, 3049

analgesia, presents multiple disadvantages and risks that can compromise outcomes in the
hip fracture population. The pain management process includes fundamental preoperative,
intraoperative, and postoperative interventions and lacks sufficient well-designed studies
to unequivocally show which pain management approaches work best after hip fracture
surgery [121].

A study used the initial pain evaluation by emergency medical services using the
Numeric Rating Scale (NRS) and reported that 28% of patients received analgesics, with
their score dropping from 7.0 (SD, 2.6) to 2.8 (SD, 1.4) upon hospital arrival [122]. The
authors of this study highlighted that only a minority of patients received pre-hospital
analgesia and this treatment was linked to significant pain relief. Treatment of pain during
transfer to hospital could be implemented in hip fracture treatment guidelines.

Pain was measured with the Western Ontario and McMaster Universities Osteoarthri-
tis Index questionnaire’s short form (WOMAC-SF) in a prospective study [123]. Predictors
of worse pain at six or eighteen months after the fracture were: living in a home care
situation or nursing home before the fracture and low pre-fracture pain. Predictors of
functional deterioration at six months were: age ≥85 years, lower income, high pre-fracture
hip function, referral to rehabilitation upon discharge, and longer surgical delay. In sum-
mary, prefracture frailty is a predictor of greater post-fracture pain and functional decline.
Prevention of frailty by promoting exercise in older adults could improve the prognosis
following hip fracture.

The application of femoral nerve blocks in the Emergency Department among older
adults with acute hip fracture has been evaluated in a systematic review that included
seven randomized controlled trials [124]. All reported reductions in pain intensity with
femoral nerve blocks, and all studies but one reported a decrease in the requirements
of rescue analgesia. No adverse effects were found to be associated with the femoral
block procedure; in fact, two studies reported a decreased risk of adverse events such as
respiratory and cardiac complications. Femoral nerve blocks are beneficial both in terms
of decreasing the pain experienced by older patients, as well as limiting the amount of
systemic opioids administered. A Cochrane systematic review and meta-analysis on pe-
ripheral nerve blocks (PNBs) for hip fractures in adults included 49 trials (3061 participants;
1553 randomized to PNBs and 1508 to no nerve block (or sham block)) published from
1981 to 2020 [125]. The average age of participants ranged from 59 to 89 years. People
with dementia were often excluded from the included trials. The results of 11 trials with
503 participants showed that PNBs reduced pain on movement within 30 min of block
placement (standardized mean difference (SMD) −1.05, 95% confidence interval (CI) −1.25
to −0.86; equivalent to −2.5 on a scale from 0 to 10; high-certainty evidence). The effect
size was proportional to the concentration of local anaesthetic used (p = 0.0003). Based
on 13 trials with 1072 participants, PNBs decreased the risk of acute confusional state
(RR = 0.67; 95%CI = 0.50–0.90; number needed to treat for an additional beneficial outcome
(NNTB) = 12, 95%CI 7–47; high-certainty evidence). PNBs are likely to reduce the risk for
chest infection (RR = 0.41 95%CI = 0.19–0.89; NNTB = 7, 95%CI 5–72; moderate-certainty
evidence). The effects of PNBs on six-month mortality are uncertain, due to very serious
imprecision (RR = 0.87, 95%CI = 0.47–1.60; low-certainty evidence). PNBs are likely to
reduce time to first mobilization (mean difference (MD) −10.80 h, 95%CI: −12.83 to −8.77 h;
moderate-certainty evidence). In summary, PNBs reduce pain on movement within 30 min
after block placement, risk of acute confusional state, and probably also reduce the risk of
chest infection and time to first mobilization.

A randomized clinical trial examined the effect on pain intensity and mobility of
incorporating transcutaneous electrical nerve stimulation (TENS) treatment added to
standard rehabilitation care during the acute post-operative phase following Gamma-nail
surgical fixation of extracapsular hip fractures. The authors reported a significantly greater
pain reduction during walking in the active TENS group compared to sham TENS group.
Additional improvements in the active TENS group were a greater increase in walking
distance on the fifth postoperative day and a higher level of mobility compared to the sham
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TENS group. The authors concluded that adding TENS to the standard care of elderly
patients in the early postoperative period following surgical fixation of extracapsular hip
fracture with a Gamma nail could be recommended for pain management during walking
and functional gait recovery [126].

Functional Recovery

Orthogeriatric units can be defined as a transversal and multidisciplinary care model,
with the main objective of recovering of previous function in older patients with hip fracture.

Several aspects play a relevant role in the functional recovery after hip surgery in
older people. Awareness of the expected recovery following hip fracture is essential for
setting of realistic goals. An observational study of 733 patients aged ≥65 years with hip
fracture found a low rate of return to previous function, regardless of prefracture functional
capacity. Return to independence in activities of daily living (ADLs) was less likely for
those >85 years old (20% vs. 44%), with dementia (8% vs. 39%) and with a Charlson
comorbidity index greater than 2 (23% vs 44%) [52]

Functional outcomes after a hip fragility fracture seem to depend more on patient
characteristics than treatment-related factors [127] In a retrospective cohort study of 519 pa-
tients with hip fracture admitted to rehabilitation settings, it has been reported that both
delirium and clinical adverse events (infections, respiratory failure, pulmonary embolism,
falls) affected functional outcome. A clinical orthogeriatric approach is necessary in order
to minimize the impact of these adverse events on the rehabilitation program [128].

A correlation between grip strength measured early after hip fracture and subsequent
short and long-term functional recovery was found in a prospective cohort study that
included 190 patients. Hand grip weakness was an independent predictor of worse
functional outcome 3 and 6 months after hip fracture [129].

Early mobilization after surgery for hip fracture reduces medical complications and
mortality. A higher time upright at discharge, measured in the first week after surgery, was
associated with less fear of falling, a higher gait speed and a faster Timed Up and Go test
time [130].

A single-blind controlled trial reported that a motivational interview conducted with
hip fracture patients after being discharged from rehabilitation was related to an increase
in physical activity and ambulation capacity [131].

The relationship between specific aspects of the rehabilitation program and functional
outcome has been examined in several studies. A randomized controlled trial showed
that a hospital rehabilitation program based on the training of specific balance tasks was
useful to improve physical function, pain, ADL and quality of life in older patients with
hip fracture [132]. Muscle quality (muscle mass and muscle strength) after a hip fracture
improved with high-intensity resistance training with the knee in extension in a case series,
possibly leading to significant gains in physical function [133].

A systematic review concluded that progressive resistance exercise after hip fracture
surgery improved mobility, ADLs, balance, lower extremity strength, and performance
task outcomes [134].

7. Prognostic Factors and Mortality

Of 2443 patients included in a prospective cohort study included, 36.8% were receiving
treatment with β-blocker therapy before surgery. The group treated with beta-blockers
was significantly older, had more comorbidities, and was less fit for surgery based on
their ASA score; despite these risk factors, 90-day mortality was significantly lower in
patients receiving beta-blockers (adjusted incidence rate ratio = 0.82, 95%CI: 0.68 to 0.98,
p = 0.03) [135].

Preoperative CGA with shared decision-making was compared in a before-after, single-
centre, retrospective study. Significantly more patients (or representatives) in the CGA
group chose non-surgical management after hip fracture (9.1% vs. 2.7%, p = 0.008). Patient
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characteristics were comparable. Reasons not to undergo surgery included aversion to be
more dependent on others and severe dementia [136].

Several studies have researched mortality after hip fracture and its risk factors. Base-
line characteristics explained less than two-thirds of the six-month mortality after hip
fracture in a retrospective observational study including 1010 individuals (mean age 86
(SD 6) years). The six-month mortality rate was 14.8%. The six-month attributable mortality
estimates were as follows: baseline characteristics (including age, gender, comorbidities,
autonomy, type of fracture) accounted for 62.4%; perioperative factors (including blood
transfusion and delayed surgery) for 12.3%; and severe postoperative complications for
11.9% of attributable mortality [137].

One-year mortality in hip fracture patients from the Nan Province (Thailand) was
19%, or 6.21 times higher than expected compared with the age-matched population.
Mortality among hip fracture patients was also significantly higher among those aged older
than 80 years, non-ambulatory before the fracture and at hospital discharge, or suffering
end-stage renal disease, delirium, and pneumonia [138].

In a retrospective study of 254 patients (mean age, 78.74 years), one-year mortality
was 22.8% (58 patients). Univariate analysis identified age >85 years, male gender, ASA
score ≥ 3, having ≥3 comorbidities, and a C Reactive Protein to albumin ratio (CAR) ≥ 2.49
were identified as mortality risk factors. The ASA score, CAR and number of comorbidities
were included in the binary logistic regression analysis to determine the major predictors
of 1-year mortality. The presence of a CAR ≥ 2.49 was found to be a strong indicator for
1-year mortality in patients operated due to hip fracture in the elderly population, while an
ASA score ≥ 3 and the presence of ≥3 comorbidities were also related to mortality [139].

A retrospective French cohort study of 309 patients studied risk factors for 1-tear
mortality, which was 23.9%. Over half had a surgical delay greater than 48 h (181 patients,
58.6%). Factors independently associated with 1-year mortality were: advanced age
(HR = 1.06, 95%CI: 1.01–1.12; p =0.032), comorbidities as defined by the revised cardiac
index or Lee score ≥ 3 (HR = 1,52, 95%CI: 1,05–2,20; p = 0.026) and surgical delay over 48 h
(HR = 1.06, 95%CI = 1.01–1.11; p = 0.024) [140].

Mortality at one year was 35% and was associated with low IADL day −15 (p < 0.01),
elevated CIRS-G (p < 0.01), severity (p = 0.05) and malnutrition (p = 0.05) in a prospective
study of 113 patients (mean age 87 years (range 76–100). Of those who survived, 45%
had a functional decline one year after the fracture and 11% were admitted in a nursing
home [141].

The HULP-HF score was designed to predict one-year mortality after hip fractures,
using a prospective study of 509 patients with a 1-year mortality of 23.2%. The eight
independent mortality risk factors included in the score were age >85 years, baseline
functional and cognitive impairment, low body mass index, heart disease, low hand-grip
strength, anaemia on admission, and secondary hyperparathyroidism associated with
vitamin D deficiency. The AUC was 0.79 for the HULP-HF score, greater than other
tools such as the Nottingham Hip Fracture Score (NHFS), ASA classification or Charlson
Comorbidity index [142].

Another study evaluated the usefulness of the Hip-MFS (Multidimensional Frailty
Score) to predict 6-month all-cause mortality. Secondary outcomes were 1-year all-cause
mortality, postoperative complications prolonged hospital stay, and institutionalization.
6-month mortality was 7.3% (35 patients), after a median of 2.9 months (interquartile range
1.4–3.9 months). The fully adjusted hazard ratio per 1-point increase in Hip-MFS was 1.46
(95%CI: 1.21–1.76) for 6-month mortality. The odds ratios for postoperative complications
and prolonged total hospital stay were 1.24 (95%CI: 1.12–1.38) and 1.16 (95%CI: 1.03–1.30),
respectively. After adjustment, high-risk patients (Hip-MFS > 8) had a higher risk of
6-month mortality (HR: 3.55, 95%CI: 1.47–8.57) than low-risk patients. The Hip-MFS
successfully predicted 6-month mortality better than age or other existing tools (p-values
of comparisons of ROC curves: 0.002, 0.004, and 0.044 for the ASA classification, age and
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NHFS, respectively). It also predicted postoperative complications and prolonged hospital
stay in older hip fracture patients after surgery [143].

8. Costs

The acute and post-acute care of patients with an osteoporotic hip fracture pose a
significant burden for health care resources all over the world, involving up to 1.5% of
total health care budgets [144]. The cost of acute inpatient care of this type of fracture is
estimated globally at $13,331 according to a recent systematic review [145]. Costs were
significantly associated with prefracture comorbidities prior to fracture and developing a
medical or surgical complication during hospitalisation, due to an increase in the length
of stay.

The mean cost of hospitalisation of an osteoporotic hip fracture patient was Singapore
dollars (SGD) 13,313.81 (€8280,00 at current rates) in a retrospective analysis of patients
admitted under a mature orthogeriatric co-management care service in Singapore. The
presence of complications significantly increased average cost (SGD 2,689.99 [€1672,93]
more than if there were no complications). Each additional day between admission and
time of surgery led to an increased cost of SGD 575.89 (€358,15), with surgery after more
than 48 h costing an average of SGD 2,716.63 (€1689,50) more than surgery within 48 h.
The authors concluded that a standardised co-management model of care could accelerate
surgical treatment and help reduce peri- and postoperative complications, reducing overall
costs of these fractures [146].

A prospective, 12-month observational study from Spain calculated the mean total cost
in the first year after an osteoporotic hip fracture at €9690 (95%CI: 9184–10,197) in women
and €9019 (95%CI: 8079–9958) in men. Initial hospitalization was the main determinant of
cost, followed by ambulatory care and home care. The cost per day of hospital stay has
been estimated at €1,000, so a delay of 1 day for hip surgery would cost approximately
1800 € [144,147].

In addition to the direct costs derived from inpatient acute care, most of the costs for
osteoporotic hip fractures are associated with post-acute care, including the direct costs for
rehabilitation, medium and long-term care, and the indirect costs related with absence from
work of family caregivers [148,149]. All these contribute to total costs reaching $43,669 per
patient in the first year after a hip fracture, higher than those estimated for acute coronary
syndrome ($32,345) and ischaemic stroke ($34,772) [145].

Many initiatives have been created in order to improve outcomes and reduce costs
in an attempt to alleviate this overall burden of health care systems. The implementation
of the orthogeriatric co-management model of care, integrated in specific functional units,
has been a vital tool to improve outcomes [150].

The implementation of orthogeriatric programs has been shown by several studies to
offer greater cost-effectiveness than usual care, decreasing surgical delay, length of stay
and improving physical function, with a decrease in one-year morbidity and mortality,
while using fewer resources per patient and saving money [151,152], as has also been
shown in systematic reviews and meta-analysis that associated orthogeriatric programs
with decreases in time to surgery, LOS, complication rates and costs [32,153].

Another recent study evaluated the cost-effectiveness of orthogeriatric models and
nurse-led fracture liaison services (FLS), compared with usual care. Orthogeriatric models
of care were the most effective and cost-effective models, at a threshold of £30,000 per
quality-adjusted life years gained (QALY). The authors concluded that introducing an
orthogeriatric model of care and a FLS was cost-effective when compared with usual care,
regardless of how patients were stratified in terms of age, sex, and Charlson comorbidity
score at the moment of index hip fracture [154].

A systematic review of eight studies (two high-quality and six moderate or low-quality
studies) showed that the implementation of Comprehensive Geriatric Assessment (CGA)
improved return of function and mortality, with reduced cost. The authors concluded that
CGA was the most cost-effective care model for orthogeriatric patients [155].
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The effect of orthogeriatric clinical care pathways (OG-CCPs) on physical function and
health-related quality of life (HRQoL) following hip fracture was evaluated in a systematic
review and meta-analysis that included 22 studies (21 included hip fracture patients, and
one included wrist fracture patients; the majority were assessed as high quality). Com-
pared with usual care, the OG-CCP group showed moderate improvements in physical
function and HRQoL. Inpatient OG-CCPs that extended to the outpatient setting showed
greater improvements compared to those that only included inpatient or outpatient man-
agement. OG-CCPs that incorporated a care coordinator, geriatric assessment, nutritional
advice, prevention of inpatient complications, rehabilitation, and discharge planning also
demonstrated greater improvements in outcomes [32].

Though certain questions remain open regarding which model of care should be
considered ideal, implementation of an orthogeriatric co-management model of care,
integrated in specific functional units, benefits older patients with hip fractures, improving
standards of care in a cost-effective manner. Because of that we undoubtedly recommend
developing orthogeriatric units as a standard of care of older patients with this type of
fracture [156].

9. Future Perspectives and Lines of Research

Some recent publications should be mentioned that evaluate the role of advanced
practice nurses in the management of hip fracture patients in reducing length of stay and
mortality, as in a systematic review by Allsop et al. that included 19 papers [157]. Nurses
could play an important role in the multidisciplinary team, for example as coordinator or
case manager, improving bone health assessment and falls prevention programs in Fracture
Liaison Services (FLS).

The effect of different models of orthogeriatric care for older hip fracture patients was
compared to usual orthopaedic care in a meta-analysis and showed that orthogeriatric
care was associated with higher odds of diagnosing osteoporosis, initiation of calcium
and vitamin D supplements and discharge on anti-osteoporosis medication, but evidence
on fall prevention and subsequent fractures was scarce and inconclusive [158]. Future
studies could assess combination of orthogeriatric care and FLS with orthogeriatric care
alone. Another area of interest is reducing inequity in research regarding rehabilitation
interventions in hip fracture patients. In over half of the trials included in a systematic
review, potential participants were excluded based on residency in a nursing home, cog-
nitive impairment, mobility/functional impairment, minimum age and/or non-surgical
candidacy [159]. These sources of bias should be avoided in future studies.

An emergent topic for study is the race and sex-related differences in hip fracture
outcomes. A review published ten years ago, including an important number of papers
from USA [160] showed that men were younger and sicker than women with hip fractures,
but mortality in men was twice that of women. African-Americans, as well as Hispanics
and Native Americans had higher mortality than Whites. Another recent study from the
USA reported a significant disparity in surgical delay and perioperative complication rates
between races, with African-Americans having a longer time to surgery than Whites [161].
While sex-related differences in some outcomes have been studied more extensively, race-
related differences in outcomes are an interesting line of research especially in countries
and regions where socioeconomic factors or other factors related to ethnicity could change
the access of individuals to healthcare services.

10. Conclusions

The efficiency and benefits of orthogeriatric care in a co-management pathway should
be generalized globally. Over the past 70 years, orthogeriatric units have enabled major im-
provements in the standards of care provided to geriatric patients admitted at hospital due
to hip fracture. Increased survival and functional recovery rates have been reported across
these years, as well as decreased complications and adverse events during hospitalisation,
such as the incidence of infections and geriatric syndromes. All these points have led to a
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decrease in the length of stay and health and social costs. A large number of clinical trials
and meta-analyses published over the last 5 years support this evidence.

Nevertheless, there are still knowledge gaps regarding specific clinical issues. Fur-
thermore, lack of continuity of care after hospital discharge is still common nowadays.
Gender- and sex-related differences should be further studies, particularly in regions where
they entail differences in access to care. While future studies are needed to help answer
these open questions but we could ask ourselves if we should apply the strong evidence
available in our routine in the meantime, as well.
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Abstract: The aim of this study was to develop a predictive model of gait recovery after hip fracture.
Data was obtained from a sample of 25,607 patients included in the Spanish National Hip Fracture
Registry from 2017 to 2019. The primary outcome was recovery of the baseline level of ambulatory
capacity. A logistic regression model was developed using 40% of the sample and the model was
validated in the remaining 60% of the sample. The predictors introduced in the model were: age,
prefracture gait independence, cognitive impairment, anesthetic risk, fracture type, operative delay,
early postoperative mobilization, weight bearing, presence of pressure ulcers and destination at
discharge. Five groups of patients or clusters were identified by their predicted probability of
recovery, including the most common features of each. A probability threshold of 0.706 in the training
set led to an accuracy of the model of 0.64 in the validation set. We present an acceptably accurate
predictive model of gait recovery after hip fracture based on the patients’ individual characteristics.
This model could aid clinicians to better target programs and interventions in this population.

Keywords: predictive model; hip fracture; gait recovery

1. Introduction

Hip fractures are highly prevalent in aging societies, with an incidence of over
150 cases annually per 100,000 inhabitants in the general population [1], increasing to
511 cases per year per 100,000 inhabitants over 65 years old [2]. This incidence is expected
to rise due to the demographic changes foreseen in the coming decades [3]. These fractures
entail high mortality rates (9% the first month after the fracture, 15.5% at 3 months, 26.5%
at one year and 36.2% at two years [4,5]), high morbidity and readmission rates (9.3% in
the first month [6]). They also affect the patients’ functional status. Even one year after the
fracture, approximately 50% of patients have been reported to newly require walking aids,
and 90% need help climbing stairs, compared to 21–26% of controls matched for age, sex,
comorbidity, and baseline functional status. Functional impairment and increased depen-
dency often become chronic and increase the likelihood of other adverse outcomes such as
institutionalization, cognitive impairment, risk of new falls and mortality, worsening the
patient’s quality of life and increasing healthcare costs [7–9].
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The main component of functional recovery is regaining the ability to walk, so a better
understanding of the probability that each individual has of recovering baseline ambulatory
capacity following a hip fracture could potentially be useful for several reasons: first,
clinicians would be able to counsel patients and caregivers on what degree of recovery of the
ability to walk can be expected, allowing for better planning of their needs and improved
clinical decision making. Second, awareness of the modifiable factors associated with
greater deterioration of ambulation could guide clinicians and researchers on interventions
to optimize the functional recovery of patients. Advances in surgical techniques, anesthesia,
perioperative care, early rehabilitation and multidisciplinary teamwork have improved
clinical outcomes in recent years. However, the functional impairment associated with hip
fracture remains in need of improvement.

National hip fracture registries have been launched in several countries, allowing for
audit of the care process, identification of the appropriateness or deviation from established
quality standards and introduction of corrective measures to improve quality of care
and efficiency. Often, however, there is insufficient clear data on the functional recovery
following hip fracture. While previous studies have analyzed the prevalence of functional
impairment and identified several predictive factors, they are generally single-center
studies focusing on predictors of functional impairment or cluster analysis [10–12]. To our
knowledge, no predictive model has been established to estimate the specific probability of
each individual’s functional recovery in our setting.

The objective of this study is to develop a predictive model serving as a tool to estimate
the individual probability of recovering the previous level of gait independency one month
after hip fracture and to build a practical tool applicable in the clinical setting.

2. Materials and Methods

2.1. Study Sample

We included patients aged 75 years old or older hospitalized for fragility hip fracture
between January 2017 and December 2019 at any of the 61 participating hospitals in the
Spanish National Hip Fracture Registry (SNHFR). This registry is a previously described
initiative carried out voluntarily by a group of clinicians throughout Spain [13]. It is a
prospective audit including the variables proposed by the Fragility Fracture Network,
endorsed by over 20 regional and national scientific societies. Data is collected during acute
hospitalization and one month after the fracture. The SNHFR has established and monitors
several standards of quality of care, with the final goal of progressively improving care for
patients suffering hip fractures [14].

Patients were included if: they were aged 75 years old or more and admitted to hospital
for a fragility hip fracture, included in the SNHFR and provided written informed consent
to data collection and analysis (by patients or their legally authorized representatives).

Exclusion criteria were: patients who were non-ambulatory before the fracture or
whose walking ability was unknown, and those lost to one-month follow-up due to death,
or unknown vital status or walking ability one month after the fracture.

The SNHFR recorded 31,882 cases between 1 January 2017 and 31 December 2019.
After excluding 6275 cases, a final sample of 25,607 patients (80.3% of the initial sample)
was used, as shown in Figure 1. Another 244 samples were omitted (0.95%) after the
missing values analysis.
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Figure 1. Inclusion and exclusion criteria.

2.2. Data Collection

Study data was collected by over 200 volunteer research clinicians or nurses from
hospitals participating in the SNHFR. Baseline data on demographic and clinical variables
and self-reported measures of their prefracture functional status was obtained during
acute admission from interviewing the individuals or their representatives and through the
patients’ medical records. These included age, gender, place of residence (home, nursing
home or acute hospitalization), date of arrival to the emergency room, date of surgery
(if applicable) and date of discharge to calculate operative delay and total length of stay.
Prefracture mobility was collected using the Functional Ambulation Classification Scale
(FAC) [15], which scores between 0 (worst) and 5 (best): 0 (no gait at all, or needing the aid
of two people), 1 (gait with great assistance of one person), 2 (gait with little help of one
person), 3 (gait with supervision of one person), 4 (independent gait on flat surfaces, but
needing help to climb stairs) and 5 (independent gait both on flat surfaces and climbing
stairs). The target variable was recoded into three categories to facilitate understanding:
unable to walk (FAC 0), dependent gait (FAC 1,2,3) and independent gait (FAC 4,5). It
is summarized in Table 1. This classification emphasizes the need of another person’s
assistance to walk, regardless of the technical aids used. Cognitive status during admission
was collected using the Pfeiffer Short Portable Mental State Questionnaire [16] (SPMSQ),
defining cognitive impairment as 4 errors or more according to the validated Spanish
version [17]. Other data collected was: Fracture type (intracapsular, intertrochanteric or
subtrochanteric), anesthetic risk according to the American Society of Anesthesiologists’
(ASA [18]) Physical Status Classification, type of anesthesia (general or spinal), early
postoperative mobilization (in the first 24 h after surgery), development of pressure ulcers
(grade II or more), involvement of a clinician in addition to the surgical specialist, applying
a peripheral nerve block, destination at discharge (private home, nursing home, geriatric
rehabilitation unit or other locations such as acute hospitalization or a long stay units), and

145



IJERPH 2021, 18, 3809

vital status at discharge. Authorization of weight bearing on the operated limb started to
be recorded mid-2018.

Table 1. Functional ambulation classification scale.

Functional Ambulation Category Description

5 Independent, all surfaces
4 Independent, level surfaces only
3 Dependent for supervision
2 Dependent for physical assistance—level I (light touch)

1 Dependent for physical assistance—level II (support body
weight)

0 Nonambulator

Follow-up data was obtained one month after the fracture by contacting the patients
by telephone or in person during the follow-up visit. Information regarding vital status
and level of ambulation (again using the Functional Ambulation Classification Scale [19])
was collected.

Study protocols were approved by the local institutional review boards of each of the
61 participating centers. A representative in each participating hospital is in charge of data
custody and submission in an encrypted format at defined intervals to the registry’s data
manager, who is responsible for data cleaning, analysis, and database maintenance.

2.3. Outcome Definition

The primary outcome of this study is the recovery of the previous level of walking
ability, defined as one of two possible outcomes: for previously independent patients (FAC
4,5), if they were again independent at follow-up (FAC 4,5). For previously dependent
patients (FAC 1,2,3), if they were still able to walk at follow-up (FAC > 0). Patients meeting
these criteria were defined as “patients recovering ambulation” and those who did not,
“patients not recovering ambulation”.

2.4. Statistical Analysis

An exploratory analysis was performed first to study variable distributions, the
relationship of each variable with the outcome variable, and the presence of missing values.
Missing values were treated in the following manner: if the percentage of the missing
values was greater than 1%, a new category was created. That applies to the following
variables; cognitive impairment (15.9% missing values), ASA (3.7%), weight bearing not
allowed (61.2%) and pressure ulcers (1.6%). Regarding weight bearing, the high number of
missing data can be explained by the fact that it was a variable that started to be collected
after initiating the study. When the percentage of missing values was under 1%, as was the
case for the rest of variables, that missing data was deleted. As a consequence, 0.95% of the
observations from the entire dataset were eliminated.

Afterwards, in order to reduce overfitting, we split our sample into a training set
(20% of the sample), test set (20%) and validation set (60%) [20]. Training and test sets
were used in the first phase of the study to develop the predictive model. To assess the
model’s accuracy, the developed model was then tested to correctly predict the outcome in
a different group of patients (the validation sample).

2.4.1. Training Phase

A descriptive analysis of the variables included in the SNHFR and relationship of each
regressive variable with the target variable was carried out as follows: qualitative variables
were expressed as counts and percentages, while continuous variables (age, presurgical
length of stay, and total length of stay) were described using the median and interquartile
range, after observing they did not conform to normal distribution using the Kolmogorov
Smirnov test. Baseline characteristics of patients who recovered ambulation were compared
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with patients not recovering ambulation using the Chi-squared test for categorical variables
and the Kruskal-Wallis test for continuous variables. Significance was set with an alpha
error of p = 0.05. Univariate analysis allowed detecting which variables showed significant
differences between groups.

The relationship between the explanatory variables and the target variable “recovery
of ambulation” was studied using a logistic regression model, that allowed the likelihood
of recovering ambulation to be estimated based on the values observed in the explanatory
variables. All variables significantly associated with recovery of ambulation in the univari-
ate analysis were selected and subjected to logistic regression. To select the best logistic
regression model, cross-validation and a step-by-step selection of variables in the training
set was applied.

Variables with several categories were recoded defining the most frequent category
as the reference in the logistic regression model, shown in first place. This was the case
for anesthetic risk (ASA III being the most common category), destination at discharge
(home) and operative delay (more than 24 h). Some categories were grouped with the
reference category, as a significant relation with the target variable was not found in the
logistic regression. This was the case for the missing categories regarding pressure ulcers
and weight bearing. Intracapsular and intertrochanteric fractures were similarly grouped
together.

The probability of recovering ambulation for each individual of the training set
through the adjusted regression model was calculated. A calculator using this model
called the Hip Fracture Prognosis (HF-prognosis) tool will be included on the SNHFR
website (http://rnfc.es/, accessed on 20 March 2021) and/or in a smartphone app.

The optimal threshold for the classification as presence or absence of recovery of
ambulation was calculated with the probabilities obtained, optimizing the F1 score 21. This
way, a trade-off between precision and recall is achieved [21].

Several cut-off points were defined for the probability of recovering ambulation,
creating 5 groups: “very low” (probability less than 0.2), “low” (0.2–0.4), “medium” (0.4–
0.6), “high” (0.6–0.8), and “very high” (probability greater than 0.8), allowing us to study
the relationship between the predicted probabilities and the observed response variable.

2.4.2. Test Phase

The test set was used to ensure an adequate generalization of the results obtained in
the training phase.

2.4.3. Validation Phase

The performance of the adjusted model that is presented in the next section as well as
in the probability plot has been obtained using the validation set. All statistical analysis
was performed with IBM SPSS Statistics version 27.0 software (IBM, Armonk, NY, USA).

3. Results

The baseline characteristics of the overall population and in the groups of patients
who do and do not recover ambulation are shown in Table 2. All baseline characteristics
had statistically significant differences between the group of patients with and without gait
recovery, except gender (p value = 0.278), and the evaluation of a clinical doctor in addition
to the Traumatology surgeon (p value = 0.167).
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Table 2. Baseline characteristics of the global sample and according to the presence or absence of gait recovery. Univariate
analysis.

All Patients
n = 25,607

Patients Recovering
Ambulation

n = 16,839 (65.8)

Patients Not Recovering
Ambulation

n = 8768 (34.2)
p Value

Age (years)
Median ± IQR 87 (83–90) 86 (82–90) 88 (84–91) <0.001

Gender (Female)
n (%) 19,753 (77.1) 13,024 (77.4) 6729 (76.8) 0.278

Place of residence: nursing home
n (%) 5404 (21.1) 2585 (15.4) 2819 (32.2) <0.001

Prefracture
ambulation

n (%)

FAC 1 1073 (4.2) 514 (3.1) 559 (6.4)

<0.001
FAC 2 1072 (4.2) 659 (3.9) 6413 (4.7)
FAC 3 908 (3.5) 616 (3.7) 292 (3.3)
FAC 4 7588 (29.6) 3662 (21.7) 3926 (44.8)
FAC 5 14,966 (58.4) 11,388 (67.6) 3578 (40.8)

Cognitive impairment
n (%) 8701 (40.4) 4589 (32.1) 4112 (57.0) <0.001

ASA
n (%)

I 295 (1.2) 253 (1.6) 42 (0.5)

<0.001
II 7063 (28.6) 5224 (32.2) 1839 (21.8)
III 15,032 (61) 9481 (58.4) 5551 (65.9)

IV–V 2266 (9.2) 1275 (7.9) 991 (11.8)

Fracture type
n (%)

Intracapsular 10,005 (39.3) 7266 (43.4) 2739 (31.5)
<0.001Intertrochanteric 13,496 (53.1) 8490 (50.8) 5006 (57.5)

Subtrochanteric 1925 (7.6) 968 (5.8) 957 (11.0)
Spinal anesthesia

n (%) 23,948 (93.9) 15,805 (94.2) 8143 (93.5) 0.036

Peripheral nerve block
n (%) 3534 (16.5) 2472 (18.0) 1062 (13.8) <0.001

Time to surgery (hours)
Median ± IQR 50.8 (26.1–90) 49.4 (25.1–89) 54,5 (28.2–91.6) <0.001

Surgery in the first 24 h
n (%) 5788 (22.6) 3966 (23.6) 1822 (20.8) <0.001

Mobilization on the first postoperative day
n (%) 17,685 (69.1) 12,354 (73.4) 5331 (60.9) <0.001

Weight bearing not permitted
n (%) 789 (7.9) 230 (3.6) 559 (15.8) <0.001

Pressure ulcers
n (%) 1233 (4.9) 592 (3.6) 641 (7.5) <0.001

Clinician in addition to surgeon.
n (%) 24,615 (96.2) 16,206 (96.3) 8409 (95.9) 0.167

Discharge
destination

n (%)

Home 11,345 (44.3) 8743 (51.9) 2602 (29.7)

<0.001
Nursing home 7910 (30.9) 3928 (23.3) 3982 (45.4)

Geriatric rehabilitation
unit 5893 (23.0) 3985 (23.7) 1908 (21.8)

Other 450 (1.8) 178 (1.1) 272 (3.1)
Length of stay (days)

Median ± IQR 8.9 (6.6–12.1) 8.7 (6.5–11.8) 9.2 (6.8–12.9) <0.001

Abbreviations: IQR = interquartile range. FAC = Functional Ambulation Clasification. ASA = American Society of Anesthesiologists’
Physical Status Classification.

3.1. Training Set; Logistic Regression Model

Figure 2 summarizes the adjusted logistic regression model explaining the target
variable “recovery of ambulation” through the explanatory variables. The odds ratios [22]
resulting from that model are shown in Table 3.
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Figure 2. Equation of the logistic regression model. Note that in the model some variables
appear several times; this is because each time it refers to one of the variable’s categories.
Thus, for example, the ASA variable has 5 categories: reference (ASA III), I, II, IV-V and
unknown. ASA III level does not appear in the formula because this is the reference level.
If a patient has ASA I, in the model it will be translated as ASA I = 1 and the rest of ASA
levels = 0. If a patient has ASA II, it will be ASA II = 1 and the rest of the ASA levels will
be = 0.

Table 3. Results of the logistic regression model. Odds ratios of the explanatory variables, with the target variable “recovery
of ambulation”.

Odds Ratio
95% Confidence Interval

Lower Margin Higher Margin

Age 0.953 0.942 0.964
Prefracture ambulation Dependent (FAC 1–3) 1.279 1.055 1.550

Cognitive impairment Present 0.464 0.401 0.537
Unknown 0.681 0.566 0.820

ASA

I 2.891 1.273 6.565
II 1.214 1.043 1.413

IV–V 0.715 0.573 0.892
Unknown 0.753 0.539 1.052

Type of fracture;
Subtrochanteric fracture 0.532 0.422 0.671

Surgical delay
≤24 h. 1.159 0.993 1.352

Postoperative mobilization
>24 h 0.644 0.562 0.737

Weight bearing
Not allowed 0.149 0.098 0.224

Pressure ulcers
Present 0.579 0.443 0.758

Discharge destination
Nursing home 0.373 0.321 0.434

Geriatric rehabilitation unit 0.699 0.592 0.826
Other 0.271 0.173 0.425

Abbreviations: FAC = Functional Ambulation Clasification. ASA = American Society of Anesthesiologists’ Physical Status Classification.
Reference categories are: Prefracture ambulation; Independent (FAC 4–5). Cognitive impairment; absent. Anaesthetic risk; ASA III. Type of
fracture; intracapsular or intertrochanteric. Surgical delay; >24 h. Postoperative mobilization; ≤24 h. Weight bearing; allowed or unknown.
Development of pressure ulcers; absent or unknown. Discharge destination; home.
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3.2. Performance Measures in Validation

The optimum threshold for the prediction of the presence or absence of recovery of
ambulation in patients included in the training set was 0.706. This threshold led to an
accuracy of 0.64, a precision of 0.48, a recall of 0.74, a specificity of 0.58 and a F1 score of
0.59 in the validation set.

3.3. Groups by Predicted Probability of Recovery

Figure 3 shows the percentage of patients in each of the five groups of predicted
probability of recovery, being the most common group the one with high probability of
recovery. Figure 4 shows the observed percentages of recovered patients in each of the
groups in the validation set. For example, 27.3% of the patients had a very high predicted
probability of recovery. Of these, 86.8% recovered. Meanwhile, only 1.8% of the validation
sample was classified as patients with a very low probability of recovery, of which only
22.1% managed to recover.

 

Figure 3. Distribution of the sample according to the groups of predicted probability of recovery.

The most common features of each group are summarized in Figure 5, and were the
following:

• “Very low” group (less than 0.2 probability). This group represented 1.8% of the
sample. With a mean age of 89.6 years, was characterized by patients admitted for
subtrochanteric fractures, in whom postoperative weight bearing was not allowed,
who develop pressure ulcers and who are discharged to locations other than their
home, nursing homes or geriatric rehabilitation units, such as acute hospitalization or
long-stay units.

• “Low” group (probability 0.2–0.4). This group represented 8.6% of the sample. Patients
discharged to nursing homes, suffering subtrochanteric fractures, developing pressure
ulcers, and not mobilized on the first postoperative day, characterized this group, that
had an average age of 90.2 years. The scarcity of mild systemic disease (ASA = I–II)
also stand out.

• “Medium” group (probability 0.4–0.6). This group represented 23.2% of the sample.
With an average age of 88.7 years, was characterized by patients who walked with
assistance (FAC 1–3) before the fracture, discharged to nursing homes, and who had
cognitive impairment. The scarcity of mild systemic disease (ASA = I–II) was also
noteworthy.
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• “High” group (probability 0.6–0.8): This group represented 39.1% of the sample. With
an average age of 86.6 years, was characterized by the scarcity of patients discharged
to nursing homes and by the predominance of patients in whom weight bearing was
allowed and who were sent to geriatric rehabilitation units at discharge.

• “Very high” group (probability greater than 0.8): This group represented 27.3% of the
sample. The mean age of this group was 83 years. It was characterized by the scarcity
of patients dependent for walking at baseline, as well as the scarcity of cognitive
impairment, subtrochanteric fractures and pressure ulcers. ASA levels = I and II stand
out as well as mobilization on the first postoperative day. There is also a predominance
of short operative delay (less than 24 h) and discharge back home.

 

Figure 4. Rate of recovered patients within each group by their predicted probability of recovery.

3.4. Examples of Hypothetical Patients with Different Probabilities of Recovery

Here we show how the predicted probability of patients’ recovery of ambulation is
affected in the validation database when its explanatory variables are modified.

A 79-year-old patient who walks with little assistance (FAC = 2), is cognitively im-
paired, has mild systemic disease (ASA = II), suffered an intracapsular fracture. Surgery
was delayed more than 24 h, the patient was not mobilized on the first postoperative day,
but weight bearing was authorized; no pressure ulcers were developed, and the patient
was discharged home. The estimated probability of recovery is 0.778. For this same patient:

- If weight bearing had not been authorized, probability of recovery would drop to
0.343.

- If weight bearing had not been authorized in addition to discharge to a nursing home,
the probability of recovery would fall to 0.163.

A 96-year-old patient without cognitive impairment, but requiring continuous support
of another person to walk (FAC = 1), who has suffered an intertrochanteric fracture, with
an anesthetic risk score of ASA = III, has surgery delayed more than 24 h after admission,
and was not mobilized on the first postoperative day. The patient did not develop pressure
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ulcers and was discharged to a nursing home. The probability of recovering ambulation is
0.506. If this patient:

- Had undergone surgery within 24 h after admission, the probability of recovery would
be 0.543.

- Had been mobilized the first day after surgery, the probability of recovery would be
0.614.

- If both situations had occurred, the probability would reach 0.649.
- If weight bearing had not been authorized then the probability of recovery would fall

to 0.132.

Figure 5. Clusters predicting the probability of functional recovery (very low; 0–20%; low, 20–40%; medium, 40–60%;
high, 60–80%; very high, 80–100%), The boxes show the average age of the patients include in each cluster, as well as the
most relevant features for the variables included in the model. Dashed lines represent transitions in which the difference
between one cluster and the next were not relevant for the variable. Below: definition of the outcome variable as recovery of
prefracture ambulation at one month, depending on FAC categories (1,2,3 vs. 4,5).

4. Discussion

This study proposes a method to estimate the probability of recovering previous
ambulation one month after hip fracture. It allows us to stratify hip fracture patients into
five risk groups (very low, low, medium, high, and very high probability of recovering
ambulation).

We have identified several predictors of recovering ambulation after hip fracture,
consistent with most studies. Age is one of the most cited factors, with older patients
taking longer to regain their baseline walking ability or at greater risk of not achieving
it [23–28]. Gender did not significantly affect ambulatory recovery in our study, nor
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in previous ones [29–31]. Our results, however differed from others regarding previous
ambulatory dependence; while in other studies it seems to be a risk factor for not recovering
ambulation [23,26,27] as also observed in the univariate analysis in our study, it proved to
be a factor in favor of recovery in our regression model. This could be explained by the
wide definition we have made of recovery of ambulation, despite it being similar to that of
other authors. For example, in our study, a patient who walked regularly with supervision
(FAC 3), may be more likely to recover as the margin up to the category of FAC 1 is wider,
while for a patient with a baseline FAC 4 ambulation level, deteriorating to FAC 3 at one
month was considered “not recovered”.

Other risk factors of not recovering ambulation identified in our study, as well as in
previous ones, are comorbidity [25,27,32], cognitive impairment [24–26], subtrochanteric
fractures [24,26], not permitting weight-bearing [33,34], and late postoperative mobiliza-
tion [35]. Operative delay has widely been studied as a risk factor for mortality, but there
are few studies focusing on its relation with functional recovery [36,37]. In our study, an
operative delay of more than 24 h was related to a higher risk of not recovering ambulation
in the univariate analysis, but lost its significance in the multivariate analysis. This could
be due to the relatively low proportion of patients treated in less than 24 h, inferior to that
reported by other audits [13]. Analysis of other thresholds for delay and the combined
effect of early surgery and early postoperative mobilization would be of interest. Pres-
sure ulcers have been associated with longer surgical delay and increased mortality and
morbidity [38] but their relation with recovery of ambulation has been studied less. We
observed that they were associated with a lower probability of recovering ambulation,
perhaps acting as an effect as well as a cause of reduced mobilization during hospitaliza-
tion. The discharge destination showing the greatest likelihood of ambulatory recovery
was home, followed by geriatric rehabilitation units; nursing homes and other locations
such as acute hospitalization were associated with the lowest probability of recovering
ambulation. The lack of recovery of walking ability could be a cause rather than conse-
quence of the discharge destination. For example, a patient who recovers quickly and
adequately during acute admission is more likely to return home, while a patient who does
not regain ambulation—perhaps due to numerous intercurrent medical complications—is
more likely to be transferred to a geriatric rehabilitation unit, and has still not recovered
after a month. Finally, a patient who does not regain ambulation during acute admission
and has little chance of doing so even in a rehabilitation facility is more likely to be sent to
a nursing home. The appearance of medical complications, which could explain the worse
functional results observed compared to those expected in some patients, is not included
in the SNHFR and could therefore not be controlled for in the multivariate analysis.

Several factors such as the anesthetic risk are non-modifiable. Others, however, are
modifiable and have an even greater impact on the likelihood of recovery, such as the
permission to bear weight. With an Odds Ratio of 0.149, the risk of recovery is 1/0.149 = 6.71
times higher in patients in whom weight bearing is permitted versus patients who are
not allowed to bear weight. The modifiable factors found were time to surgery, early
mobilization, weight-bearing status, and the development of pressure ulcers. Although the
best discharge destination in our study was home, it is important to have the possibility
to discharge patients to geriatric rehabilitation units in order to minimize the loss of
ambulatory independency in complex patients. It is likely that a longer follow-up is needed
to fully appreciate their effect.

Predictors of ambulatory recovery were similar to other studies focusing on tools that
calculate the individual probability of recovering ambulation. Other factors not included
in our model are gender, body mass index, polypharmacy, type of surgery performed,
pre-fracture Barthel Index, and postoperative complications [32,39–41]. One of the studies
cited has the advantage of using a longer (one year) follow-up [41]. Some developed a
regression model similar to the one presented here [32,41], while others have reported a
score instead [32,39]. All of them have been validated using less than 500 patients, and none
of them have been validated in our setting. The most similar predictive model is the one
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developed by Kim et al., who retrospectively reviewed patients aged 60 and older with hip
fractures and developed a predictive model of ambulation at one month postoperatively,
which included age, gender, prefracture ambulation and the generic term of “combined
medical diseases”, defined as diseases which could affect ambulatory capacity. Their model
showed an accuracy of 0.704 but did not include any modifiable variables on which to
act [32].

One of the strengths of our study is the large number of patients included, offering
enough statistical power to be able to study multiple predictive factors of gait recovery. The
casemix reported by the SNHFR is similar to that in other studies from Spain [42–47], and
it can be inferred it is representative of the population of hip fractures. The possibility of
calculating the individual probability of recovering ambulation using a simple web based
calculator makes this study particularly interesting.

We are aware our study has several weaknesses. First, comorbidity was adjusted using
to the ASA score instead of a specific score for comorbidity. The ASA score is however
collected universally through hospitals and recommended in the Fragility Fracture Network
dataset for hip fracture audit. Second, possible confounding factors like the presence of
medical complications during admission was not recorded, as previously mentioned. Data
on the rehabilitation and mobilization carried out during admission—not only on the
first postoperative day—would also be interesting to take into account. Third, this is an
observational study; the theoretical contribution of each factor to ambulatory recovery can
be examined, and hypotheses can be formulated, but the effect of individual interventions
on each of the prognostic factors cannot be quantified, nor can causality be determined. We
are limited to showing statistically significant associations. Fourth, ambulatory capacity
was measured using the FAC scale, which relies mainly on the responses given by the
patient and/or family during admission. This is less accurate than measures such as the
Timed up and go [48], SPPB [49] tests. In the setting of an acute hip fracture, it would
be impossible to obtain preoperative baseline measurements for these tests. Fifth, more
than 200 professionals are involved in data collection, which may increase the risk of
classification errors and variability, especially if the one-month follow-up information
was obtained by telephone instead of in person. Finally, follow-up is carried out at one
month. Thirty days is a very short period for recovery compared with other studies and
registries with longer follow-up periods (usually 3 or 6 months), which more accurately
determine the level of long-term functional recovery. Again, our registry follows the
Fragility Fracture Network’s Minimum Common Dataset, which recommends 30-day
follow-up. In our opinion, predicting short-term recovery is also interesting. Few studies
that provide information on the ability to walk at one month, and the ability to walk at 30
days is an important factor in planning short-term patient care. It also could potentially be
a predictor of recovery at 3 or 6 months or even 1 year.

In summary, hip fracture commonly leads to dependence in older patients that fre-
quently persists one month after the fracture. The ambulatory capacity of patients with
a lower functional reserve is more likely compared to those who do not deteriorate. The
former group is more likely to be older, be admitted from nursing homes, have dementia
or significant comorbidity, and therefore has a more unfavorable baseline situation. They
are less likely to receive peripheral nerve blocks, to be operated on in less than 24 h or
be mobilized on the first postoperative day, and they are referred to rehabilitation units
less frequently. In order to maximize the likelihood of recovering the ability to walk, our
resources should be focused on optimizing these modifiable factors.

A tool that identifies the probability of each patient to recover pre-fracture walking
independence following hip fracture surgery is useful for aiding clinicians and health care
administrators to develop targeted programs and interventions. Healthcare administrators
could also use it to estimate the need of post-acute care facilities adapted to patients’
needs. This aid is also useful to counsel patients and caregivers on the functional prognosis
following hip fracture, so they can plan the social support they may need.
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Further studies are, of course, needed to validate this tool for different populations and
settings. More complex machine learning models rather than logistic regression models
could help us to improve this model in the near future.

5. Conclusions

The aim of this study was the development of a predictive model that aid clinicians
to calculate the probability for patient of recovering the baseline level of independent or
assisted ambulation one month after hip fracture. This is important, as the ability to walk
is the main component of functional recovery after a hip fracture.

In this study of 25,607 Spanish hip fracture patients, 16,839 (65.8%) recovered pre-
fracture ambulatory capacity at one month. Non-modifiable risk factors independently
associated with worse recovery were cognitive impairment, elevated anesthetic risk, and
a suffering subtrochanteric fractures. The modifiable factors affecting the probability of
regaining prefracture ambulation were performing surgery in less than 24 h, early mobi-
lization, allowance of weight-bearing, avoiding pressure ulcers and discharging the patient
home.

We have successfully developed a predictive model that included all these factors,
based on logistic regression. Our model has shown similar accuracy to prior studies by
other authors. This predictive model estimates the individual probability of recovery
(ranging from 0 to 100%), and we have defined 5 groups or clusters of patients depending
on this probability. Patients with a very low and low probability of recovery are usually
older, have suffered subtrochanteric fractures, are not allowed to bear weight, and are
commonly discharged to nursing homes. On the other hand, patients with high and very
high probabilities of recovery are younger, without cognitive impairment, present with
intracapsular or intertrochanteric fractures, and walked independently before the fracture;
they also have a shorter surgical delay and are likely to be sent home at discharge. In other
words, those with the least probability of recovery start off from a worse baseline situation,
but also managed more poorly, with worse performance indicators during admission,
such as greater surgical delay or not allowing weight bearing. On the opposite end of the
spectrum, patients most likely to recover have a better prefracture status and are better
managed, fulfilling key performance indicators.

These findings can be used to aid risk stratification in this population to support
informed treatment decisions and to aid conversations regarding goals of care. Future
work on this topic could refine the precision of the model using more complex machine
learning models, and longer follow-up time.
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Abstract: The study aimed to assess the reliability of the scores, evidence of validity, and feasibility of
the Frail-VIG index. A validation study mixing hospitalized and community-dwelling older people
was designed. Intraclass correlation coefficient (ICC) was used to assess the inter-rater agreement and
the reliability. The construct validity of the Frail-VIG index with respect to the Frailty Phenotype (FP)
was evaluated by calculating the area under the receiver operating characteristic curve (AUC-ROC).
Convergent validity with the Clinical Frailty Scale (CFS) was assessed using Pearson’s correlation
coefficients. The feasibility was evaluated by calculating the average time required to administer the
Frail-VIG index and the percentage of unanswered responses. A sample of 527 older people (mean
age of 81.61, 56.2% female) was included. The inter-rater agreement and test–retest reliability were
very strong: 0.941 (95% CI, 0.890 to 0.969) and 0.976 (95% CI, 0.958 to 0.986), respectively. Results
indicated adequate convergent validity of the Frail-VIG index with respect to the FP, AUC-ROC 0.704
(95% CI, 0.622 to 0.786), and a moderate to strong positive correlation between the Frail-VIG index
and CFS (r = 0.635, 95% CI, 0.54 to 0.71). The Frail-VIG index administration required an average of
5.01 min, with only 0.34% of unanswered responses. The Frail-VIG index is a reliable, feasible, and
valid instrument to assess the degree of frailty in hospitalized and community-dwelling older people.

Keywords: feasibility; frailty; frailty index; psychometrics; reliability; validity

1. Introduction

1.1. Background

Over the last few decades, developed countries have undergone a demographic and
epidemiological shift that has led to progressive aging of the population and to an increased
prevalence of people with chronic diseases [1,2]. While the two most prevalent chronic
health problems are multimorbidity and frailty [3], frailty is the chronic condition most
frequently associated with poor health outcomes, such as mortality or disability [4,5], as
has become apparent during the COVID-19 pandemic [6,7]. In this scenario, the concept
of frailty—understood as a vulnerability state against stressing factors due to limited
compensatory mechanisms [8]—seems to emerge as a sound line of argument for health
systems and their professionals, which require understandable narratives and pragmatic
instruments [9,10]. However, despite the widespread consensus regarding the usefulness of
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the concept of frailty [11] and the need for its routine assessment in the clinical practice [12],
there is still some controversy over the operational approach to address it [8].

These difficulties may be explained by two facts. On the one hand, the broadness
of the concept of frailty (which ranges from the syndromic view to the accumulation of
deficits approach) [13], in addition to the enriching academic debate, may have deter-
mined difficulties in its applicability to the healthcare practice. In summary, it can be
said that frailty may be presented as a syndromic/dichotomous reality (“Is this person frail
or not?”) [14], which becomes especially useful for screening for the population that can
potentially benefit from preventive actions; the Frailty Phenotype (FP) [14] criteria, the
Fatigue, Resistance, Ambulation, Illnesses, and Loss of Weight (FRAIL) [15] questionnaire,
the Gérontopôle Frailty Screening Tool [16], or functional performance tests (such as the
gait speed test [17] or the Short Physical Performance Battery [18]) are examples of useful
instruments for this approach. However, frailty can also be seen as a continuous reality
based on the accumulation of different deficits (“How frail is this person?”) [19], which
is particularly useful to assess a person’s situational diagnosis or degree of reserve [20].
Both the Clinical Frailty Scale (CFS) [21] and the frailty indices (FIs) [22] may be effective
instruments in this approach to frailty.

On the other hand, there are many frailty assessment tools available [12], which are
not always sufficiently pragmatic or feasible in the daily clinical practice, or which are
not valid or reliable enough [23]. In this sense, the psychometric assessment of frailty
instruments should be a research priority, in order to produce even stronger evidence
on the practical usefulness of the concept of frailty [24,25]. This need becomes especially
relevant in the case of FIs [26], for which there are limited studies on reliability of its scores,
construct validity, and feasibility [27].

One of the FIs that has shown better mortality predictive capacity is the Frail-VIG
index, with an area under the receiver operating characteristic curve (AUC-ROC) of 0.90
and 0.85 at 1 and 2 years, respectively [28,29]. Published in 2017 by Amblàs-Novellas et al.,
this FI, based on the Comprehensive Geriatric Assessment, consists of 22 trigger questions
that are used to assess 25 deficits from eight different dimensions, with a final score that can
range from 0 to 1 (with the submaximal limit in the clinical practice being close to 0.7). There
is an excel calculator available at https://en.c3rg.com/index-fragil-vig (31 March 2021).

1.2. Objective/Rationale

Although previous papers have shown an excellent mortality predictive capacity,
as well as good content validity and interpretability, there are no conclusive data on its
reliability, construct validity, and feasibility. Therefore, this article aims to analyze the
reliability of the scores, evidence of validity, and feasibility of the Frail-VIG index.

2. Methods

This article follows the guidelines established by the Consensus-Based Standards for
the Selection of Health Measurement Instruments (COSMIN) on the design of studies to
assess the measurement properties of instruments [30]. The study protocol was approved
by the Ethics Committee of the University Hospital of Vic (2018958/PR189).

2.1. Study Design and Participants

This is an observational study, based on the classical test theory [31] and conducted
in the prospective FIS/VIG cohort designed for the validation of the Frail-VIG index and
the dynamic assessment of frailty over time. Participant recruitment was performed at
an intermediate care hospital, with a home-based follow-up of 12 months and quarterly
assessments of the degree of frailty by means of the Frail-VIG index.

The inclusion criteria for the study were individuals ≥75 years of age and/or identified
as people with complex care needs (PCC, in Catalan) or with palliative care needs (MACA,
in Catalan), based on the criteria developed by the Health Department of Catalonia [32,33],
who were admitted to the Santa Creu de Vic University Hospital (Barcelona, Spain) during
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the study enrolment period (July 2018–July 2019). This intermediate care hospital was
equipped with 100 beds, as well as subacute care, functional rehabilitation, palliative care,
and psychogeriatric units. Patients were admitted from primary care or acute care hospitals,
generally in the context of an acute intercurrent process. Those individuals for whom the
in-person home follow-up was deemed difficult due to geographical reasons (more than
30 km away from the hospital) were excluded from the study.

2.2. Variables and Data Sources

In terms of epidemiological variables, these included age, gender, and usual place of
residence. At the clinical level, all the variables included in the Frail-VIG index (Table 1) were
collected, as well as the degree of frailty according to the classification into four categories
commonly used in our clinical practice: non-frailty (Frail-VIG index score < 0.2), mild frailty
(Frail-VIG index score 0.2–0.35), moderate frailty (Frail-VIG index score 0.36–0.5), and severe
frailty (Frail-VIG index score > 0.5).

Table 1. Epidemiological and clinical characteristics of the cohort at baseline and at the 6 and 12 month follow-ups. At the
6 month follow-up (when the different frailty measurement instruments were compared), the characteristics of the group of
non-frail (Frail-VIG index 0–0.19) vs. frail individuals (Frail-VIG index 0.20–1.00) are also shown.

Baseline Total
N = 527

Month 6
Follow-Up Month 12

Follow-Up
n = 176Total

n = 200
No Frailty

n = 20 (10.0%)
Frailty

n = 180 (90.0%)

Demographic characteristics
Age (years), mean ± SD 81.61 ± 9.9 80.9 ± 10.6 82.6 ± 7.2 80.7 ± 10.9 81.7 ± 9.6

Sex (women), N (%) 296 (56.2) 114 (57.0) 11 (55.0) 103 (57.2) 98 (55.7)
Usual habitat, No (%)

Nursing home 68 (12.9) 63 (31.5) 0 (0.0) 63 (35.0) 48 (27.3)
Home 440 (83.5) 129 (64.5) 20 (100.0) 109 (60.5) 111 (63.1)
Others 2 (0.4) 1 (0.5) 0 (0.0) 1 (0.6) 0 (0.0)

Missing information 17 (3.2) 7 (3.5) 0 (0.0) 7 (3.9) 17 (9.6)
Living arrangement 1, No (%)

With family 303 (68.5) 93 (71.6) 15 (75.0) 78 (70.9) 76 (68.5)
With caregiver 22 (5.0) 6 (4.6) 0 (0.0) 6 (5.5) 5 (4.5)

Alone 105 (23.8) 25 (19.2) 4 (20.0) 21 (19.1) 18 (16.2)
Others 4 (0.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Missing information 8 (1.8) 6 (4.6) 1 (5.0) 5 (4.5) 12 (10.8)
Frail-VIG variables

Functional IADLs (0–3), mean ± SD 1.48 ± 1.3 1.81 ± 1.2 0.15 ± 0.3 1.99 ± 1.1 1.80 ± 1.3
Barthel index (0–100), mean ± SD 73.87 ± 27.5 57.5 ± 32.4 90.5 ± 22.5 53.9 ± 31.3 62.2 ± 31.1

Malnutrition, N (%) 144 (27.3) 34 (17.1) 2 (10.0) 32 (17.9) 15 (9.1)
Cognitive impairment, N (%) 198 (37.6) 83 (41.7) 0 (0.0) 83 (46.3) 62 (37.8)
Depressive syndrome, N (%) 165 (31.3) 78 (39.6) 2 (10.0) 76 (42.9) 75 (44.9)

Insomnia/anxiety, N (%) 255 (48.4) 119 (59.8) 4 (20.0) 115 (64.2) 96 (56.8)
Social vulnerability, N (%) 74 (14.0) 4 (2.0) 0 (0.0) 4 (2.0) 8 (4.8)

Delirium, N (%) 85 (16.1) 59 (29.5) 1 (5.0) 58 (32.2) 45 (26.8)
Falls, N (%) 111 (21.1) 35 (17.7) 1 (5.0) 34 (19.1) 23 (13.9)

Ulcers, N (%) 56 (10.6) 27 (13.5) 0 (0.0) 27 (15.0) 17 (10.4)
Polypharmacy, N (%) 425 (80.6) 176 (88.0) 357 (86.7) 176 (88.0) 141 (83.9)

Dysphagia, N (%) 88 (16.7) 41 (20.6) 0 (0.0) 41 (22.9) 28 (17.2)
Pain, N (%) 131 (24.9) 62 (31.0) 2 (10.0) 60 (33.3) 36 (21.7)

Dyspnoea, N (%) 47 (8.9) 34 (17.1) 1 (5.0) 33 (18.4) 21 (12.8)
Cancer, N (%) 128 (24.3) 43 (21.8) 2 (10.0) 41 (23.2) 25 (15.3)

Chronic respiratory disease, N (%) 147 (27.9) 78 (39.4) 3 (15.0) 75 (42.1) 63 (37.3)
Chronic cardiac disease, N (%) 232 (44.1) 111 (55.5) 6 (30.0) 105 (58.3) 89 (53.9)

Chronic neurological disease, N (%) 74 (14.1) 47 (23.5) 2 (10.0) 45 (25.0) 34 (20.5)
Chronic digestive disease, N (%) 40 (7.6) 39 (20.1) 2 (10.0) 37 (21.2) 28 (17.2)

Chronic renal disease, N (%) 210 (39.8) 91 (46.4) 3 (15.8) 88 (49.8) 68 (40.7)
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Table 1. Cont.

Baseline Total
N = 527

Month 6
Follow-Up Month 12

Follow-Up
n = 176Total

n = 200
No Frailty

n = 20 (10.0%)
Frailty

n = 180 (90.0%)

Frailty degree 2

Total cohort average, mean ± SD 0.31 ± 0.15 0.39 ± 0.16 0.11 ± 0.05 0.42 ± 0.14 0.35 ± 0.16
No frailty, N (%) 115 (21.8) 20 (10.0) 20 (100.0) - 35 (20.5)

Mild frailty, N (%) 190 (36.1) 52 (26.0) - 52 (28.9) 43 (25.1)
Intermediate frailty, N (%) 147 (27.9) 77 (38.5) - 77 (42.8) 59 (34.5)

Severe frailty, N (%) 75 (14.2) 51 (25.5) - 51 (28.3) 34 (19.9)
1 Refers to patients not living in a nursing home. 2 The frailty degree was calculated using the categorization of the Frail-VIG index into
no frailty (Frail-VIG index score <0.2), mild frailty (Frail-VIG index score 0.2–0.35), moderate frailty (Frail-VIG index score 0.36–0.5), and
advanced frailty (Frail-VIG index score >0.5). IADLs, Instrumental Activities of Daily Living; SD, standard deviation.

The collection of data at the time of hospitalization was conducted by the hospital’s
healthcare professionals (physicians and nurses), with the Frail-VIG index being an instru-
ment used in the regular clinical practice at the Geriatrics and Palliative Care units. Home
follow-up upon discharge was performed by four research nurses combining face-to-face
visits (months 1, 6, and 12) and telephone visits (months 3 and 9).

2.3. Psychometric Assessment of the Frail-VIG Index

This study evaluated the following psychometric parameters: reliability of the scores,
evidence of construct validity, and feasibility. The evaluation was performed at different
time points (Figure 1).

Figure 1. Cohort follow-up timeline, showing the psychometric characteristics assessed at the different moments of the
follow-up (as well as the statistical methodology used to assess it).

2.3.1. Reliability

Reliability is the extent to which scores for people who have not changed are the
same for repeated measurement under several conditions [34]. Following COSMIN recom-
mendations, the following measures were assessed: (A) inter-rater reliability, by different
persons on the same occasion, evaluated by administering the Frail-VIG index with respect
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to the individual’s baseline situation by two different teams: the geriatrics professionals
(physicians and/or nurses) responsible for admission, and by the team responsible for
hospitalization of that individual, which was performed blindly (without having the result
of the test performed by the other team); (B) test–retest reliability, over time: in this case,
the four nurses administered the Frail-VIG index on two separate occasions for about a
week in a blind manner (without having the results of the previous test), ensuring similar
conditions to the baseline measurement (assessing, in particular, the absence of any added
concurrent processes). For the assessment of frailty, the calculation of the internal consis-
tency of the Frail-VIG index was dismissed upon considering it not relevant, given that it
was developed as a formative model (in which the items together form the construct) and
not as a reflective model (in which all items are a manifestation of the same underlying
construct) [35].

2.3.2. Validity

Since previous studies published on the Frail-VIG index have already demonstrated
evidence of its content validity and its criterion validity related to mortality [28,29], as
well as its convergent discriminative validity related to the EQ-5D-3L index, this study
focused on evidence of construct validity between the Frail-VIG index and other frailty
measurement tools. To this end, the Frail-VIG index was administered at the same time and
in the same subjects at the cohort’s 6 month follow-up, together with the following tools:

• As a categorical instrument for the assessment of frailty (frail vs. not frail), the five
original FP criteria based on the physical characteristics as reported in the original
Cardiovascular Health Study by Fried were used: weight loss, exhaustion, low energy,
expenditure, slow walking speed, and weak grip strength [36]. The JAMAR PLUS+
Hand Dynamometer was used to assess grip strength, assessing the average score of
two grips of the grip strength of the dominant hand. Those with no characteristics
were identified as fit, those with one or two characteristics were identified as pre-frail,
and those with three to five characteristics were identified as frail.

• CFS [21], a validated ordinal measure of frailty based on nine category clinical descrip-
tors and pictographs ranging from one (fit) to nine (terminally ill), was used as a tool
to assess continuous frailty.

Although frailty indices assess frailty as a continuous variable, different cutoffs have
been proposed in the literature to distinguish between non-frail and frail individuals
(≥0.2 [37] vs. ≥0.25 [12]); in some cases, a distinction has also been proposed for non-frail
individuals (≤0.08), pre-frail individuals (0.09–0.24), and frail individuals (≥0.25), even
weighing the FI result according to the individual’s chronological age [38].

2.3.3. Feasibility

Feasibility measures whether a questionnaire is affordable for use in the environment
in which it is intended to be used, and it should be a usual feature in frailty measurements,
while also being simple to apply [39]. The two most frequently used measurements are the
calculation of percentage of unanswered responses and the time required to administer
the measure. To assess the percentage of unanswered responses, the total number of tests
performed since the start of the study to the 12 month follow-up was analyzed. To assess
the time of administration of the Frail-VIG, the duration of the 12 month home follow-
up was timed. Other aspects to consider when assessing feasibility based on COSMIN
recommendations that have been incorporated into this study are the education or training
required to administer each test, the need for special equipment/devices, and the physical
space required [40].

2.4. Statistical Methods

Categorical variables are described as frequencies. Quantitative variables are shown as
the mean and standard deviation (SD) when the distribution was normal, and as medians
with 25th and 75th percentiles when the distribution was asymmetric. We considered a
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p-value <0.05 as statistically significant. The data were analyzed using the latest available
version of the IBM SPSS Statistics 27 software.

2.4.1. Reliability

Reliability was assessed using the intraclass correlation coefficients (ICCs) (two-way
random) for the inter-rater agreement and test–retest reliability, as well as Bland–Altman
plots for their graphical representation. We calculated a minimum requirement of 40 sub-
jects [41], who were randomly selected. ICCs greater than or equal to 0.70 were interpreted
as optimal [34].

2.4.2. Validity

In accordance with COSMIN recommendations, we used the AUC-ROC as the method
of choice for the assessment of the convergent validity of the Frail-VIG index (continuous
score) with respect to the FP (noncontinuous score). AUC-ROCs of <0.70, 0.70–0.89, and
≥0.90 were considered poor, adequate, and excellent, respectively [42]. While there is
no gold-standard tool for the assessment of frailty [34], most frailty tools have ended
up conducting comparative studies with FP, since it was the first published tool and
represented a benchmark for the other initiatives. Thus, for the calibration of the Frail-
VIG index with respect to FP, the prevalence of frail individuals was assessed using both
instruments, as well as the sensitivity, specificity, positive and negative predictive value,
and Youden index for different cutoffs for the identification of a condition of frailty (≥0.20,
≥0.23 and ≥0.25). We also analyzed the discriminative validity of the Frail-VIG index by
comparing it between people classified as frail and non-frail using the FP. We hypothesized
that people classified as frail would have a substantially higher average index than non-
frail people.

On the other hand, the convergent validity between the two continuous score instru-
ments (CFS and Frail-VIG index) was evaluated using Pearson’s correlation coefficients.
We expected moderate to strong positive correlations (r ≥ 0.50) between the measurement
instruments.

2.4.3. Feasibility

Feasibility was evaluated by calculating the average and SD of time required to
administer Frail-VIG, as well as the percentage of unanswered responses. To evaluate the
time of administration of the Frail-VIG index, a minimum requirement of 40 subjects [41]
was estimated, which were randomly selected.

3. Results

3.1. General Characteristics

A total of 527 individuals were enrolled: 296 (56.2%) women and 231 (43.8%) men,
with a mean (SD) age of 81.6 (9.9) years. Table 1 shows the demographic and clinical
characteristics of the cohort at the time of enrolment in the study (corresponding to the
baseline Frail-VIG index, administered by the team responsible for hospitalization of the
subjects), and at the 6 and 12 month follow-ups (administered by the nurses conducting
follow-up).

3.2. Psychometric Results of the Frail-VIG Index
3.2.1. Reliability

The inter-rater reliability by the two professionals corresponding to the baseline Frail-
VIG of the 41 individuals assessed was ICC 0.941 (95% IC, 0.890 to 0.969)—Figure 2A.
The test–retest reliability for the 51 individuals assessed was ICC 0.976 (95% CI, 0.958 to
0.986)—Figure 2B. Both results suggest excellent reliability.
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Figure 2. Bland–Altman correlation for the inter-rater reliability (A) and test–retest reliability (B).

3.2.2. Validity

All of the 6 month follow-up subjects were included (n = 200). Losses to follow-up
with respect to the initial cohort (n = 527) corresponded to (1) deaths (227), of which
136 died during hospitalization, mainly (65.4%) in the palliative care unit, (2) definitive
losses to follow-up (n = 39), (3) and occasional losses to follow-up (n = 62), who were later
followed up at 9 months.

Table 2 shows the prevalence of frail individuals in the 6 month follow-up cohort
using the FP and the Frail-VIG index for the different cutoffs proposed in the literature
(between 0.2 [37] and 0.25 [12]).

Table 2. Prevalence of frail people in the cohort using Frailty Phenotype (FP), as well as different
cutoffs of the Frail-VIG index.

Non-Frailty/Pre-Frailty Frailty

FP
No (%) 52 (26.0) 148 (74.0)

Frail-VIG, mean ± SD 0.30 (0.16) 0.42 (0.15)
IF-VIG No (%) 20 (10) 180 (90)

(Frailty cutoff ≥0.20) Frail-VIG, mean ± SD 0.11 (0.05) 0.42 (0.14)
IF-VIG No (%) 32 (16) 168 (84)

(Frailty cutoff ≥0.23) Frail-VIG, mean ± SD 0.14 (0.06) 0.44 (0.13)
IF-VIG mean ± SD 45 (22.5) 155 (77.5)

(Frailty cutoff ≥0.25) Frail-VIG, mean (DS) 0.17 (0.07) 0.45 (0.12)

When assessing the construct validity of the Frail-VIG index with respect to FP, the
AUC-ROC was 0.704 (95% CI, 0.622 to 0.786) (Figure 3), consistently with an adequate con-
vergent validity. Table 3 shows the sensitivity, specificity, positive and negative predictive
value, and Youden index for different cutoffs. The Youden index presented its best score
(0.43) for the cutoff of the Frail-VIG index at a ≥0.20.
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Figure 3. Graphical representation of the ROC plot of the Frail-VIG index, for the people identified
as frail according to the Frailty Phenotype criteria.

Table 3. Sensitivity, specificity, and positive and negative predictive value between the Frail-VIG
index and the Frailty Phenotype (FP).

Sensitivity Specificity PPV NPV
Youden
Index

Frail-VIG
Index (Frailty
Value Cutoff)

FP

78.3% 65.0% 95.3% 25.0% 0.43 ≥0.20
79.8% 56.3% 90.5% 34.6% 0.36 ≥0.23
79.4% 44.4% 83.1% 38.5% 0.24 ≥0.25

NPV, negative predictive value; PPV, positive predictive value.

The correlation coefficient between the two continuous score instruments (Frail-VIG
index and CFS) for the calculation of their convergent validity showed moderate to strong
positive correlation between the Frail-VIG index and CFS (r = 0.64, 95% CI, 0.54 to 0.71)
(Figure 4).

Figure 4. Scatter plots of the correlation between the Frail-VIG index and Clinical Frailty Scale.
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3.2.3. Feasibility

Of the 2273 tests performed during the first year of follow-up (equivalent to 50,006
variables; 22 variables for each test), the number of missing variables was 170. This is
equivalent to 0.34%. Supplementary File 1 includes the number of losses of variables in
the Frail-VIG index administered in a hospital setting (baseline situation, admission, and
discharge) and in the follow-up at community level (1, 3, 6, 9, and 12 months). Losses
in this follow-up period at 6 and 12 months correspond to deaths (n = 55) or losses to
follow-up (n = 19). The administration time of 68 individuals was evaluated, with an
average of 5.01 min (SD 2.86).

With respect to the more qualitative aspects, a two-session training was conducted for
the interviewers, who also had an instruction manual available. For the administration of
the Frail-VIG index, no special equipment or physical space was required. In the context
of this study, a dynamometer (for grip strength assessment) was only required for the
evaluation of convergent validity, as well as a 4 m space and a chronometer to calculate
gait speed.

4. Discussion

The results obtained support the Frail-VIG index as a reliable, feasible, and valid tool
to assess the degree of frailty in hospitalized and community-dwelling older people.

4.1. Psychometric Assessment of the Frail-VIG Index

There are limited high-quality reliability, validity, and feasibility data for many of the
FI tools. A recent systematic review of the psychometric characteristics of multicomponent
tools designed to assess frailty in older adults found that, for example, there were reliability
and validity data available for only 21% of the tools [27]. This could be explained by the
fact that, as opposed to the Frail-VIG index, many of the frailty assessment tools were
developed and tested retrospectively using data available from large-scale longitudinal
studies or were developed in conjunction with a larger trial whose main aim was not the
development of a frailty assessment tool [27].

4.1.1. Reliability

The reliability of the Frail-VIG index scores can be classified as very strong. There
are virtually no previous studies on the reliability of FI [43], which makes it difficult to
compare the results obtained. With respect to other frailty instruments, the Frail-VIG index
showed better inter-rater reliability (0.94) than, for example, the Edmonton Frail Scale
(0.77) [44] or the CFS (from 0.97 [21] to 0.68 [45]).

Test–retest was also excellent (0.97), indicating that if frail elderly people are stable
and the Frail-VIG index is administered under similar conditions, their scores remain stable
over time. These results are as good as or better than those published for other assessment
instruments, such as the CFS (0.87), the Tilburg Frailty Indicator (0.79) [46], or the FRAIL
questionnaire (0.71) [47].

4.1.2. Validity

Convergent validity between Frail-VIG index and FP was substantial (0.70), similar to
the results previously published by other FIs (0.65) [26]. When the dichotomized Frail-VIG
index for the different cutoffs proposed by the literature was compared with the FP, better
results of the Youden index were obtained for values ≥0.20, which would endorse it as a
cutoff for considering someone frail when using the Frail-VIG index. For this cutoff, the
Frail-VIG index showed an overall higher sensitivity (78.3%) than other FIs (45.9 to 60.7%),
but a lower specificity (65.0% vs. 83.5 to 90.0%) [26]. However, this assessment of the FIs
from a dichotomic perspective is likely to have academic importance rather than clinical
implications; clearly, the two measures (FI vs. FP) cannot be considered equivalent, since
they are different instruments with different objectives, and the combined/sequential use
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of both instruments is advisable, as they provide different and complementary clinical
information on the individual’s condition [13,48].

Lastly, the degree of correlation between the two instruments that assess frailty as
a continuous reality, Frail-VIG index and CFS (r = 0.66), was similar to previous studies
for these two instruments (r = 0.71) [49]. This is consistent with published evidence on
convergent validity between CFS and other FIs, ranging from 0.59 of the electronic frailty
index [50] to 0.91 of the FI used by Chong et al. [51].

4.1.3. Feasibility

In terms of feasibility, most published studies used administration time as the most
common measure, ranging from 44 s for the CFS to 5 to 20 min for the Fried Phenotype [4,52].
In the case of the FI, in the FI-CGA [53], the administration time ranges from 10 [54] or
12.5 min [55] to 25 min [56]. The CSHA-FI [21] requires about 20–30 min [12]. In fact, the
time required for the administration of the FIs has been mentioned by some authors as
one of the main limitations to their implementation in routine clinical practice [57]. Thus,
the Frail-VIG index would fall in the low range of time of administration of the frailty
indices, probably as a result of the lower number of variables involved (22), compared, for
example, with the more than 30 items of the different versions of the CSHA-FI [21]. There
are not many studies either on the completion rate of FI forms. In the study conducted
by Lin et al. [55], a completion rate of 45% was found for the FI-CGA, with the majority
(91%) of the incomplete forms having minimal amount of data missing—fewer than four
items. In this sense, the low number of missing data in our study is remarkable. Lastly, the
Frail-VIG index does not require any additional equipment or space, which has sometimes
proven an obstacle to the use of CP, GSFT, and some other versions of the FI [55].

4.2. Limitations of the Study

The main limitations of the study are probably related to the generalizability of its
results; on the one hand, the inclusion criteria determined a relatively large sample of
individuals, with a significant degree of frailty. On the other hand, even though this is an
instrument designed to be used by both physicians and nurses in all settings, in this study,
it was used by geriatrics specialists, who are very familiar with the use of the Frail-VIG
index (commonly used in clinical practice in our environment). Thus, for instance, in the
assessment of feasibility, both the time of administration of the Frail-VIG index and the
low number of missing data could also be explained by the expertise of the professionals
involved (there is probably a learning curve in its use by professionals), as well as the
thoroughness inherent to the context of a research study.

Another limitation to bear in mind is that not all psychometric properties were as-
sessed in all settings and by all professional profiles. Therefore, for example, reliability and
inter-rater reliability were assessed in hospital settings by physicians and nurses, while
the test–retest has been performed in a community setting by the follow-up nurses. Thus,
more studies are needed to evaluate the psychometric properties in daily clinical practice
by other professionals in different settings and populations.

4.3. Healthcare Implications and Future Research

It is essential to have reliable, valid, and feasible tools to take advantage of the multiple
opportunities offered by the assessment of frailty as a central element of clinical practice,
research, and planning in the care of the elderly [9,12,58], ranging from the prevention
of disability to the care of individuals with complex and palliative care needs [20,39].
Unfortunately, only 5% of the frailty assessment tools have shown evidence of reliability
and validity that was within statistically significant parameters and of fair methodological
quality [27].

There are two areas of special interest for future research, which are related to the
multidimensional nature of the IF and the assessment of the dynamic behavior of frailty.
In the first place, the validity of the content of the instruments should be enhanced with
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respect to physical, cognitive-psychological, and social frailty [59,60]. In the second place,
the serial administration of the Frail-VIG index in a prospective cohort is likely to provide
knowledge on the different courses of frailty [61], as well as on the ability of this FI to
assess sensitivity to change and responsiveness, understood as the ability of an instrument
to distinguish clinically important changes as the result of an intervention [34]. Further
studies are also needed to continue to advance in the validation process of the Frail-VIG
index, especially with respect to its cross-cultural validity and generalizability.

5. Conclusions

According to the COSMIN guidelines, the results obtained endorse the Frail-VIG
index as a reliable, feasible, and valid instrument. Firstly, a very strong reliability of the
scores was found in its administration among different professionals (inter-rater reliability),
as well as in test–retest reliability. Secondly, the Frail-VIG showed a moderate to strong
positive correlation with CFS, as well as adequate convergent validity with respect to the FP.
This also allowed calibrating the Frail-VIG index for the identification of frail individuals,
establishing a frailty threshold at a score of ≥0.20. Lastly, excellent feasibility has been
observed in relation to the time of administration, with respect to the few items missed,
and due to the lack of specific space or equipment requirements.

All these characteristics, together with their good correlation, with the mortality
demonstrated in previous studies, and with the discriminating capacity between the
different degrees of frailty, make the Frail-VIG index a particularly interesting tool to assess
frail elderly people in hospitalized and community-dwelling settings.
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Abstract: The weekly group-based program “Paths: from loneliness to participation” was conducted
face-to-face over 15 sessions by nurses, social workers and volunteers in primary care in Catalonia
(Spain) to alleviate loneliness among older people by promoting peer support and participation in
community assets. We aimed at exploring participants’ experiences of loneliness and participation
prior to the program and its perceived benefits. The qualitative design was descriptive-interpretative.
Data were collected through three focus groups and 41 interviews applying a semistructured topic
guide involving 26 older participants, six professionals and nine volunteers. Participant-observation
of all sessions involved the 38 older people who started the program. A thematic content analysis was
applied. Older persons with diverse profiles of loneliness and participation explained different de-
grees of decrease in loneliness, an increase in participation in local community assets, companionship,
peer support and friendship, and an empowerment process. Successful cases reported improvements
in mental wellbeing and recovering the sense that life was worth living. Loneliness persisted among
some widowed participants and vulnerabilities hampered some benefits. Participants, professionals
and volunteers reported different degrees of success in older people to alleviate loneliness by en-
hancing social relationships and activities through complex processes interrelated with health and
socioeconomic factors.

Keywords: ageing; qualitative research; primary health care; loneliness; social capital

1. Introduction

Loneliness is defined as a negative feeling due to the perception that the social needs
of the person are not corresponded, neither in quantity nor in quality, by the social rela-
tionships that the person has [1]. In the last years, the public awareness and the scientific
concern about the phenomenon of loneliness has increased [2]. Furthermore, the current
SARS-COV2 pandemic has accentuated the value of social interactions and social support
and the need to alleviate loneliness among older people [3]. Older people undergo major
changes in their social environment mainly due to retirement, widowhood, loss of peers,
and age-related disability [4]. Likewise, three ageing crises are related to loneliness: the
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identity (no longer feeling like who they used to be), autonomy (not being able to do what
they used to do) and belonging crises (not belonging to the places and groups of persons to
which they used to belong) [5].

At a personal level, several risk factors related with sociodemographic characteristics
and health status are associated with loneliness: being female, living alone, limited educa-
tion, small social network, low self-efficacy, poor self-rated health, depression and recent
bereavement (often due to widowhood) [6,7]. Geographically, loneliness differs across
Europe being higher in Southern countries such as Spain [8]. In Southern Europe, the
cultural emphasis on family and social relationships generates high expectations and social
needs that might be more challenging to fulfil. Moreover, active participation in social
organizations is seen as vital to build relationships while ageing, but it is lower among
older people in Spain in a European comparative perspective [9–12]. From a policy per-
spective, the WHO Active Ageing and Healthy Ageing paradigms have encouraged for the
last 20 years to enhance social participation and social networks for ageing people [13,14].
In this vein, Putnam’s definition of social capital has been adapted to older age placing
more relevance on the interaction between individuals at the micro level. Accordingly,
social capital is an umbrella concept that involves individual (family and friends) and
collective social resources (e.g., neighborhoods), their structural (e.g., social networks,
social contacts and participation) and cognitive aspects (e.g., social support and sense of
belonging) [15–17]. However, the processes involved in the promotion of social capital in
ageing, including social relationships and participation, remain unclear [4].

Certain intervention characteristics are related to a higher efficiency at reducing loneli-
ness, such as theory-driven interventions [18–20]. However, it is not yet clear which theory
supports more effective interventions. The loneliness model supports cognitive behavioral
therapy to correct deficits in social skills and address maladaptive social cognition [21].
On the contrary, the empowerment theory considers that loneliness is potentially allevi-
ated through empowering lonely older people to increase their self-esteem and feeling
of mastery over their own life [22–24]. Moreover, theories of behavior change might be
used to better understand how to promote social relations and social participation [25,26].
Finally, the most widely applied strategy among older people to tackle loneliness is in-
creasing social support. However, controlled trials evaluating this intervention strategy are
scarce [21].

Regarding intervention effectiveness, a systematic review on interventions based on
social capital targeting older people showed few and diverse trials assessing the impact
on loneliness and they were generally ineffective [27]. However, some successful studies
targeted complex cases of loneliness, and social capital interventions successfully increased
quality of life, well-being and self-perceived health among lonely older people. In this
vein, the intervention Circle of Friends in Finland, which focused on empowering lonely
older people, achieved successful improvements in a wide range of health outcomes
including mortality, but not in loneliness [24]. Their qualitative analysis showed how lonely
participants built trust and encouragement and continued to meet [28]. A program based
on facilitating community knowledge and networking among older migrants in Japan
through volunteers as gatekeepers, decreased loneliness and increased social support [29].

In Spain, the program “Paths: from loneliness to participation” was designed, con-
ducted and evaluated to alleviate loneliness among older people attending primary health
care [30]. The intervention promoted peer support and social participation by enhanc-
ing engagement in activities in community assets. The intervention was evaluated with
mixed methods. According to the quantitative evaluation, loneliness decreased and social
participation and support significantly increased [30].

In summary, despite a diversity of programs in place around the world and isolated
successful results, evidence and detailed understanding on whether and how programs
decrease loneliness is lacking, as well as how the characteristics of the target population
influence the impact. Likewise, while previous literature clearly suggests health beneficial
effects of social capital, less is known about social capital interventions and how social
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capital can be built for health promoting purposes. Qualitative evaluation of interventions
to explore participants and professionals’ perspective on the experiences and perceived
benefits is a complementary approach to the quantitative evaluation of objective impacts
that can help understand the processes and interpret the effects of the programs.

Therefore, this paper reports the qualitative evaluation of the program “Paths: from
loneliness to participation” aimed at exploring participants’ experiences of loneliness and
social participation prior to the program; and describing its perceived benefits on loneli-
ness, social participation, and support and health according to participants’ experience,
volunteers and professionals’ observations.

2. Materials and Methods

The study was conducted adhering to the rigor and quality criteria for qualitative
research: description of context, of participants and of the research process, methodological
adequacy, triangulation of data and reflexivity of the research team [31]. Moreover, it is
reported according to the Standards for Reporting Qualitative Research [32].

Throughout the paper, “participants” refers to older people participating in the pro-
gram and “informants” comprises all agents involved: participants, volunteers, and profes-
sionals.

2.1. Design

Following a constructivist research paradigm, a qualitative study with a phenomeno-
logical approach was chosen, in order to explore the lived experiences of the involved
agents applying a descriptive-interpretative design.

The perceived benefits of the program were identified among participants according
to their experiences and then triangulated with the perceptions of volunteers and health
and social care professionals and with the researchers’ observations.

This research applies the social capital theory adapted to ageing by Nyqvist and
Forsman [33].

2.2. Description of the Program

The “Paths: from loneliness to participation” program is theory-driven and was
designed around the mentioned operationalization of the social capital theory applied
to ageing with the goal to alleviate loneliness among older people by promoting peer
support and participation in local community assets [15,30,34]. It was conducted from
December 2011 to July 2012 in primary health and social care centers in Catalonia (Spain).
Sessions were one and half hours long and took place once a week during 15 weeks.
The program has been previously described in detail, as well as its overall intervention
framework [30]. In summary, older people with low or no participation in social activities
and suffering from loneliness at least sometimes were referred by primary health and
social care professionals to the group. The group met face-to-face and was led by social
workers or nurses from the primary health or social care center. The group dynamic
was grounded on active participation in line with the empowerment theory. Along the
15 sessions, peer support was promoted through sharing opinions and experiences around
loneliness and participation prompted by a diversity of pictures. Furthermore, older people
active in the same neighborhood were involved as volunteers to connect participants with
the local community assets. As a group, they visited and experienced activities in five local
community assets to promote their engagement in these settings. An intervention guide
specified all activities with its purposes and professionals and volunteers were specifically
trained for their roles.

One intervention group was conducted in a semirural area (Cardedeu, zone A), and
two in an urban area, Barcelona: one in a low socioeconomic level neighborhood (zone B)
and one in a medium level one (zone C). Settings were selected by convenience to evaluate
the viability of the intervention in different contexts.
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2.3. Study Participants

The study population reached through the focus groups and interviews comprised
26 older people who participated in the program, nine older volunteers and six health
and social care professionals. All 38 participants (37 women, 1 man) who started the
program were involved in the participant-observation. Participants of the program were
invited in person to the interviews and focus groups by the researcher (LCP) to take part in
this qualitative study and agreed to participate. All volunteers and professionals directly
involved in the program were invited to participate. The characteristics of all 38 participants
have been previously described in detail. [30] Table 1 details the main characteristics of the
41 informants of the interviews and focus groups.

Table 1. Characteristics of participants, volunteers, and professionals interviewed.

Context Technique Number of Informants Age Gender
Educational

Level/Occupation **

Zone A:
Semirural
context with a
medium
socioeconomic
level.

Participants *

One focus group Five participants
65–74 y.: 1

Five
women

One with medium
education and four with
low education

75–80 y.: 2
over 80 y.: 2

Eight individual
semistructured
interviews

Eight participants
65–74 y.: 1

Eight
women

One with medium
education and seven
with low education

75–80 y.: 5
over 80 y.: 2

Volunteers

One interview in small
group Four volunteers

65–74 y.: 1
Four
women Low education75–80 y.: 2

over 80 y.: 1

Professionals

Two individual
semistructured
interviews

Two professionals from
primary health care and
social services

30–50 y.: 1 Two
women

One nurse

51–65 y.: 1 One social worker

Zone B: Urban
context with
a low
socioeconomic
level.

Participants *

Focus groups Nine participants
65–74 y.: 2

Nine
women Low education75–80 y.: 4

over 80 y.: 3

Individual
semistructured
interviews

Eleven participants
65–74 y.: 2

Eleven
women

Low education75–80 y.: 6
over 80 y.: 3

Volunteers

One interview in small
group Two volunteers 63 and 80

years old
Two
women

Medium and low
education

Individual
semistructured
interview

One volunteer 63 years old One
woman High education

Professionals

Two individual
semistructured
interviews

Two professionals from
primary health care

30–50 y.: 1 Two
women Two social workers

51–65 y.: 1
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Table 1. Cont.

Context Technique Number of Informants Age Gender
Educational

Level/Occupation **

Zone C: Urban
context with
medium
socioeconomic
level.

Participants *

One focus group

Seven participants

65–74 y.: 1
Six women
and one
man

One with high
education, six with low
education

Seven individual
semistructured
interviews

75–80 y.: 2

over 80 y.: 4

Volunteers

One interview in small
group Two volunteers

65–74 y.: 1 Two
women Medium education75–80 y.: 1

Professionals

Two individual
semistructured
interviews

Two professionals from
primary health care

30–50 y.: 2 Two
women

One social worker and
one nurse51–65 y.: 0

* Note: All participants who were individually interviewed had previously participated in the focus groups, except three from zone A
and two from zone B, who were only individually interviewed. ** “Educational level” applies to older participants and volunteers and
“occupation” refers to professionals.

We intended to interview all 26 participants who finished the program out of 38 older
people who started, but only 23 were available. None of the participants were excluded for
any other reason. Moreover, one participant who had dropped out of each intervention
group was selected taking into account their gender and the heterogeneous reasons for
leaving the program: two women, one of whom dropped out to care for a family member
and the other had an injurious fall, and one man who started a social activity. Furthermore,
nine older volunteers who accompanied the three intervention groups were interviewed.
One man and one woman initially involved as volunteers were not available. All six
professionals involved as facilitators or observers were interviewed.

2.4. Data Collection Techniques

Focus groups and interviews were semistructured and followed a topic guide with
open-end questions. The topic guide had been previously planned and prepared based on
a review of the literature and the objectives of the study. The guide included adaptation
according to the type of informant and had been agreed by the research team (Appendix A:
“Topic guides of the semistructured interviews and focus groups with participants, volun-
teers and professionals”). The topic guide was pilot tested with the first two informants
of each profile. Despite the structured script, the interviewer had the possibility to adapt
the topics, add and change questions according to the progress of the group discussion.
Focus groups with participants explored the perceived benefits on participants regarding
loneliness, social support and participation, and health, accounting for contextual factors.
In the interviews, participants were asked about their loneliness and participation prior to
the program and the perceived benefits. Volunteers and professionals were asked about
their perceptions of the process and benefits observed on participants.

Three focus groups with older participants and 41 semistructured interviews were
conducted: 26 with older participants, six with professionals and nine with volunteers
(one individual interview and three with small groups). Interviews and focus groups were
conducted at the end of the intervention, in June–July 2012. Twenty-six older people were
interviewed twice: in the focus groups conducted in their natural group during the last
session of the program, and in an individual interview, in order to gain more personal
information about their situation prior to the program, the process carried out and the
perceived benefits.

Interviews with participants were partly conducted at participants’ homes and partly
in a local senior club. Focus groups and interviews with professionals and volunteers were
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conducted in each primary health care center. Interviews lasted approximately one hour
and focus groups around 1.5 h.

Moreover, participant-observation was conducted in all 15 sessions of the program
in the three zones by one or two members of the research team. Field notes included any
positive and negative information on the implementation of the intervention and the atti-
tudes and reactions of participants, volunteers and professionals along the sessions. Notes
were rigorously collected differentiating observed facts from subjective interpretations. A
total of 58 field notes from observations were taken. All techniques were conducted by
two female researchers (LCP, medical doctor, and GV, sociologist), both with experience
in ageing research. As a consequence of the observation period, researchers established a
rapport with participants during the 4.5 months. Participants were aware of the researchers’
involvement in the program.

2.5. Data Analysis

All conversational techniques were digitally recorded and transcribed (by DR, sociolo-
gist). A thematic content analysis was conducted. The analysis involved a triangulation
of techniques, researchers, and informants. Two female researchers (DRA, sociologist,
and LCP, medical doctor) independently analyzed the transcripts. DRA is an expert on
qualitative research and was not involved in the program. The analysis was conducted
according to following steps: (1) formulation of pre-analytical intuitions after successive
readings of the transcriptions and the notes from documentary techniques; (2) creation of
an initial analytical framework and text codification; (3) creation of categories by grouping
the codes according to the analogy criterion based on predefined themes (experiences prior
to the program, processes undergone during the intervention, influences of health, and
context and perceived benefits according to the social capital theory) and new emerging
elements from the discourses, with a continuous cross-checking between the categorization
and the source of the data that combined a deductive and inductive approach; (4) analysis
of each category and relationship with the others; (5) elaboration of the new text with the
main results.

The loneliness model, the theories of behavior change, such as the social cognitive
theory and the stages of change of the trans-theoretical model, and the three ageing crises
were used to interpret the findings once data had been coded and categorized.

The results were structured to build an explanatory framework of the processes
that participants underwent during the program, their perceived benefits and the main
influencing factors. The results and the framework were discussed with the entire research
team and verified with the corpus when needed. Informants verified results by providing
their feedback on preliminary results. Informative richness for a deeper understanding of
the phenomenon studied around the program was achieved according to the study aims
and research questions. Data saturation was reached at the end of the analysis in the main
categories for women, since participants were not contributing with new information.

2.6. Ethical Considerations

The ethics committees from IDIAP Jordi Gol and Universitat Autònoma de Barcelona
approved the protocol (Ref number 1403). The informants participated voluntarily after
signing informed consent forms. Anonymity, confidentiality and protection of stored data
were guaranteed. No financial or material compensation was offered to informants.

3. Results

As recommended in the Standards for Reporting Qualitative Research [32] the results
section comprises the synthesis and interpretation of the main findings with interpretations,
inferences, and themes. Those are illustrated with quotes and field notes gathered in the
qualitative procedures as evidence linking the results to the empirical data to substantiate
the analytic findings and illustrate the process of interpretation based on these data. The
verbatim quotations selected are the most representative of each theme, according to the
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richness of the idea or result they illustrate. Quotations from participants’ discussions
included were translated by a professional scientific bilingual translator.

3.1. Participants’ Experiences of Participation and Loneliness prior to the Program

Two profiles of participants were identified regarding previous experiences of par-
ticipation. The first profile was composed of participants with no previous experience of
formal participation. They were women with a low educational level and mainly widowed.
Their life had been focused on family and house care, and caring had been a barrier for
participation. They shared trajectories of disempowerment, lack of courage to partici-
pate alone and renouncing to make decisions that they considered would be unfaithful
towards others. Some women had no friends, had participated in social activities only with
their husbands and stopped participating when they passed away. Some of them had no
previous knowledge on community assets, or had prejudices, especially about senior clubs.

“He didn’t want to go, because I sometimes said “let’s go and see”. We live beside the
senior club . . . ( . . . ) but I didn’t have the strength to say “if you don’t come, then I’ll
go on my own””. Participant 5, Woman, 78 years old, Zone C.

The second profile had previous experience of social participation. They were mainly
single, divorced or widowed, including the only widower. Widows who had participated
together with their husbands in community assets had ended participation when their
husbands passed away. Those who had participated on their own had conducted activities
for other people (e.g., sewing), with others (e.g., social activities) or to help others (e.g.,
volunteering) and it had been a source of mental wellbeing. They had stopped mainly due
to age-related health problems (e.g., chronic pain), economic problems, or translocation.
Stopping them had contributed to their loneliness. Nevertheless, some participants re-
ported having found ways of coping with limitations to maintain some informal activities,
like overcoming pain to go for a walk.

“For a long time I used to go there every day (to a center for disabled children) . . . look
at my knee, I’ve needed an operation for 18 years but I decided not to have it, and I
can’t feed them from sitting, because sometimes you have to hold their head and I can’t.”
Participant 1, Woman, 83 years old, Zone C.

Three main profiles of participants were identified regarding experiences of loneliness.
In the first profile, participants expressed their loneliness as a consequence of widowhood.
Their husbands’ absence had left a void that was impossible to fill and finding a new
partner was disregarded to avoid being a “servant” again or because their husband was
irreplaceable. They were living alone, suffered from loneliness mainly at home and coped
with it by talking with their deceased husband, going out for a walk or having a pet.

“I’m missing the most important thing, I’m missing my husband.” Participant 29,
Woman, 78 years old, Zone B.

In contrast, a recently widowed man who dropped out had joined the program to find
a new partner.

Many of them had cared for family members and started to feel lonely after or while
caring. They explained feeling lonely despite the support perceived and received from
their family and neighbors. In some cases, widows suffered depressive symptoms and
anxiety or had a pharmacologically treated depression. Nevertheless, it is to be mentioned
that a minority of them expressed widowhood as a relief from a constrictive marriage.

The second profile comprised some long-term widowed, divorced or single partici-
pants who expressed that they were solitary. They expressed having a fear of relating with
others, a lack of social relationships and that they received pressure from their family to
interact more.

“I’ve done it (joining the program) mainly because I had a problem relating with others,
isn’t that right?” Participant, N. 18, Woman, 65 years old, Zone A.
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In the third profile, participants were suffering from loneliness in company. They
had moved to live with their children due to health problems, or their children and
grandchildren had moved to live with them due to economic problems. Older women
expressed missing having their own space and a lack of communication with their children,
who had little time for them.

“My daughter and I have a good relationship, but I can’t have any conversations with
her . . . She takes care of me if I am ill . . . but I can’t tell her stories about older people;
they are very tedious, because she has no time. It’s true, she works long hours and has no
time. She would like to listen to me and so on, but she says “Ah Mum, not today, I have
no time, maybe on Sunday . . . ”. “Participant 28, woman, 71 years old, Zone B.

In addition, providing economic support to their children was a strong source of
worry that intensified their loneliness.

“And now I’m turning 74 years old. I thought than when I was old, I would have my
retirement prepared, I thought I could live my life a bit. But I see it is the other way
round, that now I have to be there for the others, instead of them being there for me; I am
the one who has to be there for everyone.” Participant 2, Woman, 73 years old, Zone C.

Table 2 summarizes the previous results regarding participants’ experiences when
entering the program showing the identified profiles on loneliness and participation.

Table 2. Summary of results regarding participants’ experiences prior to the program.

Participants’ Experiences Prior to the Program

Experiences of participation

No previous experience of formal
participation

Knowledge about local community
assets: no knowledge, perceived barriers
or prejudices

Life focused on family and house care

Previous experience of social
participation but stopped

Participation linked to husband (stopped
when widowhood)

Due to health-related limitations

Due to changing neighborhood

Due to economic constraints

Experiences of loneliness

Loneliness attributed to widowhood

Participants who expressed that they were solitary but wishing more social
relationships

Suffering from loneliness in company
Lack of communication

Lack of own space

Factors worsening loneliness

Economic constraints, e.g., providing
economic support to family

Urban–rural translocation with
insufficiently built social network

3.2. Perceived Benefits on Participants during and after the Program

Professionals and volunteers observed changes in participants that they attributed to
the intervention. The benefits were more intensive among those participants who adhered
more, suggesting a dose–response effect.

3.2.1. Perceived Benefits on Social Support

Professionals and participants expressed that the program was especially successful
at promoting mutual support. Living in the same area gave them a feeling of familiarity,
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and participants often met each other on the street, and sometimes walked back to their
homes together.

According to participants, the group provided companionship, a feeling of social
integration and sense of belonging to the group. The group was perceived as a space of
attention, respect and affection to give and receive emotional support. When a participant
suffered an injurious fall, was in low mood or had a new illness, support relationships
could be observed.

Many participants were part of a group for the first time and for some participants,
the group was the only place they had to socialize.

Participants discovered that peer relationships, as opposed to relationships within
the family, provided a way of communicating shared worries and interests by sharing a
similar age.

“We are the same age, you can talk about the same things . . . youth, depending on the
topic . . . you talk but . . . , I don’t know, youth is very different. ( . . . ) For me, the
company of one or the other is different. With the group companions there . . . , I don’t
know, maybe it’s another freedom, another thing because since we all speak about the
same thing, pretty much, about what happens to us and about what we do not have . . . ”
Participant 29, Woman, 78 years old, Zone B.

Participants identified others as a model to follow or, on the contrary, as a model to
avoid, evoking positive changes.

Some participants became friends and started visiting and calling each other. While
some people were previously aware of missing having friends, others made friends for the
first time.

“(...) because I don’t tend to go out with friends here and there. But now it’s different,
since I’ve been coming here ( . . . ) Look, I get on very well with Maria, she’s a lovely and
good woman and we get on great together. For her it’s the same; she says “I’ve found a
shoe for my foot, because I don’t trust anybody but you”.” Participant 37, Woman, 77
years old, Zone B.

In some cases, new friends generated subgroups that integrated other participants,
including those who were more socially isolated. In other cases, friendships were closed,
and some participants felt excluded.

“... and they seem to have become very united to go out on walks together ( . . . ), but I
go by and they are sitting there and never say “do you want to come with us”, so I go
home....” Participant 2, Woman, 74 years old, Zone C.

The group comprised different profiles regarding educational levels, age-related
disability and health problems, which unified but also divided the group. Some participants
expressed having felt united and treated without differences. In some cases, participants
and volunteers developed support relationships with more vulnerable participants, moved
by compassion. Telephone contact was especially relevant between participants with
mobility limitations or living apart, and also for volunteers to support participants.

“The one I see who needs to cheer up is Margalida, she is very down... (...) For me it’s no
effort because it’s something I’ve done all my life, listen to people and be at their side and
support them. Let them tell you things, especially that . . . I’ll go and see her this week,
because she called me the other day and I went to her house and now I want her to come
to my house”. Volunteer 2, Woman, 77 years old, Zone A.

However, those participants with mobility limitations and hearing impairment were
at higher risk of not establishing friendships and dropping out, thus losing the opportunity
to benefit of the program at any level.

The few participants with a higher educational level expressed not sharing interests
with the rest. For them, feeling valued and helpful for more vulnerable participants was
key to remain in the program. In one group, there was a conflict with one participant. She
felt more skillful and was jealous of those who participated more in the group.
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“You can see that she doesn’t stop talking, she always wants to speak . . . and from the
first day there has been a conflict, and everybody saw there was a conflict. Even Jose said
he didn’t feel comfortable because of her. And of course, this has restricted the dynamic a
bit, hasn’t it? It hasn’t been easy . . . ” Social care professional 1, Woman, Zone C.

3.2.2. Perceived Benefits on Loneliness

Most of the participants reported that their loneliness decreased after the program by
feeling accompanied by peers and professionals, and thanks to the bonds established and
to having become aware of and engaged in local activities of their interest. While some
people said they no longer felt lonely because of new friendships, others continued to
suffer from loneliness, but with less intensity. The awareness that loneliness was a common
matter helped them to cope with it by realizing they were not alone in their loneliness.

“I don’t feel lonely, now I have friends”. Participant 28, Woman, 71 years old, Zone B.

“Like bread and butter: loneliness is easier to digest when in company”. Participant 4,
Woman, 78 years old, Zone C.

Some participants expressed a transitory benefit on loneliness. For them, home was the
space of loneliness, while the group and the street were relational spaces. Likewise, some
participants said that the improvement would vanish once the group finished. Nevertheless,
thinking and talking about the program with others also helped them to feel less lonely.

“I am happy to join the group, but then, when I get back home, I fall apart, I need to be
on the street with someone . . . at home, alone, is bad . . . ” Participant 35, Woman, 81
years old, Zone B.

Some widows who attributed loneliness to widowhood reported no decrease in
loneliness after the program. Accordingly, in these cases the main effect desired of the
intervention was not achieved. However, these participants reported other benefits such as
an increase in social relationships, well-being and empowerment.

“Since my loneliness is due to missing my husband, it cannot be replaced, at the moment,
or ever.” Participant 13, Woman, 75 years old, Zone A.

3.2.3. Perceived Benefits on Social Participation

According to all types of informants, the program was generally successful at helping
participants to discover and sometimes engage in local activities.

Visiting community assets allowed participants to get a sense of what was available
and to remove prejudices. Moreover, some people returned to community resources where
they used to go with their husbands.

“The satisfaction of seeing things I had never seen before, although you imagine them,
you’ve seen them on TV, but being there inside, you see it, you touch it, it is a big
satisfaction . . . ” Participant 5, Woman, 78 years old, Zone C.

The visits included testing local activities and triggered participation in a wide range
of activities. Some participants started participating in activities immediately and others
started later during the program. They became engaged in activities that suited their
interests, abilities or worries (e.g., memory training). Belonging to the group facilitated
becoming engaged with other peers. Thus, new friends easily did new activities together,
accompanying each other and reinforcing their friendship.

“Carme and Teresa meet up to go to the cinema, since they live near each other, and
Carme does not like going out on the street on her own at night. They meet up to see
the film that the parish puts on in the cinema and has been recommended to them, but
it’s not a planned activity; it’s an extra outing.” Field note, researcher LCP, referring to
participants 10 and 13, Women, 75 and 80 years old, Zone A.

Other participants made specific plans to start activities the following year and some
exclusively connected with their wish to participate. For some participants, socializing was
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very important but participating in activities was not. Some participants, especially those
who had been caregivers over the past years, discovered the value of doing activities with
other people.

“Everything we did there was new to me. Everything . . . ” Participant 12, Woman, 79
years old, Zone A

Low self-confidence and low communication ability, often related with low education,
limited the benefits on participation to the extent of feeling they were not up to join
community assets.

“She tells me she’s odd and that she thinks everything is very nice and would like to get
involved but she doesn’t feel capable because she is silly, she doesn’t express herself well,
she talks poorly...” Field note, researcher LCP, referring to the participant 30, Woman, 84
years old, Zone B.

3.2.4. Perceived Benefits on Health

Participants, professionals, and volunteers agreed on the improvement in mental
health. The program was seen as a strategy to prevent or alleviate depressive symptoms.
Many participants took antidepressive drugs and/or tranquillizers and explained feeling
better after the program. Some women expressed that the program was a salvation to them.
One participant explained having solved her sleep problems.

“For me, beforehand, I wasn’t able to go anywhere on my own. Now, I’ve changed! If I
had to go for an X-ray, I had to be accompanied, and, since I have claustrophobia, in a
lift and things like that . . . but now, I go alone wherever it may be, an X-ray, Sant Pau
(Hospital) . . . I’m a different woman!” Participant 5, Woman, 78 years old, Zone C.

According to the professionals, some participants were initially trapped in a loop
linked to loneliness with an obsessive focus on illnesses and woes, but the intervention
successfully broke it by connecting them with others, awakening the wish to remain
connected and helping them to forget about their worries.

Sharing their woes and coping strategies among peers during the sessions was gener-
ally relieving and helped them to deal with them, although specific people needed to feel
their suffering was greater.

“By participating, you don’t feel lonely, with everything you are experiencing.” Partici-
pant 18, Woman, 65 years old, Zone A.

Specifically, sharing the way in which they talked with their deceased husbands to
overcome loneliness helped them to feel better instead of “crazy”, as they said.

In terms of positive mental health, participants reported an improved subjective well-
being, becoming aware of worse circumstances and valuing their situation more. They
reported being more understanding and empathic, and having more trust in other people;
particularly those who were more closed and socially isolated. Others explained being
more compassionate, respectful and having learned not to judge others. Likewise, they
also reported feeling less worried and more able to deal with economic, family and health
problems. Those living with family members expressed having learned to be more tolerant
in cohabitation with other household members.

An empowerment process was observed that contributed to alleviating their loneliness.
According to the three groups of informants, the program contributed to the development
of personal potential and autonomy to participate and to live their life as they wanted, with
less dependency on their children. They had a feeling of strength and of power to decide.

“My daughter wanted me to spend every Sunday with them, but I didn’t like it and I
used to say: “but why do I have to be here every Sunday?” and she’d say “so that you’re
not on your own” ( . . . ) And now, if one day I don’t want to go for lunch I say “today, I
won’t come for lunch, don’t wait for me because I’ll be with Maria”, now it’s different.”
Participant 37, Woman, 77 years old, Zone B.
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Participants attributed their empowerment to the attention and value received. Addi-
tionally, realizing they had helped peers was very satisfying and increased their self-esteem,
since it gave value to their life experience. Accordingly, feeling useful and able instead of
useless meant that their life was not ending and was worth living.

“(With the program) you have another stimulus, you feel like living, you feel like someone
needs you for something. You feel that you, life, or God or whatever, needs you for
something. Do you know what that feels like?” Participant 29, Woman, 78 years old,
Zone C.
In particular, those participants with a life trajectory that was family-oriented, said

that they reached a new sense of freedom in their lives. Those participants with severe
physical conditions felt connected with their wish to live by becoming aware that others
do care about them. They were aware of their own empowerment process and participants
mutually reinforced each other. It was strange for them having lived until then without
these satisfying aspects of life. However, participants did not see themselves able to lead
the continuity of the group and wanted someone as a leader to tell them where to go.

Empowerment was also enhanced by discovering new interests. Becoming engaged
in local activities like physical activity and memory training especially promoted healthy
ageing, but their physical activity also increased by starting to participate.

The program had some benefits on self-care and healthy lifestyles. Participants were
motivated to dress smartly, some of them rediscovering the desire to get dressed up after
widowhood by identifying some participants as a model to follow.

Two participants with hearing impairment felt motivated to wear the hearing aid that
they had not used before because they wanted to feel connected to others in the group.

Through the program, they became aware of the relevance of taking care of their own
health, especially those who had cared for a spouse and whose own health and self-care
had not been a priority before.

Nevertheless, participants reported limited benefits on physical health, since many
participants reported suffering from chronic conditions with aches that were difficult
to alleviate.

Table 3 summarizes the results on the benefits of the program attributed to the inter-
vention on social support, loneliness, participation and health. In each category, no effect,
adverse effects, facilitators and mediators are specified when identified. Mediators are
factors interpreted to be necessary in the pathway to reach benefits, while facilitators are
factors considered as enhancing that area.

Table 3. Summary of results regarding perceived benefits of the program.

Perceived Benefits of the Program

Perceived benefits on social support

Company
Social integration
Sense of belonging
Support relationships:

� Friendship: participants with affinity becoming friends,
including or excluding others (adverse effects)

� Compassion: Relationship with more vulnerable
participants moved by compassion

Conflicts (adverse effects)

Mediator Social network among peers from the same neighborhood

Facilitators Previous knowledge among participants

Perceived benefits on loneliness

Loneliness decreased
Transitory improvement in loneliness: during the program or
during the group sessions
No improvement in loneliness (in case of loneliness attributed
to widowhood)
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Table 3. Cont.

Perceived Benefits of the Program

Perceived benefits on participation

Do not want to participate (no effect on participation)
Connecting with the wish to participate
Plans for participating
Started participation

Mediator Knowledge on local community assets

Facilitator Local activities that meet interests, abilities and worries

Perceived benefits on health

Disconnect from worries and discomfort
Self-reported improvement of mood and decrease depressive
symptoms
Better strategies to affront health and personal problems
Increase trust in others
Better self-care and healthier lifestyles
Feeling useful, able and strong; life is not ending, life is worth
living

Mediator Empowerment process, autonomy to participate, feeling of
strength and of the power to decide

Barriers

Vulnerabilities:

• Age-related health limitations: acoustic limitations,
chronic diseases and mobility disability

• Low education: poor communication ability
• Personal resources: low self-efficacy and poor

coping strategies

3.3. The Role of Urban, Semirural and Socioeconomic Context

Some differences and communalities could be identified between the three zones
considering their semirural and urban contexts and the different socioeconomic levels in
the urban neighborhoods.

As mentioned in Table 2, loneliness was worsened by a recent or prolonged translo-
cation when the older person had not built a sufficiently fulfilling social life. This phe-
nomenon was observed in all three zones, with translocations from urban to the semirural
area, from rural areas to the city or when moving within the same city.

“I say: so, you (meaning the husband who had died) were the one who wanted to live here
(in the semirural area), you go, you leave me alone and I remain here”. Participant 13,
Woman, 75 years old, Zone A.

Only in the urban context, participants mentioned that the program contributed to
a less hostile neighborhood. In the semirural area, many of the participants knew each
other before, but the previous dynamics greatly influenced future relationships that could
be built. Otherwise, in both urban areas, it was uncommon that participants knew each
other and in these few cases, a previous relationship facilitated developing supportive
friendships. Community assets were also already known in the semirural area but not
their full range of offers. Whereas in the urban areas, many participants expressed surprise
when discovering the opportunities for participation that they had near their homes.

Although the urban zones were different in terms of socioeconomic levels, observed
processes and perceived impacts were more influenced by the socioeconomic characteristics
of the participants than the contextual ones. Indeed, both zones were similar regarding
some features that were relevant to enhance the effects of the program by promoting
social interactions beyond the sessions. For instance, at that time, in both urban zones
several community assets offered a diversity of activities and older people were present
and relevant in the community life, e.g., participants easily met in their daily errands,
sitting in benches or walking in pedestrian zones.
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4. Discussion

4.1. Interpretation of Findings

The results of the qualitative evaluation of the program were convergent with the
already published quantitative effects on loneliness, social support, and participation [30].
However, regarding reported health benefits at post-intervention, qualitative findings
suggested changes that validated scales in the quantitative study could not detect at post-
intervention. Nevertheless, at two years follow-up, the quantitative evaluation did detect a
decrease in depressive symptoms in line with the qualitative findings. Accordingly, the
main benefits of the program on mental health are in line with the protective effect of social
capital on mental well-being among older adults [34].

Our results are consistent with research reflecting that handling loss is key in the atti-
tude towards participation and social relationships [35]. Our study adds that interventions
might encourage lonely people overwhelmed by loss to connect with meaningful activities
and establish positive social relationships.

Our findings are consistent with the qualitative results of other programs in the same
area like the Circle of Friends [28]. In both studies, participants felt alleviated sharing
their diverse experiences of loneliness, although particular cases competed to be the worst
case. Additionally, in both programs mutual support was observed, subgroups developed,
and participants especially helped those who were more vulnerable. Meetings outside the
groups were self-organized. Similarly, mild conflicts in relation with power games were
rare but present and affected the group dynamic. Both studies showed that participants
increasingly paid more attention to their appearance. Equally, the heterogeneity in age-
related limitations influenced the group dynamics, limiting the participation of those more
vulnerable participants.

The loneliness model could partly correspond to the type of loneliness observed by
professionals prior to the program. The loneliness model proposes that chronic loneliness
entails a cognitive bias consisting of a self-reinforcing loop associated with negative social
expectations that cause social distance [36]. In this case, the self-reinforcing loop would
be centered on illnesses and woes. However, participants were released from it at least
during the program. Indeed, social relationships and participation seemed to create a
positive self-reinforcing loop; opening participants up to others and to new experiences,
relativizing their situations and encouraging them to get out of an introspective state,
and thus involving more social relationships, and more participation that brought more
meaning to their life. Accordingly, the observed empowerment process confirms the
suitability of the empowerment model informing a successful design of the intervention.

The program helped participants to overcome, at least in part, the three ageing crises
of autonomy, identity and belonging and consequently brought the feeling that life was
worth living to participants and alleviated their loneliness [5]. It helped them to take care
of their image and health, to take up their interests again, and provided them with the
feeling of belonging to the group and their neighborhood. Mutual support helped them to
overcome or cope better with their limitations and they felt more capable and useful.

The role of modeling, and the reported increased self-efficacy are in line with social
cognitive theory [25]. Moreover, the stages of change of the trans-theoretical model sup-
ports the different levels of change described among participants: some participants started
the action during the program (participation), others were in the preparation stage (were
ready and made concrete plans), while others were in the contemplation stage (getting
ready, connecting with their wish to participate) [26].

In line with the salutogenic approach, benefits were mainly reported on well-being,
the social aspects of health and positive mental health, and there was also a decrease in ill
mental health [4].

However, some participants did not report benefits from the program in certain
spheres of their lives. Poor physical function and low socioeconomic level, especially when
linked to low education, low self-confidence and low communication abilities, hindered
engaging in the program and limited the process of change among participants. This is in

188



IJERPH 2021, 18, 5580

line with previous research that shows that socioeconomic factors are key factors linking
social relationships with health [4]. Nevertheless, it is to be remarked that this group of
women had difficulties to access and continue formal education in their childhood and
youth, which explains their low educational level. However, those with certain personal
capabilities and social abilities could further develop and grow with the program. Moreover,
some widowed participants who attributed loneliness to their widowhood continuously
felt lonely although expressing an increase in social relationships. The distinction between
social and emotional loneliness could partly explain why these cases remained emotionally
but not socially lonely. While social loneliness occurs when the number of relationships
with family, friends and colleagues is smaller than desired, emotional loneliness refers to
situations where the wished intimacy in confidant relationships is not realized [37].

Lastly, the historical and cultural context seems to configure a generation of older
women who had grown up assuming traditional roles of dependence on their husbands.
Some of them remained powerless in widowhood, while others were relieved, and others
managed widowhood well alone over time. In addition, the 2008–2009 financial crisis
seems to have worsened the experience of the ageing process and enhanced loneliness by
stressing family dynamics.

4.2. Strengths and Limitations

The rapport built between researchers and participants during the program generated
a trust that facilitated the observation of the sessions and sharing personal experiences
in the interviews, although it might also have influenced their answers, consciously or
unconsciously wanting to please researchers. Nevertheless, the assumptions we had as
researchers regarding how and why the program should have reduced their loneliness
were challenged from the first group session to the last interview.

Among informants, men were rare, since women were a clear majority among par-
ticipants and the only gender among volunteers, professionals and researchers. This fact
has as consequences that the men’s discourse is underrepresented in the results. However,
community-based programs targeting older people in Spain are frequently dominated by
women [38]. Accordingly, our study contributes to the understanding of the experiences
of women, who are the majority of users of this type of program. Moreover, older peo-
ple who adhered to the intervention were the majority among informants. Nevertheless,
three people who dropped out for different reasons were interviewed, and the participant
observation technique involved all participants since all sessions were observed.

Benefits reported by older people at the end of the program were triangulated with
those perceived by volunteers and professionals and with the observations of researchers
during the process. Accordingly, the richness and complementarity of the information
generated with the different techniques and the three types of informants are a strength
of the study, since triangulation of informants and techniques is a criteria for rigor and
quality in qualitative research to enhance trustworthiness and credibility of data analy-
sis [31]. Nevertheless, the constructivist research paradigm framing qualitative research
does not aim to study a representative sample and generalize the results, but to study in
depth a phenomenon in a given context that can be transferred to similar contexts [39].
Moreover, qualitative results can guide further quantitative research to objectify, quantify
and generalize the magnitude of effects.

Qualitative findings are limited to the post-intervention timepoint with no further data
on whether and how the perceived effects lasted and what was the trajectory of participants
not experiencing certain effects. However, the quantitative evaluation was repeated at
two years follow-up and significant long-term effects on loneliness, social participation
and depressive symptoms were detected [30]. Moreover, almost half of the participants
maintained long-term contact with at least one person from the group and 40% continued
participating in activities [30].

Lastly, primary care professionals involved in the program were especially motivated
to work on loneliness, and the implementation of the program might face barriers in pri-
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mary health care contexts with a strong biomedical focus. Accordingly, caution is required
before transferring these results to other settings. Nevertheless, similar community-based
programs in different contexts, such as Circle of Friends, have shown their applicability.

4.3. Implications for Research, Practice and Policy

This program supports the WHO Active and Healthy Ageing policies and provides
insight into how to enhance social networks and participation while ageing to enhance
well-being.

In addition, our findings should support current practices and policies of social
prescribing programs, which link primary care patients with community resources with the
aim of strengthening participation and social support, and promoting health, particularly
mental health, and well-being [40].

Nevertheless, the role of primary health care in loneliness interventions may differ
according to the cultural context and the characteristics of the health and social care system
and the available community resources [41]. In any case, attention must be placed on not
medicalizing loneliness when interventions are developed in primary health care.

Regarding the intervention design, guaranteeing the continuity of the group remains
a challenge, as well as an appropriate follow-up to enhance, if needed, participants’ en-
gagement in the social activities in community assets. Strategies are needed to focus on
those persons with social and health vulnerabilities and, consequently, at risk of dropping
out or of being socially excluded during or after the program.

4.4. Future Research Directions

Future research should include more qualitative evaluations of interventions for a bet-
ter understanding of personal processes and perceived intervention benefits on loneliness
and unintended effects, addressing its complexity, including context specificities [42].

Programs addressing loneliness tend to reach and work well with certain profiles
of people (e.g., widow women), while they might be missing some others [43]. Indeed,
loneliness is crossed by inequality axes such as gender, age, social class, disability and
ethnicity [44]. Some of these profiles might be “hard-to-reach” if they are not specifically
targeted by programs. In this vein, a deeper understanding of the perspective of men
and participants dropping out of programs tackling loneliness is fundamental to rethink
interventions to reach them, identify profiles at risk of dropping out and address their
potential reasons. Therefore, there is an urgent need to move towards personalizing
interventions with and for older people with an equity perspective. Moreover, future
studies should assess the long-term effects of such interventions, also from a qualitative
perspective, especially when the ageing process might further affect their abilities and
opportunities to participate and socialize.

Finally, with the expectation of an increasing number of vulnerable older people
vaccinated against COVID-19 in Europe, research should guide post-pandemic times on
how to rebuild social capital, especially in older people with aggravated loneliness during
the pandemic.

5. Conclusions

The qualitative evaluation of the Paths program has contributed to understanding
the complex processes that are involved when promoting social capital in older people
with low participation and loneliness. The intervention tried to promote social capital
to make it a social resource available to all group members. Different degrees of success
were observed among participants on their reported alleviation of loneliness, increase
in social relationships and engagement in social activities. In the most successful cases,
the program enabled their empowerment and enhanced processes of change. Those
participants reported an improvement in mental well-being, experienced new freedoms
and became reconnected with the sense that life was worth living. However, some widowed
participants remained emotionally lonely and other participants were not interested in
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joining social activities. Moreover, vulnerabilities related to health, socioeconomic factors
and age-related disability limited the adherence to the program and the perceived benefits
of the intervention.

These findings should support further designs, and the implementation and eval-
uation of interventions. The cultural context of the study is a familistic society with a
primary health and social care system with a community-based approach in Catalonia,
Spain. However, our results can inspire other programs that should be flexible to adapt
intervention components to the specific contexts and to participants’ characteristics.

Our results might guide post-pandemic programs on how to resume face-to-face social
interactions and social activities among older people suffering from loneliness.
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Abstract: Six out of every 10 new colorectal cancer (CRC) diagnoses are in people over 65 years of
age. Current standardized surgical approaches have proved to be tolerable on the elderly population,
although post-operative complications are more frequent than in the younger CRC population. Frailty
is common in elderly CRC patients with surgical indication, and it appears to be also associated with
an increase of post-operative complications. Fast-track pathways have been developed to assure
and adequate post-operative recovery, but comprehensive geriatric assessments (CGA) are still rare
among the preoperative evaluation of elderly CRC patients. This review provides a thorough study
of the effects that a CGA assessment and a geriatric intervention have in the prognosis of CRC elderly
patients with surgical indication.

Keywords: colorectal cancer; elderly; frailty; geriatric syndromes; comprehensive geriatric assess-
ment; geriatric liaison; multicomponent programs; functional capacity

Highlights

(1) Individualizing interventions in the colorectal cancer elderly population undergoing
elective surgery could boost the benefits of fast-track pathways (as ERAS program),
which may be gained by CGA-guided care and a geriatric liaison or co-management.

(2) CGA should be the first step towards a multidisciplinary network which would give
the patient access to a personalized pre-habilitation and rehabilitation program.

1. Background

1.1. Epidemiology

Colorectal cancer (CRC) is the third most common cancer in the world. In 2019, the
worldwide number of new CRC cases was 1,931,590, which accounts for 10% of new cancer
diagnosis. The median age of CRC diagnosis is 67 years, with 56% of the cases newly
diagnosed corresponding to patients ≥65 years, and 31% to patients ≥75 years [1]. The
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median age at death is 72 years, and 45% of the deaths occur in patients ≥75 years old, with
21% of them in the oldest (≥85 years) [1]. The incidence of CRC has increased in countries
with a medium-high human development index (HDI), whilst it has stabilized—or even
declined—in some of the highest HDI, such as the United States [2] or certain European
countries, possibly linked to the effect of screening CRC programs [3], changes in lifestyle
and dietary habits [4,5]. Although more than 90% of colorectal carcinomas are adenocarci-
nomas, other rare types include neuroendocrine, squamous cell, adenosquamous, spindle
cell and undifferentiated carcinomas [6].

1.2. Risk Factors

Main risk factors for the development of CRC are positive family history [7], male
sex and advanced age, although lifestyle-related factors such as smoking, processed/red
meat and alcohol intake, low-fruit and vegetable diets and increased bodyweight are also
of importance [5,8].

1.3. Screening for Colorectal Cancer

The lack of specificity in CRC symptoms makes screening highly relevant, and many
tests have been developed over the years (e.g., stool test, colonoscopy). It is generally
recommended to give patients the opportunity to choose the test of their preference, as that
may increase adherence to the screening program [9]. It appears that the early detection
by screening may have contributed to the reduction of mortality by decreasing incidence
(removing precancerous polyps) and increasing survival (detecting the disease at an early
stage) [8,10]. Since the early 2000s a decrease in the elective and emergency admission
rates for CRC resection (8% and 6%, respectively) has been observed in the U.S. aging
population (≥65 years) [11].

Screening is carried out mainly in patients between 60 and 70 years of age [12],
although it is recommended for subjects of 50 years and older [13]. A large proportion
of patients 80 years and older still require urgent admissions, which could be related
to the possible lack of screening in elderly patients. Moreno et al. described how only
4% of CRC diagnosis in elderly patients (>75 years) of a medical institution in the U.S.
were determined through screening colonoscopy, whereas in younger patients (range:
50–75 years) this percentage rose to 14% [14]. Both the U.S. Preventive Services Task Force
and the American Cancer Society recommend CRC screening until the age of 75 years
(when life expectancy is greater than 10 years) and individualization in patients between
76 to 85 years, as in this age group screening benefits decrease while the risk of suffering
associated complications increases [9,15]. The U.S. Multi-Society Task Force of Colorectal
Cancer suggests continuing screening up to 85 years only if no previous screening has
been done, and stopping it at 75 years if prior screening tests have been negative [16].
Interestingly, Van Hees et al. carried out a microsimulation modeling study to try to
determine at what age CRC screening should still be considered and they concluded that
in unscreened elderly without comorbidity colonoscopy screening was cost-effective up to
age 85 years, decreasing to 82 and 79 years in the case of elderly patients with moderate to
severe comorbidities, respectively [17].

1.4. Colorectal Cancer Management

Endoscopic management is achievable in early malignant lesions, but surgery remains
the main foundation of CRC treatment. According to the U.S. Healthcare Cost and Utiliza-
tion Project Nationwide Inpatient Sample, comprised by 1,043,108 patients over 45 years
of age that had undergone CRC resection, most of them (64%) were 65 years or older,
including 29% septuagenarians and 23% octogenarians and nonagenarians [11]. Even
though a mean decrease in mortality after CRC surgery was described in the early 2000s
(being this improvement most notable in patients 85 years and older) [11], and that long-
term survival is achieved in the surgical CRC elderly population [10], it has been stated
in the literature that differences of CRC management exist between age groups. Elderly
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patients are less likely to undergo CRC surgery in comparison to younger individuals [18].
Simmonds et al. showed how, in a population of 34,194 patients with CRC from various
studies, 21% of those aged over 85 years did not undergo operation, while the rates of no
surgical intervention were 11% in the 75–84 years age group, 6% in the 65–74 group and 4%
in those aged 64 years or younger. Additionally, 33% of the surgeries performed in patients
over 85 years had a palliative intent [19].

Also, elderly patients with a more advanced tumor stage were less often offered adju-
vant therapy [18]. These differences have been sustained by other groups. Sell et al. recently
described, in a retrospective analysis of patients with colon adenocarcinoma who under-
went surgical resection in an American hospital, how younger patients (aged 79 years or
less) were more likely to receive adjuvant chemotherapy when compared to octogenarians,
with rates of 48% vs. 9%, respectively. Although they found phenotypic tumor differences
between groups (octogenarians presented with larger tumors but less extra-colonic spread)
the difference in adjuvant therapy remained when analyzing patients of all stages and when
excluding those with American Joint Committee on Cancer Stage IV disease. Interestingly,
they also described how in younger patients the use of chemotherapy increased with tumor
size, while in the elderly it decreased [20]. Serra–Rexach et al. conducted a retrospective
cohort study in a Spanish university hospital in which it was found that age was the main
reason for different therapeutic approaches in elderly (≥75 years) and younger (<75 years)
CRC patients. Although no differences were observed between groups in tumor degree of
differentiation, extension or stage at diagnosis, those individuals aged over 75 years were
less likely to receive surgery, radiotherapy, and chemotherapy [21]. Older population is
frequently underrepresented in randomized clinical trials (RCTs) [22] and, consequently, it
is difficult to reach evidence-based clinical recommendations that apply to the treatment of
the elderly CRC population [23].

Laparoscopic surgery (LS) has gained importance over the years due to its short-term
beneficial results compared to open colectomy (e.g., decreased post-operative morbidity,
faster recovery of bowel function, reduction on length hospital of stay (LOS)) with a low
rate of conversion to open surgery (OS) [24–26]. It has proven to be an effective and
safe procedure for treating elderly CRC patients [27]. A matched case-control study by
Hinoi et al. which only included elderly patients with a diagnosis of colon or rectum
adenocarcinoma (median age: 83 years) pointed out how the outcomes of LS in this
population are not inferior to those of OS [28]. Regarding the surgical act, they showed
how the LS approach—for both colon and rectal cancer—was longer in duration, but
had lower blood loss. In the post-operative period, patients who had undergone LS for
colon cancer had a faster return of bowel function, a shorter hospital stay and were able
to initiate fluid and solid diet in less time than OS patients. Those who had undergone
rectum LS also had a faster return of bowel function and initiated fluid diet in less time
than OS patients, but no differences were found regarding time to solid intake and hospital
stay. Post-operative morbidity rates in colon cancer cases were 36% in the OS group
and 25% in the LS group, at the expense of a reduction in the occurrence of delirium,
organ/space surgical site infection and pneumonia. Although the post-operative morbidity
rates in rectum patients were also lower (40% vs. 47%), the difference was not statistically
significant [28]. Kannan et al. also observed how post-operative complications on elderly
patients who had undergone laparoscopic partial colectomy were significantly fewer
than in those that had undergone open partial colectomy, including every subcategory
(cardiac, pulmonary, renal, and infectious). Additionally, the LS group had lower rates of
unplanned return to the operating room, their LOS was shorter and 30-day mortality was
also significantly lower [29].

Adjuvant therapy can be considered in high-risk Stage II patients (e.g., poorly dif-
ferentiated tumor, vascular or perineural invasion, lymph nodes sampling <12, tumor
presentation with obstruction or perforation) and is recommended in Stage III patients, as
it improves survival [5,10]. As rectal cancer surgery is more complex, its approach tends to
be different, and neoadjuvant radiotherapy is common [5].
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2. Characteristics of Elderly Colorectal Cancer Population That Undergo Surgery

2.1. General Colorectal Cancer Characteristics
2.1.1. Disease Presentation

Patients over 75 years old are more likely to present with later-stage disease and to
undergo emergency surgery [19]. Bircan et al. retrospectively analyzed the characteristics
of 265 patients that had undergone a programmed colorectal surgery at two Turkish
institutions and found that the most common causes of admission differed between age
groups: blood stool for patients aged 60–69 years, bowel obstruction for those aged between
70–79 years and anemia for the oldest (>80 years) [30]. Although these last findings could
be due to the inclusion of non-malignant colon surgeries in the study, differences like
these can also be attributed as stated by the Colorectal Cancer Collaborative Group [19] to
age-related variances in recognizing symptoms or seeking medical advice, as well as to
primary-care referral patterns.

2.1.2. Complications and Post-Surgical Survival

Although intraoperative complications do not seem to be more frequent among elderly
CRC patients [30–32], no clear consensus exists regarding surgical post-operative complica-
tions. Some authors have described that elderly patients suffer more ileus, peritonitis/septic
shock, pelvic abscess, incisional/post-herniation and have significant longer time to first
flatus, bowel motion or to resume normal diet compared to younger patients [31]. Others
have not reported differences regarding post-operative surgical complications between
age groups [30]. These last findings were also found in a prospective multicenter study
conducted by the Colon/Rectum Cancer Working Group that included 19,080 surgical CRC
patients: the rate of surgical post-operative complications was not higher in the elderly
group (≥80 years) compared to the younger one [32].

Regarding systemic post-operative complications, all studies agree on how they tend
to be more frequent in the elderly when compared to younger CRC patients. This type
of complications includes respiratory [11,31,32], cardiovascular [11,31,32], renal [31,32],
and infectious [11,31,32], among others. There is also certain consensus on how elderly
CRC patients have longer LOS which may be attributed to, precisely, the higher rates of
post-operative complications [11,30–33]. Kunitake et al. described an increase of 90-day
post-discharge readmission rates in the elderly of a large CRC population (83,897 with
colon cancer, 26,794 with rectal cancer). These readmissions were mainly justified by
non-surgical complications and associated with higher comorbidity and male gender [33].

Although mortality after CRC surgery in the elderly has decreased in the past few
years [11], age is an independent predictor of post-operative mortality following CRC
resection [34,35]. Excess mortality is sustained throughout the whole year after CRC
surgery, and most patients seem to die after the 30-day post-operative period, especially
those aged 75 years or more [36]. Interestingly, older CRC patients who survive the first year
after surgery may have the same overall cancer-related survival as younger patients [37].

2.2. Geriatric Syndromes

Geriatric syndromes (GS), such as cognitive impairment, functional dependency,
falls or urinary incontinence, are clinical conditions more commonly detected on elderly
patients. Its cause is believed to be multifactorial, and their presentation is the result of
the accumulation of impairments in different systems and the inability of the individual
to compensate for them. In the elderly population, GS are associated with higher risk of
hospitalization and mortality. Both cancer and oncologic treatments can behave as potential
stressors that may overwhelm the patient’s reserve capacity and, consequently, favor the
development of GS. Therefore, the assessment of GS in the elderly cancer population is of
interest when designing care plans or interventions [38].

198



IJERPH 2021, 18, 6072

2.2.1. Functional Dependency

Functional dependency, understood as a person’s inability to live independently and
perform basic activities of daily living, has proved to be a predictor of morbidity and
mortality in the elderly population [39]. It has also been independently associated with
shorter survival time in cancer patients [40].

In a systematic review by Hamaker et al. that gathered 23 studies which assessed
long-term physical and role functioning changes in CRC patients after treatment, it was
discovered that both physical and role functioning were significantly limited at three
months after treatment [41]. Ronning et al. in an observational prospective cohort that
evaluated predictors of postoperative complications in older patients with CRC, found a
significant decline in both basic activities of daily living (ADLs) and instrumental activities
of daily living (IADLs) in the 16–28 months that followed surgery, measuring ADLs and
IADLs with Barthel Index and the Nottingham Extended Activities of Daily Living Scale,
respectively [42].

2.2.2. Frailty

Frailty is a dynamic clinical state characterized by an increased vulnerability to stres-
sors that leads to a loss of homeostasis and a subsequent increase in the risk of developing
adverse outcomes (such as disability, falls, delirium or death) [43,44]. Traditionally, it has
been defined by two different models: the phenotype model [45] and the deficit accumula-
tion model [46], both of which have showed overlap in their identification of frailty and
statistical convergence [43]. The prevalence of frailty among community-dwelling older
adults is variable, between 11% in subjects over 65 years of age (ascending to 16% in those
aged 80–84 years and 26% in those aged ≥85 years) [47]. Regarding cancer patients, in a
sample of 2349 Medicare beneficiaries with 65 years or more and a history of cancer the
prevalence of frailty ranged from 46% to 80% [48]. It has been described in the literature
how cancer patients and those who are undergoing surgery are more likely to be frail
and have more adverse outcomes than those who are not frail [49]. As a result of this,
oncologic scientific societies like the International Society of Geriatric Oncology (SIOG)
recommend the screening of frailty in older cancer patients [50]. However, there is no
standard evaluation and several tools to identify frail cancer patients have been developed,
such as the Balducci criteria [51], the Vulnerable Elders Survey-13 [52] and the G8 Geriatric
Screening Tool [53], among others. Many of these tools consider comorbidities, cognition,
nutritional status, functionality, and physical performance as components of frailty, and
others like the Fried criteria [45] only focus on a physical phenotype. Consequently, the
prevalence of frailty in older individuals with CRC and surgical indication ranges between
25% and 46%, a variability that depends on both the population studied and the tools used
to measure it [54]. It has been proposed that, regarding CRC treatment in the elderly, stan-
dard approaches may be offered to robust CRC patients while a need for an individualized
therapeutic plan must be considered on frail CRC patients [55].

Using frailty as a risk-stratification tool in surgical elderly patients is a relatively
new concept that could change their pre-operative assessment paradigm, as a growing
body of scientific evidence has emerged over the past few years. Robinson et al., in a
prospective cohort study that included patients ≥65 years undergoing elective colorectal
or cardiac surgeries, described how those classified as frail had a higher risk of developing
post-operative complications. The definition of frailty they used was based in a deficit
accumulation model in which frailty was detected when at least 4 of 7 frailty-related
characteristics (regarding function, cognition, chronic disease burden, walking speed,
nutrition and geriatric syndromes) were met [56]. Independently of the way frailty is
assessed, studies in CRC are concordant in the association of frailty and an increased risk
of postoperative complications and mortality. Table 1 shows a detailed description of the
main studies that have assessed the influence of frailty (defined by different criteria, such
as the Groningen Frailty Indicator (GFI), the Fried Criteria and a modified version of the
Balducci criteria) on post-operative outcomes in CRC patients, with similar results.
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2.2.3. Cognitive Impairment and Mental Health

The prevalence of dementia in patients with CRC is not clear. Gupta et al. in a
population-level cohort study that included 17,507 patients of 67 years or more of the
SEER-Medicare file diagnosed with colon cancer, found that the prevalence of dementia in
newly-diagnosed patients was 7%. Also, they described how dementia patients were not
only twice as likely to be diagnosed with non-invasive methods (without biopsy) but also
twice as likely to have their cancer diagnosed after death [57].

The most frequently described psychological alterations in oncologic patients are
reactive conditions, mainly adjustment disorder, followed by depressed mood and anx-
iety [58]. It has been described how depression prevalence in cancer patients can range
from 0% to 58%, with this variability attributed to factors such as tumor type, stage of the
disease, assessment instruments or diagnostic criteria employed [59]. Few data regarding
mental illness in CRC patients have been published, but both depression and anxiety are
common in this population, with published prevalence rates that range between 2–57%
and 1–47%, respectively [60]. In a recent cohort study, Lloyd et al. described an increase
in any mental illness (including depression, anxiety, and adjustment disorders, among
others) in CRC survivors since diagnosis. They also found that risk factors for mental
illness among CRC survivors include colostomy, female gender (for depression), radiation
therapy, chemotherapy, older age, advanced disease, and comorbid conditions. CRC sur-
vivors who developed mental illness had increased mortality [61]. Regarding age, some
studies have observed higher rates of depression in elderly CRC patients, but no difference
on anxiety levels [62,63].

2.2.4. Malnutrition and Social Support

Malnutrition prevalence in cancer population ranges from 20–70%, with differences
attributed to patient’s age, cancer type and stage [64,65]. In the elderly cancer subpopula-
tion, malnutrition has been described as a risk factor for mortality, functional decline and,
among others, poor treatment response [66]. In a prospective multi-center study whose
primary objective was to evaluate the impact of a geriatric screening and assessment in
elderly patients with cancer (n = 1967, median age 76 years, 22% with CRC) it was found
that, according to the Mini Nutritional Assessment, 68% of the patients were at risk of
malnutrition and 15% had malnutrition. It was also found how, following the assessment,
the most frequently planned geriatric intervention was related to nutrition (57%) [67].

Haviland et al. in a multicenter prospective cohort study that included 857 adult pa-
tients with CRC, found how—in a 2-year follow-up after surgery—levels of social support
decreased over time and how health-related quality of life outcomes were associated with
levels of social support. Also, their findings suggest that those patients with lower and
declining social support were more likely to be older [68].
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3. Multidisciplinary Team and Comprehensive Interventions in Colorectal
Cancer Patients

To assure an adequate recovery after major abdominal surgery, fast-track pathways
such as the Enhanced Recovery After Surgery (ERAS) program have been developed.
Among other elements, ERAS programs include preoperative counselling, preferred laparo-
scopic approach, avoidance of nasogastric tubes or drains when not necessary, enforcement
of postoperative early mobilization or feeding and detailed postoperative nursing-care
programs [73,74]. It has been described how the implementation of at least four ERAS
elements in the colorectal surgery pathway reduces LOS and the rate of post-operative
complications without increasing readmission or mortality risk [75]. Its feasibility and
benefits in elderly patients who undergo CRC surgery have already been described as
well [76]. However, fast-track surgery programs do not discriminate between frail or robust
elderly patients, which is of importance considering the higher rates of complications in
the former collective.

3.1. Benefits of a Geriatrics Liaison

The Comprehensive Geriatric Assessment (CGA) has been defined as a “multidimen-
sional interdisciplinary diagnostic process intended to determine a frail elderly’s person’s
medical, psychosocial and functional capabilities and limitations in order to develop an
overall plan for treatment and long-term follow-up” [77]. It encompasses many domains
of an elderly’s life to ensure the detection of a wide variety of problems (such as cognitive
disorders, depression, social isolation, frailty, comorbidities, undernutrition, polypharmacy,
and other geriatric syndromes) so that they can be properly managed to ensure the patient’s
well-being and independence.

To address the heterogeneity of elderly patients with cancer and guide oncologic
treatment decisions, scientific societies such as the SIOG have recommended improving
scientific research regarding CGA and cancer patients [78]. Although it has been described
how CGA can contribute to the detection of problems and risks often unrecognized in
regular oncologic assessments, or how CGA components have predictive risk of compli-
cations and toxicity related to treatment, a lack of standardized assessment tools and the
heterogeneity regarding CGA models in geriatric oncology difficult its implementation [78].
Nevertheless, in the most recent American Society of Clinical Oncology Guideline for
Geriatric Oncology, a CGA is recommended to all patients 65 years of age or older that
are receiving chemotherapy [48], and many randomized controlled trials have shown
that CGA-guided interventions improve key outcomes for older patients with cancer [79].
Unfortunately, its use in daily practice is complex and time-consuming.

There are studies which show how a geriatric co-management (including both pre-
operative and postoperative care) in older patients undergoing cancer-related surgery is
associated with a reduction of LOS [80] and a lower 90-day postoperative mortality [81].
As a result of this, individualizing interventions in the CRC elderly population undergoing
elective surgery could boost the benefits of ERAS programs, which may be gained by
CGA-guided care and a geriatric liaison or co-management. Interestingly, few surgeons
appear to collaborate on a regular basis with geriatricians [82].

CGA-guided assessments in CRC patients can function as a risk assessment or as
a tool to design individualized patient-centered interventions. Many studies have been
described with conflicting results. Lee et al. carried out a retrospective review of a
prospective single-center database to assess whether a preoperative CGA in 240 elderly
patients (aged 70 years or more) who had undergone elective CRC surgery was effective
in predicting postoperative morbidity. This CGA included several domains (comorbidity,
polypharmacy, physical function, cognitive, depression and nutrition), and a “high-risk”
patient was defined as one who had deficits in at least two of those domains. A total
of 95 high-risk patients (40%) were detected, and this condition was significantly and
independently associated with postoperative complications. As well, they found how
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greater independence in ADLs and fewer comorbidities were predictive of a less eventful—
and therefore better—recovery [83].

Shipway et al. evaluated the efficacy of an embedded geriatric liaison service for
emergency and elective gastrointestinal surgery using a retrospective control and a pre-
operative, in-hospital and post-operative CGA and intervention. The primary aim of
the study was the reduction in LOS. They included 682 patients (203 pre-intervention,
479 post-intervention). A total of 132 patients in the intervention group were referred to the
preoperative CGA-based assessment (from which 60% had CRC) and 26% of them were
considered unfit and did not proceed with surgery. Two hundred and thirty-three inpatient
reviews were conducted, being some of the most frequent indications discharge planning,
communication with family, high dependency unit interventions, fluid balance, cardiac
assessment, and delirium. The implementation of this geriatric liaison service supposed a
mean LOS reduction of 3 days considering all surgeries, and this reduction was maintained
in patients aged 75 years or more. However, when considering patients admitted electively
for cancer surgery, LOS reductions were not statistically significant, although a trend of
greater reduction was observed with advancing age [84]. Ramirez et al. carried out a
before–after study with the objective of assessing the effect that a geriatric co-management
program had on the LOS of elderly patients admitted to a general surgery ward. The results
of the study show how in both intervention subgroups (the emergency-admitted and the
electively-admitted), LOS was lower when compared to the control, with the CRC group
presenting a mean decrease of 9 days [85].

In-hospital geriatric co-management interventions have also been described. In a
single-center retrospective cohort study that included 310 patients aged 70 years or older
who were admitted for elective CRC surgery in a tertiary level hospital, it was found how a
daily CGA-based hospital assistance was associated with a lower incidence of delirium and
other geriatric syndromes (such as falls, pain, urinary incontinence, constipation, pressure
ulcers, malnutrition, and immobility), as well as fewer blood transfusions. Nevertheless,
they also found that the intervention group had higher rates of long hospitalizations, inten-
sive care unit admissions, serious complications, and hospitalization within the year [86].

However, although these kinds of CGA interventions seem promising, there are stud-
ies that have not shown clear benefits. Indrakusuma et al. carried out a retrospective
matched-controlled study with the main objective of assessing beneficial postoperative
outcomes of a preoperative CGA in 443 elderly patients (aged 70 years or more) who un-
derwent CRC surgery in two time periods. The most frequent preoperative interventions
derived from the preoperative CGA assessment were detection of delirium risk (64%),
vitamin supplementation (64%) and dietary supplementation (20%). Contrary to bene-
fits showed in the previously mentioned studies, in this study no differences regarding
mortality, postoperative delirium or LOS were found when the intervention group was
compared to the control group [87]. Similarly, an RCT of frail older patients that were to
undergo CRC surgery, failed to detect benefits of a preoperative and tailored geriatric inter-
vention focused on nutritional advice (34%), increased medication (30%), other healthcare
professional referral (30%) and exercise (23%). No differences between groups were found
regarding the rate of postoperative severe complications, reoperations, readmission, or
mortality. However, they found that the intervention group experienced fewer medical non
severe complications [70]. A detailed description of all these findings has been summarized
in Table 2.
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3.2. Benefits of Exercise Programs

Observational studies have shown how the highest level of physical activity (PA),
before and after CRC diagnosis, is associated with a lower risk of CRC mortality [88–90].
Therefore, CRC patients should avoid physical inactivity whenever possible [91]. Although
PA is beneficial in several aspects [92,93] its benefits vary depending on factors such as the
population included, the study design or the exercise programs themselves [94].

We found eleven RCTs assessing the effect of physical exercise in surgical CRC patients
over the age of 60 years (mean age range: 60–81 years), with sample sizes from 42 to 185
patients (Table 3). The RCTs included multimodal programs with prehabilitation (before
surgery) [95–98]. prehabilitation and rehabilitation (after surgery) [99–101] or comparing
prehabilitation vs rehabilitation [102–105]. Prehabilitation’s duration ranged between 2 and
4 weeks and rehabilitation from 4 to 8 weeks. Sessions were usually held one to three days
per week for 30–60 min. Programs included exercise training alone [95,97,103], exercise
training and psychological interventions with anxiety reduction strategies [98,99,102–105],
adding in some of them a nutritional control [95,98,99,101–105]. Exercises included aerobic
training [98], aerobic and resistance training [95,97,99–105], or only resistance training [96].
Aerobic training consisted of activities such as walking, treadmill walking or cycling, fol-
lowing the 150 min/week recommendations by the American College of Sport Medicine
Guideline [88,91]. Resistance training consisted of exercises of the upper and lower limbs
using elastic bands. Some of the RCTs did not report the exercise’s intensity, but most of
them opted for a moderate one [88,91] using the Borg Scale [97,99,102–104]. Home-based ex-
ercise sessions supervised weekly with phone calls were more prevalent [96,98,99,102–105],
although some programs were carried out at the hospital or exercise center [97,100,101].
As shown in Table 3, the results were variable. Some of the studies demonstrate an
increase in functional capacity [99,104,105], and others a decrease in postoperative com-
plications [95,101] or LOS [100,101]. Only two RCTs studied mortality, but no decrease
was found in 30-day [100] or 1-year mortality [101] with the intervention. No differences
regarding quality of life were found [97,104].
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It is difficult to determine which is the most appropriate type of exercise program for
elderly CRC population due to its heterogeneity [106]. The design of these programs must
be adapted to the characteristics of the population studied (regarding functional capacity,
frailty, comorbidity, etc.), the proposed outcomes (e.g., functional capacity recovery, change
in functional state, reduction on complications or mortality, shortened LOS), the type of
program (timing, duration, intensity . . . ) and patient´s preferences.

3.3. Benefits of Psychotherapeutic Interventions

Psychotherapeutic interventions have been described in CRC population, mainly in
patients with newly-formed stomas, with generally satisfactory effects. Stoma patients,
due to a distorted body image and the loss of an essential body function, face difficulties in
everyday life in terms of physical, psychological, and social aspects [107]. One of the most
common psychosocial intervention described in this population is preoperative education,
which appears to satisfactorily reduce both LOS and days to stoma proficiency [108,109].
Moreover, cognitive therapy and emotional support interventions such a relaxation training
has proven to be feasible (even with follow-up telephone calls) and appear to reduce anxiety
levels [110]. However, a major limitation is the small sample sizes of the studies [111].

Beneficial effects on quality of life with psychosocial interventions (mainly face-to-face
approaches) [112] have been described [113]. Also, interventions focused on enriching
communication with CRC patients have also been carried out. Ohlen et al. designed a
person-centered information and communication intervention to study its beneficial effects
on the patients’ preparedness for surgery, discharge, and their subsequent recovery, but no
conclusive results were obtained [114].

A favorable trend on the effectiveness of a positive emotion-based psychological
therapy and a cognitive-behavioral therapy on the quality of life of CRC patients receiving
adjuvant chemotherapy has been suggested, although findings were not conclusive [115].

Ellis et al. in a report of a longitudinal study of psychological adjustment in 326 pa-
tients with advanced cancer (43% corresponding to CRC), found how elderly patients (aged
70 years or more) were less frequently referred for specialized psychosocial care in compar-
ison to younger subjects with the same degree of depressive symptoms [116]. Whether this
finding is related to the illness being less destabilizing to an older person when compared
to a younger counterpart or to a possible ageist bias for which caregivers may assume the
benefits of these therapies is greater in younger subjects, remains unknown.

The shortage of evidence regarding the effect of psychotherapeutic interventions in
cancer patients is striking considering how receiving a cancer diagnosis is a complex and
stressful experience that constitutes a vital crisis that can present itself with very diverse
emotional reactions (e.g., sadness, anger, confusion) [117]. Future studies should focus on
studying some of the mostly inconclusive findings mentioned above, adhere to standards
of quality research, and try to, not only increase the number of individuals per study, but
also focus on certain subpopulations, such as the elderly.

4. Conclusions

CRC is a frequent disease among the elderly. Although fast-track circuits such as
the ERAS program include the assessment of relevant problems for the elderly CRC
patient (e.g., malnutrition), other aspects that could influence therapeutic approaches are
normally left out, such as functionality, frailty, cognitive impairment, depression/anxiety
or social support. The adequate evaluation of these conditions could lead to its control or
improvement, and therefore a change in the patient’s prognosis.

CGA has proven to be a useful tool for the identification and assessment of these
conditions. It allows the multidisciplinary team (conformed by surgeons, anesthesiologists,
nutritionists, pharmacologists, physical therapists, nurses, etc.) to design a thorough care
plan that comprises both the oncologic treatment (surgery and/or adjuvant therapy) and
the approach of geriatric syndromes through a multicomponent program. A program
of these characteristics would be individualized, adjusted to the patient’s situation and
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preferences, and could include nutritional, psychotherapeutic, pharmacologic or exercise
interventions, among others. Possible outcomes to be assessed would include not only
length of stay, in-hospital mortality, or post-operative complications, but also improvement
on the physical, functional, cognitive and mental health situation, quality of life and
readmissions in both the medium and long term post-operative period.

The scarcity of randomized controlled trials that evaluate the benefits of preopera-
tive geriatric assessments or the use of multicomponent interventions, methodological
variability among studies already published and the use of standard outcomes mostly
centered on surgical aspects, could be some of the reasons why the evidence regarding the
benefits of these programs remains unclear. In the authors’ opinion, CGA should be the
first step towards the creation of a multidisciplinary network which would give the patient
access to a personalized treatment plan conformed by integral interventions. Although the
evaluation of multicomponent programs of these characteristics is difficult, research on
this matter seems necessary, as the complexity of elderly patients needs to be confronted
not in just one field separately (be it the surgical, clinical, physical, or psychological), but in
all of them together.
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Abstract: We clarified the relationship between occupational dysfunction and social isolation among
community-dwelling adults. We used a self-administered questionnaire with a cross-sectional
study for 2879 independently living older adults in Kasama City, Japan. Participants responded
to a self-reported questionnaire in November 2019. Occupational dysfunction and social isolation
were assessed. The participants were classified into two groups: healthy occupational function
group, and occupational dysfunction group. To examine the relationship between occupational
dysfunction and social isolation, we performed a logistic regression analysis with social isolation as a
dependent variable and occupational dysfunction as an independent variable. In the crude model,
the occupational dysfunction group had a higher risk of social isolation than the healthy occupational
function group (odds ratio (OR) = 2.04; 95% confidence interval (CI), 1.63–2.55; p < 0.001). In the
adjusted model, the occupational dysfunction group had a higher risk of social isolation than the
healthy occupational function group (OR = 1.51; 95% CI, 1.17–1.94; p = 0.001). The results showed
that occupational dysfunction was significantly associated with social isolation. These results can be
used in constructing a support method for social isolation from a new perspective.

Keywords: occupational therapy; occupational function; social network; social isolation

1. Introduction

The world’s population is aging, and Japan has the highest aging rate worldwide.
In Japan, as the older adult population has grown in proportion, the composition of
households has undergone a change; among older adults, the number of “one-person
households” and “households of only a couple” have increased [1]. Therefore, older
adults are likely to face increasing social changes, including problems such as social
isolation. Social isolation is defined as a state in which an individual lacks a sense of
social belongingness, refrains from engaging with others, has a minimal number of social
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contacts, and displays a deficiency in fulfilling quality relationships [2]. According to
a large cohort study of Japanese older adults, the rate of social isolation was reported
to be 17.7%, which means that nearly one in five Japanese older adults is experiencing
social isolation [3]. Social isolation has been identified as a risk factor for poor health and
well-being [4], cognitive decline [5], and mortality [6,7]. Therefore, measures to combat
social isolation are important.

Difficulties related to occupational tasks or daily activities are called occupational
dysfunction [8]. Occupational dysfunction is recognized worldwide as a major health-
related problem in the preventive occupational therapy field [9]. It is a negative experience
related to daily life and workplace activities, and it includes occupational marginaliza-
tion, occupational imbalance, occupational alienation, and occupational deprivation [10].
Occupational dysfunction has been associated with poor mental health [11] and poor
health-related quality of life [12]. As mental health and health-related quality of life are
associated with social isolation [13–15], occupational dysfunction may also be associated
with social isolation. For example, negative subjective daily life performance experiences
(occupational dysfunction) may cause people to leave the social community where they
participate in occupational activities, which may eventually lead to social isolation. A
literature review by Papageorgiou et al. found evidence to support a positive relationship
between occupation, participation, and prevention of social isolation among community-
dwelling older adults [16]. Therefore, occupational therapists may prevent social isolation
by supporting older adults’ occupational participation.

However, there are no reports that examined the relationship between occupational
dysfunction and social isolation in community-dwelling older adults. The primary purpose
of this study is to clarify the relationship between occupational dysfunction and social iso-
lation in older adults living in community-dwellings. The secondary purpose of this study
is to determine which occupational dysfunction types are associated with social isolation.

2. Materials and Methods

2.1. Participants and Data Collection

This cross-sectional study was conducted in Kasama City, Ibaraki Prefecture, Japan.
Kasama is a rural agricultural area, categorized as a flatland agricultural region and
intermediate agricultural region. As of 1 January, 2021, Kasama City’s population is 73,589
and the aging rate is 32.4% [17].

Figure 1 shows the participant flowchart. Inclusion criteria were (1) those who are
65–85 years, (2) those without any functional disability. We randomly selected 8000 partici-
pants from the basic resident register on 1 October 2019. A self-administered questionnaire
was mailed to participants in November 2019. Responses were obtained from 3934 persons
(recovery rate: 49.2%). The exclusion criteria were as follows: (1) Those who were in
hospital at the time of the response, (2) Those who had a history of cerebrovascular disease,
dementia, or psychiatric disorder, and (3) Those who submitted incomplete questionnaires.
As a result, 2879 participants were included in the final analysis. All participants were
informed of the study details and provided informed consent. This study protocol was
approved by the Ethical Committee of the University of Tsukuba (Ref No. Tai 019-101).
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Figure 1. Participant flowchart.

2.2. Measurement Variables

Demographic data including sex, age, household, educational background, subjective
economic status, mental health, and instrumental activities of daily living (IADL) were
used as covariates. Subjective economic status was assessed by the question, “How do
you feel about your current economic situation?” Responses were rated on a scale ranging
from “Very difficult,” “Slightly difficult,” “Normal,” “Somewhat rich,” “Very rich.” The
two categories of “Very difficult” and “Slightly difficult” were operationally defined as
“Poor.” Mental health status was assessed using the Japanese version of the Kessler 6
(K6) scale [18], a screening scale that can effectively measure psychological distress as per
the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) [19]. Respondents
answered six items on a 5-point Likert scale and responses on each item were transformed
to scores ranging from 0 to 4 points. Total scores range from 0 to 24. A higher total score
corresponds to a poorer mental health condition. IADL was evaluated using the five items
of the Tokyo Metropolitan Institute of Gerontology Index of Competence (TMIG-IC), based
on a subjective evaluation by respondents [20,21]. The TMIG-IC was developed to measure
higher-level functional capacity among older adults living in the community and has been
commonly used in Japan [22]. These five items of TMIG-IC were used to evaluate IADL
ability. Higher values indicate good IADL ability (range: 0–5 points). In this study, IADL
disability was defined as an IADL ability score of less than 5 [20,21].

Occupational dysfunction was evaluated using the Classification and Assessment of
Occupational Dysfunction (CAOD) [10]. The CAOD measures occupational dysfunction
with 16 items. The Cronbach’s alpha for this scale was 0.902 [10]. In our study, it was
0.914. Responses are rated on a seven-point Likert-type scale from “strongly agree” = 7
to “strongly disagree” = 1. It has a four-factor structure of occupational imbalance
(4–28 points), occupational deprivation (3–21 points), occupational alienation (3–21 points),
and occupational marginalization (6–42 points). Occupational marginalization is defined
as a person not having the opportunity to engage in desired daily activities, such as when,
“I have opinions but nobody hears them,” and “It is like being required to talk to a partner
who is unpleasant” etc. [23]. Occupational imbalance is a loss of balance in engaging in
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daily activities, such as feeling, “I am so busy that my life’s rhythm is confused,” “There
is no time to rest, and I am tired,” “Daily life is becoming very busy and increasingly ex-
hausting,” and “My busy life has led to lack of sleep,” etc. [24]. Occupational alienation is
defined as a situation when the inner needs of the individual concerning daily activities are
not satisfied, such as “I feel my life has no meaning,” “There is no sense of accomplishment
in daily life,” and “Daily life has become tedious,” etc. [25]. Occupational deprivation is
a lack of opportunity for daily activities beyond the individual’s control such as, “There
is no place where I can enjoy hobbies,” “There is no opportunity to carry out that what I
consider important for its own sake,” and “I cannot enjoy my favorite activities,” etc. [26].
The cutoff value of the CAOD was 52 points, and the higher the score, the more likely it
indicated an occupational function impairment. The item characteristics, structural validity,
and internal consistency of the CAOD have been confirmed for university students, health
care workers, community-dwelling older adults, people with mental disorders, and people
with physical disabilities [8,10].

Social isolation was evaluated using the Japanese version of the Abbreviated Lubben
Social Network Scale (LSNS) [27]. The LSNS-6 consists of six items, three related to the
number of people in the family network and three related to the number of people in the
friends and acquaintances network. The Cronbach’s alpha for this scale was 0.83 [27]. In
our study, it was 0.872. Responses are rated on a six-point scale (range: 0–30 points). Social
isolation was defined as an LSNS score of less than 12 points [27].

2.3. Statistical Analysis

According to the cutoff value of CAOD, the participants were divided into the “healthy
occupational function group (CAOD score ≤ 51 points)” and “occupational dysfunction
group (CAOD score ≥ 52 points)”. We calculated the means and standard deviations for
continuous variables and frequencies and percentages for categorical variables. Student’s
t-test and chi-square test were used to compare the characteristics of health occupational
function and occupational dysfunction groups. To examine the relationship between occu-
pational dysfunction and social isolation, we performed a logistic regression analysis with
social isolation as a dependent variable and occupational dysfunction as an independent
variable. We used two models in this study: a crude model and an adjusted model. The
latter was adjusted for age, sex, household, educational background, subjective economic
status, mental health, and IADL ability. These covariates were selected as potential con-
founders from previous studies. A logistic regression analysis was conducted to clarify
the relationship between occupational dysfunction types and social isolation, and each
occupational dysfunction type was entered as a dependent variable.

Analysis was performed using STATA/MP 16.0 (Stata Corp., College Station, TX,
USA). In all analyses, a p-value of <0.05 was considered to indicate statistical significance.

3. Results

The comparison of characteristics between the healthy occupational function and
the occupational dysfunction group is shown in Table 1. The number of people with
occupational dysfunction was 442 (15.4%). The occupational dysfunction group was sig-
nificantly less likely to have an education level beyond high school (p = 0.001), have
significantly worse subjective economic status (p < 0.001), higher mental health scores
(p < 0.001), higher CAOD scores (p < 0.001), and higher scores for the occupational dys-
function types (p < 0.001). Social isolation was significantly higher among individuals with
evidence of occupational dysfunction (p < 0.001).
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Table 1. Participants’ characteristics.

Characteristic

Healthy Occupational
Function Group

(n = 2437)

Occupational
Dysfunction Group

(n = 442) p-Value

%(n) %(n)

Age (years), Mean ± SD 72.6 ± 5.2 72.7 ± 5.6 0.795
Female, %(n) 49.3 (1202) 46.2 (204) 0.220

Household (living alone), %(n) 12.7 (310) 12.7 (56) 0.976
Educational background (�high school), %(n) 84.1 (2030) 77.8 (339) 0.001

Subjective economic status (poor), %(n) 17.0 (413) 31.9 (553) p < 0.001
IADL ability (disability), %(n) 7.4 (181) 7.9 (35) 0.718

K6 (score), Mean ± SD 2.8 ± 3.0 6.2 ± 4.0 p < 0.001
Social isolation, %(n) 18.4 (448) 31.5 (139) p < 0.001

CAOD (score), Mean ± SD 30.0 ± 10.5 60.6 ± 7.1 p < 0.001
Occupational imbalance (score), Mean ± SD 7.5 ± 3.8 14.8 ± 3.8 p < 0.001

Occupational deprivation (score), Mean ± SD 6.2 ± 3.2 12.8 ± 2.7 p < 0.001
Occupational alienation (score), Mean ± SD 6.4 ± 3.4 12.1 ± 2.8 p < 0.001

Occupational marginalization (score), Mean ± SD 9.9 ± 3.8 20.8 ± 3.8 p < 0.001

SD: standard deviation; IADL: instrumental activities of daily living; CAOD: classification and assessment of occupational dysfunction.

Table 2 shows the association between occupational dysfunction and social isolation.
In the crude model, the occupational dysfunction group had a higher risk of social iso-
lation than those with healthy occupational function group (odds ratio (OR) = 2.04; 95%
confidence interval (CI), 1.63–2.55; p < 0.001). In the adjusted model, the occupational dys-
function group had a higher risk of social isolation than the healthy occupational function
group (OR = 1.51; 95% CI, 1.17–1.94; p = 0.001). Table 3 shows the association between
the classification of occupational dysfunction and social isolation. In the crude model,
occupational imbalance (OR = 1.10; 95% CI, 1.08–1.13; p < 0.001), occupational alienation
(OR = 1.15; 95% CI, 1.12–1.78; p < 0.001), and occupational deprivation (OR = 1.07; 95%
CI, 1.05–1.09; p < 0.001) were significantly correlated with social isolation. In contrast, in
the adjusted model, occupational marginalization (OR = 0.93; 95% CI, 0.90–0.96; p < 0.001),
occupational alienation (OR = 1.10; 95% CI, 1.06–1.13; p < 0.001), and occupational depri-
vation (OR = 1.04; 95% CI, 1.01–1.07; p = 0.003) were significantly correlated with social
isolation, but occupational imbalance was not significant (OR = 1.03; 95% CI, 0.99–1.06;
p = 0.134).

Table 2. Association between occupational dysfunction and social isolation.

Crude Model Adjusted Model

OR 95%CI p-Value OR 95%CI p-Value

Healthy occupational function group Ref. Ref.
Occupational dysfunction group 2.04 1.63–2.55 p < 0.001 1.51 1.17–1.94 0.001

OR: odds ratio, CI: confidence interval, Ref: reference. Adjusted model was adjusted for age, sex, household, educational background,
subjective economic status, instrumental activities of daily living, and mental health.
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Table 3. Association classification in the relationship between occupational dysfunction and social isolation.

Occupational
Dysfunction Type

Crude Model Adjusted Model

OR 95%CI p-Value OR 95%CI p-Value

Occupational imbalance 1.01 0.99–1.03 0.248 0.93 0.90–0.96 p < 0.001
Occupational deprivation 1.10 1.08–1.13 p < 0.001 1.03 0.99–1.06 0.134
Occupational alienation 1.15 1.12–1.78 p < 0.001 1.10 1.06–1.13 p < 0.001

Occupational
marginalization 1.07 1.05–1.09 p < 0.001 1.04 1.01–1.07 0.003

OR: odds ratio, CI: confidence interval. Adjusted model was adjusted for age, sex, household, educational background, subjective economic
status, instrumental activities of daily living, mental health, and other types of occupational dysfunction.

4. Discussion

The present study is the first to examine the relationship between occupational dys-
function and social isolation. Social isolation was found to be significantly associated
with occupational dysfunction. Those with occupational dysfunction had a significantly
higher rate of social isolation (31.5%) compared to those with healthy occupational func-
tion (18.4%). Furthermore, compared with those with healthy occupational function, the
adjusted odds ratio for social isolation among those with occupational dysfunction was
significantly higher at 1.51. The adjusted odds ratio confirmed that the relationship was
independent, even after adjusting for the effect of mental health, which was strongly asso-
ciated with social isolation. A person is expected to relate to society through occupational
participation [28]. As a result, occupational dysfunction is associated with social isolation,
such as through having fewer relationships with others in the work-place surroundings.
This study had a cross-sectional design and therefore, it is difficult to make a strong state-
ment about causality. However, in a previous study reviewing research on social isolation
in the field of occupational therapy, the authors identified the paucity of research focusing
on social isolation and called for studies on interventions to prevent social isolation in
occupational therapy practice [29]; this study meets this need. The findings suggest that
occupational dysfunction needs to be considered when occupational therapists think about
the problem of social isolation of older adults in the community. The results of this study
may provide occupational therapists and other professionals working in the community
with a new perspective on social isolation.

Additionally, the present study examined the relationship between occupational dys-
function type and social isolation and revealed that occupational imbalance, occupational
alienation, and occupational marginalization, but not occupational deprivation, were as-
sociated with social isolation. Occupational alienation and occupational marginalization
had significantly higher odds ratios for social isolation. Hence, it is important to pay
particularly careful attention to these two occupational dysfunction types. Therefore, when
occupational therapists provide support for older adults in the community, they should
not only know the occupation of the individual but also understand how they perceive the
“internal needs of the individual” and “evaluation by others” regarding the occupation.

In this study, occupational dysfunction was assessed using the CAOD, which detects
conditions caused by overwork. Therefore, a state of poor occupational imbalance, as
assessed by CAOD, is considered a busy life rhythm in daily activities. People identifying
with this condition may maintain social relationships in their busy life. For example, it
is believed a person communicates while working. Therefore, the odds ratio of social
isolation was lower for those with a poor occupational imbalance status, which was
considered an inversion of the odds ratio. However, a state of occupational imbalance
has the potential to cause burnout. In a previous study focusing on medical staff, the
relationship between occupational dysfunction and occupational stress was examined [11].
High occupational stress has also been reported to be associated with the incidence of
cognitive dysfunction [30]. Therefore, it was necessary to keep in mind that, although
occupational imbalance was not negatively related to social isolation, it may negatively
affect other health conditions.
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The present study did not find any relationship between occupational deprivation
and social isolation. This result may relate to potential factors not evaluated in this study.
For example, if a place to perform an important occupation is not available in the area
of residence, occupational deprivation may be attributed to geographical problems and
is unlikely to relate to social isolation. In addition, occupational deprivation could also
be influenced by issues affecting mobility, accessibility, and availability. It is necessary to
further investigate these factors in the future.

The results of this study need to be interpreted with caution. For instance, if the total
CAOD score classifies the person into the occupational dysfunction group, but the scores
for occupational alienation and work alienation are low, the results may be difficult to
interpret. In order to cope with such cases, it is necessary to conduct research to calculate
cutoff values for each type of work dysfunction in the future. On the other hand, there are
cases in which the total score of CAOD falls into the healthy occupational function group,
but the scores of occupational alienation and occupational alienation are high. In such case,
these individuals may be considered as those who are in the healthy occupational function
group but are at high risk of social isolation.

This study examines the relationship between occupational dysfunction and social
isolation, but it has several limitations. First, the cross-sectional research design does not
allow inference of causality. In the future, longitudinal studies should be conducted to
examine whether occupational dysfunction causes social isolation. Second, although this
study had a sufficient sample size, the final study population was approximately 40%
of the total. Because there may be a selection bias between those who responded to the
questionnaire and those who did not, it is necessary to increase the response rate in the
future. In addition, it is necessary to investigate this issue in other countries and various
regions in Japan. Third, this study was conducted using a questionnaire survey method,
so the results are based on participants’ self-reports. Therefore, there is a possibility
of overestimation and underestimation. Fourth, in this study, those with a history of
cerebrovascular diseases, dementia, and depression were excluded. Additionally, other
medical comorbidities, such as arthritis and cardiovascular diseases, were not taken into
account. Future studies are advised to consider these medical conditions due to their
possible influence on both occupational dysfunction and social isolation. Despite the
above limitations, our findings contribute to the development of public health policies and
plans that promote the research and practice of new evidence-based occupational therapy
approaches that focus on occupational alienation and marginalization to combat social
isolation of community-dwelling older adults.

Occupational therapists utilize occupational participation to assist and empower
individuals and populations to attain and/or manage their own physical and psychological
health, well-being, and participation [31,32]. In addition, occupational therapists facilitate
healthy aging in community dwelling older adults by addressing and promoting their
occupational needs [32]. Through the results of this study, occupational therapists who
provide support for occupational dysfunction may be able to contribute to the social
isolation of older people living in the community. In the future, in addition to conducting
longitudinal studies, we need to work on (1) practical research on occupational therapy for
the prevention of social isolation and (2) practical research on occupational therapy for the
improvement of social isolation.

5. Conclusions

In the present study, the relationship between occupational dysfunction and social
isolation was examined in a cross-sectional study. The results showed that occupational
dysfunction was significantly associated with social isolation. Furthermore, as a result of
examining the relationship between the occupational dysfunction type and social isola-
tion, it was found that occupational imbalance, occupational alienation, and occupational
marginalization were significantly associated with social isolation. These results can be
used in constructing a support method for social isolation from a new perspective. Further
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research involving longitudinal studies is needed to investigate causality in detail. In
addition, there is a need to conduct intervention studies to prevent social isolation. This
study adds to the occupational therapy evidence base and supports the important role
and future potential of occupation as a form of intervention to facilitate healthy aging. In
particular, supporting healthy occupational participation may be a means of addressing
social isolation.
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Abstract: The purpose of this study was to evaluate the effect of posterior occlusal support of natural
teeth and artificial teeth on oral functions and standing motion. Patients who had been treated
with removable prostheses were enrolled as the subjects. Their systemic conditions (body mass
index (BMI) and skeletal muscle mass index (SMI)) were recorded. The subjects were classified into
two groups according to a modified Eichner index: B1–3 (with posterior occlusal support) and B4C
(without posterior occlusal support). Maximum occlusal force (MOF), masticatory performance (MP),
and standing motion (sway and strength) were evaluated for cases with and without removable
prostheses. There were no significant differences in BMI and SMI between the B1–3 group and the
B4C group. The subjects with removable prostheses demonstrated significantly higher values in
MOF, MP, and sway and strength than the subjects without removable prostheses. The comparison
of oral functions between the B1–3 group and the B4C group revealed that the positive effect of
posterior occlusal support of natural teeth and removable prostheses and the significant positive
effects of posterior occlusal support on standing motion were partly observed in these comparisons.
Posterior occlusal support of natural teeth and even of removable prostheses may contribute to the
enhancement of oral functions and standing motion.

Keywords: posterior occlusal support; maximum occlusal force; masticatory function; standing
motion; removable prostheses; Eichner index

1. Introduction

One of the main causes of disability in the elderly is an accidental fall [1,2]. Falling is a
severe problem for the elderly because it results in musculoskeletal injuries, brain injuries,
and death in serious circumstances [3,4]. Multiple factors such as aging or aging-related
physical dysfunctions, medication, cognitive impairment, and sensory deficits are well
known as risk factors contributing to falls in the elderly [2,5–7]. Aging-related physical
dysfunctions are inextricably associated with frailty and sarcopenia [8,9]. A decline in
muscle mass and function due to the aging-related muscle atrophy is a characteristic
feature of sarcopenia and is likely a cause of frailty [8–11]. One’s nutritional condition is
closely related to muscle and bone aging, and good nutrition and physical exercise may be
protective against frailty and sarcopenia [11–14].

Mastication and deglutition play crucial roles in nutritional management [15]. Healthy
teeth, oral tissues including the tongue, and well-functioned prostheses are prerequisites
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for these functions. It has been reported that these functions are also impaired by aging
and poor oral management, known as oral frailty, oral sarcopenia, and oral hypofunc-
tion [16–20]. The adverse effects of a decline of these functions on systemic and nutritional
status have been reported [15–22]. Conversely, occlusal support is also important in oral
functions, especially mastication [23–26]. This suggests that rehabilitation of occlusal sup-
port contributes to the prevention of frailty and sarcopenia indirectly. This suggestion
may imply that rehabilitation of occlusal support has a positive effect on the prevention
of accidental falls through the rehabilitation of mastication and nutritional status. Recent
observational studies also demonstrated the association between occlusal support and
physical function [27–32]. However, comparative studies that evaluate the effect of occlusal
support and its rehabilitation on physical functions are still scarce.

The present study aimed to evaluate the effect of posterior occlusal support on stand-
ing motion and oral functions in the elderly. The subjects were categorized according
to the presence or absence of posterior occlusal support of natural teeth and functional
crowns (pontics), and oral functions and standing motion were compared between subjects
with and without posterior occlusal support. In addition, the effects of posterior occlusal
rehabilitation with removable prostheses on oral functions and standing motion were
evaluated. The null hypotheses of this study were that there are no differences in oral
functions and standing motion between subjects with and without occlusal support and
between subjects with and without removable prostheses.

2. Materials and Methods

2.1. Ethical Approval

The protocol of the present study was developed in accordance with the ethical
principles of the Declaration of Helsinki and was approved by our Institutional Review
Board for Clinical Research (#2019–167). Patients who participated and provided written
informed consent were enrolled as subjects.

2.2. Study Population

The patients who visited the Department of Prosthodontics, Kyushu University Hos-
pital, between April 2019 and February 2020 were considered for enrollment as subjects
of this study. The inclusion criteria of the present study were as follows: (1) patients who
were more than 65 years old; (2) patients whose activities of daily living (ADL) were almost
normal; and (3) patients who were rehabilitated with conventional removable prostheses
by the Department of Prosthodontics, Kyushu University Hospital, and who could use
their dentures without any specific problems. Thus, subjects were categorized into the
groups Eichner B or C according to the original Eichner index. The exclusion criteria were
as follows: (1) patients with systemic and/or localized diseases and medications that affect
physical functions and with oral diseases that affect masticatory functions; (2) patients who
could not understand the aim of this study due to cognitive impairment, etc.; and (3) pa-
tients with fixed prostheses supported by implants, implant-assisted partial removable
dentures, or implant overdentures. As a result, this study’s subjects included 48 patients
(21 males and 27 females, median age: 73, and interquartile range (IQR): 70–79).

The subjects were classified into two groups according to the Eichner index with our
modifications [23,24,26]. The Eichner index was defined as follows: number of residual
teeth was defined as the number of functional tooth crowns. Thus, pontics in fixed partial
dentures were counted as residual teeth and remaining roots were excluded. Based on
functional teeth and occlusal contacts, the subjects were classified into two groups. The
first group included 24 subjects (11 males and 13 females, median age: 73, and IQR: 70–78)
who had posterior occlusal support in the molar and/or premolar regions (Eichner B1, B2,
and B3: B1–3 group). The second group included 24 subjects (10 males and 14 females,
median age: 73, and IQR: 70–79) who had no posterior occlusal support (Eichner B4, C1,
C2, and C3: B4C group).
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2.3. Patient Profiles

In addition to age, gender, and the Eichner index, body mass index (BMI) for the degree
of obesity (a risk factor for falls [33]) and skeletal muscle mass index (SMI) for the prevalence
of sarcopenia [34,35] were calculated using the multi-frequency body composition meter
(MC–780A, TANITA Corp., Tokyo, Japan) (Figure 1).

 

Figure 1. Measurement device (MC–780A) for the skeletal muscle mass index (SMI): (a) main unit;
(b) measurement image.

2.4. Measurements of Oral Function
2.4.1. Maximum Occlusal Force (MOF)

The MOF was measured using a film for the occlusal force measurement system
(Dental Prescale II and bite force analyzer, GC Co., Tokyo, Japan) (Figure 2) [18,20,23,24,26].
The subjects were asked to clench the film in the intercuspal position for 3 s. The clenched
film was scanned by using the occlusal force analysis software to determine the MOF.
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Figure 2. Occlusal force measurement system: (a) pressure-sensitive sheet (Dental Prescale II);
(b) image of occlusal condition using software (bite force analyzer).

2.4.2. Masticatory Performance (MP)

The MP was measured in the manner previous studies utilized to evaluate results [23–26].
In brief, the patients were instructed to voluntarily chew 2 g of gummy jelly for 20 s. The
chewed gummy jelly was then moved to a cup with saliva and rinsing water, and the
concentration of glucose dissolved in water was measured using a measuring device (Gluco
Sensor GS–II, GC Co., Tokyo, Japan) (Figure 3).

 
Figure 3. Masticatory performance (MP) measurement system (Gluco Sensor GS–II). The concentra-
tion of glucose from the chewed gummy jelly was defined as MP.

2.5. Analyses of Standing Motion

To evaluate physical activity, muscle functions during the action of standing up were
analyzed using a motor function analyzer (zaRitz BM–220, TANITA Corp., Tokyo, Japan)
according to the manufacturer instructions. In brief, the subjects were asked to sit on
a chair with their feet on the analyzer. The subjects stood up quickly, paused for 3 s,
and sat down again. The subjects repeated this motion 3 times with and without their
removable prostheses. The analyzer could evaluate sway and strength [36]. Sway is an
index combining the degree of motion when standing up and the time until the shaking
stops, while strength is an index combining leg muscle strength and standing speed
(Figure 4).
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Figure 4. Motor function analyzer (zaRitz BM–220): (a) main unit; (b) measurement image (the
beginning of analysis); (c) measurement image (motor function measurement after standing up).

2.6. Statistical Analyses

Numerical data were presented as the median and IQR and demonstrated as a box
plot. The statistical analyses were conducted with the statistical package IBM SPSS Statistics
19 software (IBM Corp., Chicago, IL, USA).

The profiles of the subjects (age, BMI, and SMI) were statistically compared between
the B1–3 group and the B4C group using the Mann–Whitney U test. To evaluate the effect
of removable prostheses on oral functions and standing motion, the measurement items
(MOF, MP, and sway and strength) in all subjects and in each group (B1–3 group and
B4C group) were statistically compared between the values of those with and without
their removable prostheses using the Wilcoxon signed-rank test. To evaluate the effect of
posterior occlusal support on oral functions and standing motion, these measurement items
were also compared between the B1–3 group and the B4C group using the Mann–Whitney
U test. These comparisons were performed in the presence and absence of their removable
prostheses. A value of less than 0.05 was considered statistically significant.

3. Results

3.1. Profiles of the Subjects

The profiles of the subjects are shown in Table 1 including the data of age and number
of patients. There were no significant differences between the B1–3 group and the B4C
group in all items (p > 0.05, Mann–Whitney U test). All subjects demonstrated normal
ADL, although some patients were defined as underweight (one male and four females) or
overweight (six males and nine females) according to the BMI results and the condition of
sarcopenia (two males and five females) from the SMI results.

Table 1. Summary of subjects’ profiles; IQR: interquartile range; BMI: body mass index; SMI: skeletal
muscle mass index. Statistical analyses: B1–3 group vs. B4C group (p > 0.05, Mann–Whitney U test in
all items).

All Subjects B1–3 Group B4C Group
n = 48 n = 24 n = 24

Age (median and IQR) 73 (70–79) 73 (70–78) 73 (70–79)

Gender (male and female) 21:27 11:13 10:14

BMI (median
and IQR)

All 23.1 (20.8–26.4) 22.4 (20.8–25.2) 23.5 (20.6–26.4)

Male 23.5 (21.5–25.2) 23.2 (21.5–24.7) 24.1 (21.6–25.9)

Female 22.3 (20.4–26.7) 22.2 (19–26.19) 23.1 (20.6–26.9)

SMI (median
and IQR)

All 6.6 (6.1–7.7) 6.5 (6–7.1) 6.6 (6.1–7.7)

Male 7.8 (7.0–8.5) 7.8 (7.4–8.6) 7.6 (6.6–8.4)

Female 6.4 (5.9–7.0) 6.5 (5.9–7.2) 6.3 (5.8–6.6)
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3.2. Comparisons of Oral Functions and Standing Motion in All Subjects with and without
Removable Prostheses

The MOF and MP with and without removable prostheses were compared in all
subjects (Figure 5). There were significant differences in both items between subjects with
and without their removable prostheses (p < 0.01, Wilcoxon signed-rank test), indicating
that rehabilitation of posterior occlusal support with removable prostheses could improve
MOF and MP.

Figure 5. Comparisons of maximum occlusal force and masticatory performance between all subjects
with and without removable prostheses. (* p < 0.01, Wilcoxon signed-rank test) RP (−)): subjects
without removable prostheses; RP (+): subjects with removable prostheses.

The results of standing motion analyses including strength and sway in all subjects
with and without their removable prostheses are shown in Figure 6. There were significant
differences in strength and sway between those with and without dentures (p < 0.05,
Wilcoxon signed-rank test).

 
Figure 6. Comparisons of standing motion (sway and strength) between all subjects with and without
removable prostheses. (* p < 0.05, Wilcoxon signed-rank test) RP (−): subjects without removable
prostheses; RP (+): subjects with removable prostheses.

3.3. Comparisons of Oral Functions and Standing Motion between the B1–3 Group and the B4C
Group with and without Removable Prostheses

The MOF and MP without removable prostheses were statistically compared between
the B1–3 group and the B4C group. Compared with the B4C group, the B1–3 group
exhibited significantly higher values in MOF and MP (p < 0.01, Mann–Whitney U test)
(Figure 7). The MOF and MP with removable prostheses were also compared between the
B1–3 group and the B4C group, and the subjects belonging to the B1–3 group exhibited
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statistically higher values in both functions compared to the subjects in the B4C group
(p < 0.05, Mann–Whitney U test) (Figure 7). These findings suggest the significance of
posterior occlusal support in both oral functions.

Figure 7. Comparisons of maximum occlusal force and masticatory performance between the B1–3
group and the B4C group with or without removable prostheses in each group (* p < 0.05, ** p < 0.01,
Mann–Whitney U test). Comparisons of maximum occlusal force and masticatory performance
between subjects with and without removable prostheses in each group (B1–3 group or B4C group)
(*** p < 0.01, Wilcoxon signed-rank test). RP (−): subjects without removable prostheses; RP (+):
subjects with removable prostheses.

The results of the standing motion analyses with and without removable prostheses
are shown in Figure 4. The subjects without removable prostheses in the B1–3 group
exhibited significantly higher (better) values in sway than the subjects did without re-
movable prostheses in the B4C group (p < 0.05, Mann–Whitney U test), although other
comparisons (B1–3 vs. B4C in strength with and without removable prostheses, and B1–3
vs. B4C in sway with removable prostheses) did not detect significant differences (p > 0.05,
Mann–Whitney U test) (Figure 8).

Figure 8. Comparisons of standing motion (sway and strength) between the B1–3 group and the
B4C group with or without removable prostheses in each group (* p < 0.05, Mann–Whitney U test).
Comparisons of standing motion (sway and strength) between subjects with and without removable
prostheses in each group (B1–3 group or B4C group) (** p < 0.05, Wilcoxon signed-rank test). RP (+):
subjects with removable prostheses; RP (−): subjects without removable prostheses.
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4. Discussion

It has been reported that poor oral health is closely associated with adverse health
outcomes [16,20,21]. Malnutrition is attributed to poor oral status and function [15,22],
resulting in sarcopenia and physical frailty [11–14]. Malnutrition has been considered the
indirect effect of poor oral health on systemic condition. Several studies demonstrated the
direct effect of oral functions on physical condition [37,38]. Above all, the effect of occlusal
support on physical condition has been reported [27–32]. However, these studies were
conducted as observational studies. The present study evaluated the effect of posterior
occlusal support and rehabilitation with removable prostheses on standing motion in the
elderly as a comparative study.

The BMI and SMI of the subjects in the present study are shown in Table 1. No
significant differences in BMI and SMI between the B1–3 group and the B4C group were
observed. All subjects demonstrated normal ADL, although some patients were defined
as underweight or overweight and had sarcopenia. These factors might be confounding
factors in this study. Comparisons based on the classification by BMI and SMI were not
performed because of the limited number of subjects. Future studies that focus on both
factors and occlusal support are advised to use more subjects.

Oral functions (MOF and MP) were enhanced in subjects with removable prostheses
compared to subjects without removable prostheses (Figures 1 and 3). In addition, the
subjects with posterior occlusal support exhibited statistically higher MOF and MP values
than the subjects without posterior occlusal support (p < 0.001, Mann–Whitney U test)
and significant differences were detected when comparing both functions between both
subjects with removable prostheses (p < 0.05, Mann–Whitney U test) (Figure 3). These
findings clearly demonstrate that posterior occlusal support is strongly related to MOF
and MP and that rehabilitation with removable prostheses contributes to the recovery or
improvement of MOF and MP. The previous studies demonstrated similar results and
provided more detailed data [23–26]. It is concluded that posterior occlusal support,
even when reconstructed with removable prostheses, can play a crucial role in MOF
and MP. Furthermore, based on the findings of the previous studies that demonstrated
improvements in MOF and MP with removable prostheses [23–26], it is suggested that
removable prostheses in this study works well in oral rehabilitation.

Our results confirmed that rehabilitation of posterior occlusal support with removable
prostheses could improve standing motion (sway and strength) (Figure 2). Although the
values measured by this device were novel and may lack scientific evidence, the measure-
ment was very simple and an objective assessment considered it possible [36]. While we
recognize the weak aspects of the measurements in this study, a significant difference of
sway between the B1–3 group and the B4C group without removable prostheses suggests
that posterior occlusal support is partly associated with standing motion (Figure 4). Fur-
thermore, sway and strength with removable prostheses were statistically greater that those
without removable prostheses, except for strength in the B1–3 group (Figure 4). These
results also suggest that the rehabilitation of posterior occlusal support with removable
prostheses can contribute to the improvement of standing motion; this effect was more
striking in the B4C group in which subjects had no posterior occlusal support. Some
discussions regarding the association between physical functions, especially balance (sway
in this study), and posterior occlusal support have been reported [39,40]. These suggest
plausible evidence for the masticatory and cervical muscles and that afferent signals from
dental occlusion may be effective for balance control. These are related to the stability of
the jaw position and occlusal support, and the rehabilitation with removable prostheses
may also contribute to stability, resulting in improvements in standing motion. A previous
study reported the contribution of occlusal support by artificial teeth to improve health
and oral function [28]. The present study revealed that standing motion was improved
by rehabilitation with removable prostheses and suggests an enhancement of physical
functions, although further studies are required to elucidate this hypothesis.
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The important issues in the present study are stated as follows. First, the subjects in
this study were categorized based on their BMI and SMI, as described above, although they
were all healthy and demonstrated normal ADL. It has been reported that these factors may
be related to physical functions. Although our statistical analyses illustrated no significant
differences between the B1–3 group and the B4C group, future studies will be expected
to investigate the effects of occlusal support and these indexes on physical functions with
more subjects. Second, there are various methods to assess physical functions [27–31]. The
focuses of this study were oral function (MOF and MP) and standing motion (sway and
strength), and the results revealed the effect of posterior occlusal support on a portion
of physical functions. The background of falls was described previously; however, it is
impossible to describe the effect of posterior occlusal support on the prevention of falls.

Lastly, there may be multiple confounding factors that affect the results of this study.
The previous study mentioned systemic disease, medicine, and habits as potential con-
founding factors [31]. more subjects are required to investigate the association of factors
such as BMI and SMI with physical function. In addition, the effect of rehabilitation with
RPD or the strength of occlusal support with RPD may be different depending on teeth
distribution (intermediate or free-end partial edentulism). Furthermore, the number of
subjects in this study was limited, as mentioned in the inclusion and exclusion criteria,
and it was difficult to calculate the sample size due to the lack of previous studies similar
to the present study, unfortunately. However, we believe that this study demonstrated
the positive effect of posterior occlusal support of natural teeth and removable prosthe-
ses on standing motion and suggests the importance of maintaining healthy teeth and
encouraging prosthetic intervention from the viewpoint of physical function.

5. Conclusions

Prosthetic rehabilitation through removable prostheses could improve oral functions
(MOF and MP) significantly. Moreover, the results of the present study clearly rejected our
null hypotheses that there are no differences in standing motion between subjects with and
without occlusal support of natural teeth and between subjects with and without removable
denture rehabilitation. However, there are multiple confounding factors including BMI
and SMI, and future studies with more subjects are necessary to classify the subjects based
on these factors for further evaluations.
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Abstract: Restoration of ambulatory status is considered a primary treatment goal for older patients
with intertrochanteric fractures. Several surgical-related parameters were reported to be associated
with mechanical failure without focusing on the functional outcomes. Our study examines the
roles of both clinical and surgical parameters as prognostic factors on 1-year postoperative ambu-
latory outcomes, reaching a good functional outcome (the New Mobility Score: NMS ≥ 5) and
returning to preinjury functional status at one year, of older patients with intertrochanteric fracture.
Intertrochanteric fractures patients age ≥65 years who underwent surgical treatment at our institute
between January 2017 and February 2020 were included. Of 209 patients included, 149 (71.3%)
showed a good functional outcome at one year. The pre-injury ambulatory status (OR 52.72, 95%CI
5.19–535.77, p = 0.001), BMI <23 kg/m2 (OR 3.14, 95%CI 1.21–8.13, p = 0.018), Hb ≥10 g/dL (OR 3.26,
95%CI 1.11–9.57, p = 0.031), and NMS at discharge ≥2 (OR 8.50, 95%CI 3.33–21.70, p < 0.001) were
identified as independent predictors for reaching a good postoperative functional outcome. Only
aged ≤80 (OR 2.34, 95%CI 1.11–4.93, p = 0.025) and NMS at discharge ≥2 (OR 6.27, 95%CI 2.75–14.32,
p < 0.001) were significantly associated with an ability to return to preinjury function. To improve
postoperative ambulatory status, orthopedic surgeons should focus more on modifying factors,
such as maintaining the preoperative hemoglobin ≥10 g/dL and providing adequate postoperative
ambulation training to maximize the patients’ capability upon discharge. While surgical parameters
were not identified as predictors, they can still be used as guidance to optimize the operation quality.

Keywords: fracture fixation; geriatric; intertrochanteric fractures; prognostic factors; Thai

1. Introduction

Intertrochanteric fracture is one of the most common fractures in the geriatric popula-
tion and is associated with serious consequences [1]. Even though the chance of uneventful
bony healing was high, only half of the patients or less could return to their preinjury ambu-
latory level after operation [2]. The lack of self-ambulatory capability leads to poor quality
of life after the injury and subsequently causes significant medical and socioeconomic
burdens to both the patients and their families [3]. Therefore, the ultimate treatment goal
in treating this fracture type is to enable the patients to return to their previous functional
status and social participation [2,4]. As non-operative management was proven to be
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associated with high morbidity and mortality, operative treatment is currently regarded as
the gold standard for the treatment of intertrochanteric fracture [5,6].

Conventionally, the anatomical reduction of the fracture was expected to restore
the pre-injury alignment of the patient [7]. Anatomical to slightly valgus femoral neck-
shaft angle was generally accepted as an adequate coronal alignment of the proximal
femur [8]. Displacement of the femoral cortical support both in the coronal and the sagittal
plane should be reduced. Recently, extramedullary reduction was found to have good
mechanical properties compared to intramedullary reduction [9]. However, the position of
the proximal fixation in three dimensions still greatly affected the fixation stability whether
the intramedullary or extramedullary implant was used.

Several parameters were proposed to determine the quality of surgical fixation, such
as the tip apex distance (TAD) and its variation calcar reference TAD (CalTAD), which
determines the distance of the implant and screw position of proximal fixation in the
coronal and axial plane [7,10]. Another important parameter is Parker’s ratio, which was
used to assess the supero-inferior position of the fixation in the proximal femur [11]. These
surgical parameters were widely studied and have proven to be predictive of mechanical
failure [7,10], which was the mediator on the causal pathway to the final ambulatory
status of the patients [12]. Therefore, it might be reasonable to hypothesize that these
surgical-related factors could also have the potential to predict the postoperative functional
outcome of the patients.

Several prognostic factors for functional outcomes of patients with intertrochanteric
fracture after their surgical treatment were reported in the literature [4,13]. However, most
of the evidence tends to focus on clinical parameters and patients’ baseline conditions.
A previous systematic review of 33 studies identified anemia on admission, comorbidity,
pre-fracture function, and cognitive impairment as predictors of postoperative ambulatory
status [14]. There was little evidence supporting the association of surgical-related factors
with postoperative ambulatory capability. Our study aims to examine the roles of both
clinical and surgical parameters as prognostic factors for 1-year postoperative functional
outcomes of older patients with intertrochanteric fracture. Two functional outcomes were
explored in this study, namely, an ability to reach a good postoperative ambulatory status
and an ability to return to preinjury ambulatory status at one year.

2. Materials and Methods

2.1. Design and Setting

Prognostic factor research was conducted with a retrospective observational cohort
design. We included patients with intertrochanteric fractures who underwent a surgical
operation at Maharaj Nakorn Chiang Mai hospital from January 2017 to February 2020. Our
institute is a university-affiliated, tertiary care medical center responsible for the specialized
care of patients within the upper Northern region of Thailand. This study was approved
by the Research Ethics committee of the Faculty of Medicine, Chiang Mai University (No.
101/2021 Study code ORT-2564-07985).

2.2. Study Patient

We defined the study domain as older patients with an intertrochanteric fracture who
underwent surgical management. The medical records of the patients were retrieved and
reviewed based on the International Classification of Diseases, 10th revision, Clinical Modi-
fication (ICD-10-CM) Diagnosis Code S72.14 Intertrochanteric fracture of the femur. During
the study period, all patients aged more than 65 diagnosed with fragility intertrochanteric
fracture, which was caused by low energy trauma and treated with internal fixation, were
included. Patients whose fractures were caused by a high mechanism of injury, including
polytraumatized patients, patients with previously injured ipsilateral hip or major injury
affecting lower extremities deformity, or patients diagnosed with a pathological fracture,
were excluded. Patients who could not be reached for the telephone interview or who were
unable to provide the data (e.g., passed away) were also excluded.
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2.3. Treatment Protocol

All patients with intertrochanteric fractures scheduled for operation at our institution
are provided with preoperative evaluation by anesthesiologists and medical consultations
if required. Closed reduction and internal fixation is generally planned to be performed
within the first 72 h after admission. However, if the patients were clinically unstable or
deemed unfit for operation, the time to operation would be prolonged. While waiting
for the operation, all patients are immobilized with weighted skin traction (2 kg). Board-
certified orthopedic trauma surgeons operate using standard surgical techniques [15]. The
choice of fixation implants depends on the operating surgeons. For the intramedullary
device, Proximal Femoral Nail Antirotation (PFNA) (Synthes, Oberdorf, Switzerland) w
used. For extramedullary device, a dynamic hip screw (Synthes, Oberdorf, Switzerland) is
used. Postoperative radiography is performed in all cases.

After the operation, all patients are managed according to the standard protocol,
including pain management and mechanical venous thromboembolism prophylaxis. Early
rehabilitation, including a range of motion and walker-assisted weight-bearing exercises,
is performed as tolerated. Patients are evaluated daily by attending orthopedic surgeons.
Shared decision making is used to decide appropriate timing for hospital discharge. Pa-
tients were scheduled for clinical and radiographic evaluation at two weeks, four weeks,
three months, six months, and one year after the operation.

2.4. Data Collection

The data on demographic data (i.e., age at the time of injury and gender) and clinical
characteristics (i.e., Charlson’s comorbidity index (CCI) [16] and time to surgery) were
retrieved from electronic medical records. Body mass index (BMI) was calculated using
weight and height, which were preoperatively estimated and recorded by experienced
anesthesiologists. Preoperative laboratory investigations, such as hemoglobin level (Hb),
and albumin level (Alb), were also collected. Fracture configuration was classified accord-
ing to AO/OTA classification [17]. The lateral wall thickness was measured according to
the methods described in Gotfried’s study [18].

Reduction and fixation parameters assessment were measured from the immediate
post-operative radiography. Neck shaft angle and Medial and anterior cortical displace-
ment were measured to identify the post-reduction alignment. Fixation parameters, includ-
ing CalTAD and Parker’s ratio, were recorded [10]. Implants were classified into either
intramedullary or extramedullary devices.

For avoiding violating the linearity assumption during modeling and interpretability
of results, all continuous data were categorized using previously reported cut off points:
age less than 80 years [19], preinjury new mobility score (NMS) more than 4 [20], Hb at
least 10 g/dL [21], CCI below 5 [16], albumin not lower than 3 mg/L, the lateral wall
thickness at least 20.5 mm [18], the neck-shaft angle at least 130◦ [7], lateral displacement
less than 6 mm, posterior displacement less than 7 mm [7,9], CalTAD less than 25 mm [7],
Parker’s ratio less than 40% [10], time to surgery less than 3 days [22], hospital stay less
than 2 weeks [23]. A good ambulatory status at the discharge time was categorized into
two groups based on the consensus of two senior authors (TA and DP): those who could
walk with or without gait aids (an NMS of at least 2) and those who could not [24].

2.5. Study Endpoint

Postoperative functional outcome at one year was evaluated with the new mobility
score (NMS). NMS is comprised of three comprehensive categories describing ambulation
ability. The level of dependence was described according to the ability to ambulate with
or without aids in the following circumstances: within the house, out of the house, or
shopping. The maximum score added up to 9 [20]. This score was widely used and
validated with high inter and intra-observer reliability in predicting long-term mortality
and rehabilitation outcome in patients with hip fractures [25]. In this study, preinjury NMS,
NMS at time of discharge, as well as 1-year postoperative NMS were investigated via
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structured telephone interviews by investigators who were blinded to the patients’ clinical
information to avoid interviewer bias [26].

The primary endpoint of this study was the ability to reach a good function outcome
at 1-year. According to Parker et al., an acceptable functional outcome was defined as the
NMS at least 5 [20]. Other than the ability to reach a good functional outcome at 1-year,
another clinically significant endpoint worth exploring was the ability of the patients
to return to preinjury functional status at 1-year after the operation, which was set as a
secondary endpoint to be explored.

2.6. Statistical Analysis

Based on standard recommendations, a minimum of 10 interested endpoints per pre-
dictor is required [27]. Thus, an expected number of 180 patients with an intertrochanteric
fracture with good postoperative ambulatory status is required to model 18 predictors.
Data distribution was tested using histogram and Shapiro–Wilk test. Normally distributed
continuous data were presented with means and standard deviation (SD). In contrast,
non-normally distributed data were presented with median and interquartile range (IQR),
which were tested using t-test and Mann–Whitney U test, respectively. Categorical data
were presented in proportion and compared using Fisher’s exact probability test.

Univariable logistic regression analysis was performed to evaluate the individual
effect size (univariable odds ratio, uOR) and the statistical significance of each parameter.
The dependent variables for the primary and secondary endpoint were NMS ≥ 5 and
returning to preinjury functional status, respectively. Since this study was an exploratory
prognostic factors research, we employed a full model approach where all predictors
were entered in multivariable logistic regression modelling without stepwise selection or
backward elimination. The mode results were presented with multivariable odds ratios
(mOR) and their corresponding 95% confidential intervals (CI). All statistical analysis was
computed using Stata 16 (StataCorp LLC, College Station, TX, USA). The level of statistical
significance was set at p < 0.05.

3. Results

There were 254 patients with an intertrochanteric fracture who underwent surgical
treatment during the study period at our institution. Among them, 41 patients who
passed away before the interview, three polytraumatized patients, and one patient with
pathological fracture were excluded. In summary, a total of 209 patients were included in
the analysis (Figure 1).

Of the 209 patients, 149 (71.3%) had good postoperative ambulatory status at one
year (i.e., NMS ≥ 5). However, only 57 (26.5%) were able to return to preinjury functional
status (50 (25%) and 4 (23.5%) in patients with good and poor preinjury ambulatory status
respectively). Patients with good postoperative functional outcome had significantly
younger age (81 ± 7 vs. 84 ± 6 years, p = 0.008), better pre-injury NMS (9 (IQR 7, 9) vs. 6
(IQR 4, 9), p < 0.001), higher hemoglobin level (10.7 ± 1.6 vs. 10.2 ± 1.7 g/dL, p = 0.022),
lower CCI (4 (IQR 4, 5) vs. 5 (IQR 4, 6), p < 0.001), lower length of stay (11 (IQR 8, 14) vs. 14
(IQR 11, 18) days, p < 0.001), and better NMS at discharge time (3 (IQR 2, 5) vs. 1 (IQR 0, 2),
p < 0.001) (Table 1). None of the surgical-related factors showed statistically significant
differences between the two groups (Table 2).
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Figure 1. Study flow diagram of eligible patient with fragility intertrochanteric fracture who received
reduction and internal fixation. Patient with available 1-year postoperative ambulatory status
information were included from January 2017 to February 2020.

Table 1. Demographic data and clinical factors in 209 patients comparing between good and poor
functional outcome at one year.

Variable Total (209)
NMS ≥ 5

(149, 71.3%)
NMS < 5

(60, 28.7%)
p-Value

Age (mean ± SD) years 82 ± 7 81 ± 7 84 ± 6 0.008
Age ≥ 80 years 75 (35.9%) 61 (40.9%) 14 (23.3%) 0.017

Male gender (n.%) 55 (26.3%) 42 (28.2%) 13 (21.7%) 0.388
Pre-fracture NMS † (median, IQR) 9 (6, 9) 9 (7, 9) 6 (4, 9) <0.001

Pre-fracture NMS ≥ 5 192 (91.9%) 148 (99.3%) 44 (73.3%) <0.001
Hb ‡(mean ± SD) g/dL 10.6 ± 1.7 10.7 ± 1.6 10.2 ± 1.7 0.022

Hb ≥ 10 g/dL 62 (29.7%) 54 (36.2%) 8 (13.3%) 0.001
CCI §(median, IQR) 4 (4, 5) 4 (4, 5) 5 (4, 6) <0.001

CCI < 5 114 (54.6%) 90 (60.4%) 24 (40.0%) 0.009
BMI ¶(mean ± SD) kg/m2 21.7 ± 3.6 21.4 ± 3.6 22.5 ± 3.9 0.062

BMI < 23 kg/m2 149 (71.3%) 114 (76.5%) 35 (58.3%) 0.011
Albumin (mean ± SD) mg/L 3.6 ± 0.5 3.7 ± 0.5 3.6 ± 0.4 0.117

Albumin ≥ 3 mg/L 183 (87.6%) 129 (86.6%) 54 (90.0%) 0.645
Time to surgery (median, IQR) (d) 5 (3, 8) 4 (2, 7) 5 (3, 8) 0.066

Time to surgery < 3 days 80 (38.3%) 63 (42.3%) 17 (28.3%) 0.083
Length of stay (median, IQR) (d) 12 (9, 15) 11 (8, 14) 14 (11, 18) <0.001

Length of stay < 14 days 148 (70.8%) 114 (75.5%) 34 (56.7%) 0.007
NMS † at discharge (median, IQR) 3 (1, 4) 3 (2, 5) 1 (0, 2) <0.001

NMS at discharge ≥ 2 109 (52.2%) 96 (64.4%) 13 (21.7%) <0.001
† The New Mobility Scores, ‡ Hemoglobin, § Charlson’s comorbidity index, ¶ Body Mass Index.
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Table 2. Surgical-related factors in 209 patients comparing between good and poor functional
outcome at one year.

Variable Total (209)
NMS ≥ 5

(149, 71.3%)
NMS < 5

(60, 28.7%)
p-Value

Fracture classification (n, %)
31A1 57 (27.3%) 47 (31.5%) 10 (16.7%)
31A2 116 (55.5%) 77 (51.7%) 39 (65.0%)
31A3 36 (17.2%) 25 (16.8%) 11 (18.3%) 0.086

Lateral wall thickness (mean ± SD) mm 21.3 ± 6.6 21.7 ± 6.8 20.5 ± 5.9 0.220
Lateral wall thickness ≥ 20.5 mm 108 (51.7%) 79 (53.0%) 29 (48.3%) 0.545
Neck shaft angle (mean ± SD) ◦ 134.9 ± 8.4 135.3 ± 7.8 133.9 ± 9.8 0.256

Neck shaft angle ≥ 130◦ 153 (73.2%) 116 (77.9%) 37 (61.7%) 0.024
Medial cortical support (mean ± SD) mm (+) 0.7 ± 3.7 (+) 0.7 ± 3.5 (+) 0.8 ± 4.2 0.916
Negative medial cortical support < 6 mm 200 (95.7%) 144 (96.6%) 56 (93.3%) 0.282

Anterior cortical support (mean ± SD) mm (−) 1.2 ± 4.1 (−) 1.1 ± 3.7 (−) 1.4 ± 4.9 0.646
Negative anterior cortical support < 7 mm 193 (92.3%) 140 (94.0%) 53 (88.3) 0.247

CalTAD † (mean ± SD) mm 26.6 ± 5.9 26.6 ± 5.9 26.5 ± 6.1 0.957
CalTAD < 25 mm 89 (42.6%) 66 (44.3%) 23 (38.3%) 0.445

Parker’s ratio (AP) (mean ± SD) % 47.8 ± 8.2 47.4 ± 8.0 48.8 ± 8.5 0.257
Parker’s ratio (AP) < 40% 43 (20.6%) 34 (22.8%) 9 (15.0%) 0.258

Fixation implant
Extramedullary device 42 (20.1%) 32 (21.5%) 10 (16.7%)
Intramedullary device 167 (79.9%) 117 (78.5%) 50 (83.3%) 0.567

† Calcar reference tip-apex distance.

In univariable logistic regression, the patient’s age, pre-injury NMS, preoperative
hemoglobin level, CCI, BMI, length of stay, and ambulatory status at discharge time
were statistically significant predictors (Table 3). Of the 18 predictors included for the
multivariable logistic regression analysis, four were identified as independent predictors
of postoperative ambulatory status at one year. Pre-injury NMS ≥ 5 was the predictor
with the largest effect size (mOR 52.72, 95%CI 5.19–535.77, p = 0.001). Other influential
predictors were preoperative hemoglobin level ≥ 10 g/dL (mOR: 3.26, 95% CI 1.11–9.57,
p = 0.031), BMI < 23 kg/m2 (mOR 3.14, 95% CI 1.21–8.13, p = 0.018), and the ambulatory
status of patients at discharge time with NMS at least 2 (mOR 8.50, 95% CI 3.33–21.70,
p < 0.001). None of the surgical-related factors have a statistically significant effect on
postoperative functional status (Table 3). In multivariable logistic regression analysis for
factors associated with the ability to return to preinjury functional status, only patient’s
age (mOR 2.34, 95% CI 1.11–4.93, p = 0.025) and ambulatory status at discharge time with
NMS at least 2 (mOR 6.09, 95% CI 2.75–14.32, p < 0.001) were identified as independent
predictors (Table 4). The varying effect of each predictor between two different endpoints
was summarized in regression coefficient plots (Figures 2 and 3).
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Table 3. Logistic regression analysis of prognostic factors of regaining good 1-year postoperative ambulatory status (NMS ≥ 5).

Variable
Univariable Multivariable

uOR 95% CI p-Value mOR 95% CI p-Value

Age ≥ 80 2.28 1.15–4.50 0.018 2.50 0.95–6.58 0.064
Male gender 1.42 0.70–2.89 0.334 1.79 0.62–5.14 0.279

Pre-fracture NMS † ≥ 5 53.82 6.94–417.27 <0.001 52.72 5.19–535.77 0.001
Hb ‡ ≥ 10 g/dL 3.69 1.63–8.35 0.002 3.26 1.11–9.57 0.031

CCI § < 5 2.29 1.24–4.22 0.008 2.02 0.85–4.84 0.113
BMI ¶ < 23 kg/m2 2.33 1.23–4.40 0.009 3.14 1.21–8.13 0.018

Albumin ≥ 3 mg/L 0.72 0.27–1.88 0.499 0.50 0.14–1.79 0.285
Fracture classification

31A1 1.00 Reference 1.00 Reference
31A2 0.42 0.19–0.92 0.030 0.38 0.11–1.26 0.113
31A3 0.48 0.18–1.29 0.148 0.43 0.08–2.28 0.324

Lateral wall thickness ≥ 20.5 mm 1.21 0.66–2.20 0.540 1.19 0.46–3.09 0.722
Neck shaft angle ≥130◦ 2.19 1.14–4.18 0.018 1.28 0.47–3.48 0.628

Negative medial cortical support < 6 mm 2.06 0.53–7.94 0.295 1.14 0.13–9.85 0.907
Negative anterior cortical support < 7 mm 2.05 0.73–5.80 0.174 2.54 0.56–11.52 0.228

CalTAD †† < 25 mm 1.28 0.69–2.36 0.431 1.12 0.44–2.83 0.813
Parker’s ratio (AP) < 40% 1.68 0.75–3.75 0.209 1.37 0.44–4.22 0.585

Fixation implant
Extramedullary device 1.00 Reference 1.00 Reference
Intramedullary device 0.73 0.33–1.60 0.434 1.54 0.42–5.73 0.516

Time to surgery < 3 days 1.85 0.97–3.55 0.062 0.55 0.19–1.55 0.256
Length of stay < 14 days 2.30 1.23–4.30 0.009 2.42 0.91–6.42 0.077
NMS † at discharge ≥ 2 6.55 3.25–13.18 <0.001 8.50 3.33–21.70 <0.001

† The New Mobility Scores, ‡ Hemoglobin, § Charlson’s comorbidity index, ¶ Body Mass Index, †† Calcar reference tip-apex distance.

Table 4. Logistic regression analysis of prognosis factors of returning to preinjury functional status at one year.

Variable
Univariable Multivariable

uOR 95% CI p-Value mOR 95% CI p-Value

Age ≤ 80 2.23 1.18–4.20 0.013 2.34 1.11–4.93 0.025
Male gender 0.97 0.48–1.97 0.940 0.86 0.37–2.01 0.727

Pre-fracture NMS † ≥ 5 1.14 0.36–3.67 0.821 0.51 0.12–2.12 0.356
Hb ‡ ≥ 10 g/dL 0.88 0.44–1.76 0.725 0.66 0.29–1.50 0.320

CCI § < 5 1.44 0.76–2.70 0.262 1.17 0.54–2.53 0.689
BMI ¶ < 23 kg/m2 1.21 0.60–2.43 0.600 1.36 0.57–3.24 0.490

Albumin ≥ 3 mg/L 0.94 0.37–2.37 0.892 0.51 0.16–1.63 0.255
Fracture classification

31A1 1.00 Reference 1.00 Reference
31A2 0.82 0.40–1.67 0.577 1.08 0.42–2.73 0.878
31A3 0.99 0.39–2.50 0.976 1.44 0.39–5.30 0.583

Lateral wall thickness ≥ 20.5 mm 1.12 0.60–2.08 0.729 0.95 0.40–2.28 0.911
Neck shaft angle ≥130◦ 1.60 0.76–3.40 0.218 1.05 0.41–2.66 0.919

Negative medial cortical support < 5 mm 5.26 0.68–41.01 0.113 5.44 0.57–52.35 0.142
Negative anterior cortical support < 7 mm 1.56 0.43–5.69 0.503 1.05 0.21–5.04 0.948

CalTAD †† < 25 mm 1.36 0.73–2.53 0.338 1.42 0.66–3.06 0.374
Parker’s ratio (AP) < 40% 1.14 0.54–2.43 0.728 0.96 0.39–2.37 0.935

Fixation implant
Extramedullary device 1.00 Reference 1.00 Reference
Intramedullary device 0.73 0.35–1.53 0.398 0.54 0.19–1.55 0.253

Time to surgery < 3 days 1.28 0.68–2.40 0.449 0.74 0.33–1.69 0.482
Length of stay < 14 days 1.86 0.89–3.91 0.101 2.13 0.90–5.03 0.086
NMS † at discharge ≥ 2 6.09 2.86–12.99 <0.001 6.27 2.75–14.32 <0.001

† The New Mobility Scores, ‡ Hemoglobin, § Charlson’s comorbidity index, ¶ Body Mass Index, †† Calcar reference tip-apex distance.
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Figure 2. Coefficient plot presenting the odds ratio of each clinical parameter regarding two different
endpoints (NMS ≥ 5 and the ability to return to preinjury functional status). Hb: Hemoglobin, CCI:
Charlson’s Comorbidities index, BMI: Body Mass Index, NMS: The New Mobility Score.
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Figure 3. Coefficient plot presenting the odds ratio of each surgical related parameter regarding two
different endpoints (NMS ≥ 5 and the ability to return to preinjury functional status). AO: AO/OTA
classification, CalTAD: Calcar reference Tip Apex Distance, NMS: The New Mobility Score.

4. Discussion

In this study, it was revealed that the effect of surgical-related factors on the post-
operative ambulatory status at one year was outweighed by parameters that reflect the
patients’ baseline clinical and functional status, such as the pre-injury NMS, which was
the strongest predictive factors. The others clinical parameters identified were the NMS
at hospital discharge, BMI, and preoperative Hb level. Only patient’s age and functional
status at hospital discharge were identified as an independent predictor for returning to
preinjury functional status.

For patients with an intertrochanteric fracture who underwent surgery, their baseline
functional status both before the injury and at discharge were identified as important
predictors for their postoperative ambulatory status, which was in consistent with previous
evidence. The better the pre-injury ambulatory status, the better the functional outcome
would be postoperatively [28]. Patients with lower BMI were more likely to ambulate at
one year. We hypothesized that patients with higher BMI might be less physically active
and have insufficient caloric expenditure, which leads to the continuous deterioration of
their ambulatory status [29]. Therefore, an early rehabilitation intervention to promote
sufficient physical activity and nutritional optimization to achieve a balance caloric intake
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and expenditure should be incorporated into a perioperative protocol for older patients
with intertrochanteric fractures.

Admission hemoglobin concentration has been extensively studied and was consis-
tently reported as prognostic factors for functional outcomes and mortality in patients with
hip fracture [21]. Based on our results, we recommended that orthopedists should maintain
the preoperative Hb level greater than 10 g/dL to improve the postoperative functional
recovery [13]. Although an early surgery did not result in a significant improvement of the
functional outcome in this study, the surgical operation should still be performed as soon
as possible, or within 48 h, in this domain of patients, as it was proven to reduce the length
of hospital stay, postoperative complications, and mortality [30]. Ambulatory status at
discharge time positively affected the 1-year postoperative outcome of the patients, similar
to the previous study [28].

In our study, only less than one-third of the patients could return to their preinjury
functional status at one year, similar to the numbers reported by previous studies, from
29% to 39% [2,31]. Interestingly, although a good baseline functional status could strongly
predict an acceptable postoperative ambulatory status, it could not predict the ability of
the patients to return to their preinjury functional status as the ability to return to preinjury
functional status was independent of the patients’ baseline functional status. In contrast,
only functional status at discharge were significantly associated with both study endpoints.
This finding emphasizes the importance of adequate postoperative rehabilitation, which
positively influences the patient’s long-term functional outcome [28]. Patients aged less
than 80 years were more likely to return to their preinjury functional status. Although
the statistical significance of this factor was identified only for the secondary endpoint,
the direction and magnitude of the association were somewhat similar for the primary
endpoint. Thus, it might be reasonable to conclude that age was associated with functional
recovery, which was concordance with a previous study [32]. Based on our findings, we
suggest that an adequate postoperative rehabilitation to enable the patients to regain at
least an NMS of 2, or self-ambulation with a walking aid, is encouraged before hospital
discharge.

Contrary to our prior hypothesis, surgical-related parameters were not significantly
associated with the postoperative functional outcome at one year, either NMS ≥ 5 or the
ability to return to preinjury functional status. However, the absence of statistical evidence
should not be construed as the absence of the prognostic ability. Since orthopedic surgeons
would attempt to obtain the optimal quality of surgical reduction and fixation in every
operation, the effect of these surgical parameters was obscured and might require a larger
sample size to identify the statistical significance. Based on the direction and the magnitude
of the effect estimates, some surgical-related parameters should not be overlooked, such as
the figure configuration. The AO/OTA 31A2 and 31A3 fracture configurations reduced the
odds of postoperative ambulation by 0.38 and 0.43, respectively. Intertrochanteric fracture
classified as AO/OTA 31A2 creates structural defect at the postero-medial zone, while
AO/OTA 31A3 loses the integrity of the supero-lateral zone, which greatly reduces the
stability of the intertrochanter area [18,33]. Positive to negative anterior cortical support of
less than 7 mm tended to improve the outcome (mOR: 2.54, 95%CI 0.56–11.52), which might
be explained according to the previous finite element analysis that shows better reduction
stability with positive anterior cortical support by preventing further sliding of proximal
fragment [34]. Nevertheless, the standardized surgical techniques that rely on previously
reported reduction and fixation parameters should continue to be used regardless of their
lack of predictive ability of the postoperative functional outcome as they have been proven
to improve the biomechanical properties of the fracture fixation [7,10,18].

Although the effects of baseline clinical factors and pre-injury functional status on
postoperative functional status seem to be more pronounced than surgical-related factors,
orthopedic surgeons should still optimize the quality of surgery and provide each patient
with effective perioperative management to improve functional recovery and promote early
ambulation. During the past years, a fast-track perioperative protocol, such as an enhanced
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recovery after surgery (ERAS), primarily designed to be used in colorectal surgery, has
been shown to provide better surgical outcomes if properly implemented. ERAS comprises
three main components: preoperative nutritional optimization and education, minimally
invasive intraoperative procedure with optimum fluid balance, and adequate postoper-
ative pain control with early rehabilitation [35]. A rehabilitation program in an ERAS
protocol promotes pain-free musculoskeletal function and improves overall functional
recovery and postoperative ambulation [36]. Several studies had discovered the potential
effectiveness of using an ERAS program in the context of orthopedic surgery [37,38]. One
propensity score-matched study compared an effect of an ERAS program on patients who
underwent hip and knee replacement surgery and found an enhancement in postoperative
ambulation and reduction in the length of hospital stay [39]. Our findings could be used to
guide the development of an ERAS program specifically designed for older patients with
intertrochanteric fractures.

Our study carried some strengths. First, this study was one of few studies to clarify
the association between surgical-related and postoperative functional outcomes in patients
with an intertrochanteric fracture [40]. Even though statistical significances were not iden-
tified among these surgical factors, some have potential predictability of the postoperative
ambulation status based on their direction and effect size. Second, our study was able to
identify the minimal acceptable NMS score of postoperative ambulation status before hos-
pital discharge, which can be used to guide physicians to consider additional rehabilitation
programs.

The results from our study, however, should be considered in light of some limitations.
First, the retrospective nature itself is subjected to several biases. Second, the exclusion
of patients who passed away before the time of the interview might create an inevitable
selection bias. Even though the mortality rate in our study was similar to the previous
reports at approximately 15% [41], our samples might not reflect the actual underlying
population. Third, using telephone interviews as the data collection method might give
rise to both recall and interviewer biases. In our study, these biases were minimized
by using valid assessment tools, structured interviews, and blinded interviewers [26].
Fourth, the accuracy of BMI and some other physician-estimated parameters might be
questionable. However, clinicians usually perform these estimations in their practice,
especially when an actual measurement was not feasible. While using this approach may
affect the internal validity of the predictors, it did, however, enhance the generalizability
to the real-world practice. Fifth, cognitive status, a potential influencing factor for the
functional outcome, was not included in the analysis as it was not routinely evaluated or
documented in our practice. Finally, the available sample size was relatively small and was
not powered enough to identify the significance of some predictors. The findings of our
study regarding the association between surgical-related parameters should be considered
preliminary evidence, which still requires further prospective study with a larger sample
size to confirm.

5. Conclusions

Our study emphasizes the importance of the patients’ preinjury clinical status, which
outweighs the surgical-related factors in predicting postoperative functional outcomes
of older patients with an intertrochanteric fracture. Pre-injury ambulatory status is the
strongest independent predictor, follow by the patient’s BMI. Orthopedic surgeons should
focus more attention on improving the patient’s clinical condition as well as maintaining
the optimal quality of surgery. A preoperative hemoglobin level of at least 10 g/dL should
be targeted. An adequate rehabilitation program should be included in the postoperative
protocol to maximize the ambulatory capability before discharge and ensure a good 1-year
postoperative ambulation, allowing patients to return to their previous functional status.
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Abstract: The European Commission’s 2019 report regarding the state of health profiles highlighted
the fact that Romania is among the countries with the lowest life expectancy in the European Union.
Therefore, the objectives of the present study were to assess the current prescription habits of general
physicians in Romania related to medicines taken by the elderly population for chronic conditions in
both urban and rural setting and to discuss/compare these practices with the current international
recommendations for the elderly (American—Beers 2019 criteria and European—STOPP/START
v.2, 2015 criteria). A total of 2790 electronic prescriptions for chronic pathologies collected from
18 community pharmacies in the western part of Romania (urban and rural zones) were included.
All medicines had been prescribed by general physicians. We identified the following situations
of medicine overuse: 15% of the analyzed prescriptions involved the use of nonsteroidal anti-
inflammatory drugs (NSAIDs) for >2 weeks, 12% involved the use of a proton-pump inhibitor
(PPI) for >8 weeks, theophylline was the bronchodilator used as a monotherapy in 3.17% of chronic
obstructive pulmonary disease cases, and zopiclone was the hypnotic drug of choice for 2.31% of
cases. Regarding the misuse of medicines, 2.33% of analyzed prescriptions contained an angiotensin-
converting enzyme (ACE) inhibitor and an angiotensin II receptor blocker (ARB) for patients with
renal failure in addition to vitamin K antagonists (AVKs) and NSAIDs in 0.43% of cases. Prescriptions
for COX2 NSAIDs for periods longer than 2 weeks for patients with cardiovascular disorders
accounted for 1.33% of prescriptions, and trihexyphenidyl was used as a monotherapy for patients
with Parkinson’s disease in 0.18% of cases. From the included medical prescriptions, 32.40% (the
major percent of 2383 prescriptions) had two potentially inappropriate medications (PIMs). Rural
zones were found to be risk factor for PIMs. Decreasing the chronic prescription of NSAIDs and PPIs,
discontinuing the use of hypnotic drugs, and avoiding potentially harmful drug–drug associations
will have long term beneficial effects for Romanian elderly patients.

Keywords: aged people; primary health care; STOPP/START; Beers criteria; medical prescriptions
for chronic pathologies; inappropriate prescribing
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1. Introduction

The European Commission’s 2019 report regarding the state of health profiles high-
lighted the fact that Romania is among the countries with the lowest life expectancy in
the European Union (EU) (75.3 years in Romania versus 80.9 years in the EU), with large
discrepancies between individuals of different genders and education levels [1]. Women
live for an average of 7 years longer than men, and the most educated men (with at least
a tertiary education level completed) are expected to live 10 years longer than the least
educated (who have not completed secondary education) [2].

Some of the causes of increased mortality involve behavioral risk factors (smoking,
obesity, alcohol consumption, low physical activity, and poor nutrition in the form of
excessive consumption of salt and sugar and low intake of fruits and vegetables), having a
lower number of doctors and nurses per inhabitant, and having much lower health care
costs compared with other EU countries (both per patient—1029 versus 2884 EUR/patient
in the EU and per percent of gross domestic product (GDP)—5 versus 9.8% in the EU) [1].

It seems that the main causes of death are preventable and treatable pathologies, with
diseases of the circulatory system (ischemic heart diseases and stroke) being the primary
cause (58.2%), followed by cancer (lung, breast, or colorectal) and respiratory diseases [3].

In light of the current severe acute respiratory syndrome coronavirus (SARS-CoV-2)
pandemic, we also have to highlight the susceptibility of elderly people to this virus [4].
Elderly people are more likely to develop a severe and critical form of the disease. Diseases
such as cardiovascular diseases, acute respiratory distress syndrome, chronic obstructive
pulmonary disease, and diabetes can predict poorer outcomes [5], putting elderly people at
risk of faster clinical deterioration [6]. In Romania, The National Institute of Public Health
provides a weekly report concerning the COVID-19 situation. Their statistics highlight that
the median age of death due to COVID-19 is 71 years and that all people who have died
from this disease have had at least one comorbidity. It has also been shown that 59.8% of
deaths occurred in males [7]. In a case study, the European Commission’s H2020 Expert
Group pointed that sex and gender can impact the outcome of contracting COVID-19 and
that more men than woman die from acute infection [8]. Regarding the COVID-19 mortality
rate in other European countries, data published at the beginning of February 2021 by the
WHO Coronavirus Disease Dashboard showed the following: 3.51% in Hungary, 3.46% in
Italy, 2.73% in Germany, 2.54% in Romania, 2.41% in France, and 2.09% in Spain (number
of deaths/total number of reported cases) [9].

Primary care services in Romania seem to be less often used than hospital emergency
services. Emergency services are often used for less urgent cases, thus increasing the
inpatient care costs for the Romanian population [1]. Moreover, the vaccination rate is
lower than the EU average (8% in Romania versus 44% in the EU among the elderly for
influenza in 2017) [1,10].

Several studies have stated that inappropriate prescription is a major health issue
among the elderly in all clinical settings [11–13]. The physiological changes that occur
during the aging process, result in changes in the pharmacokinetics and pharmacodynamics
of administered medicines. Moreover, the presence of comorbidities and polypharmacy,
lead to negative outcomes regarding patient safety, such as adverse drug reactions (ADRs).
These ADRs will later increase the prevalence and incidence of morbidity and mortality in
geriatric patients [14].

In order to counteract this problem, clear rules and recommendations for proper
utilization of medicines in the elderly population are required. Explicit criteria have been
developed in order to improve the selection, efficiency, and safety of medication as well
as the quality of health care services [15]. The first criteria that were developed were the
Beers criteria, which were published in 1991 in the USA. They were later adapted and
improved for European countries (due to several differences regarding approved medicines
in the European market and treatment strategies), giving rise to the Screening Tool of Older
Persons’ Prescriptions (STOPP) and the Screening Tool to Alert to Right Treatment (START)
criteria, which were published in 2008. The American Geriatrics Society updates the Beers
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criteria every three years (starting from 2012), while the STOPP/START version 1 criteria
were updated seven years after first being published, in 2015 [15]. The STOPP/START
criteria are now recognized by several institutes and geriatric societies and are used by
many European countries in routine clinical practice [16,17].

In 2016, in a population of elderly community members, Wallace et al. showed
that when a minimum of two potentially inappropriate medicines were prescribed, the
risk of an ADR was increased (according to the STOPP/START criteria). This, in turn,
decreased patients’ quality of life and increased hospitalization rates over a follow-up
period of 2 years [11]. Moreover, in 2016, Wauters et al. concluded that mortality and
hospitalization rates are related to inappropriate medication prescription practices, such as
overuse (prescribing more medicines than are clinically needed and with potential harmful
effects that exceed the potential benefits) and misuse (incorrectly prescribing a medicine)
of medicines [13,18–20].

Romania is currently lacking studies that demonstrate the problems in the healthcare
system or in real-life situations (lack of current statistical data). Few studies (three in the last
9 years) have assessed the prescription appropriateness in the elderly population [14,21,22].
Moreover, the county and the city hospitals in Romania lack geriatric doctors, and the Euro-
pean guidelines for appropriate prescription in elderly people have not been implemented
(and few specialists know about them) [23].

Early detection of frailty and intervention for elderly Romanians living independently
(able to take care of themselves without being dependent on another human) must be a
priority, as more than 65% of subjects, particularly women (divorced or widowed, with a
higher risk, aged >75 years old), were considered frail in a study performed by Pislaru et al.
in 2016 [24,25].

Therefore, the objectives of the present study were to assess the current prescrip-
tion habits of general physicians in Romania regarding medicines taken as chronic treat-
ments by the elderly population (in both rural and urban setting) and to discuss/compare
our findings with the current international (USA—Beers 2019 Criteria and European—
STOPP/START v.2, 2015) recommendations for the elderly [26,27].

2. Materials and Methods

2.1. Study Design, Setting, and Data Collection

This cross-sectional study included a total of 2790 electronic medical prescriptions
for chronic pathologies collected from 18 community pharmacies in the western part of
Romania (urban and rural zones) between January 2018 and June 2019, all written by
general physicians. Regarding the Romanian classification of urban and rural zone, it is
worth mentioning that some of the minimum indicators mentioned by Romanian legislation
for urban zones are as follows: 5000 inhabitants/locality, 75% of the total employed
population working in non-agricultural activities, 70% of all homes equipped with water
supply installations, 55% of all homes equipped with a bathroom and toilet inside the
house, seven hospital beds/1000 inhabitants, and 1.8 doctors/1000 inhabitants [28,29]. By
chronic pathologies, we understand a human health condition/disease as lasting more
than 3 months (long duration and slow progression), that cannot be prevented by vaccines
or cured by medication [30].

In Romania, electronic prescriptions for chronic pathologies can be issued over a
period of 30, 60, or 90 days and contain a maximum of seven prescribed medicines (usually
written using international drug names), which are reimbursed by the national health
insurance system (Figure 1) [31].

When medical electronic prescriptions were collected (as the printed version) from
community pharmacies (by the “pharmacy group”: pharmacist, 2 clinical pharmacist
students, and 2 clinical pharmacists), the names and assurance personal identification
codes of patients had been already blurred.
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Figure 1. Example of a Romanian electronic medical prescription [31].

2.1.1. Inclusion Criteria

Electronic prescriptions were included in this study based on age (≥65 years old),
prescriber (general physician), and ambulatory treatment and duration (chronic treatment).

2.1.2. Exclusion Criteria

Prescriptions did not meet the criteria for inclusion in this study if they were duplicates
issued for the same patient but in different months (based on the patient’s gender, date of
birth, prescriber, and medical record number of the patient, using Microsoft Excel). These
were excluded by the “pharmacy group” that analyzed the prescriptions. Psychotropic and
narcotic medications, such as benzodiazepines, barbiturates, opioids, and zolpidem (and
not zopiclone), were also excluded from this study, as Romanian legislation (Law 339/2005)
requires different prescription forms that are non-electronic and more secure for these types
of medicines [32]. Moreover, over-the-counter (OTC) medicines and food supplements
were also excluded, as they are not reimbursed by the national health insurance system
and cannot be prescribed via electronic form.

2.2. Data Evaluation

The collected prescriptions were analyzed in face-to-face meetings by an interdisci-
plinary team of 10 specialists (cardiologist, psychiatrist, gastroenterologist, pulmonologist,
generalist, pharmacist, two clinical pharmacists, and two clinical pharmacy students) over
a period of 6 months, based on the 2019 Beers criteria and the STOPP/START v.2 crite-
ria [26,27,33]. The meetings were scheduled once per week, and each session lasted for a
minimum of 2 h.

First, the collected medical prescriptions were divided in blocks of 250 prescriptions.
Each block of medical prescriptions underwent a three-round screening evaluation: first,
they were evaluated by the “pharmacy group”, then by the general physician and the
cardiologist/internist (double specialization), and finally, unanswered questions/problems
were managed with the help of other specialists (Figure 2). Final decisions were made
based on full agreement by everyone using the Beers 2019 and STOPP/START v.2, 2015
criteria [26,27]. It is worth mentioning that the results of the first review performed by the
“pharmacy group” were shared with the first physician reviewers (general physician and
the internist).
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Figure 2. Schematic representation of the study’s methodology.

Patients’ data were collected using chronic electronic prescriptions, and we did not
have access to clinical data. We were able to identify the prescriber (e.g., general physician),
the type of treatment (e.g., ambulatory and chronic), and the patients’ genders and ages
(Figure 1).

Based on the diagnostic codes (attributed by the national health insurance system for
each chronic pathology) of each prescription, we identified the main chronic conditions
experienced by the patients.

Treatment duration was determined based on the days for which each prescription
was issued (number of days of treatment, Figure 1). For the assessment of the duration of
use of proton-pump inhibitors (PPIs) and H2 antagonists, only prescriptions issued for 60
or 90 days were counted in the final analysis.

Overall, 26 STOPP v.2, 2015 criteria were applied to the dataset [27]. Regarding the
2019 Beers criteria, only 17 could be applied [26]. All the applied criteria are listed in
Appendix A of the present article.

2.3. Statistical Analysis

Data are presented either as the mean ± standard deviation or as percentages. SPSS
v.17 statistical software (SPSS Statistics for Windows, version 17.0. Chicago: SPSS Inc.) was
used for the analysis. For the sample size calculation, we conducted a power analysis test
using G*Power 3.1 software, with 80% power, a significance level of 0.05, and an effect
size of 5.31% [34,35]. We determined the descriptive statistics for the numerical variables
(means and standard deviations) and for the qualitative variables (absolute and relative
frequencies). Logistic regression was applied in order to determine the association between
the number of potentially inappropriate medications (PIMs) and zone (rural/urban setting),
age, gender, number of chronic conditions and of medicines. Chi-squared test was applied
for categorical type variables and Mann–Whitney U test for numerical variables that were
not normally distributed [36,37].

All collected electronic prescriptions for chronic conditions are stored under lock and
key at the “Victor Babes” University of Medicine and Pharmacy, along with the flash drive
containing the electronic data.
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3. Results

3.1. Characteristics of the Analyzed Prescriptions and the Studied Population

A total of 2790 electronic prescriptions for chronic conditions (for 2790 patients) were
included, of which 53.69% were issued by urban general physicians. Of the total prescrip-
tions, 60.64% were for female patients, and the mean age of patients was 74.54 ± 7.22 years
old. The vast majority (78.70%) of included medical prescriptions were written for a period
of 30 days, and the mean number of medications per prescription was four (Table 1).

Table 1. Main characteristics of the analyzed prescriptions and patients.

Number of
Prescriptions

Zone of
Prescriptions

Sex Distribution
Average Age
of Patients

(years)
Days of Treatment

Average
Number of
Medicines/

prescriptions

2790
urban 53.69% female 60.64%

74.54 ± 7.22
30 days 60 days 90 days

4.29 ± 1.60rural 46.30% male 39.36% 78.70% 3.66% 17.64%

Table 2 presents the average number of medicines per medical prescription based on
age category and gender.

Table 2. The average number of medicine/prescriptions based on age.

Age Category Gender
% of Total

Prescriptions
Average Number of

Medications/Prescriptions

65–69 years old female 23.38% 4.14
male 11.01% 4.72

70–74 years old female 13.84% 4.36
male 12.45% 4.53

75–79 years old female 9.96% 4.40
male 5.46% 4.77

80–84 years old female 11.00% 4.51
male 5.45% 4.51

85–89 years old female 5.57% 4.32
male 3.78% 5.27

90–94 years old female 1.14% 3.11
male 0.74% 6.63

95–99 years old female 0.70% 3.00
male

From Table 2, it can be observed that for a given age group, men were prescribed more
medications than women, suggesting an increased morbidity rate in the male gender.

Figure 3 presents the most common chronic conditions associated with the analyzed
prescriptions based on the diagnostic code of each medical prescription. As expected, car-
diovascular disorders were the most common chronic conditions encountered (around 79%
of cases), followed by metabolic and endocrine disorders (38.7%), gastrointestinal disorders
(13.57% of cases), respiratory system disorders, and genitourinary, musculoskeletal, and
nervous system disorders (Figure 3).

3.2. Inappropriate Prescription Problems

Table 3 presents the problems associated with the overuse of medicines in elderly
Romanian patients.

The prescription of NSAIDs and PPIs was the main problem identified regarding
treatment duration. Of the included prescriptions, 15% had an NSAID prescribed for more
than 2 weeks, and 12% had an PPI prescribed for more than 8 weeks (Table 3).
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Figure 3. Most common chronic conditions requiring prescriptions.

Table 3. Overuse of medicines according to STOPP/START v.2, 2015 and Beers 2019 Criteria [26,27].

Problem Encountered
Pharmacological
Class/Medicine

% of Total
Prescriptions

n of Patients Recommendations for the Elderly

a. Duration of
treatment

NSAIDs (>2 weeks)
15% 418

To be used with caution at the lowest
effective dose and for the shortest
period of time (acute treatment).

[STOPP/STARRT v.2, 2015;
Beers 2019] Monitoring of side effects.

PPIs (>8 weeks)
12% 335

To evaluate the risk/benefit ratio
when prescribing for longer periods of

time (>8 weeks).

[STOPP/STARRT v.2, 2015;
Beers 2019]

Use with caution in patients with
polypharmacy (inhibitors of

cytochrome P450).

H2 antagonist (>8 weeks)
2% 56

To evaluate the risk/benefit ratio
when prescribing for longer periods of

time (>8 weeks).

[STOPP/STARRT v.2, 2015] Potential drug–drug interactions in
patients with polypharmacy. [38,39]

b. Treatment
indication

(i) Bronchodilator used
in monotherapy for
chronic obstructive
pulmonary disease
(ii) Hypnotic drugs

Theophylline
3.17% 88

More effective and less toxic agents
currently available (beta 2

adrenomimetic or anticholinergic
bronchodilators).[STOPP/STARRT v.2, 2015]

Zopiclone
2.31% 64

Prefer other treatment options with
safer profiles and better tolerance.

[STOPP/STARRT v.2, 2015;
Beers 2019]

If used, prescribe in the lowest
effective dose (half of the adult dose)

and for a maximum period of 4 weeks.

c. Duplication of
pharmacological class

Diuretics (loop or
thiazide) Beta blockers

Dihydropyridines
NSAIDs ACE inhibitors

H1 antagonists

2.20% 61

Avoid using two medicines with the
same mechanism of action. Minimal

clinical benefits when duplicated.

[STOPP/STARRT v.2, 2015] Exacerbation of side effects.

Legend: NSAID, nonsteroidal anti-inflammatory drug; PPI, proton-pump inhibitor; ACE, angiotensin-converting enzyme; Screening Tool
of Older Persons’ Prescriptions (STOPP); Screening Tool to Alert to Right Treatment (START).
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Moreover, theophylline was the bronchodilator used as a monotherapy in 3.17% of
cases for patients with chronic obstructive pulmonary disease, while zopiclone was the
hypnotic medicine used in 2.31% of cases (Table 3).

We also identified duplications of pharmacological class in 2.2% of medical prescrip-
tions (Table 3).

Table 4 presents the identified problems associated with the misuse of medicines in
Romanian elderly patients.

Table 4. Misuse of medicines according to STOPP/START v.2, 2015 and Beers 2019 Criteria [26,27].

Problem Encountered
Pharmacological
Class/Medicine

% of Total
Prescriptions

n of Patients
Recommendations

for the Elderly

a. Drug–drug
interactions

ACE inhibitors + ARBs
2.33% 65

Avoid the association.
[STOPP/STARRT v.2, 2015;

Beers 2019]
High risk of hyperkalemia,

renal injuries.
α1 blockers + Furosemide

1.36% 38
Avoid the association.

[STOPP/STARRT v.2, 2015;
Beers 2019] High risk of urinary incontinence.

AVK + NSAIDs
0.43% 12

Avoid the association.

[STOPP/STARRT v.2, 2015] Major risk of gastro-
intestinal bleeding.

Beta blockers +
Verapamil/diltiazem 0.33% 9

Avoid the association.

[STOPP/STARRT v.2, 2015] Cardiac depression, heart block.
Associations of CNS

depressants 0.18% 5
Avoid the association.

[Beers 2019]
Central nervous system depression,

with increased risk of falls
and fractures.

b. Drug-pathology
interactions

Cardiovascular disorders +
COX2 NSAIDs (>2 weeks)

1.33% 37

Avoid the association.

[STOPP/STARRT v.2, 2015;
Beers 2019]

Increased risk of cardiovascular
complications (stroke,

myocardial infarction).

c. Drug class

Trihexyphenidyl
(monotherapy) for

Parkinson’s disorder in
patients ≥65 years old 0.18% 5

More effective substances
currently available.

[Beers 2019] Increased risk of anticolinergic
side effects.

Legend: ARB, angiotensin II receptor blocker; AVK, vitamin K antagonist; CNS, central nervous system.

Concerning the misuse of medications, the most commonly encountered problems
were drug–drug interactions, the prescription of COX2 NSAIDs for longer than 2 weeks
for patients with cardiovascular disorders (1.33% of cases), and the prescription of tri-
hexyphenidyl as a monotherapy for patients with Parkinson’s disorder (Table 4).

Regarding drug–drug interactions, 2.33% of analyzed prescriptions contained the
association of an ACE inhibitor and an ARB for patients with renal failure (identified based
on the diagnostic code), followed by the association of AVK and NSAIDs in 0.43% of cases
(Table 4).

The percent of medical prescriptions in function of the number of potentially inappro-
priate medication (PIM) is presented in Table 5. In addition, 2383 medical prescriptions
(85.41%) of total cases had a least one PIM.
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Table 5. Percent of medical prescriptions with potentially inappropriate medication (PIM).

n of
PIM/Prescription

% of Total Prescriptions
with PIM

% of Rural Zones % of Urban Zones

1 30.96 19.76 11.20
2 32.40 14.69 17.71
3 22.26 17.03 5.22
4 8.48 2.12 5.08
≥5 5.90 1.89 5.30

It can be noticed that the highest percent of potentially inappropriate prescriptions
(32.40%) included two potentially inappropriate medications (Table 5), from a total of
2383 prescriptions with PIM.

As presented in Table 6, urban zones were found to be protective factors for PIMs
(OR = 0.582, with 95% CI = [0.482, 0.702], as well as a higher duration of treatment
(OR = 0.995, with 95% CI = [0.991, 0.999]).

Table 6. Logistic regression considering PIM (Yes/No) as a dependent variable.

Variables in the Equation B S.E. Wald df Sig. Exp(B)
95% CI for EXP(B)

Lower Upper

County −0.659 0.101 42.125 1 0.000 0.518 0.424 0.631
Zone −0.541 0.096 32.043 1 0.000 0.582 0.482 0.702

Gender 0.024 0.093 0.068 1 0.794 1.025 0.854 1.229
Age 0.005 0.006 0.732 1 0.392 1.005 0.993 1.017

n of medicines −0.048 0.041 1.392 1 0.238 0.953 0.880 1.032
n of diagnostics −0.003 0.053 0.004 1 0.950 0.997 0.899 1.105

Days of treatment −0.005 0.002 5.878 1 0.015 0.995 0.991 0.999
Constant 1.044 0.513 4.139 1 0.042 2.840

Rural zones were found to be risk factor for PIMs (Chi-squared test, p < 0.001,
OR = 2.109, with 95% CI = [1.769, 2.516]) (Tables 5 and 6).

4. Discussion

To the best of our knowledge, this is the first study to assess the prescription habits
of general physicians for medications taken as chronic treatments by elderly patients
in both urban and rural settings of the western part of Romania and to compare these
with the international recommendations for aged people (USA—Beers 2019 criteria and
European—STOPP/START v.2, 2015 criteria) [26,27].

This retrospective study, which included a large number of electronic prescriptions for
chronic conditions for elderly patients prescribed by Romanian general physicians, showed
that more than 85% had medication prescription problems. Below, we discuss some of the
most frequent inappropriate prescriptions in light of current recommendations.

4.1. NSAIDs

The most commonly encountered problem in our study was the prescription of
NSAIDs and therefore the overuse of this class of medicines by Romanian general physi-
cians for the elderly population. The Beers 2019 criteria state that the administration
of NSAIDs increases the risk of gastrointestinal bleeding and peptic ulcer development,
especially if they are used as a chronic treatment for more than 1 year. The use of PPIs or
misoprostol reduces, but does not eliminate, this risk. Moreover, the use of NSAIDs can
increase blood pressure and induce kidney injury, which can aggravate heart failure, as
they promote fluid retention and can increase mortality [26]. Therefore, it is recommended
to use NSAIDs with caution in the lowest effective dose and for the shortest possible period
of treatment (acute treatment), as they can induce several gastrointestinal, renal, and/or
cardiovascular side effects, as described in Table 7 [40].
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Table 7. Main side effects of NSAIDs [40].

Main Side Effects of NSAIDs
Gastrointestinal Cardiovascular Renal

• dyspepsia
• peptic ulcer
• gastrointestinal bleeding
• gastrointestinal perforation

• edema
• hypertension
• myocardial infarction
• stroke
• congestive heart failure
• thrombotic events

• sodium retention
• edema
• electrolyte imbalance
• reduction of glomerular filtration rate
• chronic kidney disease

Mechanism: inhibition of prostaglandin
synthesis, which decreases the protective

action of the gastrointestinal mucosa;
fewer side effects with COX2 selective
drugs but a higher cardiovascular risk.

Mechanism: inhibition of prostaglandin
synthesis and elevation of serum

aldosterone, which leads to
hypertension and sodium retention.

Mechanism: inhibition of prostaglandin
and thromboxane synthesis, which induces

renal vasoconstriction, reduced renal
perfusion, and impaired renal function.

If these medicines must be used in the elderly, monitoring for common side effects
is recommended, especially as several studies have shown that long periods of NSAID
exposure increase the risk of acute kidney injury or chronic kidney disease progression,
especially if NSAIDs are combined with certain other classes of medicines, such as ACE
inhibitors/ARBs and/or diuretics [41–43]. We identified that 2% of cases (56 patients)
involved the “triple whammy therapy” (association of RAAS inhibitor + diuretic + NSAID),
and 1.15% (32 patients) involved the association of an ACE inhibitor/ARB + NSAID.
Several studies have shown that “triple whammy” therapy increases the risk of acute
kidney injury, with higher hospitalization rates, especially for men [44,45]. Moreover, the
American Geriatric Society noted that NSAID use must be avoided in all patients with
end-stage renal failure (CrCl <30 mL/min) [26].

It is important to take the risk of hyponatremia into consideration, as it is the most
common electrolyte disorder encountered in clinical practice, especially in the elderly
population (due to dehydration, polypharmacy, and comorbidities, which all can induce
an electrolyte imbalance) [46]. All NSAIDs can induce hyponatremia, even if they are
taken for only a few days, as they inhibit the action of the antidiuretic hormone (due to the
reduction of renal prostaglandins), causing also water retention. Thus, physicians must
consider this risk, as well as the associations of medicines that can aggravate hyponatremia,
as even mild forms of hyponatremia are associated with negative clinical outcomes, such
as cognitive impairment, falls, hospitalizations, and mortality [46]. Moreover, a higher
mortality rate has been observed in patients with moderate or severe hyponatremia [47,48].
In addition, the STOPP/START v.2 criteria state that the use of selective serotonin reuptake
inhibitor (SSRI) antidepressants (the most commonly prescribed medicines nowadays)
must be avoided in patients with hyponatremia, as they can exacerbate this condition, while
the 2019 Beers criteria also include tramadol in the list of medicines that can aggravate
hyponatremia or cause inappropriate antidiuretic hormone secretion (SIADH) [26,27,48].
Thus, it is extremely important to decrease the number of chronic prescriptions of NSAIDs
in the Romanian elderly population and to monitor sodium levels in patients undergoing
chronic treatment with NSAIDs, as deleterious effects can arise, with extremely danger-
ous consequences.

In addition to prescriptions, our research group showed (in another study performed)
that more than 65% of the Romanian population use NSAIDs for self-medication, espe-
cially patients with cardiovascular pathologies, despite the European Medicine Agency
recommendations (on safety precautions of particular NSAIDs) and probably because
diclofenac formulations are the cheapest medicines on the market [49]. Thus, members of
the Romanian population are large consumers of NSAIDs, although Romania is among the
EU countries with the highest incidence of acute coronary syndrome [1].

In the elderly, drug-induced nephrotoxicity is a frequent adverse reaction, which can
precipitate acute or chronic diseases as well as increase morbidity and mortality. It has
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been shown to be responsible for 66% cases of renal failure in the elderly population [50].
Moreover, as renal function is affected by senescence, practitioners should avoid prescribing
medicines that can increase this risk (for the elderly) when taken in association, as the
renal blood flow, number of functional nephrons, and renal filtration rate are already
affected by the aging process. Certain prescription associations also increase the risk of
community-acquired hyperkalemia in the elderly [44,45].

Furthermore, we also identified associations of NSAIDs and AVKs in chronic electronic
prescriptions. It is well known that this kind of association highly increases the hemorrhagic
risk. Based on the fact that a very small proportion of the Romanian population has targeted
INR (International Normalized Ratio) values under anticoagulant treatment, it is advisable
to avoid this association for members of the Romanian elderly population [51].

4.2. PPIs

The second most frequently encountered problem was the prescription of PPIs for
a period of more than 2 months. The 2019 Beers criteria mention the risks of bone loss,
fracture, and C. difficile infection with long-term PPI treatment. Moreover, several publica-
tions have shown that long-term use (>2 months) of PPIs is associated with the following
side effects, which are particularly harmful in elderly patients: vitamin B12 and iron
deficiency, hypomagnesaemia, bone demineralization and fragility, intestinal and other
infections (bacterial overgrowth, non-typhoidal Salmonella, Campylobacter, Clostridium diffi-
cile, community-acquired pneumonia), impaired cognition and affect, and increased risk of
chronic kidney disease [52–54]. PPI use was recently associated with the onset of dementia
and depression in the elderly population, although the exact mechanism by which this
occurs is not clear (it might be due to vitamin B12 malabsorption). Thus, it is necessary to
evaluate the risks and benefits when prescribing PPIs for the elderly for long periods of
time and to consider potential drug–drug interactions in patients with polypharmacy, as
PPIs are inhibitors of the P450 cytochrome [55,56].

4.3. Theophylline

We also identified the prescription of theophylline as a monotherapy by Romanian gen-
eral physicians for patients with chronic obstructive pulmonary disease. Theophylline is a
narrow therapeutic window bronchodilator. The 2019 Beers criteria and the STOPP/START
v2 2015 criteria recommend the use of beta 2 adrenomimetic or anticholinergic bronchodila-
tors, which are more effective and less toxic compared with theophylline, for the treatment
of chronic obstructive pulmonary diseases [26,27,57].

Therapy with theophylline requires monitoring of its concentration in the serum, and
patients can experience toxicity symptoms like arrhythmia or convulsions before nausea
and vomiting occur (Table 8). Moreover, smokers require higher doses of the medication,
and smoking cessation increases its toxicity. It is susceptible to drug–drug interactions
with the following medicines: phenytoin, ciprofloxacin, co-trimoxazole, levothyroxine, and
benzodiazepines [58]. In addition, as cardiovascular diseases are the primary pathologies
encountered in the elderly Romanian population (based on our study findings using
the percentages of chronic conditions and other European reports) [59], treatment with
theophylline can increase the risk of cardiovascular complications with serious side effects,
especially in patients with atrial fibrillation and congestive heart failure. Thus, due to the
low risk/benefit ratio and despite its low price, it is recommended that theophylline is
replaced with other bronchodilator medicines (β2-agonists or anticholinergics) with safer
and more efficient profiles. Further, the 2019 Beers criteria mention an increased risk of
theophylline toxicity when the drug is associated with other medicines, especially enzyme
inhibitors (e.g., ciprofloxacin), administered for acute treatments [26].
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Table 8. The most common side effects of theophylline [60].

Most Common Side Effects of Theophylline
Neurological Cardiovascular Respiratory Gastrointestinal

• agitation
• irritability
• tremor
• hallucination
• insomnia

• tachycardia
• atrial fibrillation
• hypotension
• cardiac arrest

• tachypnea
• acute lung injury
• respiratory alkalosis

• nausea
• vomiting
• abdominal pain

4.4. Zopiclone

Regrettably, despite several recommendations not to treat habitual insomnia in the el-
derly with medications such as benzodiazepines and non-benzodiazepine receptor agonist
hypnotics (Z drugs), these medications are still the most commonly prescribed drugs for
this age group [61]. The 2019 Beers recommendations state that “Z drugs” produce adverse
drug reactions similar to those of benzodiazepines, such as daily sedation, delirium, and
increased risk of falls and fractures. Moreover, they induce minimal improvements in sleep
latency and duration [26]. Romanian legislation (Law 39/2005) demands that benzodi-
azepine and zolpidem drugs are prescribed on secure prescription forms and not with the
basic electronic formulary; this is why our study did not include these substances [32].
Only zopiclone can be prescribed with the classical electronic prescription form, and as
expected, our study shows that it is overprescribed in the elderly population.

It is worth mentioning that older people are the most vulnerable and susceptible
to developing side effects of sleep medication, Z drugs, and benzodiazepines, so it is
recommended to use them at the lowest effective dose (half the adult dose) and for a
short period of time (4 weeks) [61,62]. Moreover, the 2019 Beers criteria mention that they
have minimal efficacy in treating insomnia, with a high probability of developing adverse
reactions [26]. The current recommendations regarding insomnia treatment focus on
cognitive behavioral therapy, as maintaining cognitive functioning is an important aspect
that must be taken into account in the elderly [61]. Moreover, sleep-disordered breathing
should be diagnosed in a timely manner and treated effectively in elderly patients, as it can
be a prime cause of sleep disorders [61,62]. An alternative medicine for the treatment of
sleep disorders could be melatonin (as its natural secretion decreases with age), which is
better tolerated and has fewer side effects. Moreover, it was recently reported to have renal
protective properties, which could be beneficial for elderly patients [50].

4.5. Misuse of Medicines

Regarding the main drug–drug interactions encountered, 2.33% of the prescriptions
analyzed in this study involved the association of an ACE inhibitor and an ARB for patients
with renal impairment. In 2017, the European Society of Cardiology recommended that
this association should be avoided, if possible, because of the unclear results from clinical
trials regarding its benefits and the higher risk of acute functional renal failure [63].

It is recommended that COX2 NSAIDs to be avoided as chronic treatments for patients
with cardiovascular pathologies due to the high incidence of acute coronary complica-
tions (e.g., myocardial infarction) [27]. Moreover, the 2019 Beers recommendations state
that COX2 NSAIDs and thiazolidinediones should be used with caution in patients with
asymptomatic heart failure and avoided in those with symptomatic heart failure [26]. In
the present study, we identified several prescriptions containing COX2 NSAID use for
more than 2 weeks.

4.6. Study Limitations

As a study limitation, we must mention the fact that only electronic prescriptions for
chronic conditions were included. A clear picture of the entire patient treatment regimen
(acute, chronic, OTC drugs, and food supplements) would have provided more information,
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along with other clinical patient data (e.g., hepatic/renal function, ionogram). Moreover,
the assessment of oral anticoagulation therapy in patients with atrial fibrillation/heart
failure was not possible, as there is no diagnostic code available from the assurance
company for this pathology, and novel oral anticoagulants (NOACs) were not reimbursed
by the company when the prescriptions analyzed in this study were written. Due to the
limited availability of the included data, only part of the 2019 Beers and STOPP/START v.2,
2015 criteria could be applied [26,27]. Moreover, the present study included prescriptions
from only the western part of Romania; thus, the present results cannot be generalized to
the entire country. Additionally, patients’ frailty was not assessed.

4.7. Correlations with the Scientific Literature

Our study results are in accordance with the studies performed by Primejdie et al. in
2012 and 2016, which highlighted that NSAIDs, benzodiazepines, zopiclone, and zolpi-
dem are the pharmaceutical substances most frequently associated with safety concerns
in ambulatory as well as in institutionalized patients [21,22]. In a study performed in
Spain in 2019, where the two versions of the Beers criteria (2012 and 2015) and the two
versions of the STOPP criteria (v.1, 2008 and v.2, 2015) were applied, benzodiazepines,
proton-pump inhibitors, peripheral alpha-1 blockers, and NSAIDs were among the most
common potentially inappropriate medications found [64]. Another study performed in
Brazil in very old hospitalized patients emphasized (after applying the 2019 Beers criteria)
that polypharmacy occurs in approximately 84.6% of cases and that the most commonly
encountered PIMs are metoclopramide, omeprazole, regular insulin, and haloperidol [65].
A study performed on South Korean geriatrics and published in 2018 showed that chlor-
pheniramine and amitriptyline were the most frequently prescribed PIMs (after applying
the Beers Criteria) [66].

Other studies on the Romanian elderly population have shown that aged people living
in villages have a significantly higher rate of prolonged hospitalization due to the lack
of nearby hospitals [67] and the lack of specialists in small cities and rural areas [68].In
addition to this data, in the present study, we found rural zones to be a risk factor for the
incidence of PIM which could contribute to the risk of ADR and also to hospitalization
rates, as other studies reported [11]. Moreover, a study performed by Simionescu et al.
highlighted the fact that in order to reduce the mortality rate due to cardiovascular diseases,
the amount of health care spending per person must be increased by the government [68].

Another study that evaluated patients’ adherence to antihypertensive therapy in urban
family medical practices concluded that Romania needs further strategies and management
strategy methods to increase patients’ adherence to treatment [69].

4.8. Purpose of Solutions

Regarding health expenditure in Romania compared to other European countries,
it can easily be observed that some of the budget allocated to the health sector could be
invested more strategically, with higher efficiency, especially for the prevention of diseases
that generate high treatment costs (if they are not discovered in time). From the point
of view of investing public budgets in health care, there are notable differences between
Romania and other EU countries [70]. In the last five years, according to statistics provided
by Eurostat and the OECD (Organization for Economic Co-operation and Development),
Romania has allocated about 5% of its gross domestic product to health spending [70,71].
When compared to Switzerland, which invests about 12.5% of its GDP in health, or the
European average, which is close to 7% of the GDP, it is clear that there is a major difference
between Romania and other civilized countries in this regard. Additionally, of interest for
our research is that, according to Eurostat statistics, regarding the destination of invested
health budgets, in Romania, approximately 54.4% is spent on treating and rehabilitating
patients, 27% is spent on equipment and goods needed in the medical process, and only
18% is spent on other expenses, including prevention. We compared this with Switzerland,
which ranks first in the allocation of financial resources for other activities, including
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prevention and found that only half the budget of other countries is allocated for preventive
medicine in Romania [70,71]. (The percentage allocated to preventive medicine from the
state budget is about 1.8%, far below the European average.)

Another distinctive aspect noted in the OECD statistics is the way in which health
budgets are formed at the level of the European Union and the distinct characteristics of
Romania. Whereas in states with a high-performing health system, the share of government
schemes and private financial instruments prevails, in Romania, the citizens’ contributions
are the main source of funding for the health system. Almost 70% of Romanian health
system costs come from citizen contributions, compared to Switzerland, where citizens
contribute 40% and the state identifies other ways, including private ones, to ensure the
stability of the national health budget [70,71].

Moreover, the use of technology, digital innovation, and digitalization as part of
the national strategy can contribute significantly to making public health spending more
efficient [72]. The use of electronic patient medical records is an immediate action that
should be implemented in the Romanian health care system. From an economic point
of view, the emergence of the eHealthcare field could greatly optimize the spending of
budgets and ensure better prevention [73–75].

Teamwork between specialists (doctors, pharmacists, nurses) is also mandatory for a
patient-centered approach with a lower incidence of iatrogenic events [76].

4.9. Practical Implications

The present study highlights the urgent need for appropriate pharmacological treat-
ment in order to reduce the iatrogenic risk associated with renal injuries, cardiovascular
complications, and electrolyte imbalances. The use of the Beers and STOPP/START criteria
could also be beneficial as guides for appropriate treatment, along with clinical judgment
and taking into account the specific characteristics of patients [26,27].

Moreover, we emphasize the urgent need to improve and correctly implement preven-
tion strategies and effective treatment programs and to reinforce the proficiency/suitability
of primary care, especially for elderly Romanians (who take the largest number of medicines),
as the population is aging [77,78].

4.10. Purpose of Further Studies

Larger multi-centric studies are needed in order to get a correct overview of the current
Romanian practices of prescribing, based on the entire medical record of the patients.

5. Conclusions

Several prescription problems have been identified in the Romanian primary care
setting for patients with chronic pathologies. NSAIDs, PPIs, H2 antagonists, theophylline,
and zopiclone were found to be among the medicines prescribed more often than clinically
needed and that have potential harmful effects that exceed potential benefits. Additionally,
duplication of pharmacological classes was observed. The association of RAAS inhibitors
in patients with renal failure in addition to the utilization of COX2 NSAIDs were among
the most commonly observed problems involving incorrect prescription.

Thus, decreasing the chronic prescription of NSAIDs and PPIs, discontinuing the use
of hypnotic drugs, and avoiding potentially harmful drug–drug associations will have long
term beneficial effects for Romanian elderly patients.
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Appendix A

STOPP/START v.2, 2015 Criteria Used [27]: 2019 Beers Criteria Used [26]:

1. Prescribed medicine with no clinical indication
2. Prescribed medicine beyond the recommended period

of administration.
3. The duplication of a drug class e.g., two concurrent

NSAIDs, anticoagulants, ACE (angiotensin-converting
enzyme) inhibitors, SSRIs (selective serotonin reuptake
inhibitors), loop diuretics (before considering a new agent,
an optimization of a single drug class should be taken
into consideration).

4. The combination of a Beta-blocker with verapamil or
diltiazem (risk of heart block).

5. The use of centrally-acting antihypertensive (e.g.,
methyldopa, clonidine, rilmenidine, moxonidine), unless
lack of efficacy, or clear intolerance, with other classes of
antihypertensive (older people tolerate them less well).

6. The combination of aldosterone antagonists (e.g.,
spironolactone, eplerenone) with concurrent
potassium-conserving drugs (e.g., angiotensin receptor
blocker’s, ACEI’s, amiloride, triamterene) without
monitoring of serum potassium (risk of dangerous
hyperkalaemia, i.e., >6.0 mmol/l – serum K should be
monitored regularly, i.e., at least every 6 months).

7. The use of ACE inhibitors or Angiotensin Receptor
Blockers in patients with hyperkalaemia.

8. The use of Loop diuretic as first-line treatment for
hypertension (in regard to safety, other effective
alternatives should be taken into consideration).

9. The use of loop diuretic as first line treatment for
hypertension in patients associating urinary incontinence
(may exacerbate incontinence).

10. Association of antiplatelet agents with direct thrombin
inhibitor, vitamin K antagonist or factor Xa inhibitors in
patients with cerebrovascular or peripheral arterial
disease, stable coronary (the dual therapy did not bring
any new benefits).

11. Association of NSAID with direct thrombin inhibitor,
vitamin K antagonist or factor Xa inhibitors (risk of major
gastrointestinal bleeding).

12. Association of NSAID with concurrent antiplatelet
agent(s) without using the PPI as prophylaxis (increased
risk of peptic ulcer disease).

13. The use of tricyclic antidepressants in patients with
dementia, prostatism, cardiac conduction abnormalities,
narrow angle glaucoma, or prior history of urinary
retention (risk of worsening these conditions).

1. Antiparkinsonian gents (e.g., trihexyphenidyl)—more
effective substances are currently available for the
treatment of Parkinson disease; not recommended for the
prevention/treatment of extrapyramidal symptoms
with neuroleptics.

2. Peripheral alpha-1 blockers (e.g., doxazosin, prazosin) for
treatment of hypertension—high risk of orthostatic
hypotension in the elderly; more effective substances are
currently available (superior risk/benefit ratio).

3. Central alpha-agonists—high risk of central nervous
system side effects; risk of bradycardia and orthostatic
hypotension if used for chronic treatment of hypertension.

4. Antidepressants (e.g., amitriptyline, doxepin > 6 mg/day,
used alone or in combination)—intensive anticholinergic
properties, risk of sedation and orthostatic hypotension.

5. Neuroleptic drugs used in patients with dementia – higher
risk of stroke, cognitive decline, and death.

6. Benzodiazepine receptor agonist hypnotics (e.g.,
zopiclone)—side effects comparable to those of
benzodiazepines in the elderly population.

7. Metoclopramide—risk of several side effects (e.g.,
extrapyramidal symptoms), especially with chronic
treatment or in frail elderly patients.

8. Proton-pump inhibitors—risk of Clostridium difficile
infection and bone loss or fracture.

9. Oral NSAIDs—increased risk of gastrointestinal bleeding
or peptic ulcer development if administered as a chronic
treatment or if associated with other medicines (e.g.,
corticosteroids, anticoagulants, antiplatelet agents).
Higher risk of blood pressure augmentation and
renal injuries.

10. Ketorolac and indomethacin (oral or parenteral
use)—higher risk of gastrointestinal and renal problems.

11. Skeletal muscle relaxants (e.g., chlorzoxazone)—risk of
anticholinergic effects, somnolence, fractures.

12. RAAS inhibitors (ACEIs, ARBs) or potassium-sparing
diuretics associated with other RAAS inhibitors—risk of
hyperkalemia.

13. Opioids associated with gabapentin/pregabalin—risk
of severe sedation, fractures, respiratory depression,
and death.

14. Association of two anticholinergic drugs—high risk of
cognitive decline.

15. Association of three or more psychotropic drugs (e.g.,
antidepressants, antiepileptics, hypnotics, neuroleptics,
opioids)—high risk of falls and fractures.
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STOPP/START v.2, 2015 Criteria Used [27]: 2019 Beers Criteria Used [26]:

14. Initiation of tricyclic antidepressants as first-line
antidepressant treatment (other are available with a lower
risk of adverse drug reactions).

15. The use of neuroleptics with moderate-marked
antimuscarinic/anticholinergic effects (chlorpromazine,
clozapine, promazine flupenthixol, zuclopenthixol) in
patients with history of prostatism or previous urinary
retention (high risk of urinary retention).

16. Corticosteroids (oral or parenteral)—increased risk of
gastrointestinal complications.

17. Peripheral alpha-1 blockers associated with loop
diuretics—high risk of urinary incontinence in elderly
women.

16. The use of antipsychotics (i.e., other than clozapine or
quetiapine) in patients with Parkinson disease or Lewy
Body Disease (risk of severe extra-pyramidal symptoms).

17. The use of anticholinergics/antimuscarinics in patients
with dementia or delirium (risk of exacerbation of
cognitive impairment).

18. The use of neuroleptics as hypnotics, unless sleep disorder
is due to psychosis or dementia (risk of hypotension,
confusion, extra-pyramidal side effects, falls).

19. The use of PPI at full therapeutic dosage for >8 weeks for
uncomplicated peptic ulcer disease or erosive peptic
oesophagitis (it should be taken into consideration the
reduction of dose or earlier discontinuation).

20. The use of theophylline for COPD as monotherapy (there
are more effective and safer alternative; due to its narrow
therapeutic index the risk of adverse effects is high).

21. The use of NSAID for a long-term (>3 months) for
symptom relief of osteoarthritis pain where paracetamol
has not been tried (simple analgesics preferable and
usually as effective for pain relief).

22. The use of NSAID for a long-term or colchicine (>3
months) for chronic treatment of gout where
xanthine-oxidase inhibitor (e.g., febuxostat, allopurinol)
are not contraindicated.

23. Prescription of COX-2 selective NSAIDs in patients with
concurrent cardiovascular disease (increased risk of stroke
and myocardial infarction).

24. Prescription of neuroleptic drugs (may cause gait
dyspraxia, Parkinsonism).

25. Prescription of Hypnotic Z-drugs, e.g., zolpidem,
zopiclone, zaleplon (risk of fall, protracted day time
sedation, ataxia).

26. The association of two or more drugs with
antimuscarinic/anticholinergic effects (e.g., tricyclic
antidepressants, tricyclic antidepressants, first generation
antihistamines) (increased anticholinergic toxicity)

Legend: NSAID, nonsteroidal anti-inflammatory drug; PPI, proton-pump inhibitor; ACE, angiotensin-converting enzyme; SSRIs,
selective serotonin reuptake inhibitors; RAAS inhibitors, renin-angiotensin-aldosterone system inhibitors.
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Abstract: Delirium is a psycho-organic syndrome common in hospitalized patients, especially the
elderly, and is associated with poor clinical outcomes. This study aims to identify the predictors
that are mostly associated with the risk of delirium episodes using a machine learning technique
(MLT). A random forest (RF) algorithm was used to evaluate the association between the subject’s
characteristics and the 4AT (the 4 A’s test) score screening tool for delirium. RF algorithm was
implemented using information based on demographic characteristics, comorbidities, drugs and
procedures. Of the 78 patients enrolled in the study, 49 (63%) were at risk for delirium, 32 (41%)
had at least one episode of delirium during the hospitalization (38% in orthopedics and 31% both in
internal medicine and in the geriatric ward). The model explained 75.8% of the variability of the 4AT
score with a root mean squared error of 3.29. Higher age, the presence of dementia, physical restraint,
diabetes and a lower degree are the variables associated with an increase of the 4AT score. Random
forest is a valid method for investigating the patients’ characteristics associated with delirium onset
also in small case-series. The use of this model may allow for early detection of delirium onset to
plan the proper adjustment in healthcare assistance.

Keywords: aging; nursing; delirium; machine learning technique; random forest

1. Introduction

Delirium is a psycho-organic syndrome characterized by an alteration in attention and
consciousness, with disorganized psychic activity, fragmentation of psychic processes that
appear untied and upset [1]. Delirium has a multifactorial etiology, in which internal pre-
disposing factors (susceptibility) interact with external precipitating ones [2,3]. In contrast
to dementia, delirium is often reversible with early detection and treatment of underlying
causes [4]. For delirium, there are many risk factors that may change according to the
characteristics of the patient. In literature, risk factors for delirium were evaluated in
systematic reviews according to the type of patients. Risk of delirium is higher in very
old patients [5,6]. Marquetand et al. 2020 [6] in a recent work found that very old patients
require only few precipitant factors to develop delirium. Age was a risk factor also for
patients after hip fracture surgery [7], vascular surgery [8], in knee and hip replacement
patients [9]. Other risk factors are as follows: function dependency [7,10], hypertension [8],
hearing or visual impairment [7,8], anesthetic use [11], and cognitive impairment [9,10].
Older adults following elective surgery frailty and psychotropic medication have poten-
tially modifiable prognosis factors [12].
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Delirium prevalence in the general population hospitalized is low (1–2%), but increases
from 29% to 64% in elderly [13], increasing morbidity, mortality, loss of independence,
length of stay, and institutionalization. Delirium prevalence also affects health care costs,
which amount to over $164 billion in the United States [14]. In the Italian territory, delirium
prevalence is as follows: 11% in medical wards [15], 20% in the general hospital [5], 23%
in general wards [16,17] and up to 37% of patients with subsyndromal delirium [18].
Given its pervasive nature and deleterious effects, delirium surveillance is recommended
for hospitalized patients [19]. Under-detection or misdiagnosis is estimated in 50–75%
of delirium cases [20], and 30–40% of reported delirium episodes are preventable [21].
In addition, delirium detection is complicated by the characteristics of hospitalized patients
who are often frail elderly and, therefore, more susceptible to delirium onset, especially
during hospitalization where the intensification of treatments and diagnostic interventions
become potentially precipitant factors [15].

DSM-V criteria are the standard for the diagnosis of delirium in clinical setting.
Recently, time-efficient tools have been developed in the clinical setting for delirium
detection and diagnosis [22]. In literature, there are several tools for facilitating delirium
detection [22,23], such as the Confusion Assessment Method (CAM) [24], 4AT test [25],
and the most recent Nursing DElirium SCreening (Nu-DESC) tool [19]. Both CAM [26–28]
and Nu-DESC scales were used to compare the ability of random forest (RF) models in
predicting the risk of delirium episodes. The structure of these tools shows similar domains.
Nu-DESC has five domains: (1) disorientation, (2) inadequate behavior, (3) inadequate
communication, (4) hallucination, and (5) psychomotor delay. CAM consists, instead, of
four main themes: (1) acute onset and fluctuating course, (2) inattention, (3) disorganized
thinking, and (4) altered level of consciousness. Bellelli [25], for the first time, used the 4AT
score to assess patients at risk for delirium. Machine learning techniques (MLTs) have been
widely used in data-driven prediction models, for example in dementia [29], or delirium as
well with performances comparable with traditional logistic regression [26] and included
into clinical workflow [30].

The study has a twofold goal: (1) to identify, using a machine learning approach,
which subject’s characteristics are mostly associated with 4AT score and how they impact
its variability and (2) to evaluate delirium presence/absence in older patients during the
first five days of hospitalization using a standardized tool which is the 4AT instrument.

2. Materials and Methods

2.1. Study Design and Inclusion Criteria

This observational study has taken place between August and September 2016 in the
Orthopedics, Geriatrics, and General Medicine wards of the University Hospital of Padova.
The inclusion criteria for the enrolled patients were as follows; aged above 65 years old,
understanding he Italian language and length of stay of at least five days. Patients with a
psychiatric illness already diagnosed at admission, with communication problems (such as
aphasia, coma status), or with a terminal disease, were excluded from the study.

An experienced nurse explained the purpose of the study and obtained informed
consent from the patient or his next of kin when the participant was unable to give his
consent. Study participants were evaluated with the 4AT instrument by three trained
nursing students. The project was conducted within the framework of thesis preparation of
the nursing student and it was approved by the internal offices at the University Hospital
of Padova.

2.2. Variables Collected

Each patient was assessed for delirium with the 4AT scale [25] at least 24 h after the
admission and each day till the fifth day of hospitalization. For each patient, the following
variables were collected in different moments: (i) at hospital admission: socio-demographic
characteristics such as ward, age, diagnosis, degree of study, comorbidities potentially
affecting the delirium onset (dementia, alcoholism, drugs addiction, depression, other
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psychiatric diseases, diabetes, cancer, malnutrition); previous admission to hospital, history
of delirium, hearing and visual impairment; (ii) daily variables during the hospitalization:
sleep deprivation, hours of caregiver assistance, 4AT score; (iii) each shift (three times per
day, morning, afternoon and night): mobility (bed transfer-chair, walking, use of stairs);
physical restraint; presence/absence of invasive device (urinary catheter, peripheric venous
catheter, central venous catheter, feeding tube, percutaneous endoscopic gastrostomy);
pain, fever, surgery; drugs (affecting central nervous system: anticholinergic, dopaminergic,
steroid, opioid, antiepileptic, anti-anxiety, neuroleptics, antidepressants); and antibiotics
(quinolone, antifungal voriconazole and cephalosporins).

2.3. Instrument

The 4AT [25] is a short and handy instrument for routine detection of delirium and
cognitive impairment by unskilled hospital personnel; on average, it takes less than two
minutes to fill it. The total score ranges from 0 to 12 and is structured in 4 domains
(alertness, orientation, attention and fluctuation). The compilation of items 1–3 is based
exclusively on the patient’s observation at the time of the evaluation, Item 4 compilation,
requires instead the collection of information from multiple sources. A score of 0 suggests
that delirium and/or cognitive impairment are unlikely but do not exclude them. A
score of 1–3 is suggestive of cognitive impairment and requires a more detailed cognitive
examination, whereas a score higher than four suggests for delirium and requires further
clinical assessment since the tool is not diagnostic. The instrument has a sensitivity of 89.7%
and a specificity of 84.1% with a positive likelihood ratio of 5.62 and a negative likelihood
ratio of 0.12 in the validation study [31]. However, it has shown a poor specificity, which
ranges from 53.7% (95% CI: 48.1–59.2) [32] to 0.91 (0.88–0.94) [33]. The instrument was
validated in the elderly population in several languages [34,35], various contexts such as
the emergency department [33], hospice [36], stroke unit [37,38], medical ward [32] and
in different cultural backgrounds [39]. The instrument also has some limitations; it is not
suitable for patients with impaired communications and the mere presence of changes in
alertness or a fluctuating course of the mental status is sufficient to define the patient at
risk for delirium [35].

2.4. Statistical Analysis

Categorical variables were summarized according to delirium profile groups, with
relative and absolute frequencies. As only categorical variables were considered, the
Chi-square test was performed. The p-values were also reported for all possible pairwise
comparisons between delirium categories. For these comparisons, the Benjamini-Hochberg
adjusted p-values and the unadjusted p-values have been computed [40].

A p-value lower than 0.05 is conventionally considered meaningful.
The effective sample size on the observations was computed using Kish [41] formula

as follows: (i) the scores of simple standard deviation (SSD) and the robust to heteroskedas-
ticity standard deviation (RSD), were obtained using individuals as clusters; (ii) the ratio
between RSD and SSD was computed; (iii) the effective sample size was retrieved as the
ratio between the number of observations in the sample and the ratio computed at the
previous step. Records with missing assessment of delirium were removed.

A logistic regression model was calculated to assess the time effect on the risk of
developing delirium and having delirium during the hospitalization. The variance esti-
mates were calculated by considering the Huber–White [42] estimator to account for the
correlation within repeated measurements. Patients with a score higher than one were
considered at risk for delirium.

2.5. Machine Learning Approach

An ML approach was used to evaluate the association between the subject’s character-
istics and the 4AT score. MLTs can easily detect non-linear relationships and interactions
and can be used with a low number of subjects, in a case where the standard statistical
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approaches may have some limitations [43]. The random Forest algorithm, one of the most
popular methods in the MLT field [44], was implemented to describe the 4AT score based
on the following set of predictors: age, gender, physical restraint, mobility, dementia, dia-
betes, cancer, ward, degree level, previous episodes of delirium and admission to hospital,
and addiction (at least one between alcoholism, drugs addiction, depression, and other
psychiatric diseases); at least one antibiotic; at least one drugs affecting the central nervous
system, at least one invasive device, at least one among pain and fever, at least one among
visual and hearing impairment.

The parameters of the algorithm were chosen such that the root mean squared error
(RMSE), i.e., the root of the average squared difference between observed and predicted
the 4AT score, was minimized. The RF algorithm was implemented using 10,000 trees.

The database is composed of repeated measurements within-subject; for this reason,
the RF algorithm has been forced to use stratified sampling within each subject as indicated
in the literature for cluster correlated data [45].

Variable importance using the permutation method [46] was used to assess the predic-
tors that mostly impact the variability of the 4AT score. Partial dependence plots (PDPs)
were used to depict how the 4AT score changes given the characteristics of the subjects [47].
Briefly, PDPs represent the score values predicted by the model for predictor’s value by
marginalizing over the values of the other variables which were observed in the sample.
PDPs are often used to aid the interpretation of an ML model by describing the relationship
between a predictor and an outcome.

Analyses were performed using R software 3.6.1 (CRAN: Viena, Austria) [48]. The RF
algorithm was implemented using the randomForestSRC R package (version 2.9.1) (CRAN:
Viena, Austria) [49].

3. Results

In the study, 78 patients were enrolled, for a total of 1149 observations entered in the
model and an effective sample size of 95 independent observations computed using the
formula from Kish [41]. A total of 49 (63%) patients were at risk for delirium (4AT score
higher than 1), 32 (41%) patients experienced delirium at least once (4AT score higher than 4)
during their stay. In both cases are prevalently present in geriatrics ward, respectively 23
(96%) and 14 (58%), and in orthopedics ward, 17 (57%) and 12 (40%) respectively. Patients
at risk for delirium were mainly females were 52 (64%) of the population, with a medium–
low education level and an age between 80 and 90 years. A statistical description of the
whole sample according to the 4AT score profile group at baseline assessment is reported
in Table 1.

Table 1. Descriptive statistics of the whole sample according to the 4AT score profile group at baseline assessment.
Categorical variables were summarized as relative and absolute frequencies. Pearson Chi-square test was used to assess
differences across 4AT scale categories.

Variable Variable Level n

Delirium or Severe
Cognitive

Impairment
Unlikely

Possible
Cognitive

Impairment

Possible
Delirium +/−

Cognitive
Impairment

Overall p-Value

Unadjusted Pairwise p-Value Adjusted Pairwise p-Value

PCI
vs. D/CI

PCI
vs. PD

D/CI
vs. PD

PCI
vs. D/CI

PCI
vs. PD

D/CI
vs. PD

(n = 31) (n = 28) (n = 18) (n = 77) *

Ward Medicine 78 16 (52%) 5 (18%) 3 (17%) 24 (31%) <0.001 0.235 <0.001 0.004 0.235 0.003 0.006
Geriatric 1 (3%) 16 (57%) 7 (39%) 24 (31%)

Orthopedic 14 (45%) 7 (25%) 8 (44%) 29 (38%)
Gender Male 78 12 (39%) 8 (29%) 6 (33%) 26 (34%) 0.71 0.746 0.161 0.305 0.746 0.4575 0.4575

ICD
diagnosis

Circulatory
system 35 0 (0%) 1 (10%) 0 (0%) 1 (3%) 0.17 0.259 0.135 0.32 0.32 0.32 0.32

Musculoskeletal
system 14 (93%) 7 (70%) 8 (89%) 29 (85%)

Digestive
system 0 (0%) 0 (0%) 1 (11%) 1 (3%)

Respiratory 1 (7%) 0 (0%) 0 (0%) 1 (3%)
Undefined 0 (0%) 2 (20%) 0 (0%) 2 (6%)

Educational
level

Bachelor’s
degree 78 2 (6%) 0 (0%) 1 (6%) 3 (4%) 0.24 0.533 0.044 0.262 0.533 0.132 0.393

None 0 (0%) 5 (18%) 2 (11%) 7 (9%)
Missing 1 (3%) 0 (0%) 0 (0%) 48 (63%)
Primary
school 23 (74%) 14 (50%) 11(61%) 13 (17%)

Secondary
school 4 (13%) 7 (24%) 2 (11%) 5 (7%)
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Table 1. Cont.

Variable Variable Level n

Delirium or Severe
Cognitive

Impairment
Unlikely

Possible
Cognitive

Impairment

Possible
Delirium +/−

Cognitive
Impairment

Overall p-Value

Unadjusted Pairwise p-Value Adjusted Pairwise p-Value

PCI
vs. D/CI

PCI
vs. PD

D/CI
vs. PD

PCI
vs. D/CI

PCI
vs. PD

D/CI
vs. PD

(n = 31) (n = 28) (n = 18) (n = 77) *

High school 1 (3%) 2 (7%) 2 (11%) 18 (23%)
Dementia 78 2 (6%) 8 (29%) 8 (44%) 1 (1%) 0.007 0.181 0.028 0.001 0.181 0.042 0.003
Alcohol

use 78 1 (3%) 0 (0%) 0 (0%) 5 (6%) 0.47 0.329 0.454 0.454 0.454

Depression 78 2 (6%) 3 (11%) 0 (0%) 16 (21%) 0.35 0.17 0.586 0.285 0.4275 0.586 0.4275
Diabetes 78 7 (23%) 4 (14%) 5 (28%) 29 (38%) 0.52 0.197 0.379 0.601 0.5685 0.5685 0.601
Cancer 78 10 (32%) 11 (39%) 8 (44%) 71 (92%) 0.68 0.544 0.645 0.311 0.645 0.645 0.645

Previous
hospital

admission
78 27 (87%) 27 (96%) 17 (94%) 29 (38%) 0.38 0.696 0.185 0.446 0.696 0.555 0.669

Visual im-
pairment 78 13 (42%) 7 (25%) 9 (50%) 29 (38%) 0.19 0.048 0.144 0.464 0.144 0.216 0.464

Hearing
impair-
ment

78 8 (26%) 10 (36%) 11 (61%) 14 (18%) 0.047 0.17 0.313 0.024 0.255 0.313 0.072

Antibiotics >1 78 6 (19%) 8 (28%) 0 (0%) 5 (6%) 0.071 0.02 0.45 0.05 0.05 0.45 0.08
age

(classes) <70 78 4 (13%) 1 (4%) 0 (0%) 3 (4%) 0.035 0.108 0.127 0.039 0.127 0.127 0.117

>95 1 (3%) 0 (0%) 2 (11%) 5 (6%)
71–75 3 (10%) 0 (0%) 2 (11%) 11 (14%)
76–80 6 (19%) 4 (14%) 1 (6%) 19 (25%)
81–85 8 (26%) 8 (29%) 3 (17%) 21 (27%)
86–90 8 (26%) 10 (36%) 3 (17%) 13 (17%)
91–95 1 (3%) 5 (18%) 7 (39%)

n: Reports the number of patients in which calculations were made. * One patient had no assessment in the 4AT score at baseline.
Abbreviations: PCI: possible cognitive impairment, D/CI: delirium or severe cognitive impairment unlikely, possible cognitive impairment,
PD: possible delirium +/− cognitive impairment.

The logistic regression model shows a p-value of 0.09 indicating a non-significant
effect of hospitalization time on the risk of developing delirium or cognitive impairment.
The same finding has been identified (p-value 0.08) by considering the possible time effect
on the risk of developing delirium during the hospitalization. The prevalence of patients
at risk for delirium for each day varies from 53% to 60% (Figure 1, blue line). Instead,
the prevalence of delirium (4AT score higher than 4) for each day varies from 19% to 29%
(Figure 1, red line).

Figure 1. Proportions of patients reporting delirium and risk for delirium during the first five days
of hospitalization. The delirium state indicates a 4AT score higher than 4; the delirium or cognitive
impairment (CI) state indicates a 4AT score higher than 1.

Patients with a 4AT score that suggest delirium or cognitive impairment were preva-
lently in geriatrics 7 (39%) and orthopedics 8 (44%) wards (p-value < 0.001), had mainly
dementia 8 (44%, p-value 0.007) and were aged between 91–95 years of age 7 (39%, p-value
0.035) (Table 1).

The RF model explained 75.8% of the variability of the 4AT score with an RMSE of 3.29,
i.e., the average difference between the observed and predicted 4AT values is 3.29 points.
Figure 2 shows the ranking of the predictors according to the importance attributed by the
algorithm measured by the associated relative decrease in the model’s predictive error.
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Figure 2. Variables with top importance selected by the RF algorithm according to the permutation
approach. The total score measures the predictive impact of the variables, i.e., the relative decrease of
the algorithm’s predictive error produced by a variable.

For example, when age is considered, the algorithm’s predictive error decreases
by 43.1%. Age, the presence of physical restraint, dementia, type of ward, educational
level, and gender, were the variables most associated with the 4AT score. Table 2 shows
the predicted median (I and III quartiles) 4AT score values for each relevant variable
marginalized over all the other variables. The 4AT predicted score values were obtained
using the PDPs approach.

Table 2. Description of variables’ effect on the 4AT delirium score. The “4AT score” column reports
the median (I and III quartiles) 4AT delirium score predicted by the model conditional on the
variable’s values.

Variable 4AT Score

Age 78 2.09 [1.97–2.2]

84 1.35 [1.25–1.44]

87 1.58 [1.49–1.68]

91 2.59 [2.5–2.68]

Dementia No 2.36 [2.32–2.42]

Yes 3.72 [3.69–3.79]

Gender Female 2.69 [2.64–2.77]

Male 2.97 [2.92–3.07]

Physical restraint No 1.78 [1.75–1.84]

Yes 3.2 [3.15–3.28]

Educational level Bachelor’s degree 2.79 [2.74–2.87]

None 2.69 [2.65–2.75]

Primary school 2.66 [2.61–2.74]

Secondary school 2.85 [2.81–2.91]

High school 3.01 [2.97–3.1]

Diabetes No 2.51 [2.48–2.6]

Yes 3.14 [3.07–3.2]

Ward Medicine 2.77 [2.73–2.85]

Geriatric 3.57 [3.54–3.62]
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Table 2. Cont.

Variable 4AT Score

Orthopedic 2.32 [2.29–2.4]

Cancer No 2.78 [2.73–2.86]

Yes 2.78 [2.73–2.86]

Antibiotics <1 2.53 [2.49–2.61]

≥1 2.87 [2.82–2.95]

Previous hospital admission No 2.73 [2.69–2.82]

Yes 2.71 [2.67–2.8]

Alcohol, drugs and
psychiatric disease <1 2.72 [2.68–2.82]

≥1 2.8 [2.76–2.89]

For example, if suffering from dementia, the RF algorithm predicts a median 3.72
4AT score (3.69 as I Quartile and 3.79 as III Quartile), whereas a median 2.36 4AT score
(2.32 as I Quartile and 2.42 as III Quartile) is predicted by the model if the subject did
not suffer from dementia. The subject’s characteristics that increase the 4AT score are
higher age (2.59 [2.5–2.68]), the presence of dementia (3.72 [3.69–3.79]), physical restraint
(3.2 [3.15–3.28]), diabetes (3.14 [3.07–3.2]), and a lower degree. Moreover, patients in the
geriatrics and medicine ward, along with patients that have more than one antibiotic and
previous admission to the hospital, are at higher risk of facing delirium onset.

Figures 3 and 4 report the effect of the variables on the 4AT score obtained using the
PDPs approach. For example, a patient aged 92 years of age report an estimated 4AT score
of 7 (Figure 3).

Figure 3. Effect of age on the 4AT delirium score. Expected delirium score estimated with random
forest has been reported on the y axis according to ages with 95% confidence bounds.
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Figure 4. Effect of the presence of dementia, gender, physical restraint, educational level, diabetes, ward, antibiotics, and
previous admissions on the 4AT delirium score. The vertical axis displays the ensemble expected predicted delirium score.
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4. Discussion

Our findings are consistent with those existing in the literature [24,50], except those
related to prevalence. It should be noted that other studies have mainly focused on
incidence rather than prevalence [24,51]. Our patients show a higher prevalence of delirium
(41%) compared to those of Bellelli [5] (22.9%) and Zuliani [18] (37%), which are studies
conducted in similar settings. This difference in the prevalence could be explained by the
assessment of delirium in our study in wards such as orthopedics, geriatrics, and general
medicine where risk factors for delirium are commonly present [52]. Our results, however,
when considering patients at risk for delirium (63%), are similar to those reported in the
study of Gehrke in patients older than 90 years in an internal medicine ward (69%) [53]
and in a Colombian study in a geriatric unit where the prevalence was 51.03% [54].

As in the study of Belelli, [5], in our RF model, delirium is associated with older age,
gender, use of antibiotics, physical restraints, and ward of admission. In this study, the
variables that influence the increase of the 4AT score are the ones chosen from the models
and already considered as predictors of delirium in other studies [3,5,55]. However, some
of the factors such as predisposing ones (e.g., disability) and the precipitating factors (use
of drugs active on SNC, peripheral venous and urinary catheters) do not increase the 4AT
score in our group.

Several studies have tried to identify risk factors both with traditional statistical meth-
ods [55,56] and with MLT [57–60]. The studies on MLT usually use patients’ characteristics
retrieved in healthcare records only in the first 24/48 h after admission. In our study, we
have developed the RF algorithm accounting for all the patient’s records observed from the
admission to the end of the study. In literature, age is one of the most predictive variables
in delirium onset using MLT, regardless of the kind of algorithm [28,57,59,61] as also shown
in our results.

Recent applications of the ML technique in predicting the risk factors of delirium
onset have shown good results in favor of these techniques. In the study of Wong [59],
delirium onset was evaluated using different MLTs, i.e., RF, artificial neural networks,
etc., and showed that all ML methods outperform the Nu-Desc clinical tool for delirium
risk assessment. The authors observed that gradient boosting machine (GBM) shows the
best predictive performances with an AUC of 0.855, suggesting a good predictive ability.
Davoudi [62] also, compared different ML approaches in delirium detection risk factors,
showing that RF and generalized additive models (GAM) were the ones that best predict
it with an AUC of 0.85 (0.83–0.86) and 0.86 (CI: 0.84–0.88) respectively. In the study of
Corradi [27] instead, the RF model was the model used for predicting delirium episodes
with an AUC of 0.909 (95% CI 0.898 to 0.921). All the models presented in these studies
show better performance when compared to a clinical tool. Another recent study have
developed a predictive model for post-operative delirium in older surgical patients with
better performances than chance, but with similar performances when compared with
the traditional stepwise logistic regression [26]. Another recent study has showed the
high predictive ability of RF model in detection delirium based on CAM and delirium
observation screening scale (DOSS) [28].

Limitations

The present results cannot be generalizable to the whole hospital since the study has
taken place in wards, where risk factors for delirium onset are higher compared to the
other settings. Furthermore, data are limited thus avoiding the possibility of establishing a
setting-specific prevalence of delirium. In this study, the 4AT score was used over several
days, although it is suggested to submit it only once for delirium detection. The choice
to adopt this tool derives from its simplicity of use and it allows comparison with other
studies on the prevalence of delirium in different health contexts. From a statistical point
of view, the low number of subjects enrolled in the study and the absence of an external
dataset to validate the algorithm performances may limit the generalizability of the findings
and the reliability of the model.
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The present results show that MLT can identify complex relationship among data, so
in the future it would be interesting to use those techniques to define delirium risk factors
instead of traditional approaches. Moreover, it would be important to consider delirium
as a “dynamic” condition influenced by different factors that are working in different
moments as also theorized by Fan et al. [60] and applied in a recent work of our group [61].

5. Conclusions

Early detection of delirium must be a purpose to pursue in wards with a high per-
centage of risk factors, to adequately treat them and to avoid side effects. The routine
uses of a simple instrument, such as the 4AT scale, could help to increase the awareness of
delirium among health care workers. Healthcare personnel, especially nurses, thanks to
their strictly engagements with patients, must be trained to easily recognize risk factors
for delirium. As hypothesized in the recent work of Oberai et al. 2021 [57], nurses require
educational intervention that include a variety of teaching style. Moreover, our results,
following existing literature, shows that to predict correctly delirium is more useful to
use predictive models that consider many factors collected routinely. These methods may
also help in small case-series even if they are thought to be useful for large data sets. MLT
can identify complex relations between variables and are helpful in structuring predictive
models to personalize healthcare assistance.
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