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Pneumonia is the most frequent lower respiratory tract disease and a major cause
of morbidity and mortality globally [1]. Several attempts have been made to categorize
it based on origin, clinical setting in which the patient contracts it, and pattern of lung
parenchyma involvement, and others. The classification of pneumonia is becoming more
complex with the increasing diversity of patient populations.

The most common classification of pneumonia is based on the location where pneumo-
nia occur. Community-acquired pneumonia occur at the community and hospital-acquired
pneumonia occur at the hospital. Pneumonia among residents of nursing homes or long-
term care facilities is categorized as nursing-home-acquired pneumonia. This concept
is based on the idea that the causative bacterium of pneumonia is determined to some
extent by the location where pneumonia occur and serves as a guideline for the use of
antibiotics [2-4]. Guidelines have been established for each type of pneumonia. However,
deaths from pneumonia have continued to increase annually with the population aging,
even after the publication of these guidelines [1]. This indicates that the guidelines for
pneumonia treatment should not only be focused on the use of antibiotics.

Aspiration pneumonia is the most dominant form of pneumonia in older adults [5].
Many studies have been conducted on dysphagia, aspiration, and countermeasures. How-
ever, not all cases of aspiration result in pneumonia, and the development of pneumonia
involves several steps, such as coughing, spitting, cilia in the airways, handling foreign
bodies in the airways, and immunity [6]. Few studies have discussed countermeasures
linking aspiration to pneumonia. In this special issue, six original studies and four review
articles can be found that provide new insights into pneumonia in older people.

Serial studies concerning the relationship between forced vital capacity (FVC) on
spirometry and death due to pneumonia in older people have been published by the same
laboratory in Japan. In the first study, the authors analyzed the data of a large cohort and
found that low FVC was associated with a high all-cause mortality rate of community-
dwelling older people [7]. In the second study, the authors reported a stronger relationship
between FVC and pneumonia mortality than between FVC and all-cause mortality [8].
They suggested the involvement of impaired leg muscle strength in pneumonia-related
deaths. In addition, researchers in Denmark reported that physical inactivity and sedation
during and after admission of older patients with aspiration pneumonia were related to
mortality [9]. Ichibayashi et al. showed that the maximum tongue pressure after extubation
can predict post-extubation aspiration pneumonia in older patients receiving mechanical
ventilation [10].

Taken together, the above four reports indicate a strong relationship between im-
pairment of skeletal muscle and pneumonia or pneumonia-related death of older adults.
Mendes and colleagues showed that healthcare-associated pneumonia is the main causes
of hospital admission and death among patients with pneumonia, the majority of which
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were empirically treated, in Portugal [11]. The high frailty ratio of patients with healthcare-
associated pneumonia in this study also suggested a strong relationship between a decline
in skeletal muscle function and pneumonia-related death. A systematic review showed
that pneumonia is a clinically relevant complication in patients with spinal cord injury and
prevention should be targeted at patients with tetraplegia, suggesting the importance of
skeletal muscles in the development of fatal pneumonia [12].

The remaining four papers in this issue highlight the importance of comprehensive
functional assessment and interdisciplinary team care, which is beyond the use of antibi-
otics, in older patients with aspiration pneumonia. Yoshimatsu et al. reported no evidence
of the benefit of anaerobic coverage in the antibiotic treatment of aspiration pneumonia [13].
They also reported that the simplistic and knee-jerk diagnosis of aspiration pneumonia
is not based on important investigations and functional assessments, resulting in inap-
propriate patient management [14]. These reports suggest that careful assessment plays
a pivotal role in the management of aspiration pneumonia. Okuni and Ebihara showed
that dysphagia screening tests, such as the water swallowing test, were useful in predicting
future aspiration, and an interdisciplinary team approach may be effective in preventing
aspiration pneumonia [15]. However, they could not determine what kind of team ap-
proach was most effective in preventing aspiration pneumonia in older adults. A review by
Ebihara provides some hints. The review stated that the team approach to managing aspi-
ration pneumonia differed depending on the time axis of disease progression in managing
aspiration pneumonia [16].

Since this special issue reveals the importance of skeletal muscle and an interdisci-
plinary team approach, it will help clinicians make decisions and treatment choices. We
appreciate the valuable contributions of all authors. We are also grateful to the reviewers
for their professional and constructive comments and to the JCM team for their continuous
support with this special issue.
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Abstract: Impaired % predicted value forced vital capacity (% FVC) is related to higher all-cause
mortality in aged adults, and strong muscle force may improve this relationship. A muscle disease,
sarcopenia, causes higher mortality. We aimed to identify the unknown disease that relates impaired
% FVC with higher mortality in aged adults among the three major leading causes of death, and
the effect of strong leg force on this relationship. Cox proportional hazard model analyzed the
longitudinal Tsurugaya cohort that registered 1048 aged Japanese for 11 years. The primary outcome
was the relationship between % FVC and mortality by cancer, cardiovascular disease, or pneumonia.
Exposure variables were % FVC or leg force divided by 80% or median values, respectively. The
secondary outcome was the effects of leg force on the relationship. Among the diseases, % FVC < 80%
was related only to higher pneumonia mortality (hazard ratio [HR], 4.09; 95% CI, 1.90-8.83) relative to
the % FVC > 80% group before adjustment. Adding the leg force as an explanatory variable reduced
the HR to 3.34 (1.54-7.25). Weak leg force might indicate sarcopenia, and its prevention may improve
higher pneumonia mortality risk related to impaired % FVC, which we may advise people in clinical
settings.

Keywords: forced vital capacity; muscle strength; older people; pneumonia mortality; sarcopenia;
cohort study

1. Introduction

Major indicators of respiratory functions include forced vital capacity (FVC) and %
predicted value FVC (% FVC). Previous studies showed that impaired FVC/% FVC were
related to higher mortality in the general population [1-5]. In general, impaired FVC/%
FVC are major indices for the diagnosis of interstitial lung disease, which is accompanied by
higher mortality [6,7]. To exclude potential interstitial lung disease patients, two previous
studies excluded people who complained about respiratory symptoms and showed that
impaired FVC/% FVC were related to higher mortality [8,9].

Previous studies have reported that extremity muscle weakness was related to higher
mortality [10-15]. There is a moderate correlation between the extremity and respiratory
muscle strengths. In addition, there is a moderate correlation between FVC/% FVC and
respiratory muscle power [16-19]. In aged adults, the development of pneumonia was
related to respiratory muscle weakness [20]. Moreover, the possibility of a relationship
between pneumonia-induced death and respiratory muscle weakness was suggested [20].

J. Clin. Med. 2023, 12, 3272. https:/ /doi.org/10.3390/jcm12093272
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In aged males, strong leg force showed a potential to improve the relationship between
impaired % FVC and higher mortality [9].

Currently, the disease that causes the relationship between higher mortality and
impaired FVC/% FVC in the general population is unknown. Moreover, the effect of
strong muscle force on the relationship between the disease-induced higher mortality and
impaired FVC/% FVC is unknown.

The primary objective of this research was the identification of the disease that causes
the relationship between higher mortality and impaired % FVC in aged adults. Next, this
study aimed to identify the impact of strong leg force on the relationship between the
disease-induced higher mortality and impaired % FVC.

The longitudinal cohort, the Tsurugaya project, was analyzed to identify the suggested
objectives. We first evaluated a relationship between the impaired % FVC and the three
major leading causes of death in Japan. The three major leading causes of death were
cancer, cardiovascular disease, and pneumonia. We hypothesized the relationship between
impaired % FVC and higher pneumonia mortality and the beneficial effects of the strong
leg force on this relationship.

2. Materials and Methods
2.1. Participants

In 2002, the Tsurugaya project enrolled older adults aged >70 years and conducted
comprehensive geriatric assessments [9]. The baseline data were collected by the survey
performed in the assessments. We obtained informed consent from all participants involved
in the study.

2.2. Examinations

We examined lung function using a spirometer (OST 80A, Chest Co., Tokyo, Japan).
We took the best result among the 3 trials. We calculated the % FVC values based on
participants’ gender, age, and height [21]. We performed the first measurements in 2002
in accordance with the recommendation of the American Thoracic Society [22]. For the
evaluation of FVC, we applied reference values announced by the Japanese Respiratory
Society (JRS) in 2001. In addition, as a cut-off value for % FVC, we used 80%, announced by
JRS in 2001. JRS announced the present reference values for Japanese in 2014; however, to
be consistent with other Tsurugaya cohort studies, the reference values published in 2001
were applied in this study [23]. As for the leg force (w/kg), we evaluated its extension
force using Combi Anaeropress3500 (Tokyo, Japan), a horizontal leg force measurement
device [24]. The leg force was measured 5 times, and the average of the 2 strongest leg
forces was calculated. We divided the average by the body weight [24]. We divided the
participants into strong and weak leg force groups according to the median values of the
gender-dependent leg force: >13.0 w/kg for males and >7.3 w/kg for females in the strong
group. To evaluate dyspnea, we asked the participants to inspire through an external
circuit. The external circuit was set with 3 steps of resistive load (cmH,O/L/s); the lowest
load was 10, the middle was 20, and the highest was 30. We asked them to report their
feeling using the modified Borg scale. The modified Borg scale categorizes dyspnea on
a scale from 0 to 10. The number 0 is scaled as no dyspnea, and the number 10 is the
greatest dyspnea. As baseline breathing, the participants were asked to breathe without
resistive load for 1 min. We excluded participants who selected 2 or greater at the baseline
breathing as potential interstitial lung disease patients in the sensitivity analyses [9]. The
questionnaire survey collected sociodemographic and medical information. Date of birth,
gender, past medical history (pneumonia, malignant disease, heart disease, stroke, diabetes
mellitus, and hypertension), smoking status, and medications with statins and angiotensin-
converting enzyme (ACE) inhibitors were included in the questionnaire. We listed ACE
inhibitors because they improve cough and swallowing reflexes and prevent the onset of
pneumonia [25]. The smoking status was a categorical variable; we categorized the smoking
status of participants into current, past, or never. We evaluated symptoms of depression
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using the Geriatric Depression Scale (GDS) written in Japanese with a 30-point scale [26],
and examined cognitive function using the Mini-Mental State Examination (MMSE) written
in Japanese [9]. Serum samples were isolated without asking for fasting, and a clinical
testing laboratory assessed the serum albumin and total cholesterol concentrations.

2.3. Mortality Follow-Up

The primary endpoint was death from pneumonia, cancer, and cardiovascular disease.
Causes of death were classified in accordance with the International Classification of
Disease, 10th Revision (ICD10). Deaths from pneumonia were classified as J12-18 and
69; from cancer, deaths were classified as C0-26, 30—41, 43-58, 60-97; from cardiovascular
diseases, deaths were classified as 120-28, 30-52, 60-89, and 95-99.

We obtained data regarding death from the Sendai Municipal Authority. We surveyed
the cause of death by checking hospital records or the data submitted to the Japan arte-
riosclerosis longitudinal study coordinating center. The Japan arteriosclerosis longitudinal
study involved 21 cohort studies in Japan and included the Tsurugaya project [27]. We
followed the participants from 30 March 2003 to 1 July 2012.

2.4. Statistical Analysis

% FVC divided participants into 2 groups, and their characteristics at baseline were
compared; chi-square tests compared categorical variables, and unpaired ¢-tests compared
continuous variables. To evaluate the cumulative survival rate, we compared 2 groups
divided by the % FVC. The Kaplan-Meier method and log-rank tests were used for the
comparison. We calculated the hazard ratios (HRs) and 95% confidence intervals (Cls) of
the mortality in this study using the Cox proportional hazard model. We set the reference
group as the participants with % FVC > 80%. Then, 2 models were ran to assess the
correlation between the 2 groups for % FVC and mortality. Model 1 was defined as a
model without adjustment. Gender and age were adjusted in Model 2. We also adjusted
Model 2 with smoking. We divided the participants into 2 groups by the median values of
the leg force. As the secondary outcome, we evaluated the impact of muscle force on the
relationship between pneumonia mortality and % FVC divided into 2 groups. Model 1 was
defined as a model without adjustment. In Model 2, we added leg force as an explanatory
variable. Age and gender were adjusted in Model 3. Sensitivity analyses were performed
for the evaluation of the robustness. The evaluated robustness was the relationship between
mortality by pneumonia and % FVC divided into 2 groups. Statistical examinations were
conducted using the software IBM SPSS Statistics 24.0 (International Business Machines
Corporation, Armonk, NY, USA). We used the post hoc power analysis to evaluate the
power of the main result. The software Power and Precision 4.1 (Biostat, Englewood, NJ,
USA) was used for the evaluation. We interpreted p < 0.05 as statistically significant.

3. Results

In 2002, we recruited participants for the Tsurugaya project and invited all aged
residents aged 70 years and older (1 = 2730). At the baseline survey, 1198 participants
were enrolled in the project. We obtained informed consent from 1175 participants. The
study flow chart was shown in Figure 1. We excluded 19 participants without spirometry
data. To keep the measured indices reliable, we used the Mini-Mental State Examination
(MMSE). Participants missing the MMSE score or <10 were excluded (1 = 8). Participants
missing or with incomplete leg force measurement records were excluded (1 = 80). Partic-
ipants without serum laboratory data were also excluded (1 = 20). Finally, we analyzed
1048 participants.
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Residents aged 270 living in the Tsurugaya district, n = 2730

I Participants at baseline survey, n = 1198 I

l Participants with written informed consent, n = 1175 I

Excluded cases (n = 127)
Missing Spirometry data (n = 19)
Missing MMSE data or less than 10 (n = 8)
Missing Leg extension power data (n = 80)
Missing serum laboratory data (n = 20)

Analyzed participants, n = 1048

Figure 1. A schematic diagram outlining the enrollment in this study. MMSE = Mini-Mental State
Examination.

To divide the participants into two groups by % FVC, we used its clinical cut-off value
of 80%. The characteristics of the baseline survey are shown in Table 1. Males occupied
42.2% of the participants, and 75.7 (4.8) years of age, average (standard deviation [SD]),
was the average age of the participants. Between the two groups, we found significant
differences in gender, history of suffering from pneumonia, MMSE, current smoking
status, leg extension force, total cholesterol level, and serum albumin level. However, the
differences in the MMSE scores were small: 26.7 (3.4) in % FVC < 80% and 27.4 (2.6) in
>80%. The albumin levels showed a similar trend: 4.34 (0.3) in % FVC < 80% and 4.30 (0.3)
in >80%.

Table 1. The participants were divided by % FVC, and their baseline characteristics are shown.

Characteristics Overall <80% % FVC >80% p-Value *
Number of Participants 1048 223 825
Age, mean (SD) 75.7 (4.8) 762 (4.5) 75.5 (4.9) 0.086
Men, 1 (%) 442 (42.2) 132 (59.2) 310 (37.6) <0.001
Medical history, 1 (%)
Pneumonia 100 9.5) 35 (157) 65 (7.9) <0.001
Cancer 70 6.7) 12 (5.4) 58 (5.5) 0.451
Cardiovascular disease 161 (15.4) 34 (15.2) 127 (15.4) 0.957
Diabetes mellitus 146 (13.9) 36 (16.1) 110 (13.3) 0.278
Hypertension 392 (37.4) 92 (41.3) 300 (36.4) 0.180
Current smoking, 1 (%) 137 (13.4) 36 (16.4) 101 (12.5) <0.001
MMSE, mean (SD) 27.3 (3.4) 26.7 (3.4) 27.4 (2.6) 0.048
Depressive symptoms, mean (SD) 9.0 (5.5) 9.3 (5.4) 8.9 (5.5) 0.356
Taking statins, 71 (%) 168 (16.0) 31 (13.9) 137 (16.6) 0.356
Taking ACE inhibitors, (%) 78 (7.4) 17 7.6) 61 (7.4) 0.886
Strong leg power 1 (%) 529 (50.5) 86 (38.6) 443 (53.7)
Weak leg power ¥, 1 (%) 519 (49.5) 137 (61.4) 382 (46.3) <0.001
(Ts"];a)l cholesterol (mg/dL), mean 203.8 (33.3) 199.1 35.7) 205.1 (32.6) 0.018
Albumin (g/dL), mean (SD) 43 0.3) 434 0.3) 430 (0.3) 0.043

% FVC = % predicted value forced vital capacity, SD = standard deviation, MMSE = Mini-Mental State Examination,
ACE = angiotensin-converting enzyme, * Continuous variables were evaluated by unpaired t-test, and the chi-
squared test evaluated proportion variables to obtain the data. t Strong leg power; leg extension force >13.0 w/kg
(male), >7.3 w/kg (female).  weak leg power; leg extension force <13.0 w/kg (male), <7.3 w/kg (female).
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We previously showed the relationship between higher all-cause mortality and im-
paired % FVC in the Tsurugaya cohort [9]. Next, we determined the disease that caused the
relationship between higher mortality and impaired FVC/% FVC among the three major
leading causes of death in Japan. We analyzed the data registered in 2002 and followed
until 2012. During the 8310 person years of follow-up, there were 57 deaths from cancer
(251 person years), 38 deaths from cardiovascular diseases (180 person years), and 26 deaths
from pneumonia (129 person years). We analyzed the relationship between mortality, and
the % FVC was divided into >80% and <80% in each disease (Table 2). We set the reference
group as the participants with % FVC > 80%. Model 1 was defined as a model without
adjustment. Gender and age were adjusted in Model 2. Among the pneumonia group,
% FVC < 80% was related to higher mortality; the HR (95% ClIs) was 4.09 (1.90 to 8.83) in
Model 1 and 3.08 (1.41 to 6.71) in Model 2. In cancer and cardiovascular disease groups,
% FVC < 80% was not related to higher mortality in either Model 1 or 2; the HRs were 1.08
(0.57 to 2.05) in cancer and 1.88 (0.95 to 3.74) in cardiovascular disease groups in Model
1. The adjustment for smoking in Model 2 did not essentially change the results; the HRs
were 2.91 (1.33 to 6.33) in pneumonia, 0.87 (0.46 to 1.66) in cancer, and 1.57 (0.78 to 3.15) in
cardiovascular disease groups. The power of the HRs of the pneumonia mortality was 0.97
with the total duration, hazard rates, and attrition rates; the sample size was 825 in the %
FVC group > 80%, and 223 in the % FVC group < 80%, and alpha (0.05, 1-tail).

Table 2. Relationship between % FVC divided into 2 groups and mortality by diseases.

% FVC > 80% % FVC < 80%
(n = 825) (n =223)
Pneumonia death(n) 13 13
person years 129
Model 1 1.00 (Reference) 4.09 (1.90-8.83)
Model 2 1.00 (Reference) 3.08 (1.41-6.71)
Cancer death(n) 45 12
person years 251
Model 1 1.00 (Reference) 1.08 (0.57-2.05)
Model 2 1.00 (Reference) 0.87 (0.46-1.66)
CVD death(n) 26 12
person years 180
Model 1% 1.00 (Reference) 1.88 (0.95-3.74)
Model 2§ 1.00 (Reference) 1.61 (0.80-3.21)

Hazard ratio (95% confidence interval), % FVC = % predicted value forced vital capacity, ¥ Model 1: defined as a
model without adjustment, § Model 2: sex and age were adjusted, CVD = cardiovascular diseases.

Next, sensitivity analyses of the relationship between % FVC and mortality were
performed. Generally, interstitial lung disease patients are associated with higher mortality
with impaired % FVC. Dyspnea is one of the typical symptoms of interstitial lung disease.
Therefore, we evaluated dyspnea. Accordingly, we excluded 21 participants that had the
potential to suffer from interstitial lung disease. The results did not essentially change
after the exclusion; the HR was 3.75 (1.59 to 8.82) in Model 1 (Table Al). In general,
aged pneumonia patients reach death by repeating the onset of pneumonia [17]. Thus,
we excluded participants with a past history of pneumonia and conducted a sensitivity
analysis. The results were somewhat confusing; the HR was 3.07 (1.31 to 7.18, p = 0.010) in
Model 1 and 2.31 (0.98 to 5.45, p = 0.056) in Model 2 (Table A2).

The number of deaths caused by pneumonia was 13 (1.6%) out of the 825 participants in
the % FVC > 80% group and 13 (5.8%) out of the 223 participants in the % FVC < 80% group.
Figure 2 shows Kaplan—-Meier survival curves associated with death caused by pneumonia
according to the FVC% predicted. The % FVC < 80% group showed a significantly lower
cumulative survival rate than the % FVC > 80% group (log-rank test, p < 0.001).
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Figure 2. Kaplan-Meier survival curves showing the cumulative survival rates according to the
FVC% predicted.

We next evaluated the impact of muscle force on the relationship between % FVC and
pneumonia mortality. Model 1 was a univariate model of this relationship (Table 3). The
participants were divided into two groups, strong and weak, by the gender-dependent
median values of the leg force. We defined the reference group as the participants with
% FVC > 80% and a strong leg force group. We added the leg force as an explanatory
variable to the % FVC in Model 1 and showed it in Model 2. In the % FVC < 80% group, we
observed a reduction in the HR 3.34 (1.54 to 7.25) in Model 2, whereas it was 4.09 in Model
1. The leg force in Model 2, shown in Table 3, was an unadjusted model, and the weak leg
force was related to higher mortality; the HR was 5.27 (1.81 to 15.41), which we interpreted
as independent from % FVC. Model 3 was further adjusted for age and gender. The HR
was 2.59 (1.18 to 5.68) for the % FVC < 80% group. An adjustment of Model 3 to smoking
did not essentially change the results; the HR was 2.50 (1.14 to 5.47) for the % FVC < 80%

group.

Table 3. The muscle force affected the relationship between mortality by pneumonia and % FVC
divided by 80%.

% FVC > 80% % FVC < 80%

Strong Leg Power } Weak Leg Power § p-Value
Reference HR (95% CI)
Model 1
FVC% predicted 1.00 4.09 (1.90-8.83) <0.001
Model 2
FVC% predicted 1.00 3.34 (1.54-7.25) 0.002
Leg power : 5.27 (1.81-15.41) 0.003
Model 3
FVC% predicted 1.00 2.59 (1.18-5.68) 0.017
Leg power : 4.79 (1.59-14.45) 0.005

% FVC = % predicted value forced vital capacity, HR (95% CI) = hazard ratio (95% confidence interval), Model 1:
defined as a model without adjustment, Model 2: leg power was split into 2 groups by the gender-dependent
median values and added to Model 1, Model 3: sex and age were adjusted in Model 2,  strong leg power; leg
extension force >13.0 kg/w (male), >7.3 kg/w (female), § weak leg power; leg extension force <13.0 kg/w (male),
<7.3 kg/w (female).

4. Discussion

Among the three major leading causes of death, impaired % FVC was related to higher
pneumonia mortality in community-dwelling aged adults. Strong leg force may beneficially
affect this relationship.
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The follow-up period of this study was from 2003 to 2012. The four leading causes
of death were cancer, heart disease, pneumonia, and cerebrovascular disease during this
period in Japan. However, the number of deaths by cerebrovascular disease was 15, and
was insufficient for analysis. Therefore, we gathered death by heart and cerebrovascu-
lar diseases and analyzed them as cardiovascular diseases. A previous study analyzed
1265 aged adults with chronic obstructive pulmonary disease, asthma, or other diseases
and reported cause-specific mortality rates of % FVC < 80% [1]. They recruited participants
between January 1996 to July 1999 and followed until 30 January 2002. They reported higher
mortality rates with pulmonary and cerebrovascular diseases. In contrast to their study,
our study did not recruit participants with specific diseases and carried out a long-term
follow-up.

Respiratory function and extremity muscle strength have moderate correlations with
respiratory muscle strength [16-19]. Respiratory muscle force regulates the effectiveness
of coughing. The cough clears the airways and plays a central role in pneumonia protec-
tion [28]. Thus, strong leg force might beneficially affect the mortality risk of pneumonia
via its correlation with respiratory muscle force and effective coughing.

Generally, sarcopenia is an aging-related muscle dysfunction defined by muscle weak-
ness, low muscle mass, and performance [29]. Muscle weakness comes to the forefront
among these indices [30]. A previous study showed that weak respiratory muscle force and
low muscle mass were risk factors for the onset of pneumonia [20]. These data may link
sarcopenia to the respiratory muscles. Sarcopenia is crucial because it is related to higher
mortality [31,32]. This study showed that the impaired % FVC was related to higher pneu-
monia mortality with the possible involvement of the leg force. When we take the above
links together, this study may support the following idea; sarcopenia in respiratory muscles
causes respiratory-related diseases, such as pneumonia, due to ineffective coughing and is
possibly connected to death.

Interstitial lung disease patients show impaired % FVC and higher mortality [6].
Their common respiratory symptoms are dyspnea and coughing. This study examined
dyspnea and attempted to exclude the participants that had the potential to suffer from
interstitial lung disease. However, they might not have symptoms or impaired pulmonary
functions. Thus, it is difficult to entirely exclude the participants with the potential to
suffer from interstitial lung disease in the sensitivity analysis. The prevalence of interstitial
lung disease patients was reported as approximately 6.3-76.0 cases per 100,000 people [7].
This study excluded 21 participants among 1048. Therefore, in addition to interstitial
lung disease patients, non-interstitial lung disease patients might be excluded from the
sensitivity analysis.

We previously reported the beneficial effect of the strong leg force on the relationship
between all-cause mortality and impaired % FVC in males but not in females [9]. Since
pneumonia caused only six deaths in females in this study, we could not divide the
participants by gender for further analysis. However, the strong leg force improved the
relationship after adjustment for gender. Thus, other diseases than pneumonia might cause
gender-dependent beneficial effects of the strong leg force on the relationship, or this may
be a limitation of the current study. In addition, from the point of view of medical care costs,
the costs were inversely associated with physical activity in aged adults [24]. The strength
of the leg force partially represents physical activity [24]. Thus, strengthening the leg force
and improving physical activity might have the potential of preventing pneumonia in
addition to reducing medical care costs.

This study has some limitations. First, the participants were Japanese/East Asians,
and the ethnicity of the sample was limited. Therefore, we may apply our results to Asian
populations, but not to other ethnicities. Second, the number of pneumonia deaths was
insufficient for numerous-factor adjustments. Third, we could not analyze data on the
immune system, which plays essential roles in multiple diseases, especially in infectious
diseases such as pneumonia [25,33,34]. Fourth, after excluding the past history of pneu-
monia in the sensitivity analysis, we encountered difficulties in the interpretation of the
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discrepancy of the HRs between Models 1 and 2. One possible explanation was that we
could not know when the pneumonia developed, i.e., in youth or old age.

This study characterized the specific disease as pneumonia, which causes the rela-
tionship between impaired % FVC and higher mortality in community-dwelling aged
adults. Preventing weak leg force may reduce mortality risk. Since we currently have
few management strategies to improve FVC, we may suggest the potential benefits of
strengthening muscle force to community-dwelling aged adults with impaired % FVC.
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Appendix A

Table A1l. The association between % FVC and pneumonia mortality after excluding potential
interstitial lung disease patients.

% FVC > 80% % FVC < 80% p-Value
Reference HR (95%CI)
Model 1 1.00 3.75 (1.59-8.82) 0.003
Model 2 1.00 2.93 (1.23-6.98) 0.016

% FVC = % predicted value forced vital capacity, HR (95% CI) = hazard ratio (95% confidence interval), Model 1:
defined as a model without adjustment, Model 2: sex and age were adjusted.

Table A2. The relationship between % FVC and pneumonia mortality after the exclusion of partici-
pants with a past history of pneumonia.

% FVC > 80% % FVC < 80% p-Value
Reference HR (95%CT)
Model 1 1.00 3.07 (1.31-7.18) 0.010
Model 2 1.00 2.31 (0.98-5.45) 0.056

%FVC = % predicted value forced vital capacity, HR (95% CI) = hazard ratio (95% confidence interval), Model 1:
defined as a model without adjustment, Model 2: sex and age were adjusted.
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Abstract: Introduction: Aspiration pneumonia is increasingly recognised as a common condition.
While antibiotics covering anaerobes are thought to be necessary based on old studies reporting
anaerobes as causative organisms, recent studies suggest that it may not necessarily benefit prognosis,
or even be harmful. Clinical practice should be based on current data reflecting the shift in causative
bacteria. The aim of this review was to investigate whether anaerobic coverage is recommended in
the treatment of aspiration pneumonia. Methods: A systematic review and meta-analysis of studies
comparing antibiotics with and without anaerobic coverage in the treatment of aspiration pneumonia
was performed. The main outcome studied was mortality. Additional outcomes were resolution
of pneumonia, development of resistant bacteria, length of stay, recurrence, and adverse effects.
The Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines
were followed. Results: From an initial 2523 publications, one randomised control trial and two
observational studies were selected. The studies did not show a clear benefit of anaerobic coverage.
Upon meta-analysis, there was no benefit of anaerobic coverage in improving mortality (Odds ratio
1.23, 95% CI 0.67-2.25). Studies reporting resolution of pneumonia, length of hospital stay, recurrence
of pneumonia, and adverse effects showed no benefit of anaerobic coverage. The development of
resistant bacteria was not discussed in these studies. Conclusion: In the current review, there are
insufficient data to assess the necessity of anaerobic coverage in the antibiotic treatment of aspiration
pneumonia. Further studies are needed to determine which cases require anaerobic coverage, if any.

Keywords: dysphagia; swallowing impairment; pneumonia; anaerobe; anaerobic coverage;
antibiotic; treatment

1. Introduction

Aspiration pneumonia has become a leading cause of hospitalisation and death in
adults. It represents a major socioeconomic burden worldwide, accounting for up to 90% of
pneumonia in the older population [1]. Within community-acquired and hospital-acquired
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pneumonia, aspiration pneumonia is a subtype known to have a poor prognosis [2]. There-
fore, it is crucial to investigate the current optimal management of aspiration pneumonia.

Anaerobic bacteria have been thought to play a major role in the pathogenesis of
aspiration pneumonia. This was particularly true in the 1970s [3-7], when several reports
identified anaerobes as the causative organisms, and new antibiotics were developed to
treat them. As a result of these findings, it became common practice to consider routine
anaerobic coverage in patients suspected of having aspiration pneumonia [8].

However, recent studies suggest that anaerobic coverage may not necessarily improve
clinical outcomes. A shift in the bacteria commonly associated with community-acquired
pneumonia (CAP) and hospital-acquired pneumonia (HAP) has been reported, with fewer
anaerobes identified [3,8,9]. Recent guidelines have taken these findings into account
and do not recommend the routine coverage of anaerobic pathogens in the treatment of
aspiration pneumonia [10,11].

As a result of these changes, it cannot be assumed that the optimal routine antibiotic
treatment for aspiration pneumonia is to cover anaerobes. There is evidence that the
routine usage of anaerobic coverage may not only be non-beneficial, but also potentially
harmful [12,13]. The unnecessary use of broad-spectrum antibiotics must be avoided in
view of future resistance, adverse effects and healthcare costs.

There have been review articles on aspiration pneumonia, providing overviews on
their pathology and management [9,14,15]. These reviews have all commented on the
shift in the role of anaerobes in aspiration pneumonia over the years, and questioned the
routine usage of antibiotics that cover anaerobic organisms. However, to our knowledge,
no formal systematic review has been published comparing clinical outcomes with or
without anaerobic coverage in the treatment of aspiration pneumonia. Clinical practice
and guideline updates should reflect the most recent evidence available. Therefore, we
performed a systematic review of the literature to answer the question: “Is anaerobic
coverage recommended in the treatment of aspiration pneumonia?”.

2. Materials and Methods

A systematic review and meta-analysis of the scientific literature on the clinical signif-
icance of antibiotics with anaerobic coverage compared to antibiotics without anaerobic
coverage in the treatment of aspiration pneumonia was performed. The Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines were followed [16].
The protocol was registered to Prospero before initiation of the study (registration number:
CRD42022358664) and can be found at the following URL: https://www.crd.york.ac.uk/
prospero/display_record.php?RecordID=358664, accessed on 15 September 2022.

Patients were adults aged 18 years or older with a diagnosis of aspiration pneumonia,
necrotising pneumonia or lung abscess. We added necrotising pneumonia and lung abscess
so we do not exclude any potentially relevant studies, as aspiration pneumonia is still a
variable term. The intervention was antimicrobial treatment covering anaerobic organisms.
The control was antimicrobial treatment without coverage of anaerobic organisms. The
main outcome studied was mortality, and other outcomes consisted of resolution of pneu-
monia, development of resistant bacteria, length of hospital stay, recurrence of pneumonia,
and adverse effects. The types of studies included were primary studies published in a
peer-reviewed journal. Studies from any setting and any year were included. All non-
English literature, unpublished material, study protocols, conference abstracts, and book
chapters were excluded to maintain the scientific quality of the review. Reviews were also
excluded as they are not primary studies.

The databases searched were PubMed (https://pubmed.ncbi.nlm.nih.gov/, accessed
on 15 September 2022) and Cochrane Library (https://www.cochranelibrary.com/, ac-
cessed on 15 September 2022). The search strategy was developed in PubMed and then
subsequently translated for the Cochrane Library. Full strategies are provided in the
Appendices A.1 and A.2. We searched for ‘aspiration pneumonia’ and ‘treatment’ using
both controlled vocabulary, such as MeSH terms, and natural language terms for their
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synonyms. The search strategy was developed with broad terms to ensure all relevant
articles would be detected in the database search. We excluded guidelines, meta-analyses,
reviews, and case reports. The search was conducted on 7 September 2022. Duplicates were
removed before screening using Rayyan duplicate identification strategies.

Identified studies were independently reviewed by two of the authors (Y.Y. and M.A.),
and decisions were recorded using Rayyan. Disagreements were resolved by discussion
and, where necessary, by review by two other authors (S.H. and Y.N.).

Inclusion criteria were original papers comparing antibacterial treatment with and
without anaerobic coverage in adults (aged 18 years and older) diagnosed with aspiration
pneumonia, necrotising pneumonia, or lung abscess. Exclusion criteria were reviews,
case reports, editorials, conference papers, children, animals, in vitro studies, prophylactic
antibiotics, and non-systemic routes of administration. Reviews were excluded from
the study, but their references were searched for relevant studies. Manual searches of
the reference lists of relevant guidelines [10,11,17], included studies, and other relevant
publications [9,18,19] were also performed.

A data extraction form was designed to extract study characteristics and outcomes.
Two reviewers (Y.Y. and M.A.) independently extracted data from eligible publications
independently. The extracted data were compared, and any discrepancies were resolved by
discussion between them and two other reviewers (S.H. and Y.N.). No automated tools
were used. Data (odds ratio) on the primary outcome (mortality) and secondary outcomes
(clinical cure rate, development of resistant bacteria, length of hospital stay, recurrence of
pneumonia, and rate of adverse effects) were extracted. We also extracted information on
the characteristics of the eligible studies and outcomes as follows: author, year, source of
publication, sample size, sample/participant characteristics. If necessary, the authors of the
publications were contacted.

Meta-analysis was performed using ReviewManager (Revman) (London, UK) for
outcomes for which two or more studies provided data. For other outcomes for which only
one study provided data, extracted data are presented and summarised descriptively.

The risk of bias of the observational studies [20,21] was assessed using the Newcastle
Ottawa Scale (NOS) [22]. The NOS was also used to assess the randomised control trial
(RCT) [23] for outcomes reported in two or more studies (mortality and clinical cure rate),
to ensure consistency within outcomes. The Cohort Studies version of the scale was chosen
to assess studies for subject selection, cohort comparability, and outcomes. The Cochrane
Risk of Bias tool (RoB 2) was used for outcomes where only RCTs were included [24]. Two
reviewers (Y.Y. and S.A.) independently assessed the risk of bias for each study, and any
discrepancies were resolved by discussion.

3. Results

A total of 2728 studies were identified through database and manual searches. After
removing 205 duplicates, 2523 reports were screened on their titles and abstracts, of which
2519 were excluded (Figure 1). The reasons for exclusion at the screening stage were: wrong
population (n = 1437), wrong publication type (n = 407), wrong intervention (n = 176),
background article (n = 168), wrong study design (n = 147), wrong language (n = 144),
and wrong outcome (1 = 40). Of the four studies that underwent full-text review, one was
excluded due to incorrect study design [25]. Finally, three papers were included in the
final analysis [20,21,23]. The study selection process is shown in Figure 1, according to the
PRISMA methodology [16].
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Studies identified (n = 2728) Studies removed before screening:
PubMed (n = 1178) Duplicate records (n = 205)
Cochrane Library (trials) (n = 1550)

Studies excluded (n = 2519)
wrong population (n = 1437)
wrong publication type (n = 407)

i wrong intervention (n = 176

Studies screened (n = 2523) — background article E n= 158;

wrong study design (n = 147)

wrong language (n = 144)

wrong outcome (n = 40)

Studies excluded (n= 1)

Studies assessed for eligibility (n = 4) ——»| Wrong study design (n = 1)

l

Studies included in review (n = 3)

[ included | [ Eligibility | [ Screening | | Identification |

Figure 1. Flow chart of the study process. Through searching databases, 2728 reports were found.
After removing duplicates, 2523 reports were screened, of which 2519 were excluded. A total of four
studies underwent full-text review, and three studies were included in the review.

Of the three included studies, one was an RCT [23], and two were prospective obser-
vational studies [20,21]. A total of 941 subjects were included. All studies were conducted
in Japan. All included studies had a mean/median age over 77 years. Their diagnoses were
pneumonia with aspiration-related risk factors [21,23], or aspiration pneumonia within the
NHCAP group B [20]. There was no mention of necrotising pneumonia or lung abscesses
in the three studies. The characteristics of the studies are shown in Table 1. The propensity
score-matched data by Hasegawa, et al. [21] were further analysed with multiple imputa-
tion by employed chain equations, and the data were not presented as integers. Therefore,
raw data were used for meta-analysis to match the data in the two other studies.

Table 1. Study Characteristics.

Antibiotics (Number

Age of Subjects)
Author, Ye Count Desi Setti Subject
uthor, Year ountry esign etting ubjects (Years) Anacrobic Control
Coverage Group Group
Moderate to severe
Open-labeled .
0,2022[23]  Japan Randomized Single centre, CAP/NHCAP mean 85 MEPM (86) CFPM (101)
. . inpatient patients at risk of
comparative trial e
aspiration
Hasegawa Prospective Multicentre, I;Itl‘zl;llzon'ltah
gawa, Japan pectiv inpa- patients wi median77  SBT/ABPC (400)  CTRX (237)
2019 [21] observational . . aspiration-related
tient/outpatient A

risk factor

Aspiration
Marumo Prospective Single centre, pneumonia within

2014 [20]' Japan obsersatio‘rllal inpa- the NHCAP group mean 78 SBT/ABPC (81) AZM (36)

tient/outpatient B (no risk of MDR

pathogen)

CAP: community acquired pneumonia; NHCAP: nursing-and healthcare-associated pneumonia;
MEPM: meropenem; CFPM: cefepime; SBT/ ABPC: sulbactam/ampicillin; AZM: azithromycin.

Results for mortality and clinical cure rates are shown in Table 2 and Figure 2. The
primary outcome and mortality were reported in all 3 studies; Oi et al. [23] reported
30-day mortality, whereas Hasegawa et al. [21] and Marumo et al. [20] reported in-hospital
mortality. Overall, mortality was low and there was no significant mortality benefit in the
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anaerobic coverage group compared with the control group. Mortality was 9.9% (56/567)
in the anaerobic coverage group, and 8.0% (30/374) in the control group (odds ratio (OR)
1.24, 95% confidence interval (CI) 0.70, 2.18).

Table 2. Mortality and clinical cure rate.

Mortality (30 Day * or in Hospital) Clinical Cure Rate (1, %)

Author, Year  Apaerobic Control OR, Anaerobic Control OR,
Coverage 95%CI Coverage 95%CI
* *
Oi, 2020 [23] 7/806 12/1(31 0.66 73/%6 83/1?1 1.22
(8.1%) (11.9%) [0.25, 1.75] (84.9%) (82.2%) [0.56, 2.66]
Hasegawa, 40/400 15/237 1.64
R R R
2019[21]  (100%)  (63%)  [0.89,3.05] N N N
Marumo, 9/81 3/36 1.38 60/81 24/36 143
2014 [20] (11.1%) (8.3%) [0.35, 5.41] (74.1%) (66.7%) [0.61, 3.35]
OR: odds ratio, CI: confidence interval, NR: not reported.
A
Anaerobic cover  No anaerobic cover Odds Ratio Odds Ratio
Study or Subgroup Events  Total _ Events Total Weight M.H, Random, 95% CI M.H, Random, 95% CI
0i, 2020 (RCTY 7 &6 12 101 28.0% 066 [0.25,1.75) B
Hasegawa, 2018 (Observational) 4 400 15 237 56.5% 1,64 [0.89,3.05) T
Marumo, 2014 (Observational) 9 81 3 36 156% 1.38[0.35,5.41] —_—
Total (95% CI) 567 374 100.0% 1.24[0.70, 2.18] =
Total events 56 30
Heterogeneity: Tau?= 0.05; Chi*= 2.42, df= 2 (P = 0.30), P=17% F t + J
Testfor overall effect Z=0.74 (P = 0.46) U.u;avou\s arEvlaL\ouic cover Favours :on1l\un\ "
B
Anaerobic cover  No anaerobic cover Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
01,2020 (RCT) 73 86 9 101 545% 1.22 [0.56, 2.66]
Marumo, 2014 (Observational) 80 a1 24 36 455% 1.43[0.61,3.35]
Total (95% CI) 167 137 100.0% 1.31[0.74,2.33]
Total events 133 107
Heterogeneity: Tau®= 0.00; Chi*= 0.07, df=1 (P=0.79), I*= 0% IU‘U1 DIW 1v |‘U 1EIl]'

Test for overall effect Z=0.92 (P = 0.36) Favours anaerobic cover Favours control

Figure 2. (A) Mortality; (B) Clinical cure rate. Forest plots comparing outcomes in groups given
antibiotic treatment with or without anaerobic coverage. The blue square represents the odds ratios
of individual studies. The black diamond represents the pooled result [20,21,23].

The clinical cure rate from two studies [20,23] showed no significant benefit of anaer-
obic coverage; the results were 79.6% (133/167) for the anaerobic coverage group, and
78.1% (107/137) for the control group, using the intention to treat analysis (OR 1.31, 95%
CI10.74, 2.33).

Length of hospital stay was reported in only one study [20]; 22.3 & 7.3 days in the
anaerobic coverage group, and 20.5 £ 8.1 days in the control group, with no significant
difference (p = 0.654). Hasegawa et al. [21] reported the "28-day hospital-free days’ as a
substitute for length of stay, which was significantly shorter in the anaerobic coverage
group than in the control group (11 vs. 9 days; p = 0.005).

The rate of pneumonia recurrence was reported in one RCT [23], and it was 5.8%
(5/86) in the anaerobic coverage group, and 2.0% (2/101) in the control group, using the
intention to treat analysis (OR 1.97, 95% CI 0.46, 8.48).

The rate of adverse effects was also reported in one RCT [23] only, in which the rate
was 22.0% (18/82) in the anaerobic coverage group, and 25.5% (24/94) in the control
group, using the validated per-protocol analysis (OR 0.82, 95% CI 0.41, 1.65). No serious
antibiotic-related events were reported.

The rate of development of resistant bacteria was not reported in any of the three studies.

The risk of bias assessment using the NOS is shown in Table 3. All studies were rated
low in the representativeness of the expressed cohort, as they had variable definitions of
aspiration pneumonia and were limited to certain severity groups. Otherwise, they were
generally graded well for most of the criteria for subject selection, cohort comparability,
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and outcome. For the outcomes for which only one RCT was included (recurrence rate and
adverse effects), the risk of bias was assessed as ‘low risk” using the RoB 2. However, as all
studies were conducted in the acute setting in Japan, with mostly inpatients, this raises a
concern regarding external validity. Therefore, it can be concluded that although there are
issues with external validity, the risk of bias and internal validity is generally acceptable.

Table 3. Risk of bias assessment, Newcastle-Ottawa Scale.

Selection Comparability Outcome
Demonstration Comparability
Author, Year  Representativeness ~ Selection Ascertai ¢ that Outcome of Cohorts on Assessment Adequate Adequacy Total
! of Exposed of ;cEer AMMENL - of Interest Was the Basis of the of Length of of Follow up  Score
Cohort Controls Of Bxposure Not Present at Design or Outcome Follow-up of Cohorts
Start of Study Analysis
Oi, 2020 [23] b a a a a c a a 7
F;%slgg&?’f . b a a a a c a a 7
Marumo,
2014 [20] c a a a a c a a 6
(a, b, and c were allotted according to the criteria as defined by the Newcastle-Ottawa Scale [22]).

A funnel plot was generated to assess reporting bias (Appendix A.3, Figure Al).
There appeared to be funnel plot symmetry for in-hospital mortality, although Sterne’s test
was not appropriate to detect funnel plot asymmetry due to the small number of studies
included in each meta-analysis.

The overall certainty of evidence and the reasons for lowering the ratings are sum-
marised in Table 4. The certainty of evidence was generally low or very low due to the
limited availability of RCTs.

Table 4. Summary of findings.
f . i f
1\.10. ° Odds Ratio Cert.a inty o Reason for
Outcomes Participants [95% CI] Evidence GRADin Comments
(Studies) ° (GRADE) 8
Mortality 941 (3) 124070, 2.18] Very low Rlsk of'b}as, There may be little or r'10 difference
imprecision in the mortality.
Clinical cure rate 304 (2) 1.31[0.74, 2.33] Very low .RISk Of.b.l as, There.may be .11t.t1e or no difference
imprecision in the clinical cure rate.
De.velopment (?f 0(0) - - - No data available
resistant bacteria
Length of .RlSk 0f~b.1as, There may be little or no difference
hospital stay 17 ) Very low imprecision, in the length of stay.
indirectness '
Recurrence rate 187 (1) B Low ¥mprec1s1on, Theret may be little or no difference
indirectness in the rate of recurrence.
Adverse effect 176 (1) } Low Imprecision,  There may be little or no difference

rate

indirectness in the rate of adverse effects.

CIL: confidence interval, GRADE: GRADE Working Group grades of evidence.

4. Discussion

The current systematic review revealed a lack of evidence on anaerobic coverage for
aspiration pneumonia; only one randomised trial and two observational studies were
found eligible for the review. Although very limited in number, these publications did
not show a clear benefit of anaerobic coverage in the treatment of patients diagnosed with
aspiration pneumonia. No included studies reported benefit of anaerobic coverage in
improving mortality.
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When considering the need for anaerobic coverage, we must first understand the role
of anaerobes in the development of aspiration pneumonia. Two factors, the overestimation
and underestimation of their virulence, should be considered.

Previously, the high presence of anaerobes in lower respiratory tract specimens from
patients with aspiration pneumonia led to the practice of covering anaerobes for their
treatment [4-6]. The reported rate of identification of anaerobes in respiratory specimens
from patients with aspiration pneumonia was as high as 73.9-100%. Treatment with agents
covering anaerobes was often recommended [25,26].

However, since the 1990s, there has been a sharp downward trend in the detection of
anaerobes in patients with aspiration pneumonia. The cause of this shift is suspected to be
partly due to earlier sampling and intervention. Data reported in the 1970s showing a high
prevalence of anaerobic organisms were often derived from samples taken late in the course
of the disease [4-6,27]. Studies of more acute phase pneumonia have shown less impact of
anaerobes [8,28-30]. Another consideration is the change in oral hygiene levels over the
years. Oral health status is thought to have improved in recent decades, due in part to the
advocacy of routine oral care [31]. There have been reports of improvements over the years
in general oral status [32], number of missing teeth [33], and toothbrushing frequency [34].
The improvement in oral health is thought to have affected the oral microbiota and the
causative organisms of aspiration pneumonia. Other suspected causes include changes
in the demographic characteristics of patients [9], as study populations have shifted from
relatively young patients with alcoholism or general anaesthesia to older patients. These
changes may have contributed to the decrease in anaerobes being identified as pathogens.

Alternatively, despite advances in microbial testing methods, not all pathogens are
identified. Anaerobes are known to be difficult to obtain and culture. Therefore, the fact that
anaerobes are not identified does not rule out their possibility of being the causative organ-
ism. This risk of underestimating the involvement of anaerobes may lead to undertreatment,
putting the patient at risk of prolonged illness, treatment failure, and death. Of the three
studies included in this review, two used blood/sputum cultures and urine antigens to
investigate the causative organism [20,23]. One study did not report any bacteriological
analyses [21]. None of the studies reported a method to isolate anaerobes and the results
do not mention the identification of anaerobes. Therefore, the risk of underestimating
anaerobic involvement must be considered.

Furthermore, the identification of an organism from the respiratory tract does not
automatically define it as the cause of active infection. The virulence of anaerobes is
not always high [3,4]. Overestimation of microbiological results leads to unnecessary
antimicrobial coverage, with the risk of adverse events and complications such as C.
difficile infection, and a burden on healthcare costs. In addition, not all anaerobes require
additional empirical anaerobic coverage with beta-lactams or clindamycin [30]. The shift in
oral anaerobes also suggests that common anaerobes causing aspiration pneumonia may be
susceptible to routine CAP treatment [19], although the clinical scenario must also be taken
into account [15]. Therefore, even in cases where anaerobes are thought to be the cause of
aspiration pneumonia, this does not automatically justify the use of specific antibiotics to
cover them.

The definition of aspiration pneumonia is not well established. Although there is a
common understanding that aspiration pneumonia is a pneumonia in people with risk fac-
tors or signs of aspiration [35], there are no robust criteria. The reported ratio of aspiration
pneumonia in community-acquired pneumonia ranges from 5.6% to over 90% [1,36,37]
and is highly variable depending on the setting, population, and local understanding of
the disease.

Among the studies included in this review, Oi et al. included patients who were diag-
nosed with CAP/NHCAP who were at risk of aspiration [23], Hasegawa et al. included
pneumonia with an aspiration-related risk factor [21], and Marumo et al. included aspira-
tion pneumonia in the NHCAP group B (no risk of MDR pathogen) [20]. The diagnosis
of aspiration pneumonia in the presence of one risk factor (such as a history of stroke) is
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one of the broader definitions [35], compared with others that assess more factors such
as swallowing function or pneumonia distribution. If patients with CAP are overly being
diagnosed as aspiration pneumonia, this may lead to an underestimation of the role of
anaerobes and necessity of anaerobic coverage. While a broad diagnosis of aspiration
pneumonia may be meaningful in clinical practice (in order to prevent overlooking the
possibility of an aspiration and to assess risk factors and swallowing function carefully),
the risk of overdiagnosis cannot be denied in the current context of research. For research
purposes, it is necessary to have a common definition of aspiration pneumonia.

Not all risk factors for aspiration are uniformly associated with aspiration pneumonia;
rather, the degree to which they cause the disease is thought to vary. For example, in a
recent study, of the common risk factors for aspiration pneumonia, impaired consciousness
was the most closely associated with chest images suggestive of aspiration pneumonia [38].
Labelling patients with CAP/NHCAP with any risk factor of aspiration as “aspiration
pneumonia’ may result in the concept of the disease being too broad.

The current suggested approach is to consider aspiration pneumonia not as a distinct
entity, but as a continuum of community or hospital acquired pneumonia [9,39,40]. As
the associated risk factors and degree of aspiration vary within the spectrum of aspiration
pneumonia, the need for anaerobic coverage is also expected to vary.

Current treatment recommendations by various guidelines are highly dependent on
observational studies, and varies between regions [17]. The ATS/IDSA guidelines rec-
ommend that anaerobic coverage should not be routinely added for suspected aspiration
pneumonia unless lung abscess or empyema is suspected [14]. This is mainly based on
observational studies reporting a decrease in the detection of anaerobes as causative organ-
isms [28-30]. Our systematic review and meta-analysis are in line with these publications,
and add interventional evidence to this view.

Our review shows that, according to the current literature, anaerobic coverage may
not always be beneficial in the treatment of aspiration pneumonia. Anaerobic coverage
may be unnecessary for initial empiric treatment in the absence of abscess formation or
empyema and with good oral hygiene. Further management should be based not merely on
the diagnostic labelling, but through consideration of patient history, comorbidities, level
of consciousness, oral health, previous and current microbiology results, local antibiogram
data, previous treatment and nursing/medical care, severity, chest imaging results, and
response to treatment [41,42].

There are some limitations in this study that should be mentioned. This review focused
on aspiration pneumonia. As the definition varies between settings [35], studies that did
not mention the term ‘aspiration” may not have been identified in the search process.
Therefore, we performed manual searches of guidelines and references of relevant papers
to identify related articles that may have been missed in the database searches, and added
‘necrotising pneumonia’ and ‘lung abscess’ to our search terms. Despite adding these terms
to the search strategy, none of the included studies mentioned whether their participants
had necrotising pneumonia or lung abscess. Nevertheless, caution should be taken in
interpreting the results, as aspiration pneumonia is still a variable term. Additionally,
the included studies all originated from Japan. However, as there was no restriction on
the year or country of publication, this is a reflection of the characteristics of the current
literature. It is possible that there are differences compared with other countries, although
local data do not support this [39]. In addition, the antimicrobials selected in the studies
were not uniform. Therefore, no general recommendation can be made from this result.
As this is an issue of high clinical importance, further research is needed on the optimal
antibiotic treatment of aspiration pneumonia and how to select those who may benefit from
anaerobic coverage.

5. Conclusions

In the current review, no clear evidence was found to recommend routine anaerobic
coverage for the antibiotic treatment of aspiration pneumonia. There are insufficient data to
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assess the necessity of anaerobic coverage. Further studies are needed to determine which
cases of aspiration pneumonia require anaerobic coverage, if any.
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Appendix A
Appendix A.1. Search Strategy for PubMED

(“pneumonia, aspiration”[mh] OR “respiratory aspiration”[mh] OR “aspiration pneu-
mon*”[tw]) OR (pneumonia[mh] AND aspiration[tiab]) AND (“anti-bacterial agents”[tw]
OR “anti-bacterial agents”[mh] OR antibiotic[tw] OR antimicrobial[tw] OR treatment[tiab])
NOT (“animals”[MeSH Terms] NOT “humans”[MeSH Terms]) AND (Randomized Con-
trolled Trial[pt] OR Adaptive Clinical Trial[pt] OR Clinical Trial[pt] OR Clinical Trial,
Phase*[pt] OR Comparative Study[pt] OR Controlled Clinical Trial[pt] OR Equivalence
Trial[pt] OR Evaluation Study[pt] OR Multicenter Study[pt] OR Observational Study[pt]
OR Validation Study[pt] OR Clinical Study[pt] OR Pragmatic Clinical Trial[pt] OR case
control study[tw] OR Randomized Controlled Trial[tw] OR Adaptive Clinical Trial[tw]
OR Clinical Trial[tw] OR Clinical Trial, Phase*[tw] OR Comparative Study[tw] OR Con-
trolled Clinical Trial[tw] OR Equivalence Trial[tw] OR Evaluation Study[tw] OR Multicenter
Study[tw] OR Observational Study[tw] OR Validation Study[tw] OR Clinical Study[tw]
OR Pragmatic Clinical Trial[tw] or control*[tw] or cohort[tw] or prospective*[tw]).

Appendix A.2. Search Strategy for Cochrane

’

([mh “pneumonia, aspiration”] OR [mh “respiratory aspiration”] OR (“aspiration”
NEXT pneumon®):ti,ab,kw) OR ([mh pneumonia] AND aspiration:ti,ab) AND (“anti-
bacterial agents”:ti,ab,kw OR [mh “anti-bacterial agents”] OR antibiotic:ti,ab,kw OR an-
timicrobial:ti,ab,kw OR treatment:ti,ab) NOT ([mh animals] NOT [mh humans]) AND
(“Randomized Controlled Trial”:pt OR “Adaptive Clinical Trial”:pt OR “Clinical Trial”:pt
OR (“Clinical Trial,” NEXT Phase*):pt OR “Comparative Study”:pt OR “Controlled Clinical
Trial”:pt OR “Equivalence Trial”:pt OR “Evaluation Study”:pt OR “Multicenter Study”:pt
OR “Observational Study”:pt OR “Validation Study”:pt OR “Clinical Study”:pt OR “Prag-
matic Clinical Trial”:pt OR “case control study”:ti,ab,kw OR “Randomized Controlled
Trial”:ti,ab,kw OR “Adaptive Clinical Trial”:ti,ab,kw OR “Clinical Trial”:ti,ab,kw OR (“Clin-
ical Trial,” NEXT Phase*):ti,ab,kw OR “Comparative Study”:ti,ab,kw OR “Controlled
Clinical Trial”:ti,ab,kw OR “Equivalence Trial”:ti,ab,kw OR “Evaluation Study”:ti,ab, kw
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OR “Multicenter Study”:ti,ab,kw OR “Observational Study”:ti,abkw OR “Validation
Study”:ti,ab,kw OR “Clinical Study”:ti,ab,kw OR “Pragmatic Clinical Trial”:ti,ab,kw OR
control*:ti,ab,kw OR cohort:ti,ab,kw OR prospective*:ti,ab,kw).

Appendix A.3. Funnel Plots for Publication Bias Evaluation
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Figure Al. Funnel plots. (A) Mortality, (B) Clinical cure rate.
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Abstract: Background: Tongue pressure values in patients with dysphagia are reported to be signif-
icantly lower than those in healthy controls. The aim of this study was to measure the maximum
tongue pressure (MTP) values after extubation in order to assess the presence of post-extubation
dysphagia for the safe initiation of oral intake in elderly patients. Methods: Data from 90 patients who
were extubated after mechanical ventilation under tracheal intubation were collected retrospectively.
The patients were divided into two groups as follows: normal group (those who did not develop
aspiration pneumonia after extubation; median age 62 years) and aspiration group (those who devel-
oped aspiration during the evaluation period; median age 75 years). The MTP values were measured
at 6 h, 24 h, 3 days, and 7 days after extubation. Results: The values were significantly increased
24 h after extubation in the normal group (p < 0.05). Alternatively, no increase was observed even
after 1 week of extubation in the aspiration group, and the values were significantly lower than those
in the normal group. The cutoff values at 6 and 24 h after extubation, which were measured using
the receiver operator characteristic (ROC) curve, were 17.8 and 23.2 kpa, respectively; furthermore,
the results of these assessments were strongly related to the development of aspiration 6 h after
extubation (x?-value: 6.125; p = 0.0133). Conclusions: The presence of post-extubation dysphagia in
patients who are intubated for >24 h can be predicted based on age and the MTP values at 6 h after
extubation.

Keywords: post-extubation; aspiration pneumonia; dysphagia; maximum tongue pressure (MTP);
oral intake; rehabilitation; elderly emergency patients

1. Introduction

Approximately half of all patients receiving mechanical ventilation with endotracheal
intubation experience post-extubation dysphagia [1-3]. Older adults and those with un-
derlying diseases might experience pre-existing dysphagia; therefore, the assessment of
swallowing function in individuals who have been transported to the emergency depart-
ment is challenging. Although researchers have speculated that muscle weakness and
sensory impairment due to long-term intubation can cause dysphagia after tracheal intuba-
tion, no definitive conclusions have been reached so far [4]. Prolonged hospitalization and
poor prognosis are common in patients who experience dysphagia after extubation, and
could lead to increased medical expenses [5].

Several screening methods, such as the repetitive saliva swallowing test, modified wa-
ter swallowing test, and other bedside evaluations, can be used to assess tongue movement
and the oral environment in order to determine the presence of dysphagia [6]. However,
despite the use of these methods, dysphagia can remain undiagnosed in some patients
and lead to aspiration or pneumonia. The tongue pressure test is a quantitative measure
of the swallowing ability, wherein a numerical value is assigned to assess the tongue
function [7-9]. Previous studies have indicated that tongue pressure is associated with
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dysphagia; tongue pressure values in patients with dysphagia were reported to be signifi-
cantly lower in patients with dysphagia than those in healthy controls, and were correlated
with other well-known functional criteria used to evaluate the swallowing ability [9,10].
A maximum value of <30 kPa indicates decreased tongue pressure and might reveal the
presence of dysphagia [11]. Tongue pressure measurements are easy to obtain owing to the
noninvasive nature of the method used during bedside evaluations of the swallowing func-
tion after extubation; additionally, this method yields reproducible quantitative values [12].
The aim of the present study was to measure the maximum tongue pressure (MTP) values
in patients who underwent extubation in order to determine whether these values can
be used to assess the presence of post-extubation dysphagia for the safe initiation of oral
intake of foods.

2. Participants and Methods
2.1. Participants

The sample size required for this study was calculated assuming a 1:2 ratio of patients
with and without post-extubation aspiration findings [5]. Therefore, data from a total
of 93 patients were required to obtain an area under the curve (AUC) value calculated
from the receiver operating characteristic (ROC) curve of >0.7 (power of detection 95%).
Subsequently, data from 90 patients who were brought to the Emergency Life Support
Center at our hospital from 2012 to 2016 were collected. Those who received mechanical
ventilation with endotracheal intubation for 24 h or longer, and whose primary condition
was successfully treated resulting in extubation, were included in the study. The exclusion
criteria were as follows: cases where it was not possible to obtain regular measurements, pa-
tients who underwent re-intubation or experienced delirium within 7 days after extubation,
and patients with neurologic/cerebrovascular disorders. All participants were evaluated
by using the repetitive saliva swallowing test [13] and modified water swallowing test [6],
and participants without dysphagia were initiated on oral intake. The participants without
dysphagia resumed oral intake with the same form of food as before their ICU admission
and swallowing rehabilitation from post-extubation to the start of oral intake consisted of
indirect training as the usual protocol used in our hospital.

The present study was approved by the Toho University Medical Center Omori
Hospital Ethics Committee. Written explanations regarding the aims and procedures used
in the study were provided, and informed consent was obtained from all the participants
or their family members prior to enrollment (Approval No. 24-132).

2.2. Methods and Data Collection

A TPM-01 device (JMS, Hiroshima, Japan) was used to measure the tongue pressure
(Figure 1). The MTP values were measured at 6 h, 24 h, 3 days, and 7 days after extubation.
The maximum values of three individual measurements collected at each time point were
recorded in kPa. The actual measurements were obtained by a designated nurse at the
Emergency and Critical Care Center, or by members of a specially trained swallowing
support team in the regular wards. All evaluators received specific instructions regarding
the tongue pressure measurements to ensure inter-observer reliability.

The characteristics of the patients, including age, sex, tracheal intubation period, Acute
Physiology and Chronic Health Evaluation II (APACHE II) score, and causative disease,
were retrospectively evaluated. The patients were divided into two groups as follows: those
who did not develop aspiration pneumonia after extubation (normal group) and those who
developed aspiration during the evaluation period, resulting in aspiration pneumonia or
signs of aspiration pneumonia with the cessation of oral intake (aspiration group). Newly
or recurrent visible infiltrative shadows on recent radiographs obtained from the medical
records were required for signs of aspiration pneumonia. In addition, the ability to use the
MTP values obtained at 6 and 24 h after extubation to assess dysphagia in order to predict
the optimum time for the safe initiation of oral intake in the normal and aspiration groups
was examined. These values were chosen owing to the retrospective nature of this study,
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in order to adjust for the background characteristics before starting the oral intake. Oral
intake was initiated 24 h after extubation at the discretion of the attending physician, but
the MTP values were not used to determine whether the patients were ready to start the
oral intake at that time.

balloon
anterior teeth

hard ring

tongue

Figure 1. The method used to measure the tongue pressure [14]. The internal pressure of the balloon
was adjusted to a predetermined pressure, after which it was positioned in the oral cavity as shown.
The tongue pressure was measured by asking the patient to lift the tongue toward the palate with as
much force as possible, as if to crush the balloon.

Since the primary endpoint of this study is the prediction of pneumonia at 24 h after
extubation and after initiation of oral intake, data on MTP value at days 3 and 7 are
presented as a secondary endpoint to the results.

2.3. Statistical Analysis

EZR verl.52 (Kanda, 2014, Saitama, Japan [15]) was used for statistical analysis.
The Mann-Whitney U-test was used to analyze differences in age, intubation time, and
APACHE II scores, whereas the Chi-square test was used to examine differences in the
male-female ratio and the causative diseases. Associations with MTP values after extu-
bation were analyzed using the Friedman’s test or Dunn’s multiple comparison test. The
MTP values at 6 h, 24 h, 3 days, and 7 days after extubation were compared between the
normal and aspiration groups using the Mann-Whitney U-test. In addition, ROC curve
analysis was performed to examine the MTP values at 6 and 24 h after extubation, in order
to determine whether these values can be used to predict aspiration. The AUC values and
the diagnostic cutoff value for MTP at 6 and 24 h were calculated from the ROC curves
using Youden's ] statistic. Statistical analyses of the ROC curve were performed also using
EZR verl.52.

Subsequently, a multivariable logistic regression analysis was performed to calculate
the result. The objective variable for the analysis was the detection of aspiration pneumonia,
and the explanatory variables were “Age above 75”, “Causative diseases”, “Low MTP value
(6 h)”, and “Low MTP value (24 h)”. Data pertaining to age were categorized into groups
(those younger than 75 years and above 75), because the age of the normal group was
75.6 years which is 1 SD more than the mean age. The median age of the aspiration group
was 75 years, and this is due to the fact that the elderly classification in Japan is 75 years
old or older. Causative diseases of intubation were classified into two groups. One group
consisted of pneumonia, sepsis, exacerbation of chronic obstructive pulmonary disease
(COPD), and acute pancreatitis, which cause ARDS; the other group consisted of other
diseases. The MTP values at 6 and 24 h were classified as “low” and “high”, respectively,
as determined by their cutoff values. In addition, an ROC curve analysis was performed
on the combined “Age above 63”7, “Low MTP value (6 h)”, and “Low MTP value (24 h)”.
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A two-tailed p-value of <0.05 was considered statistically significant. The multivariable
logistic regression analysis was also performed using EZR ver1.52.

The independent models were adjusted by confounders for the different times of the
MTP using pair-matching analysis. We assumed age and causative disease as confounding
factors. After correcting the confounding factors, the Mantel-Haenszel Chi-squared test
with continuity correction was performed to examine the possibility of predicting aspiration
at each time-point using EZR ver1.52.

3. Results

The normal and aspiration groups comprised 70 and 20 patients (22.2%), respectively;
the background characteristics of the patients in the two groups are shown in Table 1. No
significant differences in sex, endotracheal intubation period, or severity were observed
between the groups. However, patients in the aspiration group were significantly older
than those in the normal group (p < 0.05). Furthermore, no significant differences in the
causative diseases for intubation were observed between the two groups (Table 2).

Table 1. Background characteristics of the patients in the normal and aspiration groups.

Total (1 = 90) Normal (1 = 70) Aspiration (1 = 20) p-Value
Age (years); Average & SD 629 +15.8 59.7 +£15.9 739 £9.5 0.01
Median 66 62 75 <
Sex (male/female) 55/35 42/28 13/7 0.69
Intubation period (days)
Average + SD 81+55 8.0+58 85442 0.5
Median 7 6.5 9
MTP value (at 6 h)
Average + SD 23.0 +10.1 248 +11.6 132+75 <0.01
Median 21.6 25.5 13.9
MTP value (at 24 h)
Average + SD 253 +11.7 249 +£9.7 16.4 + 8.8 <0.01
Median 249 242 18.7
APACHE II score
Average + SD 239+98 23.6 +10.0 248 +£93 0.81
Median 23 225 23
SD, standard deviation; APACHE II, Acute Physiology and Chronic Health Evaluation II.
Table 2. The disease background of the patients in the two groups.
Normal (1 = 70) Aspiration (1 = 20) p-Value
CPA recovery 10 2 0.47
Trauma 5 1 0.60
Acute myocardial infarction 7 3 0.39
Heart failure 4 2 0.40
Pneumonia 13 6 0.21
Sepsis 7 4 0.20
Acute pancreatitis 2 0 0.44
COPD exacerbation 1 0 0.59
Others 21 2 0.07

CPA, cardiopulmonary arrest.

Changes in MTP values after extubation in the entire study population and in the two
groups are shown in Figure 2. The MTP values were significantly (p < 0.05) increased to
20.7 kPa, 21.6 kPa, 24.9 kPa, and 26.7 kPa at 6 h, 24 h, 3 days, and 7 days after extubation,
respectively, over a period of 1 week in the entire study population (Figure 2A). Similar
findings were observed in the normal group (25.5 kPa, 24.2 kPa, 28.1 kPa, and 30.3 kPa at
6 h, 24 h, 3 days, and 7 days after extubation, respectively; Figure 2B). On the contrary, no
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significant increase was observed in the aspiration group, which exhibited significantly
lower MTP values than those in the normal group (13.9 kPa, 18.7 kPa, 11.1 kPa, and 13.1 kPa
at 6 h, 24 h, 3 days, and 7 days after extubation, respectively; Figure 2C). Significant
differences in MTP values were observed between the groups at each time point (Figure 3).
Multiple comparison tests revealed significant differences between the MTP values at 6 h
and 3 days, 6 h and 7 days, 24 h and 3 days, and 24 h and 7 days (p < 0.05). No significant
differences were observed between the 6- and 24-h mark (p = 0.83).

kPa Normal kPa Aspiration

(B) ©

Figure 2. Graphs showing changes in MTP in the entire study population (A) and in the two groups
(B,C). MTP values recovered over a period of 1 week after extubation in the entire study population
(A) and the participants in the normal group ((B); Friedman test, p < 0.05). (C) The MTP values
remained low even after 1 week in the aspiration group. * p < 0.05; h: hours; d: days. Friedman’s test,
Dunn’s test.
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Figure 3. MTP values in the normal and aspiration groups. * p < 0.05; h: hours; d: days. Mann—
Whitney U-test.

ROC curve analysis was performed to determine whether the MTP values after 6 and
24 h could be used to predict dysphagia. The diagnostic cutoff MTP value after 6 h was
17.8 kPa, the sensitivity was 80.0%, the specificity was 67.1%, the positive predictive value
was 41.0%, and the negative predictive value was 92.2% (Figure 4A). The corresponding
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Sensitivity

values (diagnostic cutoff, sensitivity, specificity, positive predictive, and negative predictive)
after 24 h were 23.2 kPa, 90.0%, 52.9%, 35.3%, and 94.9%, respectively (Figure 4B).
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Figure 4. Receiver operating characteristic (ROC) curve analysis 6 and 24 h after extubation. (A) ROC
curve analysis 6 h after extubation. (B) ROC curve analysis 24 h after extubation. It is possible to
estimate diagnostic cutoff values from ROC curves.

The AUC values were calculated from the ROC curves using Youden’s | statistic. The
values after 6 h and 24 h were 0.79 (95% CI: 0.69-0.89) and 0.74 (95% CI: 0.61-0.86), respectively.

Multivariable logistic regression analysis was performed to determine the factors
associated with aspiration after extubation (Table 3). “Age above 75” and “Low MTP
value (6 h)” were the significant variables; therefore, ROC curve analysis was performed
to investigate the predictive ability of the combination of “Age above 75”7, “Causative
diseases”, “Low MTP value (6 h)”, and “Low MTP value (24 h)” for dysphagia (Figure 5).
The AUC value was 0.81 (95% CI: 0.73-0.90).

We hypothesized that the combination of these items would aid in predicting post-
extubation dysphagia, and “Age above 75” and “Causative diseases” were considered
confounding factors. Therefore, a model excluding the confounding factors was created
using the pair-matching analysis. A total of 40 cases, 20 in each of the two groups, was
selected for the analysis (Table 4). The Mantel-Haenszel Chi-squared test was performed
to examine the possibility of predicting aspiration at the 6 and 24 h time points, as shown
in Table 5.

Table 3. Factors associated with aspiration after extubation by logistic regression analysis.

Odds Ratio (95% CI) p-Value
Age above 75 3.24(1.01-10.4) 0.048
Causative diseases 0.472 (0.14-1.54) 0.214
Low MTP value (6 h) 4.25(1.02-17.7) 0.047
Low MTP value (24 h) 3.26 (0.55-19.3) 0.194

CIL: confidence interval. Bold: p-values indicate significance.
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Figure 5. ROC curve analysis on the combined variables “Age above 75”, “Causative diseases”, “Low
MTP value (6 h)”, and “Low MTP value (24 h)”. The AUC value was 0.81 (95% CI: 0.73-0.90).

Table 4. A new population excluding the confounding factors was created using the pair-matching
analysis. A total of 40 cases, 20 in each in of the two groups, was selected for the analysis.

Age Normal Aspiration

<75 years 9 9

>75 years 11 11
Causative Diseases Normal Aspiration

Pneumonia + ARDS Causal
. 9 9
Diseases
Other 11 11

Table 5. The Mantel-Haenszel Chi-squared test with continuity correction was performed on each
time point after correcting the confounding factors.

x?-Value p-Value
MTP value (at 6 h) 6.125 0.0133
MTP value (at 24 h) 2.50 0.1138

Bold: p-values indicate significance.

4. Discussion

The background factors were related to age in patients belonging to the normal and
aspiration groups in this study; those in the aspiration group tended to be older than those
in the normal group. The initiation of oral intake in elderly patients after life support
should be approached with caution. Therefore, it is important to design an evaluation
method that can be used to determine the optimum time for oral intake after extubation.
No clear relationship was noted for either pneumonia or ARDS causal disease as the
causative disease for intubation, which was speculated to be possibly related to post-
extubation pneumonia. Prolonged endotracheal intubation is a common iatrogenic cause of
swallowing disorders, but as shown in Table 1, there was no additional difference between
the two groups (p = 0.50), so it was not included as a variable in the multivariate analysis.
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This study included patients with severe disease (APACHE II: around 24), which is the
reason for the higher incidence of pneumonia compared to previous reports [1-3].

The aim of the present study was to measure the MTP values in patients who under-
went extubation in order to determine whether they can be used to assess the presence of
post-extubation dysphagia, which could affect the initiation of oral intake in older patients.
The participants in this study had normal RSST and modified water swallowing test results,
so the development of post-extubation pneumonia or aspiration would be unlikely if true,
but in 20 of the 90 cases, this occurred. This study suggests that post-extubation pneumonia
due to dysphagia, which cannot be detected by conventional screening methods, may be
predicted by using maximal tongue pressure in combination with conventional methods.
Our findings indicated that the MTP values were initially low in patients requiring mechan-
ical ventilation with endotracheal intubation for more than 24 h, but returned to normal
levels after 1 week among those without dysphagia. These findings are in accordance with
those of our previous study, which showed that patients with dysphagia exhibited lower
MTP values, which did not significantly increase even after 1 week [14]. Evidence suggests
that contact with the endotracheal tube during long-term oral intubation causes muscle
weakness in the tongue and sensory impairment, leading to dysphagia; however, the under-
lying mechanisms remain unclear [4]. Early extubation and the use of appropriately-sized
endotracheal tubes have been reported to reduce the risk of dysphagia [16]. However,
other studies have reported no associations between the endotracheal intubation period
and dysphagia [17].

Although no significant differences in MTP values were observed at 6 and 24 h after
extubation in the normal group, the values were significantly increased after 3 days. It
remains unclear as to why the MTP values did not recover within the first 24 h. Strict
respiratory monitoring is required for at least 24—48 h after extubation [18] because hoarse-
ness, laryngeal edema, and an increase in intraoral and sputum discharge caused by
extubation can increase the risk of re-intubation during this period. Furthermore, the
breathing effort is reported to increase, leading to fatigue of the respiratory muscles 1 h
after extubation [19]. Heavy secretion in the oral cavity and increased sputum discharge
are thought to delay the recovery of the swallowing function. Weakness of the swallowing
muscles due to respiratory fatigue is known to continue for more than 24 h [20], which
might account for the absence of any increase in the MTP value within the first 24 h after
extubation. These findings highlight the importance of the respiratory status in relation to
the swallowing function.

In the aspiration group, the MTP values did not recover 1 week after extubation; the
MTP values were significantly lower in the aspiration group (13.9 kPa) than in the normal
group (25.5 kPa) 6 h after extubation. Although the values had recovered to 18.7 kPa in the
aspiration group 24 h after extubation in this study, they were below the normal values
(30 kPa) [8,11]. Thus, it is important to measure the MTP value within 24 h of extubation to
predict dysphagia.

The negative predictive values observed in the present study indicated that the ROC
curve for MTP values could be used as an index for predicting aspiration 6 and 24 h after
extubation. The diagnostic cutoff value of the MTP value after 6 h was 17.8 kPa, and the
negative predictive value was 92.2%. The diagnostic cutoff value of the MTP value after
24 h was 23.2 kPa, and the negative predictive value was 94.9%. However, even if the
MTP value is low, dysphagia may not necessarily be present. Thus, it may be necessary to
evaluate other factors when examining the swallowing function following extubation. MTP
values differ based on age and sex [8]. The findings of the current study suggest that age is
a risk factor for aspiration after extubation. Tsai et al., reported that patients over 65 years
of age are more likely to develop dysphagia after extubation, and should be monitored and
treated for 1-2 weeks before resuming oral intake of food [21]. Older adults may exhibit a
weak cough reflex or latent aspiration prior to hospitalization, which could increase the
incidence of dysphagia due to tracheal intubation. Furthermore, various factors such as
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cognitive decline, a high incidence of delirium, and a history of taking multiple medications
can increase the risk of aspiration in older adults.

Both age and pre-admission information regarding swallowing function are necessary
to determine when oral intake can be re-initiated. Although it is difficult to obtain accurate
information from the patient in the emergency department, our findings showed that MTP
values 6 and 24 h after extubation were strongly associated with aspiration. Thus, when
combined with other assessments, these values can be used to determine when oral intake
can be initiated safely.

The average time for the re-initiation of oral intake after heart disease surgery is 118.4 h
in patients with swallowing disorders [1]. The swallowing reflex can be restored within
1 week in patients who undergo long-term intubation in the intensive care unit (ICU) [22].
The length of hospitalization is extended in patients who develop swallowing disorders
after extubation, thereby increasing the cost of treatment. The MTP values increased within
1 week after extubation in the present study; therefore, clinicians can use these values to
determine the efficacy of rehabilitation and the time at which oral intake can be resumed
after dysphagia, which could aid in shortening the hospitalization period and decreasing
the treatment costs.

The results of this study indicate that 24 h after extubation, one can determine whether
oral intake can be resumed. Oral intake can be safely initiated under the following condi-
tions: in patients <75 years of age, when the MTP value is >17.8 kPa at 6 h after extubation,
and the MTP value does not decrease after 24 h (remains > 23.2 kPa). In older emergency
patients who do not meet these conditions, additional swallowing screening tests, videoen-
doscopy (VE) or videofluorography (VF), should be performed to diagnose the presence of
dysphagia. Furthermore, the findings of this study suggest that regular measurement of
the MTP is useful to determine the effectiveness of the rehabilitation and the appropriate
time for resumption of oral intake.

In future studies, we need to design an interventional study in which patients with
anticipated dysphagia determined by a new protocol with tongue pressure, were given
rehabilitation prior to oral intake. We will then examine if the incidence of post-extubation
pneumonia would decrease from 22%.

The MTP values may be of adjunctive use for other lung diseases, such as interstitial
pneumonia with repeated acute conversions and dysphagia due to sarcopenia after COVID-
19 infection [23]. Clinicians may find it challenging to determine the optimum time for the
resumption of oral intake in patients with these diseases; thus, the use an ancillary tool
other than the conventional swallowing assessment tests might prove beneficial.

5. Conclusions

This study demonstrated that the presence of post-extubation dysphagia can be as-
sessed based on the MTP values at 6 and 24 h after extubation. This information can be
used to determine the time for the initiation of oral intake in older emergency patients
who have been intubated for >24 h. Additionally, changes in MTP values may be used to
determine the optimum time when oral intake can be resumed and the efficacy of the reha-
bilitation following dysphagia. However, MTP values should be used in combination with
other swallowing assessments to determine the most appropriate time for re-initiating oral
intake. Additional study will be required to determine the most appropriate swallowing
assessment that can be used in conjunction with MTP in the future.
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Abstract: Background: Bed rest with limited physical activity is common during admission. The
aim was to determine the association between daily step count and physical activity levels during
and after admission with community-acquired pneumonia (CAP) and the risk of readmission and
mortality. Methods: A prospective cohort study of 166 patients admitted with CAP. Step count
and physical activity were assessed with accelerometers during and after admission and were
categorised as sedentary, light, or moderate-vigorous physical activity. Linear regression was used
to assess the association between step count and length of stay. Logistic regression was used to
assess the association between step count, physical activity level, and risk of readmission and
mortality. Results: Patients admitted with CAP were sedentary, light physically active, and moderate-
to-vigorous physically active 96.4%, 2.6%, and 0.9% of their time, respectively, with 1356 steps/d. For
every 500-step increase in daily step count on day 1, the length of stay was reduced by 6.6%. For every
500-step increase in daily step count during admission, in-hospital and 30-day mortality was reduced.
Increased light and moderate-to-vigorous physical activity during admission were associated with
reduced risk of in-hospital and 30-day mortality. After discharge, patients increased their daily step
count to 2654 steps/d and spent more time performing light and moderate-to-vigorous physical
activity. For every 500-step increase in daily step count after discharge, the risk of readmission
was reduced. Higher moderate-to-vigorous physical activity after discharge was associated with
a reduced risk of readmission. Conclusions: Increased physical activity during admission was
associated with a reduced length of stay and risk of mortality, whereas increased physical activity
after discharge was associated with a reduced risk of readmission in patients with CAP. Interventions
focusing on increasing physical activity levels should be prioritised to improve the prognosis of
patients admitted with CAP.

Keywords: community-acquired pneumonia; hospital admission; length of stay; mortality; readmis-
sion; physical activity

1. Introduction

Community-acquired pneumonia (CAP) remains a leading cause of hospital admission,
with one in five patients being readmitted within 30 days after discharge [1,2]. Bed rest
with limited physical activity is common during admission. In patients with CAP, both
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external (e.g., oxygen therapy, intravenous antibiotic treatment) and internal (e.g., fatigue,
hypoxemia) factors limit physical activity during admission [3]. As a result, patients
admitted with CAP spend over 90% of their in-hospital time being physically inactive,
with 900-1300 steps/d during admission [4,5]. In comparison, the average number of
daily steps is approximately 6500 steps/d for healthy individuals [6]. Physical inactivity
is not only a concern among patients with low functional status; despite the ability to
walk independently at admission, only 28% of medical patients admitted with respiratory,
gastrointestinal, or renal disease walked during admission [7]. In patients with CAP, alower
daily step count during admission has been associated with a prolonged length of stay [4].
In addition, physical inactivity during admission has been associated with readmission
and mortality in older medical patients admitted with respiratory, cardiovascular, or
gastrointestinal diseases [8,9]. Hospital-associated deconditioning with loss of muscle mass
and strength is a serious concern, as up to 40% of older patients lose the ability to perform
activities of daily living after discharge [10-12]. For 40% of these patients, these newly
acquired disabilities will never recover [12]. However, physical activity is a central and
potentially modifiable factor to prevent hospital-associated functional decline and adverse
outcomes in older medical patients [10,11]. In patients with CAP, an exercise intervention
initiated during admission can, to some extent, counteract the negative consequences of
physical inactivity on muscle strength and the ability to perform daily activities [13]. To
our knowledge, no previous study has investigated the association between 24-h physical
activity levels during and after admission on the prognosis in patients admitted with CAP.

We hypothesised that physical inactivity and sedentarism during admission and
immediately after discharge were associated with an increased risk of severe outcomes
in patients admitted with CAP. We aimed to determine 24-h physical activity levels and
the daily step count during admission and immediately after discharge in patients with
CAP and the association with prognosis, such as length of stay, 30-day readmission, and
in-hospital and 30-day mortality.

2. Methods
2.1. Study Design, Settings, and Study Population

This study is part of the Surviving Pneumonia Cohort Study, a prospective cohort study
including patients admitted with CAP at the Copenhagen University Hospital—North Zealand,
Denmark. Inclusion criteria were age >18 years and suspected CAP defined as a new pul-
monary infiltrate on chest X-ray or computed tomography scan and minimum 1 symptom
consistent with CAP, e.g., fever (>38.0 °C), hypothermia (<35.0 °C), cough, sputum produc-
tion, pleuritic chest pain, dyspnea, or focal chest signs on auscultation. Exclusion criteria
for the present study were no attachment of accelerometer at admission, paralysis of legs
(non-ambulant), expected length of stay <48 h, or less than one day with <20 h physical
activity data during admission. Patients were enrolled within the first 24 h of admission.
Patients in the present study were included between January 2019 and April 2022.

2.2. Study Variables

Data were collected prospectively with standardised forms and were entered into a
REDCap database. Information about demography, prior medical history, comorbidities,
and clinical outcomes were collected during an interview at the study enrolment and
from medical records. The CURB-65 score [14] was used to risk-stratify patients and
was classified as mild (score 0-1), moderate (score 2), or severe (score 3-5) CAP. The
combined burden of comorbidities was assessed by the Charlson Comorbidity Index [15]
and categorised as 0, 1, or >2 comorbidities. Data upon admission to the intensive care
unit (ICU), length of stay, readmission, and mortality were collected from medical records
up to 30 days after discharge.
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The self-reported physical activity level prior to admission was assessed with the short
form of the international physical activity questionnaire (IPAQ) [16]. Patients were categorised
into 3 levels of physical activity (low <600 metabolic equivalents of task (MET)-min/week,
moderate >600 MET-min/week, or high >3000 MET-min/week) [17].

Physical activity levels were objectively assessed using the Axivity AX3 accelerometer.
The accelerometers were initialised to measure at 100 Hz with 8 g bandwidth using the
Open Movement software (OmGui, version 1.0.0.43, Newcastle University, Newcastle upon
Tyne, UK). The accelerometer was attached directly to the skin on the medial front of the
right thigh, midway between the hip and knee joints, with its positive x-axis pointing
inferiorly and its negative z-axis pointing anteriorly [18]. A 50 x 100 mm section of Mefix
tape (Molnlycke Health Care, Goteborg, Sweden) with a stripe of double-sided adhesive
tape was placed on top of the clean, dry skin. The accelerometer was placed on the
double-sided tape and secured to the site with a 110 x 140 mm piece of transparent film
(Leukomed T, BNS medical GmbH, Hamburg, Germany). Patients were instructed to wear
the accelerometer for up to 7 consecutive 24-h periods during admission or until discharge
(if discharged before day 8) and 7 consecutive 24-h periods after discharge. Data were
collected between 05:00 AM on day 1 and 05:00 AM on day 8.

Data from the accelerometers were downloaded in the original cwa file format us-
ing the OmGui software and converted to a binary gt3x compatible file format using a
custom-made add-on to OmGui to assess intensity estimates using ActiLife (version 6.13.4,
ActiGraph, Pensacola, FL, USA). The accelerometer wear time was determined manually
using OmGui based on raw accelerometry. Data were extracted in 1 s epochs. Non-
wear time was defined as >180 consecutive min of zero counts/min, allowing for up to
2 min of non-zero counts if the interruption was preceded or followed by >30 min of
zero counts/min. A valid 24-h measurement was defined as at least 20 h of wear time.
Patients were included if they had at least one day with >20 h out of 24 h of wear time [19].
Daily step counts were calculated from the step detection algorithm in ActiLife using
the recordings of raw accelerations from the 3 axes [20]. Sedentary time was defined as
time spent at <100 counts/min [21], light physical activity as 100-1951 counts/min, and
moderate-to-vigorous physical activity as >1952 counts/min [22].

2.3. Outcomes

The primary outcome was a 30-day readmission, with secondary outcomes being
length of stay and in-hospital and 30-day mortality. The days from discharge to read-
mission and cause of readmission were registered. Patients with multiple readmissions
were registered with reference to the first readmission. All variables were collected from
medical records. Age, sex, CURB-65, ICU admission, mechanical ventilation, non-invasive
ventilation, and high flow therapy were viewed as potential confounders and were adjusted
for. No stepwise selection process was applied.

2.4. Statistical Analysis

Data were described as counts (%) for categorical variables and either means (stan-
dard deviation (SD)) or medians (interquartile range (IQR)) for continuous variables as
appropriate. Binary logistic regression analyses were used to assess the association between
daily step count and physical activity levels (time spent in sedentary behaviour, light phys-
ical activity, and moderate-to-vigorous physical activity) and risk of 30-day readmission
and in-hospital and 30-day mortality, respectively. Both unadjusted, univariate models
and adjusted, multivariate models were fitted. To adjust for confounding, analyses in-
cluded age, sex, CURB-65, ICU admission, mechanical ventilation, non-invasive ventilation,
and high flow therapy. Linear regression was used to determine the association between
step count on day 1 with the length of stay. Multivariate models included age, sex, and
CURB-65. Model assumptions, including normality, were assessed using residual and
quantile-quantile plots. Due to the skewed distribution of length of stay, the variable was
log-transformed, and the regression coefficients were back-transformed to provide ratios.
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Wilcoxon signed-rank tests were used to detect differences in daily step counts and physical
activity levels from admission to after discharge. Chi-squared tests were used to explore
differences in physical activity levels prior to admission between patients included before
compared to during or after the COVID-19 lockdown. All p-values were two-sided, and
significance levels were p < 0.05. Data were analysed using IBM SPSS Statistics version 25.

2.5. Research Ethics

Patients provided informed consent before enrolment. The study was approved by
the Scientific Ethics Committee at the Capital Region of Denmark (H-18024256), regis-
tered on ClinicalTrials.gov (NCT03795662), and conducted according to the Declaration
of Helsinki [23]. This reporting of the study followed the Strengthening the Reporting of
Observational Studies in Epidemiology statement [24].

3. Results

Initially, 189 patients were included in the study; however, 23 patients were excluded
from the analysis due to missing physical activity data from admission, leaving 166 patients
with physical activity data during admission. After discharge, 89 patients were excluded
from the analysis due to missing physical activity data, leaving 77 patients with physical
activity data after discharge to be included in the analysis (Figure 1).

Accelerometreattached during
admission (n = 189)

Excluded
. Accelerometerslost during admission (n = 14)

*  Patients withless than 20 h physical activity
data(n=9)
v
Physical activity data from
admission (n = 166)
Excluded

. Died during admission (n= 13)
*  Declinedto wear accelerometre after discharge
(n=76)

—

v

Physical activity data after
discharge (n=77)

Figure 1. Flow chart of the study population.

3.1. Demography, Comorbidities, and Clinical Parameters

Patient characteristics are summarised in Table 1. The median age of the study popu-
lation was 75 years, with 71.1% of the patients being 65 years of age or older. One hundred
patients (60.2%) had >2 comorbidities, and 78 (50.3%) had mild CAP. Based on IPAQ, 80.1%
of the patients had a low physical activity level prior to admission, while 13.2 and 6.6% had
a moderate or high physical activity level (Table 1). There was no difference in physical
activity levels prior to admission between patients included before the COVID-19 lock-
down (January 2019-February 2020) and patients included during or after the COVID-19
lockdown (March 2020-April 2022, Supplementary Table S1).
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Table 1. Baseline characteristics of 166 patients admitted with community-acquired pneumonia.

Study Population (1 = 166)

Age, median (IQR), years 75 (63-81)
Sex, male, n (%) 90 (54.2)
Charlson comorbidity index, median (IQR) 5 (3-6)
Number of comorbidities, 1 (%)
0 24 (14.5)
1 42 (25.3)
>2 100 (60.2)
Chronic obstructive pulmonary disease 62 (37.3)
Other chronic respiratory diseases 37(22.3)
Malignancy 33(19.9)
Diabetes 31(18.7)
Chronic heart failure 30 (18.1)
Other chronic heart diseases 90 (54.2)
Cerebrovascular disease 26 (15.7)
Chronic kidney disease 7 (4.2)
Chronic liver disease 4(24)
CURB-65
0-1, 1 (%) 78 (50.3)
2,1 (%) 57 (36.8)
3-5, 1 (%) 20 (12.9)
Physical activity level prior to admission
Low, 1 (%) 121 (80.1)
Moderate, 1 (%) 20 (13.2)
High, n (%) 10 (6.6)
Clinical outcome
Intravenous antibiotic treatment, 1 (%) 156 (94.0)
Oxygen therapy, 1 (%) 117 (70.5)
Intensive care unit, 1 (%) 5(3.0)
Length of stay, median (IQR), days 7.2 (5.2-12.4)
In-hospital mortality, 1 (%) 13 (7.8)
30 days mortality, 1 (%) 16 (9.6)
30 days readmission, 1 (%) 37 (24.2)

CURB-65: confusion, urea, respiratory rate, blood pressure, and age >65 years. Missing variables:
physical activity level (n = 15, 9.0%), CURB-65 (1 = 11, 6.6%).

During admission, 156 patients (94.0%) received intravenous antibiotic treatment, and
117 (70.5%) were treated with supplementary oxygen. During admission, five patients
(3.0%) were admitted to the ICU, and 13 (7.8%) died. Sixteen patients (9.6%) died within
30 days after discharge. The median length of stay was 7 days. Thirty-seven patients (24.2%)
were readmitted within 30 days after discharge, with pulmonary conditions (e.g., CAP,
acute exacerbation of chronic obstructive pulmonary disease (COPD)) being the most
common causes of readmission (51.4%, Supplementary Table S2).

3.2. Physical Activity and Sedentary Behaviour during Admission and after Discharge

The mean wear time of the accelerometers was 4.0 £ 2.2 days during admission
(45.4 & 18.5% of admission time) and 6.3 & 1.6 days after discharge (90.0 £ 22.4% of follow-
up time). During admission, patients spent 96.4% of their time in sedentary behaviour,
2.6% in light physical activity, and 0.9% in moderate-to-vigorous physical activity. The
median daily step count during admission was 1356 steps/d. After discharge, patients
increased their daily step count to 2654 steps/d and spent more time in light and moderate-
to-vigorous physical activity (4.2% and 1.8%, Table 2).
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Table 2. Physical activity and sedentary behaviour during admission and after discharge among

77 patients admitted with community-acquired pneumonia.

During Admission After Discharge
(=77 (=77 p-Value
Time spent in sedentary behaviour, median (IQR), % 96.0 (94.8-96.9) 93.8 (91.8-95.7) <0.001
Time spent in light physical activity, median (IQR), % 3.1(2.2-3.9) 4.2 (2.9-6.1) <0.001
Time spent in modnelreaéiei;og(;%{o;(;:s physical activity, 1.0 (0.7-15) 18(1.1-2.8) <0.001
Steps, median (IQR), n/day 1588 (1130-2226) 2654 (1810-3847) <0.001

Comparisons were made with Wilcoxon signed-rank tests.

3.3. Association between Physical Activity and Sedentary Behaviour during Admission
and Prognosis

In a multivariable analysis adjusted for age, sex, and CURB-65, length of stay was
reduced by 6.6% (95% CI 2.0-10.9%; p < 0.01) for every 500-step increase in daily step
count on day 1. There was no association between daily step count or time spent in
sedentary behaviour, light physical activity, and moderate-to-vigorous physical activity
during admission and risk of 30-day readmission (Figure 2).

Outcome Variables Model Odds Ratio (95% Cl} p-Value Odds Ratio (95% CI)
30-day readmission Unadjusted 0.93[0.79; 1.10] 0.400 HEH
Adjusted 0.931[0.77;1.13] 0.454 H=
Sedentary Unadjusted 1.07 [0.91; 1.26] 0.397 HH
Adjusted 1.08 [0.90; 1.30] 0.387 HH
Unadjusted 0.95[0.76; 1.18] 0.643 = =
Adjusted 0.94 [0.74; 1.20] 0.616 HoH
Unadjusted 0.69[0.41; 1.14] 0.149 -
Adjusted 0.65 [0.36; 1.19] 0.162 ——
In-hospital mortality Unadjusted  0.54 [0.33; 0.87] 0.012 =
Adjusted 0.56 [0.33; 0.95] 0.032 —0—
Sedentary Unadjusted 160 [1.10; 2.34] 0015 ]
Adjusted 155 [1.02; 2.37] 0.041 —0—
Unadjusted 0.53 [0.31; 0.89] 0.017 —-—
Adjusted 0.53 [0.29; 0.95] 0.034 —O—
Unadjusted 0.27 [0.08; 0.93] 0.037 e
Adjusted 0.39[0.10; 1.48] 0.165 —_——
30-day mortality Unadjusted  0.49[0.31;0.79] 0.003 I om o
Adjusted 0.52 [0.32; 0.88] 0.013 ——
Sedentary Unadjusted 1.73[1.20; 2.50] 0.003 [
Adjusted 1.63[1.10; 2.42] 0.016 —0—
Unadjusted  0.47 [0.28; 0.79] 0.004 [
Adjusted 0.49[0.28; 0.86] 0.012 L
Unadjusted 0.21[0.06; 0.70] 0.011 .
Adjusted 0.34[0.10; 1.19] 0.090 b m}
T T T T T T T T 1
0.0001 0.01 0.05 0.1 0.2 05 1 2 5 10

Decreased risk Increased risk

Figure 2. Association between physical activity and sedentary behaviour during admission and risk
of readmission and mortality among 166 patients admitted with community-acquired pneumonia.
The association between daily step count and physical activity level during admission and risk of
30-day readmission, in-hospital mortality, and 30-day mortality were analysed using unadjusted and
adjusted logistic regression models (adjustments: age, sex, and CURB-65 (white)). Steps: Odds ratio
per 500-step increase in daily step count during admission. The patients who died in the hospital
are not included in the analyses for readmission. LPA: light physical activity, MVPA: moderate-to-
vigorous physical activity.
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Risk of in-hospital and 30-day mortality was reduced between 44-48% for every
additional 500-step increase in daily step count during admission (Figure 2). Further
adjustment with ICU admission, mechanical ventilation, non-invasive ventilation, and high
flow therapy did not change the estimates, but models were no longer significant. Risk of
in-hospital and 30-day mortality increased between 55-63% for every 1-percentage point
increase in sedentary behaviour during admission, corresponding to a 14-min increase
in sedentary behaviour (Figure 2). Further adjustment with ICU admission, mechanical
ventilation, non-invasive ventilation, and high flow therapy did not change the estimates,
but models were no longer significant.

Risk of in-hospital and 30-day mortality decreased between 47-51% for every
1-percentage point increase in light physical activity during admission (Figure 2). Further
adjustment with ICU admission, mechanical ventilation, non-invasive ventilation, and high
flow therapy did not change the estimates, but models were no longer significant.

Risk of in-hospital and 30-day mortality decreased between 73-79% for every
1-percentage point increase in moderate-to-vigorous physical activity during admission
(Figure 2). Further adjustment with ICU admission, mechanical ventilation, non-invasive
ventilation, and high flow therapy did not change the estimates, but models were no
longer significant.

3.4. Association between Physical Activity and Sedentary Behaviour after Discharge and Prognosis

Risk of 30-day readmission was reduced between 21-24% for every additional 500-step
increase in daily step count after discharge (Figure 3).

Outcome Variables Model Odds Ratio (95% Cl}  p-Value Odds Ratio (95% Cl)
30-day readmission ~ Steps Unadjusted 0.79 [0.64; 0.97] 0.022 HiH
Adjusted 0.76 [0.53; 0.98] 0.036 —
Sedentary Unadjusted 1.24 [1.02; 1.51] 0.029 HH
Adjusted 1.29 [1.01; 1.64] 0.039 HH
LPA Unadjusted 0.81[0.62; 1.04] 0.098 i
Adjusted 0.82[0.61; 1.10] 0.131 =
MVPA Unadjusted 0.46 [0.25; 0.85] 0.012 —a—
Adjusted 0.37[0.17; 0.84] 0.014 ——
30-day mortality Steps Unadjusted 0.33[0.10; 1.10] 0.071 G
Adjusted 0.41[0.12; 1.44] 0.166 " aa |
Sedentary Unadjusted 2.55 [0.99; 6.56] 0.052 e
Adjusted 1.99 [0.74; 5.35) 0.174 —_
LPA Unadjusted 0.29 [0.08; 1.08] 0.061 A
Adjusted 0.44[0.11;1.73] 0.241 P
MVPA Unadjusted 0.01 [0.00; 1.38] 0.068 H————=&
Adjusted 0.05[0.00; 4.17] 0.182 L —
r T T T T T T T 1
0.0001 0.01 0.05 0.1 0.2 0:5« 1 2 5 10
Decreased risk Increased risk

Figure 3. Association between physical activity and sedentary behaviour after discharge and risk of
readmission and mortality among 77 patients admitted with community-acquired pneumonia. The
association between daily step count and physical activity level after discharge and risk of 30-day
readmission and mortality were analysed using unadjusted (black) and adjusted logistic regression
models (adjustments: age, sex, and CURB-65 (white)). Steps: Odds ratio per 500-step increase in daily
step count after discharge. LPA: light physical activity, MVPA: moderate-to-vigorous physical activity.

Risk of 30-day readmission increased by 24-29% for every 1-percentage point increase
in sedentary behaviour after discharge (Figure 3). There was no association between time
spent in light physical activity and risk of 30-day readmission.

Risk of 30-day readmission decreased by 54-63% for every 1-percentage point increase
in moderate-to-vigorous physical activity after discharge (Figure 3).
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There was no association between daily step count or time spent in sedentary be-
haviour, light physical activity, and moderate-to-vigorous physical activity after discharge
and risk of 30-day mortality (Figure 3).

4. Discussion

We examined the impact of physical activity levels during admission and immediately
after discharge on the prognosis in patients with CAP. Overall, patients admitted with
CAP spend most of their time in sedentary behaviour with a low daily step count. After
discharge, patients increase their daily step count and engage in more light and moderate-
to-vigorous physical activity. First, our results showed that increased daily step count on the
first day of admission is associated with a reduced length of stay. Second, increased physical
activity and less time spent in sedentary behaviour during admission are associated with
a reduced risk of in-hospital and 30-day mortality. Third, increased physical activity and
less time spent in sedentary behaviour after discharge are associated with a reduced risk
of 30-day readmission. Finally, our findings demonstrate the crucial association between
physical activity during admission and immediately after discharge on prognosis in patients
with CAP.

Bed rest with limited physical activity is common during admission. Patients admitted
with CAP spent over 96% of their in-hospital time in sedentary behaviour, with only
1356 steps/d, which is similar to previous observations [4,5]. Further, we showed that, for
every 500-step increase in daily step count on the first day of admission, the length of stay
was reduced by 6.6%, corresponding to 0.5 days reduction. Our findings are consistent
with a recent study by Rice and colleagues [4] showing an 11% reduced length of stay,
corresponding to 0.4 days reduction, for every 500-step increase in daily step count during
admission in patients with CAP.

An increased daily step count during admission was associated with a 44-51% reduced
risk of in-hospital and 30-day mortality. In comparison, a previous study of older medical
patients admitted with respiratory, cardiovascular, or gastrointestinal diseases showed a
2% reduced risk of 2-year mortality with an increased daily step count in the first 24 h
of admission [9]. Similarly, a decline in daily step count from the first to the last 24 h of
admission was associated with a 4-fold increased risk of 2-year mortality [9]. Further, we
showed that an increase in light physical activity and a concurrent reduction in sedentarism
during admission was associated with a 47-53% reduced risk of in-hospital and 30-day
mortality. While physical activity is associated with an improved prognosis, an important
issue to address is whether the low physical activity levels seen in patients admitted with
CAP are simply a marker of disease severity, where severely ill patients are predominantly
sedentary, and thus their poor disease outcomes should be attributed to their disease
severity alone rather than a combination of disease severity and sedentarism. In a secondary
analysis of the association between physical activity during admission and mortality,
we included multiple variables (ICU admission, mechanical ventilation, non-invasive
ventilation, and high flow therapy) to control for disease severity. After these adjustments,
the estimates for the association between physical activity during admission and risk of
in-hospital and 30-day mortality remained the same, but models were no longer significant.

We did not find any association between daily step count during admission and risk of
30-day readmission, which is in line with earlier observations from patients with CAP [4].
However, a 10% reduced risk of 30-day readmission has previously been reported in older
medical patients admitted with respiratory, cardiovascular, or gastrointestinal diseases
with an increased daily step count during admission [8].

Similar to previous studies measuring physical activity levels in patients admitted
with CAP, we included patients aged >18 years [4,5]. Though the risk of CAP-requiring
admissions increases with age, younger patients (<64 years) admitted with CAP are often
characterised with multiple comorbidities, which increases the risk of disease severity
leading to prolonged length of stay and bed rest [25]. Even though earlier bed rest studies
have shown that older healthy individuals are more susceptible to loss of muscle than
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younger during short-term bed rest [26], a substantial loss of muscle mass and strength still
occurs in younger individuals [27,28].

Physical inactivity is not only a concern during admission but proceeds long after
discharge. In the week following discharge, the daily step count significantly increased to
2654 steps/d, which is similar to previous observations from patients with CAP [5]. Further,
we showed that increased daily step count and moderate-to-vigorous physical activity
after discharge were associated with a 21-63% reduced risk of 30-day readmission in
patients with CAP. Similarly, in a study of older medical patients admitted with respiratory,
cardiovascular, or gastrointestinal diseases, increased daily step count the week following
discharge was associated with a 15% reduced risk of 30-day readmission [29].

We did not find any association between the physical activity level after discharge
and risk of 30-day mortality, as only 2 out of 77 patients died during the 30-day follow-up
period from discharge. However, we still believe it is important to report odds ratios
and confidence intervals to provide a quantification of the magnitude of the association.
Results from our study could indicate that physical activity during admission is more
related to survival, whereas physical activity after discharge is associated with recovery
after discharge and whether readmissions can be prevented. Although physical inactivity
often reflects disease severity, encouraging physical activity in all disease stages could be a
powerful strategy to reduce the risk of readmission.

After discharge, the patients spent less time in sedentary behaviour than during
admission, which is in line with observations from previous studies of patients with
CAP [5,30]. However, in contrast to a study by Clausen and colleagues [5] of patients
admitted with CAP, patients in our study spent considerably more time in sedentary
behaviour after discharge (20.2 h/d vs 22.5 h/d). Differences in inclusion criteria between
the studies could explain the different findings, as Clausen and colleagues [5] excluded
patients who were admitted to the ICU within 24 h of admission. In contrast, we included
patients despite ICU admission. Indeed, patients admitted to the ICU might display more
sedentarism and delayed increase in physical activity level after discharge as a consequence
of critical illness [31]. Our results could suggest that promoting physical activity through
intervention may be required to increase physical activity levels during admission and after
discharge. However, randomised controlled trials comparing the effect of standard of care
combined with exercise training to standard of care alone are needed to explore whether
an increased physical activity level during admission and after discharge improves the
prognosis among patients with CAP.

Our findings emphasise the powerful association between the prognosis and interrup-
tion of sedentarism with increased physical activity levels in patients with CAP both during
admission and immediately after discharge. It is, however, not known if low physical
activity is a marker or a cause of severe disease. Nonetheless, hospitals play a crucial role
in providing opportunities for patients to be physically active despite disease stages and
acute illness. The prescription of exercise as a standardised part of the treatment for CAP
could motivate patients to be more physically active even after discharge from the hospital.
Indeed, previous studies of patients with CAP have shown that early and progressive
mobilisation initiated within the first 24 h of admission reduces the length of stay by 1.1 to
2.1 days without increasing the risk of adverse events [32,33]. However, no study has to
date looked at the effects of exercise training initiated during admission on the prognosis
in patients with CAP.

Nonetheless, exercise training initiated immediately after discharge in patients admit-
ted with acute exacerbation of COPD has been shown to reduce the number of days in the
hospital and the risk of readmission and mortality [34]. These previous findings suggest
that increasing physical activity levels through exercise interventions could be a way to
improve the prognosis of patients admitted with CAP. Further results from our study sug-
gest that relatively small increases in physical activity levels, both during admission and
immediately after discharge, are associated with significant improvements in the prognosis
of patients with CAP.
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Strength and Limitations

The strength of this study is the large sample size, the broad inclusion criteria (i.e., in-
cluding severely ill patients admitted to the ICU and patients who used walking aids), the
use of validated accelerometers to assess physical activity both during admission and after
discharge, and the large number of activity hours recorded (15,741 h during admission and
11,640 h after discharge). Further, we add to the current evidence by showing low physical
activity levels in patients admitted with CAP. However, this is the first study showing the
association between low physical activity levels and the increased risk of readmission and
mortality in patients with CAP.

Our study had some limitations. First, there is a risk of selection and inclusion bias,
as informed consent had to be obtained within the first 24 h of admission. Therefore, we
cannot rule out that patients’ refusal to participate in our study could be associated with
the severity of their disease. Second, we excluded patients with a length of stay <48 h
and <20 h of valid physical activity measurement. This might have led to the exclusion
of patients with higher physical activity levels and less disease severity. However, we
measured patients as many days as logistically possible and only included patients in
the analysis if they had at least 1 day with >20 h out of 24 h of wear time to ensure both
day and night measurement. Third, we only had physical activity data after discharge
from 77 out of the 153 patients who were discharged alive, as patients refused to wear the
accelerometer after discharge. However, there were no differences in age, sex, Charlson
comorbidity index, number of comorbidities, CURB-65, or physical activity levels during
admission between patients who wore an accelerometer after discharge and those who
refused to wear it. Therefore, we assume that the 77 patients who wore the accelerometer
after discharge are representative of the whole study population.

5. Conclusions

The present study provides evidence that physical inactivity and sedentarism are
correlated with prolonged length of stay and increased risk of readmission and mortality in
patients admitted with CAP. However, randomised controlled trials are needed to establish
whether exercise training initiated during admission improves prognosis among patients
with CAP.
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Abstract: In older adults, community-acquired pneumonia (CAP) is often aspiration-related. How-
ever, as aspiration pneumonia (AP) lacks clear diagnostic criteria, the reported prevalence and clinical
management vary greatly. We investigated what clinical factors appeared to influence the diagnosis
of AP and non-AP in a clinical setting and reconsidered a more clinically relevant approach. Medical
records of patients aged >75 years admitted with CAP were reviewed retrospectively. A total of
803 patients (134 APs and 669 non-APs) were included. The AP group had significantly higher rates
of frailty, had higher SARC-F scores, resided in institutions, had neurologic conditions, previous
pneumonia diagnoses, known dysphagia, and were more likely to present with vomiting or coughing
on food. Nil by mouth orders, speech therapist referrals, and broad-spectrum antibiotics were signifi-
cantly more common, while computed tomography scans and blood cultures were rarely performed;
alternative diagnoses, such as cancer and pulmonary embolism, were detected significantly less. AP
is diagnosed more commonly in frail patients, while aspiration is the underlying aetiology in most
types of pneumonia. A presumptive diagnosis of AP may deny patients necessary investigation
and management. We suggest a paradigm shift in the way we approach older patients with CAP;
rather than trying to differentiate AP and non-AP, it would be more clinically relevant to recognise
all pneumonia as just pneumonia, and assess their swallowing functions, causative organisms, and
investigate alternative diagnoses or underlying causes of dysphagia. This will enable appropriate
clinical management.

Keywords: dysphagia; swallowing disorder; aspiration; diagnosis; differential; community-acquired
pneumonia; CAP; frailty

1. Introduction

In this unprecedented ageing world, clinicians are facing the increasing impacts of
community-acquired pneumonia (CAP) in older adults on a regular basis. Its high preva-
lence and morbidity are causing large medical burdens, while also imposing socioeconomic
consequences on the whole of society [1]. The incidence of pneumonia has increased from
1.5 to 2.2 per 1000 person years between 2002 and 2017 [2], with the prevalence being
6 times higher in those aged >75 years old compared to those <60 years of age [3]. CAP
has a mortality of 2-5/1000 years [4,5], and in 2019 there were 2.5 million deaths from
pneumonia [6].

Aspiration is considered to be the likely aetiology of pneumonia in up to 90% of older
adults [7], where dysphagia is common [8]. Consequently, nearly all pneumonia will be
associated with the aspiration of oropharyngeal secretions. However, swallowing problems
alone may not be the cause of aspiration pneumonia (AP) [9], and the clinical effects may
depend on the frailty of the patient, the oral microbiome load due to insufficient oral
care, and a decompensated airway clearance [10,11]. Having an adequate cough reflex,
the urge to cough, and the necessary pulmonary function are all important aspects in the
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prevention of pneumonia. Sarcopenia is also known to be a risk factor for pneumonia in
older people [12]. Many people will have a pre-existing compromised swallow, a previously
unidentified swallowing problem, or a decompensated swallow due to illness and frailty.
Patients with a diagnosis of AP are at risk of longer and more frequent admissions, are
more likely to be frail, and have multiple comorbidities [13,14]. Therefore, their clinical
management requires multi-professional assessment and care, in addition to those for CAP
in general.

There are no clear diagnostic criteria for AP, and the diagnosis is often presumptive [7].
British and American pneumonia guidelines do not state a definition [15,16]; Japanese
guidelines merely state a list of risk factors for aspiration and pneumonia, explaining that
clear criteria cannot be easily established [17]. Understandably, this implies an inconsistency
in what clinicians and researchers infer when they mention the term “AP”. Its reported
ratio also varies greatly, ranging from 5.6% to as high as 90% among those diagnosed with
CAP [7,13,18-20]. A need for clarity in the diagnosis of AP has been voiced for decades.
Though some researchers have made suggestions [21], there are yet to be unified criteria.

Subsequent to the absence of a unified definition of AP, the management of pneumonia
in older adults remains variable [22]. When a diagnosis of AP is made, it is common to
restrict patients’ oral intake. When a patient has a repetitive diagnosis of AP, it leads
clinicians to suspect entry of food and liquids into the airway as being the cause, and
often to the decision of nil by mouth (NBM), while the need for (artificial) nutrition is
ignored. However, how can clinicians make such crucial decisions based on such unreliable
diagnoses? With the prognosis of AP being poor [22], adequate management is crucial.

Though there have been increasing numbers of studies suggesting how a diagnosis
of AP is reached [21,23], the appropriateness of the diagnosis or how AP is actually being
diagnosed in the daily clinical setting remains largely unexplored. This is especially so in
the UK, as many studies originate from Japan, Spain, and elsewhere [23]. Without real-
world data, it is impossible to know the real issues that need to be addressed. Therefore,
we designed a study to investigate what clinical factors appear to influence the diagnosis of
AP, and how the differentiation affects its management in the acute geriatric setting. This
study was performed to reconsider a clinically relevant way to diagnose AP in older adults.

2. Materials and Methods
2.1. Study Design

This was a retrospective cohort study analysing how older patients admitted with
CAP were diagnosed as having AP or non-AP, and whether their management differed
depending on the diagnosis. The study was performed at Queen Elizabeth Hospital
(Lewisham and Greenwich NHS Trust), a local 521-bed acute care hospital serving the
south-eastern London area of England. Ethical approval was provided by the Lewisham
and Greenwich NHS Trust as instituted by the Declaration of Helsinki, and informed
consent was waived.

2.2. Patients

Patients aged >75 years admitted with a diagnosis of CAP from the emergency
department from 1 January to 31 December, 2021 were included in the study. A list of
patients with pneumonia or pneumonitis as a primary or secondary diagnosis of admission
was obtained from the hospital database. Exclusion criteria were admissions for hospital-
acquired pneumonia (HAP), cases that were diagnosed with pneumonia after initially being
admitted for a different condition, COVID-19 pneumonitis, and cases without pneumonia
according to medical records (a discrepancy between the coded database and written
medical records). Patients diagnosed with infectious exacerbation of chronic obstructive
pulmonary disease (COPD) were included if they were also diagnosed with pneumonia.
Patients who were admitted multiple times during the study period were only included for
the first admission, and any admissions thereafter were excluded.
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2.3. Definitions

CAP was defined as pneumonia developing in the community or within 48 h of
hospital admission [15], and HAP was defined as pneumonia not incubating at the time
of hospital admission and occurring 48 h or more after admission [24], according to the
American Thoracic Society (ATS) and the Infectious Diseases Society of America (IDSA)
guidelines. The diagnoses of pneumonia and AP were extracted according to what was
documented on the consultant physician ward round at the time of admission. This was
because our study intended to investigate the reality of how AP was being diagnosed in
the everyday clinical setting. Non-AP was defined as any patient diagnosed with CAP that
was not documented as AP.

2.4. Data Collection

The following data were collected from medical records: patient demographics (age,
sex), social history (whether they lived at home or in a care/nursing home), medical history
(comorbidities, drugs, pneumonia within the past year, risk factors for multi-drug resistant
organisms in pneumonia and healthcare-associated pneumonia (HCAP) [25,26]), presenting
condition (CURB-65 score [27], pneumonia severity index [28], clinical frailty score [29],
SARC-F score [30]), initial investigations undertaken in the emergency department (chest
X-ray, chest computed tomography (CT), blood culture, sputum culture, urine pneumococ-
cal and legionella antigen), initial diagnosis (AP or non-AP), other additional diagnoses,
and management (initial antimicrobial treatment, initial NBM orders, speech and language
therapist (SLT) referral, videofluoroscopic swallow study (VFSS), and fibreoptic endoscopic
evaluation of swallowing (FEES)).

2.5. Antimicrobial Treatment

In the UK, each National Health Service (NHS) Trust has its own antimicrobial guide-
lines, depending on the drug sensitivity of the local microbiome. The guidelines are
expected to be followed unless recommended otherwise. At the Lewisham and Greenwich
NHS Trust (in which this study was performed), the recommended microbial treatment for
pneumonia and lung infection is as follows:

1.  CAP: amoxicillin, or amoxicillin and clarithromycin, depending on CURB-65 score (if
allergic to penicillin: vancomycin and clarithromyecin).

2. AP:amoxicillin, metronidazole, and gentamicin (if allergic to penicillin: teicoplanin,
metronidazole, and gentamicin).

3. HAP (including CAP presenting within 1 month of discharge from hospital): amoxi-
cillin and gentamycin, or amoxicillin and clavulanic acid, or amoxicillin, clavulanic
acid, and amikacin (if allergic to penicillin: teicoplanin and gentamicin).

4. Infectious exacerbation of COPD: doxycycline.

Medical records were checked to see what antimicrobials were used, and whether the
initial treatment consisted of the triple therapy for AP or not.

2.6. Statistical Analyses

Patients were separated into two groups according to the initial diagnosis: AP or non-
AP. Patient background, symptoms, and management were compared between the two
groups. Descriptive statistics for baseline data were presented as the percentage, median,
and interquartile range. The Mann-Whitney U-test was used for continuous variables, and
the chi-square test or Fisher’s exact test for categorical variables. All data analyses were
carried out using Microsoft Excel (2018, Microsoft Corporation, Redmond, WA, USA) and
Social Science Statistics, 2022 [31,32]. A p value < 0.05 was considered to be statistically
significant.
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3. Results
3.1. Patient Selection

The patient selection process is shown in Figure 1. On the hospital database, a total of
1443 patients were listed as admitted with a primary or secondary diagnosis of pneumonia
or pneumonitis during the study period. According to the exclusion criteria, 640 cases
were excluded. This included 398 cases with COVID-19 pneumonitis, 137 with multiple
admissions in the study period, 60 with no pneumonia according to medical records,
36 who had developed pneumonia after the admission, and 9 who were admitted for
HAP. As a result, 803 cases were included in the study. Of the 803 cases, 134 (16.7%)
were initially diagnosed as having aspiration pneumonia (AP group), and the remaining
669 cases constituted the non-AP group.

Patients > 75 years old, with a code for pneumonia
as the primary or secondary diagnosis (n = 1443)

Exclusion

COVID-19 pneumonitis (n = 398)

CAP (n=803) Multiple admissions (7 = 137)

Not pneumonia (1 = 60)

Pneumonia developing after admission (n = 36)

Admitted for HAP (n=9)

AP (n=134) Non-AP (1 = 669)

Figure 1. The patient selection process. A total of 1443 patients were listed as having a primary or
secondary diagnosis of pneumonia or pneumonitis. According to the exclusion criteria, 640 cases
were excluded. This included 398 cases with COVID-19 pneumonitis, 137 with multiple admissions
in the study period, 60 with no pneumonia according to medical records, 36 who had developed
pneumonia after the admission, and 9 who were admitted for hospital-acquired pneumonia (HAP).
As a result, 803 cases of community-acquired pneumonia (CAP) were included in the study. Of
the 803 cases, 134 were initially diagnosed as having aspiration pneumonia (AP group), and the
remaining 669 cases constituted the non-AP group.

3.2. Patient Background

The patient demographic data are shown in Table 1. In total, there were 423 males
(52.7%), and the median age was 84 years old (interquartile range: 80-89). There was no
significant difference in the patient sex and age between the two groups. It was significantly
more common for patients from the AP group to come from a care home or nursing home
than in the non-AP group (29.9% vs. 11.3%, respectively, p < 0.05). Regarding their general
well-being, the AP group had a significantly higher clinical frailty score (median 6 vs. 7)
and SARC-F score (median 7 vs. 4) than in the non-AP group (p < 0.05). The patient
demographic data excluding the 51 cases in which there was no detectable pneumonia on a
CT scan (explained in 3.7) are shown in the Appendix A (Table Al). After exclusion, in the
AP group, the comorbidities of ischemic/congestive cardiac conditions and type 2 diabetes
mellitus were seen significantly more frequently in the AP group (p < 0.05), while having a
history of pneumonia within 1 year of admission became non-significant (p = 0.06).
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Table 1. Patient background and past medical history.

Factor AP Non-AP

(n=134) (n = 669) p-Value
Background n %, IQR n %, IQR
Male (1, %) 72 (53.7) 351 (52.5) 0.79
Age (median, IQR) 85 (80-90) 84 (80-89) 0.11
Care home/nursing home (1, %) 40 (29.9) 76 (11.4) <0.001
Clinical frailty scale (median, IQR) 6 (5-7) 5 (4-6) <0.001
SARC-F score (median, IQR) 7 (4-10) 4 2-7) <0.001
Past medical history, comorbidities
Stroke (11, %) 28 (20.9) 102 (15.2) 0.11
Neurologic disorder (1, %) 23 (17.2) 28 (4.2) <0.001
Dementia (1, %) 69 (51.5) 154 (23.0) <0.001
Other mental disorder (1, %) 15 (11.2) 69 (10.3) 0.76
Gastroesophageal reflux disease (11, %) 8 (6.0) 28 (4.2) 0.36
Other gastroesophageal disorder (1, %) 17 (12.7) 53 (7.9) 0.07
Ischemic/congestive cardiac condition (1, %) 31 (23.1) 207 (30.9) 0.07
Type 2 diabetes mellitus (1, %) 22 (16.4) 161 (24.1) 0.05
Chronic respiratory disorder (11, %) 22 (16.4) 198 (29.6) <0.05
Active cancer (1, %) 18 (13.4) 93 (13.9) 0.89
Head and neck cancer (1, %) 2 (1.5) 7 (1.0) 0.65
Immunodeficiency (1, %) 5 3.7) 72 (10.8) <0.05
Pneumonia within 1 year (1, %) 38 (28.4) 135 (20.2) <0.05
Number of daily drugs (median, IQR) 6 (5-9) 7 (4-9) 0.13
Known dysphagia (1, %) 60 (44.8) 40 (6.0) <0.001
Risk factors of multi-drug resistant pathogens
Hospital admission >2 days in the past 90 days (1, %) 34 (25.4) 184 (27.5) <0.001
Haemodialysis (1, %) 2 (1.5) 5 (0.7) 0.33
Intravenous antibiotic therapy in the last 90 days (1, %) 26 (19.4) 122 (18.2) 0.75

(AP: aspiration pneumonia, IQR: interquartile range).

3.3. Past Medical History

Data on past medical history are also shown in Table 1. Regarding comorbidities, those
in the AP group were significantly more likely to have a history of neurologic conditions
and dementia, and less likely to have a chronic respiratory disorder (p < 0.05). There was
no significant difference between the two groups regarding the prevalence of stroke, other
mental disorders (such as schizophrenia, depression, and epilepsy), gastroesophageal reflux
disease (GORD), other gastroesophageal disorders, cardiac conditions, type 2 diabetes
mellitus, active cancer, or head and neck cancer. As for risks of HCAP, the AP group had
a significantly higher rate of having had pneumonia in the past year, a recent admission
within 90 days (p < 0.05), and a significantly lower rate of immunodeficiency (p < 0.05)
(haematologic condition, chemotherapy, or systemic steroids). There was no significant
difference in the number of regular drugs, rate of haemodialysis, or having intravenous
antibiotics /chemotherapy/wound care within 30 days. The AP group had a significantly
higher rate of having known dysphagia (44.8% vs. 30.0%, p < 0.05).

3.4. Symptoms and Signs

Symptoms and signs at admission are shown in Table 2. There were significantly
fewer patients in the AP group that complained of pleuritic pain, dyspnoea, and fever than
in the non-AP group. There were significantly more patients in the AP group that had a
history of symptoms suggestive of an aspiration: altered mental status, coughing on food,
and vomiting. There were no significant differences in the two groups regarding cough or
purulent sputum. No patient was assessed for their swallow before being diagnosed as
AP or non-AP. With regard to the severity of pneumonia, the AP group had higher scores
of CURB-65 and PSI than in the non-AP group (p < 0.001). The signs and symptoms of
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the patients, excluding the 51 cases in which there was no detectable pneumonia on a CT
scan (explained in 3.7), are shown in the Appendix A (Table A2). There were no significant
differences between the two tables.

Table 2. Presenting condition.

Factor AP Non-AP
(n=134) (n = 669) p-Value

Symptoms n %, IQR n %, IQR
Cough (1, %) 52 (38.8) 314 (46.9) 0.08
Purulent sputum (1, %) 30 (22.4) 166 (24.8) 0.55
Pleuritic pain (1, %) 1 0.7) 33 (4.9) <0.05
Dyspnoea (11, %) 40 (29.9) 380 (56.8) <0.001
Fever (1, %) 27 (20.1) 191 (28.6) <0.05
Coughing on oral intake (11, %) 32 (23.9) 12 (1.8) <0.001
Vomiting (11, %) 60 (44.8) 43 (6.4) <0.001
Altered mental status from baseline (1, %) 43 (32.1) 150 (22.4) <0.05
Severity of the pneumonia
CURB-65, median (1, IQR) 2 (2-3) 2 (1-2) <0.001
Pneumonia severity index (median, IQR) 107 (95-128) 103 (84-119) <0.001

(AP: aspiration pneumonia, IQR: interquartile range).

3.5. Diagnostic Investigations

The diagnostic investigations performed on admission regarding the pneumonia are
shown in Table 3. In the AP group, blood culture, urine Legionella antigen tests, or chest
CTs were significantly less likely to be performed than in the non-AP group. In both groups,
sputum cultures and urine S. pneumoniae antigen tests were rarely performed, showing no
significant difference in the frequency.

Table 3. Management following the diagnosis of pneumonia.

Factor AP Non-AP
(n=134) (n = 669) p-Value

Further Investigations Performed n % n %
Blood culture (1, %) 36 (26.9) 252 37.7) <0.05
Sputum culture (1, %) 6 4.5) 40 (6.0) 0.49
Urine S. pneumoniae antigen (1, %) 0 0) 11 (1.6) 0.23
Urine Legionella antigen (11, %) 2 (1.5) 46 (6.9) <0.05
Chest CT scan (1, %) 12 9.9) 118 (17.6) <0.05
Antimicrobial treatment
AP triple therapy (1, %) 71 (53.0) 19 (2.8) <0.001
Actions on admission
SLT referral (1, %) 94 (70.1) 119 (17.8) <0.001
Nil by mouth orders (1, %) 70 (52.2) 49 (7.3) <0.001
VFSS/FEES (n, %) 4 (3.0 3 (0.4) <0.05

(AP: aspiration pneumonia, IQR: interquartile range, CT: computed tomography. SLT: speech and language
therapist, VFSS: videofluoroscopic swallow study, FEES: fibreoptic endoscopic evaluation of swallowing).

3.6. Alternative Diagnoses of CT

Among the 803 cases initially diagnosed with pneumonia, 130 underwent a CT scan
upon the orders of the emergency physician or consultant in charge of admission. In most
cases, the CTs were performed in order to rule out other diagnoses, such as pulmonary
embolism or aortic dissection, or to investigate a suspected lung tumour. The scan was
carried out within the following few days, and the results are shown in Table 4. In 51 of
the 130 cases (39.2%), there was no pneumonia detected on the CT scans. In 56 cases
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(43.1%), there was another diagnosis found on CT, such as a new cancer (13.1%), new lung
metastases of a known cancer (6.2%), new lung nodules (2.3%), pleural effusion (4.6%),
pulmonary oedema (2.3%), and others, such as interstitial lung disease and pneumothorax.

Table 4. Chest CT findings.

AP Non-AP Total

Findings (n=12) (n=118) (n =130)

n % n % n %
No pneumonia 4 (33.3) 47 (39.8) 51 (39.2)
Only pneumonia 6 (50.0) 56 (47.5) 62 (47.7)
Other diagnosis (+/— pneumonia) 5 (41.7) 51 (43.2) 56 (43.1)
Pulmonary embolism 0 0) 14 (11.9) 14 (10.8)
Cancer, previously unidentified 1 (8.3) 16 (13.6) 17 (13.1)
Lung 1 (8.3) 12 (10.2) 13 (10.0)
Other (mediastinal, breast, liver, adrenal) 0 0) 4 (3.4) 4 3.1)
New lung metastasis of known cancer 2 (16.7) 6 (5.1) 8 6.2)
New lung nodules (no pathological diagnosis) 0 0) 3 (2.5) 3 (2.3)
Pleural effusion 0 0) 6 (5.1) 6 (4.6)
Pulmonary oedema 0 0) 3 (2.5) 3 (2.3)
Other (ILD, pneumothorax, emphysema, hiatal hernia) 2 (16.7) 3 (2.5) 5 (3.8)

(AP: aspiration pneumonia, ILD: interstitial lung disease).

3.7. Diagnosis of New Causative Conditions of Dysphagia and Aspiration

In a total of 35 cases (4.4%), a cause of dysphagia or aspiration not detected on
admission was newly diagnosed later during the admission (Table 5). This constituted
13 cases (9.7%) from the AP group, and 22 cases (3.3%) from the non-AP group. The
most commonly found were neurologic conditions (37.1%), including acute stroke and
dementia. The second common cause was gastrointestinal conditions (28.6), including
hiatal hernia and metastatic oesophageal obstruction. This was followed by drug-induced
aspiration (17.1%), such as vomiting and altered mental status caused by hypercalcemia
from osteoporosis treatment, or hypo-delirium due to antipsychotics or antidepressants.
Other causes included head and neck conditions and cardiopulmonary conditions.

3.8. Management

The treatment and interventions are also shown in Table 3. Antimicrobial treatment
was initiated in all patients except for one patient in the non-AP group who was recognised
to be at the end of life and managed with palliative care. Antimicrobial regimens for AP
were selected as the initial treatment significantly more often in the AP group than in the
non-AP group (53.0% vs. 2.8%, respectively, p < 0.05).

In the AP group, NBM orders and speech and language therapist referrals were
significantly more common than in the non-AP group (p < 0.05). VFSS/FEES were only
performed in seven cases in total.
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Table 5. Newly diagnosed causes of aspiration.

Causes Total
(n=35)
n (%)
Neurologic 13 (37.1)
Stroke 7 (20.0)
Dementia 5 (14.3)
Bell’s palsy 1 (2.9)
Head and neck 3 (8.6)
Oral thrush 2 (5.7)
Laryngocele 1 (2.9)
Cardiopulmonary 3 (8.6)
First-degree atrioventricular block, syncope 1 (2.9)
Chronic obstructive lung disease 1 (2.9)
Obstructive sleep apnoea 1 (2.9)
Gastrointestinal 10 (28.6)
Hiatal hernia 4 (11.4)
Cholecystitis 1 (2.9)
Metastatic oesophageal obstruction 2 (5.7)
Oesophageal stenosis 1 (2.9)
Candida esophagitis 1 (2.9)
Achalasia 1 (2.9)
Drug induced 6 (17.1)
Hypercalcemia (osteoporosis treatment) 2 (5.7)
Hypo-delirium (antipsychotic, antidepressant) 2 (5.7)
Opioid toxicity 1 (2.9)
Nausea (iron supplement) 1 (2.9)

4. Discussion

We conducted a retrospective study to investigate factors utilised to differentiate AP
from non-AP, and the consequential management of the two groups. Statistically significant
differences were found between the groups, in factors leading to the diagnosis and their
management, giving us an idea of how a diagnosis of AP is made and acted upon.

4.1. Diagnosis of Aspiration Pneumonia

Results showed that patients who were more likely to be diagnosed with AP than
non-AP were those with the following factors: residing in care/ nursing homes, a history
of neurologic conditions or dementia, previously diagnosed dysphagia, recent pneumonia,
recent admission, frailer, and have a higher SARC-F score. As for symptoms, patients
diagnosed with AP were significantly more likely to present with altered mental status,
vomiting, or coughing on oral intake. No swallow function screenings or assessments were
performed by the physicians diagnosing the pneumonia; no evaluation of airway clearance
was taken into account. There were no cases in which diagnoses were postponed until after
the SLT assessment. These findings suggest that clinicians may be more inclined to diagnose
AP in a generally frail patient with more comorbidities who have symptoms suggestive
of an aspiration than on the basis of a swallowing disorder. While these are common
factors of AP, they are neither directly indicative of aspiration nor are they sufficient to
make definitive diagnoses of AP. Assessments of the swallow and cough effectiveness are
recommended [11]. Furthermore, vomiting imposes patients to aspiration pneumonitis,
which is a chemical reaction of the lungs to the acidic aspirates of vomitus and differs
from AP in diagnosis and management. In clinical practice, efforts to distinguish between
the two may be neglected and antibiotics given, as it may seem to be the choice with less
immediate risk.
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On the contrary, patients with a coexisting chronic respiratory disorder were signifi-
cantly less likely to be diagnosed as AP. These included COPD, interstitial lung disease, and
bronchiectasis. When clinicians see patients with these coexisting respiratory conditions,
they may tend to diagnose them with ‘infective exacerbation of the underlying condition’
and may be less likely to suspect aspiration as an additional underlying cause. However,
it is known that chronic respiratory conditions [33], especially COPD [34], predispose
patients to dysphagia. Moreover, aspiration can be the cause of infective exacerbations
of COPD [35,36], exacerbations of interstitial lung disease [37,38], and adult bronchiecta-
sis [39-41]. Therefore, a coexisting respiratory condition or an infective exacerbation should
not discourage clinicians from suspecting aspiration; rather, it should prompt attention
towards assessing the swallowing function and the possibility of the underlying aspiration.

4.2. Microbial Investigations

Following the diagnosis of AP or non-AP, further investigations were ordered by the
emergency department, including blood and sputum cultures, and urine pneumococcal and
legionella antigen tests. Blood cultures and urine legionella antigen tests were performed
significantly less frequently in the AP group than the non-AP group. In any pneumonia,
efforts to identify the causative organism and rule out other possible conditions are im-
portant for treatment. A diagnosis of AP or a state of frailty is not a reason against the
microbial investigation. If anything, patients with AP, who often fall under the group of
HCAP and are prone to resistant organisms [42], in addition to oral streptococcus species,
require even more attention to identifying the causative organism. This is necessary, not
only for the treatment of the presenting pneumonia but also for reference in the event
of future infections and to prevent antimicrobial resistance or the nosocomial spread of
infection.

Sputum culture was performed particularly infrequently in both groups. There may be
a few reasons. In the UK, clinical practice is guided by the National Institute for Health and
Care Excellence (NICE) guidelines [43], in addition to specific guidelines by each society.
For CAP in adults treated in the hospital, the British Thoracic Society (BTS) guidelines state
that ‘sputum samples should be sent for culture and sensitivity tests from patients with CAP
of moderate severity who are able to expectorate purulent samples and have not received
prior antibiotic therapy” [16]. The NICE guidelines [43] and the British Medical Journal (BM])
best practice guidelines [44] are also in line with this recommendation. It is suspected that a
substantial proportion of these patients could not expectorate purulent samples initially or
had received prior antibiotic therapy. Further, the COVID-19 pandemic has made it difficult
to collect sputum in open environments such as emergency departments or normal wards.
Nonetheless, sputum culture should be considered in the majority of cases of pneumonia,
and this is a potential topic for quality improvement projects.

4.3. Further Investigations and Additional Diagnoses

Chest CTs were also performed significantly less in the AP group than in the non-AP
group. CTs were ordered following the diagnosis of pneumonia, when a different patho-
physiology was also suspected, such as a pulmonary embolism or a tumour. As a result of
the scans, not only were a clinically substantial number of cases (39.2%) found to have no
detectable pneumonia but also more than 40% were diagnosed with an alternative condi-
tion. Many were life-limiting, such as a newly identified cancer (13.1%), new metastases of
what was thought to be stable cancer (6.2%), and pulmonary embolism (10.8%). In other
cases, conditions that called for further investigations or interventions, such as pleural effu-
sion, pulmonary oedema, and pneumothoraces were detected. This compares to the results
of a previous study, in which 27.3% of patients admitted for CAP had a non-pneumonia
diagnosis upon discharge [45]. Considering the high ratio of an alternative diagnosis being
identified, there may be more undiagnosed cases in patients who did not undergo a CT
scan, especially in the AP group, which was significantly less investigated. A diagnosis
of AP or being frail does not justify fewer investigations. Patients diagnosed with AP
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who are generally frailer and have more comorbidities are also at risk of these conditions.
Additionally, many patients with AP had been previously admitted for pneumonia, which
also raises suspicion of a different condition, such as a tumour, empyema, or tuberculosis.
In the clinical setting, once AP is suspected, it is unfortunately not uncommon for a clini-
cian’s mind to drift towards antibiotic treatment, NBM, and attaining a ‘do not resuscitate’
order, rather than logically rethinking their own clinical reasoning process and considering
further investigation. If the history, physical examination, or other screening tests suggest
the possibility of another condition, further investigation should be considered, including
(but not limited to) CT scans.

4.4. Diagnosis of New Causes of Aspiration

Among the 803 cases, 35 cases (4.4%) were later diagnosed with a cause of aspiration
during their hospital stay. These included life-threatening conditions, such as stroke or
first-degree atrioventricular block, or treatable conditions, such as drug-induced aspirations.
The non-AP group was less likely to be diagnosed with a cause of aspiration than the AP
group (3.3% vs. 9.7%, respectively). This may, to some extent, be due to less investigation
being performed to find a cause of aspiration in the non-AP group. If underlying causes of
aspirations are left undiagnosed, it may lead to the progression of the condition, as well
as recurrent pneumonia. It is difficult to accurately decide whether a patient has AP or
non-AP with the limited information available at the initial patient contact. Therefore, when
diagnosing older adults with pneumonia, it is essential to attain a detailed history of both
acute and chronic symptoms with regard to possible aspiration, from the patient and family
members or caregivers [46]. Rather than investigating the cause only in patients diagnosed
with AP (of which the diagnosis may be inaccurate), it is recommended to consider the
causes of aspiration in all pneumonia in older adults.

4.5. Management of the Patient

The choice of antimicrobial treatment differed between the two groups, understand-
ably. The AP group was far more likely to be treated with the triple therapy antimicrobial
regimen recommended for AP under the Trust guidelines. However, as few patients in
the AP group underwent blood or sputum cultures, there is not enough information to
confirm that this broad coverage was necessary. It may have put patients at risk of side
effects, bacterial translocation, and future antimicrobial resistance. As the diagnosis of AP
and non-AP remains ambiguous, deciding on antimicrobial treatment depending on these
presumptive diagnoses entails clinical risk. Recently, it was recommended to start with
narrow spectrum antimicrobials if the patient conditions allow and consider escalating the
coverage if microbiology results are suggestive of resistant pathogens [17,44]. This is based
on the increasing evidence suggesting a shift in causative pathogens of AP from anaerobic
to aerobic organisms [47], and that anaerobic organisms causing AP are generally sensitive
to narrow spectrum antimicrobials [15]. Therefore, it would be more clinically suitable if the
initial antimicrobial treatment were to be selected by the patient’s condition, background,
and previous microbiology results whilst conducting new microbial investigations, rather
than deciding the treatment on the basis of a presumptive diagnosis.

Patients with a diagnosis of AP were also more likely to be made NBM initially, which
is also not an ideal method of management. Not only will depriving elderly patients of
food put them at high risk of malnutrition and delirium, but the disuse of the swallowing
function will only make their swallowing worse. Studies in older patients with AP have
reported that putting patients on NBM is an independent predictive factor for prolonged
treatment and a greater decline in swallowing function [48], while another study on older
patients with pneumonia has reported that the lack of energy intake during the first week
of admission was an independent risk factor for mortality, recovery, and recurrence [49].
Therefore, unless a patient is at a high risk of choking, distress, and hypoxia (such as
the patient being unconscious or in severe respiratory distress), it is recommended to
assess their swallowing function and continue some sort of oral intake. It is common
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practice for patients to be kept NBM over the weekend due to there being no SLTs to assess
the swallowing function, or for fear of their condition worsening. However, there has
been a report stating that starting oral intake on weekends showed a better prognosis on
patients with AP diagnosis than starting on weekdays [50]. Initiating oral intake early and
using other methods of nutrition therapy, such as nasogastric feeding, is important in the
prevention of malnutrition and sarcopenia [51].

When aspiration is suspected, early SLT assessment and intervention has been known
to improve patient outcomes [52]. SLTs were only referred in 17.8% of patients diagnosed
with non-AP. However, as the diagnoses of non-AP were not based on any swallow assess-
ments, it is suspected that there are many patients with underdiagnosed dysphagia and
aspiration in this group. Studies show that in the older population, 27% of those in the
community [53] and 55% of those hospitalized, up to 85.9% of those with dementia [54], and
91% hospitalized with CAP [55] have swallowing disorders. By presumptively diagnosing
a patient with non-AP, we may be depriving them of the opportunity to identify and treat
their dysphagia and prevent further pneumonia.

4.6. Suggestions of a Paradigm Shift in the Diagnosis of Pneunionia

Accurately diagnosing a patient is the first step towards treating them effectively and
preventing any further conditions. By making a presumptive diagnosis of AP, clinicians
are potentially denying patients appropriate investigation and management. We may be
exposing them to inappropriate antibiotics and unwanted dietary restrictions, putting them
at risk of unnecessary side effects and malnutrition. Moreover, by tentatively ruling out
AP, we may be neglecting the opportunities to investigate the swallowing functions or
underlying causes of aspiration in these patients.

AP is a highly commonly diagnosed condition in the elderly population, yet there
is still no clear unified way to diagnose it. This conundrum, along with the results of
our study, indicates that AP and non-AP are not straightforward black-or-white matters;
rather, aspiration is an aetiology of pneumonia that can affect patients in different degrees.
Therefore, when making a diagnosis of CAP, rather than concluding that a patient has AP
or non-AP, it is more clinically relevant to explore to what extent aspiration contributes to
pneumonia (Figure 2), along with other clinical aspects. We suggest this paradigm shift
in the diagnosis of pneumonia in older persons. All patients with pneumonia should be
considered for investigation according to the clinical appropriateness depending on their
condition, rather than their ‘label” of AP or non-AP. Clinicians should consider the clinical
state of the patient, assess their ability to swallow and expectorate any aspiration, seek
causative organisms, and investigate any underlying cause of dysphagia and aspiration
or alternative diagnoses, as previously suggested [46]. To assess the extent of aspiration,
simple individual screenings, such as the water swallow test or simple swallow provoca-
tion test, could be carried out, or mealtime assessments may be of use [56]. Depending on
the screening results and availability, further bedside or instrumental assessment may be
considered. There are also tools developed to guide the clinical management of pneumonia
in older patients with a focus on AP, such as the Assessment of Swallowing Ability for Pneu-
monia (ASAP) [57] and the aspiration pneumonia cause investigation algorithm [58]. In
pneumonia in older adults, rather than relying on a largely heterogeneous diagnostic term,
the optimal care may be to manage patients according to attentive bedside examination
and holistic assessment.

4.7. Strengths and Weaknesses of This Study

There are some limitations associated with this study. First, this was a single centre,
retrospective study, performed in 2021, where the effects of the COVID-19 pandemic
may still have some effect on the patient population. The situation may differ in other
settings. However, this was a fairly large study involving an initial list of over 1400 patients
with pneumonia, from a 521-bed acute hospital. To our knowledge, there have not been
many studies undertaken on older adults diagnosed with AP in the UK, and this study is
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important to highlight current practices in the area. Second, diagnoses were extracted from
medical records. Results may have been affected by how the diagnoses were made and
documented. However, as the purpose of this study was to investigate what clinical factors
appear to influence the diagnoses of AP and non-AP in the daily clinical setting, this was
considered the feasible and optimal method for a retrospective study. We believe this is a
meaningful step towards contemplating the challenging conundrum of diagnosing AP.

Aspiration pneumonia or not?

AP Non-AP

|

Clinical extent of aspiration?

Pneumonia

Figure 2. A paradigm shift in the diagnosis of pneumonia in older adults. Currently, the diagnosis of
pneumonia in older adults is polarized among aspiration pneumonia (AP) or non-AP. We suggest the
necessity of a paradigm shift in this process, where the diagnosis is pneumonia, and all older adults
are assessed for the extent of clinical suspicion of aspiration.

5. Conclusions

In conclusion, older patients admitted for CAP were more likely to be diagnosed with
AP if they were frailer and had more underlying conditions. The diagnosis of AP seemed
to have led to the choice for broader antimicrobial coverage, NBM, and SLT referrals,
rather than an assessment of the microbial risk factors or swallowing function. This study
highlights the potential risks of a presumptive diagnosis and suggests a shift towards a
more careful assessment of each patient’s condition.
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Appendix A

Table Al. Patient background and past medical history, excluding patients without pneumonia,

findings on CT.
Factor AP Non-AP
(n=130) (n =622) p-Value
Background n %, IQR n %, IQR
Male (1, %) 70 (53.8) 326 (52.4) 0.76
Age (median, IQR) 85 (80-90) 84 (80-89) 0.11
Care home/nursing home (1, %) 40 (30.8) 72 (11.6) <0.001
Clinical frailty scale (median, IQR) 6 (5-7) 5 (4-6) <0.001
SARC-F score (median, IQR) 7 (4-10) 4 (2-7) <0.001
Past medical history, comorbidities
Stroke (11, %) 28 (21.5) 99 (15.9) 0.12
Neurologic disorder (1, %) 22 (16.9) 28 (4.5) <0.001
Dementia (11, %) 68 (52.3) 147 (23.6) <0.001
Other mental disorder (1, %) 15 (11.5) 63 (10.1) 0.63
Gastroesophageal reflux disease (11, %) 8 (6.2) 28 (4.5) 0.42
Other gastroesophageal disorder (1, %) 17 (13.1) 52 (8.4) 0.09
Ischemic/congestive cardiac condition (1, %) 29 (22.3) 198 (31.8) <0.05
Type 2 diabetes mellitus (1, %) 21 (16.2) 152 (24.4) <0.05
Chronic respiratory disorder (11, %) 21 (16.2) 184 (29.6) <0.05
Active cancer (11, %) 17 (13.1) 85 (13.7) 0.86
Head and neck cancer (1, %) 2 (1.5) 6 (1.0) 0.63
Immunodeficiency (1, %) 5 (3.8) 66 (10.6) <0.05
Pneumonia within 1 year (1, %) 36 (27.7) 126 (20.3) 0.06
Number of daily drugs (median, IQR) 6 (5-9) 7 (4-9) 0.07
Known dysphagia (1, %) 60 (46.2) 40 (6.4) <0.001
Risk factors of multi-drug resistant pathogens
Hospital admission >2 days in the past 90 days (1, %) 33 (25.4) 173 (27.8) <0.001
Haemodialysis (1, %) 2 (1.5) 5 (0.8) 0.35
Intravenous antibiotic therapy in the last 90 days (1, %) 25 (19.2) 113 (18.2) 0.78

(AP: aspiration pneumonia, IQR: interquartile range).

Table A2. Presenting condition, excluding patients without pneumonia findings on CT.

Factor AP Non-AP
(1 =130) (n = 622) p-Value

Symptoms n %, IQR n %, IQR
Cough (1, %) 51 (39.2) 293 (47.1) 0.08
Purulent sputum (1, %) 30 (23.1) 151 (24.3) 0.55
Pleuritic pain (1, %) 1 (0.8) 28 (4.5) <0.05
Dyspnoea (11, %) 40 (30.8) 350 (56.3) <0.001
Fever (1, %) 26 (20.0) 181 (29.1) <0.05
Coughing on oral intake (11, %) 31 (23.8) 12 (1.9) <0.001
Vomiting (11, %) 57 (43.8) 42 (6.8) <0.001
Altered mental status from baseline (1, %) 43 (33.1) 144 (23.2) <0.05
Severity of the pneumonia
CURB-65, median (1, IQR) 2 (2-3) 2 (1-2) <0.001
Pneumonia severity index (median, IQR) 107 (95-128) 103 (85-119) <0.05

(AP: aspiration pneumonia, IQR: interquartile range).
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Abstract: Pneumonia in the elderly has been increasing on an annual basis. To a greater or lesser ex-
tent, aspiration is a major contributor to the development of pneumonia in the elderly. Antimicrobials
alone are not sufficient for the treatment of pneumonia, and the condition may become intractable
or even recur repeatedly. In addition, some patients with pneumonia may have no problems with
eating, while others are unable to receive the necessary nutrition due to severe dysphagia. It has
recently been found that pneumonia decreases both the muscle mass and strength of the swallowing
and respiratory muscles, a condition named pneumonia-associated sarcopenia. This contributes to a
pathophysiological time-axis of aspiration pneumonia and dysphagia in the elderly, in which silent
aspiration leads to the development of pneumonia, and further to dysphagia, malnutrition, and low
immunity. Therefore, it is recommended that the treatment and prevention of developing pneumonia
should also differ according to an individual’s placement in the disease time-axis. In particular,
approaches for preventing aspiration based on scientific findings are able to be implemented at home.

Keywords: aspiration pneumonia; pneumonia-related sarcopenia; TRP agonist; nutrition; time-axis

1. Introduction

As Sir Osler stated, “Pneumonia is an old man’s friend”. Pneumonia among the
elderly has been increasing in advanced countries, where populations are ageing at an
accelerating rate. As most deaths from pneumonia in the elderly are attributed to aspiration
pneumonia (AsP), its diagnosis, treatment, and prevention are important clinical topics.
Clinically, AsP can be divided into ‘overt aspiration’, in which the aspiration is evident, and
‘silent aspiration’, in which the aspiration is not apparent. Videofluoroscopy is capable of
detecting both overt and silent aspiration, but is unable to detect “micro-aspiration”; that is,
the aspiration of small amounts of oropharyngeal secretions due to a depressed swallowing
reflex during sleep. Micro-aspiration may or may not present with symptoms suggestive of
aspiration, such as coughing. In particular, micro-aspiration without symptoms (i.e., silent
aspiration) is important in the development of pneumonia. On the other hand, choking
during a meal due to aspirated food debris or its detection in the sputum (macro-aspiration)
is considered overt aspiration. As elderly patients with pneumonia often present with non-
specific symptoms, such as general malaise, impaired consciousness, and loss of appetite,
the onset of pneumonia may only be detected after a chest X-ray; moreover, the disease is
often severe [1]. Therefore, it is important to determine the presence or absence of silent
aspiration and the means for its prevention for the treatment of pneumonia in the elderly.

2. Prevalence

Pneumonia is a disease with high mortality and morbidity worldwide. In Japan,
pneumonia is the leading cause of death in people aged 65 years and over, and is particularly
prominent in men aged 80 years and over [2].

Despite AsP generally being more likely to occur in the elderly, the prevalence of AsP
may be under-estimated. The prevalence of AsP in the USA has been estimated to be 5-15%

J. Clin. Med. 2022, 11, 5323. https:/ /doi.org/10.3390/jcm11185323

https:/ /www.mdpi.com/journal /jcm
64



J. Clin. Med. 2022, 11, 5323

among hospitalized patients with community- and hospital-acquired pneumonia [3,4].
Meanwhile, in a cross-sectional national survey of Japan, the prevalence rates of AsP
in hospitalized community- and hospital-acquired pneumonia were 60.1% and 86.7%,
respectively; this further increased with age, accounting for about 85% in those aged
80-89 years and more than 90% in those aged 90 years and older [5]. This Japanese survey
involved a swallowing function test, in order to detect not only overt aspiration but also
silent aspiration, and it was found that aspiration is greatly associated with the cause of
pneumonia in the elderly. From this study report, it may be no exaggeration to say that
most pneumonia in the elderly is AsP.

3. Mechanism

The main responsible factor in the development of AsP is the deterioration of the
swallowing reflex and cough reflex sensitivity due to reduced release of the neurotransmit-
ter substance P from the nerve endings of the glossopharyngeal and the vagal nerves [6]
(Figure 1).

RN
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Basal ganglia
[ petpmte |
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Figure 1. Swallowing, coughing, and the brain. Abbreviations: TRP, transient receptor potential;
NK1, neurokinin 1.

3.1. Cough Reflex Sensitivity

Coughs are provoked by the ligand substance P of the neurokinin 1 receptor, located
in the respiratory tract and in the nucleus tractus solitarii of the brainstem [7-9]. In support,
selective neurokinin 1 antagonists have been found to completely suppress coughing
in a study in guinea pigs [10,11]. Another animal study has shown that aerosols of a
substance P antagonist inhibited acetylcholine- and histamine-induced coughs, which
are bronchoconstricting agents [12]. Additionally, coughing was induced through the
inhalation of substance P by patients with pulmonary fibrosis [13].

However, contrary to general expectations, geriatric wards—where pneumonia pa-
tients are mainly hospitalized—are often quiet, with few coughing patients. The cough
reflex sensitivity induced by chemical stimulants is typically blunted in elderly patients with
repeated pneumonia [14]. Specifically, the threshold for coughing to citric acid mist in el-
derly people with repeated pneumonia was a concentration greater than 1.35 log mg mL 1,
compared to less than 0.5 log mg mL~! in non-pneumonia patients [15].

3.2. Swallowing Reflex

Similar to the blunted cough reflex sensitivity, the triggering of the swallowing reflex
is also blunted in elderly patients with repeated pneumonia; in particular, the latency of
the swallowing reflex in patients with repeated pneumonia has been found to be >5 s [15].
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The provocation of the swallowing reflex was mediated by substance P in a capsaicin
concentration-dependent manner [16].

3.3. Lacunar Infarction and the Upper Respiratory Protective Reflexes

The blunted swallowing reflex and cough reflex sensitivity have been associated with
lacunar infarction in the basal ganglia [17]. In patients with bilateral lacunar infarction, the
swallowing reflex latency is significantly higher than in other patients with unilateral or no
lacunar infarction, and the swallowing reflex latency gradually increases, not only during
the day but also at night, with a greater rate of change from daytime than in other patients.
Additionally, the incidence of aspiration—assessed using indium chloride—was reported
to be higher in elderly patients with bilateral lacunar infarction [18]. The cough reflex
sensitivity in the elderly with lacunar infractions has also been shown to be depressed.
Furthermore, both the swallowing and coughing reflexes, among others, were greatly
impaired in those who developed AsP [17].

The production of substance P is associated with dopamine metabolism. In animal
models pre-treated with dopamine 1 receptor antagonists, the provocation of the swallow-
ing reflex was delayed, and the swallowing frequency was increased with exogenously
administered substance P, while substance P antagonists decreased the swallowing fre-
quency. In other words, the swallowing reflex and swallowing frequency are substance
P-dependent, while substance P is dopamine-dependent [19]. Taken together, the presence
of lacunar infarcts may suggest that the blunted swallowing reflex latency and cough reflex
sensitivity are due to the reduced release of substance P.

3.4. Brain and Swallowing

Reduced activity in the insular cortex has been reported in elderly patients with
repeated AsP [20]. Functional cerebral imaging during swallowing in healthy adults has
shown that the primary motor and sensory areas are most activated, with additional
bilateral activation of the anterior cingulate cortex, insula and basal ganglia capsules, and
globus pallidus and substantia nigra [21-23]. Therefore, the bilateral inactivation of the
insula and basal ganglia may contribute to the development of AsP.

3.5. Breathing and Swallowing

Sensory inputs to the sensory nerves reach the medulla oblongata afferentially and inte-
grate the activity of swallowing-related muscles through central pattern generators (CPGs),
such that breathing and swallowing can be appropriately coordinated. Natural swallowing
begins with laryngeal closure after inspiration (post-inspiratory activity). In more detail,
glutamatergic—cholinergic neurons and excitatory networks that generate neural correlates
of post-inspiratory activity and inhibitory neural networks, through gamma-aminobutyric
acid, contribute to the regulation of timing involved in inspiration [24]. Furthermore,
inputs to the CPG from the cortical swallowing area (including the insular cortex) have
also been reported to modulate these coordinated respiratory—swallowing movements. In
other words, failure to provoke the upper respiratory protective reflex may interfere with
the inspiratory and post-inspiratory coordination, which may contribute to the onset of
AsP [25].

3.6. Comorbidities Modifying the Development of Pneumonia

Several comorbidities contribute to the development of AsP. Gastrointestinal diseases
with organic problems and dysfunction are representative comorbidities of AsP. In addi-
tion to age-related gastro-oesophageal motility disorders, post-operative status following
gastrectomy leads to a predisposition to aspiration of gastrointestinal contents due to
reflux [26]. Furthermore, gastric reflux is more likely to occur in elderly people with hiatal
hernia of the oesophagus, which has been estimated to affect one in two women over
80 years of age; furthermore, acidity (especially below pH 4) increases the swallowing
reflex latency in a negatively pH-dependent manner [27]. The relationship between gastric
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acid and the swallowing reflex is considered as a factor affecting the occurrence of AsP
in this paper. Elderly people often present with chronic constipation, some of whom may
vomit due to impaired bowel peristalsis, leading to chemical pneumonitis [28]. Other
factors contributing to the development of AsP have been previously reported, including
dementia, physical activity impairment, gender, smoking history, decreased oral intake,
and drugs such as neuroleptics, which exacerbate the swallowing reflex by lowering serum
substance P, resulting in the development of AsP [29,30].

Anticholinergics are also a risk factor for AsP, as the incidence of AsP has been
reported to increase in proportion to the intensity of anticholinergic side-effects such as
falls, xerostomia, dry eyes, dizziness, confusion, and constipation [31]. It has also been
reported that acid suppressants, such as histamine 2 inhibitors and proton pump inhibitors,
tend to increase the pH of gastric juice, thereby altering the gastric flora and even the
mesopharyngeal microbiota, facilitating the development of AsP [32,33]. Taken together,
drugs with antidopaminergic, bowel peristalsis-reducing, or anticholinergic effects, as well
as other drugs that alter the gastric microbiota, should be withdrawn and replaced by drugs
with other mechanisms of action.

3.7. Pneumonia-Associated Sarcopenia

Initially, sarcopenia is defined as an age-related decrease in skeletal muscle mass and
strength [34]. As a muscle atrophy other than ageing, it is already well-known in mouse
models that hypoxia (8 h/day, 30 cycles/hour, FiO; nadir = 6%) reduces the contractile
properties of the diaphragm, especially as a result of muscle atrophy due to increased
autophagy, prompting a compensatory metabolic adaptation that increases fatigue toler-
ance [35].

Since sarcopenia (assessed by grip strength and lower leg circumference) was reported
as a risk factor for the development of community-acquired pneumonia in the elderly [36],
a number of reports have revealed the association between pneumonia and sarcopenia.

Acute inflammation and chronic inflammation of the lungs are known to cause muscle
atrophy [37]. In a retrospective database study of 739 ventilated patients, a reduction in
muscle mass was observed, of which about half also had reduced muscle fiber density [38].
Furthermore, it has recently been shown that chronic aspiration and pneumonia cause
a reduction in the cross-sectional area of the muscle fibers, including swallowing and
respiratory muscles. In an animal model of lipopolysaccharide-induced aspiration, it has
been shown that muscle atrophy of the tongue is induced by autophagy, thinning of the
diaphragm by inflammatory cytokine production and the ubiquitin-proteasome pathway,
and atrophy of the anterior tibialis muscle—which represents skeletal muscle—by both
pathways [39].

In elderly patients hospitalized with AsP, the cross-sectional area of the erector spinae
muscle, a respiratory accessory muscle, has been reported to decrease by approximately
80% during the time between admission and pneumonia healing. Further, our previous
cross-sectional prospective cohort study has shown that both the inspiratory and expiratory
respiratory muscle strength and trunk muscle mass were lower in the elderly with pneu-
monia compared to those with other respiratory diseases, which can, thus, be considered
as risk factors for the development and recurrence of pneumonia [40]. With regard to
swallowing, it has also been reported that the swallowing and chewing ability is related
to the whole-body muscle mass; that poor swallowing ability, as assessed by the water-
swallowing test, is mildly related to the upper arm circumference; and that the tongue
muscle mass and tongue pressure are significantly lower in people with dysphagia than
those without [41-45].

Finally, chronic aspiration and pneumonia lead to decreases in muscle mass and
strength, resulting in reduced swallowing capacity, dysphagia due to a reduced expiratory
cough peak flow, respiratory muscle fatigue, and reduced respiratory ventilation efficiency.
Pneumonia-related sarcopenia leads to a negative pattern of refractory and recurrent
pneumonia, as well as further progression of sarcopenia.
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3.8. End-of-Life in Aspiration Pneumonia and Dysphagia

To date, no studies have examined impaired upper respiratory protective reflexes
(e.g., the swallowing reflex and cough reflex sensitivity) as a risk factor for mortality in the
elderly. We have recently reported that under-nutrition and an impaired swallowing reflex
and cough reflex sensitivity—but not an impaired oral intake capacity—were predictors of
death within 90 days in elderly AsP patients [46]. Furthermore, cholecystitis and cholangitis
frequently occur in the terminal stages of the disease, which are thought to be due to the loss
of gallbladder contractility caused by reduced lipid intake due to fasting, which increases
the viscosity of the bile, causing it to become sludgy and unable to be expelled [47].

3.9. Pathophysiological Time-Axis of Aspiration Pneumonia and Dysphagia

A noteworthy emerging finding is the time-course of AsP and dysphagia in the elderly:
starting with a delayed swallowing reflex, the sensitivity of the cough reflex gradually
blunts and AsP develops. The onset of AsP leads to muscle atrophy and weakness of the
swallowing and respiratory muscles; that is, a state of pneumonia-associated sarcopenia.
Decreases in upper airway protective reflexes and sarcopenia are likely to lead to recurrent
pneumonia and further sarcopenia progression, resulting in feeding difficulties and under-
nutrition. The inability to meet nutritional requirements, whether by oral intake or other
nutritional routes, can be considered terminal (Figure 2).

Depressed swallowing reflex

| Blunted cough reflex sensitivity I

Onset of pneumonia

Pneumonia-related sarcopenia ’\
Re-onset of pneumonia

Pncumonia-related sarcopenia
Overt-aspiration
;
Malnutrition

Disease progression

Figure 2. Time-axis of aspiration pneumonia and dysphagia in the elderly.

4. Comprehensive Preventive Approach

In addition to adequate antibiotic treatment, comprehensive prophylaxis is important
in the treatment of AsP. Specifically, key points include the administration of drugs that pro-
mote the production and release of substance P or inhibit its degradation, the improvement
of the gastrointestinal motility, the withdrawal of drugs that increase the risk of developing
AsP, and nursing and care based on scientific knowledge.

4.1. Pharmacological Preventive Approach
4.1.1. Angiotensin-Converting Enzyme Inhibitors

Dry cough is an adverse symptom of angiotensin-converting enzyme inhibitors
(ACE-T) [48]. It is well-known that bradykinin and substance P are the causative agents of
coughing, and this side-effect is more common in peri- and post-menopausal women [11,48].
In a study of menopausal animal models, ACE-I increased the cough reflex sensitivity, while
the coughs were significantly diminished by substance P antagonists [11]. Human studies
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have reported higher cough reflex sensitivity and substance P concentrations in the sputum
in those taking ACE-I compared to non-users [49]. The swallowing reflex in humans was
also significantly improved within two weeks after ACE-I medication [50]. In a three-year
prospective cohort study of elderly patients with cerebrovascular disease, conducted on
the basis of the results of this study, the incidence of pneumonia in the ACE-I treated group
was significantly reduced compared with the control, Ca channel blocker, and diuretic
groups, suggesting that ACE-I is effective for the prevention of pneumonia [51,52]. Taken
together, in clinical situations, ACE-I may be a suitable antihypertensive for hypertensive
patients with a history of aspiration or AsP.

4.1.2. Dopamine-Release-Stimulating Agent

As discussed above, dysfunction of the dopaminergic neurons results in a deteriorated
swallowing reflex [19], which may lead to the development of pneumonia [17,18]. Amanta-
dine acts as an antagonist at N-methyl-D-aspartate-type glutamate receptors, increasing
dopamine release and inhibiting its re-uptake.

In a three-year prospective cohort study, elderly patients with lacunar infarction who
were taking amantadine orally had a significantly lower incidence of pneumonia than
those not taking the drug, suggesting that dopamine enhancement is effective against the
development of pneumonia [53].

4.1.3. Combination of Dopamine-Release-Stimulating Agent and ACE Inhibitor

The treatment of pneumonia with ACE-I or amantadine, as well as antimicrobials,
significantly decreased the number of antimicrobial treatment days, hospitalization days,
healthcare costs, incidence of methicillin-resistant staphylococcus aureus, and hospital
mortality over a one-year period [54]. In another case report, a patient with advanced
Alzheimer’s disease was treated with amantadine, levodopa, and ACE-I, and went from
being lethargic and anorexic to smiling and talking to their carers, with increased appetite
and improved eating disorders, resulting in a recovery of body mass index to the normal
range [55]. Therefore, the addition of ACE-I and dopamine-releasing agents may be
effective for the prevention of pneumonia in elderly patients with recurrent pneumonia
and eating disorders.

4.1.4. Phosphodiesterase-III Inhibitors

It has been reported that a one-year intervention in a cilostazol-treated group (an
anti-platelet drug with a phosphodiesterase-III-inhibitory effect) led to an approximately
twice as low incidence of pneumonia compared to the non-treated group [56]. Cilostazol
not only prevents a high rate of recurrent stroke, but also increases the cerebral blood flow
in swallowing-related cerebral regions. It has been reported that cilostazol prevented the
incidence of stroke-related pneumonia in patients with acute ischaemic stroke upon tube
feeding compared to those without [57,58].

4.1.5. 5-Hydroxytryptaminey Receptor Agonist

A one-year prospective cohort study of post-gastrectomy elderly patients with cere-
brovascular disease showed a lower incidence of pneumonia in mosapride-treated patients
compared with non-treated patients [59]. Mosapride stimulates 5-hydroxytryptaminy re-
ceptors in the gastrointestinal tract’s intrinsic plexus and promotes gastrointestinal motility.
In patients receiving gastrostomy feeding, mosapride administration has been shown to be
a significant preventive factor for pneumonia [60]. On the other hand, intestinal motility
enhancers containing mosapride, unlike cilostazol, did not show a preventive effect on the
development of stroke-related pneumonia. In other words, mosapride may prevent the
development of pneumonia related specifically to gastrointestinal dysmotility.
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4.2. Non-Pharmacological Approach: How to Prevent Aspiration at Home
4.2.1. Physical Properties of the Meal

Viscoelasticity, cohesion, and hardness are the three pillars of a texture-modified diet
for dysphagia. In clinical settings, foods are typically blended or chopped and served in
various thickened liquids (e.g., nectar-, honey-, or paste-thickened), or in the form of a
mousse, pudding, or jelly. It has been reported that thickened liquids have significantly
faster oral transit times than water but slower pharyngeal transit times, and may leave
significant residue [61]. Therefore, can thickening really reduce the incidence of pneumonia?
A three-month prospective cohort study has reported that nectar- and honey-thickened
liquids decreased aspiration but not the incidence of pneumonia or death, while honey-
thickened liquids increased dehydration and anorexia [62]. This means that thickening
should not be over-estimated, as texture-modified diets for older people with dysphagia are
effective in preventing aspiration, but do not reduce the incidence of pneumonia or death.

4.2.2. Stimulation of Transient Receptor Potential (TRP) Receptor

The temperature of and spices in meals are also important in preventing aspiration.

4.2.2.1. Temperature of the Meal

The temperature of the meal is an important factor. Temperature-sensitive transient
receptor potential (TRP) channels exist in the neural endings of the glossopharyngeal and
the vagal sensory branch; TRPV1 receptors respond to hot temperatures (above 60 °C)
and TRPMS receptors to cold temperatures (below 17 °C). Both hot and cold temperatures
dramatically sharpen the swallowing reflex, which is delayed by more than 10 s to within
the normal range. It is, therefore, advisable to serve food at distinct temperatures, such as
hot or cold [63]. For patients with dysphagia, meals served at room temperature are more
likely to induce aspiration.

4.2.2.2. Spices

Capsaicin, the pungent component of chilli peppers, is a TRPV1 agonist that triggers
the cough or swallow reflex by releasing SP from sensory nerve endings, especially when
applied at concentrations of 1077 to 10~ !! log M/mL, which can improve the swallowing
reflex latency in a concentration-dependent manner [16]. Similarly, menthol, a cooling
component of mint and a TRPMS agonist, can also improve the swallowing reflex latency
in a concentration-dependent manner at concentrations from 10~2 M to 10~* M, especially
at concentrations higher than 1073 M, with a significantly shorter reflex than ice water [64].

4.2.3. Aromatherapy

Older people with repeated AsP often show reduced activities of the bilateral insular
cortex [20]. Increasing the insular cortical activity, therefore, may serve as a preventive
measure against AsP. Piperine, a component of black pepper, is also a TRPV1 agonist that
shortens the swallowing reflex, while odour components extracted from the peel activate
the insular cortex via the olfactory cortex. In a one-month randomized controlled trial of
institutionalized elderly residents, olfactory stimulation with black pepper aroma for one
minute before each meal significantly improved the swallowing reflex and the number of
swallowing movements, as well as blood flow in the insular cortex upon cerebral single-
photon emission computed tomography [65]. The smell-based prevention of aspiration is
easy to introduce not only to patients with chronic aspiration or repeated pneumonia, but
also to patients with impaired consciousness, patients on ventilators, and patients with
severe dysphagia who have difficulty with oral nutrition.

4.2.4. Nutrition

Many people who develop pneumonia are under-nourished compared to those who
do not develop pneumonia, and those who repeatedly develop pneumonia have difficulty
getting enough calories and nutrients.
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Nutritional intensification, calculated as the basal metabolism (Harris—Benedict
formula) x physical activity coefficient (e.g., bed-ridden) x stress coefficient (1.1-1.2)
using various nutritional routes, was intervened in bed-ridden elderly people for a period
of one year [66]. Such an intervention not only reduced the number of pneumonia cases,
but also improved other nutritional statuses (serum total protein and albumin levels) with-
out the administration of albumin products. Thus, we re-iterate the need for nutritional
treatment in order to help prevent pneumonia in the elderly.

A prospective cohort study considering a nutritional treatment intervention for the el-
derly at risk of pneumonia presented a significant reduction in morbidity related
to pneumonia.

Furthermore, several nutrients are known to be associated with the development
of pneumonia. Among other factors, the swallowing reflex is known to be depressed
in patients with hypofolatemia below 3 ng/mL, as folic acid deficiency causes impaired
metabolism of dopamine in the central nervous system. Supplementation with folic acid,
accompanied by normalization of the plasma concentrations of homocysteine and folate,
may improve the elicitation of the swallowing reflex [67].

Oral, tube (nasal tube feeding, gastrostomy), central venous, and peripheral venous
nutrition nutritional options may be considered for patients who cannot receive adequate
nutrition due to dysphagia. In a comparison of nutritional modalities, including oral, tube,
and central venous nutrition options in bed-ridden elderly patients with dysphagia, tube
feeding led to the longest survival (median, 23 months) [68]. Nutritional support by tube
feeding reduces pneumonia-related morbidity and mortality, although it does not eliminate
all cases of pneumonia, as compared with other means of nutrition or no nutritional support
itself [69].

4.2.5. Swallowing Rehabilitation

While swallowing exercises such as the Mendelsohn manoeuvre, tongue-hold swallow-
ing, supraglottal swallowing, shaker exercises, and effort pitch glide, as well as expiratory
muscle strength training, have been shown to improve the structural excursion of each
component, there have been no reports of reduced incidence of pneumonia with each
exercise [70]. However, in a randomized control study of dysphagia patients with acute
stroke, an intensive swallowing rehabilitation program using swallowing exercise therapy
combined with a texture-modified diet showed a reduced incidence of under-nutrition and
pneumonia [71]. Comprehensively, swallowing therapy including transcranial magnetic
stimulation, transcranial direct current stimulation neuromuscular, electrical stimulation,
and pharyngeal electrical stimulation has been reported to be effective in reducing the
incidence of chest infection or pneumonia in the elderly with oropharyngeal dysphagia [72].

4.2.6. Oral Care

It is now common knowledge that oral care is effective in preventing the onset of
pneumonia. In particular, an initial ground-breaking study, executed 20 years ago, showed
that an oral care intervention for 2 years in institutionalized elderly people reduced the
incidence of pneumonia in both dentulous and edentulous institutional elderly people [73].
Additionally, the cognitive function remained unchanged in the oral care intervention
group compared to the non-intervention group. Further, in another one-month randomized
controlled trial study conducted in a geriatric ward, the swallowing reflex latency shortened
to a plateau after 10 days of oral care intervention, and the cough reflex sensitivity improved
to the normal range after approximately one month [74,75]. In other words, oral care is not
only about hygiene, but brushing itself can be considered a mechanical stimulus to gingival
sensory nerve endings, and consequently to the central nervous system. Research reports
have shown that nociception projects to the primary somatosensory cortex, as well as the
cingulate and insular cortex (medial pain system), potentially supporting these results [76].
Furthermore, a one-year prospective cohort study of 343 nursing home residents has shown
that residents with Prevotella, Veillonella, and Treponema spp. on their tongue coating, using
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a terminal restriction fragment length polymorphism (TRFLP) analysis, were pre-disposed
to developing pneumonia [77]. Additionally, moisture retention on the tongue surfaces of
those who developed pneumonia with these detected oral bacteria was low [77]. In other
words, lower moisture retention may facilitate the growth of these bacteria associated with
the development of pneumonia. Therefore, keeping the tongue moist with moisturising
gel, together with oral brushing, may be expected to reduce the days of pyrexia and
antimicrobial use, as well as the number of cases of pneumonia [78].

4.2.7. Sitting and Holding Position after Meals

AsP is most common in bed-ridden elderly patients. Many bed-ridden patients are
unable to turn over on their own and lie in a supine position. Aspiration of the stomach
contents, which can cause pneumonia, is less likely to occur in the semi-recumbent position
than in the supine position [79,80]. Positions with a head angle of 30 degrees or more also
reduce hospital-acquired pneumonia [81]. In bed-ridden institutionalized elderly patients,
a 2 h post-prandial intervention in which the patients were placed at an angle of 30 degrees
or more after a meal significantly reduced the number of fever days compared to the
group without post-prandial intervention. Therefore, elderly people should be placed in a
semi-recumbent position at 30° or higher for 2 h after eating [82]. A comparative study of
positional changes showed that the semi-recumbent position reduced the frequency and
risk of nosocomial pneumonia, especially in patients on enteral feeding [83].

Subsequently, the prone position has been advocated to prevent gastric reflux, in-
flammatory reactions, and alveolar over-expansion, as well as providing ventilation ef-
ficiency and oxygenation [84]. Therefore, in bed-ridden patients, the prone position
may be more protective against the development of pneumonia than supine and even
semi-recumbent positions.

4.2.8. Bowel Movement Control

Intestinal dysmotility is common in the elderly. Fecal impaction or stubborn constipa-
tion often leads to vomiting of gastrointestinal tract contents, resulting in the development
of chemical pneumonitis. A high fiber content and moderate exercise are important for
adequate control of bowel movements.

The gut-lung axis is not only physiological, but also involves microbial cross-talk [85].
Gut microbes in pulmonary host defence show that tonic signaling of pattern recognition
receptors by microbial products in the steady state contributes to chronic lower respiratory
diseases. Gut microbes act in the host’s lung defence, and it has been reported that the
tonic signal transduction when microbial products act on pattern recognition receptors
contributes to chronic lower respiratory disease. High-fiber diets possibly increase the ratio
of Bacteroidetes to Firmicutes species, and in consequence the production of short chain-fatty
acids, which weaken the inflammation by activating GPR-40. It has been established that a
high-fiber diet and short chain-fatty acids improve the intestinal microbial composition.

In clinical settings, most patients with recurrent AsP have difficulty eating sufficient
fiber due to dysphagia, as well as having difficulty performing adequate exercise due to
physical disability. Based on the above, the use of laxatives (as appropriate) may also be
effective. Intervening with laxative medication in bed-ridden elderly patients without
defecation for several days has been shown to reduce the incidence of pneumonitis but not
pneumonia [28].

4.3. Strategies for Preventing Aspiration Pneumonia

Deterioration of the swallowing and coughing reflexes and low nutrition have been
shown to be predictors of death within 90 days of AsP [46]. A disease time-axis for AsP
and dysphagia has recently been identified (Figure 2). Therefore, to reduce the morbidity
and mortality associated with AsP, priority should be given to improving the sensitivity of
the swallowing reflex and cough reflex, as well as the nutritional status.

72



J. Clin. Med. 2022, 11, 5323

Silent
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To begin, oral medicines are often difficult to administer to patients with dysphagia.
Therefore, the following steps of resuming feeding and eating are recommended for patients
at high risk of AsP. As a first step, during the acute fasting phase of antimicrobial treatment,
aromatherapy intervention should be applied to activate the insular cortex, followed by
a pureed or nectar-thickened meal containing capsaicin or menthol, in order to provoke
both the swallowing reflex and cough reflex sensitivity levels. ACE-I, a dopamine-releasing
agents, and phosphodiesterase-III inhibitors can be administered while gradually increasing
the physicality of the meal. Oral care and swallowing rehabilitation should be consistently
performed from the time of fasting. In our self-controlled case series, the intervention led
to a significant decrease in the onset of pneumonia after the resumption of eating, which
may indicate a certain effect (Figure 3) [86].
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7 NN

se Pneumonia-relz Cati .
|:> Onset of [:> eumo f:ated E> lj"atmg :> Malmutrition
pneumonia sarcopenia disorder

Chronic

Interventions to prevent aspiration Antibacterial medication & Nutrition & Interventions to

Interventions to prevent aspiration prevent aspiration

Content of the interventions

Intensive Nutrition
a texture-modified diet
| Swallowing rehabilitation

Spices (Capsaicin & menthol) & diet temperature

Aromatherapy with black pepper oil

ACE-I, Dopamine-releasing agents, PDE III-I (cilostazol)

Bowel movement control (5-HT, receptor agonist, laxatives, fibers, exercisc)

Oral care

Figure 3. Disease time-axis and comprehensive approaches.

Additionally, when a patient is unable to intake sufficient calories and nutrients by
mouth, it is recommended to provide essential nutrition through various nutritional routes,
such as oral, gastrostomy, transcentral venous, or peripheral transvenous routes, with the
step-wise eating and feeding methods mentioned above. This approach has the potential
to reduce recurrent AsP and slow down the progression of dysphagia, thereby postponing
the time to death. In clinical settings, we assume that while the state with inability to intake
adequate nutrition orally stands as a gateway to the end of life for the elderly, there are
many elderly individuals who may be able to escape from this gateway through nutritional
support. Viewed another way, patients who have difficulties receiving essential nutrition
due to diarrhoea during gastrostomy feeding, liver dysfunction, and repeated catheter-
related bloodstream infections during central-venous nutrition may truly be at the end of
their life.

5. Conclusions

There exists a pathophysiological time-axis of disease involving aspiration only, AsP,
pneumonia-related sarcopenia, and eating disorders. Therefore, it is important to diagnose
the position of an individuals on the disease time-axis in order to provide appropriate
individualized treatment and prevention, taking into account their wishes and quality of
life. Preventive measures to improve the upper airway reflex should be implemented from
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the disease onset to the end of life. Finally, education regarding how to prevent aspiration
at home is important for both patients and their families and carers (see Table 1).

Table 1. How to prevent aspiration at home.

Before Eating

e  Swallowing rehabilitation
e Aromatherapy (i.e., with black pepper oil)

Meals

e  Spices (capsaicin and/or menthol)
e Diet temperature

e Texture-modified diet

e  Fiber

After Eating

e  Oral care
e A semi-recumbent position at 30° or higher for 2 h
e  Laxatives (if appropriate)
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Abstract: Generally, weak muscle power is associated with high mortality. We aimed to evaluate the
unknown association between % predicted value forced vital capacity (FVC% predicted) and mortality
in asymptomatic older people, and the impact of muscle power on this association. We analyzed the
Tsurugaya cohort that enrolled Japanese people aged >70 for 15 years with Cox proportional hazards
model. Exposure variables were FVC% predicted and leg power. The outcome was all-cause mortality.
The subjects were divided into quartiles by FVC% predicted or leg power, or into two groups by 80%
for FVC% predicted or by the strongest 25% for leg power. Across 985 subjects, 262 died. The males
with lower FVC% predicted exhibited higher mortality risks. The hazard ratio (HR) was 2.03 (95% CI
1.30-3.18) at the lowest relative to the highest groups. The addition of leg power reduced the HR to
1.78 (95% CI1.12-2.80). In females, FVC% predicted under 80% was a risk factor and the HR was 1.67
(95% C11.05-2.64) without the effect of leg power. In FVC% predicted <80% males HRs were 2.44
(95% CI1.48-4.02) in weak and 1.38 (95% CI 0.52-3.64) in strong leg power males, relative to >80%
and strong leg power males. Low FVC% predicted was associated with high mortality with potential
unfavorable effects of weak leg power in males.

Keywords: % predicted value forced vital capacity; mortality; muscle strength; older people; cohort
study; pneumonia

1. Introduction

Forced vital capacity (FVC) and % predicted value FVC (FVC% predicted) are ma-
jor indicators of respiratory functions. Several general population studies reported an
association between low FVC/FVC% predicted and high mortality [1-6]. FVC and FVC%
predicted are generally used to diagnose restrictive lung diseases, typically represented by
interstitial lung diseases. Patients with interstitial lung diseases are accompanied by high
mortality [7,8]. A previous study avoided the effects of interstitial lung diseases on mortal-
ity by excluding people with respiratory symptoms and showed an association between low
FVC and high mortality in general adults [9]. However, another study that analyzed older
people with a rather short follow-up period could not show an association [10]. Presently,
we only have limited information about the association between FVC% predicted and
long-term mortality in community-dwelling older people without respiratory symptoms.

Many studies reported an association between extremity muscle weakness and high
mortality [11-16]. Extremity muscle strength and respiratory function are moderately
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correlated with respiratory muscle strength [17-20]. Respiratory muscle weakness is
associated with the onset of and potentially death by pneumonia in older people [21].
Presently, the effects of muscle strength on the association between FVC% predicted and
mortality are unclear.

The main objective of this study was to investigate the association between low FVC%
predicted and high mortality in community-dwelling asymptomatic older people. Our
secondary objective was to determine whether weak extremity muscle power has an
unfavorable effect on the association between low FVC% predicted and high mortality.
We hypothesized that low FVC% predicted was associated with high mortality in general
asymptomatic older people. We next hypothesized that extremity muscle weakness has
an unfavorable effect on the association. To achieve the above objectives, we analyzed a
longitudinal cohort, the Tsurugaya project.

2. Materials and Methods
2.1. Participants

We used the baseline data from 2002 on the comprehensive geriatric assessments
conducted for older people aged >70 years in the Tsurugaya project [22,23]. We excluded
potential interstitial lung disease patients by evaluating dyspnea as a respiratory symptom.
Dyspnea was evaluated by breathing through an external circuit with an inspiratory
resistive load of 10, 20, and 30 cmH,O/L/s and was assessed by the modified Borg
scale [24,25]. This is a category scale in which the subject selects a number from 0 (no
dyspnea) to 10 (maximum dyspnea). Subjects selected 2 or greater at baseline breathing
without inspiratory resistance for 1 minute were excluded.

2.2. Measurements

Spirometry (OST 80A, Chest Co., Tokyo, Japan) was measured 3 times, and the best
trial was reported. The FVC% predicted values were calculated by age, gender, and
height [26]. Initial measurements were performed in 2002, following American Thoracic
Society recommendations [27], applying reference values and a cut-off value for FVC as 80%
to FVC% predicted, as the Japanese respiratory society published in 2001. Current Japanese
reference values were published in 2014; however, we applied the old reference values in
this study to keep consistency within the Tsurugaya project [24,26]. In each gender, the
subjects were divided into 4 groups based on quartiles of FVC% predicted or 2 groups (<80%
and >80%) [26]. Leg extension power (w/kg) was measured on a horizontal leg extension
apparatus (Combi Anaeropress3500, Tokyo, Japan) [28]. The average of the 2 strongest leg
power measurements among 5 trials was divided by the bodyweight [28]. In each gender,
the subjects were divided into 4 groups based on quartiles or into 2 groups, the strongest
25% group and other groups. Sociodemographic and medical history data were collected
using questionnaires. The questionnaire included age, sex, medical history (pneumonia,
bronchial asthma, cancer, myocardial infarction, stroke, diabetes, hypertension), smoking,
alcohol consumption, educational levels, and marital status. The smoking status and
alcohol consumption were categorical variables; subjects were classified into current, past,
or never smoking groups and non-alcohol, current, or past consumption groups. The
educational periods categorized the subjects into <18- or >18-year groups. Depressive
symptoms were evaluated with the Japanese version of the 30-point Geriatric Depression
Scale (GDS) [29], and cognitive function was measured with the Japanese version of the
Mini-Mental State Examination (MMSE) [30]. The serum albumin and high sensitive C-
reactive protein (hs-CRP) concentrations were assessed in blood samples collected under
non-fasting conditions by a clinical testing laboratory. Body mass index (BMI, kg/m?)
was calculated.
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2.3. Mortality Follow-Up

The outcome of the study was all-cause mortality. Data regarding death or migration
were received from the Sendai Municipal Authority. The follow-up period was from 30
March 2003 to 1 July 2018.

2.4. Statistical Analysis

The baseline characteristics of 4 groups divided by FVC% predicted were compared
by chi-square tests for categorical variables and one-way ANOVA for continuous variables.
The cumulative survival rate of the 4 groups was compared according to the FVC% pre-
dicted using the Kaplan—-Meier method and log-rank tests. The Cox proportional hazard
model was used to calculate the hazard ratios (HRs) and 95% confidence intervals (CIs)
for all-cause mortality during the follow-up period. The highest group was used as the
reference category. To investigate the relationships among the 4 groups for FVC% predicted
and all-cause mortality, we ran 2 models. Model 1 was a univariate model. Model 2 was
adjusted by all potential covariates; potential covariates for adjustment included age, medi-
cal histories (pneumonia, bronchial asthma, cancer, stroke, myocardial infarction, diabetes,
hypertension), smoking, alcohol consumption, depressive symptoms, cognitive function,
educational level, marital status, leg power (divided into 4 groups), BMI, albumin, and
hs-CRP. The 1 and 2 models were also applied to investigate the relationship between the
2 groups for FVC% predicted divided by the clinical cut-off value of >80% and all-cause
mortality. We also evaluated the effect of muscle strength (divided into 4 groups) on the
relationship among the 4 groups for FVC% predicted and all-cause mortality. Model 1 was
a univariate model. Leg power was added as an explanatory variable in Model 2. Model 3
was adjusted by all potential covariates. The 1-3 models were also applied to investigate the
effect of muscle strength divided by the strongest 25% on the relationship between FVC%
predicted divided by >80% and all-cause mortality. To evaluate the relationship between
muscle strength, FVC% predicted, and mortality, we divided the subjects into 2 groups by
>80% for FVC% predicted and by the strongest 25% for muscle strength, respectively, a
total of 4 groups. Model 1 was a univariate model. Model 2 was adjusted by all potential
covariates. We also conducted a sensitivity analysis to test the robustness of the association
between FVC% predicted and all-cause mortality. The above statistical analyses were
performed using SPSS software, version 24.0 (IBM Corp., Armonk, NY, USA). We evaluated
the power of the main result by the post hoc power analysis using Power and Precision 4.1
(Biostat, Englewood, NJ, USA). p values less than 0.05 were considered significant.

3. Results

We invited all residents who were >70 years old to the Tsurugaya project in 2002
(n =2730). Of 1198 participating subjects, 1175 provided written informed consent. Figure 1
shows a study flow chart. Nineteen subjects without spirometry data and 95 subjects with
missing or incomplete leg extension power data were excluded. We excluded eight subjects
with a Mini-Mental State Examination (MMSE) score below 10 or missing to maintain the
reliability of the spirometry data. Nineteen subjects lacked high-sensitive C-reactive protein
(hs-CRP) data. We excluded 49 subjects with respiratory symptoms to exclude potential
interstitial lung disease patients. Finally, 985 subjects were analyzed.

The subjects were divided by gender and then into four groups by FVC% predicted
(Quartilel: FVC% predicted >100.5 [male], >114.5 [female]; Quartile2: >89.2 to <100.5
[male], >100.9 to <114.5 [female]; Quartile3: >78.3 to <89.2 [male], >87.7 to <100.9 [female];
and Quartile4: <78.3 [male], <87.7 [female]). Quartile 1 was the highest and Quartile 4
was the lowest FVC% predicted group. Table 1 shows the characteristics recorded in the
baseline survey. Among the 985 participants, the proportion of males was 42.6%, and
the mean age (standard deviation [SD]) was 75.6 (4.8) years. The variables that showed
significant differences among the four groups were age, education levels, the incidence of
past histories of pneumonia and bronchial asthma, leg extension power, and hs-CRP.
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| Residents aged =70 living in the Tsurugaya district, n = 2730 l

| Participants at baseline survey, n = 1198 |

|

| Subjects with written informed consent, n = 1175 I

+ No usable or missing lung function data, n =19
+ Incomplete or missing leg power, n = 95

+ MMSE score below 10 or missing, n = 8

+ No hs-CRP data, n = 19

Included Patients
n=1034

Interstitial lung disease suspected, n = 49

Analyzed Patients
n =985

Figure 1. Inclusion and exclusion of the study participants. MMSE = Mini-Mental State Examination,
hs-CRP = high-sensitive C-reactive protein.

Table 1. Baseline characteristics of the study participants according to FVC% predicted (1 = 985).

FVC% Predicted

Characteristics
Overall Q1t Q2§ Q3 Q4 ** p*

Number of participants 985 246 247 247 245
Age, mean (SD) 75.6 (4.8) 75.9 (5.2) 75.4(4.7) 75.1 (4.2) 76.1 (4.8) 0.047
Men, n (%) 420 (42.6) 105 (42.7) 105 (42.5) 106 (42.9) 104 (42.4) 1.000
Medical history, 1 (%)

Pneumonia 92 (9.3) 17 (6.9) 23(9.3) 16 (6.5) 36 (14.7) 0.006

Bronchial asthma 56 (6.0) 8(3.3) 10 (4.0) 14 (5.7) 27 (11.0) 0.001

Cancer 65 (6.6) 18 (7.3) 15 (6.1) 18 (7.3) 14 (5.7) 0.845

Myocardial infarction 108 (11.0) 24 (9.8) 29 (11.7) 29 (11.7) 26 (10.6) 0.872

Stroke 46 (4.7) 15 (6.1) 9(3.6) 14 (5.7) 8(3.3) 0.341

Diabetes mellitus 138 (14.0) 39(15.9) 33(13.4) 29 (11.7) 37 (15.1) 0.556

Hypertension 370 (37.6) 77 (31.3) 94 (38.1) 98 (39.7) 101 (41.2) 0.111
Current smoking, 1 (%) 130 (13.2) 33(13.7) 32(13.2) 30 (12.4) 35(14.7) 0.924
Alcohol consumption, 11 (%) 400 (40.6) 107 (45.5) 100 (42.4) 109 (46.6) 84 (36.4) 0.174
Duration of education >18 years, 1 (%) 561 (57.0) 143 (58.4) 145 (58.9) 153 (62.2) 120 (49.6) 0.034
Marital status, 1 (%) 609 (61.8) 156 (63.4) 157 (63.6) 147 (59.5) 149 (61.6) 0.950
Cognitive impairment, mean (SD) 27.4 (2.6) 27.5 (2.5) 27.6 (2.3) 27.2 (2.8) 27.1 (2.8) 0.067
Depressive symptoms, mean (SD) 89(5.4) 8.6 (5.4) 9.0 (5.6) 8.7 (5.6) 9.2 (5.0) 0.553
BMI (kg/m?), mean (SD) 23.8 (3.3) 23.5(3.0) 23.8 (3.1) 24.1(3.2) 23.7 (3.8) 0.135
Leg extension power (w/kg), mean (SD) 10.1 (4.5) 10.8 (4.8) 10.4 (4.4) 9.9 (4.5) 9.0 (4.1) <0.001
Albumin, (g/dL), mean (SD) 4.3(0.3) 4.3(0.3) 4.3(0.3) 43(0.3) 4.3(0.3) 0.634
hs-CRP (ng/mL), mean (SD) 1790 (5325) 965 (1581) 2068 (7276) 1563 (4459) 2565 (6084) <0.001

FVC% predicted = % predicted value forced vital capacity; SD = standard deviation; BMI = body mass index;
hs-CRP = high sensitive C-reactive protein; ANOVA = analysis of variance. * Obtained by using chi-squared
test for variables of proportion and one-factor ANOVA for continuous variables.  Age at last school graduation
18 years. ¥ Q1; FVC% predicted >100.5 (male), >114.5 (female). § Q2; FVC% predicted >89.2 to <100.5 (male),
>100.9 to <114.5 (female). | Q3; FVC% predicted >78.3 to <89.2 (male), >87.7 to <100.9 (female). ** Q4; FVC%
predicted <78.3 (male), <87.7 (female).

During the follow-up period of 13,011 person-years, of the 420 males, 154 (36.7%)
died, and of the 565 females, 108 (19.1%) died. Figure 2 shows Kaplan-Meier survival
curves according to the FVC% predicted in males (Figure 2A) and females (Figure 2B). The
cumulative survival rates were significantly lower in the lowest FVC% predicted group
Quartile 4 in males (log-rank test, p < 0.005), but there were no differences in females
(log-rank test, p = 0.193). The number at risk in Figure 2 showed the number of individuals
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at risk of experiencing an event for each cohort during the follow-up period every 2 years.
Figure 2 also showed the number of participants lost to follow-up every 2 years. These data
suggest censoring occurred randomly, independent of the event.

(A) Males
& ]
S C 06
g g
= =
= —
> 047 .
@ Quartile 1 3 Quartile 1
'Quartile 2 “Quartile 2
0.2+ 0.2 o )
_iQuartile 3 -FQuartile 3
Quartile 4 S Quartile 4
0.0 0.0
T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Follow-up period (years) Follow-up period (years)
Number at Risk
Quartile1 105 104 101 98 97 94 87 80 141 141 140 139 134 129 127 119
Quartile2 105 103 101 96 88 80 75 69 142 142 139 135 123 118 112 105
Quartile3 106 106 105 103 97 88 82 78 141 140 136 133 129 126 117 114
Quartile4 104 101 95 88 79 70 65 658 141 140 138 136 131 125 119 109
Lost to follow-up
Quartile1 1 1 1
Quartile2 1 1 2 1 4 1 1
Quartile3 1 3 3
Quartile4 1 1 1 3 1 1

Figure 2. Kaplan-Meier survival curves showing the cumulative survival rate according to the FVC%
predicted in males (A) and females (B).

Kaplan—-Meier curves showing the cumulative survival rates according to Quartiles
of % predicted value forced vital capacity (FVC% predicted). The cumulative survival
rates were significantly lower in the lowest FVC% predicted group Quartile 4 in males
(log-rank test, p < 0.005) but not in females (log-rank test, p = 0.193). The comparison
between Quartile 4 and other groups: Q4 versus Q1; p = 0.001, Q4 versus Q2; p = 0.040, Q4
versus Q3; p = 0.006 in males. Q1; FVC% predicted >100.5 (male), >114.5 (female). Q2;
FVC% predicted >89.2 to <100.5 (male), >100.9 to <114.5 (female). Q3; FVC% predicted
>78.3 to <89.2 (male), >87.7 to <100.9 (female). Q4; FVC% predicted <78.3 (male), <87.7
(female). The number at risk shows the number of individuals at risk of experiencing
an event for each group every 2 years. The lost to follow-up ratio shows the number of
participants lost to follow-up for each group every 2 years.

Table 2 shows the association between the FVC% predicted divided into quartiles and
mortality in males. Since the Kaplan-Meier survival curve of females divided into four
groups by FVC% predicted could not show differences, we showed the data of males in
the following analysis using quartile FVC% predicted. The highest FVC% predicted group
(Q1) was set as a reference. Model 1 was a univariate model, and Model 2 was adjusted for
multiple covariates. In males, lower FVC% predicted was inversely associated with higher
mortality; the multivariate-adjusted HRs (95% Cls) was 2.12 (1.31 to 3.43) for the lowest
FVC% predicted group Q4, which was significantly associated with higher mortality (p for
trend = 0.010 in Model 3).
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Table 2. Association between FVC% predicted divided into quartiles and mortality *.

Males (420)

Q18 Q2 Q3 tt Q¥ p-trend
Number of cases 105 105 106 104
Number of death 31 37 35 51
Model 11 1.0 (ref.) 1.31 (0.81-2.11) 1.14 (0.70-1.85) 2.03 (1.30-3.18) 0.006
Model 2 ¥ 1.0 (ref.) 1.48 (0.90-2.43) 1.18 (0.70-1.98) 2.12 (1.31-3.43) 0.010

FVC% predicted = % predicted value forced vital capacity; BMI = body mass index; hs-CRP = high sensitive
C-reactive protein, ref = reference. * Hazard ratio (95% confidence interval). * Model 1: univariate model.
¥ Model 2: adjusted for age, medical history (pneumonia, bronchial asthma, cancer, stroke, myocardial infarction,
diabetes, hypertension), smoking, alcohol consumption, depressive symptoms, cognitive function, educational
level, marital status, leg extension power, BMI, albumin and hs-CRP. §Q1; FVC% predicted >100.5. ** Q2; FVC%
predicted >89.2 to <100.5. T Q3; FVC% predicted >78.3 to <89.2. ¥ Q4; FVC% predicted <78.3.

We then conducted sensitivity analyses for males. The results did not change after
excluding cases who died in the first 3 years of follow-up (Supplementary Table S1).

Males were divided into four groups by leg power: The strongest Quartile 1 (w/kg):
>15.8; Quartile 2: >13.1 to <15.8; Quartile 3: >10.8 to <13.1 and the weakest Quartile
4: <10.8. Table 3 shows the effect of muscle strength on the association between FVC%
predicted and mortality. Model 1 showed that the HR (95% Cl) of the lowest FVC%
predicted group Q4 was 2.03 (1.30 to 3.18). In Model 2, the leg extension power was added
to Model 1 as an explanatory variable, and the strongest leg power group Q1 was set
as a reference. The HR of the lowest FVC% predicted group Q4 reduced to 1.78 (1.12
to 2.80) in Model 2 from 2.03 in Model 1. Leg power was significantly associated with
mortality independently from FVC% predicted (p for trend = 0.025 in model 2). The
weakest leg power group Q4 showed a HR of 1.67 (1.02 to 2.74), significantly associated
with higher mortality.

Table 3. The effect of muscle strength on the association between FVC% predicted divided into
quartiles and mortality *.

Males (420)

Qi Q2+ Q3 Q4 p-trend

Number of cases

FVC% predicted 105 105 106 104
Leg power 107 105 107 101
Model 11

FVC% predicted 1.0 (ref.) 1.31 (0.81-2.11) 1.14 (0.70-1.85) 2.03 (1.30-3.18) 0.006
Leg power - - - -
Model 2

FVC% predicted 1.0 (ref.) 1.26 (0.78-2.03) 1.06 (0.65-1.72) 1.78 (1.12-2.80) 0.036
Leg power 1.43 (0.87-2.35) 1.79 (1.10-2.90) 1.67 (1.02-2.74) 0.025
Model 3 §

FVC% predicted 1.0 (ref.) 1.48 (0.90-2.43) 1.18 (0.70-1.98) 2.12(1.31-3.43) 0.010
Leg power 1.41 (0.84-2.38) 1.92 (1.15-3.23) 1.69 (0.96-2.98) 0.039

FVC% predicted = % predicted value forced vital capacity; BMI = body mass index; hs-CRP = high sensitive
C-reactive protein, ref = reference. * Hazard ratio (95% confidence interval). * Model 1: univariate model. ¥ Model
2: Model 1+ leg extension power divided into quartiles. $ Model 3: Model 2 adjusted for age, medical history
(pneumonia, bronchial asthma, cancer, stroke, myocardial infarction, diabetes, hypertension), smoking, alcohol
consumption, depressive symptoms, cognitive function, educational level, marital status, BMI, albumin and
hs-CRP. I Q1; FVC% predicted >100.5 & leg extension power >15.8, reference. ** Q2; FVC% predicted >89.2 to
<100.5 & leg extension power >13.1 to <15.8. ** Q3; FVC% predicted >78.3 to <89.2 & leg extension power >10.8
to <13.1. ¥ Q4; FVC% predicted <78.3 & leg extension power <10.8.

To evaluate the relationship between the FVC% predicted, leg power, and mortality,
we divided the subjects into a total of four groups by the clinical cut-off value of FVC%
predicted (<80% group and >80% group) and by leg power (the strongest 25% group
and the other groups), respectively (Table 4). The group with high FVC% predicted and
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strong leg power was set as a reference. Model 1 was a univariate model, and Model 2
was adjusted for multiple covariates. In Model 2, among low FVC% predicted males, the
HRs were 2.69 (1.56 to 4.66) in the weak and 1.55 (0.58 to 4.15) in the strong leg power
groups. The HRs showed similar trends in Models 1 and 2. The above findings suggest the
potential unfavorable effects of weak leg power on the mortality of males among the low
FVC% predicted subjects.

Table 4. The relationship between the leg power (2 groups), FVC% predicted (2 groups), and
mortality *.

Males (420)

Number of cases
Number of death
Model 11
Model 2 %

FVC% predicted >80%  FVC% predicted >80%  FVC% predicted <80%  FVC% predicted <80%

strong leg power S weak leg power ** strong leg power weak leg power
91 205 16 108
22 75 5 52

1.0 (ref.) 1.63 (1.02-2.63) 1.38 (0.52-3.64) 2.44 (1.48-4.02)

1.0 (ref.) 1.69 (1.01-2.82) 1.55 (0.58—4.15) 2.69 (1.56-4.66)

FVC% predicted = % predicted value forced vital capacity; BMI = body mass index; hs-CRP = high sensitive
C-reactive protein, ref = reference. * Hazard ratio (95% confidence interval). * Model 1: univariate model.
¥ Model 2: adjusted for age, medical history (pneumonia, bronchial asthma, cancer, stroke, myocardial infarction,
diabetes, hypertension), smoking, alcohol consumption, depressive symptoms, cognitive function, educational
level, marital status, BMI, albumin and hs-CRP. § Leg extension power >15.8 w/kg. ** Leg extension power
<15.8 w/kg.

We then used the FVC% predicted 80% and divided the subjects into two groups.
Supplementary Table S2 shows the association between the FVC% predicted (<80% group
and >80% group) and mortality in males and females. The higher FVC% predicted >80%
group was set as a reference. In both males and females, lower FVC% predicted was
significantly associated with higher mortality. Males: HR 1.58 (1.11 to 2.24) and females:
1.87 (1.11 to 3.14) in Model 2.

Finally, the subjects were divided by gender and then into two groups by leg power
(the strongest 25% group and the other groups). Supplementary Table S3 shows the effect
of muscle strength on the association between FVC% predicted (<80% group and >80%
group) and mortality. In females, Model 1 showed that the HR (95% Cl) of the low FVC%
predicted group was 1.67 (1.05 to 2.64). In Model 2, the leg extension power was added to
Model 1 as an explanatory variable, and the strong leg power group was set as a reference.
The HRs of the low FVC% predicted groups essentially did not change, 1.67 (1.05 to 2.67) in
Model 2 and 1.81 in (1.08 to 3.02) Model 3. Leg power was not associated with mortality.
The weak leg power group showed a HR of 0.98 (0.63 to 1.52) in Model 2 and 1.05 (0.61
to 1.79) in Model 3. In males, the effect of muscle strength on the association between
FVC% predicted and mortality showed a similar trend to Table 3, which was divided into
four groups. Overall, the above findings suggest that weak leg power did not affect the
mortality of females among the low FVC% predicted group.

4. Discussion

Lower FVC% predicted was associated with a higher risk of all-cause mortality in
community-dwelling older males without respiratory symptoms. FVC% predicted under
80% was a risk factor for all-cause mortality in females. Weak leg power may have the
potential to unfavorably affect the association in males with low FVC% predicted but not
in females.

This study showed that weak leg power was associated with high mortality in
community-dwelling older males. Previous studies showed an association between weak
extremity muscle power, including leg power and high mortality [11-16]. We could not find
such an association in females. However, a previous study could not show an association
in older Japanese females [13]. This may reflect the differences in ethnicity or lifestyles
between Japanese/east Asians and people in other countries.
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Previous studies showing an association between low FVC and high mortality did not
mention factors that can affect the risk [1-6,9,10]. This study showed a dose-response rela-
tionship between higher FVC% predicted and lower male mortality. Furthermore, when leg
power was put into the model as an explanatory variable, the variable was independently
associated with mortality and reduced the HR of the low FVC% predicted. This suggests
that weak leg power may predict the high mortality of low FVC% predicted. Indeed,
analysis of the subjects divided into four groups by the FVC% predicted (two groups) and
leg power (two groups) showed a trend of high mortality risk in the weak leg power group
than in the strong leg power group among low FVC% predicted males. However, the
number of males with low FVC% predicted and strong leg power was insulfficient.

The cause of death from low FVC in people without respiratory symptoms is un-
clear [9]. For extremity muscles, weak leg power was associated with high-pneumonia
mortality in older males, but the mechanisms were unclear [31]. Respiratory function and
extremity muscle power moderately correlate with respiratory muscle strength [17-20].
The respiratory muscle strength has a clear relationship with pneumonia. Strong respiratory
muscles generate effective coughing, clear the airways, and prevent pneumonia [18,21,32,33].
Indeed, respiratory muscle weakness was a risk factor for the onset of and possibly death
by pneumonia in older people [21]. Muscle weakness is related to inflammation, including
pneumonia [34-37]. Thus, the association between weak extremity muscle power and
pneumonia might be mediated through respiratory muscle weakness. Likewise, low FVC%
predicted might be associated with pneumonia through respiratory muscle weakness. From
the point of view of muscle weakness, asymptomatic neuromuscular diseases can cause
death. Furthermore, considering respiratory muscle weakness, diaphragmatic dysfunction,
such as diaphragmatic nerve paralysis, can also cause death.

Females showed an association between low FVC% predicted under 80% and high
mortality, and leg power did not affect this association. Thus, in older Japanese females,
associations between respiratory muscle strength, leg power, and lung function might be
weak, or other unknown factors might be involved.

A previous study suggested that FVC was not associated with mortality in older
people without respiratory symptoms [10]. This discrepancy is possibly due to their 8-year
follow-up. In contrast, it was 15 years in our study, in which the analysis was of FVC
instead of FVC% predicted, or did not include dyspnea as a respiratory symptom.

Forced expiratory volume in 1 second (FEV1.0) is another major indicator of respiratory
functions with its well-known association with mortality, and its value is greatly worsened
by smoking [1,5]. Since the effects of smoking on FEV1.0 were extremely great [1,3,5], we
had difficulties analyzing the effects of muscle power on the association between FEV1.0
and mortality.

We calculated the sample size of our main result; the lower FVC% predicted males
exhibited higher mortality risks. The power for males’ Q1 and Q4 hazard ratios was 0.89,
which suggests a sufficient sample size for the analysis.

This study has some limitations. First, this study could not examine the association
between FVC% predicted and cause-specific mortality. Therefore, other data sets will be
required to identify the association. Second, the ethnicity was limited to Japanese. Third,
we could not identify factors that affect the high mortality in females with low FVC%
predicted. Fourth, we could not completely exclude potential interstitial lung disease
patients since they can present asymptomatic and with normal pulmonary function tests.

The present study suggests that low FVC% predicted is associated with an increased
risk of all-cause mortality in community-dwelling older people without respiratory symp-
toms. In addition, this study suggests that weak leg power predicts a high risk of death
due to the low FVC% predicted in older males. Hence, we may highlight the increased risk
to such males in various situations, such as in clinical settings and medical examinations.

Supplementary Materials: The following supporting information can be downloaded at: https://

www.mdpi.com/article/10.3390/jcm11185264 /51, Table S1: Association between FVC% predicted
and mortality (Exclusion of deaths occurring in the first 3 years of follow-up); Table S2: Association
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between FVC% predicted (2 groups <80% and >80%) and mortality; Table S3: The effect of muscle
strength (two groups) * on the association between FVC% predicted (two groups <80% and >80%)
and mortality.
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Abstract: Oropharyngeal dysphagia, a clinical condition that indicates difficulty in moving food and
liquid from the oral cavity to the esophagus, has a markedly high prevalence in the elderly. The
number of elderly people with oropharyngeal dysphagia is expected to increase due to the aging of
the world’s population. Understanding the current situation of dysphagia screening is crucial when
considering future countermeasures. We report findings from a literature review including citations
on current objective dysphagia screening tests: the Water Swallowing Test, Mann Assessment of
Swallowing Ability, and the Gugging Swallowing Screen. Pneumonia can be predicted using the
results of the screening tests discussed in this review, and the response after the screening tests
is important for prevention. In addition, although interdisciplinary team approaches prevent and
reduce aspiration, optimal treatment is a challenging. Intervention studies with multiple factors
focusing on the elderly are needed.

Keywords: dysphagia; aspiration; screening; water swallowing test; Mann Assessment of Swallowing
Ability; Gugging Swallowing Screen

1. Introduction

Oropharyngeal dysphagia is a clinical condition characterized by difficulties in mov-
ing food and liquid from the oral cavity to the esophagus. The prevalence of oropharyngeal
dysphagia is markedly high; 16% of elderly individuals aged 70-79 years who live indepen-
dently suffer from oropharyngeal dysphagia, increasing to 33% in those aged 80 years or
older. Moreover, 51% of the elderly aged 65 years or older living in institutions suffer from
dysphagia [1]. Thus, oropharyngeal dysphagia has a markedly high prevalence. Further-
more, the prevalence of many diseases that can cause oropharyngeal dysphagia increases
with age. Thus, it has been suggested that age-related changes contribute to oropharyngeal
dysphagia. The international trend of aging shows that the proportion of people aged
65 years and older in the total population (population aging rate) has risen from 5.1% in
1950 to 8.3% in 2015, and it is expected to rise to 17.8% by 2060. Population aging will likely
progress rapidly in the next half of this century [2]. As such, the number of elderly people
with oropharyngeal dysphagia is expected to increase worldwide.

Oropharyngeal dysphagia can cause loss of appetite, malnutrition, and poor physical
function; it can ultimately lead to life-threatening situations such as aspiration pneumonia
and asphyxiation accidents. Therefore, understanding the current oropharyngeal dys-
phagia situation is crucial, especially when considering countermeasures for the future.
In recent years, the recommendation to restart oral intake early to maintain swallowing
function and shorten the treatment period, if possible, even in patients with acute aspi-
ration pneumonia, has been advocated [3]. Swallowing function can be evaluated using
a variety of methods, including interviews, medical examinations, screenings, and eval-
uative tests using specialized equipment. Through conversations with patients and their
families, interviews systematically collect the information necessary for diagnosis, match
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this information with medical knowledge, and draw inferences to formulate and direct
diagnosis; thus, interviews are an important first step in the care process. Specifically,
interviews are essential for obtaining comprehensive medical histories and identifying
symptoms suspected to cause oropharyngeal dysphagia, as well as systemic symptoms,
such as nutritional and respiratory status. Symptoms associated with oropharyngeal dys-
phagia can be systematically identified using designated questionnaires. The accuracy
of some of these questionnaires, including the Seirei Dysphagia Screening Questionnaire
and the Eating Assessment Tool-10 (EAT-10), has been validated for dysphagia screening.
Subjective screening questionnaires in the elderly may reduce the prevalence of oropharyn-
geal dysphagia, due to factors such as unawareness of swallowing problems, swallowing
difficulties perceived as natural consequences of aging, and the presence of silent aspira-
tion. Therefore, the use of subjective dysphagia screening in combination with objective
dysphagia screening increases the prevalence of oropharyngeal dysphagia [4]. Ideally, such
screening should yield a positive result for all individuals with oropharyngeal dysphagia
(sensitivity) and a negative result for all individuals without it (specificity), which can
be carried out without the use of special equipment. An ideal screening instrument is
highly needed in medical institutions, long-term care facilities, nursing facilities, and vis-
iting care settings where equipment is not available. Moreover, with an ideal screening
test, unnecessary referrals and tests may be reduced. Furthermore, dysphagia screening
should be able to prevent aspiration pneumonia. Here, we conducted a literature review
on non-instrumental, objective dysphagia screening tests and outlined their effectiveness
in preventing pneumonia.

2. Literature Search on Dysphagia Screening

In order to understand the current status of non-instrumental objective screening tests
in recent years, we conducted a literature search to identify screening tests that have been
suggested to be effective and have been used in multiple institutions (Figure 1).

Records identified i Records identified from:
PubMed (1 = 2032) Web of Science (n = 559)
Records removed before screening:
Records marked as ineligible by automation tools {w = 2830)

Records screened Records screened
(m=102) (mr=45)

Records excluded (1 = 83)
Single disease (excluding stroke)
Equipment was used
Therapy, Training Therapy, Training

Records remaned before screening:
Records marked as incligible by sutomation tools (1 = $14)

Records excluded (u = 25)
ingle disease (excluding stroke)

Reports assessed for eligibility
(n=19) ,7
Reports assessed for eligibility

(m=20)

Reports excluded
Duplicate reports(n = 14)

Targeted at children {1 =1)

Not related to accuracy(m = 8)
Failed to d efficacy (n=7)
Proprietary Protocols (n = 2)

Reports of ncluded studies

water swallowing test (n = 3)

Gugging swallowing screen (n = 3)

Mann Assessment of Swallowing Ability (n= 1)

Figure 1. Study selection flowchart.

In the first step, we defined the four elements of the clinical question as follows: popu-
lation: elderly people with suspected dysphagia; intervention: non-instrumental screening
tests; comparison: instrumental tests (fiberoptic endoscopic swallow study, videofluoro-
scopic swallow study); and outcome: effectiveness of the diagnosis of aspiration. This was
then followed by a search for articles using a structural formula that combines the words
“dysphagia”, “aspiration”, and “screening” screening in PubMed-yielded 2932 articles. We
then narrowed down the article search to meta-analyses, randomized controlled trials, and
systematic reviews published within the last 10 years (from January 2011 to July 2021),
which yielded 102 articles. We tried to limit the number of papers to those that studied
the elderly, but there were too few, so we instead excluded papers on single diseases only,
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excluding stroke. Furthermore, we excluded studies that used equipment such as fiberoptic
endoscopic swallow studies and videofluoroscopic swallow studies, and those related
to oral care, treatment, and training. Subsequently, 19 suitable articles were identified.
A similar search and exclusion process using the Web of Science database resulted in
20 papers. After reading the articles, we excluded duplicates (1 = 14), an article examining
children (1 = 1), those not related to the accuracy of screening tests (n = 8), and systematic
reviews that failed to indicate the effectiveness of screening tests (1 = 7). We additionally
excluded a randomized controlled trial using the DREP screening (DREPs) [5], which is
a protocol used in Brazil, and a randomized controlled trial using an original semi-solid
swallowing test [6], as these are conducted in few facilities. We found three systematic
reviews related to the water swallowing test [7-9], indicating that it is the most common
screening test. Systematic reviews of effective swallowing screening for acute stroke [10]
and swallowing screening in nursing homes [11] showed that the Gugging Swallowing
Screen is a highly reliable tool with high sensitivity. In addition, a 2020 systematic review
of the Gugging Swallowing Screen showed similar results [12], indicating that the Gugging
Swallowing Screen is an effective screening test that can be used in different facilities.
Perren et al. conducted a systematic review to evaluate post-extubation dysphagia in criti-
cally ill patients [13]. Despite the lack of available data on dysphagia screening in intensive
care settings, they stated that the Mann Assessment of Swallowing Ability might serve
as a reliable validated tool for diagnosing dysphagia in stroke patients. Based on these
reports, we examined three dysphagia screening tests: the Water Swallowing Test, Mann
Assessment of Swallowing Ability, and Gugging Swallowing Screen. The original articles
discussed in the adopted reviews, including citations, are presented in Table 1. However,
the articles were limited to those with a sample size of at least 40, and we divided the
protocols for the Water Swallowing Test into three types (single sips, consecutive sips, and
progressive amounts). Each of the three articles was excerpted in chronological order from
the most recent to the oldest.

Table 1. Dysphagia screening methods (sensitivity and specificity).

Study (Year) Il;atlie; tfi Swallowing Inspector RCISTNCe o icome  Sensitivity Specificit
udy (Yea clude Assessment Method specto Test utcome ens Y Spechicity
(Etiology)
Water Swallowing Test
. 107 Single sips 3 mL, Total VESS, L
Wakasugi et al. [14]. (2008) (MD) amount 3 mL NR FEES Aspiration 69 97
. 110 Single sips 4 mL, Total -
Momosaki et al. [15]. (2013) (CVA) amount <12 SLP FEES Aspiration 93 79
165 Single sips 5 mL, Total o
McCullough et al. [16]. (2005) (CVA) amount <10 Doctor VFSS Aspiration 44 94
Single sips 10 mL, Total Doctor VFSS Aspiration 37 96
amount <20
Suiter et al. [17]. (2008) (?\2(]):)0) Consecutive sips 90 mL Doctor FEES Aspiration 97 49
Zhou et al. [18]. (2011) (Cl\O/Z) Consecutive sips 90 mL Doctor VESS Aspiration 87 42
Patterson et al. [19]. (2011) (]{113]6C) Consecutive sips 100 mL NR FEES Aspiration 80 77
50 Progressive amounts 2,
Hey et al. [20]. (2013) (HNC) 5,10,20 mL SLP FEES Aspiration 100 61
Total amount <51 mL
o7 Progressive amounts 5,
Somasundaram et al. [21]. (2014) (CVA) 10,20 mL SLP VFSS Aspiration 70 81
Total amount <50 mL
74 Progressive amounts 5,
Hassan et al. [22]. (2014) (MD) 20, 50 mL NR FEES Aspiration 74 70
Total amount <75 mL
128 Swallowing
Mann et al. [23]. (2000) (CVA) MASA SLP VFSS disorder 73 89
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Table 1. Cont.

Patients

Swallowin, Reference e s e s
Study (Year) Influded Assessment Me%(ho d Inspector Test Outcome  Sensitivity Specificity
(Etiology)
Gonzélez-Fernandez et al. [24]. 133 o
2011) (MD) MASA SLP VESS Aspiration 39.6 59
. 150 . Swallowing
Antonios et al. [25]. (2010) (CVA) Modified MASA Doctor MASA disorder 87~92 84.2~86.3
50 SLP -
Trapl et al. [26]. (2007) (CVA) GUSS Nurse FEES Aspiration 100 50~69
Warnecke et al. [27]. (2017) (égOA) GUSS SLp FEES  Aspiraion 965 55.8
Said Bassiouny et al. [28]. (2017) (C‘i(/)A) GUSS SLP FEES Aspiration 93.8 96.1

CVA: cerebrovascular accident, HNC: head and neck cancer, MD: mixed-disease. SLP: speech-language pathol-
ogist, NR: not reported. VFSS: videofluoroscopic swallow study, FEES: fiberoptic endoscopic swallow study;
MASA: Mann Assessment of Swallowing Ability, GUSS: Gugging Swallowing Screen. All solids in the GUSS were
dry bread.

We reviewed the methodological quality of each included study, using criteria from the
Quality Assessment of Studies of Diagnostic Accuracy (QUADAS-2) tool, as recommended by
Cochrane (www.quadas.org; accessed on 12 December 2021). Results of the methodological
quality assessment for each of the 15 included studies are shown in Table 2. We considered
three studies to be at low risk across all four risk-of-bias domains: patient selection, index
test, reference standard, and flow and timing (McCullough et al. [16], Trapl et al. [26], and
Warnecke et al. [27]). Three studies were at low risk of bias for three domains (Hey et al. [20],
Mann et al. [23], and Antonios et al. [25]). A major concern for risk of bias across the other
included studies was that they had not enrolled consecutive patients or were unknown.
In addition, some studies adopted a convenience sampling method. Finally, there were
a number of high-risk studies due to the fact that they were carried out by people who knew
the respective results of the index test and the reference standard. It was also unclear in
eight studies whether there was an appropriate time interval between the index test and
the reference standard. There were no applicability concerns for 15 studies across the three
applicability domains: patient selection, index test, and reference standard.

Table 2. Assessment of the quality of the included studies.

Risk of Bias Applicability Concerns

Study (Year) Patient Index Reference Flow and Patient Index Reference

Selection Test Standard  Timing  Selection Test Standard
Wakasugi et al. [14]. (2008) - - ? ? + + +
Momosaki et al. [15]. (2013) - + ? + + + +
McCullough et al. [16]. (2005) + + + + + + +
Suiter et al. [17]. (2008) ? - + - + + +
Zhou et al. [18]. (2011) ? - - ? + + +
Patterson et al. [19]. (2011) ? + - ? + + +
Hey et al. [20]. (2013) ? + + + + + +
Somasundaram et al. [21]. (2014) + + ? ? + + +
Hassan et al. [22]. (2014) ? + - ? + + +
Mann et al. [23]. (2000) + + + ? + + +
Gonza-lez-Fernandez et al. [24]. (2011 + - + ? + + +
Antonios et al. [25]. (2010) + - + + + + +
Trapl et al. [26]. (2007) + + + + + + +
Warnecke et al. [27]. (2017) + + + + + + +
Said Bas-siouny et al. [28]. (2017) ? + + ? + + +

(+): Low Risk, (-): High Risk, (?): Unclear Risk. The risk of bias and applicability were assessed according to
QUADAS-2 (www.quadas.org, accessed on 12 December 2021).
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3. Water Swallowing Test

The amount of water used in the Water Swallowing Test (WST) varies, with 3-20 mL
for single swallowing, 90-100 mL for continuous swallowing, and 2-50 mL for a titration
method, which increases the amount of water in stages, each exhibiting varying levels of
diagnostic accuracy (Table 1). Among these stages, the test has the most suitable character-
istics for excluding aspiration when a certain amount of water (e.g., 90 mL), is continuously
ingested. In addition, the WST, with a single ingestion of a small volume, was superior
for correctly classifying aspirating patients. Therefore, it may be possible to increase the
sensitivity and specificity within a screening session of the same patient by performing both
continuous drinking of a certain amount and single drinking of a small amount in stages [7].
However, there are currently no articles on the WST that support a high sensitivity and
high specificity, and continuous swallowing of 90 mL of water is not recommended for
patients who have begun to show signs of dysphagia or require a tracheostomy tube to
secure the airway [20,29].

A recent prospective study of 102 patients aged 75 years or older (mean age 84.5 years)
who were admitted to a geriatric ward reported a sensitivity of 76.6% and specificity of
65% (examiner: physician) for continuous swallowing of 90 mL of water [30]. In a cross-
sectional study of 94 community-dwelling older people (aged 65 years and over) living
independently, there was no significant difference in maximum tongue pressure between
the sarcopenic (47.0 kPa) and non-sarcopenic (48.6 kPa) groups, but the time taken to drink
100 mL of water was significantly longer in the sarcopenic group (12.43 s) than in the non-
sarcopenic group (5.66 s). This finding suggests that sarcopenic patients have a reduced
ability to swallow [31]. The cut-off value for tongue pressure in the diagnostic criteria for
sarcopenic dysphagia is less than 20 kPa [32]. This delay may be an early predictor of
dysphagia before clinical problems become apparent.

3.1. Research Results on WST and Pneumonia

Most studies evaluating the effectiveness of the WST and pneumonia prevention have
been conducted in patients with a single disease. Miki et al. conducted a symptom question-
naire, the Repetitive Saliva Swallowing Test (RSST), and the WST for dysphagia screening
using a single 30 mL intake protocol in 85 postoperative patients with stomach cancer [33].
The results showed that postoperative pneumonia was not observed in patients who tested
positive in the screening tests. Furthermore, the authors reported that intervention by
the rehabilitation department to which the positive patients were referred was important
in reducing the incidence of pneumonia. Three patients who developed postoperative
pneumonia tested negative in the screening tests, and the cause of pneumonia was thought
to be an aspiration in all cases. These results suggest that the screening tests used in this
study did not sufficiently identify patients at high risk for aspiration pneumonia.

Ebersole et al. examined the incidence of hospital-acquired aspiration pneumonia
(HAAP) in 12,392 hospitalized cancer patients who did or did not participate in nursing-
initiated dysphagia screenings [34]. The incidence of HAAP per 1000 discharged patients
who underwent dysphagia screening by the WST (continuous swallowing of 90 mL of
water) was 8.78, and that per 1000 discharged patients who did not undergo dysphagia
screening was 7.36. The study reported that dysphagia screening had no apparent effect on
the incidence of HAAP. However, patients at high risk of oropharyngeal dysphagia, such
as those with a history of head and neck cancer, were excluded from the screening process
in this study; instead, they underwent more comprehensive instrumental swallowing
evaluations. In addition, 30% of HAAP patients associated with difficulty in swallowing
were fasting prior to aspiration, highlighting the difficulty of preventing HAAP in this
population. Discontinuing an oral diet is not equivalent to eliminating the risk of HAAP.
The authors stated that aspiration of secretions, microaspiration of oropharyngeal bacteria,
and reflux associated with tube feeding were the causes of HAAP risk, regardless of
dietary status.
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Oguchi et al. conducted a retrospective study of 97 post-extubation patients undergo-
ing cardiovascular surgery [35]. The endpoints were consciousness level (Glasgow Coma
Scale), RSST, WST (3 mL in single intake), speech intelligibility score, and risk of dysphagia
in the cardiac surgery score (RODICS) [36]. They reported that WST was the strongest
predictive factor of postoperative pneumonia compared to other evaluations and that the
incidence of pneumonia increased approximately three-fold when aspiration was suspected
by the WST. However, 57.14% of patients who did not start oral intake, according to the
results of the WST, were subsequently diagnosed with pneumonia. The authors stated
that it is important to analyze the causal mechanism and consider measures to prevent
pneumonia, such as improvement in wakefulness, swallowing function training, assistance
with phlegm expulsion, airway suction, postural drainage, and oral care.

3.2. Combining the WST with Other Screening Tests

Surprisingly, there are few articles on the WST and pneumonia prevention. As the
WST evaluates airway response and voice changes, it may overlook silent aspiration, which
is caused by the absence of a cough reflex or throat ringing even when a substance is
absorbed in the subglottis. To compensate for this oversight, pulse oximetry, cervical
auscultation, and cough tests were used in a combined evaluation. Pulse oximetry, which
measures oxyhemoglobin saturation in peripheral capillaries, is used to detect a decrease in
saturation that suggests aspiration during swallowing. However, the diagnostic accuracy
of pulse oximetry in predicting aspiration is controversial, and current evidence does not
support its use [37].

Cervical auscultation determines dysphagia, mainly in the pharyngeal phase, by
listening to swallowing and breathing sounds using a stethoscope placed on the neck.
Although it has long been used as a non-invasive and common screening method, it lacks
sufficient objectivity and reliability among available evaluators because of the limitations
of the human auditory system and the fact that the stethoscope is designed and tuned for
a specific purpose, such as observing heart or lung sounds [38]. However, a device called
high-resolution cervical auscultation (HRCA) has been developed, which is expected to be
applied clinically as a non-invasive screening method and as a biofeedback method during
treatment [39].

We did not find any studies evaluating the effectiveness of the WST in combination
with pulse oximetry or cervical auscultation for preventing pneumonia, but one study
investigated the association between the combined WST and cough test, and the onset of
pneumonia, which is shown below. Nakamori et al. investigated the association between
the RSST, the WST (3 mL in single intake), and a cough test with the onset of pneumonia
in acute stroke patients [40]. Each test was performed on 226 patients upon admission;
the patients were then monitored for 30 days. Of these, 17 patients developed pneumonia
during the observation period, and the sensitivity and specificity of the WST were 29.4%
and 95.2%, respectively. Other screening tests alone did not adequately predict the risk of
aspiration pneumonia. However, combining these three tests increased the sensitivity and
specificity to 88.2% and 83.7%, respectively, demonstrating their usefulness for predicting
aspiration pneumonia. Moreover, the authors stated that the risk of silent aspiration was
thought to be high when an abnormality was found in the cough test, and strategies to
prevent aspiration pneumonia, such as pulse oximetry, were crucial. Perry et al. conducted
a randomized controlled trial of cough test for dysphagia in 311 acute stroke patients [41]
and developed the Dysphagia in Stroke Protocol (DiSP), a standardized management
protocol based on a previous study showing that pneumonia was not reduced in patients
who underwent a cough test [42]. They then investigated the changes in clinical outcomes
after using DiSP in patients with acute stroke (n = 432). DiSP is a protocol in which patients
who have passed the cough test proceed to the evaluation of oral intake, and patients
who have failed the cough test immediately undergo a videofluoroscopic swallow study
(VESS) without oral intake. The study results of the study showed that the incidence
of aspiration pneumonia after DiSP was 10%, regardless of the cough test, which was
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significantly lower than the 28% observed prior to using DiSP. Nevertheless, the mortality
rate of patients who developed pneumonia was only slightly reduced. Thus, to reduce
pneumonia-related mortality, the authors concluded that proper management of patients
with silent and dominant aspiration is more important than simply identifying patients
with potential aspiration.

In summary, the WST achieves various levels of sensitivity and specificity as described
in the literature, but it is well known that the WST may overlook silent aspiration as it
evaluates by airway response and voice changes. Therefore, further research is needed to
establish the most effective combination of screening tests to detect silent aspiration. In
addition, management to avoid the onset of pneumonia, such as oral care, is important for
preventing pneumonia.

4. Mann Assessment of Swallowing Ability

The Mann Assessment of Swallowing Ability (MASA) was developed by the Amer-
ican speech therapist Mann and colleagues to evaluate swallowing dysfunction in acute
stroke patients [43]. As a clinical assessment tool rather than a screening test for dysphagia,
the MASA can quantify the risk of aspiration in a bedside setting using the following
24 endpoints: general patient examination (alertness, cooperation, auditory comprehension,
aphasia, apraxia, and dysarthria); the oral preparation phase (saliva, lip seal, tongue move-
ment, tongue strength, tongue coordination, oral preparation, respiration, and respiratory
rate for swallowing); the oral phase (gag reflex, palatal movement, bolus clearance, and oral
transit time); and the pharyngeal phase (cough reflex, voluntary cough, voice, tracheostomy,
pharyngeal phase, and pharyngeal response). Each endpoint of the MASA is evaluated on
a scale of 5 or 10 points, with a total score of 200 points. A lower score for each endpoint
indicates a higher severity of dysphagia, and the suspicion of dysphagia or aspiration can
be determined from the total score of each endpoint. In acute stroke patients, dysphagia is
suspected with a total MASA score of 177 points or lower, and aspiration is suspected with
a total MASA score of 169 points or lower.

The sensitivity and specificity of the MASA for predicting of dysphagia in stroke
patients were reported to be 73% and 89%, respectively, in comparison with VFSS. In
addition, the sensitivity and specificity of the MASA for the prediction of aspiration were
reported to be 93% and 63%, respectively [23]. The MASA is currently used for various
diseases, and its sensitivity and specificity for evaluation in a mixed disease population were
39.6% and 59%, respectively, when VFSS was used as the gold standard [24]. Antonios et al.
statistically reviewed the original MASA data and identified items important for developing
a clinical assessment tool that could be used more rapidly and accurately [25]. As a result,
they devised a modified MASA (mMASA), a simplified version of the MASA, to utilize
highly distinguishable items. The mMASA showed a sensitivity of 87-92% and a specificity
of 84.2-86.3% in predicting dysphagia with respect to the original MASA (Table 1).

As mentioned above, the MASA was developed to evaluate the eating and swallow-
ing dysfunction in acute stroke patients, and the cut-off value for aspiration was set to
170 points. In addition, of the 24 items, 12 items of “alertness, cooperation, auditory compre-
hension, respiration, dysphasia, dysarthria, saliva, tongue movement, tongue strength, gag,
voluntary cough, and palate” are specified in the mMASA. Therefore, a study examined
the calculation of the cut-off value of the MASA suitable for the elderly requiring nursing
care for various diseases and the usefulness of the endpoints of the MASA [44]. In this
study, based on the total score of the MASA and the results of the fiberoptic endoscopic
swallow study (FEES), a cut-off value for aspiration was 122 points with a sensitivity and
specificity of 75% and 90%, respectively. In addition, the sensitivity and specificity were
90% and 33%, respectively, when the cut-off value of 170 points for acute stroke patients
was used. This indicates that the number of false-negative diagnoses increased when the
original cut-off value was used for the elderly requiring nursing care. In addition, of the
24 items evaluated in the MASA, the following 8 items were shown to be potentially useful
for evaluating the eating and swallowing functions of the elderly requiring nursing care:

94



J. Clin. Med. 2022, 11, 370

6 items of “cooperation, oral preparation, oral transit time, cough reflex, pharyngeal phase,
and pharyngeal response” that do not require the execution of instructed movements, as
well as 2 items of “tongue strength and tongue coordination” which have been associated
with sarcopenic dysphagia [31,45].

Research on MASA and Pneumonia

The MASA has been used to predict pneumonia in hospitalized patients. Mitani et al.
conducted a retrospective observational study to determine whether the onset of pneu-
monia could be predicted in 393 hospitalized patients (average age 79.2 &= 11.4 years).
The etiologies of the participants were as follows: Parkinson’s disease (1 = 111), multiple
cerebral infarctions (1 = 73), cerebral infarction (n = 57), orthopedic diseases (n = 23),
disuse (n = 10), cerebral hemorrhage (1 = 9), subarachnoid hemorrhage (1 = 6), chronic
obstructive lung disease (n = 3), neuromuscular disease (excluding Parkinson’s disease;
n = 66) and others (n = 35)) [46]. The follow-up period was 365 days, and the items of
the MASA, Functional Independence Measure (FIM), and Controlling Nutrition Status
(CONUT) were investigated. The results showed that 102 patients developed pneumonia
and that FIM and MASA scores were significantly lower in the group with pneumonia than
in the group without pneumonia, while the average age and the CONUT scores were higher
in the group with pneumonia than in the group without pneumonia. The cut-off MASA
score was 170.5 points, with a sensitivity and specificity of 70% and 83%, respectively,
and the authors stated that the MASA might be a useful tool for predicting the onset of
pneumonia. Chojin et al. conducted a prospective cohort study of 153 elderly hospitalized
patients with pneumonia who were evaluated by a speech-language pathologist using the
MASA (average age of 85.4 & 9.9 years) [47]. In this study, a multivariate analysis showed
that a MASA score of 169 points or lower was an independent risk factor for recurrence of
pneumonia within 30 days and mortality after 6 months. Therefore, the authors stated that,
for patients with a low MASA score, it is important to start oral care and appropriately
evaluate and support various aspects of life, such as diet, posture during meals, mealtime,
and degree of care.

The MASA can be performed with minimal items, such as a penlight, a tongue depres-
sor, and test foods that require mastication. With its low invasiveness, the MASA can be
performed by speech therapists and nurses, in addition to doctors, and is considered useful
for temporal evaluations, such as regular evaluation to predict the onset of pneumonia and
evaluation of training effects. In patients with a low MASA score, it is important to prevent
pneumonia by intervening early in dysphagia. However, the MASA, which focuses on
indirect endpoints of swallowing, requires additional tests to propose a food style suitable
for the patient.

5. Gugging Swallowing Screen

One of the screening tests that can recommend a food style is the Gugging Swallowing
Screen (GUSS), which was developed at the Landesklinikum Donauregion Gugging in col-
laboration with Danube University Krems in Austria to evaluate the severity of dysphagia
and the risk of aspiration in acute stroke patients. The GUSS is currently used to evaluate
dysphagia in various diseases, and it has been translated into multiple languages and is
widely used internationally [48]. The GUSS is divided into an indirect swallowing test
in Part 1 and a direct swallowing test in Part 2, consisting of three subtests, all of which
must be performed in succession. The direct swallowing test starts with semisolid foods,
which are considered less challenging for acute stroke patients, and gradually step up to
more challenging test items, such as liquid and solid test foods. In addition, the liquid
swallowing subtest of the GUSS uses a titration method in which the amount of water is
gradually increased in steps of 3, 5, 10, 20, and 50 mL. The subtests are evaluated based on
points, with higher points indicating a better grade. A maximum of five points is given in
each subtest, with a total of 20 points over four subtests, and a patient must achieve the max-
imum score of 5 points to advance to the next subtest. Based on the score, the following diet
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is recommended: a regular diet for the maximum score of 20 points, a swallowing-adjusted
diet and small amounts of liquid for 15-19 points, a baby food-like swallowing-adjusted
diet in combination with an alternative nutrition method for 10-14 points, and no oral
intake for 9 points or lower. In addition, consultation with a swallowing specialist and
further evaluation by FEES and VFSS is recommended for patients with 19 points or lower.

Studies on the effectiveness of the GUSS have been carried out on stroke patients. In
addition, the cut-off value of the GUSS was set to 14 points, and it was examined using
FEES. Trapl et al. prospectively evaluated 50 acute stroke patients in an upright position of
at least 60 degrees in bed and capable of recognizing the examiner’s face, spoon, and texture
in front of him/her at the start of GUSS [26]. They found that the GUSS had a sensitivity
of 100%, a specificity of 50-69%, and a negative predictive value of 100%. Warnecke et al.
examined 100 acute stroke patients using a prospective, double-blind method and reported
that the GUSS screened for risk of aspiration with a high sensitivity of 96.5% and a specificity
of 55.8% [27]. They also stated that low specificity was associated with the high rate of
failure to complete the initial part of the GUSS in severe cases with a National Institute of
Health Stroke Scale score of 15 points or higher. The effectiveness of the GUSS may vary
depending on the severity of the stroke. Said Bassiouny et al. prospectively evaluated
40 acute stroke patients [28]. High sensitivity (93.7%) and high specificity (92.5%) were
observed in patients who were clearly conscious and able to follow instructions (Table 1).

Research on GUSS and Pneumonia

Studies relating to GUSS and pneumonia have evaluated measures for predicting
stroke-associated pneumonia (SAP) in stroke patients and their role in reducing the inci-
dence of SAP. Quyet et al. prospectively surveyed 508 patients hospitalized within 5 days of
stroke onset, which showed an incidence of SAP of 13.4% [49]. Logistic regression analysis
showed that a GUSS score of 15 points or lower was associated with SAP (odds ratio 11.7,
95% confidence interval of 6.6-20.8, p-value < 0.01). The authors concluded that dysphagia
was an independent risk factor for pneumonia. Dang et al. conducted a cohort study
enrolling 892 acute stroke patients, which showed an incidence of SAP of 13.8% [50]. With
a sensitivity and specificity of 80.5% and 80.1%, respectively, they stated that the GUSS
was superior in predicting SAP. In addition, logistic regression analysis showed an odds
ratio (OR) of 11.4, a 95% confidence interval of 7.4-17.5, and a p-value of < 0.01 (solid food
is bread).

Regarding the decrease in the incidence of SAP, Teuschl et al. compared patients
evaluated by the GUSS with those who were not evaluated, using a database containing
1394 patients hospitalized for acute stroke [51]. A total of 993 patients (71.2%) was screened
by GUSS, of whom 50 (5.0%) developed SAP. The incidence of SAP in these patients was 22
(5.5%), which was comparable to that in 401 patients who were not screened. The incidence
of SAP was low compared to the overall incidence in recent meta-analyses, suggesting that
the GUSS was effective in preventing SAP. However, no difference was observed between
the two groups, which may be because cases of extremely severe stroke, for which early
testing was not possible, and very mild cases, for which pneumonia was not expected, were
likely not screened, masking the positive effects of the intervention. Furthermore, they
concluded that identifying patients at risk for SAP using the GUSS, including those with
very mild stroke, and other management factors, such as the timing of nasogastric tube
insertion, oral hygiene, and administration of antibiotics, in addition to diet therapy, were
also helpful in further reducing the incidence of SAP. Serensen et al. conducted a controlled
trial in acute stroke patients, which consisted of an intervention group that received oral
hygiene based on GUSS by a speech and language pathologist, a standardized care plan
immediately after admission (n = 58), and a control group that received arbitrary clinical
swallowing screening and oral hygiene (1 = 88) [52]. The results showed that the incidence
of SAP was 7% in the intervention group and 27% in the control group, and they reported
that the incidence of SAP was significantly reduced by early systematic screening using
the GUSS and enhanced oral hygiene (solid food is dry bread). Similarly, another study

96



J. Clin. Med. 2022, 11, 370

compared the incidence of SAP between the intervention group (n = 186), in which nurses
performed GUSS all year round, and the control group (1 = 198), in which only speech
therapists performed GUSS during working hours [53]. They reported that the time from
admission to GUSS was shorter in the intervention group and that the incidence of SAP
was significantly lower in the intervention group (3.8%) than in the control group (11.6%).
Furthermore, the intervention group had shorter hospital stays and lower short-term in-
hospital mortality rates. However, another study compared the duration of systematic
10-mL WST (n = 204) with the duration of systematic GUSS administration by trained
nurses (n = 140), reporting that they showed no difference of SAP or mortality [54].

Based on these results, SAP can be predicted and prevented by systematically imple-
menting the GUSS at an early stage and examining the food style. This allows for early
evaluation of the swallowing function after hospitalization, and prompt consultation with
a swallowing specialist or performance with FEES and VFSS. Upon inspection of dysphagia
or aspiration, the incidence of SAP is thought to be reduced. Further studies, including
those on patients other than those with acute stroke, are expected to validate the effec-
tiveness of the GUSS. A 2012 systematic review by Wilkinson et al. of bedside diagnostic
tests for aspiration and predictors of pneumonia in older patients without stroke stated
that the existing evidence is insufficient to support the use of bedside tests in the general
elderly population A systematic review of predictors of inflammatory bowel disease stated
that existing evidence was insufficient to support the use of bedside testing in the general
population [55]. Currently, a scoping review protocol on the psychometric properties of
tools for initial screening of oropharyngeal dysphagia in older people is underway [56].

6. Conclusions

We believe that pneumonia can be predicted by screening tests, such as the WST,
MASA, and GUSS, as discussed in this review. Studies that reported the prevention of
pneumonia used these screening tests in combination with DiSP, early systematic GUSS ad-
ministration, or enhanced oral hygiene. Therefore, the response after predicting pneumonia
by screening tests at an early stage is thought to be important for preventing pneumonia.
Many studies have stated that an interdisciplinary team approach improves the efficiency
and quality of treatment to prevent and reduce aspiration. However, it is difficult to identify
which team approach is most effective and which type of treatment combination is the
most optimal. Future intervention studies that investigate multiple factors and focus on
the elderly are needed.
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Abstract: Pneumonia continues to complicate the course of spinal cord injury (SCI). Currently,
clinicians and policy-makers are faced with only limited numbers of pneumonia incidence in the
literature. A systematic review of the literature was undertaken to provide an objective synthesis of
the evidence about the incidence of pneumonia in persons with SCI. Incidence was calculated per
100 person-days, and meta-regression was used to evaluate the influence of the clinical setting, the
level of injury, the use of mechanical ventilation, the presence of tracheostomy, and dysphagia. For
the meta-regression we included 19 studies. The incidence ranged from 0.03 to 7.21 patients with
pneumonia per 100 days. The main finding of this review is that we found large heterogeneity in
the reporting of the incidence, and we therefore should be cautious with interpreting the results. In
the multivariable meta-regression, the incidence rate ratios showed very wide confidence intervals,
which does not allow a clear conclusion concerning the risk of pneumonia in the different stages
after a SCI. Large longitudinal studies with a standardized reporting on risk factors, pneumonia, and
detailed time under observation are needed. Nevertheless, this review showed that pneumonia is
still a clinically relevant complication and pneumonia prevention should focus on the ICU setting
and patients with complete tetraplegia.

Keywords: pneumonia; spinal cord injury; systematic review; incidence

1. Introduction

Pneumonia continues to complicate the course of spinal cord injury (SCI). Currently,
clinicians and policy-makers are faced with only limited numbers of pneumonia incidence
in the literature. Respiratory complications are one of the main comorbidities after SCI,
especially among persons with cervical and high thoracic injury [1]. The underlying prob-
lem is paralysis of the respiratory muscles, which leads to poor mobilization of secretion,
bacterial accumulation in the secretion, and resultant respiratory infections [1-3]. The
higher the level of SCI, the greater is the risk of respiratory complications [2]. About 30% of
all deaths after an SCI are due to respiratory causes, with pneumonia as the most common
respiratory cause [4].

Pneumonia is defined as inflammation of the lung tissue and is usually caused by
infection [5,6]. The United States Centers for Disease Control and Prevention provide an
overview of causes of pneumonia [7]. Pneumonia can be caused by viruses, bacteria, and
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fungi. Common causes of viral pneumonia are influenza viruses, respiratory syncytial
virus, and SARS-CoV-2. A common cause of bacterial pneumonia is Streptococcus [8,9].
However, clinicians are not always able to find out which pathogen caused pneumonia.
Generally, the bacteria and viruses that most commonly cause pneumonia in the community
are different from those in healthcare settings [7]. Diagnosis can be made by radiographic
signs of parenchymal disease [6] or clinical signs such as fever, inflammatory markers or
purulent tracheobronchial secretions.

Pneumonia profoundly impacts the length of hospital stay and the neurological out-
come in persons with SCI [10]. Many persons with SCI, who survive acute hospitalization,
die within 6.2 years after discharge [11], mainly as a result of cardiovascular (13-37%) and
pulmonary diseases (9-30%) [11-13]. In patients with community-acquired pneumonia, the
case fatality rate for pneumonia (7.9% within 60 days) is greater in persons with SCI com-
pared to the general population, and hospitalizations are more frequent with increasing age,
tetraplegia, and the occurrence of comorbidities [14]. Male gender, motor complete injury,
presence of chest trauma and the timing of intubation are key predictors for pneumonia in
SCI [10].

The risk of pneumonia is the sum of different factors such as level of injury, the clinical
setting, the use of mechanical ventilation, the presence of tracheostomy, and dysphagia. The
higher the level of spinal-cord damage, the more severe are the respiratory impairment [15]
and the risk of pneumonia. Respiratory dysfunction in SCI can be considered in 2 phases:
(1) the initial phase immediately following the injury and the year thereafter, and (2) the
chronic phase during the rest of the life of the affected individual [16]. Early after an
injury, a reduction in lung compliance occurs, with reduced lung volumes and changes
in the mechanical properties of the lung [16]. Brown et al. described an improvement of
respiratory function with time depending on the level and completeness of the injury, the
extent of the spontaneous recovery, and other factors [16]. Thus, the time post injury and
the setting play an important role in the development of pneumonia. Patients affected by
pneumonia can be admitted to ICUs independently by the setting where the infection has
been acquired [17]. However, frequently pneumonia can develop in patients already in an
ICU, especially in those requiring mechanical ventilation [17].

In persons with severe paralysis, the risk of dysphagia is increased, particularly in
the first weeks after injury [18]. Mechanical ventilation and prolonged tracheostomy
further increase the risk of pneumonia [19,20]. Shem et al. reported that 75% of spinal
cord injured patients with dysphagia developed pneumonia compared to 29% without
dysphagia [19]. Martin et al. showed that pneumonia is significantly associated with the
need for a tracheostomy in 67% of patients with SCI [21].

A formal incidence of pneumonia in persons with SCI is still missing and, to our
knowledge, this is the first systematic review of the incidence of pneumonia in the SCI
population. Incidence of a disease indicates the number of new cases within a time pe-
riod in a population. Systematic reviews of prevalence and incidence data are becoming
increasingly important as decision-makers realize their usefulness in informing policy and
practice [22]. Accurate estimates of the true incidence of pneumonia are also of value
in improving the understanding and awareness in an SCI population and in planning
diagnostic and intervention services. We hypothesized that the risk of pneumonia may
be influenced by various factors such as the clinical setting, the level of injury, the use of
mechanical ventilation, the presence of a tracheostomy, and the presence of dysphagia.
Therefore, a systematic review of the literature was undertaken to provide an objective
synthesis of the evidence about the incidence of pneumonia in persons with SCI using five
covariates: clinical setting, the level of injury, use of mechanical ventilation, presence of
tracheostomy, and dysphagia.

2. Materials and Methods

We conducted a systematic review and meta-regression of incidence studies of the
incidence of pneumonia in SCI. The review was guided by the recommendations provided
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for Meta-analysis of Observational Studies in Epidemiology (MOOSE) and guidelines for
undertaking systematic reviews of incidence and prevalence studies [23,24]. The review was
registered with the International Prospective Register of Systematic Reviews (PROSPERO
2019 CRD42019129048).

2.1. Types of Studies

We considered all types of studies for inclusion, except case studies.

2.2. Literature Searches

A variety of sources were used to find relevant publications, including PubMed, EM-
BASE, MEDLINE (Ovid) and the Cochrane Central Register of Controlled Trials (CENTRAL)
databases. Search terms and the combination of exploded Medical Subject Heading/Emtree
terms using “or” and “and” per database specification are provided in Supplementary
File S1. One review author (AMR) designed this search strategy in collaboration with an
experienced health librarian. A systematic and comprehensive search was scheduled on
20 March 2019 with a final update on 12 May 2020. We also searched the reference lists
of relevant papers and literature reviews by hand. We contacted study authors to acquire
information that was not included in their articles. Additionally, we contacted experts in the
field to find all publications that matched our inclusion criteria. Initially we applied no date,
language or publication restrictions. The search strategy for the six databases is provided
in Supplementary File S1. However, three papers in Chinese, Danish, and Icelandic could
not be translated and they were not included in the analysis. No other studies required
translation into English. Papers with low incidence may be under-represented in our final
list of publications.

Eligibility Criteria

We included studies involving male and female patients with a primary diagnosis of
traumatic or non-traumatic SCI, American Spinal Injury Association Impairment Scale (AIS)
A-D, right and left motor level between C1-L5, both acute and chronic. The participants
were 18 years of age and over. In those studies with missing information about the AIS
grade, we contacted the authors of the study. For those who gave no answer we used the
following definition: “complete” SCI indicates AIS A in which no motor or sensory function
is preserved, and “incomplete” SCI indicates an AIS B,C,D in which sensory but no or
partial motor function is preserved [25]. In the included studies, only the term “pneumonia”
was used, and the causes and types of pneumonia were not specifically defined. Therefore,
analysis among different types of pneumonia was not possible.

Studies on patients with progressive neurological diseases such as multiple sclero-
sis, poliomyelitis or amyotrophic lateral sclerosis were excluded as well as studies on
patients with mental disorders, patients taking bronchodilators or any other medication
that influences respiration at the time of assessment. We also did not include studies that
investigated pneumonia caused by the recently discovered coronavirus with the outbreak
in China in December 2019 and the ensuing pandemic.

Full-text, peer-reviewed studies were required to report data on incidence of pneu-
monia in persons with SCI. Studies could be conducted in the hospital or community
setting.

2.3. Study Records

The search results were collated in an EndNote X8 database (Clarivate Analytics,
Philadelphia, PA, USA). Duplicates were removed before search results were analyzed.
Two review authors (A.M.R., S.E.) independently assessed the titles and abstracts to identify
potentially relevant articles by using the Covidence systematic review software (Veritas
Health Innovation, Melbourne, Australia). After initial screening, the two review authors
independently assessed the full texts of the retrieved articles for compliance with the
eligibility criteria. Disagreement was resolved by discussion. In cases when no decision

102



J. Clin. Med. 2022, 11, 211

could be made by consensus, a third author (G.M.) was consulted for discussion until
agreement could be reached. A PRISMA flow chart of the study selection procedure was
created (Figure 1).

( ) Records identified through
database searching
= —
-.9.. Emiﬂiﬁg ::ggg Additional records identified through
E Pubmed n=176 refererf:se lists
£ CENTRAL n=0 (n=8)
S (n=711)
=
- | ,
( \ Records after duplicates removed
(n=517)
an
£
c
o v Records excluded
E Records screened > (n=420)
(n=51T7)
— Full-text articles excluded
(n=71)
‘a— y Reasons for exclusion:
Full-text articles assessed = Wrong patf:nt
C - population=54
~ for eligibility
2 (n=97) - Conf:_arer_lce
= contributions n=2
W = Withdrawn articles=3
W = Wrong outcomes
n=7
= Paediatric population
— n=1
= Wrong study design
() n=1
= Fulltext in language
we were not able to
2 hJ translate
- L . n=3
= Studies included in
s qualitative synthesis
(n=26) N Studies excluded
" (n=2)
(S Reasons for exclusion:
= No information on
h 4 follow-up time
Studies included in n=1
quantitative synthesis = Multiple events per
(meta-regression) person
(n=24) n=1

Figure 1. PRISMA flow diagram. Systematic review of incidence studies of pneumonia in persons
with spinal cord injury.
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2.4. Data Extraction

Methods and population characteristics reported across studies were selected for data
extraction. One review author (A.M.R.) extracted and coded data from included studies by
using a predefined form. A second review author (R.H.) checked the extracted data. The
second review author consulted the first one in cases where there was disagreement to find
a consensus. The following items were extracted: year of publication, country, design of
study, sample size, clinical setting, age, sex, AIS grade, level of injury, length of hospital
stay, use of mechanical ventilation, length of observation, and the incidence of pneumonia.

2.5. Data Processing

We calculated incidence rates per 100 person-days based on the number of events
divided by the total exposure time in days. Because most of the studies only reported
overall follow-up time and not the exact time at risk to develop pneumonia, we estimated
the time at risk by taking the mean follow-up time in days for patients without pneumonia
and by taking half of the mean follow-up time in days for the patients with pneumonia
to adjust for the reduced time at risk in persons with a pneumonia (i.e., the person stops
being at risk when diagnosed with a pneumonia) [26]. The time at risk was then multiplied
by the number of participants in the study. We only considered cases with pneumonia and
not episodes of pneumonia, i.e., each person was considered only once in the calculations.
In a sensitivity analysis, we calculated a minimal follow-up time by using 0 days for the
cases and a maximal follow-up time by using the full follow-up time for all patients.

2.6. Risk-of-Bias Assessment

Risks of bias were assessed for all included studies using a “Quality assessment check-
list for prevalence studies” developed by Hoy et al. [27]. The tool consists of 10 questions,
and each question can be answered as “yes”, defined as low risk of bias or “no”, defined
as high risk of bias. The quality assessment questions addressed external validity (items
1-4) and internal validity (items 5-10) (Supplementary File S2). We selected the five most
important items for the aims of our study (items 2, 4, 6, 7, 10). We decided for a conservative
procedure that the worst item out of these five items was decisive for the rating of the
whole study. Uncertainties in rating of the risk of bias were resolved by discussion with two
further authors (R.H., G.M.). The full risk-of-bias assessment is shown in Supplementary
File S3. We planned to perform sensitivity analyses comparing results from studies with a
high risk of bias compared to studies with low risk of bias within the subgroups.

2.7. Data Synthesis

The incidence rates were used to calculate pooled incidence rates per subgroup (i.e., for
each combination of the study characteristics) with a random-effects meta-analysis and were
used to perform a meta-regression to provide the incidence-rate ratios for the independent
variables: Setting, Level of Injury, Ventilation, Tracheostomy, and Dysphagia [28]. Five
categorical variables were used to create the subgroups and as independent variables in
the univariable and multivariable regression models: Setting (Acute, ICU, Rehabilitation,
Post-Rehabilitation, Long-Term Ventilated, and Mixed), Level of Injury (studies with only
persons with paraplegia, studies with only persons with tetraplegia, studies where more
than 50% but less than 100% of the persons had paraplegia, studies where more than
50% but less than 100% of the persons had tetraplegia, and “mixed” for studies where
the proportion of persons with paraplegia or tetraplegia was not reported), Ventilation
(Not Ventilated or No Information, Ventilated, and Mixed), Tracheostomy (No, Yes, Mixed),
Dysphagia (Not Mentioned, No, Yes). The categorical variable dysphagia was not entered
in the multivariable meta-regression because of the low number (1 = 2) of included studies
with information on dysphagia.

Settings were divided into ICU, acute phase, rehabilitation phase, post-rehabilitation
phase and mixed setting, in which the first three settings are linked to hospital-acquired
pneumonia and post-rehabilitation is linked to community-acquired pneumonia. Mechan-
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ical ventilation means ventilation through a tracheostomy or an endotracheal tube [29].
Dysphagia is commonly diagnosed by a swallow evaluation at the bedside, a flexible
fiberoptic endoscopy evaluation of swallowing, or a videofluoroscopic swallow study [30].
Dummy variables were created, and the category with the hypothesized lowest incidence
was chosen as the reference category. The meta-regression was performed with a Poisson
regression with a random intercept, which corresponds to a random effects meta-regression.
Details on this method can be found here [31,32]. Statistical heterogeneity was evaluated
using tau2 and the I? statistic. Tau2 is between study variance of the incidence rates, and
12 describes the proportion of variation in incidence estimates that is due to genuine varia-
tion rather than sampling error. Values for I? of 50% or greater were considered to show
substantial heterogeneity [33,34]. Analyses were performed with Stata, version 17 and R (R
Foundation for Statistical Computing, Vienna, Austria) and the packages meta [35] and
metafor [36].

3. Results
3.1. Studies Identified

Literature searches identified 719 records, including duplicates. Figure 1 displays the
flow of the inclusion of records. After exclusion through comparisons of titles and abstracts
against inclusion criteria, 97 records were identified for detailed examination. In total,
71 records were excluded (Supplementary File S4) with the reasons listed in Figure 1. The
main reason was that in 54 studies the wrong patient population was examined (Figure 1).
Mainly, data for the sub-analyses for the SCI population were missing and therefore the
numbers for incidence of pneumonia could not be used for our analyses.

Finally, 24 records met inclusion criteria, and 19 studies could be included in the
analyses for the incidence rates and incidence rate ratios. Of the 24 included studies, only
2 designed their study specifically to report on incidence of pneumonia [37,38]. The study
sample sizes ranged from 14 to 18,693 (median = 90), and the studies were published
between 2001 and 2020 and carried out in Europe (1 = 7), Asia (n = 4) and the U.S. (n = 13).
Of these 24 studies, 12 studies were prospective. Table 1 describes the study characteristics.

3.2. Risk of Bias

Supplementary File S3 is a tabular display of the overall risk-of-bias assessment. Of
the 24 included papers, all studies were rated as having a high risk of bias; therefore, we
did not undertake a risk-of-bias sensitivity analysis.

3.3. Incidence Rates per 100 Person-Days and Incidence-Rate Ratios

Meta-regression of 19 studies reporting on 34 study samples was conducted. Because
Raab et al. and Smith et al. did not report cases per time units, both studies were excluded
from the meta-regression. The study from McKinley et al. from 2002 and two studies from
Shem et al. from 2011 and 2012 were also excluded because the use of patients in different
studies is quite likely. Only the latest studies were included in the analyses to ensure that
each patient is only included once in our analyses.

Figure 2 shows the incidence rates for each study and pooled for each subgroup. The
incidence rates ranged from 0.06 to 3.98 per 100 person-days for the acute setting, from
0.27 to 7.21 per 100 person-days for the ICU setting, from 0 to 1.84 per 100 person-days for
the rehabilitation setting, and from 0.03 to 0.96 for the post-rehabilitation setting. Figure 2
also shows that the heterogeneity remains high, even when subgroups are built with the
combination of setting, level of injury, ventilation, tracheostomy, and dysphagia (high 12 in
most subgroups).
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Figure 2. Forest Plot of all included study samples, without pooled results. CI = confidence interval;
Fup, Follow up; G-Csf, granulocyte colonystimulating factor; ICU, Intensive Care Unit; LT-Ventilated,
long-term ventilated; MPSS, high-dose methylprednisolone sodium succinate; n.m., not mentioned;
Para, paraplegia; Rehab, rehabilitation; Tetra, tetraplegia; Ventilation, mechanical ventilation.

Table 2 shows the univariable and multivariable incidence rate ratios. For the setting,
the incidence-rate ratio was 8.20 (95% CI 2.21 to 30.39) for the ICU compared to the post-
rehabilitation setting. The incidence-rate ratios for the other settings were not statistically
significant. The only other significant incidence-rate ratios were for the ventilated and
mixed versus the studies where no information was given for the mechanical ventilation.

In the multivariable meta-regression (adjusted for setting, level of injury, ventilation,
and tracheostomy), the incidence rate was only significant for the mixed setting versus the
post-rehabilitation setting (IRR 15.76, 95% Ci 1.31 to 189.45), and the studies with a mix
of ventilated and non-ventilated patients versus those with no information on ventilation
(IRR 5.07, 95% CI 1.58 to 16.25).
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Table 2. Univariable and multivariable Meta-Regression including Setting, Level of Injury, Ventilation,
Tracheostomy, and Dysphagia.

Univariable Meta-Regression Multivariable Meta-Regression
. Incidence o Incidence o
Variable Rate Ratio 95% CI p-Value Rate Ratio 95% CI p-Value
Setting
Post-Rehab (Reference) 1.00 1.00
Acute 3.25 0.81 to 12.97 0.095 0.65 0.13 to 3.35 0.605
ICU 8.20 2.21 to 30.39 0.002 227 0.32 t0 15.93 0.410
Long-Term Ventilation 1.33 0.12 to 14.6 0.817 0.97 0.05 to 17.64 0.983
Mixed 3.08 0.28 t0 33.3 0.355 15.76 1.31 to 189.45 0.030
Rehab 3.23 0.49 to 21.41 0.224 0.75 0.1t05.9 0.785
Level of Injury
Persons w. Paraplegia (Reference) 1.00
Mixed, >50% Persons w. Paraplegia 0.28 0.02 to 4.62 0.371 0.20 0.01 to 0.01 0.296
Mixed, >50% Persons w. Tetraplegia 2.54 0.22 to 30.11 0.459 3.64 0.41to 0.41 0.244
Persons w. Tetraplegia 2.03 0.18 to 23.46 0.571 1.93 0.21to 0.21 0.562
Mixed, with unknown Proportion 0.49 0.03to7.17 0.601 1.99 0.16 to 0.16 0.596
Ventilation
Not mentioned (Reference) 1.00
Mixed 4.70 1.89 to 11.72 0.001 5.07 1.58 to 16.25 0.006
Ventilated 4.34 1.76 t0 10.71 0.001 2.03 0.61 to 6.73 0.247
Tracheostomy
No (Reference) 1.00
Mixed 2.55 0.99 to 6.57 0.053 117 042 t0 3.21 0.763
Yes 2.52 0.85 to 7.48 0.096 0.41 0.1to 1.69 0.217
Dysphagia
No (Reference) 1.00 *
Not mentioned 0.95 0.07 to 12.18 0.968
Mixed 1.93 0.05 to 72.32 0.722
Yes 1.13 0.05 to 24.19 0.938

* Too few studies with information on dysphagia (only two studies reported on dysphagia), therefore, we did
not include dysphagia in the multivariable model. Incidence Rate Ratio: exp(coefficient): how many times the
incidence per 100 days is higher compared to the reference category, (in multivariable analysis: controlled for all
other variables).

3.4. Sensitivity Analyses

The sensitivity analyses (Supplementary File S5) with the two alternative calculations
of the time under risk did not produce results that would change the conclusion.

4. Discussion

This systematic review and meta-regression of 24 studies analyzed the incidence of
pneumonia in SCI. All studies had a high risk of bias with high heterogeneity, and this
was evident even in the subgroup analyses. While pooled estimates of incidence would
be useful to indicate the public health burden of pneumonia in SCI, we have only low
confidence in our pooled estimates of the incidence, which ranged from 0.03 to 7.21 patients
with pneumonia per 100 days. This low confidence results mainly because of (i) the design
of the studies, which were not specifically designed to analyze the incidence of pneumonia,
(ii) the reporting of the follow-up time (time at risk), (iii) the small sample sizes, (iv) the
non-standardized reporting of the outcome variables and the risk factors (i.e., setting,
level of injury, mechanical ventilation, tracheostomy, dysphagia), (v) not all studies had a
longitudinal design, and (vi) the high risk of bias.

Despite this, our results suggest that shortly after the onset of a SCI, when the patient
is in an ICU, the incidence of pneumonia was almost five times as high as in the time after
subsequent discharge from the rehabilitation setting. Given that most pneumonia occurs
early after the SCI (Figure 2), we propose the need for a greater focus on regular screening
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of pulmonary and respiratory muscle function in the ICU and implementation of potential
strategies to enhance pulmonary and respiratory muscle function (e.g., physiotherapy and
respiratory muscle training).

4.1. Overall Completeness of Evidence

The overall completeness of evidence with 24 identified studies appears to be sufficient
to address the incidence of pneumonia in SCI, taking into account the wide 95% confidence
intervals. Most studies reported the incidence of pneumonia in SCI, and a minority reported
the point prevalence or the period prevalence of pneumonia. We therefore decided to focus
on incidence estimates. The analyses of incidence rates had the limitation that the time
under risk was not reported. For a correct follow-up time, the follow-up days should only
be counted up to the diagnosis of a pneumonia, and most studies reported the overall
follow-up time, i.e., including the days where a patient was already diagnosed with a
pneumonia. Therefore, we had to estimate the follow-up time by adjusting the days for
patients with pneumonia (i.e., we took only half of these days for cases).

4.2. Covartiates
4.2.1. Setting

The clinical setting influences the incidence of pneumonia. Rates are considerably
higher among patients hospitalized in ICUs compared with those in hospital wards [29,58].
These findings are confirmed in this systematic review; the incidence of pneumonia in SCI
is also highest in ICU and decreases with time post injury (Figure 2). The clinical setting
varied between the studies we examined. For example, in some studies pneumonia was
identified at ICU during the acute phase of SCI, and in others pneumonia was identified in
the rehabilitation phase or later in the outpatient setting.

4.2.2. Level of Injury

We investigated the incidence of pneumonia according to the level of injury. We
divided the level of injury into tetraplegia and paraplegia because the degree of respi-
ratory impairment depends on the level of injury, with higher levels of injury causing
greater impairment [15,59]. Generally, the incidence of pneumonia is higher in high-level
tetraplegia in comparison to low-level tetraplegia and paraplegia [6]. However, one study
in this review directly compared patients with tetraplegia and paraplegia with comparable
personal /baseline characteristics [54] and could not confirm this statement.

4.2.3. Mechanical Ventilation

For patients receiving mechanical ventilation, the risk of pneumonia is increased 3- to
10-fold [29,58,60]. The incidence of ventilator-associated pneumonia ranged from 8% to
28% [58,61]. Ventilator-associated pneumonia is defined as pneumonia occurring >48 h after
endotracheal intubation [62]. Some use the term hospital-acquired pneumonia to denote
any pneumonia developing in the hospital (including ventilator-associated pneumonia) and
others exclude ventilator-associated pneumonia from the hospital-acquired pneumonia des-
ignation [62]. Therefore, the comparability of the literature is complicated by inconsistent
usage of the terms. Four of the studies in this review used the term “ventilator-associated
pneumonia” [37,42,43,55] and one study used the term “hospital-acquired infection” [63].
The difference between successful or unsuccessful weaning from mechanical ventilation
showed differences in the incidences of pneumonia, but this relies on only one study and
hence no conclusion can be drawn. From all pneumonia events in hospital, about 60% occur
in non-ventilated patients with SCI [64]. The incidence of hospital-acquired pneumonia is
low (1.6%) in the non-ventilated general population [65]. These 1.6% correspond to about
22% of all hospital-acquired infections.
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4.2.4. Tracheostomy

Tracheostomy seems likely to influence the incidence of pneumonia, but this relies
only on one single study [39]. In this study, no statistical significance for the timing of
tracheostomy and pneumonia was given. Other studies report that the rates of pneumonia
in SCI cannot be reduced by the timing of tracheostomy [66,67]. However, the timing of
the tracheostomy within 7 days of entry to ICU is associated with a shorter duration of
mechanical ventilation and shorter length of ICU stay [66-68]. A review of patients with
trauma in ICU summarized the impact of timing of tracheostomy on pneumonia, and it
reported that some studies found a reduction in pneumonia but some did not [69].

4.2.5. Dysphagia

Dysphagia seems to be an important variable linked to the incidence of pneumonia,
but only a few studies provided data that could be used. The most common cause of death
in patients with dysphagia due to neurological disorders is aspiration pneumonia [70,71].
This is defined as an infection caused by the inhalation of oropharyngeal secretions that
are colonized by pathogenic bacteria [72]. Generally, 5% to 15% of cases with community-
acquired pneumonia are aspiration pneumonia [72,73]. The included studies in this review
did not formally consider aspiration pneumonia.

4.2.6. General Aspects

Due to the different compositions of setting, level of injury, mechanical ventilation,
tracheostomy, and dysphagia in our sub-analyses, a direct comparison with the general
population is difficult.

Generally, to reduce pneumonia incidence, a rapid identification of infected patients
and appropriate antimicrobial or other treatment is required [58]. Unfortunately, qualitative
influence on incidence such as time since injury, type of bacterial pneumonia or smoking
could not be included due to missing details in the studies. In the future, it would be
valuable to have more thorough recording of study characteristics with a clear definition of
pneumonia type, setting, and description of ventilation or dysphagia to facilitate future
meta-analyses.

4.3. Strengths and Limitations

Our search strategy was planned to comprise extensive literature searches of several
major electronic databases as well as contact with experts in the field. Despite these
searches, we might miss eligible studies, in particular if they are not published in indexed
peer-reviewed journals. This might lead to a reporting bias [74]. Our literature search
revealed three papers that were unable to be translated, and this constitutes a potential
selection bias. Generally, the included studies were conducted in high-income countries,
and therefore, the incidence of pneumonia after SCI in low-income countries could not
be reflected in this systematic review. Due to the specific patient group and the strictly
defined research question, we did not expect a large number of studies for inclusion. The
number of included studies in each single sub-analysis was low (Figure 2). We are aware
that many of the included studies were interventional studies with multiple inclusion
and exclusion criteria and therefore increased potential risk for pneumonia that could
bias our outcomes as well, but in this way all types of pneumonia were included to get
an overview of the full picture in SCI. For the covariate setting, the acute phase is not a
standardized term and therefore the time period was defined differently in the included
studies or was not defined at all; this can lead to a mixture of different times post injury.
Even if we had already tried to specify potential sources of clinical diversity by defining
strict inclusion criteria in the protocol, we still had high heterogeneity according to the
statistical 12 test (Figure 2). Most studies reported cumulative incidences, i.e., the number
of events divided by the number of participants. Incidence rates (cases with pneumonia
divided by the observed person-time) would be a better statistic, but few studies reported
the time the persons were at risk. A further important source of clinical heterogeneity
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can be the insufficient definition of diagnostic criteria for pneumonia in a number of the
included studies (Supplementary File S3). Usually, with high diversity in a systematic
review, conclusions need to be interpreted with caution or seen as hypotheses. Finally, we
relied on the quality and quantity of available published information. Nonetheless, to our
knowledge, this is the first attempt at a systematic review of the incidence of pneumonia in
SCL

5. Conclusions

The main finding of this systematic review and meta-regression is that we found
large heterogeneity in the reporting of the incidence of pneumonia, and we therefore
should be cautious with interpreting the results. Our overall incidence ranged from 0.03 to
7.21 patients with pneumonia per 100 days, with higher incidence in the acute and ICU
setting than later after injury. Large longitudinal studies with a standardized reporting of
risk factors, pneumonia, and detailed time under observation are needed. Nevertheless,
this review showed that pneumonia is still a clinically relevant complication, and special
attention to pneumonia prevention should focus on the ICU setting and patients with
complete tetraplegia. We need to focus more on regular screening of pulmonary and
respiratory muscle function in the ICU and doing what we can to enhance function (e.g., by
respiratory muscle training).
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Abstract: Pneumonia is one of the main causes of hospitalization and mortality. It’s the fourth leading
cause of death worldwide. Healthcare-associated infections are the most frequent complication of
healthcare and affect hundreds of millions of patients around the world, although the actual number
of patients affected is unknown due to the difficulty of reliable data. The main goal of this manuscript
is to describe the epidemiological characteristics of patients admitted with pneumonia and the
impact of healthcare-associated pneumonia (HCAP) in those patients. It is a quantitative descriptive
study with retrospective analysis of the clinical processes of 2436 individuals for 1 year (2018) with
the diagnosis of pneumonia. The individuals with <5 years old represented 10.4% (1 = 253) and
>65 were 72.6% (1 = 1769). 369 cases resulted in death, which gives a sample lethality rate of 15.2%.
The severity and mortality index were not sensitive to the death event. We found 30.2% (n = 735)
individuals with HCAP and 0.41% (n = 59) with ventilator-associated pneumonia (VAP). In only
59 individuals (2.4%) the agent causing pneumonia was isolated. The high fatality rate obtained
shows that pneumonia is a major cause of death in vulnerable populations. Moreover, HCAP is one
of the main causes of hospital admissions from pneumonia and death and the most pneumonias
are treated empirically. Knowledge of the epidemiology characterization of pneumonia, especially
associated with healthcare, is essential to increase the skills of health professionals for the prevention
and efficient treatment of pneumonia.

Keywords: pneumonia; healthcare-associated pneumonia; epidemiology; hospitalization; Klebsiella
pneumoniae; gram-negative; Portugal

1. Introduction

Pneumonia, along with other lower respiratory tract infections, is the fourth leading
cause of death worldwide, accounting for over 4 million deaths per year [1,2]. At the
European Union, pneumonia remains the most frequent cause of death from infection,
especially in the elderly [3]. In Portugal, pneumonia is one of the main causes of hospital-
ization and mortality. In 2018, about 40,345 patients were hospitalized with the diagnosis
of pneumonia and the associated mortality rate was 20.3% [4].

Nosocomial infections are infections acquired by a patient during healthcare that did
not have it or was not incubating it at the time of admission [5]. They constitute the most
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frequent complication of health care, but the actual number of patients affected is unknown
due to the difficulty of reliable data [6]. These infections increase hospital stay, dysfunctions
and promote greater resistance of microorganisms to antimicrobials. Healthcare-associated
pneumonia (HCAP) includes any patient who was hospitalized in an acute care hospital for
two or more days within 90 days of infection; resided in a nursing home or long-term care
facility; received recent intravenous antibiotic therapy, chemotherapy, or wound care within
the past 30 days of the current infection; attended a hospital or hemodialysis clinic; or lives
with a family member infected with a multidrug resistant organism [7,8]. Within HCAP we
find the pneumonia acquired by the Hospital (HAP) and the pneumonia associated with the
respirator (VAP). HAP is a pneumonia that occurs 48 h or more after admission which was
not incubating at the time of admission [7-9]. The definition of VAP is a type of pneumonia
acquired in hospitals that occurs more than 48 h after endotracheal intubation. It can be
more precisely classified as early onset (until the first 96 h of mechanical ventilation and
late onset (more than 96 h after initiation of mechanical ventilation [8,9].

In Portugal, the epidemiological and clinical evidence available is focused on community-
acquired pneumonia (CAP) [10-17] at global and regional level in mainland Portugal [18],
on CAP and influenza hospitalizations [11,19] and, recently on organizing pneumonia due
to COVID-19 [20-22]. No studies have focused specifically on HCAP. In fact, epidemio-
logical data to characterize HCAP are scarce and difficult to obtain, despite the relevance
for the scientific knowledge and for prevention and therapeutic optimizing of HCAP. The
purpose of this manuscript is to describe the epidemiological characteristics of patients
admitted with pneumonia and to evaluate the impact of HCAP within the universe of
patients admitted with pneumonia.

2. Materials and Methods

This manuscript describes a descriptive and quantitative study of all individuals
hospitalised for pneumonia in a secondary care hospital in northern Portugal during 2018.
All individuals admitted to the hospital from 1 January 2018 to 31 December 2018, with the
diagnosis of pneumonia, were included. All hospital admission wards were considered.
Epidemiological and clinical variables were analysed, namely: age, gender, pathogenic
agent isolated, nosocomial pneumonia, severity index and mortality.

The individuals included in the sample were classified as pneumonia, according to
the Homogeneous Diagnostic Groups (HDG), according to the All Patient Refined DRGs
(APR-DRG) which is a classification system for patients admitted to acute hospitals that
incorporate severity of illness. In order to make this grouping, the International Classifica-
tion of Diseases 9th Clinical Modification of Review (CIE-9-CM) is used in Portugal [23].
Considering the differences in patients with respect to the severity of the disease and the
risk of mortality, this diagnostic grouping allows subdivision into subclasses according to
these factors. The severity of the disease is understood as an extension of physiological
decompensation or loss of organic function and is subclassified as 4 (1: Minor, 2: Moderate,
3: Major and 4: Extreme). The risk of mortality is understood as the patient’s probabil-
ity of death and is subdivided into 4 subclasses (1: Minor, 2: Moderate, 3: Major and
4: Extreme) [24,25].

The classification of the HCAP used was based on the Consensus Document on
Nosocomial Pneumonia [5]. The guarantee of confidentiality of the information and the
anonymity of the participants was a concern in this study, so that in the data collection and
analysis process, there was no element that could identify the individuals in the sample.
The study was conducted according to the guidelines of the Declaration of Helsinki, and
approved by the Ethics Committee of Centro Hospitalar de Entre Douro e Vouga (protocol
code CA-102/2020-0t_MP/AC, 24 April 2020).
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3. Results

Between 1 January 2018 and 31 December 2018 were hospitalized 17,176 individuals.
Of these, were admitted with the diagnosis of pneumonia 2436 individuals, representing
14.18% of the total number of individuals admitted in that year.

3.1. Epidemiological Characterization

The occurrence of the episodes were more frequent during the coldest months with a
total of 61.78% (Autumn: 19.58%, n = 477) and Winter: 42.20%, n = 1028) than during the
more temperate months 38.21% (Spring: 21.84%, n = 532) and Summer: 16.38%, n = 399). In
the sample we found 51.8% (1 = 1262) men and the mean age was 68.8 4= 27.6 years and
median 79 years. Of these 11.9% (n = 292) were children of whom 10.38% (n = 253) were
5 years old or younger. For individuals over 65 years of age, this corresponds to 72.62%
(n = 1769) of the sample.

The average length of stay was 10.1 & 7.2 days, the minimum length of stay was 1 day
and the maximum length was 81 days. Of the individuals studied 369 resulted in death,
which gives a lethality rate of 15.15% (CI 95%; 13.59-16.67). Among the dead individuals
we found 0.04% (CI 95%; 195.72-195.80) (n = 1) <5 years and 11.08% (CI 95%; 87.99-111.81)
(n =270) >65 years which detailed frequency is presented at Figure 1. The individuals were
classified acco-rding to the severity and mortality risk index, following the criteria of the
Diagnosis Related Groups (DRG) [25] as it is shown in Table 1.

Mortality by age

Pneumonia cases by age
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Figure 1. Number of cases of pneumonia (a) and mortality (b) frequency distributed by age.

Table 1. Classification according to the severity and mortality rates that follows the DRG criteria [25].

Index Severity (n) % Mortality Risk (1) %
1 286 11,74 445 18.27
2 530 21.76 386 15.85
3 1363 55.92 1092 44.83
4 252 10.34 508 20.85
Unclassified 5 0.21 5 0.21

To determine the degree of specificity and sensitivity of the severity and mortality
rates in relation to death prediction, the Receiver Operating Characteristic curves (ROC
curves) were performed and analyzed, as can be seen in Figure 2.
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Figure 2. ROC curves of the severity and mortality index as a predictive factor for the occurrence
of death.

3.2. Microbiological and HCAP Characterization

At only 59 of the individuals the agents causing pneumonia were isolated, which
constitutes 2.42% of the total sample. At 39.28% (n = 22) of these isolations the Gram-
negative pathogen Kilebsiella pneumoniae was identified (Figure 3). Pseudomonas aeruginosa
(n = 8) was the second most frequently isolated microorganism.

Isolated Microorganisms

25;

Figure 3. Identification of the microorganisms isolated in respiratory samples.

Considering the 2436 individuals studied with pneumonia, 30.17% (n = 735) of their
pneumonia were associated with health care. Within these individuals, it was found
that in 0.41% (n= 10) the pneumonia was associated with mechanical ventilation (VAP)
and in 7.92% (n = 193) of the cases the pneumonic episode started during the current
hospitalization (HAP). Data is shown in Figure 4. Of the 735 individuals with HCAP,
153 died, which is 6.28% of mortality considering all patients with pneumonia, 20.82% of
mortality considering the HCAP classification and 41.46% of the total of deaths at hospital
at the same period.

121



J. Clin. Med. 2021, 10, 5593

Impact of the Healthcare-Associated
Pneumonia

B Healthcare-associated
pneumonias

B Others Pneumonia

® Hospital-acquired
pneumonia

Ventilator-associated
pneumonia

Figure 4. Impact of Healthcare-Associated Pneumonia. This figure represents the number of individu-
als with HCAP, HAP and VAP, in relation to the total number of individuals admitted for pneumonia.

Mortality was also analysed for each of the different types of nosocomial pneumonia
and related to gender. Of the total number of individuals affected by VAP 0.69% (1 =7) in
relation to the total sample died, being 0.16% (1 = 4) males and 0.12% (n = 3) females. In
relation to individuals with HAP, there were 1.72% (1 = 42), being 0.78% (n = 19) males and
0.94% (n = 23) females. The rest of the nosocomial pneumonias fell under HCAP and we
found that 6.28% (n = 153) died during hospitalisation, with 2.91% (n = 71) being male and
3.37% (n = 82) being female. These data are shown in Table 2.

Table 2. Classification of the types of nosocomial pneumonia and mortality rate, in total number and
discriminated by gender and type of pneumonia considering the total of individuals with pneumonia

(n =2436).
Pneumonia Individuals Mortality
n (%) n (%)

Total Male Female

VAP 10 (0.41) 7 (0.29) 4(0.16) 3(0.12)

HAP 193 (7.92) 42 (1.72) 19 (0.78) 23 (0.94
HCAP 532 (21.84) 104 (4.27) 48 (1.98) 56 (2.30)

Total 735 (30.17) 153 (6.28) 71 (2.91) 82 (3.37)

4. Discussion

The main goal of this study was to characterize the epidemiological and clinical
characteristics of the patients admitted with pneumonia at a secondary care hospital in
Portugal and to evaluate the impact of HCAP. To the best of authors knowledge, it is the
first study focused on HCAP in Portugal.

Pneumonic episodes can occur at any time of the year, they have a greater incidence
in the coldest months, especially in winter. The colder air acts as an irritant to the airways,
which facilitates the installation and multiplication of infectious agents, and during the
colder seasons, people tend to stay longer in closed environments, which favors the
propagation of infectious agents among people [26,27]. The gender of individuals is not a
predisposing factor for pneumonia, affecting both genders equally. The days of hospital
admission obtained in our study corresponds to the average number of days of admission
by pneumonia in Portugal [28-30]. Of relevance, the most vulnerable population with the
highest associated risk of pneumonia is almost the entire sample (over 65 and 5 years old
or younger), so being very young or elderly can be a risk factor for pneumonia. Moreover,
we demonstrated an age-dependency on the pneumoniae frequency and mortality.
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The health system is fundamental for the success of the treatment and prevention
of pneumonia. Moreover, it is essential to ensure access to vaccination for vulnerable
populations, as well as to encourage healthy lifestyles, with adequate nutrition and, above
all, to encourage breastfeeding in children. The characteristics of our current societies, such
as increased environmental pollution and overcrowding, may be aggravating factors for
the increase of pneumonic episodes in vulnerable individuals, as well as the increased
life expectancy in developed countries [2]. Healthcare-associated pneumonia (HCAP) has
been introduced as an entity in the ATS/IDSA guidelines update from 2005 [31] and still is
a controversy concept, especially in Europe [32-34] considering the difficulty to identify
predictors for such risk [35].

Mortality from pneumonia is improving in most EU countries, however substantial
variation in trends remains between countries and Portugal was excluded due to missing
data. [36]. The mortality rate obtained in our study (20.82% of mortality considering the
HCAP classification) is similar to previous studies on CAP mortality (20.4%, 2000-2009) [17]
and total pneumonia (20.3%, 2018) in Portugal [4] but significantly lower when compared to
the data reported in 2015 (57.7%) [3]. Some factors that occurred in the last years in Portugal
may have helped reduce this rate. In July 2015, the 23-valent pneumococcal polysaccharide
(BPPV23) vaccine was included in the National Vaccination Plan [37,38]. Coincidentally,
in 2013 the priority health program was created: Program for the Prevention and Control
of Infections and Antimicrobial Resistance (PPCIRA), which aims to reduce the rate of
infection associated with health care and promote the correct use of antimicrobials [39].
This mortality rate was particularly worrying in the elderly population, in line with a
national study that have concluded that patients older than 75 years and comorbidities
contribute decisively to the risk of dying from pneumonia in the hospital [40].

Nosocomial pneumonias have a major impact on hospital admissions, constituting a
significant number in relation to the total number of complicated pneumonias requiring
hospital admission, with a high risk of death from pneumonia [6]. This implies high health
and human costs for hospitals. The quality and safety of care provided in hospitals must
be a priority for national healthcare systems. Worryingly, most pneumonia (>95%) are
treated empirically considering that only in few situations the infectious agent is isolated.
At the top of the list of isolations we find Klebsiella pneumoniae, which can indicate that
the trend of respiratory isolations has changed in the last years and we can highlight
the increase of relevance of Gram-negative microorganisms [41]. However, this results
should be interpreted with caution regarding that only 2% of the clinical situations have a
microorganism identified.

Of relevance, pneumonia has represented >40% of the total of deaths at the hospital at
the same period, highlighting the need to implement more studies on HCAP epidemiology
and clinical burden. Previous studies highlighted that room for improvement in antibiotic
prescription in Healthcare-Associated Pneumonia currently remains and that new strategies
for a better use of the adopted tools and definition of new antimicrobial stewardship
initiatives are needed to improve compliance to recommendations [42]. In fact, local
guidelines and recommendations to treat common infectious diseases are a cornerstone
of most Antimicrobial Stewardship programs [43]. More precise instruments are needed
to heighten clinicians’ index of suspicion for treating probable resistant pathogens with
appropriate empirical antibiotic choices [42]. Furthermore, an effective surveillance system
to provide quality data and improve the monitoring and epidemiologic characterization of
Healthcare Associated infections should be evaluated and implemented [44-48].

The Portuguese health institutions code patients with the severity and risk of mortality
rates. However, at the clinical level they are not good predictive indicators for the event of
death. Their use is more relevant for the management teams of healthcare institutions and
standard indices such as Pneumonia severity index or CURB 65, which are suggested by
guidelines for pneumonia from American Thoracic Society and Infectious Diseases Society
of America [49] are not currently used.
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One limitation that this study is the absence of classification of all types of pneumonia
that could give us more detailed information about the causes that determine complicated
pneumonia that needs hospital admission. Another limitation found is the absence of the
antibiotherapy used, which would give us the therapeutic tendency used in the empirical
treatment of pneumonia. Overall mortality should be higher in patients who attended
a hospital or hemodialysis clinic or received intravenous chemotherapy in the 30 days
before pneumonia, and among patients who resided in a nursing home or long-term-care
facility [34]. Given the focus on HCAP, information on the Healthcare setting frequented by
these patients would be useful, as well as the delay of onset of the HCAP and unfortunately
was not available. However, this study provides a robust epidemiological characterization
of pneumonia, especially HCAP. To the best authors knowledge this is the first study
in Portugal that addressed HCAP epidemiology and clinical burden. Future research
is needed to increase knowledge about other types of pneumonia and the relation with
causative agents and the treatment used, to better understand the impact that pneumonia
on the hospital population.

5. Conclusions

This manuscript highlight that pneumonia constitute a high risk of mortality for
vulnerable populations and is one of the leading causes of hospital admission. The impact
of HCAP alerts us to the critical action of infection prevention and control measures in
hospitals and should incentive the increase of scientific studies in this crucial area. Reducing
the incidence of pneumonia in general and HCAP in particular, will allow an significative
improvement in the quality and safety of patient healthcare.
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