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Background: In this study, we examined whether assessment, including Calf circumference (CC), could
predict feeding and swallowing function at discharge in elderly patients hospitalized for pneumonia.
Method: The subjects were selected from pneumonia patients admitted to Matsusaka Municipal Hospi-
tal from October 2019 to March 2021. The 120 patients (median age of the subjects: 86 years; male/
female ratio: 73/47) who did not meet the discontinuation or exclusion criteria were included. The
subjects were classified into the following two groups according to the score on the FOIS at discharge:
one group of patients who could not eat a normal diet by the time of discharge (FOIS: 1-5) and another
group of patients who could eat a normal diet at discharge (FOIS: 6, 7). Statistical analysis was examined
using univariate analysis and logistic regression analysis.

Result: Logistic regression analysis was performed with the patient’s ability/inability to eat a normal
diet at discharge as the dependent variable and age, cerebrovascular disease, the Mann assessment of
swallowing ability (MASA), Mini-mental state examination (MMSE), skeletal muscle mass index (SMl),
and CC, which showed significant differences in univariate analysis, as independent variables. Model A
identified the odds ratio of having cerebrovascular disease, MMSE, and SMI. Model B identified MMSE
and CC as being independent predictors of the ability of the patients to eat a normal diet at discharge.
Conclusion: CC may be a useful predictor of the ability for normal oral dietary intake at discharge in
elderly patients hospitalized for pneumonia.

Copyright © 2024, Taiwan Society of Geriatric Emergency & Critical Care Medicine.

1. Introduction

The aging of the population and the frequent occurrence of
pneumonia in the elderly are closely related problems.1 Pneumonia
in the elderly is closely associated with feeding and swallowing dys-
function.! Therefore, early evaluation of feeding and swallowing
function in elderly patients with pneumonia is essential in pneumo-
nia care. However elderly pneumonia patients often have a variety
of comorbidities, including dementia. A previous study2 reported
that two out of three elderly people with end-stage dementia die of
complications of pneumonia. It is often difficult to conduct assess-
ments that require a clear understanding of the instructions in pneu-
monia patients who are cognitively impaired.

Recently, the presence of sarcopenia was reported as a cause of
dysphagia in the eIderIy.3 The Asian Working Group for Sarcopenia
Consensus published in 2019 on the diagnosis of sarcopenia first
extracted the possibility of sarcopenia from weight loss, chronic
disease, calf circumference (CC), and questionnaires. Next, they de-
fined sarcopenia based on the skeletal muscle mass index (SMI),
which can be measured, in addition to muscle strength and physical
function, using instruments. SMI can be measured by various me-
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thods, including CT, MRI, DXA, and BIA. However, CT and MRI are
expensive, and DXA and BIA can only be performed at facilities hav-
ing specialized equipment for these tests. The association between
sarcopenia and dysphagia is scattered. Maeda et al’ reported that
sarcopenia is an independent risk factor for dysphagia in the elderly.
Another report by Maeda et al. reported that a decrease in SMI was
a risk factor for the development of dysphagia in the elderly.

Maeda et al. reported that measuring the SMI may be useful in
predicting the prognosis of dysphagia and the swallowing function at
discharge in hospitalized pneumonia patients. However, as men-
tioned earlier, SMI can only be measured at facilities with specialized
equipment, which makes wide use of this test across various types of
medical facilities difficult. Therefore, in this study, we focused on CC,
a parameter that extracts the possibility of sarcopenia, as a predictor
of swallowing function at discharge in elderly patients hospitalized
for pneumonia. Regarding the association between CC and SMI,
Kawakami et al.” investigated the correlation between CC and SMlI as
assessed by DXA in middle-aged Japanese men and women and
found a positive correlation in both men and women, which led
them to conclude that CC could possibly be used as a surrogate
marker of muscle mass. Measurement of the CC has the advantage
that it does not require specialized equipment and can be used to
evaluate patients who have difficulty understanding instructions,
which is common in elderly patients with pneumonia. If it can be
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established as a prognostic factor, it could be used widely in the fu-
ture across all types of medical facilities. However, a search of the lit-
erature to the best of our ability failed to yield any studies that have
explored the predictive ability of CC for the swallowing function at
discharge in elderly patients hospitalized for pneumonia.

In this study, we investigated whether assessment, including CC,
can predict swallowing function at discharge in elderly patients with
pneumonia.

2. Material and methods

This study was conducted as a single-center, retrospective ob-
servational study.

Subjects for this study were selected from among patients with
pneumonia who were admitted to Matsusaka Municipal Hospital
between October 2019 and March 2021. Of the 163 patients who
underwent complete evaluation by a Speech-Language-Hearing the-
rapist after admission, 120 who did not meet the discontinuation cri-
terion (death) or the following exclusion criteria were included in
this study: 1) age 60 years or younger; 2) having an implanted pace-
maker; 3) unwilling to provide consent for participation in the study;
4) lacking a limb; and 5) incapable of oral intake even prior to hospi-
talization.

The surveyed items were:

1. General patientinformation: Age, gender, body mass index (BMl),
length of hospital stays, interval until the start of speech and lan-
guage therapy, comorbidities.

2. Information on pneumonia: A-DROP, type of pneumonia (aspira-
tion pneumonia or other pneumonia), initial admission or re-hos-
pitalization.

3. Nutritional assessment: Geriatric Nutritional Risk Index (GNRI).

4. Assessment of swallowing function: Score on the Mann Assess-
ment of Swallowing Ability (MASA); Score on the Functional Oral
Intake Scale (FOIS) at discharge.
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5. Neuropsychological examination: Mini-Mental State Examination
(MMSE).
6. Anthropometric evaluation: SMI; CC.

A-DROP is a rating scale for the pneumonia severity used in Ja-
pan. Based on CURB—65,8 created for the Japanese. Information on
the type of pneumonia was collected retrospectively from the me-
dical records based on the physician’s diagnosis. GNRI° was calcu-
lated using the formula, (14.89 x Alb) + 4.7 x (BW/IBW). MASAXis a
scale that was developed by Mann et al. to assess the feeding and
swallowing function in stroke patients. The evaluation was based on
a 24-item 200-point scale. MMSE is a cognitive function test eva-
luated on a 30-point scale, with lower scores indicating more severe
cognitive impairment. FoIs*isa 7-point scale, with the score rang-
ing from 1 (no oral intake) to 7 (normal); the higher the score, the
higher the level of the dietary form the patient can eat. A research
flowchart is shown in Figure 1. The patients were divided into two
groups according to the score on FOIS: the patient group without the
ability to eat a normal diet at discharge (FOIS score: 1-5) and the
patient group with the ability to eat a normal diet at discharge
(FOIS score: 6, 7). The authorization to allow the patient to com-
mence oral intake was predicated on the results of a bedside evalua-
tion conducted by a ST and subsequent consent obtained from the
attending physician. In addition to the dietary evaluation conducted
by the ST, the potential for advancement of the dietary consistency
was also examined through a comprehensive assessment of food
intake and oral function. SMI*? is calculated as the muscle mass of
the extremities/height squared; In Body (In Body S10 In Body, Tokyo)
was used for the measurement. Electrodes were attached to both
the upper and lower limbs and the patients were placed in a supine
position. CC was measured by the method described in the consen-
sus? published by the AWGS, which is to measure the maximum of
both calves using an inelastic tape. In other words, the maximum
circumference of the calf was measured bilaterally, and the highest
value was recorded. Due to the subjects characteristics and comor-

Patients admitted with pneumonia and adequate ST evaluation ( n=163 )
- Matsusaka Municipal Hospital 2019.10.1~2021.3.31-

[(exclusion criterial

+ Under 60 years old ( n=1)

- postoperative pacemaker implantation
(n=4)

- Refusal to participate in research ( n=0)

+ Limb loss ( n=0)
- Parenteral intake prior to hospitalization
(n=6)

|[Criteria for discontinuance]
» mortality outcome ( n=32 )

——
Could not eat normal diet.

FOIS1-5
(n=68)

Subject cases (n=120)
Classified into 2 groups by FOIS at discharge

‘—’\—

could eat a normal diet
FOIS6.7
(n=52)

Figure 1. Flow chart.
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bidities, the measurements were conducted in the supine position.
These evaluations were assessed at the time of the first ST inter-
vention where possible. However, if the acute condition made the
evaluation difficult, it was performed after the condition stabilized
and when the evaluation was deemed feasible.

For statistical analysis, the Shapiro-Wilk test was performed on
all items to examine the normal distribution. Univariate analysis was
performed for each item with the FOIS score at discharge as the out-
come. Multivariate analysis was performed by entering items that
showed significant differences in the univariate analysis. For the
univariate analysis, comparisons between groups were conducted
using the t-test and Mann-Whitney’s U test, depending on the pre-
sence or absence of a normal distribution. In addition, the XZ test
was used for the examination of the nominal scale. Logistic regres-
sion analysis (forced entry method) was performed with the item
that showed significant differences in the univariate analysis as the
dependent variable and whether the patient could eat a normal diet
at discharge as the independent variable.

According to a previous study14, a strong correlation exists be-
tween the SMI and CC. In this study, both parameters were evalu-
ated as integral components of assessment of the patients’ phy-
sique. We deemed it highly probable that multicollinearity exists
between the two variables. Therefore, when conducting the analy-
sis, two separate models, A and B, were used to account for multi-

Table 1
Results of general patient information.
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collinearity between SMI and CC. Statistical analysis was conducted
using the EZR version 1.55 software.”

We declare that the subjects’ data will not be used for any pur-
pose other than the purpose of this study and that the results of the
study will be published, but the processing will be quantitative, to
ensure that the individuals will not be identified. This study is a
retrospective observational study. Obtaining written consent was
difficult. An opt-out was posted on the hospital website to inform
the public. This study was conducted after obtaining approval from
the Matsusaka Municipal Hospital Ethics Committee (approval num-
ber: J-209-221104-10-10). It was performed in accordance with the
Helsinki Declaration of 1975.

3. Result

Median age of the subjects: 86 years; male/female ratio: 73/47;
median interval to ST enrollment: 1 day. Univariate analysis identi-
fied significant differences in the age (p = 0.007), BMI (p < 0.001),
length of hospital stay (p = 0.006), proportion of patients with aspira-
tion pneumonia (p = 0.003), and proportion of patients with cere-
brovascular disease (comorbidity) (p = 0.006), MASA score (p <
0.001), MMSE score (p < 0.001), SMI (p < 0.001), and CC (p < 0.001)
between the two groups divided according to the scores on FOIS (Ta-
bles 1 and 2). Results are expressed as medians (interquartile ranges).

All (n =120) Could not eat normal diet (n = 68) Could eat normal diet (n = 52) p value
Patient information
Age (years) ® 86 (80, 90) 87 (83,91) 85 (77, 89) 0.007**
Gender (male/female) b 73/47 43/25 30/22 0.575
BMI (kg/m?)° 18.6 (16.2, 21.7) 17.1(15.5, 18.8) 21.5 (17.9, 23.5) 0.001**
Length of hospital stay (day) ° 26 (14, 43) 32 (19, 45) 20 (12, 39) 0.006**
Days to ST intervention (day) * 1(0,3) 1(0,3) 2(1,3) 0.451
Comorbidity
Cancer® 29 (24%) 15 (22%) 14 (27%) 0.667
Cerebrovascular disease ° 37 (31%) 28 (41%) 9 (17%) 0.006**
Respiratory disease b 68 (57%) 37 (54%) 31 (59%) 0.583
Cardiac disease ” 63 (53%) 35 (51%) 28 (54%) 0.855
Renal disease 20 (17%) 9 (13%) 11 (21%) 0.324
Diabetes ° 21 (18%) 10 (15%) 11 (21%) 0.468
* Median (Quartile range). e XZ test.
BMI: body mass index; ST: speech-language-hearing therapist.
*p>0.05. ** p>0.01.
Table 2
Results of various evaluations.
All Could not eat normal diet ~ Could eat normal diet
(n=120) (n = 68) (n=52) pvalue
Pneumonia information
A-DROP (point) ® 2(2,3) 2(2,3) 2(2,3) 0.218
Classification of pneumonia e 56/64 40/28 16/36 0.003**
(aspiration pneumonia/other pneumonia)
Recurrence of pneumonia e (primary/recurrent) 70/50 36/32 34/18 0.194
Swallowing assessment
MASA (point) ° 125 (105, 151) 114 (100, 130) 151 (123, 162) 0.001**
Nutritional assessment
GNRI (point) ® 85 (77, 91) 83 (79, 88) 89 (77, 94) 0.152
Neuropsychological examination
MMSE (point) ° 10 (0, 23) 5(0,11) 25 (11, 27) 0.001**
Anthropometric evaluation
SMI (kg/m?) 4.9(4.2,5.8) 4.6(3.8,5.3) 5.7 (4.7, 6.3) 0.001**
CC(cm)?® 25.8 (23.0, 28.4) 23.6 (22.0, 25.5) 28.4 (26.5, 31.1) 0.001**

° Median (quartile range). ® 3 test.

CC: calf circumference; GNRI: Geriatric Nutritional Risk Index; MASA: the Mann
SMI: Skeletal Muscle Mass Index.

*p>0.05. ** p>0.01.

assessment of swallowing ability; MMSE: Mini-Mental State Examination;
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Logistic regression analysis using model A identified a higher
odds ratio for cerebrovascular disease (odds ratio: 0.224; 95% con-
fidence interval: 0.078-0.764; p = 0.015), score on the MMSE (odds
ratio: 1.130; 95% confidence interval: 1.050-1.220; p = 0.002), and
SMI (odds ratio: 2.310; 95% confidence interval: 1.410-3.780; p <
0.001). Analysis using Model B identified the MMSE score (odds ra-
tio: 1.140; 95% confidence interval: 1.040-1.240; p = 0.003) and CC
(odds ratio: 1.710; 95% confidence interval: 1.360-2.140; p < 0.001)
as independent predictors of the ability of the patients to eat a nor-
mal diet at discharge (Table 3).

4. Discussion

In this study, factors, including the CC, that could potentially
predict the swallowing function at discharge were explored in el-
derly patients hospitalized for pneumonia. The results showed sig-
nificant differences in the age, BMI, length of hospital stay, percent-
age of patients diagnosed as having aspiration pneumonia, percent-
age of patients with underlying cerebrovascular disease (comor-
bidities), score on MASA, score on MMSE, SMI, and CC between the
groups with the ability and inability for normal oral dietary intake at
discharge. Logistic regression analysis identified the presence of
cerebrovascular disease, CC, SMI, and score on MMSE as independ-
ent predictors of the ability of the patients to eat a normal diet at dis-
charge.

A comparison of the general information about the patients re-
vealed that the mean age of the patient group with the ability for a
normal dietary intake at discharge was 85 years, while that in the
group without the ability for normal dietary intake at discharge was
87 years, being significantly higher in the latter group. Nishikubo et
al.® compared the swallowing function, as evaluated by video-
fluoroscopy, in healthy volunteers of different age groups, which re-
vealed that older patients showed delayed swallowing reflexes and
omitted esophageal inlet opening as compared with younger pa-
tients. Utanohara et al.'’ performed tongue pressure measurements
to compare the tongue function in subjects of different age groups
with no history of dysphagia and no molar defects, which revealed
that the tongue pressure decreased with advancing age. These re-
ports suggest that the swallowing function declines physiologically
with advancing age. This study found that aging affects food forms.

The group that could eat a normal diet at discharge had a signi-
ficantly lower percentage of patients with aspiration pneumonia,
shorter hospital stays, lower BMI, and a higher MASA score than the
group that could not eat a normal diet at discharge. The MASA con-
sists of 24 items with a maximum score of 200 points. A low value for
this score evaluates severe dysphagia and a high risk of aspiration.
Patients with high MASA scores are presumed to have only mild dys-
phagia and consequently, can eat a normal diet. We also believe that
the absence of aspiration pneumonia is associated with a reduced
length of hospital stay. Regarding low BMI, low body weight has
been reported18 as a factor that delays the start of oral intake in pa-
tients with aspiration pneumonia. In addition, we consider the dif-
ference to be significant because poor swallowing and dysphagia can
easily lead to low body weight because of inadequate oral intake and
other nutritional problems.

Logistic regression analysis identified cerebrovascular disease,
and score on the MMSE, SMI, and CC as independent factors associ-
ated with the ability of the patient for normal oral dietary intake.

There are many research reports in the literature regarding ce-
rebrovascular disease and dysphagia. Mann et al.?® followed stroke
patients for 6 months and reported that about half of them had re-
sidual dysphagia and that in about 10% the pre-onset eating pat-
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Table 3
Results of logistic regression analysis.

95% confidence

Odds ratio . p value
interval
Model A
Age 0.992 0.923-1.070 0.828
Cerebrovascular disease 0.224 0.078-0.764 0.015**
MMSE 1.130 1.050-1.220 0.002**
MASA 0.999 0.972-1.030 0.952
SMI 2.310 1.410-3.780 0.001%**
Model B
Age 0.956 0.878-1.040 0.289
Cerebrovascular disease 0.312 0.086-1.130 0.076
MMSE 1.140 1.040-1.240 0.003**
MASA 0.985 0.954-1.020 0.336
CcC 1.710 1.360-2.140 0.001**

CC: calf circumference; MASA: the Mann assessment of swallowing ability;
MMSE: Mini-mental state examination; SMI: Skeletal Muscle Mass Index.
*p>0.05. ** p>0.01.

terns were not restored. Maeshima et al.2® also studied the dietary

patterns of acute stroke patients at the time of their discharge from
the hospital. They reported that approximately 20% required adjust-
ment of the dietary form. The association between cerebrovascular
disease and dysphagia is well known. Based on the results of previ-
ous studies and the present study, it is possible that patients with
cerebrovascular disease need to adjust their eating patterns due to
feeding and swallowing dysfunction even in the absence/before the
onset of pneumonia. This may have had an impact on the recovery of
the swallowing function of the patients in our study.

There are a few previous reports on the relationship between
cognitive function and feeding/swallowing dysfunction in the litera-
ture. Maniaci et al.”! demonstrated in elderly patients undergoing
videofluoroscopic examination of swallowing, that poor performance
in cognitive function tests was significantly correlated with poor
feeding/swallowing function. Yokota et al.2% demonstrated that the
score on the MMSE was an independent predictor of the presence of
dysphagia in elderly patients with congestive heart failure. In other
words, the score on the MMSE may also be a predictor of feeding
and swallowing function in the elderly.

The association of SMI with feeding and dysphagia is discussed
earlier in this article.>® There are also scattered reports in the litera-
ture on the relationship between CC and feeding/swallowing dys-
function. Kurosawa et al.3 demonstrated CC as an independent pre-
dictor of the presence of dysphagia in elderly patients requiring
long-term care. Matuo et al.>* used CC to assess the muscle mass in
elderly acutely ill patients and investigated its association with
dysphagia. The results of these previous studies showed the inde-
pendent association of the CC with feeding/swallowing dysfunction.
In addition, both studies referred to above, like the present study,
were conducted in elderly subjects, and it is possible that in this age
group, dysphagia is often caused by a generalized loss of muscle
mass, which could be predicted from a decrease in the CC. We be-
lieve that the results of these previous studies lend support to the re-
sults of our present study.

There were several limitations exist in this study. First, the study
included patients with acute pneumonia, and we did not rule out the
contribution of edema to the measured CC in our study. Second, this
study was conducted at an acute care hospital and cannot be useful
in the post-acute phase. In the future, it is necessary to expand the
research and examine the practicability of using the CC as a predictor
of normal dietary intake in the post-acute phase of illnesses. Third,
this was a single-center, retrospective observational study, with the
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potential for selection bias. Prospective studies are warranted in the
future. Despite these limitations, measurement of CC measured
early after admission to the hospital as a predictor of the ability for
normal dietary intake allows for an approach to dysphagia. In addi-
tion, it makes it possible to consider early nutritional intervention, if
necessary, for patients whose nutritional needs cannot be met by
oral intake alone. The above are very important in the care of elderly
pneumonia patients. The results of this study suggest that even pa-
tients hospitalized for pneumonia can smoothly return to their pre-
hospital dietary intake patterns after discharge from the hospital if
their overall muscle mass is maintained. Future research endeavors
include determining the cutoff value of CC that would allow the in-
fluence of edema to be excluded and accurate prediction of the fea-
sibility of normal dietary oral intake at discharge in elderly patients
hospitalized for pneumonia.

In this study, predictors of the ability of elderly patients hospi-
talized for pneumonia at an acute care hospital to eat a normal diet
at discharge were examined. The results suggest that cerebrovas-
cular disease, score on the MMSE, SMI, and CC may be useful pre-
dictors of the ability for a normal oral dietary intake at discharge in
elderly patients hospitalized for pneumonia.
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