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A B S T R A C T   

Objectives: Malnutrition and sarcopenia often co-exist in older patients. This condition, called co- 
MS, shows a worse prognosis than either condition alone but is often overlooked and under-
treated. We aimed to clarify the prevalence of co-MS and its associated factors with a focus on 
prescription in a long-term nursing care facility in Japan. 
Methods: Patients aged >65 years who resided in a long-term nursing care facility in Hyogo, 
Japan, were recruited for this cross-sectional study, which was conducted from July 1 to July 30, 
2022. Sarcopenia and malnutrition were diagnosed using the Asian Working Group for Sarco-
penia and Global Leadership Initiative on Malnutrition criteria, respectively. Patients who met 
both criteria were classified as having co-MS. Potentially associated factors, including age, sex, 
length of stay, activities of daily living, comorbidity, oral function and hygiene, swallowing 
ability, and the number and type of prescriptions, were assessed. 
Results: The prevalence of sarcopenia was 92 % (72/78). All malnourished patients were sarco-
penic (40.3 %) and were classified as having co-MS. Oral function and hygiene, swallowing 
ability, comorbidity, and the presence of potentially inappropriate medications showed signifi-
cant associations in univariate analyses. Of particular note, potentially inappropriate medication 
was an independent factor in the multivariate analysis. 
Conclusions: Co-MS is prevalent in long-term nursing care facilities; thus, healthcare workers 
should pay attention to relevant factors to identify patients at risk of co-MS and to provide 
appropriate care and intervention.   
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1. Introduction 

Societal aging is currently occurring in most regions of the world, and the average life expectancy is steadily increasing [1]. This is 
particularly evident in Japan, where the population transitioned to an aging society (more than 7 % of the total population accounts for 
older adults) in the 1980s. The older adult population has continued to grow since then, reaching 28.9 % in 2021, the world’s highest 
aging record [2]. 

Malnutrition and sarcopenia are two important conditions that adversely affect the health of older adults. They are conceptually 
different conditions but share a common etiology and often overlap in older patients [3,4]. Malnutrition in older individuals can lead to 
various health problems. The risk of malnutrition increases with age [5], leading to disability, reduced physical function, susceptibility 
to falls, high mortality, institutionalization, and hospitalization [6–8]. The prevalence of malnutrition varies depending on the 
environment of investigation, being relatively high (80 %) in acute hospital settings and low (23.4 %) in communities [6]. Moreover, 
this prevalence is greatly affected by the criteria used for diagnosis [9]. The Global Leadership Initiative on Malnutrition (GLIM) 
Criteria is a global standard diagnostic algorithm for diagnosing undernutrition that can be used not only in hospitals but also in 
various healthcare situations [9]. 

Sarcopenia is a skeletal muscle disease characterized by age-related decreases in muscle mass and muscle strength [10]. Its 
prevalence varies depending on the study, being relatively low in the community (5–20 %) [11,12] and high in nursing homes (15–85 
%) [13–15]. Sarcopenia is associated with various adverse outcomes in older adults [12,13]. Previous reports have shown it to be an 
independent risk factor for decreases in activities of daily living (ADL), increased falls [10], and mortality [16]. Age-related sarcopenia 
is classified as primary sarcopenia, whereas sarcopenia caused by malnutrition, inactivity, or diseases is classified as secondary. In 
general, primary sarcopenia caused by simple aging is rare, and in many cases, aging and other causes co-exist [10]. 

Malnutrition and sarcopenia are closely related, and malnutrition is one of the factors that can cause sarcopenia [10]. Conversely, 
sarcopenia contributes to the development of malnutrition by causing dysphagia [8]. Sarcopenic dysphagia is a concept that was first 
reported in 2012 [17]. Since then, sarcopenic dysphagia has attracted attention, and position papers have been published by Japanese 
academic societies [8,18]. The definition of sarcopenic dysphagia is dysphagia caused by sarcopenia of whole-body muscles and 
swallowing-related muscles [19]. 

Malnutrition and sarcopenia are both conditions that are likely to co-exist in older adults, a condition known as co-MS. In an acute 
hospital setting in China, approximately 4.9 % of patients were classified as having co-MS, which was associated with a worse 
prognosis than malnutrition or sarcopenia alone [20]. Results from a post-acute care unit in Spain showed that 14.8 % of senior in-
patients who received acute care had co-MS [21]. The prevalence thereof was also reported to be 23.5 % in older patients undergoing 
rehabilitation in a convalescent ward in Japan and was related to hospital-associated deconditioning and decreased swallowing ability 
[22]. 

The prevalence of sarcopenia is higher than that of malnutrition in older patients in various settings [22,23]. Malnutrition and 
sarcopenia were found in 29.0 % and 62.4 % of patients, respectively, in convalescent rehabilitation hospitals, and 88 % of 
malnourished patients were sarcopenic [22]. The prevalence of malnutrition and sarcopenia in daycare facilities in Japan is 40.3 % and 
87.1 %, respectively, and all malnourished older adults are sarcopenic [23]. Therefore, in older adults in the chronic phase, the 
prevalence of sarcopenia is higher than that of malnutrition, and sarcopenia is highly comorbid with malnutrition. Similar results were 
found in a preliminary survey at the site where this study was conducted, with most older adults being sarcopenic and some in a state of 
co-MS due to comorbid malnutrition. Additionally, no individuals were categorized as solely malnourished, i.e., without sarcopenia. 
From these previous reports and our preliminary results, it is hypothesized that, among older adults with sarcopenia, a population 
might be at risk of accompanying malnutrition and progressing to co-MS. In this study, we aimed to clarify the possible factors that may 
lead to the progression from sarcopenia to co-MS. To this end, we investigated and described the clinicopathological features of co-MS 
and identified the associated factors by comparing older people with sarcopenia only and those with co-MS in a long-term nursing care 
facility. Particular attention was paid to the investigation of prescription drugs. This is because polypharmacy and the disadvantages 
that drugs pose for the elderly are major problems in the field of geriatric medicine. Through an understanding of this aspect, it may be 
possible to prevent progression to co-MS, which is considered to have a worse prognosis than sarcopenia. 

2. Materials and methods 

2.1. Study population 

This research was conducted as a cross-sectional study at Hyogo Medical University, Sasayama Medical Center, affiliated with a 
long-term nursing care facility in Hyogo, Japan. We enrolled patients aged >65 years who stayed in the Sasayama Medical Center in 
July 2022. The study was conducted from July 1 to July 30, 2022. The facility has approximately 90 residents. We included partic-
ipants aged ≥65 years with the ability to undergo diagnostic evaluation for sarcopenia. Patients who could not be safely evaluated for 
body composition because of severe dementia were excluded. After the diagnosis of sarcopenia and malnutrition, patients without both 
conditions were excluded because these patients were few (6/78), and we aimed to investigate the factors associated with developing 
co-MS from sarcopenia. 

This study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving 
research study participants were approved by the Ethics Committee of Hyogo Medical University (IRB: 4081). Written informed 
consent was obtained from all patients for participation in this research and the publication of this paper. 
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2.2. Diagnosis of sarcopenia, malnutrition, and co-MS 

The Asian Working Group for Sarcopenia (AWGS) 2019 criteria were applied to diagnose sarcopenia, which includes muscle mass, 
volume, and strength, and algorithms for clinical research settings [24,25]. The sarcopenia diagnosis was assessed at the patient’s 
bedside. We used the bioimpedance method for the muscle mass evaluation (Inbody S10; Biospace, Tokyo, Japan). Reduced muscle 
mass was defined when the skeletal muscle index (SMI) was below the following cutoff values: 5.7 kg/m2 for women and 7.0 kg/m2 for 
men [24,25]. Grip strength, measured using a Smedley hand dynamometer (TTM; Tokyo, Japan), was used as the muscle strength 
assessment. Reduced muscle strength was defined as a handgrip strength of <28 kg and <18 kg for men and women, respectively. 
When decreased muscle mass volume and muscle strength were confirmed, the participants were diagnosed with sarcopenia. 

Malnutrition was diagnosed according to the GLIM criteria [26] by well-trained registered dietitians. The GLIM criteria are 
comprised of two criteria—phenotypic and etiologic—and malnutrition is diagnosed when both are met. Phenotypic criteria include 
low body mass index (BMI), unintentional body weight loss, and low skeletal muscle mass index (SMI), whereas etiologic criteria 
include decreased food intake/assimilation and disease burden/inflammation. Regarding phenotypic criteria, Asian-specific cutoff 
values were adopted for low BMI, which were <18.5 kg/m2 for patients <70 years of age and <20 kg/m2 for patients ≥70 years of age. 
Reduced muscle volume was defined using the SMI in the same manner as the diagnosis of sarcopenia described above. For the 
etiologic criteria, the state of chronic inflammation was assessed by the participants’ disease burden, including advanced congestive 
heart failure, chronic kidney disease, chronic obstructive pulmonary disease, chronic liver disease, rheumatoid arthritis with elevated 
inflammatory status (e.g., elevated C-reactive protein), and cancer [27]. Weight loss as a phenotypic criterion and reduced food intake 
or assimilation as an etiologic criterion were evaluated by reviewing medical charts. As for the consideration of weight loss, an 
objective observation of an unintentional weight loss of ≥5 % within six months or ≥10 % for a certain period was necessary. 
Regarding reduced food intake/assimilation, registered dietitians determined the condition as part of a comprehensive nutritional 
assessment by reviewing patients’ clinical symptoms and medical records. Briefly, under the condition of providing individually set 
adequate nutritional intake requirements, the dietitians reviewed the patient’s daily meal intake records and determined whether food 
intake was reduced. A 50 % reduction in food intake for more than one week or any percentage reduction in intake for more than two 
weeks was considered reduced food intake. When malabsorptive disorders such as short bowel syndrome and pancreatic insufficiency 
existed or a chronic GI condition that adversely impacts food assimilation or absorption, such as chronic diarrhea or steatorrhea, was 
observed, it was considered reduced assimilation. Patients who met the criteria for both malnutrition and sarcopenia were classified as 
having co-MS. 

2.3. Evaluation of prescriptions 

Since prescriptions have a large impact on clinical practice in the field of geriatrics, we comprehensively evaluated prescription 
drugs. Trained physicians evaluated the patients’ current medications based on prescriptions recorded in their medical charts. The 
presence of potentially inappropriate medications (PIMs) and the number of medications were evaluated simultaneously. Patients 
were defined as being subject to polypharmacy when they were prescribed ≥5 different medications simultaneously [28]. PIMs were 
assessed using the Screening Tool for Older Person’s Appropriate Prescriptions for Japanese (STOPP-J) criteria, which are mainly used 
in Japan [29], and the following drugs were categorized accordingly: antipsychotics (first- and second-generation); antidepressants; 
hypnotics (barbiturates, benzodiazepines, and non-benzodiazepine receptor agonists); anti-Parkinson drugs; sulpiride; steroids; 
digitalis; antithrombotic drugs (antiplatelet drugs and anticoagulants); diuretics; α-blockers; β-blockers; first-generation H1 receptor 
antagonists; H2 receptor antagonists; antiemetic drugs; oral antidiabetic drugs; insulin; overactive bladder medications; laxatives; and 
non-steroidal anti-inflammatory drugs. The active ingredients and generic names of the drugs were independently reviewed by other 
physicians to ensure classification accuracy. 

2.4. Evaluation of other co-variants 

Baseline profiles, including age, sex, and length of stay in the facility, were obtained from medical charts. The severity of the 
underlying disease was quantified using the Charlson Comorbidity Index (CCI), which measures the number, type, and severity of 
disease(s) [30]. 

The Katz-ADL Index is a functional measurement tool that assesses the status of independence in basic daily activities [31]. The 
Katz-ADL Index is used to assess a person’s overall performance regarding six functions of self-care ability: bathing, dressing and 
undressing, using the toilet, mobility, controlling the bowel and bladder, and food intake. Performance for each activity was evaluated 
on a 7-point scale as follows: 1, independent in all functions; 2, dependent on help in one activity; 3, dependent in two activities; 4, 
dependent in three activities; 5, dependent in four activities; 6, dependent in five activities; and 7, dependent in all six activities. 

The Food Intake LEVEL Scale (FILS) is a scale that uses 10 levels to evaluate swallowing function [31]. Speech-language-hearing 
therapists conducted this evaluation. The FILS scores ranged from level 1 (currently no swallowing training due to severe dysphagia or 
disturbed consciousness) to level 10 (currently eating without problems). Levels 1 to 3, 4 to 6, and 7 to 10 indicate “no oral intake” (i.e., 
the patients do not eat any food orally due to severe dysphagia or disturbed consciousness), “oral intake and alternative nutrition” (i.e., 
the patient can eat orally in addition to supplemental enteral or parenteral nutrition), and “oral intake alone,” respectively [32]. This 
has been validated on the Functional Oral Intake Scale, which showed a significant correlation (r = 0.96–0.99) [32]. The Revised Oral 
Assessment Guide (ROAG) was used to assess oral hygiene and function. These were individually assessed by trained dental hygienists 
[33]. The ROAG includes voice, swallowing, lips, teeth or dentures, oral mucosa, gingiva, tongue, and saliva. Each item is scored on a 
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scale of 1 (normal) to 3 (severe disability), with the total score ranging from 8 to 24. A total score of 8 indicates normal oral status; 
9–12, mild to moderate oral problems; and 13–24, severe oral problems [33]. 

For the cognitive function assessment, we used the Cognitive Performance Scale (CPS). The CPS is a scale originally developed to 
evaluate cognitive function in nursing home residents [34]. Trained medical social workers completed the CPS through interviews and 
medical charts. The CPS assesses a patient’s cognitive performance in four domains: short-term memory, ability to make decisions, 
ability to make oneself understood, and ability to eat. Scores range from 0 to 6, with higher scores indicating worse cognition, and 
patients are classified into seven categories based on their CPS performance [34]. 

2.5. Statistical analyses 

Data analyses were performed using IBM SPSS Statistics for Windows, version 27 (IBM Corp., Armonk, NY). Continuous variables 
are reported as mean (standard deviation), and categorical variables are presented as numbers (%). A sample-estimate univariate 
analysis was performed to examine factors associated with sarcopenia and co-MS. For univariate analysis, each factor was converted 
into a variable. Continuous variables in a normal distribution were tested using the t-test, and those that were not normally distributed 
were tested by Wilcoxon’s ran sum test. CCI, FILS, number of prescribed drugs, and PIMs were converted into two category variables 
and analyzed using the Fisher’s exact test. 

In order to determine the risk factors for patients with sarcopenia developing a co-existence of malnutrition, a multivariate logistic 
regression model was established. In this model, we input “co-existence of malnutrition” as a dependent variable and four clinically 
relevant factors with available evidence and physiological plausibility—PIMs, CCI, FILS, and number of prescribed drugs—as inde-
pendent variables and calculated each odds ratio to identify the variables that have a risk of co-existence of malnutrition. 

Variables were entered into the regression model simultaneously. All tests of significance were two-tailed, and statistical signifi-
cance was set at p < 0.05. 

3. Results 

3.1. Patient selection and characteristics 

A total of 92 patients aged ≥65 years stayed at Hyogo Medical University, Sasayama Medical Center, affiliated with a long-term 
nursing care facility during the research period. Among these, seven patients who were unable to provide consent and seven who 
were unable to perform valid muscle measurements using a body composition analyzer due to limb contractures or severe dementia 
were excluded. Subsequently, 78 patients underwent diagnostic evaluation for sarcopenia and malnutrition. Among them, six patients 
were not diagnosed with sarcopenia or malnutrition. Thus, 72 out of 78 patients were diagnosed with sarcopenia, and 29 out of 78 
were diagnosed with malnutrition. All the malnourished patients had comorbid sarcopenia. Older individuals with neither malnu-
trition nor sarcopenia were excluded, whereas those with sarcopenia alone or both malnutrition and sarcopenia (co-MS) were included 
in the analysis (Fig. 1). 

A summary of the clinical characteristics of the study population is shown in Table 1. The mean age was 86.4 years, and the mean 
length of stay was 303 days, which is relatively long compared with that in acute care hospitals, given that it is a long-term nursing care 
facility. The mean Katz-ADL Index was 5.07, suggesting that most patients needed assistance to perform their ADL. Additionally, most 
patients (83 %) had oral health problems based on the ROAG scores. The mean FILS score was 7.61. Participants were divided into two 

Fig. 1. Flowchart of study participant selection.  

N. Bando et al.                                                                                                                                                                                                         



Heliyon 9 (2023) e22245

5

groups, those with FILS scores <7 and those with scores >7, and patients with scores <7 (requiring varying levels of alternative 
nutrition) were defined as having severe dysphagia [32]. Eleven patients (15.2 %) had severe dysphagia, four of whom were 
completely fed by gastrostomy without any oral food intake. The mean CPS score was 4.17, and all patients had cognitive decline to a 
varying extent. The mean number of prescribed drugs was 6.79, and the number of patients who received more than five drugs was 51 
(70.1 %), which was considered to be polypharmacy. Forty-eight patients (66.7 %) were administered one or more PIMs. 

3.2. Diagnosis of sarcopenia, malnutrition, and co-MS 

Study participants were screened using the AWGS 2019 and GLIM criteria; only six were not diagnosed with either sarcopenia or 
malnutrition. We excluded the six patients without malnourishment or sarcopenia from the study population and included the 
remaining 72 (92 %) in our analysis. Of the 72 patients with sarcopenia, 29 (40.3 %) were diagnosed with malnutrition by the GLIM 
criteria (Table 2). As all malnourished patients also had the co-existence of sarcopenia, the prevalence of co-MS was 40.3 % (29/72). 

The SMI in men was relatively higher than in women (mean SMI for men and women, 5.53 kg/m2 vs. 4.14 kg/m2). Among the GLIM 
phenotyping criteria for the diagnosis of malnutrition, a decreased SMI was found in all patients (100 %), unlike the other criteria, such 
as decreased BMI (56 %) and body weight loss (12.5 %). Overall, 22 % of patients had decreased food intake or assimilation, whereas 

Table 1 
Characteristics of the study population (n = 72).  

Characteristics Values 

Age, years 86.4 (9.64) 
Length of stay (days) 303.7 (322.23) 
Female sex, n (%) 45 (62.5) 
Charlson Comorbidity Index 2.68 (1.71) 
FILS score 7.61 (2.10) 
<7, n (%) 11 (15.2) 
≥7, n (%) 61 (84.8) 
ROAG score 11.90 (3.10) 
CPS score 4.17 (1.34) 
Katz-ADL Index 5.07 (1.97) 
Number of prescribed drugs 6.79 (3.63) 
<5, n (%) 21 (29.9) 
≥5, n (%) 51 (70.1) 
Number of PIMs 1.6 (1.64) 
0, n (%) 24 (33.3) 
≥1, n (%) 48 (66.7) 

Data are presented as the mean (standard deviation) unless otherwise 
noted. 
FILS, Food Intake LEVEL Scale; ROAG, Revised Oral Assessment 
Guide; CPS, Cognitive Performance Scale; ADL, activities of daily 
living; PIMs, potentially inappropriate medications. 

Table 2 
Prevalence of malnutrition, sarcopenia, and co-MS and the result of their 
diagnostic items in the study population (n = 72).  

Characteristic Value 

Sarcopenia, n (%) 72 (100) 
GLIM malnutrition, n (%) 29 (40.3) 
Co-MS, n (%) 29 (40.3) 
SMI, kg/m2  

Women 4.14 (0.69) 
Men 5.53 (0.77) 
BMI, kg/m2  

Women 19.60 (2.86) 
Men 20.31 (2.6) 
GLIM criteria phenotype, n (%)  
Body weight loss 9 (12.5) 
Low BMI 40 (56) 
Low SMI 72 (100) 
GLIM criteria etiology, n (%)  
Reduced food intake/assimilation 16 (22.2) 
Inflammation 17 (23.6) 

Data are presented as the mean (standard deviation) unless otherwise 
noted. 
Co-MS, malnutrition and sarcopenia; GLIM, Global Leadership Initiative 
on Malnutrition; SMI, skeletal muscle index; BMI, body mass index. 
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23.6 % showed chronic inflammation as an etiology of malnutrition. 

3.3. PIMs according to the STOPP-J criteria 

PIMs were detected in 48 patients (66.7 %) according to the STOPP-J criteria, and the mean number of PIMs was 1.6 (1.64). Fig. 2 
shows the number of patients administered PIMs in each category, and Fig. 3 shows the number of patients taking PIMs in each 
category among patients with sarcopenia only and those with co-MS. The three most frequently prescribed PIMs according to the 
STOPP-J criteria were antithrombotic drugs (37.5 %), diuretics (23.6 %), and beta-blockers (16.7 %) (Fig. 2). In contrast, the PIMs that 
were prescribed significantly more frequently to patients with co-MS than to patients with sarcopenia only were diuretics (p < 0.001), 
steroids (p = 0.012), and oral antidiabetic drugs (p = 0.004) (Fig. 3). 

3.4. Factors associated with co-MS 

Table 3 shows the factors significantly associated with co-MS. For the CCI and FILS, we divided the patients into the two groups of 
severe comorbidity (CCI≥3) and other (CCI<3) and severe dysphagia (FILS<7) and other (FILS≥7), respectively. 

Univariate analysis showed that participant comorbid conditions (CCI), swallowing ability (FILS score), oral condition (ROAG 
score), and presence of PIMs were associated with co-MS (p < 0.05). Age, length of stay, cognitive status (CPS score), ADL (Katz-ADL 
Index), and polypharmacy were not associated with co-MS (p > 0.05) (Table 3). 

The results of the multivariate logistic regression analysis are presented in Table 4. The presence of PIMs was identified as an 
independent factor for co-MS (odds ratio = 18.00, 95 % confidence interval: 1.898–170.79, p < 0.05). 

Patients with co-MS showed a significantly lower BMI and SMI than those with sarcopenia only (Table 5). It is plausible that loss of 
body weight and low body weight are common in malnourished patients. It is also plausible that malnutrition causes sarcopenia, and a 
negative energy balance caused by malnutrition can induce muscle catabolism. 

4. Discussion 

We investigated the clinicopathological features of co-MS and identified the possible associated factors in a long-term nursing care 
facility in this study. Sarcopenia alone existed in our cohort, but malnutrition alone did not, and malnutrition was always comorbid 
with sarcopenia. Although not conclusive, this may support our hypothesis that sarcopenia may precede malnutrition and that pro-
gression occurs from sarcopenia only to co-MS in a long-term nursing care facility. We also clarified, for the first time, that taking 
medications classified as PIMs, rather than polypharmacy, is a statistically independent factor associated with co-MS. To the best of our 

Fig. 2. Number of patients receiving PIM prescriptions by category according to the STOPP-J criteria. PIM, potentially inappropriate medication; 
STOPP-J, Screening Tool for Older Person’s Appropriate Prescriptions for Japanese. 
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knowledge, this is the first study to investigate the clinical characteristics of co-MS in a long-term nursing care facility. 
The prevalence of sarcopenia is influenced by age group and clinical setting. Ethnicity and the diagnostic criteria used also affect 

prevalence. The prevalence of sarcopenia has been reported to range from 1 to 29 % among community-dwelling older adults [18, 
35–40], 14–85.4 % in nursing homes [12–15], and 10–24.3 % in acute hospitals [41,42]. We used the latest Asian-specific diagnostic 
tool, AWGS 2019, to diagnose sarcopenia in a long-term nursing care setting and demonstrated that the prevalence of sarcopenia was 
fairly high at 92 %. This is marginally higher than the highest previously reported percentage in nursing homes [12–15] and may be 

Fig. 3. Number of patients receiving PIM prescriptions by category according to the STOPP-J criteria, shown separately for patients with sarcopenia 
only and those with co-MS. *Drugs prescribed significantly more frequently to patients with co-MS than to patients with sarcopenia only (p-val-
ue<0.05). PIM, potentially inappropriate medication; STOPP-J, Screening Tool for Older Person’s Appropriate Prescriptions for Japanese; co-MS, 
malnutrition and sarcopenia. 

Table 3 
Factors associated with co-MS according to the univariate analysis.   

Sarcopenia only (n = 43) Co-MS (n = 29) p-value 

Age 85.79 87.34 0.506 
Length of stay (days) 343.04 216.62 0.084 
CCI 1.98 3.72 <0.001 
<3a 28 7  
≥3 15 22 <0.001 
FILS score 8.21 6.72 0.003 
<7b 3 8  
≥7 40 21 0.017 
ROAG score 10.51 13.97 <0.001 
CPS score 4.02 4.38 0.237 
Katz-ADL Index 4.70 5.62 0.051 
Number of prescribed drugs 
<5c 15 6  
≥5 28 23 0.194 
Number of PIMs 
0 23 1  
≥1 20 28 <0.001 

Co-MS, malnutrition and sarcopenia; CCI, Charlson Comorbidity Index; FILS, Food Intake LEVEL Scale; ROAG, Revised Oral Assessment Guide; CPS, 
Cognitive Performance Scale; ADL, activities of daily living; PIMs, potentially inappropriate medications. 

a CCI<3 indicated mild to moderate comorbidity, and CCI≥3 indicated severe comorbidity. 
b FILS <7 indicated “no oral intake” and “oral intake and alternative nutrition,” and FILS ≥7 indicated “oral intake alone.” A FILS score of <7 

indicated severe dysphagia. 
c Number of prescribed drugs ≥5 indicates polypharmacy. 
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explained by the fact that, under the Japanese medical and welfare system, long-term nursing care facilities for older adults, such as the 
center in our study, are designated as medical facilities. Older patients admitted to these facilities have a higher dependence on daily 
nursing care and have disease(s) requiring more medical care than do patients in nursing homes, which are categorized as welfare 
facilities. Therefore, this finding is plausible in that the causes of sarcopenia include inactivity and disease burden. 

In the present study, we incorporated GLIM criteria to diagnose malnutrition. The GLIM criteria are consensus-based global 
standards that can be used in every medical and healthcare setting [43]. All the older patients diagnosed with malnutrition had 
sarcopenia. In other words, co-MS was present in 40 % of our cohort. This is not surprising because the prevalence of sarcopenia in this 
study population was quite high (92 %), and malnutrition is one of the causes of sarcopenia due to muscle breakdown from a negative 
energy balance. It is unclear whether sarcopenia precedes malnutrition or malnutrition precedes sarcopenia in the etiological back-
ground of co-MS. It is known that the muscle weakness observed in sarcopenia includes swallowing-related muscles, resulting in a 
decline in swallowing function called sarcopenic dysphagia [17–19]. This would lead to malnutrition due to reduced food intake. 
Given that the comorbidity of malnutrition causes further muscle breakdown, it is presumed that both processes form a vicious cycle 
together. The existence of co-MS and sarcopenia without malnutrition suggests that there may be a high-risk group for progression to 
co-MS due to malnutrition among older adults with sarcopenia in long-term nursing care facilities. Herein, various clinical features 
were evaluated and compared between older adults with sarcopenia alone and those with co-MS, and the items associated with co-MS 
were investigated. We clarified that PIM prescriptions, patient comorbidity as assessed by the CCI, swallowing ability as assessed by the 
FILS score, and oral condition as assessed by the ROAG score were factors significantly associated with co-MS (p < 0.05). ADL assessed 
using the Katz-ADL Index also showed a tendency toward association (p = 0.051) in the univariate analysis. In view of the vicious cycle 
of sarcopenia and malnutrition, deterioration of swallowing ability and oral function and reductions in ADL may be expected. In 
contrast, age, length of stay, cognitive function, and polypharmacy were not associated with co-MS in the univariate analysis (p >
0.05). Our multivariate analysis showed that taking medications classified as PIMs, rather than polypharmacy, was a statistically 
independent factor associated with co-MS among older adults with sarcopenia in this study. 

The use of PIMs is reportedly associated with unfavorable drug reactions, disability, mortality, hospitalization, institutionalization 
in long-term care facilities, and excessive medical expenses among older adults [44–46]. For older patients in an acute hospital setting, 
a systematic review demonstrated that the prevalence of PIMs ranged from 53.2 % to 89.8 % according to the Beers criteria and from 
30.4 % to 97.1 % with the STOPP criteria [47]. Another systematic review of nursing homes showed that 16–54 % of residents used 
PIMs according to the Beers criteria and the Health Plan Employer Data and Information Set [48,49]. It has also been revealed that 
approximately 26 % of community-dwelling older adults and 49 % of patients living in nursing homes in Europe are exposed to PIMs, 
as assessed by the Beers criteria [50,51]. 

The prevalence of PIMs varies according to care settings and criteria. The types of drugs on the market and classification systems 
may vary across countries; therefore, country-specific criteria should be used in clinical practice [52]. The Japan Geriatrics Society 
created the “Guidelines for Medical Treatment and its Safety in the Elderly” in 2005 and updated them in 2016 to the latest version, the 
STOPP-J [30]. PIMs assessed using the STOPP-J criteria are associated with hospitalization and mortality in Japanese patients 
receiving home-based medical services [53]. In older people with mild cognitive impairment and mild dementia, the prescription of 
medications that are PIMs according to the STOPP-J criteria is associated with lower verbal fluency scores and lower quality of life 
[54]. 

In addition to PIMs, polypharmacy has become widespread in older populations because these patients tend to have various dis-
eases simultaneously. Similar to the problems caused by PIMs, polypharmacy is also significantly associated with adverse outcomes 

Table 4 
Factors associated with co-existence of malnutrition for patients with sarcopenia according to the logistic regression model.  

Variable OR 95 % CI p-value 

Number of PIMs 18.00 1.898–170.79 0.012 
Charlson Comorbidity Indexa 2.58 0.609–10.927 0.198 
FILS scoreb 0.46 0.075–2.909 0.414 
Number of prescribed drugsc 0.87 0.246–3.079 0.829 

Co-MS, malnutrition and sarcopenia; OR, odds ratio; CI, confidence interval; PIMs, potentially inappropriate medications; FILS, Food 
Intake LEVEL Scale. 

a CCI<3 indicated mild to moderate comorbidity, and CCI≥3 indicated severe comorbidity. 
b FILS<7 indicated severe dysphasia, and FILS≥7 indicated none-to-moderate dysphasia. 
c Number of prescribed drugs ≥5 indicates polypharmacy. 

Table 5 
Comparison of BMI, SMI, and PA in patients with sarcopenia only and those with co-MS.   

Sarcopenia only (n = 43) Co-MS (n = 29) p-value 

BMI (kg/m2) 20.41 18.94 0.045 
SMI (kg/m2)* − 1.38 − 1.74 0.039 

BMI, body mass index; SMI, skeletal muscle index; co-MS, malnutrition, and sarcopenia. 
aDifference from sex-specific cutoff values. 
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among older people, such as adverse drug-related events and falling [55,56]. Polypharmacy is observed in 40 % of older outpatients, 
and the mean number of medications is 5.4 [54]. Polypharmacy is associated with frailty, lower quality of life, and cognitive 
impairment among older outpatients [54]. A study conducted on older home-care patients reported that polypharmacy was observed 
in 51.5 % of patients and was associated with malnutrition and multiple comorbidities [57]. In a previous study in Japan, the mean 
number of medications used per patient (mean age of 77 years) attending an older adult outpatient unit of a university hospital was 4.4 
[58]. 

In the present study, we incorporated the STOPP-J criteria for the evaluation of PIMs because this study was conducted in Japan 
and all participants were Japanese. Polypharmacy was observed in 70 % of the study population, and the mean number of prescribed 
drugs was 6.79. In this study population, the proportion of polypharmacy was relatively high, and the mean number of prescriptions 
was also high compared with previously reported results among older adults in home-care and outpatient clinics. These differences can 
be attributed to differences among the research participants. As a characteristic of the facility where this research was conducted, 
patients are more dependent on medical care and have many underlying diseases compared to patients in home-care or outpatient 
clinics. Indeed, the participants’ mean age (86.4 years) and mean CCI (2.6) were relatively high in this study. Unlike in other studies, 
polypharmacy was not associated with the comorbidity of malnutrition among sarcopenic older adults in our study. However, the 
reason for this is unclear. Originally, the number of prescription drugs was large in this study. Generally, these prescriptions include 
many drugs that are not PIMs and are considered to be safer than PIMs, such as expectorants and antiflatulents. As a result, one 
possibility is that the number of prescriptions will increase, and the number alone will obscure the relationship with the outcome. 

Herein, we also found that 66.7 % of older individuals were exposed to PIMs. Since the content of prescription drugs is more 
important than their number, it is more crucial to scrutinize the content rather than simply reduce the number of prescription drugs to 
prevent progression to co-MS. When looking at the breakdown of PIMs prescribed to all study participants, antithrombotic drugs were 
the most common, followed by diuretics, beta-blockers, and antipsychotics. In contrast, among the PIMs, diuretics, steroids, and oral 
antidiabetic drugs were prescribed significantly more often to older people with co-MS than to those with sarcopenia only. Diuretics 
are often prescribed for chronic heart failure and chronic kidney disease, which are chronic inflammation-based diseases. Steroids are 
likewise prescribed for several inflammatory diseases, such as collagen disease. Diabetes is characterized by anabolic disorders caused 
by insufficient insulin secretion or function. Given that underlying chronic inflammatory diseases cause malnutrition, chronic 
inflammation is included in the etiological criteria of the GLIM criteria for malnutrition diagnosis (9). Additionally, chronic inflam-
mation has a negative effect on muscle metabolism and causes sarcopenia [10]. The BMI and SMI of older adults with sarcopenia only 
and those with co-MS were significantly lower than those of older adults with co-MS. 

Diuretics and steroids have been reported to have direct negative effects on muscle tissues. Loop diuretics, especially bumetanide 
and furosemide, have negative effects on muscle myogenesis [59]. They act on the Na–K–2Cl cotransporter, which is highly expressed 
in skeletal muscle, and inhibit its function in myoblast differentiation [59]. Loop diuretics are commonly prescribed to treat renal and 
heart failure. Moreover, research from clinical settings has revealed that the use of loop diuretics is associated with muscle wasting in 
patients with heart failure, regardless of its severity [60]. In this study, all diuretics were prescribed for congestive heart failure, with 
furosemide being the most common. Although there are patients with conditions that require furosemide, it is worth considering 
reducing the dosage while monitoring the condition. Of course, if diuretics are not required due to pathological conditions, this would 
be better, and they should not be prescribed in such cases. 

Glucocorticoids (GCs) are anti-inflammatory drugs frequently prescribed for several inflammatory diseases, including rheumatoid 
and autoimmune diseases. However, despite the excellent anti-inflammatory effects of GCs, they also have various side effects, 
including muscle wasting, reduced bone mineral density, and glucose metabolism disorders. GCs cause a catabolic reaction in skeletal 
muscle that may lead to steroid-induced myopathy [61]. A possible mechanism is that GCs may inhibit glucose uptake in skeletal 
muscle fibers and contribute to the breakdown of muscle proteins. Furthermore, GCs may inhibit protein synthesis in muscle fibers 
[61]. In this study, although there were various causative diseases of steroid prescription, connective tissue disease, interstitial 
pneumonia, polymyalgia rheumatica, and an inflammatory disease that causes muscle pain of unknown origin were included. In many 
cases, it may be difficult to completely stop the use of steroids; however, it is necessary to consider dose reduction, if appropriate. 

Epidemiologically, older patients with type 2 diabetes are considered to be at high risk of sarcopenia with a decline in muscle 
quality and strength [62]. Sarcopenia among older patients with type 2 diabetes is likewise independently associated with all-cause 
mortality and increased complications of diabetes, such as infection [63]. Several reports have described the negative impact of 
commonly used antidiabetic drugs on skeletal muscle. For example, although metformin, known as the first-line oral medication for 
type 2 diabetes, shows beneficial metabolic effects, including an improvement in insulin resistance and hyperinsulinemia, it causes 
weight loss and a decrease in fat mass [64]. A multicenter longitudinal cohort study of older men with diabetes treated with metformin 
showed a negative impact on lean body mass [65]. A meta-analysis of randomized controlled trials on the effects of glucagon-like 
peptide-1 (GLP-1) analogs on body composition also revealed an association of GLP-1 with both weight loss and decreases in mus-
cle mass [66]. Sodium-glucose cotransporter 2 (SGLT2) inhibitors selectively inhibit SGLT2 to reduce proximal tubular glucose 
reabsorption, increase urinary sugar excretion, and reduce blood glucose concentration. Research shows that the use of SGLT2 in-
hibitors in patients with diabetes reduces fat mass and lean mass by reducing glucose absorption [67]. To date, no negative effects of 
dipeptidyl peptidase 4 (DPP4) on body weight or muscle mass have been reported. The negative effects of relatively newer oral 
antidiabetic agents, such as SGLT2 and GLP-1, on body composition remain controversial. In addition to metformin, older patients 
sometimes have concomitant heart failure; therefore, SGLT2 is commonly prescribed. DPP4 and GLP-1 are often prescribed to older 
adults because they have fewer hypoglycemic side effects and are considered safer. In this study, metformin and DPP4, followed by 
SGLT2, were frequently prescribed. The reason for the low prescription rate of hypnotics categorized as PIMs is the recent tendency to 
refrain from prescribing these drugs to older adults due to their side effects. For sleep disorders in older adults, relatively new types of 
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sleeping pills that are not categorized as PIMs, including orexin receptor antagonists and melatonin agonists, are prescribed. 
In the current study, 72 of the 78 (92 %) patients were diagnosed with sarcopenia. From this result, we can conclude that most 

patients in long-term nursing care facilities already have sarcopenia. Since there are no patients with only malnutrition, it is expected, 
although it has not been proven, that sarcopenia combined with undernutrition leads to co-MS. We should be aware of the possible risk 
that some of these patients might progress to co-MS due to combined malnutrition. One must also be aware of sarcopenic dysphagia 
caused by sarcopenia of the swallowing muscles. It should be noted that the progression of sarcopenia may cause dysphagia, which 
may lead to malnutrition [17–19]. Indeed, the FILS score was associated with co-MS in the univariate analysis, although it was not 
statistically significant in the multivariate analysis. Not surprisingly, the SMI of patients with co-MS was significantly lower than that 
of patients with sarcopenia alone. To prevent malnutrition associated with dysphagia, it is important to adjust the form of meals 
according to swallowing function and individualize nutrition therapy to meet nutritional demands. Specific physical interventions 
targeting swallowing muscle training, in addition to regular sarcopenia interventions such as whole-body physical therapy, are also 
essential to prevent co-MS. Many residents of long-term nursing care facilities are expected to have decreased ADL and daily physical 
activities. Therefore, it is important to make efforts to increase daily physical activities in order to maintain and improve muscle mass 
and function. 

This study has some limitations. First, owing to the cross-sectional nature, we evaluated potentially associated factors based on 
plausibility and availability (i.e., routinely collected factors in clinical practice). Some factors, such as nutrient intake reports, daily 
physical activity, and self-perceived level of life satisfaction, were not evaluated but seemed to be related to malnutrition and sar-
copenia. Causal relationships between co-MS and potentially associated factors were also not established due to the cross-sectional 
design. Second, the number of factors in the multivariate analysis was limited due to the number of study participants. Third, the 
study included only a small number of older individuals from a single institution. Hence, facility-expanded cohort studies are needed to 
clarify the impact of co-MS on outcomes for older individuals in long-term nursing care facilities. 

5. Conclusions 

Sarcopenia occurred in most of the older adults in long-term nursing care facilities, and the prevalence of co-MS is relatively high. 
The presence of PIMs was identified as an independent factor in the co-existence of malnutrition and sarcopenia. Healthcare pro-
fessionals should be aware of this fact because it is critical to identify patients at risk as early as possible to prevent co-MS. Notably, it is 
important not to simply reduce the drug but to reduce the use of drugs in consideration of PIMs. 
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