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Abstract: Malnutrition–sarcopenia syndrome (MSS) might put older adults at higher risk for disability,
frailty, and mortality. This study examined the prevalence and association of the self-management-
process factors (i.e., self-efficacy and aging expectations) and behaviors (protein and caloric intake
and sedentary and physical-activity behaviors) to MSS among older adults living in continuing care
retirement communities (CCRCs). Using a cross-sectional correlational design, data of 96 CCRC
residents (82.4 ± 7.4 years) were analyzed. Muscle mass, strength, function, nutritional status,
sedentary time, physical activity levels, protein and caloric intake, self-efficacy for physical activity,
aging expectations, and physical and mental health-related quality of life were measured. Results
show that 36 (37.5%) had sarcopenia, 21 (21.9%) had malnutrition risk, 13 (13.4%) had malnutrition,
and 12 (12.5%) had MSS. We also found that high time spent in sedentary behaviors (OR = 1.041;
95% CI: 1.011–1.071) was associated with higher odds of having MSS and high expectations regarding
aging (OR = 0.896; 95% CI: 0.806–0.997) were associated with less likelihood of having MSS. Findings
suggest that CCRC residents should be screened for MSS. Self-management interventions that
consider the self-management-process factors are needed to prevent MSS and mitigate its negative
outcomes among CRCC residents.

Keywords: sedentary behavior; aging expectations; protein intake; physical activity

1. Introduction

Sarcopenia is a syndrome prevalent in older adults and characterized by progressive
and generalized loss of muscle strength, mass, and/or function [1]. Sarcopenia is associated
with negative health outcomes, including falls, fractures, physical disability, frailty, poor
quality of life, and mortality [1,2]. Malnutrition is also a common health problem that
affects people from different age groups, particularly older adults [3,4]. Malnutrition is one
of the key pathophysiological causes of sarcopenia in older adults [1] and has been linked
to many adverse clinical outcomes, including increased hospitalization rates and length of
hospital stay, poor muscle quantity and quality, reduced quality of life, and mortality [1,2].
While the prevalence of sarcopenia and malnutrition varies widely depending on the
population studied, sex, age, settings, and the diagnostic criteria used, both conditions are
highly prevalent among older adults, particularly institutionalized older adults [4,5].

Sarcopenia and malnutrition might occur concurrently among older adults. The
clinical presentation of both conditions together has been termed “malnutrition–sarcopenia
syndrome (MSS)” [6] and might put older adults at higher risk for disability, frailty, and
mortality than those only suffering from either sarcopenia or malnutrition. However, to
our knowledge, the concept of MSS has not yet been widely recognized, and research
on identifying individuals with MSS, particularly older adults living in continuing care
retirement communities (CCRCs) is still lacking in the literature. Further, despite the fact
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that MSS may lead to numerous and devastating health outcomes for older adults, there is
no evidence on the cooccurrence of both conditions and the factors associated with MSS in
older adults living in CCRCs.

Older adults living in CCRCs are at higher risk for malnutrition and reduced muscle
mass, strength, and function compared to community-dwelling older adults [7,8]. Older
adults are typically screened and assessed for either sarcopenia or malnutrition, but rarely
for both conditions concurrently [6,9]. As both conditions are amenable to intervention, it
is imperative to assess for MSS and its associated factors among this high-risk group who
live in CCRCs. Sarcopenia and malnutrition have multifactorial processes where physical
activity and nutrient intake exert an important role [6,10]. However, physical activity and
dietary self-management behaviors and their antecedents have been overlooked among
older adults with MSS living in CCRCs. According to the Individual and Family Self-
management Theory (IFSMT) [11], the process of self-management, including knowledge
and beliefs, impacts self-management behaviors and both can directly influence health
outcomes. Hence, knowledge and beliefs of self-efficacy for physical activity and aging
expectations could influence older adults’ self-management behaviors (i.e., engaging in
sedentary and physical activity behaviors and eating adequate nutrients including protein
and calories) and health outcome (muscle mass, strength, function, and nutritional status).
However, these relationships have not been studied in older adults with MSS living in
CCRCs. We conducted this study with the following objectives: (1) to identify the preva-
lence of MSS in older adults living in CCRCs and (2) to examine the relationship of MSS to
self-management processes including self-efficacy and aging expectations as well as the
sedentary, physical activity, and dietary self-management behaviors in this population.

2. Materials and Methods

We used a cross-sectional correlational design and a convenience sample of 105 older
adults living in six CCRCs in the Midwestern United States (Figure 1). Inclusion criteria
included: (1) English speaking, (2) >70 years old, and (3) having a score >26 on the Montreal
Cognitive Assessment [12] and a score <11 on the 15-item Geriatric Depression Scale [13].
Individuals who were unable to stand or walk without assistance (using assisted de-vices
such as canes or walkers was allowed) and/or with medical conditions that would limit
the ability to increase protein intake such as kidney disease were excluded.
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2.1. Measurement

Malnutrition–sarcopenia syndrome in this study was defined as the concurrent pres-
ence of both malnutrition and sarcopenia in older adults.
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2.2. Malnutrition Assessment

Nutritional status was assessed using the short-form Mini Nutritional Assessment
(MNA) questionnaire, the most widely used tool for nutritional screening and assessment
of older adults [14,15]. A recent systematic review and meta-analysis demonstrated that the
short-form MNA performed well in older adults with the highest sensitivity and specificity
compared to 16 other tools [16]. The questionnaire consists of six questions about dietary
regime in the last 3 months, weight loss, immobility, recent stress periods, neuropsycho-
logical disorders such as depression or dementia, and body mass index. MNA scores of
12–14 indicate normal nutritional status, 8–11 at risk of malnutrition, and 0–7 malnutrition.

2.3. Sarcopenia Assessment

The operational definition of sarcopenia by the European Working Group on Sarcope-
nia in Older People 2 (EWGSOP2) [1] was used to assess the participants for sarcopenia.
According to the EWGSOP2, individuals with low muscle strength combined with a low
muscle quantity were considered to have sarcopenia. When low muscle strength, low
muscle quantity, and low physical performance are all detected, sarcopenia is considered
severe [1].

A tetrapolar bioelectrical impedance spectroscopy (BIS) (SFB7 device; ImpediMed Ltd.,
Brisbane, Australia) device was used to estimate the appendicular skeletal muscle mass
(ASMM). The details of BIS have previously been described [7–17]. BIS measurements were
taken between the right wrist and ankle while the participant rested in a supine position.
We used the cross-validated equation by Sergi and colleagues (2015) to calculate the ASMM
as recommended by the EWGSOP2 [1].

ASMM (kg) = −3.964 + (0.227 × RI) + (0.095 × weight) + (1.384 × sex) + (0.064 × Xc)

The body weight was measured in kilograms. For sex, a value of 1 represented men and
a value of 2 represented women. Both Xc (reactance) and RI (resistance index) are obtained
from the BIS device. The agreement of this ASMM equation and dual X-ray absorptiometry
was good (adjusted R2 = 0.92, standard error of estimate (SEE) = 1.14 kg) [18]. According
to the EWGSOP2, a low muscle mass was defined as less than 20 kg for men and less than
15 kg for women [1].

Handgrip strength was measured using smart a Jamar Smart Digital Hand Dynamometer®

(Patterson Medical Inc., Warrenville, IL, USA) [19]. During the test, the participant was in a
sitting position, with elbow and forearm resting on the chair arm. The mean score of the
three trials was analyzed. According to EWGSOP2, a low handgrip strength was defined
as less than 27 kg for men and less than 16 kg for women [1].

Gait speed was assessed as part of the short physical performance battery (SPPB)
test [20]. The SPPB test includes measures of a 4 m gait speed, time needed to rise from
a chair five times, and three standing balance tests, each held for 10 s, and the stances
are progressively more difficult. For gait speed, participants were asked to walk at their
usual pace over a 4 m course. Canes or walkers were allowed during the walking test,
if necessary. Two trials were completed, and the faster time was analyzed. According to
the EWGSOP2, a low gait speed was defined as ≤0.8 m/s [1]. The SPPB has an overall
score range of 0 to 12, with 0 indicating the lowest physical performance, and a score
of 12 indicating the highest performance.

2.4. Sedentary and Physical Activity Behavior Assessment

The Actigraph GT3X+ accelerometer (Actigraph, Inc., Pensacola, FL, USA) was used
to objectively measure sedentary and physical activity levels. The accelerometer was en-
closed in a belt worn on the waist and used for all waking hours for seven consecutive
days. The accelerometer was initialized to collect second-by-second activity counts that
were scored as minutes spent across the 7 days in intensity levels of sedentary activities
(0 to 100 counts), light physical activity (LPA, 101 to 1951 counts), moderate physical ac-
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tivity (MPA, 1952 to 5924 counts), vigorous physical activity (VPA, >5925 counts) [21,22].
Time spent in moderate- and vigorous-intensity activity (MVPA) was defined as accelerom-
eter counts per minute of 1952 and higher. The data were scored and interpreted using
the “Actilife software 6.13.4.” An average of at least 10 h of data for a four-day count was
required. At least 60 min of continuous zero counts was defined as a non-wearing period
and was subsequently removed from the analysis.

2.5. Protein and Caloric Intake Assessment

Dietary protein and caloric intake were assessed using the seven abbreviated Block
Brief 2000 Food Frequency Questionnaires (FFQ) [23,24]. The questionnaire consists of
70 food items and captures information about dietary intake during the previous year. Raw
data captured in the FFQs were analyzed by NutritionQuest (Berkeley, CA, USA) and trans-
lated into quantitative intake of macronutrients and micronutrients including protein and
caloric intake. Protein intake adjusted for body weight was calculated and dichotomized
into: meets recommendation or does not meet recommendation [25]. Caloric intake ad-
justed for age and sex was calculated and dichotomized into: meets recommendation or
does not meet recommendation [26].

2.6. Self-Efficacy for Physical Activity Assessment

Self-efficacy for physical activity was assessed by the Physical Activity Assessment
Inventory [27]. This is a 13-item numeric scale that asks respondents to rate how confident
they are that they could perform their usual physical activities in different circumstances.
Response options range from 0 (cannot do at all) to 100 (certain can do) in increments of 10,
with higher scores indicative of increased levels of self-efficacy. Cronbach’s alpha was 0.95,
and content validity was supported in previous studies [27,28].

2.7. Aging Expectations Assessment

The Expectations Regarding Aging (ERA-38) survey [29] was used to assess aging
expectations. The survey was developed to measure the extent to which individuals expect
to experience age-associated decline and has been used to examine the relationship between
perceptions of aging, health behaviors, and outcomes. It includes 38 questions related to
several domains, including general health, physical and mental health, cognitive function,
and independence in activities of daily living. Higher average scores indicate more positive
expectations and lower scores indicate expected decline in health and functional and mental
status. The total scores were used in the analysis. This survey showed acceptable reliability
and validity in a previous study in older adults [29].

2.8. Other Measures

Demographics survey data on marital status, education level, falls, and smoking status
were collected. Data on the physical- and mental-health-related quality of life was measured
by the SF-36 [30] and the Timed and Up and Go (TUG) test was administered [31].

2.9. Statistical Analysis

Assuming a proportion of 20% based on a previous study [32], a precision of 10%, and
an estimated design effect of 2 to account for differences between the CCRCs, a sample size
of 122 participants was required. Statistical analyses were performed with SPSS software
version 27. Descriptive statistics were used to describe the study variables. We present the
categorical data as absolute number and percentages (%) and the continuous data as the
mean (M) standard deviation (SD). We applied the Pearson chi-squared and Fisher’s exact
test for categorical data and the independent samples t-test for continuous data to compare
the differences between participants with and without MSS. Responses to the items on the
SF-36 survey were compiled using standard procedures to obtain t-scores for the physical
and mental composite scales [30]. Univariate logistic regression analysis was performed for
each variable (protein intake, caloric intake, sedentary time, LPA, MVPA, self-efficacy, and
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ERA) to check for significant association with MSS. A multiple logistic regression was also
conducted to examine the relationship between these variables and MSS. Stepwise model
selection with entry and removal criteria of p < 0.05 and p > 0.10, respectively, was used and
all logistic regression models were adjusted for age and gender. Statistical significance was
defined as p < 0.05. Participants with missing data were excluded from analyses (n = 9).

3. Results
3.1. Characteristics of Study Sample

A total of 96 participants were included in the analyses. The mean age of the study
participants was 82.5 (SD = 7.4) years (range from 70 to 99 years), and 79 participants
(82.3%) were female. The majority of participants were White or Caucasian (n = 78; 81.3%),
widowed (n = 57; 59.4%), highly educated with some college or above (n = 68; 70.8%), and
non-current smokers (n = 85; 88.5%). The fall incidence was high in our sample—43 (44.8%)
participants had had at least one fall in the past 12 months. Only 42 (43.8%) participants met
the daily recommendation for protein intake and 33 (34.4%) met the daily recommendation
for caloric intake. The sample also showed low muscle mass, strength, function, LPA, and
MVPA, and high sedentary time. The average physical (23.3; SD = 0.30) and mental (12.6;
SD = 0.3) HRQoL scores were substantially lower than the lower 25th percentile for persons
aged 75 and above. All characteristics of the participants are depicted in Table 1.

Table 1. Characteristics of the total sample and comparison between those with and without MSS.

Characteristic Total Sample
(n = 96, 100%)

No MSS
(n = 84, 87.5%)

MSS
(n = 12, 12.5%)

p-Value
(No MSS vs.

MSS)

Age (years) 82.5 ± 7.4 81.9 ± 7.2 86.1 ± 8.4 0.074

BMI 26.1 ± 6.1 27.12 ± 5.8 20.26 ± 1.2 <0.001

Gender 0.686

Female 79 (82.3) 68 (81.0) 11 (91.7)
Male 17 (17.7) 16 (19) 1 (8.3)

Race 0.207

White or Caucasian 78 (81.3) 68 (81.0) 10 (83.3)
Black or African American 16 (16.7) 15 (17.9) 1 (8.3)
American Indian/Alaska

Native 2 (2.1) 1 (1.2) 1 (8.3)

Marital Status 0.298

Never married or single 4 (4.2) 3 (3.6) 1 (8.3)
Married 18 (18.8) 18 (21.4) 0 (0)

Divorced or separated 17 (17.7) 14 (16.7) 3 (25.0)
Widowed 57 (59.4) 49 (58.3) 8 (66.7)

Education Level 0.742

High school or below 28 (29.2) 24 (28.6) 4 (33.3)
College and above 68 (70.8) 60 (71.4) 8 (66.7)

Falls 0.313

Yes 43 (44.8) 36 (42.9) 7 (58.3)
No 53 (55.2) 48 (57.1) 5 (41.7)

Smoking Status 0.624

Current smokers 11 (11.5) 9 (10.7) 2 (16.7)
Non-current smokers 85 (88.5) 75 (89.3) 10 (83.3)

Nutrition Status <0.001

Normal 62 (64.6) 62 (73.8) 0 (0)
Malnutrition risk 21 (21.9) 21 (25.0) 0 (0)

Malnutrition 13 (13.4) 1 (1.2) 12 (100)
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Table 1. Cont.

Characteristic Total Sample
(n = 96, 100%)

No MSS
(n = 84, 87.5%)

MSS
(n = 12, 12.5%)

p-Value
(No MSS vs.

MSS)

Sarcopenia Status 0.004

No 60 (62.5) 60 (71.4) 0 (0)
Yes 36 (37.5) 24 (28.6) 12 (100)

Protein Intake 0.437

Yes 42 (43.8) 38 (45.2) 4 (33.3)
No 54 (56.3) 46 (54.8) 8 (66.7)

Caloric Intake 0.167

Yes 33 (34.4) 31 (36.9) 2 (16.7)
No 63 (65.6) 53 (63.1) 10 (83.3)

Number of chronic conditions 4.8 ± 5.4 4.6 ± 5.4 5.6 ± 5.3 0.598

Handgrip strength (kg) 19.0 ± 6.9 19.9 ± 6.7 11.9 ± 3.7 <0.001

Body fat % 37.5 ± 7.2 39.1 ± 5.5 37.26 ± 7.4 0.403

ASMM (kg) 16.0 ± 3.6 16.4 ± 3.7 13.2 ± 2.1 <0.001

Gait speed (m/s) 0.7 ± 0.2 0.7 ± 0.2 0.57 ± 0.2 0.016

SPPB 7.9 ± 2.6 8.2 ± 2.5 5.83 ± 2.7 0.003

TUG 14.9 ± 5.4 14.2 ± 4.4 19.8 ± 8.4 0.001

Sedentary time 519.1 ± 77.8 506.7 ± 73.5 608.5 ± 41.5 <0.001

LPA 151.6 ± 54.6 153.6 ± 55.8 137.2 ± 43.9 0.353

MVPA 4.6 ± 10.2 5.1 ± 10.9 2.1 ± 2.0 0.369

Self-efficacy 919.9 ± 256.9 928.7 ± 251.3 858.6 ± 298.1 0.379

ERA 40.1 ± 14.9 40.8 ± 15.3 35.4 ± 10.8 0.146

HRQoL

Physical 23.3 ± 0.3 23.3 ± 0.3 23.2 ± 0.3 0.170
Mental 12.6 ± 0.3 12.7 ± 0.4 12.4 ± 0.3 0.069

Data are presented as the number (percent) for the following variables: gender, marital status, education level,
falls, smoking status, nutritional status, sarcopenia status, meet daily protein intake recommendations, and
meet daily caloric intake recommendations. For other variables, the mean ± SD are used. The independent
sample t-test was used for the continuous variables, and the Pearson chi-square or Fisher’s exact test was used
for categorical variables. During testing, p < 0.05 was considered statistically significant. MSS: malnutrition–
sarcopenia syndrome; n: sample size; BMI: body mass index; ASMM: appendicular skeletal muscle mass; SPPB:
short physical performance battery; TUG: Timed Up and Go; LPA: light physical activity; MVPA: moderate and
vigorous physical activity; ERA: expectations regarding aging.

3.2. Sarcopenia, Malnutrition, and MMS

Based on the EWGSOP2 criteria, 36 participants (37.5%) were found to have sarcopenia.
Based on the results of the MNA scale, the prevalence of malnutrition risk and malnutrition
were 21.9% (n = 21) and 13.4% (n = 13), respectively. When considering both sarcopenia
and malnutrition syndromes, 12.5% (n = 12) of the participants had MSS (Table 1).

3.3. Comparison of Characteristics between with MSS and without MSS

The general characteristics and all other variables were compared between those with
and without MSS (Table 1). Compared to participants without MSS, participants with MSS
had lower handgrip strength (p < 0.001), ASMM (p < 0.001), gait speed (p = 0.016), SPPB
(p = 0.003), and TUG (p = 0.001). Participants with MSS also showed higher sedentary
time (p < 0.001) than those without MSS (Table 1). Participants without MSS represented
higher levels of LPA, MVPA, self-efficacy, ERA, and physical and mental HRQoL, although
without reaching significance (Table 1).
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3.4. Factors Associated with MMS

The time spent in sedentary behaviors showed a positive association with MSS. Partic-
ipants who spent more time in sedentary behaviors were more likely to have MSS (odds
ratio (OR) = 1.024; 95% confidence interval (CI): 1.010–1.039) compared to those who did
not. The binary logistic regression models, including each independent variable and MSS,
are presented in Table 2. All regression models were adjusted for age and gender. The mul-
tiple logistic regression analysis adjusted for age and gender demonstrated that high time
spent in sedentary behaviors (OR = 1.041; 95% CI: 1.011–1.071) was significantly associated
with higher odds of having MSS and that CCRC residents with high expectations regarding
aging (OR = 0.896; 95% CI: 0.806–0.997) were less likely to have MSS than those with low
expectations regarding aging (Table 3).

Table 2. Binary logistic regression models including each independent variable and MSS.

Coefficient SE Wald p-Value OR 95% CI

Protein intake −0.140 0.685 0.42 0.838 0.869 0.227–3.327

Caloric intake −0.980 0.825 1.411 0.235 0.375 0.074–1.891

Sedentary time 0.024 0.007 10.878 0.001 1.024 1.010–1.039

LPA −0.003 0.007 0.269 0.604 0.997 0.984–1.009

MVPA −0.089 0.111 0.651 0.420 0.915 0.736–1.136

Self-efficacy −0.002 0.001 2.012 0.156 0.998 0.995–1.001

ERA −0.030 0.024 1.560 0.212 0.970 0.925–1.017
MSS: malnutrition–sarcopenia syndrome; SE: standard error; OR: odds ratio; CI: confidence interval; LPA: light
physical activity; MVPA: moderate and vigorous physical activity; ERA: expectations regarding aging.

Table 3. Factors influencing MSS by multiple logistic regression analysis.

Coefficient SE Wald p-Value OR 95% CI

Protein intake −2.115 1.513 1.954 0.162 0.121 0.006–2.341

Caloric intake −1.642 1.421 1.335 0.248 0.194 0.012–3.137

Sedentary time 0.040 0.015 7.409 0.006 1.041 1.011–1.071

LPA −0.021 0.013 2.697 0.101 0.980 0.956–1.004

MVPA −0.015 0.126 0.013 0.908 0.986 0.770–1.262

Self-efficacy −0.006 0.004 2.173 0.140 1.006 0.998–1.013

ERA −0.110 0.054 4.085 0.043 0.896 0.806–0.997
MSS: malnutrition–sarcopenia syndrome; SE: standard error; OR: odds ratio; CI: confidence interval; LPA: light
physical activity; MVPA: moderate and vigorous physical activity; ERA: expectations regarding aging.

4. Discussion

This study is the first to examine the prevalence of MSS and its relationship to self-
management processes including self-efficacy and aging expectations as well as the seden-
tary, physical activity, and dietary self-management behaviors in older adults living in
CCRCs. The findings demonstrated that sarcopenia, malnutrition, and MSS were prevalent
in CCRC residents and those with MSS have lower handgrip strength, muscle mass, gait
speed, and SPPB score compared to those without MSS. CCRC residents with MSS also
demonstrated higher sedentary time and higher score on the TUG test (i.e., indicates poor
performance) compared to those without MSS. We also found that high time spent in
sedentary was associated with higher odds of having MSS among CCRC residents and
those with high expectations regarding aging were less likely to have MSS than those with
low expectations regarding aging, after adjusting for age and gender.

To the best of our knowledge, the prevalence of MSS and this study’s variables have not
been examined among CCRC residents. However, limited studies examined the prevalence
of MSS among older adults in other settings such as hospitals, rehabilitation facilities, and
nursing homes [33–35]. The prevalence of MSS in our study was higher compared to two
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recent studies conducted among hospitalized older adults and nursing home residents.
Both studies used the EWGSOP2 criteria for sarcopenia (using bioimpedance analysis
(BIA) for estimating muscle mass) and MNA criteria for malnutrition and showed MSS
prevalence of 4.6% (n = 350) [33] and 5% (n = 92) [35], respectively. The prevalence in our
study was also higher than that in a previous report of an Asian population where the Asia
Working Group for Sarcopenia (AWGS) criteria for sarcopenia (using an equation validated
in a Chinese population for estimating muscle mass) and MNA criteria for malnutrition
were used (n = 453; MSS = 5.5%) [34]. However, the prevalence in our study was lower
than that in a Japanese study which investigated the geriatric rehabilitation of inpatients
(n = 601, 23.5%) and employed AWGS criteria (using BIA for estimating muscle mass) and
the Global Leadership Initiative on Malnutrition criteria for sarcopenia and malnutrition,
respectively [32]. These differences in the prevalence of MSS can be attributed to the
varied definitions of sarcopenia and malnutrition, population characteristics, settings, and
assessment tools across the studies. These results suggest that it is important to screen for
and address sarcopenia and malnutrition and employ up-to-date criteria and consistent
assessment tools for both sarcopenia and malnutrition.

In this study, a longer period of sedentary time was associated with MSS. While
literature exists on the relationship between physical activity and sarcopenia [36–38], to our
knowledge, limited literature has examined the association between sedentary behavior
and sarcopenia and no other literature has examined the relationship between sedentary
behavior and MSS in older adults, particularly CCRC residents. In this context, it is
important to emphasize that sedentary behavior is not physical inactivity and is defined
as any waking behavior characterized by an energy expenditure ≤1.5 METs while in a
sitting, reclining, or lying posture [39]. Importantly, studies showed that older adults spend
the majority of their waking day in sedentary activities [40], and that sedentary behavior
has been linked to higher levels of adiposity that results in a catabolic effect on muscle
by promoting protein degradation [41] and sarcopenia [42]. Hence, it is plausible that
sedentary behavior is associated with MSS as demonstrated by our study.

Another associated factor with MSS was aging expectations. Aging expectations is
a modifiable factor and defined as the expectations of achievement and maintenance of
physical, mental, and cognitive health [29]. Older adults’ expectations of aging have
been reported to influence current health behaviors and future health [43,44]. Older
adults who expect that symptoms of illness and health problems are part of aging are
less likely to seek treatment and care and less willing to engage in self-management and
health-promoting behaviors [44–46]. This is consistent with our finding on the association
between MSS and aging expectations which suggests that expectations of aging may be
an important consideration in understanding health behaviors of older adults that could
contribute to MSS. While studies showed that high expectations of aging have been found to
influence health behaviors, older adults with low aging expectations reported fewer health-
maintenance behaviors such as engaging in physical activity, eating a healthy, nutritious
diet, and making health a priority [46–48]. Furthermore, our findings did not show a
relationship between caloric and protein intake and MSS. While there is lack of studies on
the association between caloric and protein intake and MSS among older adults including
CCRC residents, it is reported that adequate caloric and protein intake is necessary for the
formation and maintenance of muscle mass and malnutrition includes an imbalance of
energy and protein that could lead to negative effects on body composition and clinical
outcomes [49]. One possible explanation for our unexpected finding could be related to the
self-reported survey used to assess caloric and protein intake.

Our findings have several important implications. Our study demonstrated significant
co-existing of sarcopenia and malnutrition, and that sedentary behaviors and low aging
expectations are highly prevalent and associated with MSS among CCRC residents, which
can lead to deleterious health outcomes including increased mortality rates [34]. These
findings underscore the importance of early screening and detection of both sarcopenia and
malnutrition not only among CCRC residents but even among young older adults. Since a
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decline in muscle mass and strength starts after early adulthood [50], screening after this
age period may be an effective strategy to prevent or delay the development of MSS in
CCRC residents and those moving to more restrictive living environments such as nursing
homes. Moreover, future studies should examine the relationship between caloric and
protein intake and MSS among older adults, particularly CCRC residents. Furthermore,
early self-management interventions to decrease sedentary behavior, increase physical
activity, and promote dietary intake including protein and caloric intake are needed to
prevent and/or mitigate MSS among young and very old adults. Interventions could be
more effective if the self-management-process factors such as aging expectations were
targeted. Lastly, it is valuable for health-care professionals to understand and be aware
of how an older individual’s expectations of aging influence different health-promoting
behaviors such as physical activity and healthy-eating behavior.

This study has several strengths and limitations that should be considered when
interpreting its results. Our study was the first to combine a multidimensional analysis
of malnutrition with the analysis of sarcopenia, including using bioelectrical impedance
spectroscopy and EWGSOP2 criteria, in an understudied and vulnerable group of CCRC
residents. Another strength of our study was the exploration of self-management-process
factors and behaviors and their relationship to MSS in CCRC populations. Limitations
included that the sample size used in this study was relatively small, which may limit
the generalizability of the study and underestimate the prevalence of MSS in this setting.
Due to the nature of study design, it is difficult to derive causal relationships between
the study variables and MSS from cross-sectional analysis. Another limitation is the BIS
method which can be misleading because of the common hydration problems among
older adults. However, it is inexpensive, safe, and well-correlated with MRI and DXA
predictions. Furthermore, while the FFQ represents an easy, suitable, and cost-effective tool
for assessing nutrient intakes in older adults, the questionnaire relies on memory and is
prone to measurement errors.

5. Conclusions

Our results extend current knowledge by demonstrating that clinical presentation
of malnutrition, sarcopenia, and MSS are prevalent in older adults living CRCCs. We
suggest that screening for malnutrition and sarcopenia and identifying MSS should be
conducted in this high-risk group. We also found that increased time spent in sedentary
behaviors was associated with MSS in older adults living CRCCs and those with high
aging expectations were less likely to have MSS than those with low expectations regarding
aging. Future research should attempt to further understand other risk factors for MSS,
and the relationship between MSS and adverse health outcomes such as disability and
frailty. Designing and implementing self-management interventions that consider the
self-management-process factors is needed to prevent MSS and mitigate its negative health
outcomes among older adults living in CRCCs.

Author Contributions: M.H.T. developed the study design and performed the statistical analyses.
M.H.T., I.A. and C.D.S. drafted the manuscript, took part in the writing process and results inter-
pretation, and provided critical revision of the manuscript. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by the National Institute of Nursing Research of the National
Institutes of Health under Award Number P20NR015339. Additional support was provided by the
College of Nursing and the Office of Research at the University of Wisconsin−Milwaukee. The
funding body did not participate in the design of the study; participant recruitment; data collection,
analysis, and interpretation; or in writing the manuscript.

Institutional Review Board Statement: The study was conducted according to guidelines of the Dec-
laration of Helsinki and approved by the institutional review board of the University of Wisconsin−
Milwaukee (IRB #: 19.059; 11 October 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.



Geriatrics 2022, 7, 9 10 of 12

Data Availability Statement: Data can be requested from the corresponding author (with justification).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyère, O.; Cederholm, T.; Cooper, C.; Landi, F.; Rolland, Y.; Sayer, A.A.; et al.

Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 16–31. [CrossRef] [PubMed]
2. Bruyère, O.; Beaudart, C.; Locquet, M.; Buckinx, F.; Petermans, J.; Reginster, J.Y. Sarcopenia as a public health problem. Eur.

Geriatr. Med. 2016, 7, 272–275. [CrossRef]
3. Plotkin, A.; Taani, M.H. Factors associated with food intake, nutritional status, and function among nursing home residents with

dementia. Geriatr. Nurs. 2020, 41, 559–563. [CrossRef]
4. Papadopoulou, S.; Tsintavis, P.; Potsaki, G.; Papandreou, D. Differences in the Prevalence of Sarcopenia in Community-Dwelling,

Nursing Home and Hospitalized Individuals. A Systematic Review and Meta-Analysis. J. Nutr. Health Aging 2020, 24, 83–90.
[CrossRef] [PubMed]

5. Leij-Halfwerk, S.; Verwijs, M.; van Houdt, S.; Borkent, J.; Guaitoli, P.R.; Pelgrim, T.; Heymans, M.; Power, L.; Visser, M.; Corish, C.;
et al. Prevalence of protein-energy malnutrition risk in European older adults in community, residential and hospital settings,
according to 22 malnutrition screening tools validated for use in adults ≥65 years: A systematic review and meta-analysis.
Maturitas 2019, 126, 80–89. [CrossRef]

6. Vandewoude, M.F.J.; Alish, C.J.; Sauer, A.C.; Hegazi, R.A. Malnutrition-Sarcopenia Syndrome: Is This the Future of Nutrition
Screening and Assessment for Older Adults? J. Aging Res. 2012, 2012, 651570. [CrossRef]

7. Taani, M.H.; Siglinsky, E.; Kovach, C.R.; Buehring, B. Psychosocial Factors Associated With Reduced Muscle Mass, Strength, and
Function in Residential Care Apartment Complex Residents. Res. Gerontol. Nurs. 2018, 11, 238–248. [CrossRef]

8. Wang, Y.-C.; Liang, C.-K.; Hsu, Y.-H.; Peng, L.-N.; Chu, C.-S.; Liao, M.-C.; Shen, H.-C.; Chou, M.-Y.; Lin, Y.-T. Synergistic effect of
low handgrip strength and malnutrition on 4-year all-cause mortality in older males: A prospective longitudinal cohort study.
Arch. Gerontol. Geriatr. 2019, 83, 217–222. [CrossRef]

9. Lardiés-Sánchez, B.; Sanz-París, A.; Pérez-Nogueras, J.; Serrano-Oliver, A.; Torres-Anoro, M.E.; Cruz-Jentoft, A.J. Influence of
nutritional status in the diagnosis of sarcopenia in nursing home residents. Nutrition 2017, 41, 51–57. [CrossRef] [PubMed]

10. Freire, A.N.; Guerra, R.; Alvarado, B.; Guralnik, J.M.; Zunzunegui, M.-V. Validity and Reliability of the Short Physical Performance
Battery in Two Diverse Older Adult Populations in Quebec and Brazil. J. Aging Health 2012, 24, 863–878. [CrossRef]

11. Ryan, P.; Sawin, K.J. The Individual and Family Self-Management Theory: Background and perspectives on context, process, and
outcomes. Nurs. Outlook 2009, 57, 217–225.e6. [CrossRef] [PubMed]

12. Nasreddine, Z.S.; Phillips, N.A.; Bédirian, V.; Charbonneau, S.; Whitehead, V.; Collin, I.; Cummings, J.L.; Chertkow, H. The
Montreal Cognitive Assessment, MoCA: A Brief Screening Tool For Mild Cognitive Impairment. J. Am. Geriatr. Soc. 2005, 53,
695–699. [CrossRef]

13. Sheikh, J.I.; Yesavage, J.A. 9/Geriatric Depression Scale (GDS) recent evidence and development of a shorter version. Clin.
Gerontol. J. Aging Ment. Health 1986, 5, 165–173. [CrossRef]

14. Villars, H.; Soto, M.; Morley, J.E. Over view of the MNA-Its history and challenges. J. Nutr. Health Aging 2005, 10, 456–465.
15. Kaiser, M.J.; Bauer, J.M.; Ramsch, C.; Uter, W.; Guigoz, Y.; Cederholm, T.; Thomas, D.R.; Anthony, P.; Charlton, K.E.; Maggio, M.;

et al. Validation of the Mini Nutritional Assessment Short-Form (MNA®-SF): A practical tool for identification of nutritional
status. J. Nutr. Health Aging 2009, 13, 782–788. [CrossRef] [PubMed]
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33. Gümüşsoy, M.; Atmış, V.; Yalçın, A.; Bahşi, R.; Yiğit, S.; Arı, S.; Dokuyan, H.C.; Gözükara, M.G.; Silay, K. Malnutrition-sarcopenia
syndrome and all-cause mortality in hospitalized older people. Clin. Nutr. 2021, 40, 5475–5481. [CrossRef]

34. Hu, X.; Zhang, L.; Wang, H.; Hao, Q.; Dong, B.; Yang, M. Malnutrition-Sarcopenia syndrome predicts mortality in hospitalized
older patients. Sci. Rep. 2017, 7, 3171. [CrossRef]

35. Faxén-Irving, G.; Luiking, Y.; Grönstedt, H.; Franzén, E.; Seiger, Å.; Vikström, S.; Wimo, A.; Boström, A.-M.; Cederholm, T. Do
Malnutrition, Sarcopenia and Frailty Overlap in Nursing-Home Residents? J. Frailty Aging 2021, 10, 17–21. [CrossRef]

36. Bosaeus, I.; Rothenberg, E. Nutrition and physical activity for the prevention and treatment of age-related sarcopenia. Proc. Nutr.
Soc. 2015, 75, 174–180. [CrossRef]

37. Beaudart, C.; The IOF-ESCEO Sarcopenia Working Group; Dawson, A.; Shaw, S.C.; Harvey, N.; Kanis, J.A.; Binkley, N.; Reginster,
J.Y.; Chapurlat, R.; Chan, D.C.; et al. Nutrition and physical activity in the prevention and treatment of sarcopenia: Systematic
review. Osteoporos. Int. 2017, 28, 1817–1833. [CrossRef] [PubMed]

38. Martone, A.M.; Marzetti, E.; Calvani, R.; Picca, A.; Tosato, M.; Santoro, L.; Di Giorgio, A.; Nesci, A.; Sisto, A.; Santoliquido, A.;
et al. Exercise and Protein Intake: A Synergistic Approach against Sarcopenia. BioMed. Res. Int. 2017, 2017, 2672435. [CrossRef]
[PubMed]

39. Thivel, D.; Tremblay, A.; Genin, P.M.; Panahi, S.; Riviere, D.; Duclos, M. Physical Activity, Inactivity, and Sedentary Behaviors:
Definitions and Implications in Occupational Health. Front. Public Health 2018, 6, 288. [CrossRef]

40. Leung, P.-M.; Ejupi, A.; Van Schooten, K.S.; Aziz, O.; Feldman, F.; Mackey, D.C.; Ashe, M.C.; Robinovitch, S.N. Association
between Sedentary Behaviour and Physical, Cognitive, and Psychosocial Status among Older Adults in Assisted Living. BioMed
Res. Int. 2017, 2017, 1–7. [CrossRef]

41. Smith, L.; Thomas, E.L.; Bell, J.D.; Hamer, M. The association between objectively measured sitting and standing with body
composi-tion: A pilot study using MRI. BMJ Open 2014, 4, e005476. [CrossRef]

42. Smith, L.; Tully, M.; Jacob, L.; Blackburn, N.; Adlakha, D.; Caserotti, P.; Soysal, P.; Veronese, N.; Sánchez, G.F.L.; Vancampfort, D.;
et al. The Association Between Sedentary Behavior and Sarcopenia Among Adults Aged ≥65 Years in Low- and Middle-Income
Countries. Int. J. Environ. Res. Public Health 2020, 17, 1708. [CrossRef] [PubMed]

43. Levy, B.R.; Slade, M.D.; Kunkel, S.R.; Kasl, S.V. Longevity increased by positive self-perceptions of aging. J. Pers. Soc. Psychol.
2002, 83, 261–270. [CrossRef] [PubMed]

44. Meisner, B.A.; Baker, J. An exploratory analysis of aging expectations and health care behavior among aging adults. Psychol.
Aging 2013, 28, 99–104. [CrossRef] [PubMed]

45. Locher, J.L.; Burgio, K.L.; Goode, P.S.; Roth, D.L.; Rodriguez, E. Effects of Age and Causal Attribution to Aging on Health-Related
Behaviors Associated With Urinary Incontinence in Older Women. Gerontologist 2002, 42, 515–521. [CrossRef] [PubMed]

46. Stewart, T.L.; Chipperfield, J.; Perry, R.P.; Weiner, B. Attributing illness to ‘old age’: Consequences of a self-directed stereotype for
health and mortality. Psychol. Health 2012, 27, 881–897. [CrossRef]

47. Stewart, T.L.; Chipperfield, J.; Perry, R.P.; Hamm, J.M. Attributing heart attack and stroke to “Old Age”: Implications for
subsequent health outcomes among older adults. J. Health Psychol. 2016, 21, 40–49. [CrossRef]

48. Sarkisian, C.A.; Prohaska, T.R.; Wong, M.D.; Hirsch, S.; Mangione, C.M. The relationship between expectations for aging and
physical activity among older adults. J. Gen. Intern. Med. 2005, 20, 911–915. [CrossRef]

http://doi.org/10.1097/00001648-199001000-00013
http://www.ncbi.nlm.nih.gov/pubmed/2081241
http://doi.org/10.1079/PHN2005763
http://doi.org/10.1016/j.jamda.2013.05.021
http://doi.org/10.1111/j.1552-6909.2008.00219.x
http://doi.org/10.1093/geront/42.4.534
http://www.ncbi.nlm.nih.gov/pubmed/12145381
http://doi.org/10.1016/j.clnu.2021.09.036
http://doi.org/10.1038/s41598-017-03388-3
http://doi.org/10.14283/jfa.2020.45
http://doi.org/10.1017/S002966511500422X
http://doi.org/10.1007/s00198-017-3980-9
http://www.ncbi.nlm.nih.gov/pubmed/28251287
http://doi.org/10.1155/2017/2672435
http://www.ncbi.nlm.nih.gov/pubmed/28421192
http://doi.org/10.3389/fpubh.2018.00288
http://doi.org/10.1155/2017/9160504
http://doi.org/10.1136/bmjopen-2014-005476
http://doi.org/10.3390/ijerph17051708
http://www.ncbi.nlm.nih.gov/pubmed/32151034
http://doi.org/10.1037/0022-3514.83.2.261
http://www.ncbi.nlm.nih.gov/pubmed/12150226
http://doi.org/10.1037/a0029295
http://www.ncbi.nlm.nih.gov/pubmed/22775361
http://doi.org/10.1093/geront/42.4.515
http://www.ncbi.nlm.nih.gov/pubmed/12145379
http://doi.org/10.1080/08870446.2011.630735
http://doi.org/10.1177/1359105314521477
http://doi.org/10.1111/j.1525-1497.2005.0204.x


Geriatrics 2022, 7, 9 12 of 12

49. Landi, F.; Liperoti, R.; Fusco, D.; Mastropaolo, S.; Quattrociocchi, D.; Proia, A.; Russo, A.; Bernabei, R.; Onder, G. Prevalence
and Risk Factors of Sarcopenia Among Nursing Home Older Residents. J. Gerontol. Ser. A Boil. Sci. Med. Sci. 2012, 67, 48–55.
[CrossRef]

50. Keller, K.; Engelhardt, M. Strength and muscle mass loss with aging process. Age and strength loss. Muscle Ligaments Tendons J.
2019, 3, 346–350. [CrossRef]

http://doi.org/10.1093/gerona/glr035
http://doi.org/10.32098/mltj.04.2013.17

	Introduction 
	Materials and Methods 
	Measurement 
	Malnutrition Assessment 
	Sarcopenia Assessment 
	Sedentary and Physical Activity Behavior Assessment 
	Protein and Caloric Intake Assessment 
	Self-Efficacy for Physical Activity Assessment 
	Aging Expectations Assessment 
	Other Measures 
	Statistical Analysis 

	Results 
	Characteristics of Study Sample 
	Sarcopenia, Malnutrition, and MMS 
	Comparison of Characteristics between with MSS and without MSS 
	Factors Associated with MMS 

	Discussion 
	Conclusions 
	References

