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ORIGINAL PAPER

Associations between obesity, self-reported weakness and their combinations 
with mortality in nursing home residents
Gulistan Bahata, Birkan Ilhana, Nezahat Muge Catikkasa, Asli Tufana, Savaş Ozturkb, Hafize Doganc 

and Mehmet Akif Karana

aDepartment of Internal Medicine, Division of Geriatrics, Istanbul University, Istanbul Medical School, Istanbul, Turkey; bDepartment of 
Internal Medicine, Istanbul University, Istanbul Medical School, Istanbul, Turkey; cDepartment of General Practitioner, Istanbul Kayisdagi 
Nursing Home, Istanbul, Turkey

ABSTRACT
Objectives: There are studies on associations between obesity and mortality in nursing home 
(NH) residents, but the presence of concomitant muscle weakness has not been examined. We 
considered that self-reported weakness might be a low muscle strength proxy marker. We 
aimed to examine associations of obesity alone, self-reported muscle weakness alone, and their 
combination with mortality in NH residents.
Methods: This is a retrospective longitudinal follow-up study. We noted age, sex, nutritional 
status, functionality, number of chronic diseases, and regular medication. Obesity was assessed 
by the body fat-percentage method estimated by bioimpedance analysis. Weakness was 
identified by self-reported muscle weakness. Survival was evaluated with a univariate log- 
rank test and multivariate Cox regression analyses.
Results: We included 214 participants. In a median follow-up time of 46 months, mortality 
occurred in 37.4%. In multivariate analysis adjusted by age, sex, undernutrition, number of 
chronic diseases, and regular medication, functional scores; ‘non-weak non-obese’ participants 
or ‘weak alone’ participants or ‘weak+obese’ participants had higher mortality risk when 
compared with the ‘obesity alone’ participants [hazard ratio (HR) = 2.6, 95% confidence interval 
(CI) = 1.2–5.5, p = 0.01; HR = 2.6, 95% CI = 1.2–5.9, p = 0.02; HR = 3.0, 95% CI = 1.2–7.7, p = 0.02].
Conclusion: This is the first report showing that obesity was associated with lower mortality 
risk if the weakness was not present in NH residents. However, obesity with concomitant 
weakness was associated with mortality risk similar to non-weak non-obese or weak alone 
participants. Our study suggests a simple consideration of weakness that can easily be 
integrated into everyday practice.
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1. Introduction

Body composition phenotypes have received attention 
for decades to stratify older adults according to risks for 
disability and mortality [1–4]. Recognising the changes 
in the body composition by ageing, which indicate loss 
of muscle mass, strength, and increase in adiposity, 
researchers have been questioning whether the 
increased mortality and disability rates were conse
quences of these changes to some extent. One of the 
most commonly used operational definitions of sarco
penia (S) is the EWGSOP definition. It was updated in 
late 2018 and proposed low muscle strength as the vital 
characteristic of sarcopenia [5]. EWGSOP2 suggested 
a new term, ‘probable sarcopenia’, which corresponds 
to the presence of low muscle strength [5].

Health-related self-assessment of individuals has 
been suggested as having significant success in line 
with objective assessments of the individuals. While 
objective assessment is the gold standard, the self- 

assessment approach has a great potential for broader 
application, as objective assessment mostly requires 
instruments and increased assessment time to use 
the instruments. For example, self-rated health was 
independently associated with mortality even after 
adjustment for confounding factors [6,7]. Moreover, it 
has been recently shown that besides self-rated health, 
caregiver-rated health was independently associated 
with mortality, and this association was superior to the 
patient’s self-rated health in dementia patients [8].

Recently, researchers suggested an analogy of this 
approach for evaluating handgrip strength consider
ing the limited access to hand-dynamometer in most 
practice settings. It has been suggested that patient- 
rated subjective evaluation of grip strength can be 
used as a proxy marker to some extent to evaluate 
low muscle strength [9–12].

Obesity is another recognised body composition 
phenotype, common among older adults besides sar
copenia [13]. The prevalence of overweight and 
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obesity in older adults has become a growing concern. 
However, a well-known concept, ‘obesity-paradox’, 
suggests the protective effect of obesity against mor
tality in particular circumstances, including the older 
population [14–16]. Yet, there are conflicting reports in 
this regard, so the relation between obesity and mor
tality in older adults is equivocal at present [16–19]. In 
most of these reports, the relation between obesity 
and mortality was not explicitly analysed, considering 
the presence or absence of accompanying weakness. 
The setting of the older adults may have a differential 
effect in this regard [17].

Sarcopenia, obesity, and sarcopenic obesity (SO) 
were all reported as prevalent conditions in the 
nursing home NH residents [20]. There are many 
studies on associations of sarcopenia with its vari
able definitions for mortality [21–25]. However, the 
presence of obesity has also not been examined in 
most of them. Sarcopenic obesity (SO) researches 
are few in comparison to S or obesity, and to date, 
there has been no consensus operational diagnos
tic definition of SO. Research examining SO iden
tified by applying different definitions is needed to 
clarify the relationship between obesity and 
adverse outcomes in older adults [26].

In this study, we considered self-reported mus
cle weakness as a proxy marker of muscle 
strength. As far as we know, there is no study 
investigating the associations of mortality with 
weakness+obesity, obesity alone, weakness alone, 
and non-weakness non-obesity in NH residents 
comparatively. Also, in the literature, there is no 
study evaluating muscle weakness through self- 
reported muscle weakness while grouping the 
body phenotypes, i.e. non-weak non-obese, weak 
alone, weak+obese and obesity alone. Considering 
the constantly increasing ratio of the NH popula
tion and the unelucidated association between the 
body phenotypes and mortality risk, we aimed to 
examine comparable associations of body pheno
types with mortality in NH residents.

2. Methods

We designed a retrospective longitudinal follow- 
up study. We complied with the guidelines in the 
Helsinki Declaration. We briefly informed all parti
cipants about the aims and procedures of the 
research study and received a signed consent 
form from all participants or their legal represen
tatives in cases of cognitively impaired/not com
municable. We obtained ethical approval from the 
Istanbul University Istanbul Medical School ethical 
board (No: 2021/234). We also received legal per
mission from the NH administration.

2.1. Population and setting

The study was conducted among residents of the most 
crowded NH in the city. It was the largest NH in the city 
and was subordinated to Metropolitan Municipality. 
The acceptance depended only on the lack of ade
quate support for the older adults to stay in their 
homes. The Metropolitan Municipality met all health 
expenses and maintenance of the NH residents. We 
excluded the residents who did not give informed 
consent or had conditions that might interfere with 
bioimpedance analysis (BIA) measurement (e.g. having 
metal implants, cardiac pacemaker, presence of the 
edematous state, or major disorders of fluid distur
bance). We collected the baseline data in 
September 2009 and assessed the mortality outcome 
in June 2013. We recently reported longitudinal follow- 
up data examining the success of the Simpler Modified 
Fried Frailty Scale proposed by our group to predict 
mortality in this cohort [10]. We considered that 
a period would need to pass the emergence of the 
adverse effect of chronic disease (e.g. diabetes, hyper
tension, etc.). As such, we considered that a period 
would be needed for body phenotypes to exert any 
effect on mortality. Hence, we excluded the partici
pants who died within the period less than six months 
of the study entry (Only ten participants had died in 
the first six months.) considering that an interval would 
be required for the effect of a recent change in fat or 
muscle strength to become apparent on the mortality 
risk. We aimed to increase the reliability of our analysis 
by this consideration.

2.2. Measurements, definitions of body 
phenotypes and weakness

Bodyweight (kg) and height (m) were measured, and 
body mass index (BMI) was calculated (kg/m2). We 
estimated body composition for fat percentage by 
BIA (Tanita BC532 model) after 8-hour fasting. 
Tanita BC 532 is a simple bioimpedance analyser that 
is easy and available in everyday practice. Correlation 
analyses in both sexes showed that the body composi
tion parameters, including body fat percentage, by 
Tanita BC 532 were closely correlated with the mea
surements by the standard dual-energy x-ray absorp
tiometry or magnetic resonance imaging [27]. 
Considering that the classification of obesity by BMI is 
problematic in older adults, Zoico et al. defined obesity 
as independent of BMI but based on body fat percen
tage. They considered obesity as a percentage of fat 
over 60 per cent of the study population [4]. In a study 
conducted by our group, aiming to investigate the fat- 
percentage cutoff values for obesity, the 60th percen
tile of fat ratio was calculated to determine the obesity 
threshold for different genders using the fat 
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percentage method. Body fat percentage cutoffs for 
obesity were 27.3% for men and 40.7% for women [28]. 
In the current study, obesity was assessed by the body 
fat percentage method, which defines obesity as 
a body fat percentage above the 60th percentile [4]. 
We used the population-specific cutoffs (>27% in 
males and >41% in females), which were derived by 
using the same bioimpedance analyser [28]. We eval
uated self-reported muscle weakness by inquiry of the 
patients and nursing staff (in cognitively non-intact 
residents) by inquiring about the residents’ handgrip 
strength. We asked the following question ‘-Do you 
think grip strength is decreased compared to the 
same-aged healthy individuals?’ A positive answer 
was noted as self-reported muscle weakness and was 
considered a proxy marker of low muscle strength 
[9–12].

We assessed the functional status by Katz activities 
of daily living (ADL) and Lawton instrumental ADL 
(IADL) scales with their modified scoring by which the 
higher scores indicate better functionality [29]. We 
evaluated nutritional status by mini nutritional assess
ment short-form (MNA-SF) [30]. An MNA-SF score <12 
was assessed as undernutrition (overt malnutrition or 
at risk of malnutrition). Patients with a clinical diagno
sis and/or using a cholinesterase inhibitor and/or 
memantine and patients with a mini-mental state 
examination (MMSE) score <24 were defined as having 
cognitive impairment [31]. Phung et al. compared self- 
and caregiver-rated health for the patients with mild 
dementia (MMSE<24) as independent predictors of 
mortality, and caregiver-rated health but not patient- 
rated health was found to be a predictor of the mor
tality [8]. In this context, we used the <24 points on 
MMSE for the threshold at which the residents were 
considered unable to express their opinion (cognitively 
impaired, possibly demented). We derived the resi
dents’ medical information from the medical files and 
responsible health professionals, including the number 
of chronic diseases and regular medication.

2.3. Statistical analysis

We examined the continuous variables for normality 
by using the Kolmogorov-Smirnov test. We gave the 
continuous variables as mean ± standard deviation 
for normally distributed variables and median (mini
mum-maximum) for skew-distributed ones. 
Categorical variables were expressed as absolute 
numbers and percentages. We evaluated the survival 
in the follow-up between body phenotype groups 
with the Kaplan-Meier method and compared it 
using the log-rank test. We performed 
a multivariate survival analysis using Cox regression 
to examine whether body phenotypes, alone or in 
combination, were related to mortality after adjust
ment with potential confounders. Potential 

confounders were determined as covariates asso
ciated with mortality in the literature. We checked 
the multicollinearity among the independent vari
ables of regression analysis with Pearson, Spearman, 
or Kendall’s tau-b correlation analyses. 
Multicollinearity was not present in between the 
variables in the models. Hazard ratio (HR) and 95% 
confidence interval (CI) were computed. A p-value of 
less than 0.05 was accepted as significant. We used 
SPSS 21.0 (Statistical Package for the Social Sciences, 
version 21.0) for Windows was used for the analyses.

3. Results

We included 254 residents in the study entry. Thirty 
patients were lost to follow-up, and ten residents died 
within the first six months, leaving 214 residents at the 
46th month of evaluation. The mean age was 
75.3 ± 8.1 years, and 61.7% were male. Ninety-eight 
(98) patients (45.8%) were considered cognitively 
impaired and assessed by the nursing staff. Twenty- 
nine per cent of the participants had undernutrition 
(malnutrition or malnutrition risk).

Table 1 shows the body phenotypes of the study 
population. Non-weak non-obese participants consti
tuted 43.5% of the study population. Weakness+obe
sity was the least common phenotype with 
a prevalence of 8.4%, while weakness alone and obe
sity alone were at comparable rates (25.7% and 22.4%, 
respectively). Among participants with obesity, 72.7% 
were non-weak (obesity alone), and 27.2% were con
comitantly weak (weak+obese). Among participants 
with weakness, 75.3% were non-obese (weak alone), 
and 24.7% were concomitantly obese (weak+obese).

n = 214, mortality occurred in 80 (37.4%) 
participants

Weakness was defined according to self-reported 
muscle weakness (low grip strength) assessed through 
the inquiry of patient and/or caregiver by the following 

Table 1. Body phenotypes of the study population (n = 214).
Non-weak non-obese 93 (43.5%)

Weak alone 55 (25.7%)/(75.3%)*
Weak+obese 18 (8.4%)/(24.7%)**/ 

(27.2%)†
Obesity alone 48 (22.4%)/(72.7%)‡
Weakness [(Weak alone) + (Weak 

+obese)]
73 (34.1%)

Obesity [(Weak+obese) + (Obesity 
alone)]

66 (30.8%)

*percentage (%) among participants with weakness (i.e. among partici
pants with weakness, 75.3% were weak alone (without concomitant 
obesity) 

**percentage (%) among participants with weakness (i.e. among partici
pants with weakness, 24.7% were weak+obese (with concomitant 
obesity) 

†percentage (%) among participants with obesity (i.e. among participants 
with obesity, 27.2% were weak+obese (with concomitant weakness) 

‡percentage (%) among participants with obesity (i.e. among participants 
with obesity, 72.7% were obesity alone (without concomitant weakness)
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question: -Do you think grip strength is decreased 
compared to the same-aged healthy individuals? 
[9–12].

Obesity was defined as a body fat percentage above 
the 60th percentile according to the population- 
specific cutoffs (>27% in males and >41% in 
females) [4,28].

The median duration of the follow-up period was 
46 months (range: 6–46 months). Mortality occurred in 
80 of 214 residents (37.4%). The mean (standard devia
tion) time to mortality was 21.4 (10.5) months [median 
(min-max): 20.2 (6–40) months]. In univariate analysis, 
in the participants with obesity alone, mean survival 
time was significantly longer than those in the other 
three phenotypes, i.e. non-weak non-obese, weak 
alone and weak+obese (mean survival time: 
41.5 months vs 36.4 months, 33.5 months and 
36.5 months; log-rank, p = 0.02, 0.002 and 0.01, respec
tively) (Figure 1).

n = 214, mortality occurred in 80 (37.4%) 
participants.

Mean survival time was significantly higher in parti
cipants with obesity alone body phenotype 
(41.5 months) when compared to participants with 
non-weak non-obese (36.4 months), weak alone 
(33.5 months) and weak+obese (36.5 months) pheno
types (Log Rank, p = 0.02, 0.002 and 0.01, respectively).

W: weakness, WO: weakness+obesity.
There were no differences between ‘non-weak non- 

obese vs weak alone’, ‘non-weak non-obese vs weak 
+obese’, and ‘weak alone vs weak+obese’ phenotypes 
for their relation to mortality (log-rank, p = 0.30, 0.50 
and 0.90, respectively). We ran a multivariate survival 
analysis to assess whether body phenotype was asso
ciated with mortality when adjusted for potential con
founders, including age, sex, undernutrition, number 
of chronic diseases and regular medication, ADL and 
IADL scores (Model 1). In this analysis, when compared 
with the‘obesity alone’ phenotype, having non-weak 
non-obese or weak alone or weak+obese phenotypes 
were significantly associated with higher mortality risk 
(HR = 2.6, 95% CI = 1.2–5.5, p = 0.01; HR = 2.6, 95% 
CI = 1.2–5.9, p = 0.02; HR = 3.0, 95% CI = 1.2–7.7, 
p = 0.02) (Figure 2 and Table 2).

n = 214, mortality occurred in 80 (37.4%) 
participants.

When compared with the ‘obesity alone’ pheno
type, having non-weak non-obese or weak alone or 
weak+obese phenotypes were significantly associated 
with higher mortality risk (HR = 2.6, 95% CI = 1.2–5.5, 
p = 0.01; HR = 2.6, 95% CI = 1.2–5.9, p = 0.02; HR = 3.0, 
95% CI = 1.2–7.7, p = 0.02)

W: weakness, WO: weakness+obesity, ADL: activities 
of daily living, IADL: instrumental activities of daily   

Figure 1. Kaplan Meier survival curves of the patients with different body phenotypes.

ACTA CLINICA BELGICA 115



living, HR: hazard ratio, CI: confidence interval
n = 214, mortality occurred in 80 (37.4%) 

participants.
Weakness was defined according to self-reported 

muscle weakness (low grip strength) assessed through 
the inquiry of patient and/or caregiver by the following 
question: -Do you think grip strength is decreased 
compared to the same-aged healthy individuals? 
[9–12].

Obesity was defined as a body fat percentage above 
the 60th percentile according to the population- 
specific cutoffs (> 27% in males and >41% in 
females) [4,28].

ADL: activities of daily living, IADL: instrumental 
activities of daily living

Older age and the presence of undernutrition were 
also associated with higher mortality risk (HR = 1.03, 
95% CI = 1.004–1.06, p = 0.03 and HR = 1.70, 95% 
CI = 1.01–2.7, p = 0.04, respectively) (Table 2). Similar 
to the univariate analyses, there were no differences 
between ‘non-weak non-obese vs weak alone’, ‘non- 
weak non-obese vs weak+obese’, and ‘weak alone vs 
weak+obese’ in their relation to mortality in multivari
ate analysis (Figure 2). When dementia was added to 
the model (Model 2) as a potential confounder, the 

Figure 2. Survival plot curves, based on different body phenotypes (Cox regression analysis) (adjusted by age, sex, undernutrition, 
number of chronic diseases and regular medication, ADL and IADL scores).

Table 2. Multivariate survival analysis using cox regression for 
correlates of mortality after 46 months (model 1).

Hazard 
Ratio

95% Confidence 
Interval p

Age 1.03 1.004–1.06 0.03*
Sex (female vs male) 0.80 0.4–1.4 0.40
Undernutrition (present vs 

absent)
1.70 1.01–2.7 0.04*

Number of chronic diseases 0.98 0.8–1.2 0.90
Number of regular medications 1.10 0.98–1.2 0.10
ADL score 0.96 0.8–1.1 0.60
IADL score 0.99 0.93–1.06 0.90
Body phenotypes (Obesity alone, 

Reference)
Non-weak non-obese 2.6 1.2–5.5 0.01*
Weak alone 2.6 1.2–5.9 0.02*
Weak+obese 3.0 1.2–7.7 0.02*

*: significantly associated with mortality

Table 3. Multivariate survival analysis using cox regression for 
correlates of mortality after 46 months (model 2).

Hazard 
Ratio

95% Confidence 
Interval p

Age 1.03 1.0–1.06 0.05
Sex (female vs male) 0.80 0.4–1.4 0.40
Undernutrition (present vs 

absent)
1.70 1.02–2.7 0.04*

Number of chronic diseases 0.98 0.8–1.2 0.80
Number of regular medications 1.07 0.98–1.2 0.10
ADL score 0.97 0.8–1.1 0.60
IADL score 1.00 0.9–1.08 0.90
Dementia (possibly)ϕ 1.20 0.7–2.2 0.50
Body phenotypes (Obesity alone, 

Reference)
Non-weak non-obese 2.6 1.2–5.4 0.01*
Weak alone 2.6 1.2–5.8 0.02*
Weak+obese 3.0 1.2–7.9 0.02*

*: significantly associated with mortality 
ϕ: Possibly dementia (cognitive impairment) corresponds to caregiver- 

rated grip strength and the <24 points on MMSE were used for the 
threshold at which the residents were considered unable to express 
their opinion.

116 G. BAHAT ET AL.



association of the other three phenotypes with higher 
mortality risk, compared to obesity alone phenotype, 
did not change (Table 3).

n = 214, mortality occurred in 80 (37.4%) 
participant.

Weakness was defined according to self-reported 
muscle weakness (low grip strength) assessed 
through the inquiry of patient and/or caregiver by 
the following question: -Do you think grip strength 
is decreased compared to the same-aged healthy 
individuals? [9–12].

Obesity was defined as a body fat percentage above 
the 60th percentile according to the population- 
specific cutoffs (> 27% in males and >41% in 
females) [4,28].

ADL: activities of daily living, IADL: instrumental 
activities of daily living

In univariate analysis, both weakness and obesity 
were related to mortality risk when they were not 
stratified by the presence of obesity or weakness, 
respectively. In the participants with weakness, the 
mean survival time was significantly shorter than the 
participants without weakness (31.0 months vs 
36.0 months, log-rank, p = 0.02), whereas in the parti
cipants with obesity mean survival time was signifi
cantly longer than the participants without obesity 
(37.4 months vs 33.0 months, log-rank, p = 0.03). 
However, when adjusted for confounders (age, sex, 
undernutrition, number of chronic diseases and regu
lar medication, ADL, IADL scores), weakness was not 
related to mortality risk (HR = 1.4, 95% CI = 0.9–2.2, 
p = 0.20); obesity was marginally related to lower 
mortality risk (HR = 0.6, 95% CI = 0.3–1.01, p = 0.05). 
The results did not change when dementia was added 
to the models as a potential confounder (results not 
detailed). Also, there was no significant difference 
between the ten participants excluded from the 
study and 214 participants included in the study in 
terms of age, sex, undernutrition, number of chronic 
diseases, number of regular medications, IADL score, 
dementia, and body phenotypes (p = 0.438, 0.196, 
0.500, 0.394, 0.404, 0.056, 0.050, and 0.232, 
respectively).

4. Discussion

In this study, composed of 214 NH residents, we con
sidered the self-rated muscle weakness as a proxy mar
ker of low muscle strength (probable sarcopenia). We 
found that obesity was marginally related to lower 
mortality risk when the presence of concomitant self- 
reported muscle weakness was not considered. 
However, when both obesity and weakness stratified 
body phenotypes, it became apparent that obesity was 
associated with lower mortality risk when not accom
panied by concomitant weakness (i.e. obesity alone 

phenotype). Obesity with concomitant weakness (i.e. 
weak+obese) was associated with mortality risk similar 
to non-weak non-obese or weak alone phenotypes 
and higher than the obesity alone phenotype. This 
latter finding is new and has not been analysed and 
reported in the literature yet.

The relationship between obesity and mortality in 
older individuals is not straightforward [17]. Among 
studies with a general focus on community-dwelling 
older adults, some studies reported higher mortality 
with obesity [3,32], some reported a mitigated effect 
[33] or no relationship [34], and some others reported 
a negative association, thus, the protective effect of 
obesity on mortality [3,17,19,35]. Although there are 
some recent reports on NH populations, there is still 
limited available information [18,36]. Most of them 
reported a protective role of obesity in this more frail 
population [18,37–40], while some others noted no 
effect [17]. As far as we know, there is no study inves
tigating the associations of mortality with obesity alone, 
weakness+obesity, weakness alone, and normal pheno
type in NH residents comparatively. In a study involving 
5,899 NH residents, Grabowski et al. reported that mor
tality was not different between the obese (BMI> 28 kg/ 
m2) and normal weight residents (BMI: 19–28 kg/m2) 
[17]. In that study, the presence of concomitant weak
ness/sarcopenia (i.e. as weakness/sarcopenia+obesity 
or obesity alone) was not specifically examined [17]. It 
is possible that if the presence of weakness/sarcopenia 
were considered in those with obesity, the association 
of ‘obesity alone’ with lower mortality risk might have 
been detected. Because our study showed that obesity 
was not associated with a protective effect on survival 
when concomitant weakness was present but asso
ciated with a protective effect when it was alone (i.e. 
weakness was not present), we speculate that it is 
possible if the obese participants were stratified accord
ing to the presence and absence of concomitant weak
ness in the study of Grabowski et al., the association of 
‘obesity alone’ with lower mortality risk might have 
been detected. This is probably due to the revealed 
association of sarcopenia and its components, i.e. low 
muscle mass/low muscle strength, with increased mor
tality in institutionalised older adults [21,41,42]. Thus, 
when obesity is associated with sarcopenia or its 
compoınents, its association with lower mortality risk 
may disappear. However, this speculation should be 
tested in future studies. In a study involving commu
nity-dwelling older adults, when compared with the 
non-sarcopenic non-obese phenotype, the ‘obesity 
alone’ phenotype was associated with lower mortality 
risk in the oldest-old male adults (HR = 0.6, 95% 
CI = 0.3–0.9) but with similar mortality risk in those 
aged 75 [43]. Together with our study, these results 
suggest that the ‘obesity only’ phenotype, compared 
to the non-weak/sarcopenic non-obese phenotype, 
may relate to the lower mortality risk in the individuals 
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with limited capacity (e.g. oldest-old or NH residents). 
However, weakness/sarcopenia+obesity have a similar 
mortality risk. Also, we found that among participants 
with obesity, about 1/4 had a concomitant weakness, 
revealing a considerable prevalence of weakness+obe
sity among obese NH residents. Hence, these findings 
suggest that, especially in older adults with limited 
capacity, including the NH residents, obesity should 
be evaluated by assessing weakness simultaneously.

We found that weakness+obesity was not differ
ent from non-weak non-obese participants or weak 
alone participants concerning mortality. There is not 
any study on NH residents in this regard. However, 
a few studies have reported a community-dwelling 
older population with conflicting results [44]. In 
some studies, weakness/sarcopenia+obesity was 
related to higher mortality risk [45–47], while not in 
others [43,48,49]. In accordance with our study, 
Hamer et al. reported that when defined by high 
BMI>30 kg/m2 + objectively evaluated low muscle 
strength, weakness+obesity did not confer any 
greater risk than weakness alone [48] in those with 
a mean age of 66. Similarly, Berens et al. reported 
that sarcopenic obesity was not different from the 
non-sarcopenic non-obese phenotype for mortality 
risk in those aged 75 or 87 when obesity was eval
uated with the body fat percentage method and 
sarcopenia by EWGSOP2 definition [43].

Several factors were suggested to associate obe
sity with a survival advantage in individuals with 
limited capacity. Body fat is an energy buffer that 
might extend life expectancy in individuals with 
chronic or long-term diseases [3,50], which would 
be advantageous in case of life-threatening ill
nesses. Another explanation is that obesity may 
merely reflect an absence of chronic disease [43]. 
Obese individuals who survive old age may have 
characteristics that protect them from the adverse 
effects of being obese. This is known as the ‘survi
val effect’. Individuals who are susceptible to the 
complications of obesity may have already died, 
leaving behind those who are more resistant [16]. 
Hence, individuals with obesity would have fewer 
comorbid diseases. However, in this study, chronic 
disease burden was considered a potential con
founder. Also, it is suggested that the association 
of obesity with lower mortality risk may be due to 
the presence of lower rates of malnutrition in 
obese subjects [51,52]. However, nutritional status 
was also considered a potential confounder in this 
study, and obesity alone revealed a survival advan
tage independent of its association with normal 
nutritional status. Another suggested explanation 

is the ‘time discrepancy of competing risk factors’ 
theory. Namely, the higher the age, the shorter the 
remaining life span.

Since obesity-related adverse consequences take 
years to develop, those who are obese may die due 
to other conditions before the emergence of obesity- 
related adverse effects. Meanwhile, in these indivi
duals, obesity would have possible beneficial effects 
such as protection from bone mineral density loss and 
osteoporotic fractures, which may be a cause of mor
tality in a shorter period. Another thing is that when 
the individuals become fatter, they also gain muscle. 
The muscle tissue, which acts as a reservoir in the 
stressed state, maybe one of the responsible factors 
that obesity exerts its protective effect. This latter sug
gestion can explain why obesity was protective when it 
was not associated with a marker of muscle loss (i.e. 
weakness).

In this study, we considered self-reported grip 
strength as a proxy marker of muscle strength, taking 
some studies into account in which the authors used 
self-rated grip strength as a substitute or a marker of 
objective grip strength measurement [9–12]. Namely, 
in the study conducted by Simard et al., they aimed to 
identify questions (including two questions regarding 
self-rated handgrip strength) that could estimate 
handgrip strength measured by a Martin vigorimeter. 
Of note, the Martin vigorimeter has a very high correla
tion with Jamar hydraulic hand dynamometer [9]. Here, 
self-rated grip strength was found most associated 
with objective handgrip strength in men and the 
answer to the question about the difficulty of opening 
a jar, which is an indirect assessment for self-rated grip 
strength, was found most associated with handgrip 
strength in women [9]. In another study by our 
group, we aimed to investigate whether a simpler 
modified Fried frailty scale could estimate mortality 
among NH residents in this same study cohort. We 
modified the Fried Frailty scale across its most time 
consuming three items including assessing low hand
grip strength (weakness). We asked the participants or 
their caregivers (when the resident was cognitively 
impaired/ not communicable) to subjectively assess 
the resident’s handgrip strength compared to the 
same-aged healthy individuals (self-rating), instead of 
objective measurements. We found that this new mod
ified Fried frailty scale was an independent predictor of 
mortality in NH residents [10]. We suggest that these 
results provide some data that self-reported grip 
strength can be used as a proxy marker of muscle 
strength. On the other hand, there have been some 
doubts about the self-rated health method, such as it 
may be influenced by sociocultural background and 
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education level [53]. This consideration is also valid for 
using self-reported muscle weakness as a proxy marker 
of muscle weakness and should be considered 
a potential limitation of this method. Patient-rated 
subjective grip strength evaluation should also be 
evaluated in light of these findings.

This study has its limitations and strengths. We 
included residents who could stand still for a while to 
assess weight and body composition by the bioimpe
dance analyser; therefore, this study did not include 
more frail NH residents. The study findings cannot be 
generalised to all NH populations. On the other hand, 
included subgroup is expected to have a better survival 
expectation than the excluded subgroup so that the 
associations of mortality with the study parameters 
would be more helpful for mortality stratification. We 
considered only the baseline evaluation of the partici
pants. We have no data on the body composition 
changes that might have occurred in the follow-up. 
45.8% of the participants were considered cognitively 
impaired (possibly demented) and assessed by the 
nursing staff. Using the caregiver’s assessment instead 
of the self-reported evaluation in these participants 
could be considered another limitation. However, 
when we included possible dementia (cognitive 
impairment), which corresponds to caregiver-rated 
grip strength in multivariate survival analysis 
(Model 2), the results did not change, indicating that 
this subgroup did not change the results of this analy
sis.Some potential confounders, such as laboratory 
parameters or the presence of specific chronic diseases, 
were not evaluated except dementia. We followed the 
participants for enough period to meet a significant 
mortality incidence. However, the event rate was low in 
some subgroups because the study participants were 
grouped according to four body phenotype groups. 
Nevertheless, the analysis revealed significant associa
tion despite the limited events prone to Type-2 error in 
statistical analysis. Another factor is that we evaluated 
weakness with a subjective method which is prone to 
error. We assessed self-rated muscle weakness as sub
jectively evaluated low muscle strength to account as 
a proxy marker for low muscle strength (probable sar
copenia). However, this may, in a way, be considered 
a potential strength of the study. It is because objective 
evaluation requires, at minimum, a hand dynam
ometer, trained staff, dedicated time, and preserved 
cognition which can preclude assessment of weakness. 
On the other hand, in a review of twenty-seven com
munity studies, self-rated health was found as an inde
pendent predictor of mortality [6,7], and analogously 
subjective evaluation of grip strength has been sug
gested as a proxy marker to evaluate low muscle 
strength and showed success [6–9]. This study consid
ered the old saying that ‘patients know the best’ [54]. 

This simple subjective approach can allow us to esti
mate weakness/low muscle strength in a few minutes 
practically in centres where there is no chance to mea
sure handgrip strength objectively, including most of 
the NHs. It also can help clinicians predict patient out
comes and muscle weakness and obesity-related 
adverse outcomes. Another strength is, as we evalu
ated self-reported muscle weakness by caregiver opi
nion in demented participants, this approach has the 
potential to evaluate weakness/muscle strength in 
those with impaired cognition as well. Our analyser 
for body composition was a bioimpedance analyser 
(Tanita BC 532), which is very simple to use with accep
table cost and has the advantage of validated use in 
research. Moreover, there were no missing data at 
baseline. We followed the participants for enough per
iod to meet a significant mortality incidence, and we 
considered a wide range of well-documented predic
tors of mortality as confounders. Evaluating obesity 
with the fat percentage method rather than the 
World Health Organization (WHO) definition is another 
strength, as the fat percentage method is suggested as 
a better way to identify obesity in older adults [4]. Also, 
we used the population-specific cutoffs (>27% in males 
and >41% in females). When available, it is recom
mended to use population-specific cutoffs on body 
compositions [55].

5. Conclusion

In conclusion, to our knowledge, this is the first study 
examining the associations of obesity alone, self-reported 
muscle weakness alone, and their combination with mor
tality in NH residents. It is also the first study investigating 
the associations of mortality with obesity alone, weak
ness+obesity, weakness alone, and normal phenotype in 
NH residents. This study signifies the importance of asses
sing body phenotypes in NH residents considering obe
sity and weakness concomitantly. ‘Obesity alone’ 
(without concomitant weakness) phenotype came front 
with its relation to lower mortality rate when adjusted by 
potential confounders, but obesity accompanied by 
weakness (obesity+weakness) did not show a survival 
advantage. Future studies with higher NH participants 
must shed more light on this research area. Another 
thing is that our study suggests a simple consideration 
of weakness and weakness+obesity that can easily be 
integrated into everyday practice. This approach can 
enhance routine consideration of body phenotypes, 
albeit including some subjective evaluation components.
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