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a b s t r a c t

Objectives: To determine the prevalence of sarcopenia obesity (SO) in healthy Indian adults and delineate
the relative impact of the 3 indices of obesity [body mass index (BMI), waist circumference (WC), fat
mass percent (FM%)] with regards to inter-definitional agreement and their relationship with usual gait
speed (GS).
Methods: Apparently healthy adults (aged � 20 years) with no background history of comorbidities were
enrolled from the community by door-to-door survey. Following blood investigations, individuals with
biochemical abnormalities were excluded. Enrolled participants underwent dual-energy X-ray absorp-
tiometry (DXA). Sarcopenia was defined according to EWGSOP2 consensus based on indigenous cut-offs
obtained from the Sarcopenia-Chandigarh Urban Bone Epidemiological Study (Sarco-CUBES). Obesity
was defined based on BMI (� 25.0 kg/m2) or WC (> 90 cm in men, > 80 cm in women) or DXA-derived
FM% (> 32% in men, > 40% in women).
Results: Data of 804 participants were analyzed after exclusion. The mean ± SD for BMI, WC, and FM%
were 26.5 ± 2.7 kg/m2, 86.8 ± 9.6, and 34.7 ± 7.3%, respectively. Prevalence of sarcopenia was 3.2%. Based
on BMI, WC, and FM%, the prevalence of SO in elderly subjects (�65 years) was 5.4%, 5.4%, and 6.3%,
respectively. Using Cohen’s kappa, inter-definitional agreement between the 3 groups was ‘almost per-
fect’. FM%, and not BMI/WC, emerged as a significant predictor of GS on multiple linear regression
analysis.
Conclusions: The prevalence of SO in healthy elderly Indian adults is 5.4%e6.3%. Either BMI/WC/FM% can
be used to correctly identify individuals with SO.
© 2021 The Korean Society of Osteoporosis. Publishing services by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Sarcopenic obesity (SO) is an increasing global public health
concern that has resulted from a confluence of 2 epidemiological
trends, namely, obesity epidemic and population aging [1]. It is best
characterized as a combined clinical and functional entity marked
by the co-existence of surplus fat mass and sarcopenia in an indi-
vidual [2]. The latter is described as a “progressive and generalized
skeletal muscle disorder that is associated with an increased like-
lihood of adverse outcomes including falls, fractures, physical
disability, and mortality.” For decades, low muscle mass had been
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the mainstay for the diagnosis of sarcopenia; however, recently,
more emphasis has been placed on muscle strength as the latter
correlates with adverse outcomes better than the former [3].

Although traditionally regarded as a geriatric syndrome, SO
can be found in younger obese patients with underlying comor-
bidities like chronic kidney disease (CKD), chronic obstructive
pulmonary disease (COPD), congestive cardiac failure, cancer, or
occasionally following bariatric surgery [2]. From a clinical
standpoint, SO predisposes an individual to the combined risk of
the 2 independent body phenotypes, adversely affecting health,
resulting in disability, loss of functional independence, poor
quality of life, and eventually increased mortality [1,4e7]. Besides,
SO also contributes to insulin resistance with the resultant in-
crease in the risk of metabolic syndrome (MS) and type 2 diabetes
mellitus (T2DM) [8,9].
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Multiple thresholds have been used to define SO; hence, the
hitherto reported prevalence of SO in the aging population ranges
from as low as 0.9% to as high as 30.1% [10,11]. Moreover, a globally
acclaimed definition, diagnostic criterion and cut-off to describe SO
are still lacking to date. A recently conducted systematic review
showed significant heterogeneity in the definitions and approaches
to define SO. It was attributed to the marked polarity in the defi-
nitions of “sarcopenia” and “obesity”, variability in the techniques
used to estimate body composition, muscle strength, and physical
performance, and lastly, the reference values used as thresholds
[2,7]. In short, there still exists no granularity in the definition of SO.

India is home to over 1.3 billion people and its population is
aging rapidly [12]. Besides, the country has a high prevalence of
T2DM and MS [13,14]. Hence, the prevalence rate of SO is also ex-
pected to be high in the country. However, there is no data on the
prevalence of SO in Indians, nor has diagnostic criteria for defining
SO in India been established. The present study was conducted to
define the diagnosis and establish the prevalence of SO in healthy
Indian men and women residing in the community.

2. Methods

The present study was an extension of the recently published
“The Chandigarh Urban Bone Epidemiological Study (CUBES)” and
“The Sarcopenia-Chandigarh Urban Bone Epidemiological Study
(Sarco-CUBES)” [15,16]. The CUBES was an observational cross-
sectional study conducted in Chandigarh, a Union Territory in
North India, wherein healthy adult men and womenwere recruited
from the community by door-to-door surveys over the study
duration of 2 ½ years (December 2016 to June 2019). The study was
approved by the Institute Ethics Committee, Post Graduate Institute
of Medical Education and Research, Chandigarh, India (Reference
No. e NK/3339/DM). The study was conducted in accordance with
the Declaration of Helsinki.Written informed consent was obtained
from all the participants prior to enrollment.

Detailed methodology of the CUBES and the Sarco-CUBES have
hitherto already been published [15,16]. In brief, healthy
community-dwelling adults aged � 20 years were surveyed from
four sectors in Chandigarh. The selection of sectors and houses
within each sector were randomized. Kish selection method was
used to select a potential participant from a household [17]. Apart
from demographic details, potential participants were enquired
about the presence of any comorbidity, chronic drug intake, and
addictions. Besides, routine diet and physical activity were assessed
by the 24-h dietary recall method and the Global Physical Activity
Questionnaire (GPAQ), respectively [18]. Individuals having a
medical history of any underlying renal, gastrointestinal/hepatic,
respiratory, rheumatological, endocrine (namely, diabetes mellitus,
Cushing’s syndrome, hyperthyroidism, hyperparathyroidism that
could potentially affect muscle mass and/or fat mass), infective or
neoplastic disorders, addictions, chronic drug use (especially cor-
ticosteroids, complementary and alternative medications, protein
supplements), inadequate nutrition (defined as total daily calorie
intake < 2100 kcal) [19] and inadequate physical activity (defined
as < 250 MET-minutes/week) [20] were excluded. Besides, in-
dividuals with contraindications to dual-energy X-ray absorpti-
ometry (DXA) scan (pregnancy, implant placement) were also not
included.

Following an overnight fast, participants who meet the afore-
mentioned preliminary inclusion criteria underwent an array of
blood tests that included estimation of hemoglobin, renal function
(and subsequent calculation of estimated glomerular filtration rate,
eGFR), liver function, fasting blood glucose, albumin, calcium, inor-
ganic phosphate, total alkaline phosphatase (ALP), glycated hemo-
globin, thyroid function, 25-hydroxyvitamin D, intact parathyroid
25
hormone (iPTH), testosterone (in men), and IgA tissue trans-
glutaminase (IgA tTg) antibody. Participants with anemia, renal
dysfunction (eGFR < 90 ml/min), hypoalbuminemia, diabetes mel-
litus, hyperthyroidism, hypercalcemia, serum 25-hydroxyvitamin
D < 10 ng/ml, hypogonadism (in men) and celiac disease were
excluded at this step [16].

Healthy participants finally underwent DXA scan using the
HOLOGIC Discovery A (QDR 4500; Hologic, Inc., Bedford, MA, USA)
scanner for assessment of body composition (lean mass and fat
mass). Prior to DXA scan, anthropometry was performed. Height
was measured thrice by a wall-mounted stadiometer to the nearest
centimeter (cm); the mean of the 3 readings was considered as the
final height. Likewise, weight was measured thrice by a digital
weighing machine to the nearest of 0.1 kg; the average of the 3
individual recordings was taken as the final weight. Body mass
index (BMI) was calculated using the standard formula: weight (in
kg)/height (in meter)2. Participants found to have a BMI < 18.5 kg/
m2 (qualifying as underweight) were excluded before the DXA scan.
Besides, waist circumference (WC) was also measured. The partic-
ipant wasmade to stand on a level groundwith both the feet placed
close together with the body weight being uniformly distributed,
arms kept by the side of the body, and with minimal clothing on.
The participant was then asked to relax. Waist circumference was
then measured at the end of a normal expiration at a specific point
corresponding to the midpoint between the lower margin of the
last palpable rib and the top of the iliac crest, using a stretch-
resistant tape. The measurement was repeated twice; if they
were within 1 cm of each other, the average of the 2 was calculated
as the final WC. On the contrary, if the difference between the 2
measurements was more than 1 cm, both were repeated [21].

As in the Sarco-CUBES, handgrip strength (HGS) was estimated
in the dominant arm of each participant using the Jamar Plus
Digital Hand Dynamometer (Jamar®, Patterson Medical, Warren-
ville, IL, USA). Physical performancewasmeasured in terms of usual
gait speed using a 4-meter walk test [16].

2.1. Statistical analysis

Statistical analysis was performed using the Statistical Package
for Social Sciences 23.0 (SPSS 23.0) software program (SPSS Inc.,
Chicago, IL, USA). Kolmogorov-Smirnov test was used to verify the
normality of data. Mean ± standard deviation (SD) was used to
represent normally distributed data, while nonparametric data
were presented as median (interquartile range, IQR). Muscle
strength and muscle mass were expressed as dominant handgrip
strength (HGS, in kg) and appendicular skeletal muscle index
(ASMI, in kg/m2), respectively. The cut-offs used to define low
muscle strength and lowmuscle mass were derived from the Sarco-
CUBES. In short, HGS < 27.5 kg in men and < 18.0 kg in women
defined low muscle strength, while ASMI < 6.11 kg/m2 in men and
< 4.61 kg/m2 in women defined low muscle mass [16]. Participants
with a usual gait speed (GS) � 0.8 m/s were categorized as having
poor physical performance [3,22,23]. Sarcopenia was defined based
on the European Working Group on Sarcopenia in Older People
(EWGSOP2) consensus.

Obesity was described according to the 3 widely used indices:
BMI, WC, and fat mass percent (FM%, derived from DXA measure-
ment). For BMI, we employed the standard cut-off of � 25.0 kg/m2

to define obesity as is recommended for the Asian-Indian popula-
tion [24]. Likewise, well-accepted Asian cut-offs for WC of > 90 cm
and > 80 cm were used for men and women, respectively [25]. For
FM%, thresholds were derived from the study by Marwaha and
colleagues. The study that had included 2347 healthy Indian adults
had shown that a BMI of 25 kg/m2 corresponded to a FM% of 32.0%
inmen and 40.0% inwomen [26].We employed the same cut-offs to



Table 2
Prevalence of sarcopenic non-obese and sarcopenic obese phenotypes based on the
criteria used to define obesity (n ¼ 804).

Variable Sarcopenic non-obese Sarcopenic obese

BMI � 25, kg/m2 20 (2.5%) 6 (0.7%)
WC 20 (2.5%) 6 (0.7%)
> 90 cm in men
> 80 cm in women

FM% 19 (2.3%) 7 (0.9%)
> 32% in men
> 40% in women

Values are presented as number (%).
BMI, body mass index; WC, waist circumference; FM%, fat mass percent.

Table 3
Prevalence of sarcopenic obesity (SO) in elderly subjects (� 65 years) based on age
and sex of the study participants.

Age group Prevalence of SO
based on BMI

Prevalence of SO
based on WC

Prevalence of SO
based on FM%

Men Women Men Women Men Women

65e69 1 (4.0%) 0 (0.0%) 1 (4.0%) 0 (0.0%) 1 (4.0%) 0 (0.0%)
(n ¼ 54)
70e74 1 (9.1%) 1 (9.1%) 1 (9.1%) 1 (9.1%) 1 (9.1%) 1 (9.1%)
(n ¼ 22)
75e79 1 (7.1%) 1 (9.1%) 1 (7.1%) 1 (9.1%) 1 (7.1%) 2 (18.2%)
(n ¼ 25)
80e85 1 (11.1%) 0 (0.0%) 1 (11.1%) 0 (0.0%) 1 (11.1%) 0 (0.0%)
(n ¼ 10)
Total 4 (6.7%) 2 (3.8%) 4 (6.7%) 2 (3.8%) 4 (6.7%) 3 (5.7%)
(n ¼ 111)

Values are presented as number (%).
BMI, body mass index; WC, waist circumference; FM%, fat mass percent; SO, sar-
copenic obesity.
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define obesity. Based on each of the 3 criteria, the study cohort was
categorized into “sarcopenic non-obese (sarcopenic)” and “sarco-
penic obese (SO)” phenotypes. Agreement between the 3 defini-
tions of SO based on BMI, WC, and FM%, respectively, were assessed
using Cohen’s kappa [27]. Correlations between BMI, WC, and FM%
with GS were performed using Spearman’s rank-order correlation.
Subsequently, multiple linear regression analysis was performed
with GS as the dependent variable and BMI, WC, FM%, age, and
ASMI as the independent variables. A P-value of < 0.05 was
considered significant.

Scatterplot with LOESS (locally weighted scatterplot smoothing)
curve was used to depict the relationship between FM% and GS.
LOESS, also known as LOWESS, is a nonparametric tool used in
regression analysis to fit a local regression function. It creates a
smooth fitted line through a scatterplot and assesses the graphical
relationship between two variables.

3. Results

As in the Sarco-CUBES, 804 healthy participants were included
as a part of the final analysis. Amongst the 804 participants, 339
were men, 302 were pre-menopausal and 163 were post-
menopausal women. The mean ± SD age of the participants was
44.4 ± 15.4 years (range: 20e85 years) with no statistically signif-
icant difference between men and women. The mean ± SD for BMI,
WC, and FM% of the groupwere 26.5 ± 2.7 kg/m2, 86.8± 9.6 cm, and
34.7 ± 7.3%, respectively. The baseline characteristics have been
described in Table 1. There was a positive correlation between age
and BMI (r ¼ 0.412, P < 0.001), WC (r ¼ 0.310, P < 0.001) and FM%
(r ¼ 0.462, P < 0.001). The 3 yardsticks used to define obesity also
had a positive correlation with each other (BMI and WC: r ¼ 0.823,
P < 0.001; BMI and FM%: r ¼ 0.735, P < 0.001; WC and FM%:
r ¼ 0.573, P < 0.001).

The biochemical parameters of all the participants have been
summarized in the Sarco-CUBES [16].

3.1. Prevalence of sarcopenic obesity

The prevalence of sarcopenia in the study population was 3.2%
[16]. Subsequently, the prevalence of sarcopenic non-obese and
sarcopenic obese individuals using BMI, WC or FM% as the diag-
nostic criteria is shown in Table 2. Notably, with BMI as a diagnostic
criterion, SO was identified in 6 participants; WC and FM% were
able to identify 6 and 7 participants with SO, respectively. All in-
dividuals with SO were above 65 years of age. Thus, the prevalence
of SO in elderly participants (� 65 years, n ¼ 111) was 5.4%, 5.4%,
and 6.3% based on BMI, WC, and FM%, respectively. The prevalence
of SO in elderly subjects stratified according to age and sex is rep-
resented in Table 3. Likewise, in patients with sarcopenia (n ¼ 26),
Table 1
BMI, WC and FM% in men, premenopausal, and postmenopausal women.

Variable Men Premenopausal wom

(n ¼ 339) (n ¼ 302)

BMI, kg/m2 26.0 ± 2.2 26.1 ± 3.0
Mean ± SD
WC, cm 87.4 ± 9.5 85.0 ± 9.8
Mean ± SD
FM% (%) 29.6 ± 5.7 37.9 ± 6.1
Mean ± SD

Values are presented as mean ± standard deviation.
BMI, body mass index; WC, waist circumference; FM%, fat mass percent; SD, standard d

a Postmenopausal women vs men: P-value < 0.001, Postmenopausal women vs prem
b Premenopausal women vs men: P-value ¼ 0.004, Postmenopausal women vs men:
c Premenopausal women vs men: P-value < 0.001, Postmenopausal women vs men: P-
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the prevalence of SO was 23%e27% based on any of the 3 criteria
used. We found no statistically significant differences in HGS or GS
between the sarcopenic non-obese and sarcopenic obese groups
based either on BMI or WC or FM%. Similarly, there was no differ-
ence in HGS or GS between subjects classified as having SO based
on any of the 3 criteria. As assessed using Cohen’s kappa, the inter-
definitional agreement between the 3 groups was ‘almost perfect’
(Table 4).
3.2. Correlations between BMI, WC, and FM% with muscle strength
and physical performance

Muscle strength, expressed as HGS, did not have any statistically
significant correlations between BMI, WC, or FM%. On the other, GS
(a measure of physical performance) negatively correlated with
en Postmenopausal women P-value

(n ¼ 163)

28.2 ± 2.8 < 0.001a

89.0 ± 8.7 < 0.001b

39.3 ± 7.3 < 0.001c

eviation.
enopausal women: P-value < 0.001.
P-value < 0.001.
value < 0.001, Postmenopausal women vs Premenopausal women: P-value ¼ 0.048.



Table 4
Agreement between the 3 criteria used to define sarcopenic obesity.

First definition Second definition Cohen’s kappa (k) Magnitude of agreement

BMI � 25, kg/m2 WC 1.000 Almost perfect
> 90 cm in men
> 80 cm in women

BMI � 25, kg/m2 FM% 0.922 Almost perfect
> 32% in men
> 40% in women

WC FM% 0.922 Almost perfect
> 90 cm in men > 32% in men
> 80 cm in women > 40% in women

BMI, body mass index; WC, waist circumference; FM%, fat mass percent.

Fig. 1. Scatterplot with locally weighted smoothing curve depicting the relation be-
tween usual gait speed and fat mass percent.
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BMI (r ¼ �0.124, P < 0.001), WC (r ¼ �0.072, P ¼ 0.041), and FM%
(r ¼ �0.326, P < 0.001). Fig. 1 depicts the scatterplot with LOESS
curve showing the relation between GS and FM%. Multiple linear
regression analysis (with age, BMI, WC, FM%, and ASMI as inde-
pendent variables) showed that only age (b ¼ �0.007, P < 0.001),
FM% (b ¼ �0.006, P < 0.001) and ASMI (b ¼ 0.027, P < 0.001) were
significant predictors of GS.
3.3. Correlations between HGS, ASMI, GS, BMI, WC, and FM% with
biochemical parameters

Univariate analysis (using Pearson/Spearman correlation)
showed that serum albumin had a significant positive correlation
with HGS (r ¼ 0.114, P ¼ 0.001). Likewise, serum testosterone (only
in men) positively correlatedwith HGS (rs¼ 0.348, P < 0.001), ASMI
(rs ¼ 0.111, P¼ 0.041) and GS (rs ¼ 0.366, P < 0.001). Serum calcium,
25-hydroxyvitamin D and iPTH did not significantly correlate with
any of the 3 parameters. On multiple linear regression analyses,
only serum testosterone (in men) was a positive predictor of HGS,
ASMI, and GS.

As far as the indices of obesity were concerned, only serum
testosterone negatively correlated with BMI (rs ¼ �0.190,
P < 0.001), WC (rs ¼ �0.244, P < 0.001) and FM% (rs ¼ �0.276,
P < 0.001) in men. However, other biochemical parameters, notably
calcium, 25-hydroxyvitamin D, and iPTH, did not correlate with
BMI/WC or FM% in either men or women.
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4. Discussion

To the best of our knowledge, this is the first study evaluating
the prevalence of sarcopenic obesity in the Indian population. As an
extension of the Sarco-CUBES, we found that using BMI, WC or FM%
as criteria for defining obesity, the prevalence of SO ranges from
5.4% to 6.3% in healthy Indian adults aged� 65 years residing in the
community. Either BMI or WC or FM% can be used to define obesity
with an almost perfect inter-definitional agreement between the 3
parameters.

Sarcopenic obesity is a clinical-cum-functional entity typified by
the co-occurrence of sarcopenia and obesity in an individual. The
co-existence of obesity and sarcopenia exerts a synergistic effect
that predisposes an individual to the risk of MS, T2DM, physical
disability, morbidity and eventual mortality compared to either of
the 2 entities alone [7,9]. Hence, SO poses a major public health
challenge and demands identification and intervention at an early
stage. Notably, certain lifestyle interventions, including calorie re-
striction, protein supplementation, and graded physical activity, are
potential therapies in SOwith improvement in physical activity and
reduction in mortality [7,28,29].

The diagnosis of SO is based on the discrete definitions of sar-
copenia and obesity; however, at present, no generalized consensus
exists that defines the cut-off points for either of these entities.
Hence, making an accurate diagnosis of SO is challenging [2,7].
Most studies have used muscle mass as a sole parameter to define
sarcopenia in SO; only a handful of studies have considered both
muscle mass and muscle strength/physical performance as a cri-
terion to define sarcopenia based on the EWGSOP (2010) or Inter-
national Working Group on Sarcopenia (IWGS) or Federation for
the National Institutes of Health (FNIH) consensus [2]. Hitherto,
very few studies have defined sarcopenia (in SO) based on the
EWGSOP2 consensus that lays more emphasis on muscle strength
than muscle mass [30]. Similarly, obesity has been variably defined
based on BMI orWC or fat mass percent [2]. The prevalence of SO in
an American population varied up to 26-fold using 8 different
definitions [11].

More than 1.3 billion people live in India, with over 87 million
people aged 65 years or above accounting for 6.4% of the popula-
tion. By 2030, the figure is expected to increase to more than 128
million [31]. By 2050, the proportion of the population aged > 60
years is estimated to reach 19%. Finally, at the end of the century, a
mammoth fraction (34%) of the Indian population would be
constituted by the elderly [32]. Hence, sarcopenia and SO are of
increasing clinical relevance in the country. Nevertheless, there is
limited data on sarcopenia and a complete dearth of data on SO in
India.

We had recently shown that using indigenous (rather than
Caucasian) cut-offs, the prevalence of sarcopenia in community-
dwelling healthy Indian adults, as per the revised EWGSOP2
consensus, was 3.2% [16]. Applying the same cut-offs to describe
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sarcopenia and using either BMI or WC or FM% for defining obesity,
we found that the SO was prevalent in 5.4%e6.3% of healthy Indian
men and women aged� 65 years. The reported prevalence of SO in
the elderly population ranges from 0.9% to 30.1% [10,11]. In a cross-
sectional study (WCHAT study) conducted in 4 Chinese provinces,
SO was prevalent in 2.6% of individuals aged 50 years and older
[33]. In our study, the prevalence of SO in individuals aged � 50
years (n ¼ 288) would be 2.1%e2.4%, very similar to the WCHAT
study. Nevertheless, although the prevalence of SO in the aging
Indian population is low and comparable to the neighboring Asian
nations, nearly one-fourth of the sarcopenic subjects had accom-
panying obesity, necessitating screening for SO in all patients with
sarcopenia.

Regarding the definition of obesity, we found that BMI, WC, and
FM% had almost perfect inter-definitional agreement implying that
either BMI or WC or FM% can be reliably used as a diagnostic cri-
terion for SO in Indians. However, only FM% was a negative pre-
dictor of GS amongst the 3 variables, even after adjustment for age
and ASMI. Prior studies have also shown an association between
high body fat percentage and slow GS [34,35]. Thus, FM% may be a
better diagnostic criterion for SO compared with either BMI or WC
as the former predicts the functional status of an individual. This is
in contrast to a study by Khor et al who found that among 200
community-dwelling, functionally-independent older adults
residing in Singapore, only WC, and not BMI or DXA-derived fat
mass percent, was best associated with poor muscle strength and
function in SO [36]. Nevertheless, body mass index may not be
suitable for recognizing poor physical performance in SO as it does
not assess body fat distribution and fails to account for the loss of
lean body mass with age [7].

We do respect the inherent limitations of the present study.
First, we did not perform any prior statistical analysis to calculate
the sample size. For sample size calculation, the prevalence of the
disease entity being studied (sarcopenic obesity in this case) needs
to be known. In the absence of any data on SO from India, prior
sample size collection was not possible. Instead, we used the same
cohort as was used for the Sarco-CUBES [16]. The sample size of
Sarco-CUBES was estimated based on a prior study that had re-
ported a prevalence of low muscle mass of 15% in healthy Indian
women [37]. Second, the proportion of elderly subjects (� 65
years), especially those aged 75 years and older, was limited and
probably underrepresented in the study cohort; the meticulous and
stringent exclusion criteria led to the elimination of a significant
proportion of older adults with comorbidities that could have
contributed to (secondary) sarcopenia. The inclusion of subjects
with comorbidities would have inflated the prevalence of sarco-
penia (and probably SO); however, our intentionwas not to include
subjects with secondary sarcopenia. The same should be regarded
as a strength rather than a drawback as most of the large-scale
studies evaluating the prevalence of SO in the community have
not excluded secondary causes of sarcopenia/SO.

Third, we did not compare the metabolic parameters (like
fasting blood glucose, fasting lipid profile) among participants with
and without SO. Fourth, we assessed only usual gait speed by 4-m
walk test as a measure of physical performance. A single physical
performance measure may not be able to identify sarcopenia
correctly, often requiring a combination of tests like Short Physical
Performance Battery, chair stand test (CST), timed up and go (TUG),
and 4-m walk test [38]. However, GS is a time-tested and
dependable measure of physical performance and has been shown
to predict major health-related outcomes reliably [39]. Lastly, being
a cross-sectional study, the clinical outcomes of the participants
classified as having sarcopenia or sarcopenic obesity could not be
assessed due to lack of follow-up.
28
5. Conclusions

In conclusion, the prevalence of SO in healthy elderly Indian
adults (� 65 years) is 5.4%e6.3% using indigenous Asian-Indian cut-
offs. Nearly one-fourth of subjects with sarcopenia have accom-
panying obesity, necessitating screening for SO in all adults with
sarcopenia. Either BMI or WC or FM% (derived from DXA) can be
used to identify individuals with SO; however, FM%may be a better
predictor of physical performance and functional outcomes and
may be clinically more relevant. In the absence of any data on SO
from the Indian subcontinent, the present study is likely to lead the
way to large-scale observational and interventional studies in the
future.
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