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Key summary points
Aim To determine the diagnostic cut-offs and the prevalence of sarcopenia in India.
Findings Indians have lower muscle strength and muscle mass than Caucasians. The prevalence of ‘probable sarcopenia’, 
‘sarcopenia’, and ‘severe sarcopenia’ is 14.6%, 3.2%, and 2.3%, respectively; corresponding values are higher using well-
established Western cut-offs.
Message Indigenous and not Western cut-offs should be used to define sarcopenia in Indians.

Abstract
Purpose Comprehensive data on diagnosis and prevalence of sarcopenia in India are lacking. The present study was undertaken to 
determine cut-offs for low muscle strength (MS) and low muscle mass (MM), and find out the prevalence of sarcopenia in Indians.
Methods Apparently healthy individuals aged ≥ 20 years with no prior history of any co-morbidities were recruited from 
community by door-to-door survey. Participants eligible for study underwent blood sampling. Individuals identified as hav-
ing biochemical abnormalities that could potentially affect MS and MM were excluded. Enrolled participants underwent 
DEXA. Muscle mass, MS, and physical performance were expressed as appendicular skeletal muscle index (ASMI), dominant 
handgrip strength (HGS), and usual gait speed (GS), respectively. Cut-offs for low MS and MM were defined as HGS and 
ASMI 2SD < mean of young reference population (20–39 years). A GS ≤ 0.8 m/s defined poor physical performance. Using 
them, the prevalence of sarcopenia was estimated as per EWGSOP2 recommendations.
Results After exclusion, 804 participants were enrolled (mean age = 44.4 years). Peak HGS, ASMI, and GS were achieved 
in the 3rd/4th decades. Muscle strength/mass was lower than Caucasians. A HGS < 27.5 kg (males)/18.0 kg (females) and 
an ASMI < 6.11 kg/m2 (males)/4.61 kg/m2 (females) defined low MS and MM, respectively. Accordingly, prevalence of 
‘probable sarcopenia’, ‘sarcopenia’, and ‘severe sarcopenia’ was 14.6%, 3.2%, and 2.3%, respectively. Corresponding values 
were higher when European cut-offs were used. Only serum testosterone positively predicted HGS/ASMI/GS in males.
Conclusions Indians have low MS/MM, and hence, indigenous and not Western cut-offs should be used to define sarcopenia 
in Indians.
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Introduction

Aging is associated with a progressive loss of skeletal 
muscle mass and strength—a phenomenon called ‘sarco-
penia’. It is a “progressive and generalised skeletal mus-
cle disorder that is associated with increased likelihood 
of adverse outcomes including falls, fractures, physical 
disability, and mortality” [1]. Till the dawn of the twenty-
first century, sarcopenia was regarded as an age-related 
decline in muscle mass with little or no  emphasis on 
muscle strength and function [2]. It was in 2010 that the 
European Working Group on Sarcopenia In Older People 
(EWGSOP) laid down a proper operational definition of 
sarcopenia and recommended the presence of both low 
muscle mass and low muscle function (strength or per-
formance) for its diagnosis [3]. Still, low muscle mass 
remained the cornerstone for the diagnosis of sarcope-
nia. However, revised guidelines were published by the 
EWGSOP2 in 2018 wherein muscle strength was given 
the upper hand as strength is a better predictor of adverse 
outcomes than muscle mass [1].

The prevalence of sarcopenia in the community varies, 
ranging from as low as 1.6% [4] to as high as 36.6% [5] 
amongst healthy aging adults. The marked variation can 
be explained on the basis of the population being studied 
and the cut-offs used to define the three components of 
sarcopenia. EWGSOP recommends the use of normative 
(healthy young adult) rather than any pre-specified refer-
ence population, with cut-off points at two standard devi-
ations (SD) below the mean reference value [3]. There 
is a dearth of comprehensive data on the diagnosis and 
prevalence of sarcopenia in India. Most of the available 
literature is based on Caucasian cut-offs [6]. A few avail-
able studies that have developed indigenous cut-offs have 
concentrated only on low muscle mass [7, 8]. One such 
study by Marwaha et al. has reported a prevalence of low 
muscle mass of 15% among healthy Indian females [7].

Hence, the present study was undertaken to determine 
the cut-offs for defining low muscle strength and low mus-
cle mass, and to find out the prevalence of sarcopenia as 
per the latest EWGSOP2 recommendations in a group of 
ostensibly healthy Indian adults randomly chosen from the 
community.

Materials and methods

The index study was a part of the Chandigarh Urban Bone 
Epidemiological Study (CUBES), an observational cross-
sectional study conducted in Chandigarh, wherein ostensibly 
healthy adult volunteers were recruited from the community 
by door-to-door survey over a period of two and half years 

(December 2016–June 2019). Chandigarh was specifically 
chosen for the study as its per capita income ranks fourth 
amongst all the states and Union Territories of India. All 
selected participants were duly pre-informed about the study 
and written informed consent was obtained from them. The 
study was approved by the Institute Ethical Committee, 
Post Graduate Institute of Medical Education and Research 
(PGIMER), Chandigarh, India.

Details of the CUBES have been published elsewhere 
[9]. In short, apparently healthy individuals aged 20 years 
and above were recruited in the study. Individuals were cho-
sen from four sectors of Chandigarh; these sectors were in 
turn selected by simple random sampling. Houses within 
each sector were chosen by systematic random sampling, 
selecting every fifth house from a random starting point. 
Household members eligible for enrollment were selected 
using the ‘Kish Selection Method’ [10]. A pre-prepared 
proforma comprising of questions on demography, men-
strual history, co-morbidities, addictions, and drug intake 
was filled for the selected individual. In addition, a dietary 
history was obtained using the 24-h dietary recall method 
[11] and physical activity assessed using the Global Physical 
Activity Questionnaire (GPAQ) [12]. Participants eligible 
for the study underwent blood sampling after an overnight 
fast. Laboratory investigations included hemoglobin, cre-
atinine, bilirubin, alanine transaminase, aspartate transami-
nase, serum albumin, total calcium, inorganic phosphorous, 
alkaline phosphatase, fasting blood glucose, glycated hemo-
globin, testosterone, thyroid function test, 25-hydroxyvita-
min D, intact parathyroid hormone, and IgA tissue transglu-
taminsase [IgA tTg) antibody. Volunteers without obvious 
biochemical abnormalities underwent dual-energy X-ray 
absorptiometry (DEXA) scan using the HOLOGIC Discov-
ery A (QDR 4500; Hologic, Inc., Bedford, MA) scanner 
for assessment of body composition. All DEXA scans were 
performed by a dedicated, International Society of Clinical 
Densitometry (ISCD)-certified technician. Quality control 
procedures were carried out in accordance with the manufac-
turer’s recommendations. A thorough physical examination 
and anthropometry were performed prior to DEXA scan. 
Height of the participant was measured three times by a 
standard stadiometer to the nearest centimeter and the mean 
of the three readings was taken as the final height. Similarly, 
weight was measured three times using a digital weighing 
machine to the nearest of 0.1 kg and the mean of the three 
readings was considered as the final weight. The accuracy 
of the weighing machine was checked every day using an 
ISI standardized weight of 5 kg. Finally, body mass index 
(BMI) was calculated using formula weight (in kg)/height 
(in meter)2.

Handgrip strength was measured in each participant 
using the Jamar Plus Digital Hand Dynamometer (Jamar®, 
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Patterson Medical). Participants were asked to sit in a stand-
ard chair with the shoulder adducted and neutrally rotated, 
the elbow flexed at right angle, forearm being neutral, and 
wrist at 0º–30º of dorsiflexion. The investigator (RP) demon-
strated the use of the dynamometer before handing it over to 
the participants. Handgrip strength was measured six times, 
three in each arm. The volunteers were advised to press on 
the handle as tightly as possible for 3–5 s each and every 
time; the maximum reading obtained from each arm was 
reported as the final result. A rest period of at least 1 min 
was given between two consecutive measurements on the 
same arm. The instrument was calibrated every year as per 
the manufacturer’s guidelines.

Usual gait speed was measured using a 4-min walk test. A 
distance of 4 m was marked on the floor. The study partici-
pants were advised to walk at a comfortable speed from the 
start point to the stop point. The time taken to traverse the 
distance was measured using a stopwatch. Each participant 
was given two walking trials and the average of the two gait 
speeds (in m/s) was considered for final analysis.

Inclusion criteria comprised of all participants chosen 
by ‘Kish Selection Method’ who were willing to pro-
vide written informed consent for the study. Exclusion 
criteria were exhaustive and were applicable at each and 
every stage of the survey: (a) At the time of initial pro-
forma filling, individuals with a history of hepatic, renal, 
neoplastic, respiratory, rheumatological, gastrointestinal, 
dermatological, endocrine (notably diabetes mellitus, 
hyperthyroidism, Cushing’s syndrome, hyperparathy-
roidism), systemic infective disorders, chronic drug intake 
(especially steroids, statins, complementary and alterna-
tive medications, and protein supplements), addictions, 
total calorie intake < 2100 kcal/day (minimum required 
calorie level for a healthy and active life as proposed by 
Indian Council of Medical Research) [13], physical inac-
tivity (defined as < 250 MET-minutes/week) [14], and 
contraindications to DEXA scan (pregnancy, implant 
placement) were excluded at the outset; (b) Following bio-
chemical investigations, participants identified as having 
anemia (as per WHO definition) [15], renal dysfunction 
(estimated glomerular filtration rate calculated by CKD-
EPI formula < 90 ml/min/1.73 m2), low serum albumin 
(< 3.5 gm/dl), diabetes mellitus (as per ADA definition) 
[16], hyperthyroidism (subclinical or overt), overt hypo-
thyroidism, hypercalcemia, 25-hydroxyvitamin D < 10 ng/
ml, low serum testosterone in males (defined as testoster-
one levels below the lower limit of age-specific reference 
range) [17, 18], and elevated IgA tTg antibody (> 10 U/ml) 
were excluded prior to DEXA scan. Participants with pre-
diabetes and subclinical hypothyroidism were, however, 

not excluded; (c) Following anthropometry, participants 
with a BMI < 18.5 kg/m2 were excluded.

Hemoglobin was estimated using Coulter LH 780 Auto-
mated Analyzer (Beckman Coulter, Inc., Brea, CA, USA). 
Creatinine, liver function test, serum albumin, total calcium, 
inorganic phosphorous, and fasting blood glucose were 
measured using Modular P800 Analyzer (Roche Diagnos-
tics, Mannheim, Germany). HbA1c was measured using 
Bio-Rad D10 analyzer (DCCT standardized). Serum tes-
tosterone, thyroid function test, 25-hydroxyvitamin D, and 
iPTH were measured by electrochemiluminescence using 
Elecsys 2010 Analyzer (Roche Diagnostics, Mannheim, 
Germany). IgA tTg antibody was measured using fluoro-
enzyme assay.

Statistical analysis

Sample size was calculated using the formula n = 4pq/
l2, where p = population proportion of low muscle mass, 
q = 1-p, and L = allowable error. For this study, L was pre-
sumed to be 20% of p giving a power of (1-L), i.e., 80% to 
study. p was taken as 15% based on the prevalence of low 
muscle mass in females according to the study of Marwaha 
et al. [7]. This yielded a value of 567. Keeping in mind the 
‘design effect’, we had applied a correction factor of 1.2, 
and thus, the sample size after correction came out to be 
680. The final sample size was kept as 750 to account for 
non-responders.

Statistical analysis was carried out using the Statistical 
Package for Social Sciences (SPSS) 23.0 software program 
(SPSS Inc., Chicago, IL, USA). Normality of data was 
checked using Kolmogorov–Smirnov test. Muscle mass 
was assessed using appendicular skeletal muscle mass 
index (ASMI) which was calculated as the sum of lean 
mass at arms and legs in kilograms divided by square of 
height in meters. Muscle strength was expressed in terms 
of dominant handgrip strength. All participants were 
divided into 10-year age groups. Appendicular skeletal 
muscle index, dominant handgrip, and usual gait speed in 
each age group were reported as mean ± standard devia-
tion (SD). Comparisons of HGS, ASMI, and GS between 
males and females were made using Independent-Student 
T Test. HGS and ASMI of the study participants were 
compared with Caucasian counterpart using well-estab-
lished NHANES data [19, 20]. For the purpose of gener-
ating cut-offs, individuals belonging to the 20–39 years 
age group were considered as the young reference popu-
lation. Based on the EWGSOP recommendation, cut-off 
for low muscle strength was defined as dominant HGS 
two SD below the mean of young reference population. 
Similarly, low muscle mass was defined as ASMI two SD 
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below the mean of young reference population [3]. Cut-
offs were sex-specific. Usual gait speed ≤ 0.8 m/s defined 
low physical performance [1, 3, 21, 22]. Based on these 
cut-offs, the prevalence of probable sarcopenia, sarcope-
nia, and severe sarcopenia was estimated [1]. Likewise, 
prevalence was established based on the Western (as men-
tioned in the EWGSOP 2010 consensus statement) [3, 23, 
24], EWGSOP2 (2018) [1], International Working Group 
on Sarcopenia (IWGS) [25], and Asian Working Group 
for Sarcopenia (AWGS 2014 and 2019) guidelines [22, 
26]. Finally, correlations between biochemical parameters 
and components of sarcopenia were made using Pearson/
Spearman correlation followed by multiple linear regres-
sion analysis with backward elimination. A p value < 0.05 
was considered significant.

Results

Following door-to-door survey, 1186 participants were 
initially enrolled. After laboratory investigations, 382 
volunteers had to be excluded (286 were found to have 
25-hydroxyvitamin D < 10 ng/ml, 59 had anemia, 12 were 
diagnosed as having diabetes mellitus, 10 had hypoalbu-
minemia, 5 had elevated IgA tTg antibody levels, 5 male 
participants had low serum testosterone, 3 had hypercalce-
mia, and 2 had estimated glomerular filtration rate < 90 ml/
min/1.73 m2). Amongst the 59 enrollees having anemia, 8 
had a BMI < 18.5 kg/m2. Rest of the 804 participants was 

deemed healthy; they underwent DEXA scan and were 
included in the final analysis. The group included 339 male 
participants (M:F = 1.13:1.55). Out of the 465 female par-
ticipants, 302 were premenopausal. The mean age of the 
group was 44.4 ± 15.4 years (range 20–85 years). There was 
no significant difference in age between males and females 
(p = 0.548). The mean BMI of the group was 26.5 ± 2.7 kg/
m2; females had a higher BMI than males (26.8 vs. 26.0 kg/
m2, p < 0.001). The decade-wise distribution of the partici-
pants has been shown in Fig. 1. Forty-three percent of the 
participants belonged to the 20–39 year age group. The bio-
chemical parameters of the participants are summarized in 
Table 1. 

Dominant handgrip strength

The mean dominant handgrip strength (HGS) of the group 
was 27.7 ± 8.5 kg (males vs. females being 34.7 vs. 22.6 kg, 
p < 0.001). The decade-wise distribution of HGS has been 
depicted in Fig. 2. Peak HGS was achieved in 3rd decade 
and 4th decade in males and females, respectively following 
which there was a steady decline. HGS in the 5th decade was 
significantly lower compared to peak HGS in both males 
(p = 0.001) and females (p < 0.001).

The comparison of dominant HGS of the study partici-
pants with those of Caucasians (derived from the NHANES 
data) is shown in Table 2. The HGS at all age groups was 
lower in our participants compared to Caucasians; the differ-
ence is more marked in the 8th and 9th decades.

Fig. 1  Bar diagram showing 
decade-wise distribution of the 
study participants



729European Geriatric Medicine (2020) 11:725–736 

1 3

Appendicular skeletal muscle index (ASMI)

The mean ASMI of the group was 6.96 ± 1.12 kg/m2. Males 
had a significantly higher ASMI than females (7.62 vs. 
6.49 kg/m2, p < 0.001). Decade-wise distribution of ASMI 
has been depicted in Fig. 3. Peak ASMI was achieved in the 
4th decade in both males and females. It declined thereaf-
ter, albeit less rapidly, with ASMI in the 6th and 7th dec-
ade being significantly lower than peak ASMI in males 
(p = 0.012) and females (p = 0.017), respectively.

The comparison of ASMI of the study participants with 
those of Caucasians has been shown in Table 3. The ASMI 

at all age groups was lower in our participants compared 
to Caucasians; the difference being more marked in males.

Usual gait speed

The mean usual gait speed (GS) of the participants was 
1.07 ± 0.20 m/s. Males had a higher GS than females (1.13 
vs. 1.02 m/s, p < 0.001). Peak GS was achieved in the 3rd 
decade in both males and females and declined thereafter 
with each decade (Fig. 4). The decline was more marked in 
males with GS in the 4th decade being significantly lower 
than the peak GS (p = 0.001), while in females, the GS in 
the 5th decade was significantly lower than corresponding 
peak GS (p < 0.001).

Cut‑offs to define sarcopenia

For the purpose of generating cut-offs, individuals belonging 
to the 20–39 year age group were considered as the young 
reference population as peak muscle strength and mass were 
attained in the 3rd or 4th decades. Out of 345 participants 
in this group, 157 were males and the rest being females.

The mean (± SD) handgrip strength of the reference 
population was 39.3 ± 5.9 kg and 24.4 ± 3.2 kg for males 
and females, respectively. Accordingly, as per the EWG-
SOP recommendation [3], the cut-offs to define low 
muscle strength were 27.5 kg and 18.0 kg for males and 
females, respectively. Similarly, the mean (± SD) ASMI of 
the reference population was 7.83 ± 0.86 kg/m2 for males 

Table 1  Biochemical parameters of the study participants (N = 804)

SD standard deviation, IQR interquartile range, iPTH intact parathy-
roid hormone

Biochemical parameter Value

Serum albumin (mean ± SD) (gm/dl) 4.37 ± 0.21
Serum corrected calcium (mean ± SD) (mg/dl) 9.12 ± 0.16
Serum alkaline phosphatase [median (IQR)] 

(IU/l)
102.0 (72.0–117.0)

Serum iPTH [median (IQR)] (pg/ml) 45.98 (32.73–62.46)
Serum 25-hydroxyvitamin D [median (IQR)] 

(ng/ml)
16.19 (12.40–26.07)

Serum testosterone [median (IQR)] (nmol/l)
Male 16.09 (13.40–19.47)
Female 0.87 (0.46–1.26)

Fig. 2  Line diagram showing 
decade-wise distribution of 
dominant handgrip strength (in 
kg) in males and females
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and 6.61 ± 1.00 kg/m2 for females. Likewise, the cut-offs 
to define low muscle mass in males and females were 
6.11 kg/m2 and 4.61 kg/m2, respectively. A comparison 
of these cut-offs with those hitherto proposed by interna-
tional organizations is shown in Table 4.

Prevalence of probable sarcopenia, sarcopenia, 
and severe sarcopenia

Applying these cut-offs to the entire study population 
(N = 804), we found that the prevalence of ‘probable 
sarcopenia’, ‘sarcopenia’, and ‘severe sarcopenia’, as 
proposed by EWGSOP2 [1] were 14.6% (males 16.8%. 

Table 2  Comparison of dominant handgrip strength (HGS, in kg) between Caucasians (obtained from NHANES data) and study participants

Age group Males Females

NHANES domi-
nant HGS (kg)

Present study cohort 
dominant HGS (kg)

Percent difference NHANES domi-
nant HGS (kg)

Present study cohort 
dominant HGS (kg)

Percent difference

20–25 47.3 38.6 − 18.4 30.5 23.4 − 23.3
25–30 48.6 40.6 − 16.5 31.1 24.5 − 21.2
30–35 50.3 39.2 − 22.1 31.6 24.9 − 21.2
35–40 49.4 38.3 − 22.5 31.2 24.4 − 21.8
40–45 48.1 36.4 − 24.3 30.8 23.1 − 25.0
45–50 47.4 34.5 − 27.2 30.9 22.5 − 27.2
50–55 44.4 33.7 − 24.1 29.2 22.4 − 23.3
55–60 43.8 32.7 − 25.3 28.6 21.3 − 25.5
60–65 41.3 29.6 − 28.3 27.1 19.7 − 27.3
65–70 40.1 29.5 − 26.4 25.7 19.2 − 25.3
70–75 38.8 27.2 − 29.9 24.0 16.4 − 31.7
75–80 35.3 21.6 − 38.8 23.1 15.8 − 31.6
80–85 31.4 16.7 − 46.8 19.5 12.3 − 36.9

Fig. 3  Line diagram showing 
decade-wise distribution of 
appendicular skeletal muscle 
index (in kg/m2) in males and 
females
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females 13.1%), 3.2% (males 4.7%, females 2.1%), and 
2.3% (males 2.6%, females 1.9%), respectively. Likewise, 
the prevalence of sarcopenia in our study population was 
established as per internationally established cut-offs 
(Table 5).

Correlation between muscle strength, muscle 
mass, and physical performance with biochemical 
parameters

On univariate analysis (using Pearson/Spearman correla-
tion), serum albumin was found to have significant positive 
correlation with HGS (r = 0.114, p = 0.001). Similarly, serum 
testosterone (only in males) was positively correlated with 

Table 3  Comparison of appendicular skeletal muscle index (ASMI, in kg/m2) between Caucasians (obtained from NHANES data) and study 
participants

Age group Males Females

NHANES (White) 
ASMI (in kg/m2)

Present study cohort 
ASMI (in kg/m2)

Percent difference NHANES (White) 
ASMI (in kg/m2)

Present study cohort 
ASMI (in kg/m2)

Percent difference

20–25 8.87 7.71 − 15.0 6.81 6.49 − 4.9
25–30 8.94 7.79 − 14.8 6.86 6.58 − 4.3
30–35 9.02 8.10 − 11.4 6.90 6.68 − 3.3
35–40 9.09 7.96 − 14.2 6.93 6.62 − 4.7
40–45 9.12 7.70 − 18.4 6.95 6.53 − 6.4
45–50 9.11 7.62 − 19.6 6.93 6.46 − 7.3
50–55 9.05 7.58 − 19.4 6.90 6.44 − 7.1
55–60 8.95 7.53 − 18.9 6.84 6.38 − 7.2
60–65 8.81 7.52 − 17.2 6.76 6.31 − 7.1
65–70 8.64 7.48 − 15.5 6.67 6.16 − 8.3
70–75 8.44 7.28 − 15.9 6.57 6.02 − 9.1
75–80 8.21 6.51 − 26.1 6.45 4.57 − 41.1
80–85 7.97 4.72 − 68.9 6.33 4.72 − 34.1

Fig. 4  Line diagram show-
ing decade-wise distribution 
of usual gait speed (in m/s) in 
males and females
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HGS (rs = 0.348, p < 0.001), ASMI (rs = 0.111, p = 0.041), 
and GS (rs = 0.366, p < 0.001). Serum calcium, 25-hydroxy-
vitamin D, and iPTH did not have any significant correla-
tions with any of the three parameters. On multiple linear 
regression analyses, only serum testosterone (in males) was 
found to be a positive predictor of HGS, ASMI, and GS 
(supplementary Table 1).

Discussion

In this study, we have generated indigenous cut-offs to define 
low muscle strength and low muscle mass, and have esti-
mated the prevalence of probable sarcopenia, sarcopenia, 
and severe sarcopenia in a population of ostensibly healthy 
adults randomly recruited from the community by door-
to-door survey. We have demonstrated that muscle mass 
(expressed as appendicular skeletal muscle index) is lower 
in Indians compared to Caucasians across all decades, hence, 
applying Western cut-offs leads to an undue overestima-
tion of sarcopenia in the Indian context. Using the cut-offs 
derived from the present study, we found that the preva-
lence of ‘probable sarcopenia’, ‘sarcopenia’, and ‘severe 

sarcopenia’ in the community were 14.6%, 3.2%, and 2.3%, 
respectively, figures that seem to be more realistic.

Sarcopenia is a geriatric syndrome characterized by pro-
gressive and generalized loss of muscle mass and function 
[3]. Sarcopenia eventually results in functional decline, 
physical disabilities, falls, fractures, poor quality of life, 
frequent hospitalizations, and mortality [27, 28]. Thus early 
diagnosis is critical to prevent the aforementioned adverse 
outcomes [29]. This entails the establishment of well-
defined cut-offs to define sarcopenia. However, there exist 
no unanimous cut-offs that can be used to define sarcopenia 
for the global population. This is because of the inherent 
variations in muscle strength and muscle mass among pop-
ulations of different ethnicities and different geographical 
locations. As an example, Asians have low muscle mass 
compared to Caucasians (even after adjustment for stature) 
and mean grip strength in developing countries is substan-
tially lower than that in the developed nations [30, 31]. In 
addition, the rate of decline in muscle strength with aging is 
much more rapid in Asians compared to other ethnic popula-
tions [32]. Herein lies the need to generate region-specific 
cut-off values to define low muscle strength and low muscle 
mass as a component of sarcopenia. Indeed, the EWGSOP 

Table 4  Comparison of cut-offs to define low muscle strength and low muscle mass derived from the present study with those proposed by inter-
national organizations

EWGSOP European Working Group on Sarcopenia In Older People, IWGS International Working Group on Sarcopenia, AWGS Asian Working 
Group for Sarcopenia, ASMI Appendicular skeletal muscle index
a Dominant handgrip strength cut-offs mentioned in the EWGSOP 2010 guidelines based on the study by Lauretani et al. [24]
b ASMI cut-offs mentioned in the EWGSOP 2010 guidelines based on the Rosetta study [23]
c IWGS does not propose cut-offs to define poor muscle strength [25]

Present study EWGSOP (2010) IWGSc EWGSOP2 (2018) AWGS (2014) AWGS (2019)

Male Female Male Female Male Female Male Female Male Female Male Female

Dominant handgrip 
strength (in kg)

27.5 18.0 30.0a 20.0a – – 27.0 16.0 26.0 18.0 28.0 18.0

ASMI (in kg/m2) 6.11 4.61 7.26b 5.50b 7.23 5.67 7.00 5.50 7.00 5.40 7.00 5.40

Table 5  Prevalence of probable 
sarcopenia and sarcopenia 
as per cut-offs derived from 
the present study and those 
proposed by international 
organizations

EWGSOP European Working Group on Sarcopenia In Older People, AWGS Asian Working Group for Sar-
copenia

Present study EWGSOP (2010) EWGSOP2 (2018) AWGS (2014) AWGS (2019)

Probable sarcopenia
 Male 57 (16.8%) 87 (25.6%) 55 (16.2%) 42 (12.3%) 59 (17.4%)
 Female 61 (13.1%) 127 (27.3%) 24 (5.2%) 61 (13.1%) 61 (13.1%)
 Total 118 (14.6%) 214 (26.6%) 79 (9.8%) 103 (12.8%) 120 (14.9%)

Sarcopenia
 Male 16 (4.7%) 55 (16.2%) 35 (10.3%) 29 (8.5%) 29 (8.5%)
 Female 10 (2.1%) 39 (8.4%) 07 (1.5%) 25 (5.3%) 25 (5.3%)
 Total 26 (3.2%) 94 (11.6%) 42 (5.2%) 54 (6.7%) 54 (6.7%)
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(and EWGSOP2) has recommended the use of indigenous 
cut-offs to define and stratify sarcopenia [1, 3].

India is home to 1.37 billion people accounting for 17.7% 
of the world population. As is the global scenario, India’s 
population is also aging at a rapid rate. As per the country’s 
latest census in 2011, 104 million people were aged above 
60 years; according to estimates, the number is likely to 
cross 230 million in 2041. Likewise, sarcopenia is expected 
to increase. However, hitherto, there are no compendi-
ous data on the prevalence of sarcopenia in India; neither 
have comprehensive indigenous cut-offs been established 
to define this entity. For the first time, we undertook the 
endeavor to determine cut-offs to define sarcopenia and 
find out its prevalence as per the latest EWGSOP2 recom-
mendations [1]. We have herein shown that muscle strength 
(expressed as dominant handgrip strength) and muscle mass 
(expressed as ASMI) are lower in native Indians than Cau-
casians across all age decades, thereby calling for new cut-
offs that are expected to be lower than the well-established 
European ones [1, 3, 33–36]. Such a venture was under-
taken by Marwaha et al. who defined low muscle mass as 
ASMI < 5.11 kg/m2 in a group of apparently healthy partici-
pants. However, the study included only females and did not 
include the assessment of muscle strength and physical per-
formance [7]. Another study by Mohanty et al. found that the 
prevalence of sarcopenia (based on low total skeletal muscle 
index) was 15.3% and 20.5% in older males and females, 
respectively. Nonetheless, the study was conducted in a hos-
pital setting, only 50 young participants were recruited as 
the reference population, and other parameters of sarcopenia 
were not assessed [8]. Other studies have used European 
cut-offs to define sarcopenia [6].

We recruited apparently healthy adults from the commu-
nity by door-to-door survey. Apart from medical history, 
we performed an array of laboratory investigations and 
anthropometry and diligently excluded participants with 
underlying anemia, hypoalbuminemia, renal and liver dis-
ease, diabetes mellitus, hypogonadism, hyperthyroidism, 
hypercalcemia, celiac disease, and who were underweight 
(BMI < 18.5 kg/m2), all of which can contribute to sarco-
penia. These stringent measures ensured the exclusion of 
any ‘unhealthy’ individual. In addition, all the components 
of sarcopenia, namely muscle strength, muscle mass, and 
physical performance, were assessed. Decade-wise distri-
bution of dominant handgrip strength showed that the peak 
was achieved in the 3rd decade in males and 4th decade in 
females; this is very similar to what is seen in Caucasians 
in whom the HGS usually peaks in the 4th decade in both 
males and females [19, 37]. Likewise, ASMI peaked in the 
4th decades in both males and females similar to what has 
been reported by Marwaha et al. [7]. Data in Caucasians are 
inconsistent; the NHANES data showed that peak ASMI 
was achieved in the 5th decade in both males and females 

[20], and on the other hand, Imboden et al. reported that 
ASMI reached its peak in the 3rd decade in both the genders 
[38]. ASMI was lower in our study participants compared to 
Caucasians across all ages; however, the difference was more 
marked in males than in females. The decline in HGS and 
ASMI was stereotypical, with HGS showing a rapid decline 
as compared to ASMI; a phenomenon that is well described 
[39]. As far as physical performance was concerned, usual 
gait speed peaked in the 3rd decade in males and females 
and declined rapidly thereafter. A report by Bohannon et al. 
showed that usual gait speed (GS) peaked in the 4th decade 
among Caucasians [40]. Although the peak GS did not differ 
much between the present study and that reported by Bohan-
non et al. (1.31 vs. 1.21 m/s in males, 1.15 vs. 1.15 m/s in 
females), the rate of decline was much rapid in Indians as 
compared to Caucasians. Putting together, we can conclude 
than Indians have lower muscle mass and muscle strength 
but analogous physical performance compared to Cauca-
sians; physical performance, however, declines at a much 
rapid rate.

Cut-offs to define low muscle mass and low muscle 
strength were derived based on the standard recommenda-
tion proposed by EWGSOP [3]. These cut-offs are much 
lower as compared to Caucasians [23, 24, 33–36]; however, 
when equated against the EWGSOP2 recommendation, 
the indigenous cut-offs to define low muscle strength were 
higher. This is because the EWGSOP2 recommendation 
for defining low handgrip strength is based on the data by 
Dodds et al. who defined weak grip strength as 2.5 standard 
deviations (instead of 2SD) below the gender-specific peak 
mean. When using 2SD, the cut-offs rose to 32 kg for males 
and 19 kg for females, which would surpass the cut-offs 
derived from the present study [37]. Similarly, the cut-points 
for defining low muscle strength proposed by the Asian 
Working Group for Sarcopenia (AWGS, initially proposed 
in 2014 based on data derived from South-East Asian popu-
lation and revised in 2019) are very similar to those being 
proposed by us, although those for defining low muscle mass 
are still higher amongst the South-East Asians as compared 
to the Indians [22, 26]. On further dissection of the Asian 
data, we found that our cut-offs to define low ASMI are 
similar to those proposed by some authors [41–43], while 
others have reported higher thresholds [44–46]. This can 
only be explained on the basis of heterogeneity in the popu-
lation studied by various authors. Finally, Marwaha et al. 
proposed a lower limit of ASMI as 5.11 kg/m2 for defining 
low muscle mass in females using a cut-off of less than 20% 
of sex-specific normal population. When using the standard 
definition of 2SD below peak mean, they found a value of 
4.42 kg/m2 for defining low ASMI in females, a value very 
similar to what we had derived from the present study [7]. 
Of note, all the aforementioned studies had measured mus-
cle mass using DEXA scan rather than by bioimpedance 
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analysis (BIA). Accordingly, cut-offs based on BIA are dif-
ferent from those based on DEXA [3]. Bahat et al. conducted 
a study in Turkish population wherein body composition was 
measured using BIA; low muscle strength was defined based 
on skeletal muscle mass indices (SMMI), instead of ASMI. 
A SMMI < 9.2 kg/m2 in males and < 7.4 kg/m2 in females 
defined low muscle mass [47]. Another very recent study 
from Turkey using BIA found an ASMI cut-off of 8.33 kg/
m2 in males and 5.70 kg/m2 in females; thresholds for HGS 
were 28 kg for males and 14 kg for females [48]. Although 
HGS cut-offs are very similar to the present study, the 
thresholds defining low muscle mass are higher than Indians.

Using the latest EWGSOP2 recommendation and apply-
ing the indigenous cut-offs, we found that the prevalence 
of ‘probable sarcopenia’, ‘sarcopenia’, and ‘severe sarcope-
nia’ was 14.6% (males 16.8%. females 13.1%), 3.2% (males 
4.7%, females 2.1%), and 2.3% (males 2.6%, females 1.9%), 
respectively. The prevalence of sarcopenia in the commu-
nity is highly variable, ranging from 1.6% to 36.6% amongst 
healthy aging adults [4, 5]. However, most of these estimates 
are based on the previous EWGSOP guidelines that laid 
more emphasis on muscle mass than muscle strength [3]. 
Limited data on the prevalence of probable sarcopenia, sar-
copenia, and severe sarcopenia following the paradigm shift 
are available [49–51]. Based on the EWGSOP2 consensus, 
Kim et al. found that the prevalence of probable sarcopenia 
(only low MS based on HGS), sarcopenia (low HGS and low 
ASMI), and severe sarcopenia (low HGS, low ASMI and 
low GS) in community-dwelling older adults were 13.7%, 
9.3%, and 1.9%, respectively [49]. Our results seem to be 
reasonable estimates, considering the fact that the study 
participants were healthy and meticulously screened for the 
absence of any underlying disease that could have contrib-
uted to (secondary) sarcopenia.

We found a positive correlation between serum albumin 
and serum total testosterone (only in males) with HGS, 
ASMI, and GS. Multiple linear regression showed that 
only serum testosterone positively predicted HGS, ASMI, 
and GS in male. Positive correlation between serum albu-
min and testosterone with measures of muscle mass and 
strength is well documented in the literature [52–54]. 
The available data are also supportive of the fact that tes-
tosterone treatment has been reported to have beneficial 
effects on muscle mass and function, although results have 
been inconsistent [54]. We did not find any correlation 
between serum 25-hydroxyvitamin D and components of 
sarcopenia, even after the exclusion of participants who 
had been on calcium and vitamin D supplements over the 
past 6 months. Association between muscle mass, strength, 
and physical performance with serum 25-hydroxyvitamin 
D are highly variable; some studies have shown a positive 
correlation [55–57], while others have shown no signifi-
cant correlation [58–61]. Moreover, the effect of vitamin 

D supplementation on improvement in muscle mass and 
strength is controversial [62].

The study did have certain limitations. First, the propor-
tion of participants belonging to the 8th and 9th decades 
were relatively less; this was attributed to the scrupulous 
exclusion criteria that led to the elimination of a large 
number of older adults due to underlying co-morbidities 
(mostly anemia and diabetes mellitus). This ensured that 
the selected older participants were free from any underlying 
disease that could have contributed to secondary sarcopenia 
and falsify our findings. Second, we excluded patients with 
serum 25-hydroxyvitamin D < 10 ng/ml rather than those 
with a serum level < 20 ng/ml, the widely accepted definition 
of ‘vitamin D deficiency’. This is because of the fact that 
vitamin D deficiency (serum 25-hydroxyvitamin D < 20 ng/
ml) is rampant in India and setting a lower limit of 20 ng/
ml would have led to exclusion of 70–80% of the recruited 
population [63, 64]. We believe that a cut-point of 10 ng/ml 
was a sensible trade-off as it identifies patients with severe 
vitamin D deficiency; prior studies have shown a decline in 
physical performance and sarcopenia in older individuals 
with vitamin D levels only below 10 ng/ml [65, 66]. Third, 
we did not derive indigenous cut-offs to define low physical 
performance; instead, we used a unanimously accepted value 
of 0.8 m/s to define low gait speed [1, 3, 21, 22]. Cut-offs to 
define low gait speed are based on prospective studies that 
predict disability and reduced overall survival [67]. Such 
an endeavor could not be undertaken in our observational 
study. Finally, we lack follow-up data on the clinical out-
comes of those participants who were categorized as having 
probable sarcopenia, sarcopenia, and severe sarcopenia as 
per our study.

In conclusion, we have generated cut-offs to define low 
muscle strength and low muscle mass in a population of 
ostensibly healthy Indian adults. The cut-offs to define low 
muscle mass are consistently lower compared to the Euro-
pean cut-offs. The thresholds to define low muscle strength 
are similarly lower when compared to the old Western cut-
offs (as proposed by EWGSOP) but higher when compared 
to the new ones (as proposed by EWGSOP2). Applying 
these indigenous cut-offs, we found that the prevalence of 
‘sarcopenia’ was 3.2%; an estimate that is lower than when 
using the Caucasian cut-offs. Considering the dearth of data 
on sarcopenia from the Indian subcontinent, we believe that 
the present study will pave the way for large-scale observa-
tional and interventional studies from this part of the world.
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