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Abstract
Background: Literature is scarce on primary sarcopenia among Indian older adults. 
This study was aimed to estimate the prevalence of primary sarcopenia among older 
persons in India using the European Working Group on Sarcopenia in the Older 
People 2010 (EWGSOP) diagnostic criteria and to elucidate the factors leading to its 
development.
Methodology: Two hundred twenty-seven subjects over 60 years of age attending 
the geriatric outpatient clinic were recruited for the study. Sarcopenia was diagnosed 
based on set criteria for gait speed, handgrip, and skeletal muscle mass assessment by 
dual-energy x-ray absorptiometry.
Result: The prevalence of primary sarcopenia in the study population was 39.2% 
(n  =  89). Male patients were more sarcopenic than women, 47% (n  =  72) vs 23% 
(n = 17). Obese subjects (body mass index > 25 kg/m2) had a lower prevalence of 
sarcopenia (odds ratio = 0.10; 95% confidence interval = 0.05–0.19). There was no 
association between sarcopenia and other postulated risk factors like low vitamin D 
levels, dietary protein or carbohydrate intake, or sedentary lifestyle.
Conclusion: Contrary to published data, primary sarcopenia appears to be higher 
among older Indians using presently available guidelines. Community studies with 
validated cutoffs suited for the Indian subcontinent may yield a lower prevalence of 
primary sarcopenia.
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1  |  INTRODUC TION

Sarcopenia is an age-related muscle condition associated with a pro-
gressive, generalized loss of muscle mass and performance that has 
a direct impact on an older person’s functional status and mortality.1 
Sarcopenia can be broadly classified as “primary” or purely related 
to aging, and “secondary,” as the name suggests, is a result of an 
intrinsic disease process.2 Identifying and treating the underlying 
cause is essential in the management of secondary sarcopenia. The 
prevalence of sarcopenia differs widely due to variations in diagnos-
tic protocols, cutoffs used in the assessments, study population, and 
ethnicity.3

To streamline the definition of sarcopenia, The European 
Working Group on Sarcopenia in Older People (EWGSOP) formu-
lated a diagnostic algorithm for sarcopenia in 2010 for patient care 
and research settings.4 The EWGSOP consensus used a combina-
tion of criteria and sarcopenia was diagnosed in the presence of low 
muscle mass, along with either low muscle strength or low physical 
performance. In 2019, the revised consensus EWGSOP2 was pub-
lished with updated guidelines on the definition, diagnosis, and the 
assessment of the severity of sarcopenia. Low muscle strength was 
considered a vital characteristic of sarcopenia. The presence of low 
muscle quantity or quality confirms the diagnosis of sarcopenia. 
Subjects with reduced physical performance were considered to 
have severe sarcopenia.5

Subsequently, the Asian Sarcopenia Working Group (ASWG) in 
2014 published a consensus on the diagnosis of sarcopenia, which 
was further revised in 2019 for improved diagnostic accuracy.6,7

Literature on sarcopenia among Indian older adults is scarce, 
both in the community and hospital settings. The diagnosis of sar-
copenia among older Indian adults is challenging due to the lack of 
normative data on parameters from which cutoffs can be defined 
to assess muscle quantity, strength, and performance in the Indian 

setting. Using published data from the west can lead to over- or un-
derestimation of the burden of sarcopenia in our country.

The main objective of this study was to estimate the prevalence 
of primary sarcopenia among healthy older outpatient attendees. 
The secondary objective was to assess the association between 
sarcopenia and factors, such as dietary patterns, exercise routine, 
vitamin D levels, and body mass index (BMI).

2  |  METHODS AND MATERIAL S

2.1  |  Study design, population, and setting

This was a prospective cross-sectional study conducted between 
January 2015 and January 2016 in the Department of Geriatrics, 
Christian Medical College, a tertiary care hospital. Consenting par-
ticipants, aged 60 years and over, attending the Geriatric outpatient 
clinic were recruited for the study. The Institutional Review Board 
(IRB) of Christian Medical College approved the study protocol, IRB 
no. 9078, dated June 10, 2014.

All participants had to have a comprehensive geriatric assess-
ment and appropriate investigations. Subjects with chronic obstruc-
tive lung disease, congestive cardiac failure, chronic liver disease, 
chronic kidney disease, moderate to severe osteoarthritis, symptom-
atic peripheral neuropathy, neurodegenerative disorders (including 
cognitive impairment), underlying malignancies, ongoing untreated 
or uncontrolled medical conditions, and recurrent falls were ex-
cluded from the study, as these conditions are conventional causes 
of secondary sarcopenia.5 In addition, patients who presented with 
conditions causing acute pain, participants hospitalized in the last 
10 weeks or those admitted for more than 7 days during the previ-
ous 6 months were excluded, as their underlying illnesses could have 
compromised assessments.8

F I G U R E  1  European Working Group 
on Sarcopenia in the Older People 
(EWGSOP) 2010 diagnostic protocol for 
sarcopenia

Gait Speed assessment

Older person > 60 years
(n=227)

Grip strength Skeletal Muscle Mass (SMM) using DXA
(n= 224)

Sarcopenia
(n = 89)

No Sarcopenia
(n = 135)

< 0.8m/s (n=195)> 0.8m/s (n=32)

No Sarcopenia
(n =3)

Risk of
Sarcopenia

(n = 29)

Normal Reduced grip strength
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2.2  |  Sarcopenia diagnosis and determinants

The EWGSOP 2010 diagnostic criteria was used to diagnose sarco-
penia in the study subjects (Figure 1). The subjects walked at a regu-
lar pace through a 6-meter course – he/she accelerated in the first 
meter; the gait speed was measured in the mid four meter zone and 
the subject decelerated in the final meter. The best result of the two 
trials were taken. Subjects with a gait speed of < 0.8 m/s were con-
sidered to have a reduced gait speed. Grip strength measurement 
was performed using a JAMAR Mg4800 digital handheld dynamom-
eter, and a decreased grip strength was defined as < 30 and < 20 kg 
for men and women respectively. Skeletal Muscle Mass Index (SMM) 
was measured using Discovery A dual-energy x-ray absorptiometry 
(DXA) machine. A coefficient of variation (CV) of 3% was noted. 
SMM of below 7.26 kg/m2 in men and 5.5 kg/m2 in women was the 
cutoff used for reduced muscle mass.4

Other relevant data, including demographic profile, exercise rou-
tine using the International Physical Activity Questionnaire (IPAQ),9 
occupational status, socioeconomic status (as per the modified 
Kuppuswamy scale), BMI, and underlying comorbidities, were col-
lected for all study participants. A nutrition expert documented a 
detailed dietary pattern with particular emphasis on protein intake 
of these individuals. Good protein intake was defined as consump-
tion of more than 0.8  g/kg/day. Serum vitamin D levels, thyroid-
stimulating hormone (TSH), hemoglobin, creatinine, and HbA1c was 
estimated for all participants.

2.3  |  Statistical analysis

We assumed the prevalence of sarcopenia to be 20% based on a 
systematic review by Cruz-Jentoft et al.3 A sample size of 250 was 
calculated, for a precision of 5% and a 95% confidence level.

Data entry was done using EpiData software and analyzed using 
SPSS Statistics version 18. Pearson’s chi-square test was used to an-
alyze differences in demographic and other characteristics for cate-
gorical parameters. Independent samples t test was used for normally 
distributed continuous data, and the Mann–Whitney U test was used 
for non-normally distributed continuous data. Evaluation and identi-
fication of risk factors of sarcopenia were analyzed using simple and 
multiple regression analyses. Descriptive statistics, including means 
and standard deviations, medians, and interquartile range, were used 
to summarize the various characteristics of the study participants. A P 
value of < 0.05 was regarded as being statistically significant.

3  |  RESULTS

3.1  |  Study population characteristics

During the study period, 11,604 patients visited the Geriatric out-
patient department. Based on the exclusion criteria, 9996 (86%) 
patients were excluded. Of the remaining patients, only 252 (2.2%) 

participants could be enrolled as 658 (5.7%) did not give consent, and 
698 (6.0%) could not be included, as they could not undergo skeletal 
muscle mass assessment. Ultimately, 227 (1.95%) subjects were in-
cluded in the final analysis as six did not meet the study protocol, 
and SMM data were missing for 19 participants (Figure 2). We were 
not able to assess vitamin D levels and dietary patterns for 5 and 10 
participants, respectively. However, they were included in the final 
calculation of the prevalence of sarcopenia in the study population.

The mean age of the subjects was 65.1 ± 4.4 years (range of 60–
84 years). Around 23 (10%) of the subjects were over 70 years of 
age and 154 (68%) men were included in the study. Gait speed was 
reduced in 195 (85.9%) of the subjects. Among participants with 
normal gait speed (n = 32), only three had normal handgrip strength 
(HGS). Participants with reduced gait speed and low HGS underwent 
SMM assessment (Figure 1).

None of the participants belonged to the lower socioeconomic 
status, and only 6% were illiterate. All subjects were independent 
for Activities of Daily Living as per the Barthel index. The IPAQ 
questionnaire showed that only 18% of subjects indulged in reg-
ular physical activity, whereas none of the subjects complied with 
Health-Enhancing Physical Activity (HEPA; Table 1).

Based on the Mini Nutritional Assessment (MNA), none of the 
participants were malnourished. According to the World Health 
Organization (WHO) Body Mass Index criteria, only 10 (4%) and 18 
(8%) were underweight (BMI < 18.5 kg/m2) and obese (BMI > 30 kg/
m2), respectively, whereas 112 (49.3%) had normal BMI and 87 
(38.3%) were overweight. Hypertension was prevalent in 94 sub-
jects (41%), whereas diabetes mellitus was seen in 76 (56%) subjects.

3.2  |  Primary and secondary objectives

The overall prevalence of sarcopenia was 39.2% (n = 89) using the 
EWGSOP 2010 consensus. A higher proportion of men were sarco-
penic compared with women, 47% (n = 72) vs 23% (n = 17 P value 
< 0.001). On applying the SMM-DXA EWGSOP 2018 criteria (cutoffs 
for men and women being < 7.0 kg/m2 and < 5.5 kg/m2, respectively), 
the prevalence of sarcopenia was 29% (n = 67). Using ASWG (2014 
and 2019) criteria, the prevalence was 28% (n  =  63; Table  2). The 
prevalence of sarcopenia among the male subjects declined to 32% 
using these cutoffs. In women, however, the prevalence declined to 
18% when the ASWG criteria (2014 and 2019) were applied (Table 2).

Univariate analysis failed to show a significant association be-
tween sarcopenia and increasing age, educational status, socioeco-
nomic class, social support status, comorbidities, and addictions 
using both EWGSOP 2010 and EWGSOP 2018 criteria. Based on 
the EWGSOP 2010 criteria, sarcopenia was more prevalent among 
men (47% vs 23%, P value < 0.001). However, this gender difference 
ceased to exist when EWGSOP 2018 criteria was used. (Tables 1 and 
3). Sarcopenia was seen in fewer subjects with higher BMI (> 25 kg/
m2) on univariate (P < 0.001) and multivariate analyses (odds ratio = 
0.10; 95% confidence interval [CI] = 0.05–0.19) after adjusting for 
age, sex, and vitamin D levels (Table 3).
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Normal levels of vitamin D and consumption of a good quantity 
of protein daily does not protect one from sarcopenia (Table 3).

4  |  DISCUSSION

This is the first study of its kind which looked at the prevalence 
of primary sarcopenia among older Indian outpatient attendees. 
Although the ASWG 2014 diagnostic criteria was available when the 
study was conducted, we used the EWGSOP 2010 consensus, as it 
was the most widely used criteria for defining sarcopenia when this 
study commenced.

In our study, nearly a third of the study population had primary 
sarcopenia using EWGSOP 2018 SMM-DXA cutoffs. Published 
community prevalence data for sarcopenia varied from 1% to 29%.3 
An Indian study published in 2019 among outpatients found that 

53% had sarcopenia using ASWG 2014 criteria.10 However, it is 
noteworthy that most of the research on sarcopenia has included 
subjects with secondary sarcopenia. A meta-analysis published in 
2020 also concluded that sarcopenia is highly prevalent among older 
adults with chronic disease conditions.11 However, a recent outpa-
tient study done in Thailand among older adults using ASWG criteria 
reported a 10% prevalence of primary sarcopenia.12

EWGSOP 2010 and 2018 reference cutoffs for assessing mus-
cle strength, muscle quantity/quality, and physical performance are 
derived mainly from Western population studies and may not be 
suitable for use in older Indian adults. For example, in this study of 
apparently healthy older individuals, almost 86% were found to have 
reduced gait speed, suggesting that the gait speed cutoff used may 
not accurately reflect poor physical performance. In another Indian 
outpatient based study, a lower cutoff for gait speed of 0.6 m/s was 
suggested, which may have been more appropriate in our context.13 

F I G U R E  2  Flowchart – participant 
enrollment. †SMMA – Skeletal muscle 
mass assessment

Based on exclusion criteria 
9996 subjects were excluded 

Study subjects recruited 
(n = 1608) 

Study subjects enrolled 
(n = 252) 

Study popula�on > 60 years a�ending Geriatric Outpa�ent       
(n= 11604) 

   Not willing to undergo SMMA†  (n= 698) 
   Withdrew consent     (n = 658) 

    Missing data      (n = 19) 
    Incomplete study protocol    (n = 6) 

Study popula�on 
(n = 227) 
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TA B L E  1  Study population characteristics

Nonsarcopenic subjects n = 138(%) Sarcopenic subjects n = 89(%) P value

Age, y 64.9 ± 4.2 65.7 ± 4.7 0.287

Age category, y

60–64 70 (62.5) 42 (37.5) 0.858

65–70 54 (58.7) 38 (41.3)

≥ 70 14 (60.9) 9 (39.1)

Sex

Male (n = 154) 82 (53.2) 72 (46.8) <0.001

Female (n = 73) 56 (76.7) 17 (23.3)

Gait speed, (m/s)

< 0.8 (n = 195) 122 (62.6) 73 (37.4) 0.241

> 0.8 (n = 32) 16 (50) 16 (50)

Education

Primary education (n = 55) 38 (69.1) 17 (30.9) 0.221

Secondary and higher secondary education 
(n = 103)

64 (62.1) 39 (37.9)

Graduation and above (n = 69) 35 (50.7) 34 (49.3)

Social support status

Living alone (n = 11) 9 (81.8) 2 (18.2) 0.208

Living with spouse or children (n = 129) 129 (59.7) 87 (40.3)

Socioeconomic status

Upper and middle class (n = 160) 95 (59.4) 65 (40.6) 0.509

Upper lower class (n = 67) 40 (59.7) 27 (40.3)

Lower class (n = 0) 0 0

Exercise level based on IPAQ

Inactive (n = 187) 118 (63.1) 69 (36.9) 0.123

Minimally active (n = 40) 20 (50) 20 (50)

Comorbidities

No comorbidities (n = 99) 62 (62.6) 37 (37.4) 0.354

Diabetes (n = 76) 45 (59.2) 31 (40.8) 0.837

Hypertension (n = 94) 55 (58.5) 39 (41.5) 0.642

Smoking history

Current smoking or past smoking history (n = 42) 23 (54.8) 19 (45.2) 0.387

No history of smoking (n = 185) 115 (62.2) 70 (37.8)

Alcohol consumption

Current/past consumption (n = 23) 16 (69.6) 7 (30.4) 0.500

No alcohol consumption (n = 204) 122 (59.8) 82 (40.2)

BMI, kg/m2 26.14 ± 3.54 22.32 ± 3.09 <0.001

Underweight (< 18.5; n = 10) 1 (10) 9 (90) <0.001

Normal (18.5–24.9; n = 112) 46 (41.1) 66 (58.9)

Overweight (> 25; n = 105) 91 (86.7) 14 (13.3)

Laboratory parameters

Hemoglobin, g/dl 13.2 ± 1.50 13.2 ± 1.46 0.793

Vitamin D levels (N = 30–75 ng/ml) 23.3 ± 10.3 27.03 ± 11.4 0.012

Creatinine (N = 0.6–1.4 mg/dl) 0.87 ± 0.24 0.92 ± 0.24 0.177

TSH (N = 0.55–4.78 m IU/ml) 3.15 ± 2.88 3.52 ± 2.36 0.464

HbA1c, % 6.41 ± 1.34 6.57 ± 1.24 0.247

(Continues)
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A study done by Marwaha et al14 among 1045 healthy Indian women 
using DXA suggested that a cutoff < 5.11 kg/m2 (< 20th centile) to 
diagnose reduced SMM in Indian women was appropriate. This is 
lower than EWGSOP and ASWG cutoffs. Therefore, normative data 
for deriving the cutoffs of sarcopenia determinants are needed to 
diagnose sarcopenia in different geographic populations accurately.

Muscle mass and strength have been shown to peak between the 
second and third decade in White subjects.15 However, a community 
study concluded that peak muscle mass and strength was achieved 
only in the third and fourth decades of life in Indians, and the mean 
muscle mass and muscle strength were reduced compared to White 
subjects.16 Thus, ethnicity and race have a role to play in the patho-
physiology of sarcopenia. Variations in demographic profile, nutritional 
status, chronic disease conditions, lifestyle, diet, and cultural practices 
have an influence on peak skeletal muscle mass and the rate of mus-
cle loss and function, thus leading to a wide variation in the observed 
prevalence of sarcopenia across different population groups.4,5,17–20

In our study, we found that men were more sarcopenic 
than women, as per the EWGSOP 2010 consensus (P  <  0.001). 
Nevertheless, when the current cutoffs were applied, it failed to 
show an association between gender and the prevalence of sarco-
penia (Table  3). An Indian hospital-based study published in 2020 
which looked at computerized tomogram assessment of sarcopenia 
showed men were eight times more likely to be sarcopenic than 
women.21 Similar findings were reported from a Chinese community 
study (19.2% men vs 8.6% women).22 Possible reasons include the 
rapid decline in muscle mass due to age-dependent reduction in tes-
tosterone and insulin-like growth factor-1 levels in men.23

Sarcopenia was seen in fewer patients who were overweight, as 
compared with those who were said to be normal or underweight, 

as per the WHO criteria for body mass. This is consistent with re-
cent data reported from Asian populations.24,25 A high BMI may not 
always imply increased fat, but may indicate improved lean skeletal 
mass to fat ratio. Therefore, it may be prudent to measure adiposity 
when BMI is elevated, in the presence of sarcopenia, to diagnose 
sarcopenic obesity.24

Similar to an Indian study done by Anbalagan et al among 
young diabetics, the daily dietary protein intake did not differ sig-
nificantly between sarcopenic and healthy subjects (P  =  0.229).26 
Nevertheless, many cohort studies had shown a reduction in the 
rate of decline in muscle mass with aging when protein supplemen-
tation was provided to older adults.27,28 Prior and ongoing consump-
tion of good quality protein is essential to maintain muscle bulk and 
prevent loss of muscle function.29–31 Indian diets are predominantly 
cereal-based and possess relatively poor-quality protein when com-
pared with legumes, meat, milk, or milk-based products. One of the 
reasons for an increase in the burden of sarcopenia in India is prob-
ably due to an insufficient quantity and quality of protein intake at a 
younger age, leading to a lower baseline muscle mass.32

Exercise levels did not correlate with sarcopenia in this study 
(P  =  0.12). Previous studies have shown that regular moderate to 
vigorous physical activity can prevent and aid in treating sarcope-
nia.33,34 However, in this study, only a small number of subjects 
maintained an active lifestyle. Hence, we feel that more extensive 
studies are required to ascertain the relation between exercise lev-
els and sarcopenia.

In this study, low vitamin D levels did not contribute to the de-
velopment of sarcopenia (P = 0.146). Although this vitamin has an 
established biological effect on skeletal muscle physiology, previous 
experimental studies have produced conflicting results regarding 

Nonsarcopenic subjects n = 138(%) Sarcopenic subjects n = 89(%) P value

Dietary pattern, 24 h

Calorie intake, Kcal 1756 ± 379.1 1749.8 ± 321.4 0.877

Protein intake, g 53.7 ± 17.7 50.8 ± 15.1 0.229

Carbohydrate intake, g 306.9 ± 95.8 304.8 ± 73.7 0.858

Fat intake, g 36.4 ± 12.33 35.7 ± 10.9 0.625

Abbreviations: BMI, body mass index; IPAQ, International Physical Activity Questionnaire

TA B L E  1  (Continued)

EWGSOP 2010a 
n (%)

EWGSOP 2018b 
n (%)

ASWG 2014 AND 
2019c n (%)

Prevalence of sarcopenia 89 (39.2) 67 (29.5) 63 (27.8)

Prevalence in men 72 (46.8) 50 (32.5) 50 (32.5)

Prevalence in women 17 (23.3) 17 (23.3) 13 (17.8)

Abbreviations: ASWG, Asian Sarcopenia Working Group; DXA, dual-energy x-ray absorptiometry; 
EWGSOP, European Working Group on Sarcopenia in the Older People; SMM, Skeletal Muscle 
Mass Index.
aSMM (ASM/ht2) (kg/m2) cutoff by using DXA – EWGSOP 2010 – men < 7.26 and women < 5.5.
bEWGSOP 2018 male < 7.0 and women < 5.5.
cASWG 2014 and 2019 – men < 7.0 women < 5.4.

TA B L E  2  Prevalence of sarcopenia 
based on different SMM – DXA cutoffs, as 
suggested by different guidelines
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vitamin D treatment or supplementation in the prevention or treat-
ment of sarcopenia.35–37

4.1  |  Limitations

This was a relatively small study. Second, this was a hospital-based 
study, and the results may not be applicable to the general popula-
tion. However, it is pertinent to note that the participants were ac-
tive community-dwelling adults. Third, the study population did not 
include subjects from lower socioeconomic or lower literacy groups. 
This was a selection bias, as this hospital is a private hospital where 
people have to pay for services.

5  |  CONCLUSION

There is an urgent need for comprehensive community-based studies 
to obtain normative data to accurately address the burden of sarco-
penia among older Indians. Based on available cutoffs, primary sar-
copenia appears to be common among older Indian adults, especially 
in men and individuals with lower BMI. Larger studies are required to 
assess the role of vitamin D and exercise levels on the prevention of 
sarcopenia.
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