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Abstract
[bookmark: _Hlk30411783][bookmark: _Hlk26887405]Background: Both ethnicity and age are important determinants of musculoskeletal health. We aimed to determine the prevalence of sarcopenia, assess the suitability of current diagnostic guidelines, and explore muscle-bone relationships in adults from India. 
[bookmark: _Hlk67911158][bookmark: _Hlk68176765][bookmark: _Hlk26884833]Methods: 1009 young (20-35years) and 1755 older (>40years) men and women from existing studies were collated and pooled for the analysis. Dual-energy x-ray absorptiometry measured areal bone mineral density (aBMD) at the hip and spine, and fat and lean mass; hand dynamometer measured hand grip strength (HGS). Indian-specific cut-points for appendicular lean mass (ALM), ALM index (ALMI) and HGS were calculated from young Indian (-2SD mean) populations. Sarcopenia was defined using cut-points from The Foundations for the National Institutes of Health (FNIH), revised European Working Group on Sarcopenia in Older People (EWGSOP2), Asian Working Group for Sarcopenia (AWGS), and Indian-specific cut-points. Low lean mass cut-points were then compared for their predictive ability in identifying low HGS. The relationship between muscle variables (ALM, ALMI, HGS) and aBMD were explored, and sex differences were tested. 
Results: Indian-specific cut-points (men-HGS:22.93kg, ALM:15.41kg, ALMI:6.03kg/m2; women-HGS:10.76kg, ALM:9.95kg, ALMI:4.64kg/m2) were lower than existing definitions. The Indian-specific definition had the lowest, while EWGSOP2 ALMI had the highest predictive ability in detecting low HGS (men:AUC=0.686, women:AUC=0.641). There were sex differences in associations between aBMD and all muscle variables, with greater positive associations in women than in men. 
[bookmark: _Hlk26887644]Conclusion: The use of appropriate cut-points for diagnosing low lean mass and physical function are necessary in ethnic populations for accurate sarcopenia assessment. Muscle-bone relationships are more tightly coupled during ageing in Indian women than men. 
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Introduction
Musculoskeletal disease (e.g. osteoporosis and sarcopenia) is a major contributor to the global non-communicable disease (NCD) burden [1], particularly in low-middle income countries (LMICs) as they are currently undergoing a rapid demographic transition and exponential growth of older populations [2,3]. Sarcopenia is characterized by a progressive loss of muscle mass and muscle strength, and increases the risk of adverse outcomes such as frailty, falls, fractures and mortality – all of which affect activities of daily living. The most widely used definitions of sarcopenia are from the Foundation for the National Institutes of Health (FNIH) and the revised European Working Group on Sarcopenia in Older People (EWGSOP2), and include cut-points for appendicular lean mass (ALM), appendicular lean mass index (ALMI) and functional ability (hand grip strength, HGS) [4,5]. More recently, the Asian Working Group for Sarcopenia (AWGS) was formed to assess the suitability of existing sarcopenia definitions for diagnosis of populations from Southeast Asian countries, namely China, Hong Kong, Japan, South Korea, Malaysia, Taiwan and Thailand [6].

Studies have shown that the FNIH and EWGSOP2 definitions, primarily developed in Caucasians, potentially underestimate the prevalence of sarcopenia in different ethnic populations [7,8]. This is most likely due to the ethnic differences in body habitus, as fat mass, lean mass, height and weight are different between ethnic groups [9-11]. To delineate the suitability of sarcopenia definitions in Black South African women, ALM and ALMI cut-points were derived from two young Black South African reference groups aged 18-40 years [7]. Findings from this study showed that the definitions that best predicted low functional ability (low gait speed and low HGS) in older Black women were the specific South African cut-points and the FNIH ALM criterion [7]. Across ethnic populations, there are also differences in the age at which the decline in lean mass and muscle strength begins. For example, a study in Afro-Caribbean men reported that HGS declines started at 50 years of age [12], while this decline was reported at 40 years of age in Caucasian US men [13]. Together, these studies highlight the importance of considering ethnicity in determining the prevalence of sarcopenia and its impact on functional outcomes. 

There are differences in body composition in ethnic populations which may influence muscle-bone relationships due to the effects of lean mass on mechanical loading. A study in Southeast Asian men showed that Malays had higher areal bone mineral density (aBMD) at the radius compared with Chinese men for the same amount of lean mass [14]. Additionally, a meta-analysis showed the contribution of lean mass on aBMD in Southeast Asians was more pronounced than in Caucasians [15]. There has been one study from India in women aged 18-76 years which reported positive correlations between lean mass and aBMD at the radius and total hip following adjustments for age and body size [16]. There are no studies investigating the associations of muscle strength, lean mass and aBMD in Indian men and women. 

Data on lean mass and muscle strength from South Asian populations are limited; there are scarce data from India, a country which currently has one third of world’s population aged ≥60 years with continuing exponential growth in this population [17]. Therefore, we aimed to identify the prevalence of sarcopenia estimated by different definitions (FNIH, EWGSOP2, AWGS, 2SDs below a young Indian reference population), and whether there are differences in the predictive ability of low lean mass cut-points between definitions for discriminating poor functional capacity in Indian men and women. The age-onset of HGS and ALM decline were determined, and sex differences examined. Muscle-bone relationships were assessed using muscle variables (ALM, ALMI and HGS), and aBMD at the hip and spine.  


Study Design

Pooled data from cohort studies  
[bookmark: _Hlk67911010]To capture India’s demographic, economic, health, cultural and culinary diversity, data were collated from existing cohort studies from different regions of India. Dual energy x-ray absorptiometry (DXA) variables and HGS data were analysed from each study. Appendicular lean mass (ALM) was calculated as the sum of lean mass in arms and legs (kg), and ALMI was calculated as ALM divided by height squared (kg/m2). 

New Delhi Birth Cohort (NDBC)
The NDBC was established in 1969 to investigate pregnancy outcomes and child growth [18]. Briefly, all families living in a 12km2 area of South Delhi were identified, and 20,755 women of reproductive age were followed up bimonthly; in total there were 9,169 pregnancies, resulting in 8,181 live births. The current study used data from the second phase of measurements during 2006–2009. The All India Institute of Medical Sciences approved the ethics for the study, which was conducted in accordance with the Declaration of Helsinki. Informed consent was obtained from each participant. Participants were selected for DXA scans based on the completeness of their weight and height record in early life. In total, 565 participants underwent DXA scans at the All India Institute of Medical Sciences, New Delhi (Hologic QDR 4500A, Waltham, MA, USA). From the 565 participants, only those aged 20-35 years were included in the current analyses; additional exclusions were made due to major medical events (stroke=1, tuberculosis=12, bypass surgery=1 and taking insulin for diabetes=1) and a BMI <18.5 and >26.0 (n=110); the final group size of 90 participants were included in the “young Indian” group. The in vivo precision error was 0.62% for femoral neck aBMD and 0.65% for lumbar spine aBMD [19]. HGS was measured in each arm three times using a hand dynamometer (Grip D, Takei, Tokyo, Japan). Force (kg) was recorded and the maximum value was used in the analysis.

Andhra Pradesh Children and Parents Study (APCAPS)
APCAPS was originally established to study the long-term effects of early-life under-nutrition on risks of cardiovascular disease [20]. Children and their mothers were followed-up in 2003 – 2005; the children were followed-up again as young adults aged 18–21 years in 2009 – 2010. Ethical approval for the study was obtained from the ethics committee of the National Institute of Nutrition, Hyderabad, and the study was performed in accordance with the Declaration of Helsinki; each participant gave informed consent. A whole-body DXA scan was performed on each participant (Hologic, Discovery A, Waltham, MA, USA); the coefficient of variation (CV) was less than 1% for the whole body lean mass measurement. Total hip and lumbar spine aBMD were measured. HGS was measured in each arm four times using a hand dynamometer (78010, Lafayette Instrument Company, Lafayette, IN, USA). Force (kg) was recorded and the maximum value was used in the analysis. Participants who did not have any chronic diseases and who had a BMI of 18.5-25.9 were included in the current analysis. Those who were aged 20 – 35 years were included in the “young Indian” group (n=790), and those who were >45 years were included in the “older Indian” group (n=1293). 

Indian Migration Study (IMS) 
The IMS was established to investigate whether rural to urban migrants in India have a higher prevalence of obesity and diabetes than rural non-migrants [21,22]. Study participants comprised rural to urban migrants and their spouses recruited from four factories in India (Lucknow, Hindustan Aeronautics Ltd.; Nagpur, Indorama Synthetics Ltd.; Hyderabad, Bharat Heavy Electricals Ltd.; and Bangalore, Hindustan Machine Tools Ltd.) and their siblings who remained in a rural area. The original fieldwork for the IMS was conducted between 2005 and 2007, during which time 1995 participants were examined in Hyderabad [21,22]. All 1995 participants of the Hyderabad arm of the IMS were invited to attend a clinic visit at the National Institute of Nutrition between January 2009 and December 2010. Ethics approval was obtained from the All India Institute of Medical Sciences Ethics Committee, and the ethics committees of the National Institute of Nutrition, India and the London School of Hygiene & Tropical Medicine, UK. The study was performed in accordance with the Declaration of Helsinki; each participant gave informed consent. Participants underwent whole body DXA scans (Hologic Discovery A, Waltham, MA, USA), the CV was <1% for the whole body lean mass measurement. Total hip and lumbar spine aBMD were measured. HGS was measured separately three times in each arm using a hand dynamometer (Grip D, Takei, Tokyo, Japan), and the maximum value from the dominant arm was used in the analysis. Participants who did not have any chronic diseases and had a BMI of 18.5-25.9 were included in the current analyses; those who were aged 20–35 years were included in the “young Indian” group (n=70), and those who were aged >45 years were included in the “older Indian” group (n=462). 

The Pune Study 
This study was performed at Jehangir Hospital, a tertiary level care hospital located in central Pune during November 2015 – November 2017. Ethical approval was obtained from the institutional ethics committee; all participants gave informed consent. The primary aim of the study was to assess the bone health of women who had a pregnancy during adolescence compared with those who were pregnant post-adolescence. In total, 257 pre-menopausal women aged 29-53 years, underwent whole body DXA scans (Lunar iDXA, GE Health Care, WI, USA); CV was <1% for whole body lean mass. HGS (kg) was measured in each arm 3 times using a hand dynamometer (Jamar Plus Hand dynamometer, Warrenville, IL, USA) and the average of three readings for each arm was recorded. Participants who did not have any chronic diseases such as hypertension, diabetes mellitus, hyperthyroidism or any cardiac related health issues, aged between 20-35.9 years and a BMI of 18.5-25.9 were included in the “young Indian” group (n=59). 

Definitions of sarcopenia
The proportion of men and women classified with sarcopenia was calculated using the following definitions: 
1. The Foundation for the National Institutes of Health (FNIH) [5]:
· Men: ALM <19.75kg and HGS <26kg
· Women:  ALM <15.02kg and HGS <16kg
2. The revised European Working Group on Sarcopenia in Older People (EWGSOP2) criteria [4]:
· Men: <20kg ALM or <7.0kg/m2 ALMI, and HGS <27kg
· Women: <15kg ALM or <5.5kg/m2 ALMI, and HGS <16kg
3. Asian Working Group for Sarcopenia (AWGS) [6]: 
· Men: ALMI <7.0kg/m2 and HGS <26kg
· Women: ALMI <5.4kg/m2 and HGS <18kg
Of note, the AWGS definition also recommends a slow gait speed (<0.8m/s) in defining sarcopenia; as this was not assessed in our cohorts, only HGS and ALMI cut-points will be used for analysis. 
4. [bookmark: _Hlk68175902] Young Indian: the population sex-specific cut-points for ALM, ALMI and HGS were calculated as values two standard deviations (SD) below the sex-specific means for young adults aged 20-35 years [23], separately from the cohort studies. Two SDs below sex-specific means was used as this the method that the three aforementioned sarcopenia definitions have used to calculate cut-points (further details can be found [5,4,6]). Values in each cohort were combined and the 2SD below the mean was re-calculated and used for concurrent analyses. The cut-points calculated from this group were defined as the “young Indian” and were:
· Men: ALM <15.41 kg, ALMI <6.03 kg/m2 and HGS <22.93 kg 
· Women: ALM <9.95 kg, ALMI <4.64 kg/m2 and HGS <10.76 kg
Data Analysis
All analyses were performed in Stata, Version 15.0 (StataCorp, College Station, TX, USA). Descriptive statistics were used to describe participant characteristics and are presented as mean ± standard deviation (SD), and categorical variables as frequency with percent. Between-group differences (young men vs. older men; young women vs. older women) in participant characteristics were tested with a one-way ANOVA and with a chi-squared test for categorical variables. In the Indian older group, we explored the relationship of lean mass and fat variables (dependent variable: HGS, ALM, ALMI and whole body fat mass) with age (independent variable) using linear regression with adjustments for weight and height to correct for body size (ALMI was only adjusted for weight). To test if these relationships were different between the sexes, we included a sex*age term, and the p-value from the relevant pairwise comparison was reported (p-int).

Receiver operating characteristic (ROC) analyses were used to determine the area under the curve (AUC), the sensitivity and the specificity to discriminate between individuals with sarcopenic lean mass who had low versus normal HGS, as defined by each of the definitions cut-points. Univariate odds ratios with 95% confidence intervals were then calculated to describe how well the lean mass definitions predicted low HGS in older Indian men and women aged >45 years. 

We used linear regression to investigate the relationship between aBMD (dependent variable) and muscle parameters (independent variable), with adjustments for age, weight and height (for ALMI, adjustments were made only for age and weight); a muscle parameter*sex interaction term was also included and the relevant p-value (p-int) was reported. Total hip and spine aBMD were log transformed to normalise distributions [24]. Values are presented as beta coefficients, expressed as a percent change for every 1 unit change in muscle parameter, with 95% confidence intervals. To facilitate visualisation of the results, bone variables were transformed into z-scores (per SD). 

Results
In total, there were 1009 young (men: 602, women: 407) and 1755 older (men: 1014 and women: 741) participants. Table 1 shows the participant characteristics for men and women in the “young Indian” and “older Indian” groups. There were no differences in ALM between young and older women (Table 1). In contrast, both ALM and ALMI were lower in older men than in younger men. Total percent body fat was similar in young and older men and women (Table 1). In Indians aged >45 years: for every one-year increase in age, there was a greater decrease in men compared with women in: HGS (1.2% vs 0.2%); ALM (0.3% vs 0.1%); and ALMI (0.3% vs 0.1%), following adjustments for body size (Figure 1). Total fat mass with increasing age was similar in men and women (p-int=0.923).

The predictive ability of low lean mass definitions for low HGS is presented in Table 2. The FNIH classification had the highest sensitivity in both women and men (90.5%, and 84.2%, respectively), but the lowest specificity in women and men (27.7%, and 51.1%, respectively) compared with the other definitions. The EWGSOP2 ALMI classification had the highest sensitivity and specificity in both men and in women (Table 2). The AUCs from the ROC analyses showed that EWGSOP2 using ALMI had moderate-good ability to discriminate those with low versus normal HGS in men (AUC=0.686) and women (AUC=0.641). The AWGS definition had similar discriminative power to EWGSOP2 ALMI in men only. The young Indian definition had the highest specificity, but also the lowest sensitivity (Table 2). 

The prevalence of sarcopenia in Indian men and women aged >45 years varied depending on the definition (Table 3). The prevalence of sarcopenia was higher in men than in women, irrespective of definition (Table 3). In men, mean total hip aBMD was lower in those with sarcopenia compared with those without sarcopenia, independent of the definition used; while there were no differences in mean spine aBMD (Table 3). In women, total hip and spine aBMD were lower in those with sarcopenia compared with those without, irrespective of definition (Table 3). 

The associations between muscle parameters and aBMD are presented in Table 4 and Figure 2. Women had greater positive associations between muscle parameters and aBMD compared with men. In women, for every 1kg/m2 increase in ALMI, there were positive differences in total hip aBMD by 5.81%, CI: 4.39, 7.24 (vs men: 2.64%, CI:1.43, 3.85) and spine aBMD by 4.23%, CI: 2.11, 6.35 (vs men: -1.74%, CI: -3.53, 0.06) following adjustments (Table 4, Figure 2), with similar findings in ALM and HGS (all p-int<0.0001). 

Discussion
Our study showed that in older Indian men and women aged >45 years, the prevalence of sarcopenia varied according to the definition used, and was lowest using cut-points based on Indian-specific reference data. The EWGSOP2 definition of ALMI <7.0kg/m2 in men, and <5.5kg/m2 in women, was most robust in detecting EWGSOP2 defined low HGS in Indian men and women aged >45 years. The sarcopenia cut-points developed from a young Indian cohort for HGS, ALM and ALMI, were lower compared with those previously obtained from Caucasian populations. ALM, ALMI and HGS were positively associated with total hip and spine aBMD, and by a greater magnitude in women than in men.

[bookmark: _Hlk67911724]We compiled a cohort of young Indian men and women from existing studies across India to calculate Indian-specific cut-points, given the existing definitions were mainly developed from data derived from Caucasian populations. The cut-points calculated from the young Indian cohort for HGS, ALM and ALMI were much lower than those of FNIH and EWGSOP2. The only other study from India that explored ALMI measured with DXA, reported a cut-point of <4.42kg/m2 (2SD below the mean of young Indian women aged 20-39 years), which classified 1.1% of women aged >50 years with sarcopenia  (using ALMI alone – no functional assessments were performed) [16] - comparable with our own data. Studies from other Asian studies also report extremely low sarcopenia prevalence using 2SD below a young adult mean [25-27]. It is possible that there may be a generational effect, that is, current “young” Indians have a more urbanized and westernized lifestyle compared with the current “older” group who potentially had a more traditional lifestyle. There have been large changes in the past 20–40 years in India, with differences in lifestyle, environment, economy, public transportation and socio-economic status, which may mean that young Indians have lower lean mass and strength compared with older generations at the same age. Thus, although the use of region-specific young adult reference data is recommended for identifying cut-points for sarcopenia, this may have limited utility in regions where substantial generational changes have occurred.

Our findings show positive associations between muscle parameters and aBMD in Indian men and women; these were stronger in women than in men. In line with this, a study in rural Gambians reported greater positive associations between muscle and bone parameters in women compared with men [28]. Women in rural areas may be more active compared with men, and may maintain more lean mass throughout ageing. Indeed, data from our study show that with age, men had greater decreases in HGS, ALM and ALMI compared with women. A study in Korean older adults also showed that the associations between muscle and bone throughout ageing was more tightly coupled in women than in men [29]. Men may potentially be more susceptible to deterioration of lean mass and strength with ageing compared with women. 

The functional assessment of HGS is a useful tool as it is a practical method of measuring muscle strength in the clinical setting and has been shown to be a predictor of poor health outcomes including longer hospital stays, greater functional limitations, decreased health-related quality of life and mortality [30,31]. Although HGS was the only functional data available in our study, gait speed and other physical performance measures have also been included in sarcopenia definitions [32]. There has been only one study from India to report gait speed in older men and women; this study was based in Delhi with a cohort of 723 men and women aged >60 years [33]. The findings from this study show that gait speed was lower in those aged >70 years compared with those aged 60-65 years [33]. Despite the variation in gait speed with age, the cut-point for low gait speed was calculated as the lowest 25th percentile by sex and was 0.6m/s [33]. Although this was calculated in an older population, it is also lower than the EWGSOP2 definition of low gait speed of ≤0.8 m/s [4]. Studies measuring gait speed in young Indian men and women are required to determine reference values for gait speed in a healthy population. Similarly, as there are ethnic differences in life expectancy, data on gait speed throughout the ageing process in Indians (>45 years) would help identify the “age window” when the decline in gait speed commences. This would inform future strategies in fall and fracture prevention and enable a healthier ageing process for Indian men and women. 

[bookmark: _Hlk67921308][bookmark: _Hlk67921336]The main strength of our study is that it was performed in a large cohort of participants from various regions of the country and is representative of both urban and rural Indian populations. Our study is also the first to describe the prevalence of sarcopenia in men and women from India defined by the various current definitions. There are potential limitations in this study. The sex-specific 2SD below the mean of a young reference population to calculate low HGS was chosen arbitrarily and may not apply in the same way throughout life due to possible generational lifestyle differences between older and younger Indians. Although several studies in Caucasian populations show that lean mass and muscle strength peaks between 20-35 years of age [34,13], this may be delayed in the Indian population [16]. The age for the older group of >45 years is relatively young; however, given the life expectancy in India is lower (67 years in men and 70 years in women), this may be representative of older age. HGS was the only muscle strength assessment in these studies, and so we do not know if lean mass cut-points have different associations with other measures of physical performance. Different hand dynamometers were used in the studies which may have introduced variation. Individual aBMD values for L1, L2, L3 and L4 vertebrae were not available, and so potential spinal osteoarthritis artefacts from these scans could not be determined. Different DXA scanners were used in two of the four studies, which may have introduced variation and error. However, the current International Society for Clinical Densitometry guidelines state that “no phantom has been identified to remove systematic differences in body composition when comparing in vivo results across manufacturers” and “no total body phantoms are available at this time that can be used as absolute reference standards for soft tissue…” [35]. 

Our findings show that the ALMI criterion of the EWGSOP2 definition best identifies low HGS in older Indian men and women. Muscle variables were positively associated with aBMD at the hip and spine and these associations were stronger in women than in men. As India has over one third of world’s population aged >60 years, nutritional and exercise interventions for maintaining lean mass and strength during ageing will facilitate healthy ageing and reduce its economic healthcare burden. Using appropriate cut-points to diagnose low lean mass and poor physical function will allow identification of appropriate patient cohorts and also the monitoring of intervention effects. 
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Figures
Figure 1: Sex differences in muscle parameters (hand grip strength, ALM and ALMI) with age in Indian men and women aged >45 years. Blue triangles indicate men, red circles indicate women. Data are expressed as percent difference in muscle parameter per 1 year increase in age; values are beta-coefficients with 95% confidence intervals.  P values are reported from sex*age interactions and denoted as p-int. ALM, appendicular lean mass; ALMI, appendicular lean mass index.

Figure 2: The relationship between muscle parameters (ALM, ALMI and hand grip strength) and aBMD at the total hip and spine (expressed as per SD) in Indian men (blue triangles) and women (red circles) aged >45 years. Adjustments were made for age, weight and height (only age and weight for ALMI), and a sex*muscle parameter interaction was included and denoted as p-int. ALM, appendicular lean mass; ALMI, appendicular lean mass index.
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Table 1: Participant characteristics of young and older Indian men and women

Young Older Difference between
(20-35 years) (>45 years) age within sex
Men ‘Women Men ‘Women Men ‘Women
(n=602)  (n=407) n=1014)  (n=741) (p-value)  (p-value)
Age (yr) 263:47 280£49  536£60 50146  <0.0001  <0.0001
Weight (kg) 507573 50460 575127 519=11.6 00001  0.014
Height (cm) 166.8=6.5 1529457  162.6£6.6 150557  <0.0001  <0.0001
BMI (kg/m?) 214219 215220  21.6%41 228%45 0211 <0.0001
Hand grip strength
(kag‘; gipstength 0 S.68 205£49  266=71 176546  <0.0001  <0.0001
Whole body lean 458550 323237  43.6%75 330%54 <0.0001 0012
mass (kg)
ALM (ke) 205525 13518 187233 133223 <0.0001 0236
ALMI (kg/m?) 74207 57%06 70£10 5808 <0.0001  0.023
Whole body fat
(kg‘)o COO IS p 6253 172242 127262 180468 0692 0023
Total % body fat (%) 20364 334£53 207261 33.1£62 0189 0418

Values are mean =+ SD, and frequency (%). Body mass index (BMI); appendicular lean mass (ALM);
appendicular lean mass index (ALMI).
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Table 2: Comparison of low lean mass definitions in identifying low hand grip strength in
Indian men and women aged >45 years

Men ‘Women
SensitivitySpecificity AUC OR SensitivitySpecificity AUC OR
HGS Lean mass (%) (%) (95%CD (%) (%) (95%CD
FNIH FNIHALM 842 51.1 0.676 36 90.5 27.7 0.591 37
T ’ 4.1,7.5) - ’ T (23,58)
EWGSOP2 6.1 37
ALM 851 51.6 0.683 @5, 82) 90.5 27.7 0.591 23,58
EWGSOP2
EWGSOP2 438 33
ALMI 68  69.1 0.686 (7,62 553 73 0.641 @4, 16)
AWGS 43 25
AWGS ALMI 69 659 0.675 (33, 56) 397 79 0594 (18, 3.4)
ESEE 36 919 0.640 64 13.6 953 0.544 32
’ ’ 45,9.2) ’ . T (14,72)
Young ALM
Indian
ESEE 304 922 0613 32 119 96 0.540 33
ALMI (3.6,7.5) (1.4,7.7)

Foundation for the National Institutes of Health (FNIH); hand grip strength (HGS);
appendicular lean mass (ALM); revised European Working Group on Sarcopenia in Older
People (EWGSOP2); Asian Working Group for Sarcopenia (AWGS); appendicular lean
mass index (ALMI); area under the curve (AUC); univariate oddsratio (OR); confidence
interval (CI)
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Table 3: Sarcopenia prevalence and comparison of aBMD at the total hip and spine in Indian adults aged

>45 years
Men ‘Women

Non-sarcopenia Sarcopenia p-value Non-sarcopenia Sarcopenia  p-value
FNIH (ALM + HGS) 589 (58) 424 (42) 480 (65) 261 (35)
Total hip aBMD (g/cm?) 0.94 + 0.11 0.87 £ 0.13 <0.0001 0.83 £0.12 0.74 = 0.10 <0.0001
Spine aBMD (g/cm?) 094 £0.15 095 =024 0652 082 +0.14 0.75 =£0.15 <0.0001
EWGSOP2
(ALMI & HGS) 658 (65) 355(35) 595 (80) 146 (20)
Total hip aBMD (g/cm?) 0.94 + 0.11 0.85 £ 0.12 <0.0001 0.82 £ 0.12 0.72 = 0.09 <0.0001
Spine aBMD (g/cm?) 095 £0.16 094 =025 0536 082 +0.15 0.73 = 0.14 <0.0001
AWGS
(ALMI + HGS) 694 (69) 319(31) 594 (80) 147 (20)
Total hip aBMD (g/cm?) 093 + 0.11 0.85 £+ 0.13 <0.0001 0.82 £ 0.12 0.71 + 0.10 <0.0001
Spine aBMD (g/cm?) 095 £0.16 094 =026 0897 082 +0.15 0.72 =£0.16 <0.0001
Young Indian
(ALMI + HGS) 927(92) 86 (8) 734 (99) 7(1)
Total hip aBMD (g/em?) 0.92 £ 0.12 0.80 = 0.11 <0.0001 0.80 = 0.12  0.67 = 0.10 0.006
Spine aBMD (g/cm?) 094 £0.18 095 +028 0.698 080 +0.15 0.67 =017 0.029

Data are presented as frequency and percent, n (%) for sarcopenia prevalence; and mean & SD for aBBMD

values. One-way ANOVA tested for differences in aBBMD between sarcopenia and non-sarcopenia

individuals within sex, according to the various definitions. Bold indicates p<0.05. Foundation for the
National Institutes of Health (FNIH); appendicular lean mass (ALM); hand grip strength (HGS); revised
European Working Group on Sarcopenia in Older People (EWGSOP2); appendicular lean mass index
(ALMI); Asian Working Group for Sarcopenia (AWGS).
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Table 4: Association between muscle parameters and aBMD at the total hip and spine in Indian adults aged >45

years
Men ‘Women sex differences
unadjusted adjusted unadjusted adjusted “na:]i‘;ited ad’]’“i;t:d
Total Hip aBMD
1.97 0.92 3.59 247
AIM(K®) (173 21)  (048.137)  (320.398)  (189.3.06) 00001 <0001
6.92 2.64 9.67 5.81
>
ALMEREY) (010 774y (143.3.85)  (8.54.1080)  (430.724) 00001 <0.0001
0.48 012 1.03 0.49
HGS k&) (036,061) (:025.-0002) (08l 124)  (029.0.69) 00001 <0.0001
Spine aBMD
0.67 0,66 331 1.80
AIMK) (033 1.02)  (-13L.-0.001)  (274.3.87)  (0.93.2.66) 00001 <0.0001
2.32 174 8.09 423
>
AIME(kgh) - 1373 51) (3.53.006)  (645.973)  (21Le3s) 00001 <0.0001
0,05 053 0.91 0.48
HOS (k&) (022 0.11)  (-070.035)  (0.61.120)  (0.19.0.77) 00001 <0.0001

Data are expressed as percent increase in aBMD per 1 unit increase in muscle parameter (ALM, ALMI or HGS).
Values are beta-coefficients with 95% confidence intervals. Unadjusted model: included a muscle parameter*sex
interaction term. adjusted model: unadjusted model plus age. weight and height adjustments (ALMI was only
adjusted for weight). p-int displays the p-values from the muscle parameter*sex interactions. aBMD. areal bone
mineral density: ALM. appendicular lean mass: ALMI. appendicular lean mass index: HGS. hand grip strength.




