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Abstract 20 

Background: Given that South Asians account for approximately one-quarter of the global 21 

population and face a rapidly increasing burden of diabetes, cardiovascular disease, and obesity, 22 

characterizing body composition and its metabolic correlates in this population is of critical 23 

importance. 24 

Methods:  In this cross-sectional study, 131 Sri Lankan adults of varying physical activity (mean 25 

age 39.3 ± 10.7 years; 48 women) underwent body composition assessment using dual-energy X-26 

ray absorptiometry to quantify visceral adipose tissue area, fat mass index, fat mass ratio, and 27 

appendicular lean mass index. Fasting blood glucose, lipid profile, apolipoproteins A1 and B, and 28 

inflammatory markers (interleukin-6 and interleukin-1β) were analyzed. 29 

Results: A high burden of visceral adiposity and adverse fat indices was observed, particularly 30 

among males. Visceral adipose tissue area ≥100 cm² was present in 48% of females and 77% of 31 

males, while fat mass index above the cut-off was observed in 69% of females and 93% of males; 32 

elevated fat mass ratio was present in 54% of females and 36% of males. In females, higher visceral 33 

adiposity and adverse fat indices were consistently associated with higher fasting blood glucose 34 

and an unfavourable apolipoprotein profile, including lower ApoA1 and higher ApoB (all p<0.05). 35 

No significant associations between adiposity indices and metabolic or inflammatory markers were 36 

observed in males. Low appendicular lean mass was common in both sexes and, in males, was 37 

associated with higher ApoB, ApoB/ApoA1 ratio, and total cholesterol (all p<0.05). 38 

Conclusions: Visceral adiposity and low lean muscle mass are highly prevalent among South 39 

Asians and demonstrate sex-specific metabolic associations, underscoring the need for urgent 40 

public health strategies to address cardiometabolic risk and frailty. 41 
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Introduction 42 

Cardiovascular diseases (CVD) resulting in stroke and ischaemic heart disease are the leading 43 

causes of death in Sri Lanka [1] and in South Asia [2]. The prevalence of CVD is predicted to 44 

increase by 109.0% from 2025 to 2050, with the crude mortality rates due to CVD predicted to 45 

increase by 85.3% in South Asia [3]. South Asia is expected to have the highest age-standardised 46 

mortality due to CVD (141 deaths per 100,000 population), by 2050 [3]. Obesity is an important 47 

risk factor for CVD and an individual in classified as overweight or obese based on an individual 48 

body mass index (BMI) [4]. Due to the differences in the body composition, the BMI cut-off values 49 

that define overweight and obesity are different for South Asian populations compared to 50 

individuals of Caucasian ethnicity [4]. However, the BMI has many limitations, as it is affected by 51 

the muscle mass of an individual and does not indicate the distribution of adiposity.  52 

 53 

There is a marked increase in obesity and obesity related disorders in South Asia and Southeast 54 

Asia [5]. Obesity is associated with an increase in for developing CVDs, diabetes, cancers,  55 

obstructive sleep apnoea, dementia osteoarthritis and also is an important risk factor for 56 

development of severe disease in many infections [6-8]. However, there are many phenotypes of 57 

obesity and the distribution of fat, i.e. truncal vs subcutaneous fat, is associated with higher risk of 58 

CVD and many other diseases [9]. Furthermore, visceral adiposity when associated with a lower 59 

muscle mass (sarcopenic obesity), is associated with a higher risk of CVD and other metabolic 60 

diseases compared to those with a similar BMI, but a high muscle mass [9, 10]. Overweight 61 

individuals who have a higher amount of subcutaneous fat compared to visceral fat, are shown to 62 

have a lower risk of developing CVD [11]. Obese or overweight individuals, as defined by higher 63 
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BMI, who were younger with lower visceral fat and physically active are ‘metabolically healthy’ 64 

and are at lower risk of developing CVD [12, 13]. Adipose tissue distribution has shown to vary 65 

among different ethnic groups, with the varying risks of developing CVD [12]. Although the waist 66 

circumference has been shown to correlate well with visceral adiposity, it cannot differentiate 67 

between visceral adiposity and subcutaneous adiposity [11, 12]. In addition to distribution of 68 

adipose tissue reduced skeletal muscle mass and strength has shown to be an important risk factor 69 

for CVD and diabetes [14]. Individuals with high visceral fat and lower lean muscle mass and 70 

strength are considered to have sarcopenic obesity [14]. Redistribution of fat during aging along 71 

with sarcopenia leads to ‘inflammaging’ which is a chronic low grade inflammatory state, which 72 

results in an increased risk of developing CVD, type 2 diabetes, cancers and other obesity related 73 

complications [15].  74 

 75 

There is wide variation in sarcopenia and fat distribution among different ethnic groups [16]. 76 

Owing to ethnic differences in adipose tissue distribution and lean muscle mass, existing thresholds 77 

used to define excess visceral adiposity, low lean mass, and sarcopenia may not be universally 78 

applicable. Ethnicity-specific cut-off values may therefore be required to more accurately assess 79 

the risk of cardiovascular disease, diabetes, and other obesity-related conditions. For example, 80 

lower BMI and waist circumference thresholds are already recommended for South Asians to 81 

define overweight, obesity, and central adiposity [17]. Data on the distribution of adiposity, lean 82 

muscle mass, and associated metabolic and inflammatory risk factors in South Asian populations 83 

living in their countries of origin and adhering to local dietary and lifestyle patterns remain limited. 84 

Given that South Asians comprise approximately 25% of the global population and are 85 

experiencing a rapidly increasing burden of diabetes, cardiovascular disease, and obesity, 86 
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characterizing body composition in both healthy individuals and those with metabolic disease is 87 

essential to better understand risk distribution in this population. 88 

 89 

The measurement of adiposity and lean muscle indices by dual-energy X-ray absorptiometry 90 

(DEXA) is considered to be comparable to MRI and is currently the most widely used, and reliable 91 

method to assessing the body composition [18]. We therefore aimed to characterize adiposity and 92 

lean muscle mass indices, together with metabolic and inflammatory risk factors, in a South Asian 93 

population and to examine their associations with metabolic disease. 94 

 95 

 96 

 97 

 98 

 99 

 100 

 101 

 102 

 103 

 104 
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Methods 105 

Study design and participants 106 

This cross-sectional study recruited 131 adults over a 12-month period. Participants were identified 107 

through open advertisements and direct approach by trained research assistants from two sampling 108 

frames: staff of the University of Sri Jayewardenepura (approximately 2,500 employees) and 109 

families registered at the University Family Practice Centre (approximately 3,000 individuals). 110 

These sampling frames were selected to ensure broad geographic and sociodemographic 111 

representation. Recruitment was conducted without prior knowledge of participants’ metabolic 112 

status. Participants were subsequently classified as having metabolic risk factors or not, according 113 

to criteria defined by the International Diabetes Federation Task Force on Epidemiology and 114 

Prevention (see below)[19] (see below).  115 

 116 

Data collection and laboratory analyses 117 

Anthropometric measurements and fasting blood sampling were performed in accordance with 118 

standard operating procedures. Fasting blood glucose and lipid profiles were analysed using a fully 119 

automated biochemistry analyser (Thermo Scientific Indiko). Serum interleukin-6, interleukin-1β, 120 

and apolipoproteins A1 and B were quantified by enzyme-linked immunosorbent assay (ELISA; 121 

Mabtech, Germany) in samples stored at −80°C, following the manufacturer’s instructions. 122 

 123 

Sample size calculation 124 

𝑛 =  ே.௑௑+ே−1  where ܺ = ௓2 ௣(1−௣)ெைா2  125 
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With Z=1.96 (95% confidence), p=0.5 (maximum variance), and margin of error (MOE)= 0.1. 126 

ܺ = 1.962×0.5×0.50.162 ≈ 37.52  127 

Sample size for FPC registrants- 128 

ܺ = 3000 × 37.5237.52 + 3000 − 1 ≈ 37.07 129 

Sample size for medical students and staff- 130 

ܺ = 2500 × 37.5237.52 + 2500 − 1 ≈ 36.98 131 

The presence of metabolic disease was defined based on criteria laid down by the International 132 

Diabetes Federation Task Force on Epidemiology and Prevention [19]. Accordingly, those with a 133 

waist circumference over the population cut-off values (≥80cm for females and ≥90cm for males), 134 

triglycerides ≥150 mg/dL (1.7 mmol/L), an HDL <40 mg/dL (1.0 mmol/L) in males; <50 mg/dL 135 

(1.3 mmol/L) in females, a systolic blood pressure of  ≥130 and/or diastolic blood pressure of  ≥85 136 

mm Hg, or a FBS of ≥100 mg/dL [19].  137 

 138 

Inclusion and exclusion criteria 139 

Adults aged 20–80 years who were either employed at the university or registered as patients at 140 

the Family Practice Centre were eligible to participate if they were able to attend the study site 141 

following an overnight fast and undergo dual-energy X-ray absorptiometry (DXA), 142 

anthropometric assessment, and venous blood sampling. Participants were excluded if they had a 143 

known inflammatory or autoimmune disorder, advanced cardiac, hepatic, or renal disease, or had 144 
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undergone major surgery or hospitalisation within the preceding months, as these conditions could 145 

influence metabolic or inflammatory biomarkers. Individuals with orthopaedic implants likely to 146 

interfere with DXA measurements, those unable to comply with study procedures, or those unable 147 

to provide informed consent were also excluded. 148 

 149 

Ethical considerations 150 

Ethical approval was obtained from the Ethics Review Committee of the Faculty of Medical 151 

Sciences, University of Sri Jayewardenepura, Sri Lanka (62/19). Informed written consent was 152 

obtained from all the recruited individuals. Samples were collected and stored according to the 153 

ethical regulations. All methods were performed in accordance with the relevant guidelines and 154 

regulations. 155 

 156 

Anthropometric measures 157 

Body weight was measured using a calibrated digital scale (accuracy ±0.1 kg; maximum capacity 158 

150 kg) with participants wearing light clothing and no footwear. Height was measured barefoot 159 

using a stadiometer (accuracy ±0.1 cm), with participants standing upright, heels against the wall, 160 

feet flat, and head positioned in the Frankfort plane. Waist circumference was measured using a 161 

non-stretchable tape at the midpoint between the lowest rib and the iliac crest at the end of a normal 162 

expiration. Hip circumference was measured at the level of the widest lateral extension of the 163 

pelvis. Body mass index (BMI) was calculated as weight divided by height squared (kg/m²) and 164 

categorised using South Asian–specific cut-off values: underweight (<18.5 kg/m²), normal weight 165 

(18.5–23.8 kg/m²), overweight (23.9–27.5 kg/m²), and obese (≥27.5 kg/m²) [17]. 166 
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Dual energy Xray absorptiometry (DEXA) scanning to determine body composition 167 

Whole-body DXA was performed using a Hologic Discovery W scanner (software v12.1) to assess 168 

body composition, including fat mass, lean mass, appendicular lean mass, and visceral adipose 169 

tissue area. Scans were conducted by a trained operator with calibration performed according to 170 

the NHANES Body Composition Analysis protocol [20]. Total body fat percentage was calculated 171 

as fat mass divided by total body mass, and visceral adipose tissue (VAT) area was quantified by 172 

delineating the abdominal muscular wall. Definitions and calculation methods for other body 173 

composition parameters are provided below. 174 

Fat mass index (FMI) 175 

Fat mass index assesses the body fat mass relative to height providing a more specific indication 176 

of the degree of adiposity in the body. [20]. associated with increased risk of developing metabolic 177 

diseases and cardiovascular diseases.  FMI was calculated using the formula.  178 

ܫܯܨ = (2݉) 2ݐℎ݁݅݃ℎ(݃݇)ݏݏܽ݉ ݐ݂ܽ ݈ܽݐ݋ݐ  179 

Based on the FMI, individuals were classified as having a low, normal or high FMI. Accordingly, 180 

females, with a FMI of <5 kg/m2 were considered as a low FMI, 5-9 kg/m2 normal and > 9 kg/m2 181 

as high. Males with a FMI of <3 kg/m2 were considered as having a  low FMI, 3-6 kg/m2 normal 182 

and > 6 kg/m2 as high FMI [21].  183 

Appendicular lean mass index (ALMI) 184 

ALMI is measured to evaluate the skeletal muscle mass in the limbs relative to height [22]. The 185 

measurement is particularly important in identifying sarcopenia along with assessments of strength 186 
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[23]. ALMI was calculated using the formula and An ALMI of <5.5 was considered to indicate 187 

sarcopenia in females and a values <7 indicative of sarcopenia in males [24]. 188 

ܫܯܮܣ  = ௟௘௔௡ ௠௨௦௖௟௘ ௠௔௦௦ ௜௡ ௔௥௠௦ ௔௡ௗ ௟௘௚௦(௞௚)ℎ௘௜௚ℎ௧2(௠2)  189 

Skeletal muscle index (SMI) 190 

Skeletal muscle mass index (SMI) was also evaluated in individuals, as it is a more reliable 191 

indicator of the lean muscle mass, as the ALMI under-estimates the presence of low muscle mass 192 

in obese and overweight individuals.   193 

ܫܯܵ = ( 2^݉) 2^ݐℎ݁݅݃ℎ(݃݇) ݏݏܽ݉ ݈݁ܿݏݑ݉ 𝑛݈ܽ݁ ݎ݈ܽݑ𝑛݀݅ܿ݁݌݌ܣ  194 

Fat mass ratio (trunk to leg fat mass ratio) 195 

The trunk-to-leg fat mass ratio assesses fat distribution, with a higher ratio indicating central 196 

adiposity linked to metabolic and cardiovascular risks.  197 

݋݅ݐܽݎ ݏݏܽ݉ ݐܽܨ =  198 (݃݇)ݏ݈݃݁ ℎ݁ݐ ݂݋ ݏݏܽ݉ ݐ݂ܽ ݈ܽݐ݋ܶ(݃݇) ݏݏܽ݉ ݐ݂ܽ 𝑛݇ݑݎܶ

 199 

Statistical analysis 200 

Statistical analyses were performed using GraphPad Prism (version 10.2.3) and R (version 4.3.1). 201 

Normality was assessed using the Shapiro–Wilk test, and all continuous variables were non-202 

normally distributed (p<0.05); therefore, non-parametric methods were applied throughout. 203 

Continuous variables are presented as median (IQR) and categorical variables as frequencies (%). 204 

Group comparisons were conducted using the Mann–Whitney U test, with rank-biserial correlation 205 
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(r<sub>rb</sub>) reported as the effect size. Associations between continuous variables were 206 

assessed using Spearman’s rank correlation coefficient. Receiver operating characteristic (ROC) 207 

curves were generated to evaluate the ability of visceral adipose tissue area, fat mass index, and 208 

waist circumference to predict elevated fasting blood glucose (>100 mg/dL). Area under the curve 209 

(AUC), 95% confidence intervals, and sensitivity and specificity at the optimal Youden index cut-210 

off were reported. 211 

 212 

Patient and Public Involvement in Research 213 

Patients or public were not involved in the design of the research, setting the research priorities, 214 

defining research questions or outcomes or in public dissemination of findings, as there is no such 215 

provision currently in Sri Lanka. 216 

 217 

 218 

 219 

 220 

 221 

 222 

 223 

 224 

 225 
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Results 226 

Anthropometric measurements in the study population 227 

48 (37%) of the individuals were females and 83 (63%) males. 31 (65%) of the females and 60 228 

(72%) of the males had at least one metabolic risk factor defined by the International Diabetes 229 

Federation Task Force on Epidemiology and Prevention [19]. The basic demographic details and 230 

metabolic risk factors of the study population are shown in table 1. 231 

 232 

Relationship between visceral fat and metabolic risk factors   233 

In previous studies, those with a VAT area of ≥100cm2 were at a higher risk of developing obesity 234 

related metabolic disorders [25, 26]. We evaluated cardiometabolic risk factors and inflammatory 235 

mediators in participants with high visceral adipose tissue (VAT) area (≥100 cm²) compared with 236 

those below this threshold. High VAT was present in 23 (44%) females and 67 (77%) males. 237 

Among females, VAT ≥100 cm² was associated with older age (≥40 years; p=0.03), higher fasting 238 

blood glucose (p=0.008), and lower HDL cholesterol (p=0.03) and apolipoprotein A1 levels 239 

(p=0.04) compared with those with VAT <100 cm² (Table 2). In contrast, no significant differences 240 

in age, metabolic parameters, or inflammatory mediators were observed among males according 241 

to VAT category. 242 

 243 

Cut-off values for visceral fat area and waist circumference associated with increase in the 244 

prevalence of the obesity-related disorders in South Asian populations 245 
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Although a visceral adipose tissue (VAT) area cut-off of ≥100 cm² has been proposed as a risk 246 

threshold for obesity-related diseases in several populations, studies in Southeast Asian 247 

populations, including Koreans, have identified a slightly higher cut-off (>103.8 cm²), which 248 

demonstrated a sensitivity of 74.5% and a specificity of 64.7% for predicting increased metabolic 249 

disease risk [25, 26]. To identify a clinically actionable threshold for risk stratification, we used 250 

the significant independent association between continuous visceral adipose tissue (VAT) area and 251 

elevated fasting blood glucose (OR 1.23 per 10 cm² increase; p<0.001) to inform receiver operating 252 

characteristic (ROC) analysis. ROC curves were generated to determine the optimal VAT area cut-253 

off values associated with the presence of metabolic risk factors in this population. VAT area was 254 

compared between participants with and without at least one metabolic risk factor, as defined by 255 

the International Diabetes Federation Task Force on Epidemiology and Prevention [19]. Receiver 256 

operating characteristics (ROC) analysis was performed to identify potential VAT area cut-off 257 

values associated with the presence of metabolic risk factors. In males, VAT area was higher among 258 

those with metabolic risk factors, although this difference did not reach statistical significance 259 

(p=0.056), with an area under the curve (AUC) of 0.63. A VAT threshold of ≥99.8 cm² yielded a 260 

sensitivity of 80% and a specificity of 27.2% for identifying metabolic risk in males. In contrast, 261 

VAT area was significantly higher in females with metabolic risk factors (p=0.04), with an AUC 262 

of 0.67.  263 

Logistic regression analysis was performed to examine the independent association between 264 

visceral adipose tissue (VAT) mass and the presence of metabolic risk factors, given variability in 265 

initial correlation analyses. In males, VAT mass was higher among those with metabolic risk 266 

factors, but this association did not reach statistical significance (p=0.056), with modest 267 
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discriminatory performance (AUC 0.63). In females, VAT mass was significantly associated with 268 

metabolic risk factors (p=0.04) and demonstrated similar discriminatory ability (AUC 0.67). 269 

Given the significant independent association between continuous visceral adipose tissue (VAT) 270 

area and fasting blood glucose (Spearman’s r=0.392, p<0.0001), we proceeded to identify VAT 271 

area cut-off values predictive of elevated fasting blood glucose (≥100 mg/dL) in males and 272 

females. VAT area was significantly higher in both males and females with fasting blood glucose 273 

≥100 mg/dL (both p<0.0001), with good discriminatory performance (AUC 0.72 in males and 0.97 274 

in females). In males, a VAT area threshold of ≥147 cm² yielded a sensitivity of 75% and specificity 275 

of 73% (likelihood ratio 2.7; Figure 1A). In females, a VAT area threshold of ≥132.5 cm² achieved 276 

100% sensitivity and 93.6% specificity (likelihood ratio 14.3; Figure 1B). 277 

Waist circumference correlated strongly with VAT area in both males (Spearman’s r=0.803, 278 

p<0.0001) and females (Spearman’s r=0.77, p<0.0001). A waist circumference cut-off of ≥89 cm 279 

was identified as optimal for predicting fasting blood glucose ≥100 mg/dL. In males, this threshold 280 

demonstrated 80% sensitivity and 58.7% specificity (likelihood ratio 1.94), while in females it 281 

achieved 100% sensitivity and 66.7% specificity (likelihood ratio 3.07). 282 

 283 

Association of metabolic risk factors with other adiposity indices 284 

Fat mass index (FMI) was used as a measure of overall adiposity. An FMI above the cut-off was 285 

present in 69% of females (≥9) and 93% of males (≥6), with no age differences between groups. 286 

In females, FMI ≥9 was associated with higher fasting blood glucose compared with FMI <9 287 

(p=0.05; Sup table 1), while no significant differences in metabolic or inflammatory markers were 288 

observed in males. 289 
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The fat mass ratio (FMR) has been used to diagnose lipodystrophy in HIV patients on anti-290 

retroviral therapy and the cut off values indicating lipodystrophy in different populations vary from 291 

1.5 in Caucasian males in France [27] and 1.96 in Portuguese men and 1.33 in Portuguese women 292 

[28]. Recently, the FMR has also shown to associate with metabolic risk factors and biomarkers 293 

and was found to associate with diabetes in the absence of obesity [13]. Therefore, based on the 294 

recent large study carried out in the UK Biobank study participants, we used a FMR ≥1.7 in male 295 

participants and ≥1.2 in female participants to indicate potential lipodystrophy [13]. 26 (54%) 296 

females had an FMR above the cut-off value (≥1.2), while 30 (36%) males had an FMR above the 297 

cut-off value (≥1.7). 298 

The metabolic characteristics and inflammatory mediators of those with a high FMR is shown in 299 

table 3. There was no difference in the age in females or males with an FMR above the cut-off 300 

value that indicated lipodystrophy. Females with an FMR of ≥ of 1.2 demonstrated significantly 301 

higher FBS (p=0.003, rrb=-0.51) and ApoB (p=0.01, rrb=-0.42) levels along with significantly 302 

higher Apo B/A1 levels (p=0.003, rrb=-0.38) compared to the FMR <1.2 group (sup table 1). There 303 

were no differences in metabolic risk factors or inflammatory mediators in men with a FMR of ≥ 304 

1.7.  305 

As the cut-off values defined by Agrawal et al [13] did not appear to associate with any metabolic 306 

derangement in males, we sought to identify FMR cut-off values for males and females in the Sri 307 

Lankan population, that may associate a FBS of ≥100mg/dl. The FMR was significantly higher in 308 

males (p=0.009, AUC=0.68) and females (p=0.01, AUC=0.84) with a FBS of ≥100mg/dl. In males 309 

a FMR of ≥ 1.61 had a sensitivity of 75% and a specificity of 58.7% with a FBS of ≥100mg/dl, 310 

with a likelihood ratio of 1.82 (Fig 1C). In females a FMR of ≥1.32 had a sensitivity of 80% and 311 

a specificity of 76.6% with a FBS of ≥100mg/dl, with a likelihood ratio of 3.4 (Fig 1D). 312 
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Skeletal muscle mass and related indices in females and males of South Asian origin 313 

Appendicular lean mass index (ALMI), which reflects skeletal muscle mass relative to height and 314 

is used in the assessment of sarcopenia, was below the cut-off in 32 (67%) females (<5.5) and 44 315 

(53%) males (<7). No significant differences in metabolic or inflammatory markers were observed 316 

in females according to ALMI category. In contrast, males with low ALMI (<7) had significantly 317 

higher apolipoprotein B levels, ApoB/ApoA1 ratio, and total cholesterol compared with those with 318 

ALMI ≥7 (Table 3). 319 

 320 

Sarcopenic obesity and metabolic and inflammatory risk factors 321 

As handgrip strength was not assessed, potential sarcopenic obesity (SO) was defined using 322 

combined appendicular lean mass index (ALMI) and fat mass ratio (FMR) criteria. Females with 323 

ALMI ≤5.5 and FMR ≥1.2, and males with ALMI ≤7 and FMR ≥1.7, were classified as having 324 

potential SO. Using these criteria, 20 (42%) females and 12 (14%) males had potential SO. No 325 

significant differences in metabolic risk factors or inflammatory mediator levels were observed 326 

between those with and without potential SO (Table 4). 327 

Serum interleukin-6 (IL-6) levels showed inverse correlations with HDL cholesterol (r=−0.26, 328 

p=0.003), apolipoprotein A1 (r=−0.21, p=0.02), and apolipoprotein B (r=−0.27, p=0.001). 329 

Interleukin-1β did not correlate with metabolic or anthropometric parameters. Apolipoprotein A1 330 

was inversely correlated with ALMI (r=−0.33, p<0.0001), waist circumference (r=−0.29, 331 

p=0.0008), and visceral adipose tissue area (r=−0.19, p=0.03), while apolipoprotein B was 332 

positively correlated with ALMI (r=0.30, p=0.0005) and FMR (r=0.30, p=0.002). 333 

 334 
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Discussion 335 

In this study, we characterized adiposity and lean muscle mass indices in Sri Lankan women and 336 

men and compared these measures with conventional anthropometric indices, including BMI and 337 

waist circumference. We further examined the associations of visceral adipose tissue (VAT), 338 

preferential truncal fat distribution (fat mass ratio), and lean muscle mass with metabolic risk 339 

factors and inflammatory mediators. Among women, higher VAT area and fat mass ratio were 340 

associated with elevated fasting blood glucose and lower HDL cholesterol and apolipoprotein A1 341 

levels. In contrast, no significant associations were observed between adiposity measures and 342 

metabolic or inflammatory markers in men. Instead, men with lower skeletal muscle mass, 343 

reflected by an appendicular lean mass index below established cut-offs, exhibited higher total 344 

cholesterol, apolipoprotein B levels, and ApoB/ApoA1 ratios—markers strongly associated with 345 

cardiovascular disease risk [29]. In contrast, women with appendicular lean mass index values 346 

below the established cut-offs did not demonstrate adverse metabolic or inflammatory profiles. 347 

The observed sex-specific pattern—where adiposity indices independently associated with 348 

metabolic risk in women, while lean muscle mass indices independently associated with 349 

dyslipidaemia in men—warrants further investigation. These findings suggest that reduced lean 350 

muscle mass may play a disproportionately important role in dyslipidaemia risk among men 351 

compared with women, a hypothesis that requires confirmation in larger, longitudinal studies. 352 

 353 

Although healthy individuals in the community were recruited from open advertisement, 62% of 354 

the females and 75% of the males had at least one metabolic risk factor defined by the International 355 

Diabetes Federation Task Force on Epidemiology and Prevention [19]. A high prevalence of 356 
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adverse adiposity profiles was observed, with 44% of females and 77% of males having a visceral 357 

adipose tissue (VAT) area ≥100 cm², 65% of females and 91% of males exhibiting fat mass index 358 

values above established cut-offs, and 58% of females and 38% of males demonstrating an 359 

unfavourable fat mass ratio. These findings indicate a substantial burden of obesity and 360 

maladaptive fat distribution in this South Asian population. Given the relatively young mean age 361 

of participants (38.5 years in females and 39.7 years in males), these patterns highlight a population 362 

at heightened risk for future cardiometabolic diseases, including cardiovascular disease, diabetes, 363 

and obesity-related malignancies. This is particularly concerning in Sri Lanka, where 364 

cardiovascular disease remains the leading cause of mortality. [1] and in South Asia [2], extensive 365 

public health programs would be required to reduce the burden of these diseases in these countries. 366 

Furthermore, low grade inflammation and insulin resistance is also associated with an increased 367 

risk of breast, colorectal, endometrial, pancreatic, prostate cancer and many haematological 368 

malignancies [30]. Therefore, given the marked increase in these diseases associated with an 369 

increase in visceral adiposity, urgent measures are required to advocate healthy lifestyle, exercise 370 

and healthy eating habit for prevention of these diseases.  371 

 372 

65% females and 54% males had an ALMI below the cut-off value. Although a lower ALMI was 373 

not associated with an increase in metabolic risk factors in females, a lower ALMI is associated 374 

with reduction in strength, aerobic capacity ultimately resulting in a reduction in functional 375 

capacity [31]. Although we did not test the muscle strength in the study population, a reduced lean 376 

muscle mass in younger adults or middle-aged adults is likely to lead to an increase in frailty as 377 

individuals age. The reasons for most individuals in this study having a lean muscle mass, below 378 

the range associated with sarcopenia could be due to multiple factors such as lack of any physical 379 
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activity or due to ongoing chronic inflammation and insulin resistance [31]. Reduced lean muscle 380 

mass may impair functional capacity, thereby limiting engagement in physical activity and 381 

perpetuating a cycle of increasing visceral adiposity, further muscle loss, and heightened risk of 382 

obesity-related diseases. Although no significant differences in metabolic or inflammatory markers 383 

were observed in participants with potential sarcopenic obesity in this study, larger longitudinal 384 

studies are needed to establish population-specific cut-off values for fat mass ratio and 385 

appendicular lean mass index in South Asians, which would support earlier risk identification and 386 

targeted intervention strategies. 387 

 388 

In summary, a substantial proportion of this population exhibited adverse body composition, with 389 

high visceral adiposity observed in 44% of females and 77% of males, and fat mass above cut-off 390 

values in 91% of males. Maladaptive fat distribution, characterised by preferential truncal 391 

adiposity, was present in 58% of females and 38% of males, while low lean muscle mass within 392 

the sarcopenic range was identified in 65% of females and 54% of males. In the context of the 393 

rapidly increasing burden of cardiovascular disease, diabetes, and obesity-related conditions in 394 

South Asia, these findings underscore the need for urgent public health strategies to mitigate 395 

cardiometabolic risk and preserve functional capacity. 396 
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Tables 529 

Table 1: Demographic and laboratory characteristics with anthropometric measures of the 530 

study population. 531 

Characteristic Females 

N (%) 

Males 

N (%) 

Age (mean, ± SD) 38.6±11 39.8±10.7 

FBS >100mg/dL 5 (10%) 22 (27%) 

Total cholesterol ≥200mg/dL 28 (58%) 47 (57%) 

HDL (≤40mg/dL in males and ≤50mg/dL in females) 19 (40%) 29 (35%) 

LDL ≥100 mg/ dL 39 (81%) 70 (84%) 

Triglycerides ≥150mg/dL 4(8%) 14 (17%) 

Waist circumference 

(≥80cm in females and ≥90cm in males) 

18 (38%) 41 (49%) 

BMI 

<18.5 kg/m2 

≥23.9 kg/m2 

 

1 (2%) 

19 (40%) 

 

3 (4%) 

49 (59%) 

 532 

 533 

 534 

 535 

 536 

 537 

 538 

 539 
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Table 2: Association of metabolic risk factors VAT area in males and females 540 

 Females P value Males P value 

 VAT <100 VAT ≥ 100  VAT <100 VAT ≥100  

Age 35.4±10.2 41.0±11.2 0.112 37.1±11.7 40.6±10.3 0.244 

HDL 59.0(47.0−74.

0) 

48.0(40.0−59

.0) 
0.078 

44.0(37.0

−53.5) 

42.0(36.0−52.

2) 
1 

LDL 132.0(112.0−1

44.0) 

124.0(101.0−

159.5) 
0.556 

133.0(120.

0−165.0) 

137.0(117.0−

167.2) 
0.922 

Total 

Cholesterol 

205.0(195.0−2

30.0) 

194.0(170.5−

213.5) 
0.173 

195.0(176.

5−232.0) 

209.5(189.8−

234.5) 
0.346 

FBS 86.0(84.0−91.

0) 

90.0(86.5−98

.0) 
0.021 

89.0(86.5

−95.0) 

91.0(86.0−10

2.2) 
0.266 

ApoA1 162.0(130.0−1

90.0) 

140.0(118.5−

161.5) 
0.072 

130.0(107.

0−156.0) 

125.5(108.8−

150.0) 
0.905 

ApoB 78.0(73.0−98.

0) 

80.0(73.0−10

0.5) 
0.926 

102.0(78.0

−118.0) 

95.5(85.0−11

2.0) 
0.948 

ApoB/Apo

A1 ratio 
0.5(0.4−0.8) 0.6(0.4−0.8) 0.302 

0.8(0.7−1.

1) 
0.8(0.6−1.0) 0.935 

IL-6 12.5(7.5−22.5

) 

16.7(10.0−35

.9) 
0.197 

15.2(12.8

−25.5) 

12.5(6.4−23.2

) 
0.169 

IL-1β 
4.2(3.0−5.6) 4.2(2.9−5.3) 0.718 

4.2(2.9−5.

0) 
3.9(3.0−5.6) 0.858 
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BMI 22.5(20.5−24.

5) 

24.0(22.5−26

.0) 0.027 

22.5(21.5

−26.0) 

24.5(22.5−27.

5) 0.287 

Waist 

circumferen

ce 

74.0(70.5−81.

0) 

85.0(80.5−90

.5) <0.0001 

86.0(77.0

−93.5) 

91.0(84.0−96.

0) 0.119 

 541 

 542 

 543 

 544 

 545 

 546 

 547 

 548 

 549 

 550 

 551 

 552 

 553 

 554 

 555 

 556 
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Table 3: Association of metabolic risk factors with ALMI in males and females of South Asian 557 

origin 558 

 Females P value Males P value 

Median, 

(IQR) 

ALMI< 

5.5 

ALMI≥5.5  ALMI<7 ALMI ≥7  

Age 38.6±12.

1 37.0±8.4 0.793 40.0±12.6 39.6±8.2 0.852 

HDL 59.5(44.

0−71.8) 

48.5(40.5−

53.5) 0.041 

44.0(37.8−5

3.2) 

42.0(36.0−5

1.5) 0.55 

LDL 126.0(10

0.0−159.

5) 

130.5(105.

8−148.0) 0.555 

135.0(114.8

−153.0) 

150.0(123.5

−181.0) 0.06 

Total 

Cholesterol 

204.5(18

1.2−229.

2) 

194.5(171.

2−212.5) 0.255 

197.5(179.5

−221.2) 

216.0(194.0

−246.5) 0.014 

FBS 90.0(85.

0−94.2) 

86.5(83.5−

90.5) 0.228 

91.0(86.0−9

9.0) 

90.0(86.5−1

05.5) 0.869 

ApoAI 161.0(12

6.8−187.

0) 

139.0(121.

5−154.8) 0.061 

125.5(111.0

−150.8) 

126.0(106.5

−147.5) 0.587 

ApoB 77.5(72.

8−99.0) 

80.0(73.0−

99.2) 0.922 

89.5(74.8−1

10.5) 

103.0(89.0−

121.0) 0.024 
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ApoB/ApoAI 

ratio 

0.6(0.4−

0.8) 

0.6(0.5−0.8

) 0.33 0.8(0.5−1.0) 0.9(0.7−1.1) 0.066 

IL-6 13.1(7.3

−24.0) 

15.6(11.8−

42.6) 0.294 

13.8(10.4−2

3.5) 

12.4(6.0−26.

2) 0.275 

IL-1β 4.3(3.0−

5.3) 

3.6(2.7−5.6

) 0.685 3.9(3.0−5.1) 4.2(2.5−5.7) 0.938 

BMI 22.5(20.

5−24.0) 

25.0(23.5−

27.0) 0.001 

23.5(22.0−2

4.5) 

27.0(25.0−2

9.0) <0.0001 

Waist 

circumference 

77.0(70.

5−81.0) 

79.0(74.0−

84.0) 0.125 

86.0(81.0−9

2.0) 

94.0(88.0−1

01.0) <0.0001 

 559 

 560 

 561 

 562 

 563 

 564 

 565 

 566 

 567 

 568 
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Table 4: Metabolic risk factors and inflammatory markers in those with and without 569 

sarcopenic obesity. 570 

 Females P value Males P value 

Median, 

(IQR) 

Potential 

Sarcopeni

c obesity+ 

Potential 

Sarcopenic 

obesity - 

 Potential 

Sarcopenic 

obesity+ 

Potential 

Sarcopenic 

obesity - 

 

Age 40.8±12.9 36.1±9.1 0.225 41.9±7.6 39.4±11.1 0.334 

HDL 50.0(40.8

−62.2) 

52.5(46.0−

64.8) 0.707 

44.5(41.0−4

9.0) 

42.0(36.0−

53.0) 0.785 

LDL 131.5(110

.8−161.0) 

128.0(101.

5−143.2) 0.616 

137.0(124.5

−147.8) 

136.0(118.

0−173.5) 0.368 

Total 

Cholesterol 

204.0(186

.5−229.5) 

197.5(174.

2−218.8) 0.53 

200.0(193.2

−219.5) 

207.0(184.

5−241.5) 0.488 

FBS 91.0(85.8

−95.2) 

88.0(84.0−

91.2) 0.055 

88.5(84.8−1

02.0) 

90.0(87.5−

99.5) 0.722 

ApoA1 142.5(118

.0−171.2) 

151.5(129.

8−177.0) 0.601 

124.5(120.0

−141.8) 

126.0(105.

0−150.0) 0.679 

ApoB 91.0(75.0

−109.0) 

77.0(68.8−

96.0) 0.084 

90.5(73.8−1

02.0) 

97.0(85.0−

117.0) 0.209 

ApoB/ApoA

1 ratio 

0.6(0.5−0.

9) 

0.6(0.4−0.8

) 0.129 0.7(0.6−0.8) 

0.8(0.6−1.

0) 0.172 
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IL-6 12.4(7.9−

19.0) 

15.9(7.4−3

3.4) 0.32 

17.8(11.6−2

8.6) 

13.4(7.3−2

2.9) 0.361 

IL-1β 3.9(2.7−5.

3) 

4.2(3.0−5.6

) 0.408 3.8(3.0−5.1) 

4.2(3.0−5.

4) 0.751 

BMI 22.5(22.0

−23.2) 

24.0(21.8−

26.2) 0.127 

24.0(22.8−2

4.3) 

24.0(22.1−

28.0) 0.463 

Waist 

circumferenc

e 

80.5(74.0

−81.2) 

74.0(69.8−

83.2) 0.248 

91.5(87.8−9

4.2) 

89.0(83.5−

95.5) 0.354 

 571 

 572 

 573 

 574 

 575 

 576 

 577 

 578 

 579 

 580 

 581 

 582 

 583 

 584 

 585 
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Figure  586 

 587 

Figure 1. ROC curves for VAT area and FMR in predicting elevated FBS in Sri Lankan 588 

adults 589 

Receiver operating characteristic (ROC) curves illustrating the diagnostic performance of visceral 590 

adipose tissue (VAT) area and fat mass ratio (FMR) in predicting elevated FBS in Sri Lankan males 591 

(n=83) and females (n=48). (A) VAT area in males: AUC=0.7, p<0.0001; cut off ≥147cm2 yielding 592 

75% sensitivity, 73% specificity and a likelihood ratio of 2.8. (B) VAT area in females: AUC=0.9, 593 

p<0.0001; cut off ≥132cm2 with 100% sensitivity, 93.6 specificity, and a likelihood ratio of 14.3. 594 

(C) FMR in males: AUC=0.68, p=0.009; cut off ≥1.62 achieving 75% sensitivity, 58.7% 595 
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specificity, and a likelihood ratio 1.82. (D) FMR in females: AUC=0.84, p=0.001; cut off ≥1.26 596 

achieving 100% sensitivity, 60.5% specificity, and a likelihood ratio of 2.53. 597 

 598 


