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Abstract

Background: The Foundation for the National Institutes of Health Sarcopenia Project validated 

cutpoints for appendicular lean mass (ALM) to identify individuals at risk for functional 

impairment. Recognizing possible underlying mechanisms between adipose tissue and muscle, we 

sought to apply the recent definitions and determine the relationship with markers of glucose 

homeostasis and inflammation in individuals with sarcopenia and sarcopenic obesity.

Methods: The National Health and Nutrition Examination Surveys 1999–2004 were used to 

identify 4,984 adults aged ≥60 years with DEXA measures. Sarcopenia was defined using ALM 

(men<19.75 kg, women<15.02 kg) and ALM adjusted for body mass index (BMI; men<0.789 

kg/m2, women<0.512 kg/m2). Sarcopenic obesity was defined as subjects fulfilling the criteria for 

sarcopenia and obesity by body fat (men ≥25%, women ≥35%). We assessed the association 

between ALM and ALM:BMI with inflammatory and markers of glucose homestasis, both as 

continuous variables but also classifying as having sarcopenic obesity or not after adjusting for 

confounding variables including pro-inflammatory chronic diseases such as diabetes and cancer.

Results: Mean age was 71.1 years (56.5%) females. Prevalence of sarcopenia and sarcopenic 

obesity were (ALM definition: 29.9 and 24.4%; ALM:BMI definition: 23.0 and 22.7%). There 

were significant associations with ALM and ln C-reactive protein (β=0.0287;p=0.001), fibrinogen 

(β=0.519;p<0.001), and HOMA-IR (β=0.359;p<0.001). Using ALM:BMI, significant associations 

were observed with ln CRP (β=−2.58;p=0.001), fibrinogen (β=−124.2;p<0.001), and HOMA-IR 
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(β=−6.63;p<0.001). Sarcopenic obesity using the ALM:BMI definition demonstrated significant 

associations with CRP (β=0.422;p<0.001), fibrinogen (β=22.5;p<0.001), but not HOMA-IR 

(β=1.19;p=0.13). Strong associations with seen with increased levels of fibrinogen and CRP with 

sarcopenic obesity (ALM:BMI definition) that persisted after adjusting for diabetes and cancer.

Conclusions: Biologically plausible associations exist between ALM:BMI and inflammation 

and HOMA-IR that were not observed when using ALM alone. Future study should validate each 

of these definitions to prevent disparate results from being determined.
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sarcopenia; insulin resistance; inflammation; obesity; diagnostic accuracy; body mass index; body 
fat; epidemiology

INTRODUCTION

The changing aging demographic and problematic obesity epidemic[1] has led to a group of 

older adults with obesity at a high risk of adverse outcomes. Sarcopenia is a natural 

phenomenon of aging defined by the loss of muscle mass and strength[2] that can be 

accelerated by co-morbid disease states. Individuals with both sarcopenia and obesity 

portend worse outcomes than either state alone[3]. Although there are clear relationships 

between the adipocyte and muscle, the underlying mechanisms leading to functional decline 

have yet to be fully elucidated.

A pro-inflammatory state exists in individuals with obesity that is highlighted by studies 

demonstrating a relationship between higher degrees of fat and inflammatory markers such 

as C-reactive protein, fibrinogen[4, 5] and markers of insulin resistance, such as homeostatic 

model assessment (HOMA) insulin resistance and sensitivity (HOMA-S)[6]. Concomitantly, 

the aging process also leads to increasing levels of serological biomarkers which are strongly 

associated with functional decline, frailty and institutionalization[7, 8].

Much of the sarcopenia literature has focused on defining cutpoints for identifying this 

geriatric syndrome in a clinical setting[9]. Recently, the Foundation for the National 

Institutes of Health proposed definitions of sarcopenia that could assist in identifying cohorts 

of subjects[2]. This important advance has allowed researchers to begin characterizing the 

underlying mechanisms important in ascertaining this phenotype. The purpose of this study 

was to apply these newly standardized definitions to a representative cohort of older United 

States adults and determine the relationship between the different definitions of muscle mass 

and markers of inflammation. We hypothesize that individuals with sarcopenia and 

sarcopenic obesity, irrespective of the given sarcopenia definition, have strong associations 

with pro-inflammatory markers.

METHODS

Study Design and Population

Using cross-sectional data from the 1999–2004 National Health and Nutrition Surveys 

(NHANES), we performed a secondary analysis of data. The survey uses a multistage, 

Batsis et al. Page 2

Clin Nutr. Author manuscript; available in PMC 2019 March 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



complex, stratified probability sampling design that oversamples minorities and older adults 

and is representative of non-institutionalized adults in the United States, providing excellent 

external validity. The survey contents and procedure manuals are available online at http://

www.cdc.gov/nchs/nhanes.htm (accessed September 2015) and has been conducted and 

managed by the Centers for Disease Control and Prevention since 1971. This study was 

exempt from local Institutional Review Board review due to the de-identified data analyzed.

Of the 38,077 subjects screened, 31,125 were interviewed, and ultimately 29,402 were 

examined in a mobile examination center. We restricted our sample to individuals aged 60 

and older with body composition assessed (see below) as the prevalence of sarcopenia and 

sarcopenic obesity are much less prevalent in younger populations[9]. We ultimately 

included 4,984 subjects in our study.

Body Composition Variables

All body composition measures were assessed using a dual energy x-ray absorptiometry 

QDR-4500 Hologic scanner (Bedford, MA). Individuals whose height was >192.5cm or 

whose weight was >136.4kg were excluded from this assessment. Metal objects (except 

false teeth and hearing aids) were removed. Each participant had fat, lean muscle, and 

appendicular mass measured. The report also provided total body fat and lean mass percent. 

Each NHANES cycle consisted of similar operations procedures.

Appendicular lean mass (ALM) was defined as the sum of the muscle mass of both legs and 

arms. Two FNIH definitions exist defined as participants with an ALM <19.75kg and 

<15.02kg in men and women, respectively, and those defined as the ratio of ALM and BMI, 

with cutpoints of <0.789 and <0.512, respectively in each sex. We defined individuals with 

obesity as having a body fat of ≥25% in men, and ≥35% in females, as used in our previous 

studies[9, 10]. Individuals were classified as having sarcopenic obesity if they fulfilled 

criteria for both obesity and sarcopenia (dependent on the sarcopenia definition used) and 

defined as sarcopenic obesity ALM or ALM:BMI.

Covariates

Demographic (age, sex, race), socioeconomic (education, smoking) and co-morbidities were 

assessed using a self-reported questionnaire. All races were included (non-Hispanic White, 

non-Hispanic black, Hispanic, and other), and individuals were additionally classified by age 

group (60–69.9, 70–79.9, and ≥ 80years). Education level was reported as years of schooling 

and ultimately grouped as having completed 12 years of schooling or not. Smoking status 

was categorized as never smoked, former smokers or current smokers of cigarettes, in 

addition to all co-morbid conditions were based on self-reported questionnaires.

Measurements were all performed to the nearest tenth of a centimeter, except where 

amputations, casts and other factors prevented the assessment, on the right side of the body. 

An electronic digital scale, calibrated in kilograms assessed weight, and a stadiometer 

measured height after deep inhalation. Body mass index (BMI) was calculated as weight in 

kilograms divided by height in meters squared. A high BMI was classified if individuals had 

a BMI ≥30kg/m2. Waist circumference (WC) was measured using a tape placed around the 
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trunk, measured standing at the iliac crest, crossing at the mid-axillary line. A high WC was 

classified based on the ACC/AHA guidelines (≥88cm in females; ≥102cm in males)[11].

Cardiometabolic Variables

The NHANES examination consisted of a trained medical provider performing blood 

pressure measurements using a mercury sphyngomanometer in triplicate. The mean value 

reported was used for our analysis. All techniques in NHANES followed the guidelines put 

forth by the American Heart Association. We assessed glucose using a routine biochemistry 

profile using the glucose hexokinase methods for both fasting and non-fasting samples, 

measured spectrophotometrically. Cholesterol was measured enzymatically in a series of 

coupled reactions and the color intensity and absorbance was measured at 500nm. HDL was 

measured using two methods. A heparin-manganese precipitation method and a direct 

immunoassay technique were used. C-Reactive Protein was quantified using a latex-

enhanced Behring nephelometry and concentrations were calculated using a calibration 

curve. Fibrinogen was quantitatively determined using the Clauss clotting method, 

measuring the rate of fibrinogen to fibrin conversion in the diluted sample under the 

influence of excess thrombin. A fibrinogen standard curve allowed for determination of the 

fibrinogen concentration. Notably, this variable was measured only in NHANES 1999–2002. 

Fasting samples were processed, stored and shipped to the University of Missouri-Columbia 

for analysis. The Homeostasis Model Assessment (HOMA) was used to estimate insulin 

resistance (HOMA-IR) and beta cell function (HOMA-B)[6]. These measures correspond 

well, but are not necessarily equivalent, to non-steady state estimates of beta cell function 

and insulin sensitivity derived from stimulatory models such as the hyperinsulinaemic 

clamp, the hyperglycaemic clamp, the intravenous glucose tolerance test (acute insulin 

response, minimal model), and the oral glucose tolerance test (0–30 delta I/G). The 

recalibrated model was used to calculate these variables. All other methods are described 

online at http://www.cdc.gov/nchs/nhanes.

Statistical Analyses:

All data was downloaded, merged according to NHANES guidelines and analyzed 

incorporating weights, primary sampling unit and strata as supplied by NHANES. Separate 

weights were used for the non-fasting and fasting variables. Continuous variables are 

represented as means ± standard error and categorical variables as count (percent). 

Logarithmic transformation was performed where needed. Individuals were classified as 

having sarcopenia (yes/no) dependent on the definition with and without obesity. Point 

prevalence rates were ascertained using weighted estimates.

Initially, we determined the association in separate multivariable linear regression models 

between individual cardiometabolic variables (outcome), with ALM or ALM:BMI as 

primary predictors representing the β ± standard error and associated p-value for each 

model. Three separate models were performed for each primary predictor model (ALM or 

ALM:BMI). We first adjusted for age and sex; added race, education, smoking, and arthritis 

to our models; we then adjusted for cancer and diabetes and body fat (in separate modeling). 

We separately tested for an interaction between obesity (based on body fat) and ALM or 

ALM:BMI. We also present multivariable linear regression models for each of the four 
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definitions (SALM, ALM:BMI, sarcopenic obesity ALM, sarcopenic obesity ALM:BMI, 

each yes/no) each as a separate model.

As an exploratory analysis, we stratified key mediators of systemic inflammation and 

glucose homeostasis into quartiles and ascertained the prevalence of sarcopenia and 

sarcopenic obesity. We created multivariable logistic regression analyses to assess the 

relationship between quartile of the inflammatory marker and presence/absence of 

sarcopenia or sarcopenic obesity. Model 1 adjusted for age, sex, race, education, smoking 

status and arthritis. Model 2 additionally adjusted for body fat. All analyses were performed 

using STATA v.13 (College Station, TX). A two-sided p-value of 0.05 was considered 

statistically significant.

RESULTS

There were 4,984 in the cohort, of which 29.9% and 23.0% were classified as having 

sarcopenia based on the ALM and ALM:BMI definition, and 24.4% and 22.7% classified as 

having sarcopenic obesity, respectively. The mean age of the included cohort was 71.1± 0.19 

years (56.5% female). Baseline characteristics otherwise are represented in Table 1. C-

reactive protein was lower in those with sarcopenic obesity based on definition 2. We 

observed higher levels of fibrinogen in those with sarcopenic obesity, irrespective of the 

definition used as compared to those without sarcopenic obesity. HOMA-IR was higher in 

those with the ALM definition, as were insulin levels.

ALM and ALM:BMI regression models are presented in Table 2. Using ALM, inflammatory 

mediators and HOMA-IR were positively associated with measures of muscle mass. C-

reactive protein, HOMA-IR continued to be significant after adjusting for diabetes and 

cancer. We observed a fat/muscle interaction for HOMA-IR alone. Using ALM:BMI, we 

observed a significant relationship in systolic blood pressure, HDL-cholesterol, ln CRP and 

triglycerides, fibrinogen, and HOMA-IR that persisted even after adjusting for diabetes and 

cancer. Muscle/fat interaction in the C-reactive protein, fibrinogen and HOMA-IR models 

were significant.

We present estimates with sarcopenic obesity (ALM or ALM:BMI) as the primary predictor 

(Table 3) and observed differences in the significance of given metabolic outcomes. 

Sarcopenic obesity using ALM demonstrated significance in HDL-C, ln triglycerides, 

HOMA-IR and HOMA-B. All remained significant except HOMA-B after adjusting for 

diabetes and cancer. Using ALM:BMI sarcopenic obesity was associated with systolic blood 

pressure, ln triglycerides, glucose, C-reactive protein and fibrinogen. Notably, the 

directionality of the relationships differed dependent on the definition used.

As an exploratory analysis, we stratified C-reactive protein, fibrinogen, HOMA-IR and 

HOMA-S by quartile. A clear inverse and positive relationship between rate of sarcopenia 

and sarcopenic obesity using both definitions exist for HOMA-IR (Figure 1 and Appendix). 

Sarcopenia and Sarcopenic obesity based on ALM drops is inversely related to increasing 

HOMA-B and HOMA-IR. For ALM:BMI, we observed clear positive trends in rates of 

sarcopenia and sarcopenic obesity with increasing C-reactive protein, fibrinogen, and 

Batsis et al. Page 5

Clin Nutr. Author manuscript; available in PMC 2019 March 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



HOMA-IR. Our multivariable models suggested positive associations with high quartile of 

C-reactive protein with sarcopenia and sarcopenic obesity based on ALM:BMI, and 

fibrinogen.

DISCUSSION

Our findings suggest that there may be an association between insulin resistance and 

systemic inflammation with sarcopenic obesity. However, this relationship is likely highly 

dependent on the definition of sarcopenia used.

To our knowledge, our study is the first to apply the new FNIH definition of ALM on the 

NHANES cohort combined with obesity based on body composition. Our conflicting results 

parallel those observed by others[12–15]. A number of explanations could account for these 

contradictory results. First, we were parsimonious in selecting our potential co-variates in 

our modeling. Barzilay et al (2009) demonstrated in their findings that the relationship 

changes dependent on the variables incorporated in their models. Second, the ALM 

definition did not account for weight or height; a phenomenon partially accounted for using 

ALM:BMI that adjusts for BMI. The different observations and the direction of the 

associations can partially be explained by the variable that standardizes ALM. Third, while 

DEXA is increasingly used in research centers, it can overestimate muscle mass due to 

hydration or intramuscular fat deposition, which will be detected as increases in lean tissue. 

Fourth, our findings did not account for weight change or loss of ALM[13], which could 

modify not only the ratio between lean mass and adipose tissue, but could modify its 

association with inflammatory cytokines[16].

Obesity is likely to play a significant role in our findings. We purposefully created modeling 

that adjusted for body fat, and it notably attenuated our results. Previous authors have 

demonstrated that the distribution of fat mass is much more important than generic overall 

obesity. The examined cohort notably had low levels of central adiposity, irrespective of the 

sarcopenia definition used. This is an important observation in that central adiposity drives 

visceral adipocyte cytokine production, which directly impacts insulin resistance and 

physical function, and accelerates body composition changes with aging. Central obesity 

leads to a more pro-inflammatory state than subcutaneous fat[17]. Our findings parallel 

those observed by Cesari in the INChianti study that demonstrated fat-adjusted ALM led to 

persistent significance of inflammatory markers[18]. Additionally, the ALM:BMI definition 

incorporates body fat which normally is higher in females and can, in part, account for the 

body composition differences, rates and results observed using this definition.

Both diabetes and cancer are considered pro-inflammatory states. The results presented 

suggest that the relationships, generally, are unaltered after adjusting for diabetes and cancer. 

Importantly, persons with diabetes are believed to have an accelerated aging process leading 

to disability and frailty and that sarcopenia is known to be associated with losing muscle 

mass[19, 20]. Hyperglycemia directly impairs skeletal muscle contractility and leads to 

insulin resistance. We believe that independent of this process, the results suggest that the 

combination of sarcopenia and obesity is strongly associated with systemic inflammation 

and inversely associated with insulin resistance.
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We believe that our findings using ALM:BMI are biologically plausible. A cross-talk 

between adipocyte and myocyte mass is partially mediated by TNF-α, adiponectin and 

leptin[21]. While NHANES does not have a full compendium of these biomarkers, leptin 

itself can stimulate muscle catabolism. This promotes a vicious cycle that leads to 

accelerated sarcopenia by promoting skeletal muscle fiber diameter and protein degradation, 

gain in fat and ultimately physical disability[22, 23]. With additional fat, leptin levels do 

increase peripherally, and can possibly lead to leptin resistance, thus preventing the 

stimulation of lipolysis and reducing insulin sensitivity. This may in part be a factor in 

increased risk of morbidity and mortality, particularly in older adults[24]. Additionally, the 

aging process leads to impairments in insulin’s ability to stimulate muscle protein synthesis 

and inhibit protein breakdown subsequently leading to insulin resistance[25, 26]. Further, 

higher HOMA-IR levels represent increased insulin resistance and perhaps a specific type of 

muscle may mediate this physiological response. The ALM:BMI ratio may account for this 

phenomenon since BMI also accounts for total body muscle mass. In both models the 

implications of a muscle/fat interaction is important as CRP is mediated by both of these 

tissue.

Our exploratory analysis provides additional insight into the relationship between 

inflammatory and insulin resistance markers that are highly dependent on the sarcopenia 

definitions. While the FNIH definitions advance the science of sarcopenia and allow 

researchers to plan possible interventions, a continued lack of consensus persists in the 

manner in which sarcopenic obesity is identified as evidenced by the discrepancies observed 

in this study. The deliberate use of body fat composition thresholds prevents the need from 

using BMI, an inaccurate measure of fat that has been proven to have poor sensitivity, 

incorrectly assessing adiposity in older subjects[27]. We acknowledge that our findings are 

subject to the limits of mathematical thresholds that have a propensity for both over- and 

underdiagnosis of clinical conditions, and hence, used both the ALM and ALM:BMI 

definitions as continuous variables to account for this phenomenon. However, our results 

actually parallel a study ascertaining the prevalence of sarcopenia and sarcopenic obesity[9] 

and its relationship to functional disability where using the ALM:BMI definition 

demonstrated stronger strengths of associations[28].

We acknowledge a number of important limitations in this current analysis. First, our data 

does not suggest causality as the study is cross-sectional in nature. Any associations 

presented are based on a point in time and we cannot be certain whether a predictor led to 

the outcome or vice-a-versa. The dataset has a limited set of survey variables. For instance, 

this iteration of NHANES does not contain any muscle strength data which is imperative 

when discussing sarcopenia. Only non-institutionalized adults are included in this analysis 

and the results can only be applied to this population. By including nursing home patients, 

who may have higher degrees of sarcopenia or obesity[29, 30], our estimates are prone to 

changing and perhaps are conservative. Weight-cycling may also impact inflammatory 

variables. We did not adjust for cardiovascular fitness or physical activity which are known 

to dampen pro-inflammatory responses. Lastly, we relied on the self-reported data used in 

NHANES.
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Future prospective studies should focus on changes in weight and inflammatory markers on 

muscle and fat mass and further the existing but limited longitudinal studies. Importantly, 

muscle strength should additionally be integrated in the identification of these at risk 

subjects. Understanding the underlying mechanisms and interplay between types of adipose 

tissue, muscle mass and strength will further advance the ability to limit progression of those 

with sarcopenia or sarcopenic obesity at risk, but importantly target clinical interventions to 

reduce the burden of disability downstream.

CONCLUSIONS

The association of inflammation and insulin homeostasis is highly dependent on the 

definition of sarcopenia used. Our results suggest that muscle distribution may impact the 

degree of inflammation and insulin homeostasis, but biomarkers of inflammation may be 

associated with sarcopenic obesity.
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APPENDIX:: Baseline Characteristics of Cohort by Sarcopenia Definition

Overall Sarcopenia

Variable Cohort ALM ALM:BMI

N=4,984 N=1487 N=1296

Age, years 71.1 ± 0.19 73.7±0.27 72.7±0.27

Age Category

  60–70 years 2176 (46.6) 441 (20.2) 466 (17.3)

  70–80 years 1635 (35.2) 495 (32.6) 465 (26.3)

  80+ years 1173 (18.2) 551 (50.7) 365 (32.5)

Female Sex (%) 2531 (56.5) 1028 (76.8) 577 (47.3)

Race

  Non-Hispanic White (%) 2846 (81.2) 885 (30.0) 685 (22.6)

  Non-Hispanic Black (%) 811 (8.3) 82 (11.2) 56 (7.5)
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Overall Sarcopenia

Variable Cohort ALM ALM:BMI

  Mexican American (%) 1202 (7.3) 462 (41.6) 521 (42.3)

  Other (%) 125 (3.2) 58 (47.8) 34 (30.0)

Socioeconomic

  Smoking

   Never (%) 2327 (46.7) 779 (33.5) 600 (22.8)

   Former (%) 2035 (41.4) 506 (24.1) 553 (24.0)

   Current (%) 611 (11.9) 199(35.3) 142 (20.7)

  Education

   <12 years (%) 3301 (59.4) 1070 (33.4) 953 (26.0)

   >12 years (%) 1676(40.6) 413 (24.7) 342 (18.8)

Comorbidities

  Diabetes Mellitus (%) 1060 (18.3) 235 (21.1) 320 (28.5)

  Arthritis (%) 2379 (50.2) 696 (29.9) 644 (24.3)

  Coronary Artery Disease (%) 870 (18.3) 246 (29.6) 269 (32.0)

  Cancer (%) 916 (21.7) 270 (29.0) 208 (21.0)

Anthropometrics

  Weight, kg 77.7±0.30 60.6±0.31 78.6±0.65

  Body Mass Index, kg/m2 28.2±0.10 24.1±0.12 30.4±0.20

  Body Mass Index >30kg/m2 (%) 1466 (31.7) 91 (4.7) 557 (34.2)

  Waist Circumference, cm 100.1±0.22 89.0±0.35 104.9±0.57

  High Waist Circumference, cm 2906 (65.1) 605 (19.7) 894 (26.5)

  % Body Fat 37.2±0.11 37.6±0.19 40.1 ± 0.26

  % with High Body Fat 4,195 (88.2)

  Lean mass % 60.4±0.01 60.0±0.18 57.6±0.25

  Appendicular Lean Mass, kg 19.7±0.09 14.4±0.07 18.4±0.19

  ALM/BMI 0.706±0.003 0.61±0.003 0.61±0.005

Prevalence (%) --- 1487 (29.9) 1296 (23.0)

Hypertension

  Systolic, mmHg 138.1±0.57 142.1±0.84 140.0±1.05

  Diastolic , mmHg 68.1±0.37 66.4±0.65 67.1±0.58

Lipids

  Total Cholesterol, mg/dL 210.5±0.72 216.0±1.49 208.4±1.80

  HDL-C, mg/dL 54.2±0.40 61.4±0.67 52.2±0.56

  LDL-C, g/dL

  Non-Fasting Triglycerides, mg/dL 151.5±2.18 135.8±3.13 159.9±3.42

Non-Fasting Glucose , mg/dL 104.2±0.68 99.4±0.90 108.7±1.48

Inflammatory Variables

  CRP, mg/dL 0.53±0.02 0.54±0.03 0.62±0.04
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Overall Sarcopenia

Variable Cohort ALM ALM:BMI

  Fibrinogen, mg/dL 391.4±2.93 396.4±4.43 406.5±4.18

Fasting Subsample

  HOMA-IR 3.80±0.13 2.56±010 4.69±0.67

  HOMA-B 106.8±5.03 91.9±2.90 103.8±16.85

  Glucose, mg/dL 110.7±1.34 104.0±1.53 115.7±3.22

  Triglycerides, mg/dL 157.4±2.75 146.9±4.7 168.5±5.42

  Insulin μU/mL 13.1±0.28 9.53±0.29 15.2±1.65

  LDL-C, mg/dL 126.5±1.45 127.1±2.30 125.0±2.56

All values represented are weighted means ± standard error, or counts (weighted prevalence). Sarcopenia using the ALM 
definition is defined as an appendicular lean mass <19.75 in men, or <15.02 in females; Sarcopenia using the ALM:BMI 
ratio is defined as <0.789 and <0.512. Obesity is defined as subjects fulfilling criteria for elevated body fat (≥25% in men, 
or ≥35% in females) in both definitions. High Waist circumference is defined as ≥88cm in females and ≥102cm in males. 
Natural log transformation was used for triglycerides and C-reactive protein

Abbreviations: ALM: appendicular lean mass; BMI: body mass index; HDL-C: high density lipoprotein; HOMA-B: 
Homeostatic model assessment beta sensitivity; HOMA-IR: Homeostatic model assessment insulin resistance; LDL-C: low 
density lipoprotein.

Appendix Table 2

Multivariable Regression Coefficients for ALM and ALM:BMI

ALM ALM ALM:BMI

Model 1 Model 3 Model1 Model 3

Variable β ± se p β ± se p β ± se p β ± se p

Non-Fasting

 Systolic −0.152±0.057 <0.001 −0.266±0.096 0.02 −13.1±3.73 0.001 −19.9±4.38 <0.001

 Diastolic 0.075±0.077 0.34 0.064±0.086 0.50 5.74±2.76 0.04 9.42±3.64 0.013

Cholesterol

 Total −0.634±0.181 0.001 −0.811±0.246 0.004 −5.87±8.72 0.50 1.08±11.15 0.10

 HDL-C −0.885±0.079 <0.001 −0.928±0.08 <0.001 13.1±2.69 <0.001 −13.1±3.30 <0.001

 Triglycerides 2.775±0.403 <0.001 2.89±0.480 <0.001 −100.6±14.26 <0.001 −31.3±22.5 0.17

 ln triglycerides 0.0183±0.12 <0.001 0.018±0.003 <0.001 −0.722±0.079 <0.001 −0.099±0.106 0.35

Glucose 0.980±0.168 <0.001 0.454±0.108 <0.001 −29.0±7.34 <0.001 −15.7±10.6 0.15

Inflammatory

 C-reactive protein 0.0011±0.0045 0.82 −0.010±0.005 0.58 −0.77±0.14 <0.001 −0.675±0.237 0.007

 ln CRP 0.0312±0.0052 <0.001 0.0031±0.006 <0.001 −2.40±0.247 <0.001 −0.914±0.335 0.009

 Fibrinogen 0.779±0.456 0.09 −0.775±0.504 0.30 −107.0±20.0 <0.001 −58.0±29.5 0.06

Fasting Variables

 HOMA-IR 0.324±0.055 <0.001 0.120±0.020 <0.001 −6.59±1.88 0.001 −0.205±3.09 0.95

 HOMA-B 6.86±1.20 <0.001 1.947±1.03 <0.001 −32.8±83.7 0.70 147.4±104.4 0.17

 Triglycerides 1.47±1.07 0.18 1.13±0.406 0.01 −93.4±19.2 <0.001 −13.7±32.4 0.68

 Ln trig 0.0085±0.006 0.19 0.0127±0.006 0.01 −0.585±0.108 <0.001 0.012±0.19 0.95
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ALM ALM ALM:BMI

Model 1 Model 3 Model1 Model 3

Variable β ± se p β ± se p β ± se p β ± se p

 Insulin 0.937±0.169 <0.001 0.846±0.180 <0.001 −21.9±5.99 0.001 −0.218±8.6 0.98

 LDL-Cholesterol 0.008±0.35 0.98 −0.370±0.417 0.87 −2.11±12.8 0.87 27.3±21.9 0.22

All values represented are from multivariable linear regression models (β coefficient ± standard error) with p-values.

Values bolded are considered statistically significant

Model 1: adjusted for age, sex race, education, smoking status, arthritis

Model 2: Model 1 co-variates, cancer and diabetes

Interaction (Ix): interaction term obesity (Body Fat) term x ASM with model 1 co-variates

Abbreviations: ALM: Appendicular lean mass; BMI: body mass index; HDL-C: high density lipoprotein cholesterol; 
HOMA: homeostatic assessment model; IR: insulin resistance; Ix: interaction; LDL-C: low density lipoprotein cholesterol; 
S-sensitivity; s.e.: standard error.

Natural log transformation was used for triglycerides and C-reactive protein

Appendix Table 3A –

Multivariable Regression coefficients for ALM-defined Sarcopenia (high/low)

ALM Sarcopenia Present/Absent

Model 1 Model 2 Model 3 Model 4

β ± se p β ± se p β ± se p β ± se p

Non-Fasting

 Systolic 1.74±1.08 0.12 2.15±1.10 0.06 2.36±1.11 0.04 2.13±1.09 0.06

 Diastolic 0.00003±0.705 1.00 0.233±0.70 0.74 −0.0078±0.046 0.87 −0.084±0.68 0.90

Cholesterol

 Total 3.82±2.23 0.09 4.02±2.35 0.09 4.75±2.63 0.08 3.11±2.41 0.20

 HDL-C 7.16±0.83 <0.001 7.93±0.81 <0.001 7.04±0.80 <0.001 7.56±0.79 <0.001

 Triglycerides −21.0±3.51 <0.001 −23.6±3.55 <0.001 −19.8±3.89 <0.001 −20.69±3.29 <0.001

 Ln triglycerides −0.13±0.021 <0.001 −0.151±0.022 <0.001 −0.118±0.023 <0.001 −0.135±0.02 <0.001

Glucose −5.43±1.55 0.001 −5.09±1.71 0.005 −3.66±1.79 0.05 −2.34±1.41 0.10

Inflammatory

 C-reactive protein 0.014±0.04 0.72 0.027±0.04 0.50 0.065±0.04 0.11 0.033±0.04 0.41

 Ln crp −0.154±0.045 0.001 −0.14±0.044 0.003 0.0057±0.046 0.90 −0.126±0.04 0.007

 Fibrinogen −0.164±4.26 0.97 −0.238±4.31 0.96 6.70±4.57 0.15 1.62±4.37 0.71

Fasting Variables

 HOMA-IR −1.63±0.27 <0.001 −1.64±0.25 <0.001 −1.19±0.27 <0.001 −1.43±0.23 <0.001

 HOMA-B −23.2±5.57 <0.001 −20.3±6.84 0.006 −11.8±5.68 0.05 −21.3±6.04 0.001

 Triglycerides −15.0±6.9 0.04 −20.9±6.54 0.003 −17.2±6.4 0.01 −19.3±6.14 0.004

 Ln trig −0.079±0.042 0.07 −0.12±0.04 0.006 0.01±0.003 0.002 −0.110±0.036 0.005

 Insulin −4.65±0.72 <0.001 −4.83±0.67 <0.001 −3.27±0.67 <0.001 −4.41±0.59 <0.001

 LDL-C 0.43±3.07 0.89 0.75±3.28 0.82 2.46±3.34 0.47 0.407±3.25 0.90

Values bolded are considered statistically significant

Model 1: adjusted for age, sex race, education, smoking status, arthritis
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Model 2: Model 1 co-variates, cancer and diabetes

Interaction (Ix): interaction term obesity (Body Fat) term x ASM with model 1 co-variates

Abbreviations: ALM: Appendicular lean mass; BMI: body mass index; HDL-C: high density lipoprotein cholesterol; 
HOMA: homeostatic assessment model; IR: insulin resistance; Ix: interaction; LDL-C: low density lipoprotein cholesterol; 
S-sensitivity; s.e.: standard error.

Natural log transformation was used for triglycerides and C-reactive protein

Appendix Table 3B –

Multivariable Regression coefficients for ALM:BMI defined Sarcopenia (high/low)

ALM:BMI defined Sarcopenia Present/Absent

Model 1 Model 2 Model 3 Model 4

β ± se p β ± se p β ± se p β ± se p

Non-Fasting

 Systolic 2.13±0.90 0.023 2.01±0.95 0.04 1.97±0.97 0.05 1.90±0.98 0.06

 Diastolic −0.38±0.63 0.55 −0.32±0.64 0.62 −0.373±0.73 0.61 −0.059±0.65 0.93

Cholesterol

 Total 0.33±2.03 0.87 0.63±2.03 0.76 −0.65±1.86 0.73 0.97±1.97 0.62

 HDL-C −1.61±0.56 0.006 −0.76±0.59 0.21 1.90±0.61 0.003 −0.390±0.57 0.50

 Triglycerides 13.2±3.53 0.001 9.75±3.53 0.008 0.50±3.41 0.89 6.91±3.73 0.07

 Ln triglycerides 0.093±0.020 <0.001 0.067±0.021 0.002 −0.010±0.021 0.62 0.052±0.021 0.019

Glucose 6.12±1.51 <0.001 6.05±1.57 <0.001 3.59±1.74 0.05 4.00±1.31 0.004

Inflammatory

 C-reactive protein 0.15±0.04 <0.001 0.161±0.04 <0.001 0.105±0.045 0.02 0.16±0.04 <0.001

 Ln crp 0.392±0.053 <0.001 0.409±0.053 <0.001 0.128±0.05 0.01 0.403±0.054 <0.001

 Fibrinogen 20.7±4.65 <0.001 21.9±4.80 <0.001 10.8±4.8 0.03 20.7±4.74 <0.001

Fasting Variables

 HOMA-IR 1.19±0.74 0.12 1.15±0.75 0.14 0.307±0.87 0.73 1.11±0.705 0.13

 HOMA-B −2.05±16.6 0.90 −2.33±16.9 0.89 −21.6±15.7 0.18 −2.47±16.4 0.88

 Triglycerides 16.4±6.88 0.02 9.92±6.93 0.16 3.23±7.70 0.68 9.50±6.67 0.17

 Ln trig 0.10±0.04 0.01 0.063±0.036 0.10 0.012±0.04 0.77 0.061±0.35 0.10

 Insulin 2.94±1.88 0.13 2.80±1.89 0.15 −0.26±2.05 0.90 2.68±1.77 0.14

 LDL-C −1.14±2.82 0.69 −0.88±2.97 0.77 −4.010±3.22 0.21 −1.17±2.70 0.67

Values bolded are considered statistically significant

Model 1: adjusted for age, sex race, education, smoking status, arthritis

Model 2: Model 1 co-variates, cancer and diabetes

Interaction (Ix): interaction term obesity (Body Fat) term x ASM with model 1 co-variates

Abbreviations: ALM: Appendicular lean mass; BMI: body mass index; HDL-C: high density lipoprotein cholesterol; 
HOMA: homeostatic assessment model; IR: insulin resistance; Ix: interaction; LDL-C: low density lipoprotein cholesterol; 
S-sensitivity; s.e.: standard error.

Natural log transformation was used for triglycerides and C-reactive protein
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Appendix Table 4A:

Prevalence and Relationship of Sarcopenia and Sarcopenic Obesity by Quartile of Variable: 

ALM-definition

ALM-defined Sarcopenia ALM-defined Sarcopenic Obesity

Model 1 Model 2 Model 3 Model 1 Model 3

Variable & Quartile Rate (%) Odds Ratio [95%CI] Odds Ratio [95%CI] Odds Ratio [95%CI] Rate (%) Odds Ratio [95%CI] Odds Ratio [95%CI]

C-reactive protein p=0.02 p=0.42

  Low 33.8 referent referent referent 25.5 referent referent

  25–50 26.8 0.64 [0.51,0.81] 0.77 [0.62,0.98] 0.65 [0.52,0.82] 22.6 0.82 [0.65,1.04] 0.83 [0.65,1.06]

  50–75 23.7 0.58 [0.45,0.74] 0.75 [0.58,0.98] 0.59 [0.46,0.76] 23.6 0.80 [0.61,1.05] 0.82 [0.63,1.08]

  High 31.7 0.79 [0.64,0.97] 1.08 [0.87,1.35] 0.81 [0.66,1.01] 26.1 0.94 [0.74,1.21] 0.99 [0.77,1.26]

Fibrinogen p=0.21 p=0.19

  Low 26.5 referent referent referent 21.3 referent referent

  25–50 28.6 1.00 [0.73,1.38] 1.14 [0.84,1.56] 1.03 [0.73,1.44] 23.3 1.02 [0.72,1.45] 1.06 [0.74,1.52]

  50–75 29.8 1.01 [0.75, 1.37] 1.26 [0.95,1.68] 1.04 [0.76,1.44] 24.5 1.07 [0.78,1.46] 1.09 [0.79,1.52]

  High 32.8 0.98 [0.71,1.34] 1.23 [0.88,1.71] 1.04 [0.75,1.43] 26.3 1.01 [0.73,1.38] 1.05 [0.76,1.45]

HOMA-IR p<0.001 p=0.003

  Low 50.4 referent referent referent 31.3 referent referent

  25–50 31.8 0.44 [0.31,0.63] 0.55 [0.37,0.81] 0.44 [0.31,0.62] 27.1 0.85 [0.57,1.28] 0.85 [0.57,1.27]

  50–75 27.7 0.35 [0.21,0.57] 0.50 [0.29,0.84] 0.34 [0.21,0.55] 24.7 0.75 [0.44,1.28] 0.74 [0.44,1.26]

  High 11.5 0.10 [0.05,0.21] 0.14 [0.07,0.31] 0.10 [0.05,0.19] 11.1 0.27 [0.13,0.53] 0.24 [0.12,0.49]

HOMA-B P<0.001 p=0.03

  Low 37.3 referent referent referent 22.8 referent referent

  25–50 37.2 0.98 [0.63,1.51] 1.14 [0.73,1.79] 0.88 [0.57,1.35] 29.0 1.38 [0.90,2.11] 1.36 [0.87,2.12]

  50–75 28.8 0.70 [0.42,1.16] 0.95 [0.54,1.67] 0.63 [0.36,1.08] 25.4 1.23 [0.65,2.31] 1.18 [0.61,2.29]

  High 18.3 0.35 [0.22,0.56] 0.53 [0.33,0.87] 0.32 [0.19,0.53] 16.3 0.68 [0.35,1.33] 0.66 [0.33,1.33]

All values represented are odds ratios [95% confidence intervals).

Each variable (C-reactive protein, fibrinogen, HOMA-IR and HOMA-S) were stratified by quartile. Rate represents the 
proportion of individuals within the quartile (low, 25–50, 50–75, or high) that fulfill criteria for sarcopenia or sarcopenic 
obesity definitions. The primary outcome is presence/absence of sarcopenia or sarcopenic obesity and the primary predictor 
is quartile of the variable.

Model 1: age, sex, race, education, smoking, arthr

Model 2: Model 1 co-variates and body fat

Model 3: Model 1 co-variates with diabetes and cancer

Appendix Table 4B:

Prevalence and Relationship of Sarcopenia and Sarcopenic Obesity by Quartile of Variable: 

ALM:BMI definition

ALM:BMI defined Sarcopenia ALM:BMI defined Sarcopenic Obesity

Model 1 Model 2 Model 3 Model 1 Model 2

Variable & Quartile Odds Ratio [95%CI] Odds Ratio [95%CI] Odds Ratio [95%CI] Rate (%) Odds Ratio [95%CI] Odds Ratio [95%CI]

C-reactive protein p<0.001

  Low referent referent referent 15.1 referent referent

  25–50 1.51 [1.20,1.88] 0.95 [0.74,1.24] 1.50 [1.20,1.87] 20.3 1.54 [1.23,1.92] 1.53 [1.23,1.91]

  50–75 2.21 [1.73,2.82] 1.24 [0.98,1.56] 2.19 [1.71,2.80] 25.9 2.28 [1.80,2.91] 2.26 [1.76,2.89]

  High 3.06 [2.28,4.11] 1.51 [1.10,2.07] 3.06 [2.27,4.13] 30.3 3.17 [2.37,4.24] 3.17 [2.36,4.25]

Fibrinogen p=0.007

  Low referent referent referent 17.6 referent referent
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ALM:BMI defined Sarcopenia ALM:BMI defined Sarcopenic Obesity

Model 1 Model 2 Model 3 Model 1 Model 2

Variable & Quartile Odds Ratio [95%CI] Odds Ratio [95%CI] Odds Ratio [95%CI] Rate (%) Odds Ratio [95%CI] Odds Ratio [95%CI]

  25–50 0.95 [0.73,1.25] 0.71 [0.54,0.94] 0.96 [0.73,1.26] 17.2 0.98 [0.74,1.30] 0.99 [0.74,1.31]

  50–75 1.81 [1.27,2.58] 1.09 [0.75,1.57] 1.80 [1.27,2.55] 27.1 1.81 [1.26,2.61] 1.81 [1.26,2.59]

  High 2.11 [1.43,3.13] 1.27 [0.86,1.86] 2.06 [1.39,3.06] 29.9 2.15 [1.44,3.21] 2.09 [1.40,3.13]

HOMA-IR p=0.02

  Low referent referent referent 14.7 referent referent

  25–50 1.18 [0.65,2.14] 0.61 [0.30,1.24] 1.17 [0.64,2.13] 18.9 1.24 [0.67,2.32] 1.24 [0.66,2.32]

  50–75 2.21 [1.09,4.48] 0.69 [0.30,1.57] 2.25 [1.10,4.59] 29.9 2.34 [1.13,4.82] 2.37 [1.14,4.94]

  High 1.79 [0.84, 3.80] 0.48 [0.20,1.17] 1.80 [0.83,3.90] 25.8 1.90 [0.87,4.14] 1.90 [0.86,4.20]

HOMA-B p=0.23

  Low referent referent referent 19.4 referent referent

  25–50 0.95 [0.61,1.47] 0.60 [0.32,1.15] 0.97 [0.64,1.49] 18.9 1.00 [0.63,1.58] 1.03 [0.66,1.62]

  50–75 1.57 [0.95,2.58] 0.74 [0.40,1.38] 1.62 [0.99,2.65] 25.5 1.64 [1.00,2.70] 1.71 [1.05,2.80]

  High 1.64 [1.08,2.50] 0.49 [0.27,0.88] 1.65 [1.09,2.49] 26.0 1.73 [1.12,2.65] 1.75 [1.14,2.67

All values represented are odds ratios [95% confidence intervals).

Each variable (C-reactive protein, fibrinogen, HOMA-IR and HOMA-S) were stratified by quartile. Rate represents the 
proportion of individuals within the quartile (low, 25–50, 50–75, or high) that fulfill criteria for sarcopenia or sarcopenic 
obesity definitions. The primary outcome is presence/absence of sarcopenia or sarcopenic obesity and the primary predictor 
is quartile of the variable.

Model 1: age, sex, race, education, smoking, arthr

Model 2: Model 1 co-variates and body fat

Model 3: Model 1 co-variates with diabetes and cancer

ABBREVIATIONS

ALM appendicular lean mass

BMI body mass index

CRP C-reactive protein

DEXA Dual energy x-ray absorptiometry

FNIH Foundation for the National Institutes of Health

HOMA-B Homeostatic Model Assessment beta sensitivity

HOMA-IR Homeostatic Model Assessment, Insulin resistance

NHANES National Health and Nutrition Examination Survey

WC Waist circumference
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Figure 1: 
Figure represents the odds ratios within each variable (C-reactive protein, fibrinogen, 

HOMA-IR, and HOMA-B) according to quartile. Figure A represents sarcopenic obesity 

based on the ALM definition, and Figure B represents sarcopenic obesity based on 

ALM:BMI.
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Table 1:

Demographic Characteristics of Cohort

Overall Sarcopenic Obesity

Variable Cohort ALM Definition ALM:BMI Definition

N=4,984 N=1223 N=1276

Age, years 71.1 ± 0.19 73.7±0.29 72.7±0.26

Age Category

    60–70 years 2176 (46.6) 376 (16.5) 459 (17.0)

    70–80 years 1635 (35.2) 405 (27.0) 459 (26.1)

    80+ years 1173 (18.2) 442(40.5) 358 (31.9)

Female Sex (%) 2531 (56.5) 859 (77.6) 574 (47.6)

Race

    Non-Hispanic White (%) 2846 (81.2) 717 (34.3) 677 (22.4)

    Non-Hispanic Black (%) 811 (8.3) 57 (7.9) 55 (7.4)

    Mexican American (%) 1202 (7.3) 405 (24.7) 513(41.5)

    Other (%) 125 (3.2) 44 (36.6) 31 (28.2)

Socioeconomic

    Smoking

       Never (%) 2327 (46.7) 662 (28.5) 594 (22.7)

       Former (%) 2035 (41.4) 421 (19.8) 542 (23.4)

       Current (%) 611 (11.9) 137(24.0) 139 (20.3)

    Education

       <12 years (%) 3301 (59.4) 878 (27.0) 934 (25.5)

       >12 years (%) 1676(40.6) 342 (20.6) 341 (18.8)

Comorbidities

    Diabetes Mellitus (%) 1060 (18.3) 206 (18.3) 317 (28.4)

    Arthritis (%) 2379 (50.2) 597 (25.6) 638 (24.1)

    Coronary Artery Disease (%) 870 (18.3) 205 (24.3) 267 (32.0)

    Cancer (%) 916 (21.7) 222 (23.2) 206 (20.7)

Anthropometrics

    Weight, kg 77.7±0.30 62.7±0.32 79.0±0.64

    Body Mass Index, kg/m2 28.2±0.10 25.0±0.13 30.5±0.20

    Body Mass Index >30kg/m2 (%) 1466 (31.7) 91 (4.7) 557 (34.2)

    Waist Circumference, cm 100.1±0.22 91.3±0.40 105.2±0.55

    High Waist Circumference, cm 2906 (65.1) 591 (19.3) 894 (26.5)

    % Body Fat 37.2±0.11 39.7±0.18 40.3±0.25

    % with High Body Fat 4,195 (88.2)

    Lean mass % 60.4±0.01 58.0±0.01 57.4±0.24

    Appendicular Lean Mass, kg 19.7±0.09 14.4±0.07 18. ±0.19
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Overall Sarcopenic Obesity

Variable Cohort ALM Definition ALM:BMI Definition

    ALM/BMI 0.706±0.003 0.584±0.003 0.61±0.005

Prevalence (%) --- 1223 (24.4) 1276 (22.7)

Hypertension

    Systolic, mmHg 138.1±0.57 142.2±0.91 140.1±1.04

    Diastolic , mmHg 68.1±0.37 66.5±0.67 67.0±0.59

Lipids

    Total Cholesterol, mg/dL 210.5±0.72 216.6±1.70 208.4±1.79

    HDL-C, mg/dL 54.2±0.40 60.7±0.65 52.0±0.55

    LDL-C, g/dL

    Non-Fasting Triglycerides, mg/dL 151.5±2.18 139.0±3.27 160.7±3.47

    Non-Fasting Glucose , mg/dL 104.2±0.68 100.7±1.09 108.9±1.50

Inflammatory Variables

    CRP, mg/dL 0.53±0.02 0.55±0.04 0.63±0.04

    Fibrinogen, mg/dL 391.4±2.93 396.8±4.66 407.0±4.15

Fasting Subsample

    HOMA-IR 3.80±0.13 2.77±0.12 4.72±0.68

    HOMA-B 106.8±5.03 96.0±3.86 104.2±16.95

    Glucose, mg/dL 110.7±1.34 105.7±1.97 115.8±3.24

    Triglycerides, mg/dL 157.4±2.75 150.0±4.82 168.8±5.40

    Insulin μU/mL 13.1±0.28 10.2±0.34 15.3±1.66

    LDL-C, mg/dL 126.5±1.45 128.4±2.79 125.0±2.58

All values represented are weighted means ± standard error, or counts (weighted prevalence). Rates in each definition column (ALM or ALM:BMI) 
are weighted and percentages are in relation to those without sarcopenia. Sarcopenic Obesity (ALM definition) is defined as an appendicular lean 
mass <19.75 in men, or <15.02 in females; Sarcopenic Obesity using the ALM:BMI definition is defined as ALM:BMI ratio <0.789 and <0.512. 
Obesity is defined as subjects fulfilling criteria for elevated body fat (≥25% in men, or ≥35% in females) in both definitions. High Waist 
circumference is defined as ≥88cm in females and ≥102cm in males. Natural log transformation was used for triglycerides and C-reactive protein

Abbreviations: ALM: appendicular lean mass; BMI: body mass index; HDL-C: high density lipoprotein; HOMA-B: Homeostatic model assessment 
beta sensitivity; HOMA-IR: Homeostatic model assessment insulin resistance; LDL-C: low density lipoprotein.
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