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Abstract

Background: Body mass index (BMI) increases while cardiometabolic risk factors
decrease in individuals in high-income countries. This paradoxical observation raises
the question of whether current measures of overweight and obesity properly
identify cardiometabolic risk.

Methods: A total of 3675 participants (59% women) aged 40-84 years with whole-
body dual-energy x-ray absorptiometry scans from the seventh survey of the
Tromsg Study were included to examine the association between visceral adipose
tissue (VAT) in grams and BMI, waist circumference (WC), waist-to-hip ratio (WHR),
and waist-to-height ratio (WHtR). Further, their association with single car-
diometabolic risk factors (blood pressure, triglycerides, total cholesterol, high-
density lipoprotein [HDL] cholesterol, glycated hemoglobin, high-sensitivity
C-reactive protein), modified single components from the ATP Il criteria for
metabolic syndrome (hypertension, diabetes, high triglycerides, and low HDL
cholesterol), and metabolic syndrome were examined.

Results: VAT mass was strongly correlated with BMI (r > 0.77), WC (r > 0.80), WHR
(r > 0.58), and WHtR (r > 0.78). WC was the strongest predictor for VAT (area
under the curve: 0.90). Compared to anthropometric measures, the associations
between VAT and metabolic syndrome as well as single components of metabolic
syndrome were statistically significantly stronger, but the clinical differences were
likely minor.

Conclusion: Although VAT mass showed statistically stronger associations with
cardiometabolic risk compared to traditional anthropometrics, the clinical impor-
tance was likely small. Simple, clinically available tools seem to satisfactory
substitute for VAT to identify cardiometabolic risk.
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1 | INTRODUCTION

The global obesity prevalence has tripled in the last 4 decades, and
more than 2.8 million deaths per year can be attributed to over-
weight and obesity.! Simultaneously, in high-income countries, there
has been a decline in other cardiometabolic risk factors including
total cholesterol? and blood pressure,® and in the overall burden of
cardiovascular disease.*”® This paradox questions whether the
current definition of overweight and obesity properly identifies
cardiometabolic risk.

Traditionally, overweight and obesity are categorized by simple
clinically available anthropometric measures including body mass
index (BMI) or waist circumference (WC). The relevance of BMI has
been questioned,”® and WC has its limitations related to measure-
ment error, that is, correct placement of measurement tape. Other
measures, hypothesized to be more accurate in defining obesity
compared to BMI and WC, are waist-to-hip ratio (WHR) and waist-
to-height ratio (WHtR).”1° However, none of these measures
distinguish fat mass from fat-free mass, thus do not directly address
the definition of overweight and obesity as “abnormal or excessive
fat accumulation that may impair health.”!

Magnetic resonance imaging (MRI) and computed tomography
(CT) are considered the most accurate assessment tools of body
composition; however, they are resource demanding.*? Visceral adi-
pose tissue (VAT) from dual-energy x-ray absorptiometry (DXA) is
highly correlated with the corresponding measures from MRI and
CT.'213 VAT, located intra-abdominally and around the organs, is
more metabolically active than subcutaneous fat and is linked to in-
sulin resistance, metabolic syndrome, cardiovascular disease, and
several types of cancer.'* Therefore, the current study hypothesized
that DXA-derived VAT might be a clinically more important marker
than anthropometric measures when investigating the association
between body composition and cardiometabolic disease risk. How
DXA-derived VAT performs against anthropometric measures in the
association with cardiometabolic risk factors is currently unknown, as
the most previous studies investigating such differences used other
measurement methods to derive VAT.1>"2°

The aim of this study was to investigate whether DXA-derived
VAT is more strongly associated with cardiometabolic risk than
traditional anthropometric measures, using a large population-based
sample of middle-aged and older adults.

2 | MATERIAL AND METHODS

2.1 | Sample

The Tromsg Study?? is an ongoing population-based study consisting
of seven surveys (Tromsg 1-7) conducted from 1974 to 2016,
inviting large representative samples of the population in the Tromsg
municipality in Norway. In the seventh survey (2015-2016), all in-
habitants, 40 years and older, were invited (n = 32,591). A selected

sub-sample (n = 13,028) was invited to extended examinations about
2 weeks after attending the basic examination. This sub-sample
included a randomized sample (n = 9925) in addition to partici-
pants previously attending DXA, echocardiogram, and eye examina-
tions in Tromsg 6 (2007-2008) (n = 3103). A total of 21,083 (65%)
participants aged 40-99 years attended the basic examination, and
8346 attended the extended examinations (of those attending
extended examinations, this equaled 64% of the initially selected
sub-sample). Among those attending basic examinations, 5232
participants were invited to DXA scans and 3683 (70%) attended
whole-body DXA scans. Eight participants were excluded because of
incorrect placement in the DXA machine, resulting in the CoreScan
application being unable to calculate VAT in the abdominal area.
Therefore, 3675 participants with VAT measures were included in
the analysis (Figure 1).

This project was approved by the Regional Committee for
Medical Research Ethics (REC North ref. 2017/1967), and all par-

ticipants gave written informed consent.

2.2 | Cardiometabolic risk factors and metabolic
syndrome components

Information about self-reported diabetes, use of antidiabetics (insulin
or tablets), lipid-lowering drugs, and antihypertensives from self-
administered questionnaires was included. Trained technicians per-
formed all examinations using standard protocols. Non-fasting blood
samples were analyzed at the Department of Laboratory Medicine at
the University Hospital of North Norway (ISO certification NS-EN
ISO 15189:2012) for total cholesterol (mmol/L), high-density
lipoprotein (HDL) cholesterol (mmol/L), triglycerides (mmol/L),
high-sensitivity C-reactive protein (hs-CRP, mg/L), and glycated
hemoglobin (HbA1c, %). Systolic and diastolic blood pressures were
measured three times with 2-min intervals with a Dinamap ProCare
300 monitor (GE Healthcare), and the mean of the two last readings
was used in the analyses. Single cardiometabolic risk factors (WC and
fasting glucose excluded) were defined based on the National
Cholesterol Education Program Adult Treatment Panel Ill (NCEP ATP
111) diagnostic components for the metabolic syndrome (2005 revi-
sion)?%: hypertension (systolic blood pressure >130 mmHg and/or
diastolic blood pressure >85 mmHg and/or use of antihypertensives)
(n: 2498 [57% women]), high non-fasting triglycerides (triglycerides
>1.7 mmol/L and/or use of lipid-lowering drugs) (n: 1659 [52%
women]), low HDL cholesterol (HDL cholesterol <1.3 [women] or
<1.0 [men] mmol/L and/or use of lipid-lowering drugs) (n: 1164 [57%
women)), and diabetes (self-reported diabetes and/or HbA1c > 6.5%
and/or use of antidiabetics) (n: 311 [54% women]). Metabolic syn-
drome (MetS) was defined as the presence of three or more of the
metabolic syndrome components presented above, as defined by
NCEP ATP Il (n: 493 [24%] women and 406 [28%] men). Waist
circumference was excluded from the definition of MetS because it

was included in the study for comparison to VAT.
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FIGURE 1 Inclusion of study participants: The Tromsg Study 2015-2016. DXA, dual-energy x-ray absorptiometry; VAT, visceral adipose
tissue
2.3 | Measures of adiposity The DXA device was calibrated each morning with a phantom

Body weight and height were measured with light clothing and no
shoes to the nearest 0.1 kg and nearest 0.1 cm, respectively, using a
Jenix DS-102 height and weight scale (DongSahn Jenix). BMI was
calculated as weight divided by height squared (kg/m?). WC and hip
circumference were measured to the nearest 0.1 cm with a Seca
measurement tape at the level of the umbilicus and the greater
trochanters, respectively. BMI, WC, WHR (WC divided by hip
circumference, cm/cm), and WHtR (WC divided by height, cm/cm)
were included as continuous variables for association with VAT.
Whole-body DXA scans were performed with a Lunar Prodigy
Advance (GE Healthcare) according to guidelines from the manu-

facturer, and trained technicians inspected the post-scan images.

before starting measurements. The CoreScan application (EnCore
version 17.0) was used to compute VAT from DXA scans, and VAT
in grams (g) and volume (cm®) were included. Both VAT volume and
VATindex (VAT [g] divided by height squared [g/m?]) were highly
correlated (r: 1.00 and 0.99, respectively) with VAT mass (g).
Therefore, only VAT mass was included for further analyses in the

present study.

2.4 | Statistical analyses

The software of the DXA machine is not sensitive enough to detect

extremely low VAT values. Thus, we chose to transform VAT mass
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with values of 0 (n = 10) into the lowest value (2 g) measured in the
overall sample. Descriptive analyses, Student's t-test for comparison
of means, and Wilcoxon rank-sum test for comparison of median
were used to present the study population characteristics (Table 1).
To display the correlation between VAT and anthropometric mea-
sures, Pearson's correlation coefficients (r) in 10-year age groups
were presented (Table 2). Age-adjusted partial correlations were
used to investigate correlations between VAT, anthropometric
measures, and cardiometabolic risk factors (Table 3). Although the
cross-sectional design of this study makes it difficult to establish
causal pathways, receiver operating characteristics (ROC) analyses
were performed to investigate the ability of VAT and anthropometric
measures to predict MetS and single metabolic syndrome compo-
nents (Figure 2). Area under the curves (AUCs) with confidence in-
tervals (Cls) are presented. In addition, c-statistics was applied to
compare the age-adjusted AUCs between VAT mass and the
anthropometric variables in predicting MetS and single metabolic

syndrome components (Table 4). Finally, to investigate which of the

Women (nh = 2152)

Men (n = 1523)

Age (years) 66.2 (8.92) 65.9 (9.13)
40-49 5.95 (128) 6.70 (102)
50-59 13.2 (284) 12.3 (187)
60-69 43.3 (932) 47.4 (722)
70-79 32.1 (691) 27.5 (418)
80+ 5.44 (117) 6.17 (94)

Weight (kg) 71.3 (13.0) 86.0 (13.2)

Height (cm) 163.0 (6.25) 176.4 (6.70)

BMI (kg/m?) 26.8 (4.70) 27.6 (3.72)

Waist (cm) 91.2 (12.4) 100.5 (10.5)

WHR (cm/cm) 0.88 (0.08) 0.97 (0.07)

WHLtR (cm/cm) 0.56 (0.08) 0.57 (0.06)

VAT (g)—mean (SD)

VAT (g)—median (25p-75p)

936.7 (632.5)
832 (444-1302.5)

1660.9 (876.6)
1578 (1004-2222)

Hypertension (%[N]) 66.2 (1415) 71.7 (1083)
Diabetes (%[N]) 8.05 (168) 9.67 (143)
High triglycerides (%[N]) 41.1 (864) 53.1 (795)
Low HDL cholesterol (%[N]) 31.7 (666) 33.5 (498)
Metabolic syndrome (%[N]) 24.0 (493) 27.8 (406)

anthropometric measures that best predict VAT, VAT was dichoto-
mized in two groups (at median), and the results from ROC analysis
of VAT in relation to BMI, WC, WHR, and WHtR are presented
(Figure 3). All analyses were performed separately in women and
men. STATA 14 (STATA Corp LP) was used for all analyses.

3 | RESULTS

Of the 3675 participants with whole-body DXA scans, 3672, 3666,
and 3664 also had valid BMI, WC/WHR, and WHtR measures,
respectively (Figure 1). Mean age was similar in women and men
(66.2 and 65.9 years, respectively). Men had higher mean values of
VAT and anthropometric measures than women (Table 1). Mean
values of BMI were in the overweight bracket for both women and
men, and according to mean values of WC, women were at very high
risk and men at high risk for cardiometabolic disease (Table 1). In

women. 66% had hypertension, 8% diabetes, 41% high triglycerides,

TABLE 1 Descriptive of study
population attending part 2: The Tromsg
0.35 Study 2015-2016

p-value

0.54
0.55
0.46
0.21
0.36
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.09
<0.001
0.97
0.01

Notes: Presented as proportion (n) or mean (SD). VAT mass is also presented as median with 25-75%
percentile. Student's t-test was used to compare means and Wilcoxon rank-sum was used to
compare medians. Chi-square test was used to compare proportions.

Among participants categorized as having low HDL (666 women and 498 men), 395 (59%) women
and 351 (71%) was due to use of lipid-lowering medication, not low HDL levels <1.3 (women) or

<1.0 (men).

There are minor differences in number of participants according to different variables included.

Abbreviations: BMI, body mass index; VAT, visceral adipose tissue; SD, standard deviation; p,
percentile; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio.
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32% low HDL cholesterol, and 24% had MetS. In men, 72% had hy-
pertension, 10% diabetes, 53% high triglycerides, 34% low HDL
cholesterol, and 28% had MetS (Table 1).

TABLE 2 Pearson's correlation coefficients of VAT with
anthropometrics in 10-year age groups: The Tromsg Study 2015-
2016

BMI (kg/m?) WC (cm) WHR (cm/cm) WHtR (cm/cm)
Women  0.77 0.80 0.58 0.78
40-49 075 0.80 0.61 0.77
50-59 0.83 0.84 0.64 0.83
60-69 076 0.80 0.58 0.78
70-79 077 0.79 0.53 0.76
80+ 070 0.69 0.43 0.60
Men 0.78 0.82 0.69 0.79
40-49 087 0.88 0.64 0.85
50-59 0.74 0.79 0.70 0.77
60-69 0.81 0.84 0.72 0.79
70-79 078 0.79 0.64 0.76
80+ 073 0.81 0.63 0.76

Note: All associations were significant with p-value <0.001.
Abbreviations: BMI, body mass index; VAT, visceral adipose tissue; WC,
waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height
ratio.

Obesity Science and Practics MWV SV By

3.1 | Correlations between VAT mass and
anthropometric variables

Table 2 shows that the age-specific correlations between VAT and the
anthropometrics were all relatively high, although somewhat lower in
women than in men, and lower in older adults. The strongest age-
specific correlations in both women and men were observed be-
tween VAT and WC (r: 0.69-0.84 and 0.79-0.88 in women and men,
respectively) and the weakest correlation between VAT and WHR (r:
0.43-0.64 and r: 0.63-0.72 in women and men, respectively) (Table 2).

3.2 | Associations with cardiometabolic risk, single
metabolic syndrome components, and MetS

VAT and anthropometrics were consistently associated with all car-
diometabolic risk factors (Table 3), except for total cholesterol.
However, the correlations were low (r < 0.3) for most associations
except for HDL cholesterol and triglycerides that were moderately
correlated (both r: >0.3) to VAT and the anthropometric measures.

Based on the ROC analyses (Figure 2), VAT was not superior to
the anthropometric variables in predicting hypertension or diabetes
in women nor men, nor low HDL cholesterol in men. VAT was a
stronger predictor for high triglycerides than BMI (AUC 95% Cl: 0.72
[0.70-0.75] vs. 0.65 [0.63-0.67] in women, and 0.71 [0.68-0.73] vs.
0.65 [0.63-0.68]) in men). Also, VAT was a stronger predictor than
BMI for low HDL cholesterol in women (AUC 95% Cl. 0.68

TABLE 3 Partial* correlations between VAT, BMI, WC, WHR, WHtR, and cardiometabolic risk factors. The Tromsg Study 2015-2016

Women VAT (g) BMI (kg/m?)
Systolic blood pressure (mmHg) 0.12 0.15
Diastolic blood pressure (mmHg) 0.08 0.07
Triglycerides (mmol/L) 0.44 0.33

Total cholesterol (mmol/L) —-0.006 -0.01

HDL cholesterol (mmol/L) -0.43 -0.36
HbA1c (%) 0.24 0.16
hs-CRP (mg/L) 0.14 0.16

Men VAT (g) BMI (kg/m?)
Systolic blood pressure (mmHg) 0.11 0.09
Diastolic blood pressure (mmHg) 0.13 0.10
Triglycerides (mmol/L) 0.38 0.30

Total cholesterol (mmol/L) -0.02 -0.009
HDL cholesterol (mmol/L) -0.38 -0.34
HbA1c (%) 0.27 0.23
hs-CRP (mg/L) 0.08 0.08

WC (cm) WHR (cm/cm) WHTtR (cm/cm)
0.15 0.12 0.16
0.09 0.08 0.08
0.37 0.33 0.29
-0.02 0.006 -0.02
-0.37 -0.29 -0.39
0.19 0.17 0.20
0.14 0.09 0.16
WC (cm) WHR (cm/cm) WHTtR (cm/cm)
0.10 0.08 0.10
0.12 0.10 0.09
0.31 0.31 0.27
—-0.009 -0.02 —-0.004
-0.36 -0.31 -0.34
0.23 0.24 0.26
0.10 0.12 0.10

Note: All correlations, were significant <0.001, except for total cholesterol (p-value: 0.41-0.80 and 0.33-0.88 in women and men, respectively).

Abbreviations: BMI, body mass index (kg/m?); HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; mmol, millimole; mmHg,
millimeters of mercury; VAT, visceral adipose tissue; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio.

*Age-adjusted.
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FIGURE 2 Comparison of BMI, WC, WHR, WHtR, and VAT in predicting diabetes, hypertension, high triglycerides, and low HDL
cholesterol: The Tromsg Study 2015-2016. BMI, body mass index; HDL, high-density lipoprotein; VAT, visceral adipose tissue; WC, waist

circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio
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FIGURE 3 Comparison of VAT with anthropometric variables: The Tromsg Study 2015-2016. *VAT mas cut at median: women <832 or
>832, men <1578 or >1578. BMI, body mass index; VAT, visceral adipose tissue; WC, waist circumference; WHR, waist-to-hip ratio; WHtR,

waist-to-height ratio

[0.66-0.71] vs. 0.63 [0.60-0.65]). For prediction of MetS, VAT was
stronger than BMI in both women and men (AUC 95% Cl: 0.71 [0.68-
0.73] vs. 0.64 [0.61-0.67] in women, and 0.70 [0.67-0.73] vs. 0.63
[0.59--0.66]) in men).

Comparison of AUCs between age-adjusted models with VAT
and age-adjusted models with anthropometrics showed that VAT was
a stronger predictor than all anthropometric measures (although only
borderline significantly better than WHtR) to predict hypertension in
men (Table 4). To predict diabetes, VAT was significantly stronger
than BMI and WC in both men and women. VAT was significantly
stronger than all anthropometrics to predict high triglycerides in both
women and men (Table 4). In the prediction of low HDL cholesterol,
VAT was stronger than BMI, WC, and WHtR in women and stronger
than all anthropometrics in men. Finally, to predict MetS, VAT was in
women stronger than BMI and WC, and borderline significantly
stronger than WHtR. In men, VAT was stronger than all anthropo-
metrics in the prediction of MetS (Table 4).

3.3 | Associations between the different
anthropometric parameters with VAT mass

The ROC curves in Figure 3 show that all anthropometrics were
strong predictors of VAT (AUC > 0.80). WC was the strongest pre-
dictor (AUC: 0.90), while the AUCs for WHR were the weakest (0.82

and 0.84, in women and men, respectively).

4 | DISCUSSION
In this analysis of 3675 middle-aged and older adults, we found that
VAT was moderately to strongly correlated with all included anthro-

pometric measures. The correlation between DXA-derived VAT

measures and anthropometric measures is well established,?>"2° but
previous studies include narrower age ranges (29-55 years)20232°
or smaller samples (81-939 participants).122%2324 Thus, together
with the additional ROC analysis and comparison with MetS and
single metabolic syndrome components, the current study is an
important contribution for establishing if DXA-derived VAT has
clinical importance over and above traditional anthropometric risk
factors to predict cardiometabolic risk. The association between
anthropometric measures and VAT derived from CT or MRI,119:26.27
ultrasound,*® and bioelectrical impedance”*® has previously been
investigated. Although CT and MRI are considered the most accurate
techniques to quantify body composition, neither are suitable for
population studies,)! and because DXA-derived VAT is highly
correlated with VAT measured by CT and MRI, it is considered

a preferable substitute for the

12,13

more resource-demanding
measures.

The presented ROC curves showed that among the anthropo-
metric measures, WC had the strongest association with VAT; how-
ever, no other studies confirming this result were found. A previous
study using DXA found that WHtR was the best anthropometric
predictor for VAT, although closely followed by WC.?° However, this
study was based on a small sample (n = 81) with younger participants
(mean age = 38.4) than the present study, which makes comparison
challenging.?° The high correlation between VAT and WC is consid-
ered as reasonable, as they are both measures from approximately
the same area in the abdominal region. However, all anthropometric
measures were considered strong predictors of VAT with high AUCs
(>0.82), and it is reasonable to assume that they all serve as satis-
factory substitutes for VAT.

Although the correlations between VAT and all anthropometrics
were overall moderate to strong, they were weakest in the oldest
age group. This might be explained by changes in body composition

with increasing age, where VAT mass increases relative to the
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2829 |t has been observed that

abdominal subcutaneous fat mass.
subcutaneous fat decreases rapidly after the age of 70 years, while
VAT does not have the same steep decline.*® Additionally, WC has
been reported to be a satisfactory surrogate for VAT in adults, but
not in older adults.’’ The age difference in body composition could
potentially be explained by the change in sex hormones and in
physical activity levels among the elderly.’® Thus, conventional
anthropometric measurements might not properly capture the
changes in body composition that occurs with increasing age. This
emphasizes the need for more accurate adiposity measurements in
the older age groups.

VAT mass and anthropometric measures had similar associa-
tions and correlations to the cardiometabolic risk factors. The
correlations were higher for triglycerides and HDL cholesterol
compared to the other cardiometabolic risk factors. Although VAT
was statistically significantly better than anthropometrics in the
prediction of single metabolic risk factor components and MetS,
the clinical differences were likely minor given the similar AUCs.
Thus, the anthropometric measures are considered as satisfactory
substitutes for VAT.

VAT was more strongly associated with high triglycerides
compared to the anthropometric measures, which corresponds to
the findings from a previous study.?® Although VAT AUCs
were significantly higher for several of the single metabolic syn-
drome components and MetS (Table 4), the clinical differences are
likely small given the proximity between AUCs for VAT and
anthropometric variables (e.g., the lowest AUC for MetS was 0.642
for BMI compared to 0.705 for VAT in women). Although VAT is
statistically more accurate, the more accessible and less resource-
demanding clinical measurements show similar predictive abili-
ties of cardiometabolic risk factors and metabolic syndrome
components. Longitudinal study designs and intervention
studies are needed to investigate the potential differences
between VAT and anthropometric measures and their associa-
tion with incidence of metabolic syndrome and cardiometabolic

disease.

4.1 | Strength and limitations

There are several strengths of this study. First, a large population-
based sample with a wide age range of adults and older women
and men was included. Second, all examinations and all definitions
in the current analysis are performed and created by standard
criteria, thus enabling comparison with future studies. Further,
when performing DXA scans, the technicians were given stan-
dardized training and used protocols according to the manufac-
turer's recommendation. Also, all scans were inspected post-
measurement, and regions of interest were adjusted to ensure
standardization between participants. However, measurement er-
ror in DXA scans is a potential limitation.3! The accuracy of VAT
measured by DXA decreases with increasing BMI.3! As about 46%

and 22% of our study sample were overweight and obese,

Obesity Science and Practics IAWVA IS SV ks

respectively, a measurement error may occur and is difficult to
detect. Another limitation is that the cross-sectional design limits
our possibility to study whether anthropometric measures are
equally good as VAT to predict future health.

5 | CONCLUSION

VAT mass showed moderate to high correlations with all included
anthropometric measures. The strongest association was observed
between VAT and WC. Although VAT was a statistically more ac-
curate predictor of single metabolic syndrome components and MetS,
the clinical difference compared to the anthropometric variables was
small given the similar AUCs. The conclusion from this study is that
anthropometric measures are satisfactory substitutes to VAT in

identifying cardiometabolic risk.
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