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Background & aims: Excess adiposity is associated with poor cardiometabolic (CM) health. To date,
several techniques and indicators have been developed to determine adiposity. We aimed to compare the
ability of traditional anthropometric, as well as standard and novel DXA-derived parameters related to
overall and regional adiposity, to evaluate CM risk.
Methods: Using the cross-sectional design in the context of the PREDIMED-Plus trial, 1207 Caucasian
senior men and women with overweight/obesity and metabolic syndrome (MetS) were assessed. At
baseline, anthropometry- and DXA-measured parameters of central, visceral, peripheral and central-to-
peripheral adiposity together with comprehensive set of CM risk factors were obtained. Partial corre-
lations and areas under the ROC curve (AUC) were estimated to compare each adiposity measure with
CM risk parameters, separately for men and women, and in the overall sample.
Results: DXA-derived indicators, other than percentage of total body fat, showed stronger correlations
(rho �0.172 to 0.206, p < 0.001) with CM risk than anthropometric indicators, after controlling for age,
diabetes and medication use. In both sexes, DXA-derived visceral adipose tissue measures (VAT, VAT/
Total fat, visceral-to-subcutaneous fat) together with lipodystrophy indicators (Trunk/Legs fat and
Android/Gynoid fat) were strongly and positively correlated (p < 0.001) with glycated hemoglobin
(HbA1c), the triglyceride and glucose index (TyG), triglycerides (TG), the ratio TG/HDL-cholesterol (TG/
HDL-C), and were inversely related to HDL-C levels (p < 0.001). Furthermore, in AUC analyses for both
sexes, VAT/Total fat showed the highest predictive ability for abnormal HbA1c levels (AUC ¼ 0.629), VAT
for TyG (AUC ¼ 0.626), both lipodystrophy indicators for TG (AUCs ¼ 0.556), and Trunk/Legs fat for HDL-C
(AUC ¼ 0.556) and TG/HDL-C (AUC ¼ 0.581).
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Conclusions: DXA regional adiposity measures offer advantages beyond traditional anthropometric and
DXA overall adiposity indicators for CM risk assessment in senior overweight/obese subjects with MetS.
In particular, in both sexes, visceral adiposity better stratifies individuals at risk for glucose abnormalities,
and indicators of lipodystrophy better predict markers of dyslipidemia.

© 2018 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction

Obesity, which is characterized by an excess of fat mass, is an
important risk factor for developing metabolic abnormalities, type
2 diabetes (T2D) and cardiovascular (CV) disease, as well as pre-
mature death [1e3]. Therefore, it is necessary to establish new
guidelines in terms of optimal body adiposity indicators to define
cardiometabolic (CM) risk in clinical and research settings.

In clinical practice, an anthropometry measure d the body mass
index (BMI) d is the most commonly used proxy to assess overall
adiposity and identify individuals at CM risk [4]. However, subjects
who are obese using BMI criteria vary in their regional body fat
distribution, metabolic profile and degree of its-associated CM
complications [5e7]. In this regard, excess of fat in the abdomen, and
particularly of the visceral adipose tissue (VAT) depot, has been
linkedwith greater CM risk than in peripheral area [5,6,8]. Therefore,
surrogate measures of abdominal adiposity, such as the waist
circumference (WC), waist-to-hip and waist-to-height ratios (WHR
and WtHR, respectively), have been recommended to evaluate CM
risk in clinical practice and research [9e13]. However, anthropo-
metricmeasures do not distinguish between either fat and leanmass
or VAT and subcutaneous adipose tissue (SAT) within the abdomen.

Dual-energy x-ray absorptiometry (DXA) represents the “gold
standard” imaging technique for direct body composition analysis,
enabling measures with high-precision, low radiation exposure,
and short-scanning time [14]. The standard DXA procedure permits
to evaluate overall and regional adiposity (arm, trunk, leg, android,
and gynoid area). Moreover, an advanced application CoreScan for
DXA has been developed recently, which enables validated VAT
measures [15]. Previous studies have already demonstrated the
ability of DXA-derived VAT to predict CM risk beyond anthropo-
metric and standard DXA parameters (total, trunk and android fat),
in young lean and obese subjects [16e18]. However, as individuals
age, body fat progressively changes, resulting in fat loss from pe-
riphery and its accumulation in the central body regions [19]. In this
regard, in the last years, DXA-derived ratios of central-to-peripheral
adiposity (Trunk/Legs fat and Android/Gynoid fat), knowing as
markers of lipodystrophy, have also been associated with risk for
insulin resistance and dyslipidemia [20e22]. However, the func-
tional advantages of a comprehensive set of adiposity indicators,
ranged from simple to sophisticated, for CM risk assessment in the
elderly, have not been well established so far.

Bearing in mind the aforementioned considerations, the aim of
this study was to compare the ability of different body adiposity
indicators to evaluate cardiometabolic risk in overweight and obese
senior subjects with metabolic syndrome (MetS). Among the body
adiposity indicators, we tested traditional anthropometric, as well
as standard and novel DXA-derived parameters related to overall
and regional adiposity.
2. Methods

2.1. Study overview and sample

This study was a cross-sectional analysis of baseline data within
the framework of the ongoing PREDIMED-Plus trial, a 6-year
parallel-group, multicenter, randomized clinical trial, involving
6874 participants from 23 Spanish recruiting centers. The
PREDIMED-Plus trial was designed to evaluate the effect of lifestyle
intervention aiming at losing weight with an energy-restricted
traditional Mediterranean diet (MedDiet), physical activity (PA)
promotion and behavioral support on the primary prevention of CV
morbimortality. The PREDIMED-Plus recruitment period lasted
from 5 September 2013 to 31 October 2016. The protocol with a
detailed description of the PREDIMED-Plus trial have been
described elsewhere [23] and is available on the website http://
www.predimedplus.com/.

Eligible participants were senior men and women (aged 55e75
years) with overweight/obesity (BMI � 27 and < 40 kg/m2), who
met at least three criteria for the MetS (abdominal obesity, high
blood pressure, fasting glucose and triglyceride, as well as lowHDL-
cholesterol levels) [24]. Among criteria for the MetS, abdominal
obesity was highly prevalent condition, as high WC (>88 cm for
women and >102 cm for men) was detected in 96.1% of partici-
pants. Most of participants (97.5%) were of Caucasian origin. All
participants provided written informed consent. The study was
approved by the institutional review boards of all recruiting centers
according to the ethical standards of the Declaration of Helsinki.
The trial was registered at the International Standard Randomized
Controlled Trial (ISRCT: http://www.isrctn.com/ISRCTN89898870)
with number 89898870 and registration date of 24 July 2014.

Of the total cohort of the PREDIMED-Plus population, subsample
of 1532 participants underwent total body DXA scans at baseline, in
order to obtain data on body composition compartments. Of those,
1289 participants (from 6 recruiting centers) had data on VAT and
SAT within the android region available. Moreover, participants
with no data available on the CM risk parameters or the covariables,
and whose DXA measurements exceeded planned time of DXA
exploration were excluded from the analyses (n ¼ 82)
(Supplementary Fig. 1). Finally, a total of 1207 participants were
included for the present study. We used PREDIMED-Plus baseline
database generated in August 2017.

All participants provided written informed consent. The study
was approved by the institutional review boards of all recruiting
centers according to the ethical standards of the Declaration of
Helsinki. The trial was registered at the International Standard
Randomized Controlled Trial (ISRCT: http://www.isrctn.com/
ISRCTN89898870) with number 89898870 and registration date
of 24 July 2014.
2.2. Indicators of adiposity measurements: anthropometric and
DXA-derived parameters

The anthropometric parameters were measured at the baseline
visit by trained staff according to the PREDIMED-Plus internal
procedures. Body weight (kg) and height (cm) were measured in
light clothing and without shoes with use of calibrated scale and a
wall-mounted stadiometer, respectively. BMI, as an indirect proxy
for overall adiposity, was calculated as weight (kg) divided by
square of the height (m). As far as surrogates for abdominal
adiposity are concerned, WC (cm) was determined midway be-
tween the lowest rib and the iliac crest, and hip circumference (HC,

http://www.predimedplus.com/
http://www.predimedplus.com/
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cm) was determined at the widest part. Both, WC and HC values
were measured with use of an anthropometric tape and served to
determineWHR.We also calculated theWtHR by division of WC by
height.

Direct measures of body adiposity at baseline had to be per-
formed preferably within 2 months from the baseline visit at which
biochemical and blood pressure parameters were determined
(mean ± standard deviation (SD) time difference between mea-
surements was of 18.5 ± 30.6 days). Overall adiposity (total fat mass
(g), total body fat (TBF, %)) and regional adiposity (trunk, leg,
android gynoid fat mass (g)) measures were performed with DXA
scanner (GE Healthcare/DXA Lunar Prodigy Primo and Lunar iDXA;
Madison, WI) connected with enCore™ software using automatic
total body scan mode. The regions of interest (ROI) for regional
body compositionwere defined using the software provided by the
manufacturer. Among them, the abdominal android fat ROI was
defined as the area that begins at the top of the iliac crest toward
the head for 20% of the distance from the iliac crest to the base of
the skull. For VAT measures, scans were reanalyzed using validated
CoreScan software application [15], which algorithms work
through detection of thewidth of the SAT layer on the lateral part of
the abdomen and the anterioreposterior thickness of the abdomen,
by x-ray attenuation of the abdominal cavity in the android region.
This is automated procedure developed by GE Healthcare [15]. In
the android ROI, SAT (g) was calculated by subtracting VAT from
android fat mass, as previously described [18]. Subsequently,
aforementioned DXA-derived parameters were used to calculate
different ratios by simple divisions of fat mass from the specific
regions: Trunk/Legs fat, Android/Gynoid fat, VAT/Total fat, SAT/
Total fat, VAT/SAT. DXA scans were performed by trained operators
following standard protocol and subject positioning provided by
the manufacturer. Participants were scanned wearing examination
gown. The DXA was phantom calibrated daily according to manu-
facturer guidelines.

Since the anthropometric and DXA-derived adiposity indicators
were recorded in different units, they became normalized into a
sex-specific z-scores for analysis. This approach allowed comparing
directly the risk magnitude per 1 standardized deviation (SD)
change difference in the adiposity indicator.

2.3. Cardiometabolic risk parameters measurements

The parameters related to CM risk were measured at the base-
line examination by trained staff. Systolic and diastolic blood
pressure (SBP and DBP, mmHg) were determined in triplicate with
use of validated semiautomatic oscillometer, and the average of
three repeated measurements was taken into analyses. Blood
samples collected after overnight fast were used to determine
plasma glucose (mg/dL), glycated hemoglobin (HbA1c, %), high-
density lipoprotein cholesterol (HDL-C, mg/dL), and triglyceride
(TG, mg/dL) levels with use of standard laboratory enzymatic
methods. Low-density lipoprotein cholesterol (LDL-C, mg/dL) was
calculated using the Friedewald formula whenever TG levels were
inferior to 400 mg/dL [25]. TG and HDL-C values were used to
determine the TG/HDL-C ratio. The triglycerides and glucose index
(TyG) was calculated using the equation: ln[TG (mg/dL) � glucose
(mg/dL)/2] [26,27].

2.4. Covariables assessment

A self-reported questionnaire was used to collect the baseline
data on sociodemographic factors (sex, age, education level),
smoking status, medical conditions and medication use (antidia-
betic, antihypertensive, cholesterol lowering). Previously validated
in Spain semi-quantitative food-frequency questionnaire [28] was
used to estimate alcohol intake (g/d). A 17-point score was used to
assess baseline adherence to the MedDiet. A validated self-reported
physical activity questionnaire (REGICOR) [29] together with codes
and MET values from the 2011 Compendium of Physical Activities
[30] was used to assess total leisure-time PA (METs. min/week),
according to the indications described previously [23].

Dichotomous variable was generated for diabetes prevalence.
Diabetic condition was defined as diagnosed diabetes self-reported
at inclusion or baseline HbA1c � 6.5% or use of antidiabetic
medication at baseline, such as insulin, metformin (in case of
diagnosed diabetes or Hba1c� 6.5%) or others. Smoking status was
categorized into 3 categories (current, former and never).

2.5. Statistical analyses

Descriptive statistics with means ± SDs for continuous variables
or numbers (percentages) for categorical variables were used to
summarize baseline characteristics of the study participants. One-
way analysis of variance (ANOVA) and chi-square tests (c2) (for
continuous and categorical variables, respectively) were used to
evaluate differences in baseline socio-behavioral, body adiposity
and clinical characteristics of participants according to CM risk
parameters levels.

Spearman's partial correlation coefficient was used to evaluate
the relationship between anthropometric, DXA-derived adiposity
indicators and the parameters related to CM risk, as well as to
evaluate how the measurements of overall and regional adiposity
assessed by these two different methods are related to each other.

Subsequently, we selected those CM risk components and
adiposity indicators with the strongest associations found in cor-
relation analysis. Receiver operating characteristic (ROC) curve
analysis under covariables was used to assess the accuracy of
adiposity indicators, those selected from correlation analysis (VAT,
VAT/Total fat, VAT/SAT, Trunk/Legs fat, Android/Gynoid fat) and the
other that are commonly used (BMI, WC, TBF), for prediction of the
binary outcome of HbA1c, TyG, TG, HDL-C and TG/HDL-C. For this
we considered an abnormal condition when HbA1c � 6.5%,
TG� 150mg/dL, and HDL-C< 50 (for women) or<40 (for men). The
cut-off threshold for TyG and TG/HDL-C was established based on
the reference values found in the literature as 8.31 [31] and 3.88
[32], respectively. The area under the curve (AUC) with a 95%
confidence interval (CI) were calculated.

All models (partial correlation and ROC analysis) were adjusted
for the following baseline factors: recruiting center, age, and dia-
betes prevalence, as well as for treatment with antihypertensive (in
case of SBP and DBP) and cholesterol lowering (in case of LDL-C)
medications. These covariables were selected based on the prior
knowledge [33,34] and specific conditions of the study. Due to the
sexual dimorphism in body composition [35], the analysis was
performed separately for men and women, followed by an overall
analysis in a sex-adjusted model.

Moreover, we performed additional analyses using linear
regression models. Three models were examined: a crude model
(adjusted for recruiting center); multivariable model 1 (the same as
in the correlation and ROC analysis) adjusted for recruiting center,
baseline age, diabetes prevalence, treatment with antihypertensive
(in case of SBP and DBP) and cholesterol lowering (in case of LDL-C)
medications; and multivariable model 2 further adjusted for
smoking status, alcohol intake, total leisure-time physical activity
and adherence to MedDiet. Finally, to test the robustness of our
findings, sensitivity analyses with the use of the linear regression
multivariable model 1 were conducted: a) excluding patients with
metallic prosthesis (n ¼ 107 excluded); b) adjusting for time dif-
ference between DXA measurements and biochemical and blood
pressure determinations; c) adding an interaction term to study
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possible effect modification by diabetes prevalence, and stratifying
diabetic (n ¼ 346) and non-diabetic (n ¼ 861) participants.

Statistical analyses were performed using Stata v15.0 and SPSS
v17.0 programs, with statistical significances set at p < 0.05.

3. Results

Baseline body adiposity indicators of participants by CM risk
parameters levels are shown in Table 1. Baseline socio-behavioral
and clinical characteristics by CM risk parameters levels are shown
in Supplementary Table 1. The participants were divided into normal
and increased CM risk group according to blood pressure, TG, HDL-C
and HbA1c levels. CM risk was identified using pre-defined cut-off
thresholds (see footnote for Table 1). In these participants, the mean
age was 65.3 ± 5.0 years and the mean BMI was 32.6 ± 3.3 kg/m2

(data not shown in tables). Body adiposity indicators were little
associated with low cholesterol HDL, and, on the other hand, high
glycated hemoglobin was the CM risk factor most associated with
anthropometric and DXA-derived indicators of central body fat
deposition. In the present sample, BMI was not associated with any
of the CM risk parameters. TBF was associated only with high TG
levels, but not in the expected direction. In general, participants at
CM risk were more likely to be current smokers, display T2D, had
worse profile of blood levels of CM risk parameters, and spent less
time on PA than those within the normal risk range.

Table 2 shows the coefficients of partial correlations between
body adiposity indicators and the CM risk parameters levels,
adjusted for recruitment center, age, diabetes prevalence, and
treatment with medications (in case of LDL-C and blood pressure).
In general, DXA-derived indicators were significantly correlated
(rho �0.172 to 0.206, p < 0.001) with CM risk parameters. More-
over, within the DXA-derived indicators, the ratios of fatness (i.e.
Trunk/Legs fat) showed stronger correlations than the crude mea-
sures of specific fat areas (i.e. Trunk fat or Legs fat alone). In men
(Table 2A), the strongest positive correlations were found between
indicators of visceral adiposity (VAT and VAT/Total fat mass) and
HbA1c (rho 0.149 to 0.161, p < 0.001). Inwomen (Table 2B), VAT and
VAT/Total fat mass together with lipodystrophy indicators (Trunk/
Table 1
Baseline body adiposity indicators of participants by cardiometabolic risk parameters lev

n ¼ 1207 Blood pressure (mmHg) P HbA1c (%) P

Normal
CM risk

Increased
CM risk

Normal
CM risk

Increased
CM risk

Anthropometry
BMI (kg/m2) 32.2 (3.3) 32.7 (3.3) 0.058 32.5 (3.3) 32.9 (3.5) 0
WC (cm) 107 (10) 108 (9) 0.091 107 (9.19) 109 (8.96) 0
WHR 0.984 (0.080) 0.985 (0.076) 0.764 0.982 (0.076) 0.998 (0.077) 0
WtHR 0.655 (0.056) 0.662 (0.054) 0.064 0.658 (0.053) 0.672 (0.056) <
DXA
TBF (%) 41.2 (6.4) 40.4 (7.2) 0.094 40.6 (7.0) 40.6 (6.9) 0
Trunk fat (g) 20,243 (4046) 20,395 (4452) 0.612 20,195 (4334) 21,001 (4420) 0
Android fat (g) 3685 (872) 3713 (933) 0.650 3672 (919) 3841 (909) 0
VAT (g) 2197 (810) 2309 (912) 0.067 2229 (867) 2497 (948) <
SAT (g) 1489 (651) 1415 (694) 0.116 1451 (668) 1358 (745) 0
Legs fat (g) 9546 (2897) 9091 (3098) 0.030 9321 (3024) 8705 (3146) 0
Gynoid fat (g) 5031 (1209) 4914 (1384) 0.208 4960 (1344) 4867 (1357) 0
Trunk/Legs fat 2.26 (0.62) 2.42 (0.70) <0.001 2.32 (0.65) 2.62 (0.77) <
Android/Gynoid

fat
0.756 (0.184) 0.786 (0.200) 0.022 0.769 (0.194) 0.821 (0.199) <

VAT/Total fat 0.064 (0.022) 0.068 (0.025) 0.017 0.066 (0.024) 0.074 (0.026) <
SAT/Total fat 0.042 (0.014) 0.040 (0.015) 0.084 0.041 (0.014) 0.038 (0.017) 0
VAT/SAT 1.98 (1.64) 2.73 (4.87) 0.012 2.29 (3.46) 3.58 (6.73) <

BMIe bodymass index; CMe cardiometabolic; DXAe dual-energy x-ray absorptiometry;
subcutaneous adipose tissue; TBFe of total body fat; TGe triglycerides; VATe visceral adi
height ratio. Data are expressed asmean (±SD). Statistical significance determined using o
as follows: blood pressure SBP � 130 mmHg and/or DBP � 85 mmHg; HbA1c � 6.5%; TG
Legs fat and Android/Gynoid fat) were strongly and positively
correlated with HbA1c and TyG (rho 0.163 to 0.206, p < 0.001), as
well as with lipid levels dTG/HDL-C (rho 0.166 to 0.178, p < 0.001)
and TG (only for VAT/Total fat; rho 0.151, p < 0.001). Additionally,
visceral adiposity (VATand VAT/Total fat), as well as the ratioTrunk/
Legs fat were inversely related to HDL-C levels (rho �0.172
to �0.145, p < 0.001). In general terms, results in both sexes
(Table 2C), were similar to those reported in women. Additionally,
the correlations between VAT, Trunk/Legs fat, Android/Gynoid fat
and TG levels were higher than in men and women analyzed
separately. Similarly, for VAT/SAT in the overall sample, the corre-
lation with HbA1c, TyG and TG/HDL-C reached higher levels of
statistical significance, albeit the association was still weaker than
for VAT or VAT/Total fat. The correlations between adiposity in-
dicators and LDL-C, as well as blood pressure levels were much
weaker than for other CM risk parameters. The anthropometric
indicators were poorly associated with CM risk parameters, being
the highest the correlations between WHR and HbA1c in women
(rho 0.147, p < 0.001).

Results from AUC analysis for BMI, WC, TBF, VAT, VAT/Total fat,
VAT/SAT, Trunk/Legs fat, and Android/Gynoid fat for prediction of
an elevated levels of HbA1c, TyG, TG, HDL-C, and TG/HDL-C in the
overall sample are displayed in Fig. 1. Results from sex-specific AUC
analysis for aforementioned indicators are presented in
Supplementary Table 2. After controlling for recruitment center,
age and diabetes prevalence, all adiposity indicators showed
modest ability to identify CM risk, with AUCs ranging 0.457 to
0.629. Among them, DXA-derived indicators of regional adiposity
showed higher ability to predict abnormal CM risk parameters
levels than anthropometric indicators or TBF. In particularly, for
both sexes together, VAT/Total fat had the highest AUC for HbA1c
(AUC ¼ 0.629, 95% CI 0.567e0.690) and VAT for TyG (AUC ¼ 0.626,
95% CI 0.578e0.674); both lipodystrophy indicators had the highest
AUC for TG (AUCs ¼ 0.556, 95% CI 0.523e0.589); and the AUC of
Trunk/Legs fat was the highest for HDL-C (AUC ¼ 0.556, 95% CI
0.523e0.584) and TG/HDL-C (AUC ¼ 0.581, 95% CI 0.536e0.617).

Results from multivariate regression analyses, with different
levels of adjustments, including other lifestyle factors (such as
els.

TG (mg/dL) P HDL-C (mg/dL) P

Normal
CM risk

Increased
CM risk

Normal
CM risk

Increased
CM risk

.098 32.5 (3.2) 32.6 (3.5) 0.939 32.5 (3.3) 32.7 (3.4) 0.242

.003 107 (9) 108 (9) 0.148 107 (10) 108 (9) 0.264

.002 0.980 (0.078) 0.992 (0.073) 0.006 0.985 (0.078) 0.985 (0.075) 0.936
0.001 0.662 (0.054) 0.659 (0.055) 0.444 0.659 (0.054) 0.663 (0.054) 0.201

.962 41.2 (7.0) 39.7 (6.9) <0.001 40.4 (7.0) 40.9 (6.9) 0.167

.010 20,336 (4366) 20,397 (4361) 0.813 20,018 (4253) 20,768 (4458) 0.003

.010 3684 (921) 3743 (917) 0.278 3646 (912) 3780 (923) 0.011
0.001 2230 (900) 2367 (871) 0.009 2251 (893) 2323 (887) 0.159
.055 1461 (668) 1387 (708) 0.068 1407 (660) 1462 (713) 0.162
.005 9448 (3108) 8804 (2939) <0.001 9222 (3097) 9163 (3013) 0.740
.337 5027 (1346) 4807 (1338) 0.006 4900 (1335) 4989 (1361) 0.254
0.001 2.31 (0.68) 2.49 (0.68) <0.001 2.34 (0.67) 2.43 (0.70) 0.014
0.001 0.761 (0.196) 0.808 (0.194) <0.001 0.773 (0.197) 0.787 (0.195) 0.213

0.001 0.065 (0.024) 0.071 (0.024) <0.001 0.067 (0.025) 0.068 (0.024) 0.465
.004 0.041 (0.015) 0.040 (0.016) 0.070 0.040 (0.015) 0.041 (0.015) 0.517
0.001 2.33 (4.03) 2.91 (4.83) 0.023 2.42 (3.22) 2.72 (5.42) 0.246

HbA1ce glycated hemoglobin; HDL-Ce high-density lipoprotein cholesterol; SATe
pose tissue;WCewaist circumference;WHRewaist-to-hip ratio;WtHRewaist-to-
ne-way analysis of variance. The cut-off threshold to indicate subjects at CM riskwere
� 150 mg/dL; HDL-C < 50 (for women) and <40 (for men). In bold, p values < 0.05.



Table 2
Partially-adjusted correlations matrix of the different body adiposity indicators with cardiometabolic risk parameters.

A. Men

n ¼ 626 SBP (mmHg) DBP (mmHg) HbA1c (%) TyG TG (mg/dL) LDL-C (mg/dL) HDL-C (mg/dL) TG/HDL-C

Anthropometry
BMI (kg/m2)
WC (cm) 0.085*
WHR �0.082* �0.106**
WtHR 0.080*
DXA
TBF (%) �0.134** 0.095*
Trunk fat (g) 0.092*
Android fat (g) 0.104**
VAT (g) 0.161*** 0.119**
SAT (g) �0.101* �0.081* �0.079*
Leg fat (g) �0.139** �0.091*
Gynoid fat (g) �0.096*
Trunk/Legs fat 0.109** 0.119** 0.123** 0.101* 0.113**
Android/Gynoid fat 0.111** 0.088* 0.095*
VAT/Total fat 0.107** 0.149*** 0.136** 0.099* 0.105**
SAT/Total fat �0.100* �0.126** �0.095*
VAT/SAT 0.105** 0.136** 0.118** 0.083* 0.092*

B. Women

n ¼ 581 SBP (mmHg) DBP (mmHg) HbA1c (%) TyG TG (mg/dL) LDL-C (mg/dL) HDL-C (mg/dL) TG/HDL-C

Anthropometry
BMI (kg/m2) 0.092* 0.123**
WC (cm) 0.091* �0.114**
WHR �0.089* 0.147*** 0.099* 0.082*
WtHR 0.106*
DXA
TBF (%)
Trunk fat (g) 0.093* 0.108** �0.117**
Android fat (g) 0.094* 0.115** �0.129** 0.097*
VAT (g) 0.082* 0.126** 0.188*** 0.142** ¡0.165*** 0.176***
SAT (g)
Leg fat (g) ¡0.145*** �0.109** �0.096* �0.102*
Gynoid fat (g) 0.102* �0.092* �0.086*
Trunk/Legs fat 0.195*** 0.195*** 0.143** ¡0.172*** 0.174***
Android/Gynoid fat 0.206*** 0.191*** 0.140** �0.143** 0.166***
VAT/Total fat 0.163*** 0.190*** 0.151*** ¡0.145*** 0.178***
SAT/Total fat
VAT/SAT 0.100* 0.134** 0.120** �0.096* 0.137**

C. Men and Women combined

n ¼ 1207 SBP (mmHg) DBP (mmHg) HbA1c (%) TyG TG (mg/dL) LDL-C (mg/dL) HDL-C (mg/dL) TG/HDL-C

Anthropometry
BMI (kg/m2) 0.061* 0.060* �0.064*
WC (cm) 0.063* 0.078** 0.057* �0.059*
WHR �0.085** 0.099** 0.072* 0.059* �0.076**
WtHR 0.057* 0.075** �0.067*
DXA
TBF (%)
Trunk fat (g) 0.069* 0.078** �0.070* 0.060*
Android fat (g) 0.092** 0.099** 0.059* �0.065* 0.075**
VAT (g) 0.078** 0.157*** 0.159*** 0.111*** ¡0.101*** 0.133***
SAT (g)
Leg fat (g) �0.065* �0.065* �0.063* �0.072*
Gynoid fat (g)
Trunk/Legs fat 0.095** 0.061* 0.118*** 0.160*** 0.126*** ¡0.132*** 0.153***
Android/Gynoid fat 0.136*** 0.160*** 0.122*** ¡0.108*** 0.143***
VAT/Total fat 0.068* 0.161*** 0.161*** 0.119*** ¡0.107*** 0.141***
SAT/Total fat �0.058* �0.074*
VAT/SAT 0.066* 0.130*** 0.115*** 0.085** �0.083** 0.107***

*p < 0.05; **p < 0.01; ***p < 0.001.
BMI e body mass index; CM e cardiometabolic; DXA e dual-energy x-ray absorptiometry; DBP e diastolic blood pressure; HbA1c e glycated hemoglobin; HDL-C e high-
density lipoprotein cholesterol; LDL-C e low-density lipoprotein cholesterol; SAT e subcutaneous adipose tissue; SBP e systolic blood pressure; TBF e of total body fat;
TGe triglycerides; TyG e triglycerides and glucose index; VAT e visceral adipose tissue; WCewaist circumference; WHRewaist-to-hip ratio; WtHR ewaist-to-height ratio.
Values shown are those correlation coefficients (rho) that were statistically significant (p < 0.05; Spearman's partial correlation), and those highlighted in bold were those with
p < 0.001. Themodel used for analysis was adjusted for recruitment center, age, diabetes prevalence, treatment with antihypertensive (in case of SBP and DBP) and cholesterol
lowering (in case of LDL-C) medications. Additionally, the model was adjusted for sex when considering data frommen and women as a whole. In bold, those correlations that
are statistically significant (p-value < 0.05)
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AUC (95% CI)
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0.503 (0.469-0.536)
0.468 (0.435-0.501)
0.527 (0.494-0.560)
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0.527 (0.494-0.561)
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AUC (95% CI)
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Fig. 1. Adjusted area under the ROC curve analysis for body adiposity indicators and selected cardiometabolic risk parameters (n ¼ 1207). AUC e area under receiver
operating characteristic (ROC) curve; BMI e body mass index; CI e confidence interval (CI); CM e cardiometabolic; DXA e dual-energy x-ray absorptiometry; HbA1c e glycated
hemoglobin; HDL-C e high-density lipoprotein cholesterol; TBF e of total body fat; TG e triglycerides; TyG e triglycerides and glucose index; VAT e visceral adipose tissue; WC e

waist circumference. The AUCs and CIs of different adiposity indicators normalized into z-scores for elevated CM risk parameters in men and women analyzed jointly. The model
used for analysis was adjusted for recruitment center, age, diabetes prevalence (HbA1c � 6.5, previously diagnosed diabetes, use of antidiabetic medication (insulin, metformin (in
case of diagnosed diabetes or HbA1c � 6.5) or others), and sex). The highest AUC value for each CM risk parameter is highlighted in bold.
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smoking status, alcohol intake, total leisure-time physical activity
and adherence to MedDiet), are presented in Supplementary
Table 3. In general terms, results of these additional analyses
were similar to those reported, and further adjustment for lifestyle
variables did not alter the results.

In sensitivity analyses (data not shown), excluding patients with
metallic prosthesis or adjusting for time difference between DXA
measurements and biochemical and blood pressure determinations
did not affect the estimates. Furthermore, we found statistically
significant interactions by diabetes status in some of the studied
associations (data not shown): for instance, increments in TBF (1
SD) were associated with lower TG levels in non-diabetics
(b ¼ �8.67, p < 0.05), but not in diabetics (b ¼ 9.87, NS) (p for
interaction ¼ 0.006); increments in Trunk/Legs fat (1SD) were
associated with greater HbA1c in diabetics (b ¼ 0.24, p < 0.001),
than in non-diabetics (b¼ 0.03, p < 0.05) (p for interaction <0.001);
increments in VAT/Total fat (1SD) were associated with greater
HbA1c in diabetics (b ¼ 0.37, p < 0.001), than in non-diabetics
(b ¼ 0.06, p < 0.01) (p for interaction <0.001).

4. Discussion

The optimal body adiposity measures are required for CM dis-
ease prevention and control. In this cross-sectional analysis, the
ability of a comprehensive set of various adiposity indicators for CM
risk assessment was compared. Among them, traditional anthro-
pometric, as well as standard and novel DXA-derived parameters
were tested. Drawn from the PREDIMED-Plus trial, the sample of
senior subjects with overweight/obesity and adverse metabolic
health was used. The present study revealed that DXA regional
adiposity measures offer advantages beyond traditional anthropo-
metric and DXA overall adiposity indicators, in terms of CM risk
assessment. In particularly, in both sexes, visceral adiposity showed
better capacity to stratify individuals at risk for glucose abnor-
malities, whereas the ratios of central-to-peripheral adiposity
worked better for dyslipidemia risk.

Our findings add to existing strong evidence that BMI is neither
a biological trait nor it reflects physiological and pathological states,
particularly in senior subjects [2,36]. Similarly, TBF, the other
commonly used indicator of overall adiposity, albeit precisely and
accurately measured by DXA, was limited in evaluating CM risk.
Therefore, in line with other authors [16,37], we found in our
population that the adiposity distribution was clearly more
important than overall adiposity in predicting CM risk. Further-
more, anthropometric surrogates of abdominal obesity, such asWC,
WHR or WHtR, albeit better than BMI, were inferior than DXA-
derived parameters of adiposity distribution. As reviewed by Kuk
and colleagues, it seems that age-related body composition re-
distribution occurs independently of overall adiposity or WC, thus
cannot be detected by simple anthropometric measures alone [19].
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Similar conclusions have been already drawn from earlier reports
[17,18], although the clinical guidelines have not been updated so
far.

An accurate and precise body composition determinations ob-
tained with DXA, may advance science regarding mechanistic role
of specific fat depots in health outcomes, and improve clinical
assessment allowing identification of specific phenotypes, such as
the metabolically healthy obese or metabolically unhealthy lean
subjects. However, it is accepted that use of DXA is still not very
feasible in public health screening and most clinical trials. Based on
the results from this study, we reinforce that in case in which DXA
cannot be applied, WC only or in adjunct with its derivates (WtHR
or WHR) should be assessed, as a surrogate measure of visceral
adiposity. Ultimately, the utility of WHR has gained less apprecia-
tion as a risk indicator for CM risk [38]. However, in the current
study, we found that in both sexes WHR had a somewhat very
considerable utility. The rationale supporting the use ofWHR is that
it accounts for central and peripheral fat distribution, which in case
of senior subjects might serve as the plausible alternative for the
indicators of lipodystrophy.

It is well established that visceral adiposity is associated with
adverse CM health. The exact mechanisms responsible for this link
are still unclear, albeit the induction of chronic low-grade systemic
inflammationmediated bymacrophage infiltration and secretion of
proinflammatory cytokines might be a key clue [39e42]. Due to
known detrimental effects of VAT, there is constantly increasing
interest in this fat depot as an attractive tool for disease risk diag-
nosis and target for interventions. Its widespread use as an
adiposity indicator is, however, severely hampered by the lack of
accessible and reliable methods to quantify VAT. This study adds to
the existing body of evidence that the use of automated DXA-
CoreScan algorithms is as valuable method for VAT quantification
[15e18,43].

We found that VAT mass, expressed in the absolute value and in
relation to total fat or SAT mass, was strongly associated with five
parameters related to CM risk. In particular, we confirmed the
known association between visceral adiposity and atherogenic
lipids profile, i.e. TG and HDL-C levels, as well as TG/HDL-C ratio
[16,44e46]. On the other hand, it has been postulated that VAT,
plays the crucial role in the development of insulin resistance
[39,40]. Our results seem to be in line with this theory, as VAT and
VAT/Total fat were not only strongly correlated but were also the
most robust predictors of elevated HbA1c, and TyG index d a
marker associated with insulin resistance [47], as well as early
predictor of DM2 and CV event risk [31,48]. Previous studies also
reported an adverse association between visceral adiposity and CV
and metabolic risk, which were primarily driven by insulin resis-
tance [17,41,49].

Aging has not only been associated with increases in total or
abdominal adiposity but also with the progressive loss of periph-
eral SAT, particularly in the lower body areas [19]. It has been
proposed that the lipodystrophy, manifested by reduced ability of
SAT to adequately uptake and store circulating free fatty acids (FFA),
leads to excessive lipid accumulation in non-subcutaneous fat or in
lean mass [19,50]. Therefore, increases in ectopic fat depots (VAT,
liver, heart and muscle) might be attributed, at least partly, to an
age-related dysregulation of lipid metabolism in SAT [6]. In this
regard, current study revealed that DXA-derived ratios reflecting
excess of central in relation to peripheral adiposity emerged as
more accurate to evaluate CM risk than the crude measures of
trunk, android, legs and gynoid fat alone. In particular, Trunk/Legs
fat and Android/Gynoid fat were associated with increased CM
abnormalities based on long-term glycemic levels (HbA1c), a
marker associated with insulin resistance, T2D and CV event risk
conditions (TyG index) [31,47,48], as well as atherogenic lipid
profile (TG, HDL-C and TG/HDL-C). Among them, both ratios of
fatness were most accurate to discriminate those at risk for
atherogenic dyslipidemia. Our results are consistent with previous
studies in elderly and postmenopausal women, suggesting that
centrality indices d trunk/legs and android gynoid fat ratio d are
more accurate predictors of glucose abnormalities and dyslipide-
mia than central measures (trunk or android fat) alone, unrelated to
peripheral adiposity [51e53]. Although the clinical implications of
our observations are not fully clear, they reinforce the importance
of age-related body fat redistribution, which can be almost unde-
tectable through anthropometry.

Regarding atherogenic lipid profile, most of the associations
between adiposity indicators and CM risk were found in relation to
TG, HDL-C and TG/HDL-C ratio. In case of LDL-C, there was a small
inverse correlation with anthropometric indicators (e.g. WHR) due
to chance finding or through the proposal that factors other than
obesity/visceral adiposity are involved in the age-related increase
of plasma LDL-C levels [54].

Due to the sexual dimorphism in body composition [19,35], the
analyses were performed a priori separately for men and women.
However, given that after menopause the pattern of fat accumu-
lation in women mirrors that of men [19,35], we found little sex
differences in our study. Particularly, the associations between in-
dicators of visceral adiposity and markers of dyslipidemia, as well
as between lipodystrophy indicators and the CM risk factors were,
to some extent, more pronounced in women than in men. The
reason for that is uncertain, but might be attributed to the hepatic
delivery of FFA derived from VAT lipolysis [55] and accumulation of
peripheral SAT stores over early adulthood [19,35], which was
found to be greater in women than in men.

We recognize several strengths and limitations of our study. A
marked strength of the present study was the use of large and
homogenous sample of men and women within a narrow BMI, TBF
and age ranges. Unlike previous studies, we examined wider
spectrum of adiposity indicators using anthropometry and DXA,
including a variety of upper and lower fat depots. A comprehensive
set of parameters related to CM risk, was also addressed. Moreover,
measurements of adiposity and CM features were based on physical
and laboratory examinations performed with use of standardized
protocols, in order to minimize the measurement errors. The
amount of VAT was not calculated with use of predictive equations,
but determined based on an automated algorithm from the DXA
manufacturer, providing valid estimates of this fat depot. We also
compared the magnitude of CM risk using standardized z-scores of
different adiposity indicators quantified using anthropometry and
DXA, thus enabling direct comparisons of risk estimates. Further-
more, in contrast to other studies, the analyses were controlled for
the treatment with medications (antihypertensive, cholesterol
lowering and antidiabetic), which might influence biochemical and
blood pressure results. In addition, the analyses were also adjusted
for other important possible covariables, including age, diabetes
prevalence, and factors related to healthy lifestyle, as smoking
status, alcohol intake, physical activity level and adherence to
MedDiet. Finally, sensitivity analyses suggested that the obtained
results are not affected by time difference between DXA and CM-
related parameters determinations or possession of metallic
prosthesis.

The main limitation of this study was it cross-sectional design,
which restricts inference regarding causality of the associations
found. The selection criteria of the study cohort, including elderly
subjects with overweight/obesity andMetS, limits generalization of
findings to other populations, as younger, leaner or healthier sub-
jects. Moreover, the health conditions of study participants were
likely correlated with the outcome. However, the prevalence of
described health conditions, which increases with progressing age,
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is relatively common nowadays. Furthermore, the correlation co-
efficients obtained in our analysis where somehow modest, albeit
the magnitude and direction of our findings were consistent with
previously reported literature [17,18,37,56,57]. Finally, the study
was limited to single-race (Caucasians), hence, the associations
found may not be applicable to other ethnic/racial groups. Since,
the quantity of fat accumulation in different depots might vary in
specific ethnic groups, it would be of interest to replicate our
findings in diverse populations.

In conclusion, results from this cross-sectional analysis
contribute to the accumulating body of evidence that DXA mea-
sures and regional adiposity are stronger predictors of CM risk than
anthropometry and overall adiposity. Particularly, visceral
adiposity measured with DXA-CoreScan was associated with in-
dicators of glucose abnormalities and T2D and the two DXA-
derived ratios of central-to-peripheral adiposity, as Trunk/Legs fat
and Android/Gynoid fat, were associated with atherogenic lipid
profile and heart health. Future studies should be performed to
expand these findings in terms of clinical utility, and to explore
mechanistic link between specific fat depots and CM disease
development. As a final remark, results from this study indicate
that BMI and TBF should not be relied on in clinical practice for CM
risk identification in elderly subjects. In case in which DXA cannot
be applied, the use of WC and its derivates, as WHR or WtHR, is
recommended for the identification of elevated CM risk in this
particular group.

Statement of authorship

J.K., I.A., JA.M., and D.R., conceived the study, analyzed the data,
and wrote the article. J.K., I.A., A.M.G., N.B., A.C., M.A.Z., R.S., J.Vi.,
E.T., A.D.-L., M.F., R.C., J.Ve., P.B.-C., V.M., A.G., J.S.-S., JA.M, and D.R
designed and conducted the project, and obtained the data. All
authors revised the manuscript for important intellectual content
and read and approved the final manuscript. J.K. and D.R. are the
guarantors of this work and, as such, had full access to all the data in
the study and take responsibility for the integrity of the data and
the accuracy of the data analysis.

Conflict of interest

All authors declare they have no conflict of interest relevant to
the content of this article.

Funding sources

This work was supported by the official Spanish Institutions for
funding scientific biomedical research, CIBER Fisiopatología de la
Obesidad y Nutrici�on (CIBERobn) and Instituto de Salud Carlos III
(ISCIII), through the Fondo de Investigaci�on para la Salud (FIS),
which is co-funded by the European Regional Development Fund
(four coordinated FIS projects leaded by J.S.-S. and J.Vi., including
the following projects: PI13/00462, PI13/01090, PI13/02184, PI14/
00853, PI14/00728, PI14/01919, PI16/00501, PI16/00381, PI16/
01522, PI17/00525, PI17/00532, PI17/00215, PI17/00926) and the
Especial Action Project entitled: Implementaci�on y evaluaci�on de
una intervenci�on intensiva sobre la actividad física Cohorte
PREDIMED-Plus [J.S.-S.]; the European Research Council (Advanced
Research Grant 2013e2018; grant number 340918); the Recercaixa
(grant number 2013ACUP00194) [J.S.-S.]; the SEMERGEN grant; the
AstraZeneca Foundation through the program for the promotion of
Young Spanish Investigators, award in category of Obesity and T2D
2017 [D.R.]; Juan de la Cierva-formaci�on research grant (FJCI-2015-
24058) of the Spanish Ministry of Economy, Industry and
Competitiveness and European Social Funds [J.K.]. None of the
funding sources took part in the design, collection, analysis or
interpretation of the data, or in the decision to submit the manu-
script for publication.

Acknowledgements

We thank all the volunteers for the participation and personnel
for their contribution in the PREDIMED-Plus trial.

Appendix A. Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.clnu.2018.07.005.

References

[1] Bastien M, Poirier P, Lemieux I, Despr�es J-P. Overview of epidemiology and
contribution of obesity to cardiovascular disease. Prog Cardiovasc Dis
2014;56:369e81. https://doi.org/10.1016/j.pcad.2013.10.016.

[2] Chang S-H, Beason TS, Hunleth JM, Colditz GA. A systematic review of body fat
distribution and mortality in older people. Maturitas 2012;72:175e91.
https://doi.org/10.1016/j.maturitas.2012.04.004.

[3] Van Gaal LF, Mertens IL, De Block CE. Mechanisms linking obesity with car-
diovascular disease. Nature 2006;444:875e80. https://doi.org/10.1038/
nature05487.

[4] Cornier M-A, Despres J-P, Davis N, Grossniklaus DA, Klein S, Lamarche B, et al.
Assessing adiposity: a scientific statement from the American Heart Associa-
tion. Circulation 2011;124:1996e2019. https://doi.org/10.1161/CIR.0b013
e318233bc6a.

[5] Ibrahim MM. Subcutaneous and visceral adipose tissue: structural and func-
tional differences. Obes Rev 2010;11:11e8. https://doi.org/10.1111/j.1467-
789X.2009.00623.x.

[6] Despr�es J-P, Lemieux I. Abdominal obesity and metabolic syndrome. Nature
2006;444:881e7. https://doi.org/10.1038/nature05488.

[7] Despr�es J-P. Body fat distribution and risk of cardiovascular disease: an update.
Circulation 2012;126:1301e13. https://doi.org/10.1161/CIRCULATIONAHA.
111.067264.

[8] Yusuf S, Hawken S, Ounpuu S, Bautista L, Franzosi MG, Commerford P, et al.
Obesity and the risk of myocardial infarction in 27,000 participants from 52
countries: a case-control study. Lancet (London, England) 2005;366:1640e9.
https://doi.org/10.1016/S0140-6736(05)67663-5.

[9] Beatty JD. Immunotherapy of colorectal cancer. Cancer 1992;70:1425e33.
[10] Hsieh S, Muto T. The superiority of waist-to-height ratio as an anthropometric

index to evaluate clustering of coronary risk factors among non-obese men
and women. Prev Med (Baltim) 2005;40:216e20. https://doi.org/10.1016/
j.ypmed.2004.05.025.

[11] Kizer JR, Biggs ML, Ix JH, Mukamal KJ, Zieman SJ, de Boer IH, et al. Measures of
adiposity and future risk of ischemic stroke and coronary heart disease in
older men and women. Am J Epidemiol 2011;173:10e25. https://doi.org/
10.1093/aje/kwq311.

[12] Price GM, Uauy R, Breeze E, Bulpitt CJ, Fletcher AE. Weight, shape, and mor-
tality risk in older persons: elevated waist-hip ratio, not high body mass in-
dex, is associated with a greater risk of death. Am J Clin Nutr 2006;84:449e60.

[13] Bennasar-Veny M, Lopez-Gonzalez AA, Tauler P, Cespedes ML, Vicente-
Herrero T, Ya~nez A, et al. Body adiposity index and cardiovascular health risk
factors in Caucasians: a comparison with the body mass index and others.
PLoS One 2013;8:e63999. https://doi.org/10.1371/journal.pone.0063999.

[14] Micklesfield LK, Goedecke JH, Punyanitya M, Wilson KE, Kelly TL. Dual-energy
x-ray performs as well as clinical computed tomography for the measurement
of visceral fat. Obesity 2012;20:1109e14. https://doi.org/10.1038/oby.
2011.367.

[15] Kaul S, Rothney MP, Peters DM, Wacker WK, Davis CE, Shapiro MD, et al. Dual-
energy x-ray absorptiometry for quantification of visceral fat. Obesity
2012;20:1313e8. https://doi.org/10.1038/oby.2011.393.

[16] Sasai H, Brychta RJ, Wood RP, Rothney MP, Zhao X, Skarulis MC, et al. Does
visceral fat estimated by dual-energy x-ray absorptiometry independently
predict cardiometabolic risks in adults? J Diabetes Sci Technol 2015;9:
917e24. https://doi.org/10.1177/1932296815577424.

[17] Bi X, Seabolt L, Shibao C, Buchowski M, Kang H, Keil CD, et al. DXA-measured
visceral adipose tissue predicts impaired glucose tolerance and metabolic
syndrome in obese Caucasian and African-American women. Eur J Clin Nutr
2015;69:329e36. https://doi.org/10.1038/ejcn.2014.227.

[18] Miazgowski T, Krzy _zanowska-�Swiniarska B, Dziwura-Ogonowska J,
Widecka K. The associations between cardiometabolic risk factors and visceral
fat measured by a new dual-energy X-ray absorptiometry-derived method in
lean healthy Caucasian women. Endocrine 2014;47:500e5. https://doi.org/
10.1007/s12020-014-0180-7.

[19] Kuk JL, Saunders TJ, Davidson LE, Ross R. Age-related changes in total and
regional fat distribution. Ageing Res Rev 2009;8:339e48. https://doi.org/
10.1016/j.arr.2009.06.001.

https://doi.org/10.1016/j.clnu.2018.07.005
https://doi.org/10.1016/j.pcad.2013.10.016
https://doi.org/10.1016/j.maturitas.2012.04.004
https://doi.org/10.1038/nature05487
https://doi.org/10.1038/nature05487
https://doi.org/10.1161/CIR.0b013e318233bc6a
https://doi.org/10.1161/CIR.0b013e318233bc6a
https://doi.org/10.1111/j.1467-789X.2009.00623.x
https://doi.org/10.1111/j.1467-789X.2009.00623.x
https://doi.org/10.1038/nature05488
https://doi.org/10.1161/CIRCULATIONAHA.111.067264
https://doi.org/10.1161/CIRCULATIONAHA.111.067264
https://doi.org/10.1016/S0140-6736(05)67663-5
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref9
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref9
https://doi.org/10.1016/j.ypmed.2004.05.025
https://doi.org/10.1016/j.ypmed.2004.05.025
https://doi.org/10.1093/aje/kwq311
https://doi.org/10.1093/aje/kwq311
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref12
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref12
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref12
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref12
https://doi.org/10.1371/journal.pone.0063999
https://doi.org/10.1038/oby.2011.367
https://doi.org/10.1038/oby.2011.367
https://doi.org/10.1038/oby.2011.393
https://doi.org/10.1177/1932296815577424
https://doi.org/10.1038/ejcn.2014.227
https://doi.org/10.1007/s12020-014-0180-7
https://doi.org/10.1007/s12020-014-0180-7
https://doi.org/10.1016/j.arr.2009.06.001
https://doi.org/10.1016/j.arr.2009.06.001


J. Konieczna et al. / Clinical Nutrition 38 (2019) 1883e1891 1891
[20] Peppa M, Koliaki C, Papaefstathiou A, Garoflos E, Katsilambros N, Raptis SA,
et al. Body composition determinants of metabolic phenotypes of obesity in
nonobese and obese postmenopausal women. Obesity 2013;21:1807e14.
https://doi.org/10.1002/oby.20227.

[21] Wiklund P, Toss F, Weinehall L, Hallmans G, Franks PW, Nordstr€om A, et al.
Abdominal and gynoid fat mass are associated with cardiovascular risk factors
in men and women. J Clin Endocrinol Metab 2008;93:4360e6. https://doi.org/
10.1210/jc.2008-0804.

[22] Aasen G, Fagertun H, Halse J. Effect of loss of regional fat assessed by DXA on
insulin resistance and dyslipidaemia in obese men. Scand J Clin Lab Invest
2010;70:547e53. https://doi.org/10.3109/00365513.2010.525660.

[23] Rosique-Esteban N, Díaz-L�opez A, Martínez-Gonz�alez MA, Corella D, Goday A,
Martínez JA, et al. Leisure-time physical activity, sedentary behaviors, sleep,
and cardiometabolic risk factors at baseline in the PREDIMED-PLUS inter-
vention trial: a cross-sectional analysis. PLoS One 2017;12:1e19. https://
doi.org/10.1371/journal.pone.0172253.

[24] Alberti KGMM, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, et al.
Harmonizing the metabolic syndrome: a joint interim statement of the in-
ternational diabetes federation task force on epidemiology and prevention;
National Heart, Lung, and Blood Institute; American Heart Association; World
Heart Federation; International. Circulation 2009;120:1640e5. https://
doi.org/10.1161/CIRCULATIONAHA.109.192644.

[25] Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of
low-density lipoprotein cholesterol in plasma, without use of the preparative
ultracentrifuge. Clin Chem 1972;18:499e502.

[26] Unger G, Benozzi SF, Perruzza F, Pennacchiotti GL. Triglycerides and glucose
index: a useful indicator of insulin resistance. Endocrinol Nutr 2014;61:
533e40. https://doi.org/10.1016/j.endonu.2014.06.009.

[27] Simental-Mendía LE, Rodríguez-Mor�an M, Guerrero-Romero F. The product of
fasting glucose and triglycerides as surrogate for identifying insulin resistance
in apparently healthy subjects. Metab Syndr Relat Disord 2008;6:299e304.
https://doi.org/10.1089/met.2008.0034.

[28] Fern�andez-Ballart JD, Pi~nol JL, Zazpe I, Corella D, Carrasco P, Toledo E, et al.
Relative validity of a semi-quantitative food-frequency questionnaire in an
elderly Mediterranean population of Spain. Br J Nutr 2010;103:1808e16.
https://doi.org/10.1017/S0007114509993837.

[29] Molina L, Sarmiento M, Pe~nafiel J, Donaire D, Garcia-Aymerich J, Gomez M,
et al. Validation of the regicor short physical activity questionnaire for the
adult population. PLoS One 2017;12:e0168148. https://doi.org/10.1371/
journal.pone.0168148.

[30] Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR, Tudor-
Locke C, et al. 2011 compendium of physical activities. Med Sci Sport Exerc
2011;43:1575e81. https://doi.org/10.1249/MSS.0b013e31821ece12.

[31] Navarro-Gonz�alez D, S�anchez-�I~nigo L, Pastrana-Delgado J, Fern�andez-
Montero A, Martinez JA. Triglycerideeglucose index (TyG index) in com-
parison with fasting plasma glucose improved diabetes prediction in pa-
tients with normal fasting glucose: the vascular-metabolic CUN cohort. Prev
Med (Baltim) 2016;86:99e105. https://doi.org/10.1016/j.ypmed.2016.
01.022.

[32] Hanak V, Munoz J, Teague J, Stanley A, Bittner V. Accuracy of the triglyceride
to high-density lipoprotein cholesterol ratio for prediction of the low-density
lipoprotein phenotype B. Am J Cardiol 2004;94:219e22. https://doi.org/
10.1016/j.amjcard.2004.03.069.

[33] Aussem A, Tchernof A, de Morais S, Rome S. Analysis of lifestyle and metabolic
predictors of visceral obesity with Bayesian Networks. BMC Bioinf 2010;11:
487. https://doi.org/10.1186/1471-2105-11-487.

[34] Koster A, Schaap LA. The effect of type 2 diabetes on body composition of
older adults. Clin Geriatr Med 2015;31:41e9. https://doi.org/10.1016/
j.cger.2014.08.020.

[35] Wells JCK. Sexual dimorphism of body composition. Best Pract Res Clin
Endocrinol Metab 2007;21:415e30. https://doi.org/10.1016/j.beem.2007.
04.007.

[36] Ben-Yacov L, Ainembabazi P, Stark AH. Is it time to update body mass index
standards in the elderly or embrace measurements of body composition? Eur J
Clin Nutr 2017;71:1029e32. https://doi.org/10.1038/ejcn.2017.39.

[37] Katzmarzyk PT, Heymsfield SB, Bouchard C. Clinical utility of visceral adipose
tissue for the identification of cardiometabolic risk in white and African
American adults. Am J Clin Nutr 2013;97:480e6. https://doi.org/10.3945/
ajcn.112.047787.

[38] Swainson MG, Batterham AM, Tsakirides C, Rutherford ZH, Hind K. Prediction
of whole-body fat percentage and visceral adipose tissue mass from five
anthropometric variables. PLoS One 2017;12:e0177175. https://doi.org/
10.1371/journal.pone.0177175.

[39] Brede S, Serfling G, Klement J, Schmid SM, Lehnert H. Clinical scenario of the
metabolic syndrome. Visc Med 2016;32:336e41. https://doi.org/10.1159/
000449028.

[40] Item F, Konrad D. Visceral fat and metabolic inflammation: the portal theory
revisited. Obes Rev 2012;13:30e9. https://doi.org/10.1111/j.1467-
789X.2012.01035.x.

[41] Matsuzawa Y, Funahashi T, Nakamura T. The concept of metabolic syndrome:
contribution of visceral fat accumulation and its molecular mechanism.
J Atheroscler Thromb 2011;18:629e39.

[42] Castro AVB, Kolka CM, Kim SP, Bergman RN. Obesity, insulin resistance and
comorbidities? Mechanisms of association. Arq Bras Endocrinol Metabol
2014;58:600e9.

[43] Rothney MP, Catapano AL, Xia J, Wacker WK, Tidone C, Grigore L, et al.
Abdominal visceral fat measurement using dual-energy X-ray: association
with cardiometabolic risk factors. Obesity (Silver Spring) 2013;21:1798e802.
https://doi.org/10.1002/oby.20223.

[44] Hwang Y-C, Fujimoto WY, Hayashi T, Kahn SE, Leonetti DL, Boyko EJ. Increased
visceral adipose tissue is an independent predictor for future development of
atherogenic dyslipidemia. J Clin Endocrinol Metab 2016;101:678e85. https://
doi.org/10.1210/jc.2015-3246.

[45] Miazgowski T, Kucharski R, Sołtysiak M, Taszarek A, Miazgowski B, Widecka K.
Visceral fat reference values derived from healthy European men and women
aged 20-30 years using GE healthcare dual-energy x-ray absorptiometry. PLoS
One 2017;12:e0180614. https://doi.org/10.1371/journal.pone.0180614.

[46] Neeland IJ, Ayers CR, Rohatgi AK, Turer AT, Berry JD, Das SR, et al. Associations
of visceral and abdominal subcutaneous adipose tissue with markers of car-
diac and metabolic risk in obese adults. Obesity 2013;21(9):E439e47. https://
doi.org/10.1002/oby.20135.

[47] Du T, Yuan G, Zhang M, Zhou X, Sun X, Yu X. Clinical usefulness of lipid ratios,
visceral adiposity indicators, and the triglycerides and glucose index as risk
markers of insulin resistance. Cardiovasc Diabetol 2014;13:146. https://
doi.org/10.1186/s12933-014-0146-3.

[48] S�anchez-�I~nigo L, Navarro-Gonz�alez D, Fern�andez-Montero A, Pastrana-
Delgado J, Martínez JA. The TyG index may predict the development of car-
diovascular events. Eur J Clin Investig 2016;46:189e97. https://doi.org/
10.1111/eci.12583.

[49] Jung SH, Ha KH, Kim DJ. Visceral fat mass has stronger associations with
diabetes and prediabetes than other anthropometric obesity indicators among
Korean adults. Yonsei Med J 2016;57:674e80. https://doi.org/10.3349/
ymj.2016.57.3.674.

[50] Uranga AP, Levine J, Jensen M. Isotope tracer measures of meal fatty acid
metabolism: reproducibility and effects of the menstrual cycle. AJP Endocrinol
Metab 2004;288:E547e55. https://doi.org/10.1152/ajpendo.00340.2004.

[51] Peppa M, Koliaki C, Hadjidakis DI, Garoflos E, Papaefstathiou A,
Katsilambros N, et al. Regional fat distribution and cardiometabolic risk in
healthy postmenopausal women. Eur J Intern Med 2013;24:824e31.

[52] Gavi S, Feiner JJ, Melendez MM, Mynarcik DC, Gelato MC, McNurlan MA. Limb
fat to trunk fat ratio in elderly persons is a strong determinant of insulin
resistance and adiponectin levels. J Gerontol A Biol Sci Med Sci 2007;62:
997e1001.

[53] Aasen G, Fagertun H, Halse J. Regional fat mass by DXA: high leg fat mass
attenuates the relative risk of insulin resistance and dyslipidaemia in obese
but not in overweight postmenopausal women. Scand J Clin Lab Investig
2008;68:204e11. https://doi.org/10.1080/00365510701649524.

[54] Lemieux S, Prud’homme D, Moorjani S, Tremblay A, Bouchard C, Lupien PJ,
et al. Do elevated levels of abdominal visceral adipose tissue contribute to
age-related differences in plasma lipoprotein concentrations in men?
Atherosclerosis 1995;118:155e64.

[55] Nielsen S, Guo Z, Johnson CM, Hensrud DD, Jensen MD. Splanchnic lipolysis in
human obesity. J Clin Investig 2004;113:1582e8. https://doi.org/10.1172/
JCI21047.

[56] Katzmarzyk PT, Greenway FL, Heymsfield SB, Bouchard C. Clinical utility and
reproducibility of visceral adipose tissue measurements derived from dual-
energy X-ray absorptiometry in white and African American adults. Obesity
2013;21:2221e4. https://doi.org/10.1002/oby.20519.

[57] Fox CS, Massaro JM, Hoffmann U, Pou KM, Maurovich-Horvat P, Liu C-Y, et al.
Abdominal visceral and subcutaneous adipose tissue compartments: associ-
ation with metabolic risk factors in the Framingham heart study. Circulation
2007;116:39e48. https://doi.org/10.1161/CIRCULATIONAHA.106.675355.

https://doi.org/10.1002/oby.20227
https://doi.org/10.1210/jc.2008-0804
https://doi.org/10.1210/jc.2008-0804
https://doi.org/10.3109/00365513.2010.525660
https://doi.org/10.1371/journal.pone.0172253
https://doi.org/10.1371/journal.pone.0172253
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref25
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref25
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref25
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref25
https://doi.org/10.1016/j.endonu.2014.06.009
https://doi.org/10.1089/met.2008.0034
https://doi.org/10.1017/S0007114509993837
https://doi.org/10.1371/journal.pone.0168148
https://doi.org/10.1371/journal.pone.0168148
https://doi.org/10.1249/MSS.0b013e31821ece12
https://doi.org/10.1016/j.ypmed.2016.01.022
https://doi.org/10.1016/j.ypmed.2016.01.022
https://doi.org/10.1016/j.amjcard.2004.03.069
https://doi.org/10.1016/j.amjcard.2004.03.069
https://doi.org/10.1186/1471-2105-11-487
https://doi.org/10.1016/j.cger.2014.08.020
https://doi.org/10.1016/j.cger.2014.08.020
https://doi.org/10.1016/j.beem.2007.04.007
https://doi.org/10.1016/j.beem.2007.04.007
https://doi.org/10.1038/ejcn.2017.39
https://doi.org/10.3945/ajcn.112.047787
https://doi.org/10.3945/ajcn.112.047787
https://doi.org/10.1371/journal.pone.0177175
https://doi.org/10.1371/journal.pone.0177175
https://doi.org/10.1159/000449028
https://doi.org/10.1159/000449028
https://doi.org/10.1111/j.1467-789X.2012.01035.x
https://doi.org/10.1111/j.1467-789X.2012.01035.x
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref41
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref41
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref41
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref41
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref42
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref42
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref42
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref42
https://doi.org/10.1002/oby.20223
https://doi.org/10.1210/jc.2015-3246
https://doi.org/10.1210/jc.2015-3246
https://doi.org/10.1371/journal.pone.0180614
https://doi.org/10.1002/oby.20135
https://doi.org/10.1002/oby.20135
https://doi.org/10.1186/s12933-014-0146-3
https://doi.org/10.1186/s12933-014-0146-3
https://doi.org/10.1111/eci.12583
https://doi.org/10.1111/eci.12583
https://doi.org/10.3349/ymj.2016.57.3.674
https://doi.org/10.3349/ymj.2016.57.3.674
https://doi.org/10.1152/ajpendo.00340.2004
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref51
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref51
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref51
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref51
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref52
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref52
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref52
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref52
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref52
https://doi.org/10.1080/00365510701649524
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref54
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref54
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref54
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref54
http://refhub.elsevier.com/S0261-5614(18)31207-X/sref54
https://doi.org/10.1172/JCI21047
https://doi.org/10.1172/JCI21047
https://doi.org/10.1002/oby.20519
https://doi.org/10.1161/CIRCULATIONAHA.106.675355

	Body adiposity indicators and cardiometabolic risk: Cross-sectional analysis in participants from the PREDIMED-Plus trial
	1. Introduction
	2. Methods
	2.1. Study overview and sample
	2.2. Indicators of adiposity measurements: anthropometric and DXA-derived parameters
	2.3. Cardiometabolic risk parameters measurements
	2.4. Covariables assessment
	2.5. Statistical analyses

	3. Results
	4. Discussion
	Statement of authorship
	Conflict of interest
	Funding sources
	Acknowledgements
	Appendix A. Supplementary data
	References


