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Abstract

Objective: To assess the predictive values of various adiposity indices for meta-
bolic syndrome (MetS) among adults using baseline data from the Healthy Aging
in Neighborhoods of Diversity across the Life Span (HANDLS) cohort.

Design: In a cross-sectional study, BMI, waist circumference (WC), body com-
position by dual-energy X-ray absorptiometry (DEXA) and metabolic risk factors
such as TAG, HDL cholesterol, blood pressure, fasting glucose and insulin, uric
acid and C-reactive protein were measured. Receiver-operating characteristic
(ROO) curves and logistic regression analyses were conducted.

Setting: Baltimore, Maryland.

Subjects: White and African-American US adults (72 1981), aged 30-64 years.
Results: In predicting risk of MetS using obesity-independent National Cholesterol
Education Program Adult Treatment Panel III criteria, percentage total body fat mass
(TtFM) assessed using DEXA measuring overall adiposity had no added value over
WC. This was true among both men (area under the ROC curve (AUC) = 0-680 .
0-733 for TtFM and WC, respectively; P<0-05) and women (AUC = 0-581 v. 0-686).
Percentage rib fat mass (RbFM) was superior to TtFM only in women for MetS
(AUC =0-701 and 0-581 for RbFM and TtFM, respectively; P<<0-05), particularly
among African-American women. Elevated percentage leg fat mass (LgFM) was
protective against MetS among African-American men. Among white men, BMI was
inferior to WC in predicting MetS. Optimal WC cut-off points varied across ethnic—sex
groups and differed from those recommended by the National Institutes of Health/
North American Association for the Study of Obesity.

Conclusions: The study provides evidence that WC is among the most powerful tools Percentage total body fat mass
to predict MetS, and that optimal cut-off points for various indices including WC may Central obesity
differ by sex and race. BMI
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Metabolic syndrome

Various measures of obesity, particularly BMI and waist
circumference (WC), have been used independently or
combined with other criteria to define the metabolic
syndrome (MetS). In 2001, WC was included in the MetS
definition by the National Cholesterol Education Program
(NCEP) Adult Treatment Panel TIT (ATP TIDY. Hence, the
wide use of WC makes it currently the reference mea-
surement in defining the central obesity component of
MetS. MetS is a clustering of several cardiometabolic
risk factors which are linked to increased all-cause and
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cardiovascular mortality®™. Recently, studies suggested
that while BMI and WC are both easily measurable indices
of obesity, percentage total body fat may better predict
MetS and future health risk. Percentage total body fat has
frequently been used as the gold standard in receiver-
operating characteristic (ROC) curve analyses examining
the predictive value of various anthropometric measure-
ments among children or adolescents®® and among
adults"*'" . Thus, we need larger databases with total
body fat''?.

It is still debatable whether percentage total body fat
mass (TtFM) is more valuable than the widely used
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anthropometric measures, particularly WC"*#” and

virtually unknown whether percentage regional body fat
among US adults has a higher value in predicting MetS
and its components than WC or TtFM. Moreover, no
previous studies have investigated appropriate cut-off
points for those regional body fat indices that would have
the highest predictive value of MetS and which cut-off
point of WC best defines central obesity for each socio-
demographic category such as sex—race groups273%,
The present study is one of few in a growing litera-
ture' 719212220 1 examine the predictive value of dual-
energy X-ray absorptiometry (DEXA) body fat indices
as opposed to anthropometric indices for MetS and its
components using baseline data collected in a large cohort
study. A number of other recent studies have measured
percentage body fat (total and regional) with other methods
such as bioelectrical impedence and computed tomography
and compared their predictive value to anthropometric
measures against MetS Components(VH(”l&zgﬁ 2 In the
present study, we systematically compared the values of
BMI and various regional body fat indices to WC and TtFM
in predicting MetS and its components across sexes and
sex—ethnic groups. Second, we estimated related cut-off
points with optimal sensitivity and specificity for MetS,
and assessed the association between various adiposity
measures and MetS by estimating adjusted odds ratios.

Materials and methods

Setting and participants
The Healthy Aging in Neighborhoods of Diversity Across the
Life Span (HANDLS) is a prospective longitudinal study of
a baseline representative sample of African-Americans and
whites between 30 and 64 years of age. Participants were
recruited as a fixed cohort by household screenings from
an area probability sample of twelve census segments in
Baltimore City. Data were collected in two separate phases.
Phase 1 consisted of screening, recruitment, a household
interview (assessing sociodemographic information and
physiological and psychological chronic exposure) and a first
24h recall; phase 2 consisted of an in-depth examination
in a mobile medical research vehicle (MRV) and included a
second dietary assessment with a 24 h recall, psychometric
measures (e.g. for depressive symptoms and cognitive func-
tion), anthropometric and body composition measurements.
Out of the targeted 4000 adults, 3724 were selected in the
household survey at phase 1 from 2004 to 2008 (sample 1).
Thus far, 2436 (654 %) had complete baseline phase 2
examinations by 2008 (sample 2). However, only about
53-2% (sample 3A; 7 1981) of those had complete DEXA
scans. Moreover, complete metabolic outcome data were
found among 88% to 98% of sample 3, depending on
the metabolic parameter being measured. Sample 3B with
complete data on DEXA scans and MetS (definition 1)
components (7 1819) differed from the remainder of
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sample 1, by being older (mean age 482 (sp 9-1) v. 472
(sp 9-5) years, respectively; P<0-05 based on ¢test), having
a significantly higher proportion of women (57-:0% v.
52:6%; P<0-05 based on x” test) and a larger proportion
with poverty:income ratio (PIR) <125% (47-:0% v. 35-8 %
P<0-05 based on x* test).

Body composition analysis

DEXA was performed using a Lunar DPX-IQ analyser
(Lunar Corp., Madison, WI, USA). The total body scan
measures both body composition and bone mineral
density and vyields results for the total body as well as
specific regions. Several measures were of interest,
including TtFM (total body fat mass as a percentage of
total body mass) and body fat mass in specific regions,
i.e. arms (AmFM), legs (LgFM), trunk (TrFM), ribs (RbFM),
pelvis (PIFM) and spine (SpFM), as a percentage of total
fat mass (TFM).

Anthropometric indices

Body weight and standing height were measured directly
on a calibrated scale with a calibrated ruler set parallel to the
top of the participant’s head. BMI (=weight/height®, kg/m?)
was calculated for each subject. WC (in cm) was measured
using a tape measure starting from the hip bone and
wrapping around the waist at the level of the navel.

Metabolic outcome variables

Systolic and diastolic blood pressure

The average of right and left sitting blood pressure values
was taken to represent each of systolic and diastolic blood
pressure levels (SBP and DBP, respectively) for the present
analyses. Blood pressure was measured non-invasively
using the brachial artery auscultation method with an
aneroid manometer, a stethoscope and an inflatable cuff.

Other metabolic risk factors

Following an overnight fast (generally at least 8h, but
for most 12h), blood samples were drawn from an
antecubital vein. Blood was collected first thing after
consenting, after which breakfast was served. Total cho-
lesterol (TC), HDL-cholesterol (HDL-C), TAG, uric acid
and glucose were assessed using a spectrophotometer
(AU5400 Immuno Chemistry Analyser; Olympus, Center
Valley, PA, USA). Fasting serum insulin was analysed with
a standard immunoassay test (Immulite® 2000 Immuno-
assay System; Siemens/DPC, Eschborn, Germany) and
C-reactive protein (CRP) was analysed with an immuno-
turbidimeter (Nephelometer II; Siemens/Behring, Minsk,
Republic of Belarus). Homeostasis model assessment—
insulin resistance (HOMA-IR)®" was computed, with a
cut-off point of 261 reflecting high insulin resistance level
32 Cut-offs for hyperuricaemia
3 while

as suggested elsewhere
were >7mg/dl in men and >6mg/dl in women
elevated CRP was defined as >2-11 mg/I®?.
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Metabolic syndrome

Central obesity was defined as WC=102cm (40 in.) for
men or WC=88cm (35 in.) for women®”. This is one of
five components of the NCEP ATP III (2001) main definition
of MetS (definition 1). Using this definition, MetS was
positive when three or more of the following criteria
screened as positive: () WC =102 cm for men or WC =88
cm for women; (i) SBP/DBP = 130/85 mmHg; (iii) fasting
glucose =110mg/dl; (v) TAG=150mg/dl; (v) HDL-
C <40mg/dl for men or HDL-C < 50 mg/dl for women.

A second MetS definition (definition 2; the main one in
our analysis) used criteria (i), (iil) and (iv) of the first
definition with a cut-off point of two or more instead of
three or more positive components. This was done to
produce a measure of MetS that is independent of adip-
osity. This definition was used for the target outcome in
the ROC curve analysis, as was done by at least one

previous study®.

Covariates

Other covariates were considered mainly as potential
confounders or effect modifiers. These included age
group, sex, race (white ». African-American), marital
status (married . unmarried), smoking status (ever v.
never smoker) and self-reported use of medications for
diabetes, hyperlipidaemia and hypertension diagnosis,
based on the coding of the 9th edition of the International
Statistical Classification of Diseases and Related Health
Problems (ICD-9)®. Socio-economic status was mea-
sured by completed years of education (categorized as:
<high school, 0-8 years; high school, (9-12 years); >high
school, 13+ vyears) and PIR (categorized as: below
poverty, PIR <125 %; above poverty, PIR = 125 %).

Statistical analysis
The STATA statistical software package release 10-0 (Stata
Corporation, College Station, TX, USA) was used to analyse
data. All analyses were stratified by sex, and some by sex
and race. We used the two-sided independent-samples ¢ test
to compare means across dichotomous variables (i.e. men .
women, white men v. African-American men, white women
v. African-American women); the one-way ANOVA test for
comparison of means across multilevel variables followed
by post boc analysis adjusted for multiple comparisons using
the Bonferroni technique; and Peason’s x> test to examine
differences in proportions across categorical variables.
Sensitivity (proportion of true positives, i.e. proportion
of cases correctly identified as meeting the conditions of
MetS) and specificity (proportion of true negatives, i.e.
proportion of non-cases correctly identified as not meet-
ing MetS) were calculated to evaluate the accuracy of
body fat and anthropometric indices in depicting MetS
(definition 2), by creating ROC curves®’*®. The ROC
curve is a graphical plot of sensitivity v. (1 — specificity)
for a binary classifier system as its discrimination thresh-
old is varied. The area beneath each ROC curve (AUQ),
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a measure that is independent of classifier cut-off points,
can range between 0 and 1 and be computed with its
95 % confidence interval.

An index positively associated with MetS would yield an
AUC between 0-5 and 1-0. An AUC value of 0-7, for
instance, has the following interpretation. If we randomly
select from the MetS™ and MetS™ groups, the value of that
particular adiposity index will be greater in the MetS™
group 70% of the time. Raw continuous values for each
adiposity index were used for that purpose. When two
or more empirical curves are constructed based on tests
performed on the same individuals, statistical analysis on
differences between curves must take into account the
correlated nature of the data. To this end, a non-parametric
approach to the analysis of areas under correlated ROC
curves was performed, by using the theory on generalized
UFstatistics to generate an estimated covariance matrix®”.
Additionally, P values were adjusted for multiple compar-
isons using the Bonferroni technique®®. The two reference
measurements considered were WC (as it is incorporated in
the original NCEP ATP III definition of MetS)" and TtFM
(as it was suggested by various studies to be superior to
other measures)'?. To ensure that all other test measures
(e.g. BMI, DEXA measures) were positively associated with
WC and TtFM, correlation coefficients were estimated
(see Appendix 1). Measures that correlated negatively
with either WC or TtFM were entered into the ROC curve
analysis as their negative value.

Optimal cut-off points for each adiposity index were
derived from MetS (definition 2) ROC curve analysis using
the highest sensitivity and specificity combination, corre-
sponding to the smallest distance from the upper left-hand
corner to the diagonal (see Fig. 1). Finally, using multi-
variate logistic regression analyses, binary adiposity indices
(based on optimal cut-off points) as well as standardized
Z-scores were modelled against MetS (definition 2). Fol-
lowing this analysis, a sensitivity analysis was conducted to
examine the added value of DEXA measures over anthro-
pometric measures, by combining multivariate logistic
regression models with ROC curves. Changes in AUC
between successive models of more than 10% of the pre-
ceding model indicated appreciable added value. To this
end, a series of three multiple logistic regression models
was conducted per sex group to predict MetS (definition 2)
with the following predictors: model 1, BMI plus WC;
model 2, as model 1 plus all DEXA adiposity measures
considered in previous analyses with a sex-specific cut-off
point; model 3, as model 2 plus covariates. A type I error of
0-05 was considered in all analyses.

Results
Characteristics of the study population

Study population characteristics are shown in Table 1.
Men overall were more likely to be married compared
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Table 1 Study population characteristics (mean and standard deviation or percentage), by sex and by sex—race, among participants with complete data on DEXA scan measures and MetS
(definition 1) components: HANDLS study

Total Men Women White men African-American men White women African-American women
(n 1819) (n783) (n 1036) (n 314) (n 425) (n 469) (n611)
Mean or % SD Mean or % SD Mean or %  sb Mean or % SD Mean or % SD Mean or % SD Mean or % SD

DEMOGRAPHICS
African-American (%) 59-4 59-9 59-0 - - - -
Age (years) 48-3 9-1 48-2 9-2 48-3 9-1 48-5 9-3 47-9 9-0 48-2 9-4 48-4 8-9
PIR <125 % (%) 47-0 44-2 49-0 a 30-9 531 a 40-0 55-3 a b
Educational attainment (%) b

<High school 7-0 84 6-0 a 12:9 56 a 8-0 4-8 a

High school 59-0 60-7 575 48-0 68-4 53-5 60-0

>High school 341 30-9 365 39-1 26-0 385 35-2
Married (%) 55-3 63-3 49-2 a 68-4 60-0 a 58-1 42-6 a b
ANTHROPOMETRIC INDICES
BMI (kg/m?) 29-2 7-3 27-3 5-3 30-6 82 @ 28-3 5-3 26-6 5-1 a 29-6 7-6 31-3 8:6 a b
WC (cm) 97-0 17-8 95-7 16-5 98-0 18-8 2 99-9 181 92-9 14.7 2 97-4 18-2 98-3 19-2 b
BODY FAT INDICES
TtFM (of TBM) 351 12:2 252 8:5 42-6 87 @ 277 7-5 235 87 @ 421 8:5 43-0 8-8 b
AmMFM (of TFM) 7-3 1-9 6-8 15 77 24 2 6-5 1-4 7-0 1.5 @ 7-2 2:0 8-0 21 a b
LgFM (of TFM) 36-1 5-4 34-4 4-9 375 53 2 327 5-0 355 45 @ 371 56 377 5-2 a b
TrFM (of TFM) 50-6 6-0 52-9 56 48-9 57 2 55-1 5-4 51-5 52 @ 49-9 5-8 48-2 5-5 a b
RbFM (of TFM) 19-2 37 20-0 3-8 186 36 2 21-4 36 19-1 36 2 18-8 37 185 34 b
PIFM (of TFM) 17-5 2:8 17-9 2-8 171 27 @ 187 26 175 28 @ 177 26 16-8 27 a b
SpFM (of TFM) 12-3 27 13:6 27 11-4 23 2 136 25 13-5 2:8 11-9 2:2 11-2 2:3 a b
METABOLIC OUTCOMES
Fasting glucose (mg/dl) 105-1 45-0 106-2 46-0 104-2 441 2 109-6 45-9 104-0 46-0 103-4 41-4 104-7 46-0
Fasting insulin (mU/l) 111 10-8 10-8 10-9 11-4 10-7 11-9 121 10-0 10-0 2 10-8 10-2 11-8 11-0 b
HOMA-IRt (mU/IXmmol/l) 31 41 31 4-5 3-2 3-8 35 4.2 29 4-6 3-0 37 33 39
TAG (mg/dl) 125-1 100-1 135-1 121-4 117-5 796 2 169-7 149-2 111-9 917 @ 138-1 101-8 103-2 55-1 a b
TC (mg/dl) 188-3 43-8 184-6 46-2 1911 41.7 @ 188-3 45-2 182-1 46-7 195-7 42-4 188-0 40-9 a b
HDL-C (mg/dl) 53-1 17-4 49-3 17-6 56-0 16-8 2 43-6 12:0 53-2 195 2 53-5 15-1 57-7 17-8 a b
Uric acid (mg/dl) 5-3 16 5-9 1-5 4-9 15 2 5-9 1-4 6-0 15 4-7 14 5-0 15 a b
CRP (mg/l) 41 5-9 31 4-8 4-9 65 2 29 3-3 3-3 5-6 4-4 5-3 5-3 71 a b
SBP (mmHg) 1191 19-4 1197 17-4 118-6 20-8 119-2 17-3 120-2 17-5 115-0 187 1211 21-8 a b
DBP (mmHg) 72-3 12-2 73-8 11-6 711 12:4 2 74-0 11-5 737 11-7 70-2 11-5 71-8 13-0 a b
METABOLIC SYNDROME
MetS (definition 1)t (%) 253 22:0 27-8 a 31-8 15-3 a 30-3 26-0 b

(n 460) (n172) (n 288) (n 100) (n 129) (n72) (n 159)
MetS (definition 2)t (%) 17-5 20-0 15-6 a 24-5 171 a 15-8 15-6 b
(n319) (n 157) (n162) (n77) (n 67) (n 80) (n 95)

DEXA, dual-energy X-ray absorptiometry; MetS, metabolic syndrome; HANDLS, Healthy Aging in Neighborhoods of Diversity Across the Life Span; PIR, poverty:income ratio; WC, waist circumference; TtFM; percentage
total body fat mass; TBM, total body mass; AmFM, percentage arm fat mass; TFM, total fat mass; LgFM, percentage leg fat mass; TrFM, percentage trunk fat mass; RbFM, percentage rib fat mass; PIFM, percentage
pelvic fat mass; SpFM, percentage spine fat mass; HOMA-IR, homeostasis model assessment—insulin resistance; TC, total cholesterol; HDL-C, HDL cholesterol; CRP, C-reactive protein; SBP, systolic blood pressure;
DBP, diastolic blood pressure.

ap < 0-05 for the null hypothesis that means or proportions are equal between sexes or between race groups within each sex (t test or y2 test).

PP < 0-05 for the null hypothesis that means or proportions are equal between sex—race groups, i.e. white men and African-American men, white women and African-American women (ANOVA test or y? test).
tHOMA-IR is the product of the fasting values of glucose (Go; expressed as mg/dl) and insulin (ly, expressed as pU/ml), divided by a constant: Iy X Go/405.

$Using definition 1, MetS was positive when three or more of the following criteria screened as positive. These criteria are derived from the National Cholesterol Education Program (NCEP) Adult Treatment Panel Il
(2001)™. (i) Central obesity NCEP component: WC =102 cm for men and WC = 88cm for women; (i) blood pressure NCEP component: SBP/DBP = 130/85 mmHg; (iii) fasting glucose NCEP component: fasting
glucose = 110 mg/dl; (iv) dyslipidaemia—TAG NCEP component: TAG = 150 mg/dl; (v) dyslipidaemia—HDL-C NCEP component: HDL-C < 40 mg/dl for men and HDL-C < 50 mg/dl for women. Using definition 2, MetS was
positive when two or more of the preceding criteria screened positive excluding criteria (i) and (v).
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Table 2 Adiposity indices and metabolic risk factors (mean and standard deviation), by MetS (definition 1)+ and by sex: HANDLS study

Men (n 783)t

Women (n 1036)t

MetS™ (n 611)

MetS™ (n 172)

MetS™ (n 748) MetS* (n 288)

Mean SD Mean SD Mean SD Mean SD
ANTHROPOMETRIC INDICES
BMI (kg/m?) 26-0 4-6 319 4-8 a 29-2 8-4 34-4 6-5 a
WC (cm) 91-6 14-7 110-5 13-9 a 93-8 18-4 109-0 14-9 a
BODY FAT INDICES
TtFM (of TBM) 236 8-5 30-9 5-6 a 41-4 9-4 45-7 5-2 a
AmFM (of TFM) 6-8 14 6-9 1-5 7-4 2:0 8-3 2:2 a
LgFM (of TFM) 34-9 4-8 32-3 4-8 a 38-4 5-2 35-1 4-9 a
TrEM (of TFM) 52-3 5-4 55-4 5-3 2 48-0 5-6 51-2 5-3 a
RbFM (of TFM) 19-3 37 22:4 3-0 a 17-8 3-5 20-7 2-8 a
PIFM (of TFM) 17-8 2-8 18:6 2:8 a 171 27 17-3 27
SpFM (of TFM) 13-8 2:6 12-7 2-8 a 11-4 2:3 11-6 2:4
METABOLIC OUTCOMES
Fasting glucose (mg/dl) 98-1 30-2 135-4 730 a 931 227 132-8 67-4 a
Fasting insulin (mU/I) 8-6 8-9 185 137 2 9-5 9-9 16-2 11-2 2
HOMA-IR§ (mU/IXmmol/l) 2:2 3-0 6-2 6-8 a 2-3 27 5-4 5-2 a
TAG (mg/dl) 107-9 717 231-6 192-5 a 95-8 45-5 174-0 1141 a
TC (mg/dl) 1817 41-4 195-0 591 a 189-4 38-1 195-7 49-5 a
HDL-C (mg/dl) 52-8 17-8 37-0 8-9 a 60-6 16-6 441 10-3 a
Uric acid (mg/dl) 5-8 1-4 6-5 1-7 a 4-7 1-4 5-4 1-6 a
CRP (mg/l) 2:8 4-8 4.2 4-8 2 4-0 5-8 7-2 75 2
SBP (mmHg) 117-4 16-6 128-1 17-7 a 115-1 187 127-8 229 a
DBP (mmHg) 72-3 11-4 791 10-9 a 69-7 11-7 74-8 135 a

MetS, metabolic syndrome; HANDLS, Healthy Aging in Neighborhoods of Diversity Across the Life Span; WC, waist circumference; TtFM; percentage total
body fat mass; TBM, total body mass; AmFM, percentage arm fat mass; TFM, total fat mass; LgFM, percentage leg fat mass; TrFM, percentage trunk fat mass;
RbFM, percentage rib fat mass; PIFM, percentage pelvic fat mass; SpFM, percentage spine fat mass; HOMA-IR, homeostasis model assessment—insulin
resistance; TC, total cholesterol; HDL-C, HDL cholesterol; CRP, C-reactive protein; SBP, systolic blood pressure; DBP, diastolic blood pressure.

8P < 0-05 for the null hypothesis that means or proportions are equal between MetS groups within each sex (t test).

tSee Table 1, footnote %, for details on MetS (definition 1).
tSample sizes varied depending on metabolic outcomes.
§See Table 1, footnote t, for details on HOMA-IR.

with women, and whites more than African-Americans
within each sex. PIR<<125% proportions were sig-
nificantly higher among women overall compared with
men and higher among African-Americans compared
with whites consistently for each sex. White men had the
highest proportion in the >high school category and
there was a wider racial gap among men (26-:0% v. 39:3 %
in African-American ». white men) than among women
(35-2% v. 38:5% in African-American ». white women).
Mean BMI was highest among African-American women,
while mean WC was highest among white men.

Mean TtFM was significantly higher among women
compared with men. Among men, whites had higher
mean TtFM compared with African-Americans, while no
ethnic differences were detected among women. Per-
centage regional fat mass from TFM was higher among
women in two of the selected regions (AmFM and LgFM),
but was lower in the other regions. Means of AmFM and
LgFM were higher among African-American men than
their white counterparts, while the reverse was true for
TrFM, RbFM and PIFM. Similarly, mean AmFM and LgFM
were higher among African-American women compared
with their white counterparts, while the reverse was true
for TrFM, PIFM and SpFM (Table D).

Men had worse metabolic profiles than women for fasting
glucose, TAG, HDL-C, uric acid and DBP. Women had worse
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profiles for TC and CRP (P<C0-05 based on ?test between sex
groups). Fasting insulin and lipid profiles (higher TAG and
lower HDL-C) were worse among white men compared with
African-American men. Among women, African-Americans
had a worse profile than their white counterparts in terms of
uric acid, CRP, SBP and DBP, whereas the reverse was true for
TAG, TC and HDL-C (P<< 0-05 based on ttest between ethnic
groups and within each sex; Table 1).

MetS (definition 1) was significantly more prevalent
among women than men (27-:8% v. 22-0%), whereas the
reverse was true for MetS (definition 2). Moreover, racial
differences in MetS (definitions 1 and 2) prevalence
proportions were significant only among men, with
whites having the higher prevalence (Table 1).

Using definition 1, men and women with MetS had
significantly higher adiposity in most regions except LgFM
(where the reverse was true) and AmFM (where no signif-
icant association was detected). All other metabolic out-
comes and anthropometric measures were significantly
higher in the MetS™ group compared with MetS™ for both
men and women (Table 2).

Receiver-operating characteristic curve analysis

Using WC as the reference measurement, BMI, TtFM,
AmFM, PIFM and —SpFM were all inferior predictors for
MetS (definition 2) in men, based on Bonferroni-corrected
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Table 3 ROC curve analysis (AUC and 95 % confidence interval) for MetS (definition 2)t and metabolic risk factors predicted by adiposity
indices: HANDLS study

Men (n 783)t Women (n 1036)t
AUC 95% ClI AUC 95% ClI

MetS (definition 2)t

BMI (kg/m?) 0-690 0-643, 0-736 a 0-656 0-616, 0-701 b

WC (cm) 0-733 0-690, 0-775 b 0-686 0-643, 0-727 b

TtFM (of TBM) 0-680 0-637, 0-723 a 0-581 0-539, 0-622 a

AmMFM (of TFM) 0-513 0-462, 0-564 ab 0-580 0-535, 0-625

—LgFM (of TFM)§ 0-662 0-615, 0-709 0-645 0-597, 0-692

TrFM (of TFM) 0-668 0-621, 0-714 0-636 0-589, 0-683

RbFM (of TFM) 0-687 0-643, 0-730 0-701 0-659, 0-743

PIFM (of TFM) 0-589 0-539, 0-639 a 0-502 0-453, 0-551 a

—SpFM (of TFM)§ 0-541 0-490, 0-592 ab 0-478 0-426, 0-531 ab
Blood pressure NCEP componentt

BMI (kg/m?) 0-592 0-551, 0-633 0-569 0-532, 0-606

WC (cm) 0-606 0-565, 0-646 0-573 0-536, 0-609

TtFM (of TBM) 0-596 0-556, 0-636 0-554 0-518, 0-590

AmMFM (of TFM) 0-526 0-484, 0-568 0-547 0-510, 0-584

—LgFM (of TFM)§ 0-607 0-566, 0-648 0-557 0-520, 0-594

TrFM (of TFM) 0-598 0-557, 0-639 0-547 0-509, 0-585

RbFM (of TFM) 0-575 0-535, 0-616 0-569 0-532, 0-605

PIFM (of TFM) 0-543 0-501, 0-584 0-487 0-449, 0-525 a

—SpFM (of TFM)§ 0-483 0-441, 0-525 ab 0-469 0-431, 0-507 ab
Fasting glucose NCEP componentt

BMI (kg/m?) 0-697 0-650, 0-743 0-714 0-676, 0-752 b

WC (cm) 0-716 0-671, 0-761 b 0-725 0-687, 0-762 b

TtFM (of TBM) 0-673 0-627, 0-718 a 0-642 0-603, 0-682 a

AmMFM (of TFM) 0-544 0-493, 0-595 ab 0-633 0-590, 0-675 a

—LgFM (of TFM)§ 0-590 0-536, 0-643 a 0-611 0-565, 0-657 a

TrFM (of TFM) 0-594 0-541, 0-646 a 0-592 0-545, 0-638 a

RbFM (of TFM) 0-650 0-603, 0-697 a 0-688 0-649, 0-728

PIFM (of TFM) 0-541 0-487, 0-594 ab 0-471 0-425, 0-517 ab

—SpFM (of TFM)§ 0-581 0-530, 0-632 ab 0-498 0-448, 0-549 ab
Dyslipidaemia—TAG NCEP componentt

BMI (kg/m?) 0-653 0-610, 0-695 a 0-583 0-544, 0-622 ab

WC (cm) 0-690 0-649, 0-731 0-632 0-593, 0-671 b

TtFM (of TBM) 0-666 0-625, 0-706 0-533 0-494, 0-572 a

AmMFM (of TFM) 0-495 0-449, 0-541 ab 0-539 0-498, 0-580 a

—LgFM (of TFM)§ 0-659 0-617, 0-701 0-695 0-658, 0-733 b

TrFM (of TFM) 0-653 0-611, 0-695 0-691 0-653, 0-729 b

RbFM (of TFM) 0-685 0-644, 0-725 0-690 0-652, 0-728 ab

PIFM (of TFM) 0-572 0-528, 0-616 ab 0-579 0-536, 0-621

—SpFM (of TFM)§ 0-537 0-491, 0-582 ab 0-427 0-383, 0470 ab
Dyslipidaemia—HDL-C NCEP componentt

BMI (kg/m?) 0-653 0-611, 0-695 0-638 0-604, 0-671 b

WC (cm) 0-666 0-624, 0-707 0-659 0-625, 0-693 b

TtFM (of TBM) 0-657 0-616, 0-698 0-566 0-531, 0-600 a

AmMFM (of TFM) 0-493 0-448, 0-538 ab 0-571 0-535, 0-606 a

—LgFM (of TFM)§ 0-581 0-538, 0-324 a 0-614 0-580, 0-648

TrFM (of TFM) 0-592 0-549, 0-635 a 0-608 0-573, 0-643

RbFM (of TFM) 0-656 0-615, 0-697 0-653 0-619, 0-689

PIFM (of TFM) 0-541 0-496, 0-586 ab 0-516 0-480, 0-551

—SpFM (of TFM)§ 0-582 0-536, 0-627 ab 0-491 0-455, 0-527 ab
HOMA-IR > 2-61l

BMI (kg/m?) 0-795 0-762, 0-828 0-778 0-750, 0-807 b

WC (cm) 0-815 0-782, 0-847 0-783 0-754, 0-811 b

TtFM (of TBM) 0-782 0-748, 0-816 0-685 0-653, 0-717

AmMFM (of TFM) 0-574 0-533, 0-616 ab 0-680 0-647, 0-713 a

—LgFM (of TFM)§ 0-583 0-541, 0-625 ab 0-652 0-618, 0-686 a

TrFM (of TFM) 0-593 0-552, 0-635 ab 0-618 0-583, 0-653 a

RbFM (of TFM) 0-703 0-666, 0-739 ab 0-731 0-700, 0-761 a

PIFM (of TFM) 0-517 0-474, 0-560 ab 0-480 0-443, 0-516 ab

—SpFM (of TFM)§ 0-632 0-591, 0-674 ab 0-527 0-491, 0-564 ab
Uric acid >6 mg/dl (women), >7 mg/dl (men)

BMI (kg/m?) 0-631 0-582, 0-680 0-682 0-640, 0-724

WC (cm) 0-626 0-577, 0-675 0-693 0-653, 0-734

TtFM (of TBM) 0-627 0-580, 0-673 0-644 0-604, 0-685

AmMFM (of TFM) 0-504 0-455, 0-554 ab 0-620 0-577, 0-662

—LgFM (of TFM)§ 0-560 0-511, 0-608 0-596 0-551, 0-640

TrFM (of TFM) 0-561 0-513, 0-610 0-578 0-534, 0-623 a
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Table 3 Continued

Men (n 783)t Women (n 1036)t

AUC 95% ClI AUC 95% Cl

RbFM (of TFM) 0-603 0-555, 0-651 0-655 0-614, 0-696

PIFM (of TFM) 0-513 0-463, 0-564 ab 0-509 0-464, 0-555 ab
—SpFM (of TFM)§ 0-531 0-480, 0-582 ab 0-534 0-489, 0-584 ab

CRP >2-11mg/l

BMI (kg/m?) 0-636 0-595, 0-677 0-732 0-701, 0-764

WC (cm) 0-646 0-605, 0-686 0-740 0-709, 0-771

TtFM (of TBM) 0-672 0-632, 0-712 0-711 0-679, 0-744

AmFM (of TFM) 0-526 0-483, 0-568 ab 0-632 0-598, 0-667 ab
—LgFM (of TFM)§ 0-518 0-476, 0-561 ab 0-626 0-591, 0-661 ab
TrFM (of TFM) 0-526 0-483, 0-568 ab 0-615 0-580, 0-650 ab
RbFM (of TFM) 0-567 0-525, 0-609 ab 0-659 0-624, 0-693 a
PIFM (of TFM) 0-505 0-462, 0-547 ab 0-521 0-484, 0-557 ab
—SpFM (of TFM)§ 0-556 0-514, 0-600 ab 0-496 0-460, 0-532 ab

ROC, receiver-operating characteristic; AUC, area under the ROC curve; MetS, metabolic syndrome; HANDLS, Healthy Aging in Neighborhoods of Diversity
Across the Life Span; WC, waist circumference; TtFM; percentage total body fat mass; TBM, total body mass; AmFM, percentage arm fat mass; TFM, total fat
mass; LgFM, percentage leg fat mass; TrFM, percentage trunk fat mass; RbFM, percentage rib fat mass; PIFM, percentage pelvic fat mass; SpFM, percentage
spine fat mass; NCEP, National Cholesterol Education Program; HDL-C, HDL cholesterol; HOMA-IR, homeostasis model assessment—insulin resistance;
CRP, C-reactive protein.

2P < 0-05 for the null hypothesis that AUC for a specific test measure is the same as that of the reference measurement (WC, cm); Bonferroni adjustment for
multiple comparisons was used.

PP <0-05 for the null hypothesis that AUC for a specific test measure is the same as that of the alternative reference measurement (TfFM); Bonferroni

adjustment for multiple comparisons was used.
tSee Table 1, footnote t, for details on MetS (definition 2).
tSample sizes varied depending on metabolic outcomes.

§AUC values were obtained based on a ROC curve analysis in which LgFM and SpFM observed values were multiplied by —1.

|ISee Table 1, footnote t, for details on HOMA-IR.

P values comparing AUC (Table 3). In women, BMI
and WC had equal value in predicting MetS, while TtFM,
PIFM and —-SpFM were inferior to WC. Using TtFM as
the reference measurement, WC was a superior predictor
of MetS (definition 2) for both sexes, while BMI was a
superior predictor for this outcome only among women.
RbFM was equally valuable as WC and TtFM among men,
and was more valuable than TtFM among women.

Stratifying by sex-race groups and considering only
WC, BMI, TtFM, TrFM and RbFM as test predictors, there
were several main findings. First, among African-American
men, all measures were equally predictive of MetS
(definition 2). Second, among white men and women as
well as African-American women, TtFM had a poorer
predictive value compared with WC. Third, BMI had a
lower predictive value than WC among white men only.
Finally, RbFM but not TrFM had a higher predictive value
than TtFM among African-American women, although
RbFM had a lower predictive value than WC among white
men (Figs 1(a) to (d)). A more detailed analysis with MetS
(definition 2) and the other metabolic outcomes by
sex—race groups is presented in Appendix 2.

Examining each NCEP component of MetS (Table 3),
adiposity was a weak predictor of hypertension (AUC <
0-60) for most indicators. In contrast, elevated fasting
glucose was best predicted by WC for both sexes, with
significantly poorer predictive value observed for TtFM
and most other regional fat indicators. Compared with
TtFM (as reference measurement), BMI was a significantly
better predictor among women, while AmFM was a
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poorer predictor among men. Moreover, for both sexes,
PIFM and —SpFM were poorer predictors for this outcome.
Examining dyslipidaemia—TAG as the target outcome,
BMI, AmFM, —-LgFM and —SpFM had inferior predictive
values compared with WC for both sexes. However,
among women, RbFM was shown to have superior pre-
dictive value to both WC and TtFM for this outcome,
whereas TrFM and —-LgFM were shown to be superior to
TtFM only.

BMI, WC, TtFM and RbFM were the most highly and
equally predictive of dyslipidaemia—HDL-C among men,
while women’s WC and RbFM were better than TtFM at
predicting that NCEP component. As for HOMA-IR, BMI,
WC and TtFM were equally predictive among men, whereas
BMI and WC were superior to TtFM among women. For
uric acid and CRP, all three measures (BMI, WC and TtFM)
were equally predictive of this outcome among both sexes.

Cut-off points and logistic regression analyses
Optimal cut-off points based on ROC curve analyses were
higher among women than men in the case of BMI, WC,
TtFM, AmFM and LgFM (Table 4). Among men, optimal
cut-off points were generally lower among African-
Americans, especially for BMI, WC and TtFM.

Elevated BMI (based on sex-specific optimal cut-off
point) was associated with 2-41-fold higher prevalence
odds of MetS (definition 2) among men and 1-86-fold
higher prevalence odds among women, after controlling
for sociodemographic factors, smoking status and use of
medications. Among both sexes, an elevated WC (above
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Fig. 1 Receiver-operating characteristic (ROC) curves and areas under the ROC curves (AUC) for selected adiposity indices (WC,
waist circumference; TtFM, percentage total body fat mass; RbFM, percentage rib fat mass; TrFM, percentage trunk fat mass) for
the prediction of metabolic syndrome (definition 2, see text) across ethnic—sex groups: Healthy Aging in Neighborhoods of Diversity
Across the Life Span (HANDLS) study. (a) White men: AUC BMI, TtFM and RbFM were significantly lower than those for WC.
Taking TtFM as the reference measurement, WC had a significantly higher AUC. (b) White women: AUC for TtFM compared with
WC was significantly lower, based on Bonferroni-corrected P value and taking WC as reference measurement. Both BMI and WC
were superior to TtFM when taking the latter as reference measurement. (c) African-American men: all other AUC were not
significantly different when taking WC and TtFM as reference measurement, respectively. (d) African-American women: AUC
for TtFM compared with WC was significantly lower, based on Bonferroni-corrected P value and taking WC as reference
measurement. WC, BMI and RbFM had better predictive value than TtFM, when TtFM was the reference measurement

the sex-specific cut-off) was associated with 2:37- to
2:95-fold higher prevalence odds of MetS (definition 2).
Although the multivariate OR for elevated TtFM was 2-34
(95% CI 1-56, 3-51) among men, this predictor was
weaker among women with an OR of 1-39 (95% CI 0-96,
2:02). For both sexes, elevated TrFM and RbFM sig-
nificantly predicted MetS (definition 2). There were many
findings regarding predictive value of adiposity measures
for MetS (definition 2) when cut-offs were both sex- and
race-specific. However, the most important one was that
elevated LgFM was inversely associated with MetS (defi-
nition 2) only among African-American men (OR = 0-39;
95% CI 0-22, 0-68). Considering standardized Z-scores of
each adiposity measure in relation to MetS (definition 2),
WC among white men had the highest predictive value
with each 1 sp increasing the odds of MetS by 2-82-fold.
Other adiposity measures that increased the odds of MetS
(definition 2) by twofold or more included BMI and WC
among all men, BMI and TtFM among white men, RbFM
among all women, WC and RbFM among white women
and RbFM among African-American women.
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Added predictive value of DEXA measures

v. antbropometric measures

Comparing a multivariate logistic regression model with
only BMI+WC as predictors with a nested model that
added DEXA measures to those anthropometric measures
indicated that the AUC was increased by 11 % (from 0-67
to 0-74) among men and 12% among women (from 0-63
to 0-72). Comparing the model with anthropometric and
DEXA measures with a nested model in which covariates
were added as predictors yielded a change in AUC by 8%
(from 0-74 to 0-80) among men and 11 % among women
(from 0-72 to 0-80).

Discussion

Our study had a number of important findings. First, TtFM
assessed using DEXA as a direct measure for overall adip-
osity had a lower value compared with anthropometric
indices, particularly WC, in predicting MetS. This finding
is consistent with previous studies that used a measure
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Table 4 Optimal cut-off points for MetS (definition 2)t prediction with adiposity indices, and multivariate-adjusted odds ratios with 95 %
confidence interval of MetS with binary adiposity indices: HANDLS study

Sens (%) Spec (%) Cut-off point ORpint 95% Cl ORZ§ 95% Cl

MEN

All ethnicities (n 783)
BMI (kg/m2) 64-3 64-0 277 2:41 1-60, 3-62 a 2:13 1-59, 2-85 a
WC (cm) 68-4 67-9 100-0 2:95 1-95, 4-45 a 2-14 1-64, 279
TtFM (of TBM) 65-0 65-0 27-8 2:34 1-56, 3-51 2 1-75 1-28, 2:40 a
AmFM (of TFM) 51-0 50-9 6-7 1-13 0-77,1-67 1-06 0-82, 1-36
—LgFM (of TFM)II 611 61-6 337 0-49 0-33, 0-74 a 1-61 1-25, 2:03 a
TrFM (of TFM) 637 63:5 541 2:44 1-62, 3-67 a 1-68 1-32, 2:13 a
RbFM (of TFM) 63-7 63-3 21-0 2-35 1-56, 3-56 a 1-78 1-41, 2:25 a
PIFM (of TFM) 56-0 56-1 18-3 1-60 1-08, 2-38 a 1-35 1-10, 1-66 a
—SpFM (of TFM)II 53:5 537 13-4 0-69 0-47, 1-02 b 1-16 0-96, 1-41

Whites (n 330)
BMI (kg/m?) 63-6 63-7 28-7 2:72 1-51, 4-90 a 2-38 1-56, 3:62 a
WC (cm) 68-8 67-1 104-0 4-03 2:28,7-27 a 2-82 1-86, 4-27 a
TtFM (of TBM) 62-3 62-0 28-8 2-38 1-31, 4-30 a 2-01 1-22, 3-33 a
AmFM (of TFM) 53-2 53-2 6-4 1-37 0-78, 2-42 1-06 0-71, 1-59
—LgFM (of TFM)II 54-6 54-8 32-5 0-84 0-48, 1-48 1-53 111, 2:10 a
TrFM (of TFM) 62-3 62-9 56-1 2-:39 1-34, 4-26 a 172 1-22, 2-42 a
RbFM (of TFM) 57-0 57-0 21-8 1-71 0-96, 3-06 b 1-93 1-35, 2:75 a
PIFM (of TFM) 58-4 58-2 19-0 177 1-00, 3-13 a 1-56 1-14, 2:13 ae
—SpFM (of TFM)II 53-2 53-6 13-4 0-61 0-35, 1-08 b 1-26 0-93, 1-70

African-Americans (n 526)
BMI (kg/m2) 62-5 62-0 27-0 2:20 1-24, 3-91 a 1-94 1-28, 2:94 a
WC (cm) 64-1 67-2 97-0 271 1-52, 4-84 a 1-75 1-22, 2:53 a
TtFM (of TBM) 63-7 63-8 26-1 212 1-20, 3-75 a 1-61 1-06, 2-45 a
AmFM (of TFM) 525 526 6-9 1-10 0-64, 1-89 1-06 0-76, 1-48
—LgFM (of TFM)II 65-0 65-1 34-4 0-39 0-22, 0-68 a 1-70 1-20, 2-41 a
TrFM (of TFM) 63-7 63-8 53-0 2-44 1-39, 4-29 a 1-65 1-17,2-33 a
RbFM (of TFM) 63-7 63-8 20-1 2:13 1-21, 3:75 a 1-68 1-22, 2-33 a
PIFM (of TFM) 51-2 51-3 17-6 1-08 0-62, 1-89 1-22 0-91, 1-62
—SpFM (of TFM)Il 53-7 53-8 13-4 0-81 0-47, 1-41 1-08 0-83, 1-40

WOMEN

All ethnicities (n 1036)
BMI (kg/m?) 60-5 60-4 311 1-86 1-27,2:72 a 1-40 1-19, 1-66 ac
WC (cm) 63-1 64-5 103-0 2:37 1-61, 3-47 a 1-67 1-36, 2:04 a
TtFM (of TBM) 56-8 56-1 45-3 1-39 0-96, 2-02 b 1-49 1-09, 2:04 a
AmFM (of TFM) 54-9 54-9 7-6 1-21 0-84, 1-76 115 0-98, 1-36
—LgFM (of TFM)II 58-6 58-9 36-7 0-64 0-44, 0-92 a 1-50 1-24, 1-82 a
TrFM (of TFM) 59-3 59-4 49-6 1-71 1-18, 2:47 a 1-50 1-23, 1-84 a
RbFM (of TFM) 65-4 65-4 19-6 2-88 1-97, 422 a 2:06 1-64, 2:59 a
PIFM (of TFM) 48-8 48-9 17-2 0-93 0-65, 1-35 1-02 0-85, 1-24
—SpFM (of TFM)II 47-5 47-0 11-4 1-00 0-69, 1-45 1-02 0-83, 1-:25

Whites (n 440)
BMI (kg/m2) 64-2 64-2 30-5 2-85 1-53, 5-30 a 1-84 1-37, 2:47 a
WC (cm) 70-1 67-0 103-0 3-50 1-85, 6-64 a 2:23 1-60, 3-11 a
TtFM (of TBM) 55-2 55-3 44-6 1-24 0-68, 2-27 1-73 1-02, 2:94 a
AmFM (of TFM) 52-2 52-2 7-2 1-04 0-58, 1-85 1-14 0-88, 1-49
—LgFM (of TFM)II 58-2 58-4 36-2 0-62 0-35, 1-10 1-63 1-20, 2-22 a
TrFM (of TFM) 58-2 58-1 50-8 1-71 0-95, 3-10 b 1-69 1-21,2-34 a
RbFM (of TFM) 65-7 66-5 20-1 4-10 2-19, 7-66 a 2:14 1-50, 3-05 a
PIFM (of TFM) 49-2 48-6 17-7 0-86 0-48, 1-55 1-22 0-91, 1-62
—SpFM (of TFM)Il 47-8 47-2 1.7 1-18 0-65, 2-15 0-80 0-57, 1-40

African-Americans (n 670)
BMI (kg/m?) 57-8 576 316 1.37 0-83, 2:28 1-23 1-01, 1-49 a
WC (cm) 61-3 61-0 102-0 1-81 1-09, 3-00 a 1-37 1-05, 1-78 a
TtFM (of TBM) 54-7 54-8 45-6 1-08 0-66, 1-79 1-33 0-89, 2-:00
AmFM (of TFM) 56-8 56-8 8-0 1-26 0-77, 2-:07 1-16 0-93, 1-43
—LgFM (of TEM)II 60-0 60-1 37-2 0-63 0-38, 1-03 b 1-41 1-09, 1-83 a
TrFM (of TFM) 61-0 60-8 49-0 2:00 1-22, 3-26 a 1-39 1-05, 1-82 a
RbFM (of TFM) 65-3 65-1 19-5 2:51 1-51, 418 a 2:04 1-49, 2-81 a
PIFM (of TFM) 48-5 48-6 16-8 0-94 0-57, 1-54 1-01 0-74, 1-40
—SpFM (of TFM)II 49-5 48-4 111 0-89 0-55, 1-45 117 0-89, 1-54

MetS, metabolic syndrome; HANDLS, Healthy Aging in Neighborhoods of Diversity Across the Life Span; Sens, sensitivity; Spec, specificity; WC, waist
circumference; TtFM; percentage total body fat mass; TBM, total body mass; AmFM, percentage arm fat mass; TFM, total fat mass; LgFM, percentage leg fat
mass; TrFM, percentage trunk fat mass; RbFM, percentage rib fat mass; PIFM, percentage pelvic fat mass; SpFM, percentage spine fat mass.

8P < 0-05 for the null hypothesis that Logs(OR) = 0.

®P < 0-10 for the null hypothesis that Loge(OR) = 0.

°P < 0-05 for the null hypothesis that Loge(OR)men = Loge(OR)women-

tSee Table 1, footnote #, for details on MetS (definition 2).

tOR were derived from a multivariate logistic regression model with binary outcome being MetS (definition 2, yes = 1, no = 0), main exposure being binary
body fat or anthropometric index (>cut-off =1 v. =cut-off = 0) and potential confounding factors adjusted for including age, race/ethnicity, poverty status,
education level, marital status, smoking status and use of medications related to MetS. LgFM and SpFM were not multiplied by —1 in this particular analysis.
§OR were derived from a multivariate logistic regression model with binary outcome being MetS (definition 2, yes = 1, no = 0), main exposure being binary
body fat or anthropometric index (standardized Z-score) and potential confounding factors adjusted for including age, race/ethnicity, poverty status, education
level, marital status, smoking status and use of medications related to MetS.

IISens and Spec values were obtained based on a ROC curve analysis in which LgFM and SpFM observed values were multiplied by —1.
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and/or
(18,19,40)

of percentage total
(13,14,16,17,23,24,27)
WC ,

body fat with BMI

while contradicting others
However, most of these studies used either bioelectrical
impedance or densitometry. Compared with DEXA, these
assays may have larger systematic and random measure-
ment errors potentially causing discrepancies in findings.
Most studies used either Pearson’s correlation or stepwise
regression models when outcomes were continuous (e.g.
HDL-C), whereas some compared hazard or incidence rate
ratios or adjusted odds ratios across adiposity predictors for
a single binary outcome (e.g. incident type 2 diabetes or
all-cause mortality)!3~1>17-20-2427.284142 - Among the few
that conducted ROC curve analysis with MetS or type 2
diabetes as the outcome, AUC ranged between 0-65 and
0-85 (usually close to 0-70) for all anthropometric measures
considered as well as percentage body fat16:17:24-2028.4345)

The debate as to whether WC is superior to other
anthropometric indices is ongoing. In one of these
studies, WC was superior to waist:hip ratio but similar to
BMI in predicting type 2 diabetes® while in another
waist:height ratio and BMI were consistently the best
predictors of this health outcome among men and
women®”. Finally, percentage body fat and waist:hip
ratio quintiles were superior to BMI in predicting all-
cause mortality in a large Swedish cohort, although their
predictive power varied by sex and age group™®.

Second, there were several important findings related
to regional adiposity. In fact, comparing TtFM with other
region-specific body fat indices, the only index sig-
nificantly superior was RbFM among women (African-
Americans in particular) for MetS (definition 2) and the
two dyslipidaemia components of MetS (HDL-C and
TAG), even though it was comparable to WC. Among
men, none of the region-specific body fat indices was
superior to TtFM. One important finding which was not
replicated elsewhere was that LgFM was protective
against MetS and its components, particularly among
African-American men. This may be due to the inverse
and strong association of LgFM with TrFM (Pearson’s
correlation ranged between —0-92 and —0-94, P<0-05;
see Appendix 1).

Third, there were clear sex and race differences in the
predictive values of various anthropometric and DEXA-
derived measures. For instance, comparing TtFM to WC in
predicting MetS (definition 2), the predictive value was
not significantly different among African-American men
but was poorer among all other sex and ethnic groups.
This is an important finding not replicated thus far by
others (e.g. reference (24)). Additionally, we found BMI
to be inferior to WC among men in general and white
men in particular for MetS (definition 2) prediction, but
not women. This general finding, which is indicative of
the lower value of BMI compared with WC, is consistent
with other reports that compared BMI and WC in their
predictive value of MetS components or type 2 dia-
betes?*?54 byt not with others®4?,
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Fourth, based on ROC curve analyses with MetS
(definition 2) as the target outcome, we estimated optimal
cut-off points for each adiposity index. We found, among
others, that WC cut-off points varied across race—sex
groups, between 97-0cm among African-American men
and 104-0 cm among white men, with women having an
optimal cut-point of 103-0 cm. These cut-off points were
also disparate from those recommended by the National
Institutes of Health/North American Association for the
Study of Obesity report of 88cm among women and
102 cm among men®” | highlighting the need for sex- and
race-specific cut-off points as was suggested previously
by others“®.

Finally, our sensitivity analysis indicated that combin-
ing all measures together rather than screening for each
one separately may increase AUC by 11-12% of its ori-
ginal value in which only BMI and WC binary variables
are considered for prediction of MetS (definition 2). Thus,
whenever available, DEXA measures can be used in
combination with WC and BMI to improve prediction of
MetS.

Our study has several notable strengths. First, to our
knowledge, it is the first large study to assess the pre-
dictive value of percentage total and regional body
fatness (using DEXA scans) and compare it to commonly
used anthropometric measurements when the outcomes
of interest are MetS and its component risk factors.
Second, it is also one of few to systematically compare
AUC using statistical tests rather than visually comparing
point graphical presentations and point estimates. Third,
the inclusion of several metabolic risk factors as outcomes
allowed us to differentiate the predictive values of each
body fat and anthropometric index across those risk
factors and to simultaneously examine sex differences.

Despite its strengths, our study has several limitations.
First, it is a cross-sectional study, thus precluding ascer-
tainment of temporality in many of the adiposity—metabolic

associations. However, the original NCEP ATP III
definition (1), and based on previous prospective cohort
studies™””*® assumes that obesity precedes the devel-

opment of other components of MetS. Other limitations
include selection bias due to attrition between the initial
household survey and the MRV examination, which led
the available sample to be significantly older than the
original selected household sample, with a higher pro-
portion of females and a higher percentage of participants
with low income. Moreover, different DEXA equipment
(Hologic) was used for those who were morbidly obese,
data that were unavailable at the time of the study. In fact,
DEXA scans were less accurate at higher BMI levels, in
part due to truncal adiposity, and older persons were
more likely to be excluded for DEXA scans in general
than their younger counterparts. It is worth noting that
although DEXA is nowadays considered as one of the
most accurate methods of measuring body composition
(including percentage total and regional body), it was
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initially designed to clinically diagnose osteoporosis, i.e.
for bone density measurement*”. Additionally, our data
included fewer white men than other groups, which
made comparisons across sex—race groups less reliable
and low-powered. Finally, HANDLS baseline data did not
include measures of physical activity, which is potentially
an important confounder or effect modifier in the rela-
tionship between adiposity and metabolic disorders.

In conclusion, the present study provides additional
evidence that WC is among the most powerful tools to
predict MetS and its non-obesity related components.
Moreover, TtFM in most cases had no additional advan-
tage for both men and women. In one instance, however,
RbFM (fat concentration in the ribs region) was superior
to both TtFM and WC among women in predicting dys-
lipidaemia—TAG and superior to TtFM in predicting MetS
and dyslipidaemia—-HDL-C. Its higher predictive value
over TtFM for MetS was mostly noted among African-
American women. In particular, a value of RbFM over
209% was highly predictive of MetS for both sexes. In
contrast, LgFM was protective against MetS with an opti-
mal cut-off point of 34% among men and 37 % among
women. Thus, WC should continue to define the obesity
components of MetS, even though RbFM among women
and LgFM for both sexes may have additional predictive
value. Thus, our findings may help guide screening and
preventive efforts to alleviate the obesity epidemic and its
related metabolic disturbances in the USA, particularly in
diverse populations of low to middle socio-economic
status within urban neighbourhoods.
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Appendix 1
Pearson’s correlation between adiposity indices: HANDLS study (n 1935)
WC TtFM BMI AmFM LgFM TrFM RbFM PIFM SpFM

White men (n 327)

WC 1

TtFM 0-62* 1

BMI 0-65* 0-74* 1

AmFM 0-20* 0-29* 0-20* 1

LgFM -0-21* —0-04 —0-09 —0-09 1

TrFM 0-23* 0-07 0-16* —0-17* —0-94* 1

RbFM 0-45* 0-41* 0-51* 0-24* —0-65" 0-65* 1

PIFM 0-02 -0-16* 0-00 -0-37* —0-59* 0-67* 0-06 1

SpFM —0-18* —0-29* —0-42* —0-26* —0-42* 0-44* —0-14* 0-17* 1
African-American men (n 511)

wWC 1

TtFM 0-75* 1

BMI 0-84* 0-73* 1

AmFM 0-12* 0-15* 0-10* 1

LgFM —0-13* —0-11* —0-09* —0-02 1

TrFM 0-24* 0-20* 0-21* -0-27* —0-92* 1

RbFM 0-50* 0-56* 0-55* 0-21* —0-54* 0-57* 1

PIFM —-0-02 —0-08* —0-00 —0-48* —0-54* 0-65* 0-04 1

SpFM —0-36" —0-40* —0-46* —0-28* -0-37* 0-34* -0-31* 0-17* 1
White women (n 438)

WC 1

TtFM 0-66* 1

BMI 0-86* 0-76* 1

AmFM 0-43* 0-45* 0-45* 1

LgFM —0-29* -0-17* -0-19* —-0-31* 1

TrFM 0-25* 0-15* 0-15* —0-01 —0-93* 1

RbFM 0-54* 0-46* 0-50* 0-38* —0-76* 0-73* 1

PIFM —0-09 -0-19* —0-14* —0-35* —0-52* 0-63* 0-08 1

SpFM —0-14~ -0-15 —0-27* —-0-21* —0-50* 0-59* 0-12* 0-29* 1
African-American women (n 659)

WC 1

TtFM 0-62* 1

BMI 0-72* 0-72* 1

AmFM 0-38* 0-47* 0-44* 1

LgFM —0-22* —-0-13* —0-12* —0-24* 1

TrFM 0-19* 0-11* 0-07* —0-08* —-0-92* 1

RbFM 0-48* 0-44* 0-43* 0-38* -0-71* 0-67* 1

PIFM 0-02 —0-05 —0-05 —0-36" —0-58* 0-709* 0-12* 1

SpFM —0-28* —0-34* —0-41* —0-26* —0-42* 0-50* —0-03 0-22* 1

HANDLS, Healthy Aging in Neighborhoods of Diversity Across the Life Span; WC, waist circumference; TtFM; percentage total body fat mass; AmFM,
percentage arm fat mass; LgFM, percentage leg fat mass; TrFM, percentage trunk fat mass; RbFM, percentage rib fat mass; PIFM, percentage pelvic fat mass;

SpFM, percentage spine fat mass.
*P < 0-05 for the null hypothesis that Pearson’s correlation coefficient r=0.
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Appendix 2

AUC (95 % CI) for MetS (definition 2)+ and metabolic risk factors predicted by adiposity indices,
stratified by sex and race: HANDLS study

White men (n 314) White women (n 425)%
AUC 95% Cl AUC 95% Cl

MetS (definition 2)t

BMI (kg/m?) 0-689 0-623, 0-754 a 0-695 0-629, 0-761 b

WC (cm) 0-739 0-680, 0-799 b 0-733 0-670, 0-795 b

TtFM (of TBM) 0-659 0-595, 0-722 a 0-605 0-540, 0-670 a

AmFM (of TFM) 0-518 0-442, 0-595 ab 0-568 0-497, 0-639 a

—LgFM (of TFM)§ 0-626 0-554, 0-697 0-641 0-566, 0-716

TrFM (of TFM) 0-649 0-577, 0-721 0-643 0-566, 0-716

RbFM (of TFM) 0-636 0-568, 0-703 a 0-694 0-627, 0-760

PIFM (of TFM) 0-630 0-559, 0-700 0-506 0-428, 0-585

—SpFM (of TFM)§ 0-552 0-478, 0-625 a 0-439 0-355, 0-522 ab
Blood pressure NCEP componentt

BMI (kg/m?) 0-584 0-519, 0-648 0-589 0-524, 0-654

WC (cm) 0-625 0-561, 0-689 0-606 0-544, 0-669

TtFM (of TBM) 0-596 0-532, 0-660 0-561 0-498, 0-624

AmFM (of TFM) 0-507 0-469, 0-575 0-551 0-487, 0-615

—LgFM (of TFM)§ 0-569 0-503, 0-635 0-631 0-567, 0-694

TrFM (of TFM) 0-576 0-509, 0-642 0-628 0-561, 0-693

RbFM (of TFM) 0-549 0-483, 0-616 0-605 0-542, 0-668

PIFM (of TFM) 0-553 0-485, 0-620 0-569 0-501, 0-637

—SpFM (of TFM)§ 0-475 0-406, 0-546 ab 0-380 0-314, 0-446 ab
Fasting glucose NCEP componentt

BMI (kg/m?) 0-684 0-608, 0-760 0-739 0-680, 0-797 b

WC (cm) 0-686 0-609, 0-763 0-772 0-718, 0-826 b

TtFM (of TBM) 0-623 0-547, 0-699 0-648 0-586, 0-711 a

AmFM (of TFM) 0-548 0-467, 0-629 a 0-618 0-550, 0-685 a

—LgFM (of TFM)§ 0-583 0-497, 0-669 0-603 0-534, 0-673 a

TrFM (of TFM) 0-595 0-509, 0-681 0-597 0-524, 0-668 a

RbFM (of TFM) 0-612 0-534, 0-691 0-672 0-611, 0-734 a

PIFM (of TFM) 0-571 0-488, 0-655 0-458 0-388, 0-528 ab

—SpFM (of TFM)§ 0-561 0-479, 0-642 0-468 0-386, 0-549 ab
Dyslipidaemia—TAG NCEP componentt

BMI (kg/m?) 0-682 0-623, 0-741 a 0-660 0-606, 0-714

WC (cm) 0-727 0-671, 0-782 b 0-692 0-639, 0-744

TtFM (of TBM) 0-666 0-606, 0-725 a 0-607 0-553, 0-661 a

AmFM (of TFM) 0-544 0-479, 0-610 ab 0-597 0-540, 0-655

—LgFM (of TFM)§ 0-633 0-571, 0-694 0-702 0-650, 0-754

TrFM (of TFM) 0-630 0-568, 0-692 0-682 0-628, 0-736

RbFM (of TFM) 0-681 0-622, 0-740 0-697 0-643, 0-750

PIFM (of TFM) 0-573 0-509, 0-637 a 0-572 0-512, 0-632

—SpFM (of TFM)§ 0-576 0-511, 0-641 a 0-428 0-366, 0-489 ab
Dyslipidaemia—HDL-C NCEP componentt

BMI (kg/m?) 0-625 0-562, 0-687 0-698 0-648, 0-748

WC (cm) 0-623 0-561, 0-686 0-709 0-660, 0-758

TtFM (of TBM) 0-624 0-562, 0-686 0-604 0-550, 0-657 a

AmFM (of TFM) 0-509 0-443, 0-574 ab 0-594 0-540, 0-648 a

—LgFM (of TFM)§ 0-526 0-461, 0-591 0-648 0-596, 0-700

TrFM (of TFM) 0-535 0-470, 0-600 0-637 0-585, 0-690

RbFM (of TFM) 0-598 0-533, 0-663 0-675 0-625, 0-726

PIFM (of TFM) 0-516 0-450, 0-582 0-497 0-441, 0-552 a

—SpFM (of TFM)§ 0-579 0-513, 0-645 0-439 0-384, 0-494 a
HOMA-IR>2-61l

BMI (kg/m?) 0-817 0-770, 0-865 0-808 0-765, 0-852 b

WC (cm) 0-817 0-767, 0-867 0-818 0-776, 0-861 b

TtFM (of TBM) 0-762 0-709, 0-815 0-693 0-642, 0-743 a

AmFM (of TFM) 0-545 0-478, 0-611 ab 0-686 0-634, 0-739 a

—LgFM (of TFM)§ 0-550 0-485, 0-614 ab 0-674 0-621, 0-726 a

TrFM (of TFM) 0-576 0-511, 0-641 ab 0-640 0-585, 0-695 a

RbFM (of TFM) 0-662 0-603, 0-722 a 0-746 0-700, 0-794

PIFM (of TFM) 0-517 0-450, 0-583 ab 0-504 0-445, 0-563 ab

—SpFM (of TFM)§ 0-619 0-554, 0-684 ab 0-508 0-447, 0-568 ab
Uric acid >6 mg/dl (women), >7 mg/dl (men)

BMI (kg/m?) 0-699 0-628, 0-770 0-730 0-664, 0-795

WC (cm) 0-658 0-580, 0-737 0-763 0-703, 0-823

TtFM (of TBM) 0-632 0-562, 0-703 0-652 0-586, 0-718 ab
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White men (n 314)t

White women (n 425)t

AUC 95% Cl AUC 95% CI

AmFM (of TFM) 0-451 0-371, 0-532 ab 0-679 0-607, 0-752

—LgFM (of TEM)§ 0-561 0-479, 0-644 0-662 0-596, 0-728

TrFM (of TFM) 0-591 0-509, 0-673 0-625 0-554, 0-695 a
RbFM (of TFM) 0-663 0-589, 0-736 0-697 0-632, 0-763

PIFM (of TFM) 0-569 0-488, 0-650 0-556 0-481, 0-631

—SpFM (of TFM)§ 0-607 0-521, 0-693 0-523 0-442, 0-604 ab

CRP>2-11mgll

BMI (kg/m?) 0-641 0-575, 0-707 0-757 0-710, 0-804

WC (cm) 0-636 0-570, 0-702 0-754 0-706, 0-802

TtFM (of TBM) 0-643 0-578, 0-708 0-725 0-675, 0-775

AmFM (of TFM) 0-500 0-432, 0-568 ab 0-654 0-601, 0-708 a
—LgFM (of TEM)§ 0-441 0-373, 0-508 ab 0-621 0-566, 0-676 a
TrFM (of TFM) 0-458 0-391, 0-526 ab 0-610 0-555, 0-665 ab
RbFM (of TFM) 0-508 0-440, 0-575 ab 0-682 0-630, 0-735

PIFM (of TFM) 0-512 0-444, 0-579 a 0-493 0-436, 0-550 ab
—SpFM (of TFM)§ 0-622 0-557, 0-687 0-495 0-438, 0-552 ab

African-American men (n 469)

African-American women (n 611)

AUC 95 % ClI ROC area 95% ClI
MetS (definition 2)t
BMI (kg/m?) 0-674 0-606, 0-741 0-631 0-575, 0-687 b
WC (cm) 0-710 0-648, 0-772 0-651 0-594, 0-708 e
TtFM (of TBM) 0-678 0-616, 0-739 0-564 0-509, 0-618 a
AmFM (of TFM) 0-533 0-462, 0-603 ab 0-590 0-532, 0-648
—LgFM (of TFM)§ 0-672 0-605, 0-738 0-649 0-587, 0-710
TrFM (of TFM) 0-669 0-605, 0-733 0-637 0-576, 0-698
RbFM (of TFM) 0-706 0-646, 0-765 0-706 0-652, 0-761 b
PIFM (of TFM) 0-536 0-467, 0-605 ab 0-500 0-437, 0-563 a
—SpFM (of TFM)§ 0-533 0-462, 0-604 ab 0-504 0-437, 0-570 a
Blood pressure NCEP componentt
BMI (kg/m?) 0-598 0-548, 0-651 0-549 0-503, 0-595
WC (cm) 0-602 0-549, 0-654 0-553 0-508, 0-599
TtFM (of TBM) 0-606 0-555, 0-657 0-545 0-500, 0-591
AmFM (of TFM) 0-536 0-482, 0-590 0-520 0-474, 0-566
—LgFM (of TFM)§ 0-640 0-587, 0-692 0-535 0-489, 0-581
TrFM (of TFM) 0-625 0-573, 0-678 0-535 0-489, 0-581
RbFM (of TFM) 0-606 0-554, 0-656 0-561 0-516, 0-607
PIFM (of TFM) 0-542 0-488, 0-595 0-476 0-430, 0-522
—SpFM (of TFM)§ 0-486 0-432, 0-540 a 0-482 0-437, 0-529 b
Fasting glucose NCEP componentt
BMI (kg/m?) 0-710 0-651, 0-769 @ 0-694 0-644, 0-744 b
WC (cm) 0-750 0-697, 0-804 0-694 0-642, 0-745
TtFM (of TBM) 0-710 0-654, 0-766 0-637 0-587, 0-687
AmFM (of TFM) 0-547 0-481, 0-614 ab 0-642 0-588, 0-696
—LgFM (of TFM)§ 0-602 0-535, 0-672 a 0-615 0-554, 0-677
TrFM (of TFM) 0-603 0-535, 0-671 @ 0-591 0-530, 0-651
RbFM (of TFM) 0-688 0-629, 0-746 0-699 0-647, 0-750
PIFM (of TFM) 0-520 0-450, 0-589 ab 0-480 0-419, 0-542 b
—SpFM (of TFM)§ 0-596 0-530, 0-662 ab 0-514 0-449, 0-579 b
Dyslipidaemia—TAG NCEP componentt
BMI (kg/m?) 0-586 0-520, 0-653 0-529 0-471, 0-586 a
WC (cm) 0-602 0-537, 0-667 0-584 0-527, 0-642 b
TtFM (of TBM) 0-614 0-552, 0-676 0-476 0-418, 0-534 a
AmFM (of TFM) 0-502 0-434, 0-570 0-527 0-467, 0-586
—LgFM (of TFM)§ 0-621 0-557, 0-685 0-681 0-624, 0-737 b
TrFM (of TFM) 0-606 0-543, 0-669 0-681 0-625, 0-736 b
RbFM (of TFM) 0-622 0-561, 0-684 0-679 0-623, 0-735 ab
PIFM (of TFM) 0-519 0-454, 0-584 0-556 0-492, 0-620
—SpFM (of TFM)§ 0-507 0-440, 0-573 b 0-455 0-392, 0-518 a
Dyslipidaemia—HDL-C NCEP componentt
BMI (kg/m?) 0-651 0-590, 0-712 0-604 0-558, 0-650 b
WC (cm) 0-658 0-597, 0-719 0-627 0-581, 0-673 b
TtFM (of TBM) 0-646 0-587, 0-704 0-547 0-500, 0-593 @
AmMFM (of TFM) 0-524 0-460, 0-587 ab 0-571 0-524, 0-617
—LgFM (of TFM)§ 0-575 0-512, 0-637 0-584 0-538, 0-630
TrFM (of TFM) 0-581 0-517, 0-644 0-577 0-531, 0-623
RbFM (of TFM) 0-666 0-610, 0-721 0-633 0-587, 0-678 b
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Appendix 2 Continued

African-American men (n 469) African-American women (n 611)
AUC 95 % Cl ROC area 95% Cl

PIFM (of TFM) 0-519 0-455, 0-583 ab 0-517 0-469, 0-564

—SpFM (of TFM)§ 0-593 0-528, 0-657 0-542 0-495, 0-590 a
HOMA-IR > 2-611l

BMI (kg/m?) 0-771 0-725, 0-817 ab 0-752 0-714, 0-790

WC (cm) 0-815 0-772, 0-857 0-757 0-719, 0-796 b

TtFM (of TBM) 0-787 0-742, 0-832 0-677 0-635, 0-720 a

AmMFM (of TFM) 0-612 0-559, 0-664 &b 0-666 0-623, 0-710 a

—LgFM (of TFM)§ 0-585 0-529, 0-642 ab 0-645 0-600, 0-689 a

TrFM (of TFM) 0-589 0-534, 0-644 ab 0-620 0-574, 0-665 a

RbFM (of TFM) 0-713 0-665, 0-762 ab 0-727 0-687, 0-767

PIFM (of TFM) 0-502 0-446, 0-558 ab 0-476 0-429, 0-523 ab

—SpFM (of TEM)§ 0-646 0-592, 0-699 ab 0-523 0-480, 0-574 ab
Uric acid >6 mg/dl (women), >7 mg/dl (men)

BMI (kg/m?) 0-602 0-538, 0-665 0-651 0-597, 0-705

WC (cm) 0-635 0-575, 0-694 0-636 0-601, 0-706

TtFM (of TBM) 0-640 0-580, 0-700 0-638 0-586, 0-690

AmMFM (of TFM) 0-524 0-462, 0-586 b 0-572 0-518, 0-626

—LgFM (of TFM)§ 0-582 0-521, 0-643 0-564 0-507, 0-622

TrFM (of TFM) 0-574 0-513, 0-635 0-567 0-510, 0-623

RbFM (of TFM) 0-602 0-542, 0-663 0-639 0-587, 0-691

PIFM (of TFM) 0-496 0-433, 0-559 ab 0-501 0-449, 0-557 ab

—SpFM (of TFM)§ 0-491 0-428, 0-554 ab 0-532 0-474, 0-591 ab
CRP>2-11mg/l

BMI (kg/m?) 0-634 0-581, 0-687 b 0-712 0-670, 0-754 b

WC (cm) 0-654 0-602, 0-707 b 0-729 0-688, 0-770

TtFM (of TBM) 0-687 0-636, 0-739 0-700 0-657, 0-743

AmMFM (of TFM) 0-550 0-496, 0-604 ab 0-616 0-570, 0-662 a

—LgFM (of TFM)§ 0-561 0-506, 0-616 b 0-634 0-589, 0-680 a

TrFM (of TFM) 0-560 0-505, 0-614 ab 0-626 0-580, 0-672 a

RbFM (of TFM) 0-603 0-550, 0-656 b 0-644 0-598, 0-690 a

PIFM (of TFM) 0-493 0-438, 0-548 ab 0-547 0-500, 0-595 ab

—SpFM (of TFM)§ 0-515 0-461, 0-570 ab 0-485 0-447, 0-542 ab

AUC, area under the receiver-operating characteristic (ROC) curve; MetS, metabolic syndrome; HANDLS, Healthy Aging in Neighborhoods of Diversity Across
the Life Span; WC, waist circumference; TtFM; percentage total body fat mass; TBM, total body mass; AmFM, percentage arm fat mass; TFM, total fat mass;
LgFM, percentage leg fat mass; TrFM, percentage trunk fat mass; RbFM, percentage rib fat mass; PIFM, percentage pelvic fat mass; SpFM, percentage spine
fat mass; NCEP, National Cholesterol Education Program; HDL-C, HDL cholesterol; HOMA-IR, homeostasis model assessment-insulin resistance; CRP,
C-reactive protein.

8P < 0-05 for the null hypothesis that AUC for a specific test measure is the same as that of the reference measurement (WC, cm); Bonferroni adjustment for
multiple comparisons was used.

®P<0-05 for the null hypothesis that AUC for a specific test measure is the same as that of the alternative reference measurement (TfFM); Bonferroni
adjustment for multiple comparisons was used.

tUsing definition 1, MetS was positive when three or more of the following criteria screened as positive. These criteria are derived from the NCEP Adult
Treatment Panel 11l (2001)("). (i) Central obesity NCEP component: WC = 102 cm for men and WC = 88 cm for women; (ii) blood pressure NCEP component:
systolic blood pressure/diastolic blood pressure = 130/85 mmHg; (iii) fasting glucose NCEP component: fasting glucose = 110 mg/dl; (iv) dyslipidaemia—TAG
NCEP component: TAG =150 mg/dl; (v) dyslipidaemia—HDL-C NCEP component: HDL-C <40mg/dl for men and HDL-C <50mg/dl for women. Using
definition 2, MetS was positive when two or more of the preceding criteria screened positive excluding criteria (i) and (v).

tSample sizes available for each analysis varied depending on metabolic outcome.

§AUC values were obtained based on a ROC curve analysis in which LgFM and SpFM observed values were multiplied by —1.

IIHOMA-IR is the product of the fasting values of glucose (Go; expressed as mg/dl) and insulin (lo, expressed as nU/ml), divided by a constant: I X Gy/405.
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