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Abstract

Background: Previous reports indicate that both distribution and amount of body fat confers susceptibility to
metabolic syndrome. However, the relative contributions of these two different parameters of body fat to the
various components of the metabolic syndrome have not been well defined.

Methods: Dual-energy X-ray absorptiometry (DXA) was used to measure and compare the relative amounts of
total body fat, truncal fat, and lower body fat in a representative sample of 2587 black, white, and Hispanic
men and women from the Dallas Heart Study (DHS). The relationships among these variables and fasting
plasma levels of lipids, glucose, insulin, C-reactive protein (CRP), and leptin as well as blood pressure were
analyzed.

Results: Beyond total body fat, fat distribution had the greatest impact on plasma triglycerides in all subjects
and on high-density lipoprotein cholesterol (HDL-C) levels in women only. An intermediate effect of fat dis-
tribution was observed for homeostasis model assessment of insulin resistance (HOMA-IR) and for blood pres-
sure. Plasma CRP levels were much more sensitive to body fat content than to body fat distribution and lep-
tin levels were determined almost exclusively by body fat content. Although there were minor differences
among the different ethnic groups, the major relationship patterns between these variables were similar.
Conclusion: For most metabolic risk factors, both body fat content and distribution independently contributed
to levels, although significant differences were seen between the relative contributions of each variable to in-
dividual risk factors.

Introduction Methods

. . Study population
HE METABOLIC SYNDROME 1S an aggregatlon of several

metabolic risk factors: dyslipidemia, dysglycemia, hy-
pertension, and prothrombotic and proinflammatory states.!
Most individuals having multiple metabolic risk factors are
overweight or obese, 2 and often have upper body obesity.3
However, the relative contributions of total body fat and
body fat distribution to the metabolic syndrome and the dif-
ferent metabolic syndrome risk factors remain an area of con-
siderable dispute. This issue was examined recently in the
Dallas Heart Study (DHS),® which is a large multiethnic
study.* The current study is an extension of our previous
study,® in which we compared specifically the relative con-
tributions of upper and lower body fat to metabolic risk fac-
tors as contrasted to total body fat. The essential questions
being asked were whether body fat distribution contributed
significantly to metabolic parameters beyond total body fat
content, and, if so, how much more.

The study included 2587 men and women (ages 30— 65
years) who participated in the DHS.* The sample contained
1449 women (50.7% black, 31.3% white, 18.1% Hispanic) and
1138 men (46.5% black, 37.3% white, 16.3% Hispanic). DHS
study participants of other ethnicities (n = 62) were excluded
from the studies as were 331 individuals with type 2 dia-
betes mellitus. All participants consented to an Institutional
Review Board-approved study.?

Risk factor measurements

Height, weight, waist circumference, blood pressure, fast-
ing plasma lipids, glucose, insulin, and C-reactive protein
(CRP) were measured as described.? Insulin resistance (IR)
was estimated by homeostasis model assessment (HOMA-
IR) (HOMA Calculator version 2.2).5 CRP was measured in

1Donald W. Reynolds Cardiovascular Clinical Research Center and the Department of Internal Medicine and, Center for Human Nu-
trition and 2Departments of Clinical Sciences and Internal Medicine, University of Texas Southwestern Medical Center, Dallas, Texas.
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the Roche/Hitachi 912 System, Tina-quant assay (Roche Di-
agnostics, Indianapolis, IN)® and leptin by commercial ra-
dioimmunoassay (Linco Research Inc., St. Charles, Mis-
souri).”

Body fat

Total fat mass (kg), fat-free mass (kg), and bone mineral
mass (kg) were quantified by dual energy X-ray absorp-
tiometry (DXA)? in the trunk, upper and lower extremities,
and head as recently described® (Delphi W scanner, Hologic
Inc., Bedford, MA and Discovery software [version 12.2]). A
total of 49 subjects did not complete DXA scan for various
reasons.

Statistical analysis

Continuous variables are summarized as medians and in-
terquartile range or means * standard deviation (SD). The
association between body fat content, body fat distribution,
and metabolic risk factors was assessed with Spearman cor-
relation coefficients. Spearman partial correlation coeffi-
cients were used to adjust body fat content correlations for
body distribution or to adjust body distribution correlations
for percent body fat. The method of Meng et al.” was used
to compare dependent coefficient correlations within each
gender. Two-way analysis of variance (ANOVA) models
were constructed for each metabolic risk factor to evaluate
the independent variables representing three fat content
(percent body fat) and three fat distribution (truncal-to-lower
body fat ratio) variables and to test for statistical interactions
between percent body fat and the truncal-to-lower body fat
ratio. In the two-way ANOVA, a significant interaction be-
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tween percent body fat and truncal /lower-fat ratio indicates
that the effects of these two variables are not independent of
each other. To evaluate the effect of ethnicity, three-way
ANOVA was used, adding a between group factor with three
levels: black, non-Hispanic white, and Hispanic. Because
most variables were not normally distributed, rank trans-
formations were performed prior to analysis. Analyses were
performed using SAS version 9.1.3 (SAS Institute, Cary, NC).

Results
Body fat contents

Study subjects were divided into three categories of per-
cent body fat (body fat contents): for men, categories were
<20%, 20-24.9%, and =25%; for women, <35%, 35-39.9%,
and >40% (Table 1). These ranges approximate standard
body mass index (BMI) categories for normal (<25 kg/m?),
overweight (25-29.9 kg/m?), and obese (=30 kg/m?) cate-
gories; such correspondence was reported previously® and
was observed through inspection of DHS data. Body fat con-
tent for a given BMI category is approximately 15% greater
in women than in men. Mean (and/or median) levels of each
of the metabolic risk factors in the three categories of per-
cent body fat are provided in Table 1.

Body fat distributions

Body fat distribution was defined as the ratio of truncal
fat-to-lower body fat. Distribution was categorized by tertile
for each category of body fat content (Fig. 1). Mean trun-
cal/lower fat ratios rose for each higher category of total
body fat content. Thus, as described previously,3 higher

TABLE 1. METABOLIC Risk VARIABLES ACCORDING TO CATEGORIES OF PERCENTAGE Bopy FAT IN MEN AND WOMEN
Variable Men Women
Body fat content® <20% 20-24.9% =25% <35% 35-39.9% =40%
Number 287 344 507 410 381 658
Race B/W/H (n) 186/76/25 165/110/69 178/238/91 193/149/68 200/117 /64 341/187/130
Age (years) 426 £ 9.7 435 + 9.3 447 + 9.6 40.8 = 9.5 440 = 98 458 = 9.8
BMI (kg/mz) 23.8 £ 3.0 275 = 3.5 31.6 = 4.2 240 = 3.8 28.7 = 3.9 36.0 = 6.5
Waist (cm) 854 =75 963 = 7.1 108.1 = 10.5 809 =99 923 = 10.3 106.1 = 13.9
Body fat content (%) 15.0 = 3.6 227 = 1.4 294 + 3.5 295 = 4.8 375 *+ 1.4 444 + 32
Trunk/lower body fat ratio 141 = 042 1.69 = 0.46 1.77 = 041 1.07 = 0.42 1.25 = 0.33 1.35 = 0.33
TG (mg/dL) 76 104 121 72 95 95
(58-113) (72-152) (82-180) (54-102) (69-128) (70-135)
HDL-C (mg/dL) 50 45 41 57 51 50
(41-61) (38.5-51) (35-49) (48-67) (43-60) (43-59)
HOMA-IR 0.8 1.3 2.0 1.0 1.6 2.2
(0.5-1.4) (0.9-1.8) (1.3-2.9) (0.6-1.5) (1.0-2.3) (1.4-3.0)
Systolic BP (mm/Hg) 121 123 125 111 118 122
(111-132) (115-135) (117-136) (104-123) (109-129) (111-134)
CRP (mg/L) 1.1 1.6 2.4 14 2.8 6.3
(0.5-2.9) (0.8-3.3) (1.4-4.4) (0.6-3.4) (1.5-5.2) (3.0-12.1)
Leptin (ng/mL) 1.8 44 8.8 9.4 20.1 36.8
(1.0-2.7) (2.9-6.2) (6.4-12.6) (5.7-13.9) (15.3-26.5) (27.2-47.3)

Data are presented as mean * standard deviation or median and interquartile range (25th-75th percentile).

aFor continuous variables BMI through leptin, p < 0.001 comparing the three percent body fat categories with the Kruskal-Wallis test. For
age, p < 0.01. The Kruskal-Wallis test was run for men and women separately.

Note: B, black; W, white; H, Hispanic, n, number; TG, triglycerides; HDL-C, high-density lipoproteins cholesterol; HOMA-IR, homeostatis
assessment model for insulin resistance; BP, blood pressure; BMI, body mass index; CRP, C-reactive protein.
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FIG.1. Truncal-to-lower body fat ratios in men and women according to total percent body fat and tertiles of ratios. With
increasing percent body fat, both men and women showed an increase in ratio of truncal-to-lower body fat. Nonetheless,
within a given range of percent total body fat, there remained considerable variation in ratio among the two groups.

weights associated with a disproportional increase in trun-
cal fat relative to lower body fat, resulting in a higher trun-
cal/lower fat ratio. For every tertile in each category of per-
cent body fat, men had higher truncal/lower fat ratios than
women (ANOVA p < 0.0001).

Metabolic risk factors

Values for four metabolic risk factors—median fasting
plasma levels of triglycerides and mean high-density
lipoprotein cholesterol (HDL-C), HOMA-IR, and systolic
blood pressure—are plotted against categories of body fat
content and distributions for men in Fig. 2. Statistical corre-
lations in men are shown in Table 2. Median triglyceride con-
centrations rose moderately with progressively higher body
fat categories, but body fat distribution had an even stronger
effect on triglyceride levels (p = 0.005 comparing correla-
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tions). Both increasing body fat content and body fat distri-
bution accompanied a fall in HDL-C levels. In comparison,
neither fat content nor distribution dominated over the other
in statistical correlation with HDL-C. HOMA-IR values in
men rose with increasing body fat content and correlated
more strongly with body fat content than did body fat dis-
tribution. However, significant independent effects of
HOMA-IR were seen for both fat content and distribution
with two-way ANOVA (p < 0.0001). Further, systolic blood
pressure had significant but weak correlations with both
body fat content and body fat distribution. However, only
body fat content remained statistically significant in the
ANOVA model.

In women, body fat distribution correlated more strongly
with triglycerides than did body fat content (Fig. 3, Tables 2
and 3). However, there was for triglycerides a statistically
significant interaction noted between percent body fat and
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FIG.2. For men, plasma levels of triglycerides, high density lipoprotein cholesterol (HDL), homeostasis model assessment
of insulin resistance (HOMA-IR), and systolic blood pressure are plotted against percent body fat and tertiles of ratios of
truncal-to-lower body fat.
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TABLE 2. SUMMARY OF STATISTICAL ANALYSIS IN MEN
Spearman correlation
2
r! versus Two-way analysis of variance
Men versus truncal fat to
percent total lower body fat p value ANOVA ANOVA
Variable n body fat ratio (r! vs. 1) factor p value
Percent total body fat 1138 0.32
TG 1137 0.29 0.38 0.005 %Total body fat <0.0001
T/L ratio <0.0001
Interaction® 0.32
HDL 1137 —0.30 —0.26 0.26 %Total body fat <0.0001
T/L ratio <0.0001
Interaction® 0.74
HOMA-IR 1134 0.48 0.30 <0.0001 %Total body fat <0.0001
T/L ratio <0.0001
Interaction® 0.67
SBP 1138 0.13 0.09 0.36 %Total body fat 0.0005
T/L ratio 0.13
Interaction® 0.41

Interaction between percent body fat and truncal-to-lower body fat (T /L) ratio.
Note: TG, triglyceride; HDL, high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment-insulin resistance; SBP, sys-

tolic blood pressure; T/L ratio, truncal-to-lower body fat ratio.

truncal/lower body fat ratio (p = 0.03) as depicted in Fig. 3,
where the triglyceride concentration increases more consis-
tently with increasing truncal-to-lower body fat ratio than
with percent body fat; i.e., the triglyceride levels plateau in
the two higher fat categories. HDL-C levels declined with an
increasing body fat content and increasing body fat distri-
bution. Fat distribution was also more strongly related to
HDL-C than was body fat content (p < 0.0001 comparing cor-
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relations) in women. For HOMA-IR in women, body fat dis-
tribution also had a strong effect, although body fat content
was influential as well. Body fat distribution had a moder-
ate effect on systolic blood pressure in women, more so than
in men (Fig. 2, Tables 2 and 3). Although in men the rise in
systolic blood pressure across truncal-to-lower-fat ratios was
not significant (see Fig. 2), the effect of body fat distribution
in women was significant (p < 0.0001 by two-way ANOVA).
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FIG. 3. For women, plasma levels of triglycerides, high density lipoprotein cholesterol (HDL), homeostasis model as-
sessment of insulin resistance (HOMA-IR), and systolic blood pressure are plotted against percent body fat and tertiles of

ratios of truncal-to-lower body fat.
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TABLE 3. SUMMARY OF STATISTICAL ANALYSIS IN WOMEN

Spearman correlation

1

r2

r versus Two-way analysis of variance
Women versus truncal fat to
Percent total lower body fat P value ANOVA ANOVA
Variable n body fat ratio (r! vs. 1) factor p value
Percent total body fat 1448 0.36
TG 1448 0.19 0.40 <0.0001 %Total body fat 0.0003
T/L ratio <0.0001
Interaction® 0.03
HDL 1448 —0.16 —0.29 <0.0001 %Total body fat <0.0001
T/L ratio <0.0001
Interaction® 0.36
HOMA-IR 1435 0.46 0.43 0.327827 %Total body fat <0.0001
T/L ratio <0.0001
Interaction® 0.11
SBP 1448 0.27 0.25 0.45 %Total body fat <0.0001
T/L ratio <0.0001
Interaction® 0.11

?Interaction between percent body fat and truncal-to-lower body fat (T /L) ratio.
Note: TG, triglyceride; HDL, high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment-insulin resistance; SBP, sys-

tolic blood pressure; T/L ratio, truncal-to-lower body fat ratio.

C-reactive protein and leptin

Figure 4 plots CRP and leptin levels against body fat con-
tent and distribution in men and women. Statistics are given
in Table 4. For CRP, correlations with fat content predomi-
nated over distribution in both sexes (p < 0.0001) (Table 2).
In men, there was no longer a significant relationship be-
tween CRP and fat distribution after adjusting for percent
body fat. In women, a significant interaction between the

body fat content and fat distribution categories was found
(p = 0.02). On the basis of multiple comparisons, CRP fat dis-
tribution tertiles were similar within >40% body fat category
whereas CRP significantly increased with fat distribution in
the <35% and the 35-40% fat categories.

In the case of leptin, levels were much more closely asso-
ciated with the body-fat content than was distribution in both
men and women (Fig. 4, Table 4). In the two-way ANOVA
models, percent body fat was significant in men and women
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FIG. 4. For men and women, plasma levels of CRP and leptin are plotted against percent body fat and tertiles of ratios

of truncal-to-lower body fat.
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TABLE 4. C-REACTIVE PROTEIN AND LEPTIN
Spearman correlation
2
r! versus Two-way analysis of variance
versus truncal fat to
Percent total lower body fat P value ANOVA ANOVA
Variable n body fat ratio (r! vs. 1?) factor p value
CRP (men) 1128 0.29 0.11 <0.0001 %Total body fat <0.0001
T/L ratio 0.08
Interaction® 0.85
CRP (women) 1438 0.53 0.30 <0.0001 %Total body fat <0.0001
T/L ratio <0.0001
Interaction® 0.02
Leptin (men) 1137 0.79 0.23 <0.0001 %Total body fat <0.0001
T/L ratio 0.13
Interaction® 0.20
Leptin (women) 1438 0.81 0.28 <0.0001 %Total body fat <0.0001
T/L ratio 0.49
Interaction® 0.003

Interaction between % body fat and truncal-to-lower body fat (T/L) ratio.

Note: CRP, C-reactive protein.

(p < 0.0001). In men, both the truncal-to-lower body fat ra-
tio and the interaction between body fat content and distri-
bution were nonsignificant. In women, a significant interac-
tion between body fat content and body fat distribution (p =
0.003) was seen, attributable to the inconsistent effect of fat
distribution within fat categories. In particular, an increase
in leptin was observed with increasing truncal/lower fat ra-
tio in the leaner body fat <35% group (p = 0.003), but no dif-
ference was detected between truncal-to-lower body fat ra-
tio tertiles in the 35-40% and >40% fat categories (p = 0.93
and p = 0.13, respectively).

Ethnicity

Differences between the ethnic groups were statistically
significant (p < 0.0001) for percent body fat, truncal-to-lower
body fat ratio, triglycerides, HDL-C, HOMAZ2, CRP, leptin,
and systolic blood pressure (data not shown). Moreover,
when controlling for ethnicity in the analysis of variance
models, a few interactions between ethnicity and body fat or
body distribution were observed. For HDL-C, a significant
interaction between ethnic group and truncal-to-lower fat ra-
tio tertiles was found in men (p = 0.006). This interaction
stemmed from a weaker, nonsignificant relationship be-
tween truncal-to-lower fat ratio groups and HDL-C in black
men (p = 0.90), whereas HDL-C was different between trun-
cal-to-lower fat ratio groups for non-Hispanic white men
(p = 0.0002) and Hispanic men (p = 0.01). In females, an in-
teraction between ethnicity and truncal-to-lower fat ratio
was observed for CRP, stemming from no differences ob-
served in Hispanic women when comparing truncal-to-
lower fat ratio tertiles (p = 0.59). But for black and non-His-
panic white women, CRP increased with increasing truncal/
lower fat ratio tertiles (p < 0.01 for both ethnic groups). Apart
from these interactions, the three ethnic groups generally
showed consistent associations between body fat or body
distribution and metabolic risk variables. This justifies pool-
ing the data for simplicity of presentation (Figs. 1-4).

Discussion

This study showed that the relative contributions of fat
content and distribution differ for different metabolic risk
factors. Some studies'®!! have claimed that total body fat,
not fat distribution, is the major correlate of the metabolic
syndrome; many others'?!? identify fat distribution as the
culprit. Our study showed that both are important and in-
fluential on risk factors. This study must be interpreted in
the light of our recent report on the black and white cohorts
of the DHS.? Here body fat distribution was also found to
have some influence beyond total body fat content on meta-
bolic risk factors. Waist circumference still correlated signif-
icantly with risk factors after adjusting for total body fat. But
unexpectedly, individual body fat compartments, such as
visceral fat, accounted for only a portion of the variation in
risk-factor levels beyond total body fat and waist circumfer-
ence. The current paper focuses exclusively on two factors—
body fat content and distribution—and more clearly reveals
relative contributions of the two on particular metabolic risk
correlates. Our recent study?® suggested that DXA data pro-
vide most of the information relating body fat to risk factors;
measurement of subcompartments by magnetic resonance
imaging (MRI) appeared to add little more information.
Therefore, it was not examined in the current study.

Although upper body fat has been widely touted as the
major driving force behind the metabolic syndrome,!1213 re-
cent reports®1416 suggest that lower body fat protects
against metabolic risk. Lower body adipose tissue may pro-
vide a reservoir for fat storage that is reduced in persons
who manifest predominant upper body fat; more lower body
adipose tissue should provide a defense against overloading
of upper body adipocytes with triglycerides, which will
make them resistant to the antilipolytic effects of insulin.!”18
A deficiency of lower body fat may result from diminished
adipogenesis!'® or maturation of small adipocytes into larger
lipid-storing cells.?’ Either should result in overloading of
upper body adipocytes, higher levels of nonesterified fatty
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acids (NEFA), which in turn should suppress systemic in-
sulin sensitivity and predispose to dyslipidemia. Thus, a
lower truncal-to-lower body fat ratio should be an indicator
of insufficient lower body fat needed to protect against
triglyceride overload of upper body adipocytes.

Body fat content/distribution and metabolic parameters

Increasing body fat content caused a rise in mean plasma
triglycerides; but body fat distribution also powerfully af-
fected triglycerides— both in men and women (Figs. 2 and
3). Body fat distribution affected triglycerides even in the
lowest body fat category (“normal weight”). Fat distribution
was particularly influential in the intermediate “overweight”
category, and remained so among obese men and women.
HDL-C levels changed opposite to triglyceride levels. HDL-
C fell with higher percent body fat, but also fell with higher
truncal-to-lower-fat ratios. In this study, body fat content and
distribution were both related to insulin resistance, as indi-
cated by HOMA-IR. However, the effects of body fat distri-
bution were not as strong as for lipid parameters. In our anal-
ysis, increasing body fat content was accompanied by higher
blood pressure, particularly evident in women. Several re-
ports suggest that blood pressure is also sensitive to body
fat distribution as well as total body fat.?=?> We also found
that increases in truncal-to-lower body fat ratios were some-
what more strongly associated with higher blood pressure
in women than in men.

With increasing body fat content, CRP levels rose in both
men and women (Fig. 4); the effect of body weight on CRP
levels has been reported before for this population.?* Over-
all, women had higher CRP levels than men, presumably be-
cause they had higher percent body fat. CRP levels are a re-
flection of amounts of inflammatory cytokines released by
adipose tissue. Body fat distribution had little effect on CRP
concentrations, except that in those with the lowest truncal-
to-lower body ratios usually had somewhat lower CRP lev-
els than did other ratio tertiles in the same body fat category.
Adipose tissue is the source of circulating leptin, and, as
shown in Fig. 4, leptin levels are dependent almost exclu-
sively on body fat content. Body fat distribution appears to
play almost no role in leptin release.

Ethnicity

Our previous studies® have shown that metabolic risk fac-
tors differ among different ethnic groups. For example, black
men have lower triglycerides and higher HDL-C than do
white men. These risk factor differences may be related in
part to differences in body fat content and distribution For
example, black men appeared to have lower ratios of trun-
cal-to-lower body fat than whites and Hispanics. Even so,
the current study did not have the power to define precisely
how differences in metabolic risk factors in different ethnic
groups are related to differences in body fat distribution.

Summary

This analysis of the DHS data provides a visual depiction
of the relative contributions of body fat content and body fat
distribution on metabolic parameters related to the metabolic
syndrome (Figs. 1-4). It shows clearly that both factors sig-
nificantly influence cardiovascular risk factors. However, the
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contributions of each measure to metabolic risk factors vary
depending on the risk factor. Beyond total body fat, fat dis-
tribution had the greatest impact on plasma triglycerides and
the least effect on CRP and leptin levels. An intermediate ef-
fect of fat distribution was observed for HOMA-IR and for
blood pressure. Although a great emphasis has been placed
on upper body obesity as a cause of the metabolic syndrome,
our findings on body fat distribution raise the possibility that
a reduction in lower body fat may be a key factor in causa-
tion of the syndrome.
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