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Body Fat Distribution and Male/Female
Differences in Lipids and Lipoproteins
David S. Freedman, PhD, Steven J. Jacobsen, PhD, Joseph J. Barboriak, ScD,

Kathleen A. Sobocinski, MS, Alfred J. Anderson, MS, Ahmed H. Kissebah, MD, PhD,
Edward A. Sasse, PhD, and Harvey W. Gruchow, PhD

The role of body fat distribution, as assessed by the ratio of waist-to-hip circumferences (WHR),
in statistically explaining differences in levels of lipoproteins between men and women was
studied using data collected in 1985-1986 from employed adults (mean age, 40 years). As
compared with the 415 women, the 709 men had higher mean levels of triglycerides (+38 mg/dl)
and apolipoprotein B (+11 mg/dl) as well as lower mean levels of high density lipoprotein
(HDL) cholesterol (-15 mg/dl) and apolipoprotein A-I (-19 mg/dl). Additionally, men were
more overweight, consumed more alcohol, and exercised more frequently than women but were
less likely to smoke cigarettes. Controlling for these characteristics, however, did not alter the
differences in lipoprotein levels between men and women. In contrast, adjustment for WHR
(which was greater among men) reduced the sex differences in levels of apolipoprotein B (by
98%), triglycerides (by 94%), HDL cholesterol (by 33%), and apolipoprotein A-I (by 21%).
Similar results were obtained using analysis of covariance, stratification, or matching; at
comparable levels ofWHR, differences in lipid and lipoprotein levels between men and women
were greatly reduced. Although these results are based on cross-sectional analyses of employed
adults and need to be replicated in other populations, the findings emphasize the relative
importance of body fat distribution. Whereas generalized obesity and body fat distribution are
associated with lipid levels, fat distribution (or a characteristic influencing fat patterning) can
be an important determinant of sex differences in levels of triglycerides, HDL cholesterol, and
apolipoproteins B and A-I. (Circulation 1990;81:1498-1506)

W omen in Westernized countries have a
much lower incidence of coronary heart
disease than do men.1'2 Determinants of

this sex differential have recently received increased
attention,3,4 and evidence suggests that it might be, in
part, because of male/female differences in levels of
lipids and lipoproteins. Although the standard risk
factors for coronary heart disease are at least as
important among women as men,25 relatively low
levels of triglycerides and high levels of high density
lipoprotein (HDL) cholesterol might protect most
women from developing extensive atherosclerosis.
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In contrast, in societies with low rates of coronary
heart disease, sex differences in levels of HDL
cholesterol,6 coronary atherosclerosis,7 and mortality
from coronary heart disease8 are greatly reduced.
Furthermore, data from the Framingham Study show
that about 15% of the male excess in coronary heart
disease among 45-54-year-old subjects can be attrib-
uted to levels of total cholesterol and nonlipid risk
factors,5 and sex differences in coronary heart disease
are reduced if comparisons are made at similar levels
of total/HDL cholesterol.9 One half of the increased
risk of coronary heart disease among men might be
because of adverse levels of total cholesterol, glucose,
and behavioral characteristics.10
Although obesity is an important determinant of

lipoprotein levels, the distribution of body fat is also
critical." Vague'2 was the first to observe that women
with upper-body obesity, the pattern usually seen in
men, are more likely to have diabetes and atheroscle-
rosis than are women with lower-body obesity. More
recently, body fat distribution, as assessed by various
skinfold and circumference measurements, has been
related to diabetes and coronary heart disease.13'14
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Independent of the general overweight level, the
ratio of waist-to-hip circumferences (WHR) is asso-
ciated with adverse levels of lipids, lipoproteins, and
insulin,'1516 and is predictive of coronary heart
disease.'7,"8
Although men have higher levels of WHR than

women, the role of body fat distribution in explaining
male/female differences in levels of lipids and lipo-
proteins has not been assessed. We have previously
shown that WHR is independently related to lipid
and lipoprotein levels in men and women.16 The
objective of the present study was to determine
whether levels ofWHR in this sample can explain the
sex differentials in levels of HDL cholesterol, triglyc-
erides, and apolipoproteins A-I and B.

Methods
Study Population

Participants were primarily white-collar workers who
volunteered for serum lipid screenings at their places of
employment (two Milwaukee companies) from June
1985 through March 1986. As previously reported,16
approximately 50% of all eligible persons participated
in these examinations and completed a questionnaire
concerning various behavioral characteristics. The
majority of participants worked in professional or man-
agerial positions, and men were more likely to take part
in the examinations than women. Informed consent was
obtained, and the study protocol was approved by the
Human Research Review Committee of the Medical
College of Wisconsin.
The study was restricted to 1,124 (709 men and 415

women) white 20-69-year-old subjects. Other racial
groups represented less than 5% of all participants
and were excluded from the analyses, as were 11
persons who had been told by a physician that they
were diabetic. Because of their effects on lipoprotein
levels, subjects who reported while using lipid-
lowering medications (n=4) or oral contraceptives
(n= 110) were also excluded.

General Examinations
Anthropometric measurements were taken in a

uniform manner by trained personnel, with partici-
pants wearing light clothing during the examination.
Weight and height were obtained using calibrated
balance scales, and Quetelet index (kg/m') was cal-
culated as a measure of weight relative to height.19
Waist circumference was measured at the navel, and
hip circumference was measured at the widest part of
the hips and buttocks. Because circumference mea-
surements were made in inches, this scale is used
throughout the analyses.

Information on alcohol intake, smoking, exercise,
and oral contraceptive use were obtained from a
questionnaire that has been extensively used in
patients undergoing coronary arteriography.20 Usual
weekly alcohol intake was expressed as milliliters of
absolute alcohol by using values of 4% for beer, 12%

for wine, and 43% for liquor. Exercise was a count of
the number of times per month that each person
participated in aerobic exercise. Information was not
collected on use of postmenopausal hormones; how-
ever, analyses were performed to assess the effects of
controlling for WIR among subjects who were 50
years old or younger, or more than 50 years old.

Laboratory Analyses
Ten milliliters of blood were drawn by venipunc-

ture after an overnight fast. Plasma levels of total
cholesterol and triglycerides were measured by auto-
mated procedures,21-23 with quality control moni-
tored by the Centers for Disease Control. HDL
cholesterol was measured after heparin-manganese
precipitation of other lipoproteins, according to pro-
cedures developed by the Lipid Research Clinics.23
The total-to-HDL-cholesterol ratio was used as a
measure of the atherogenicity of the lipoprotein
profile.

Plasma levels of apolipoprotein B were measured by
an enzyme-linked immunoassay24; levels were in the
range of 22-170 mg/dl, with mean levels of 81 and 70
mg/dl among men and women, respectively. Apolipo-
protein A-I was measured by a rate immunonephelo-
metric assay with the Beckman Array-Specific Protein
Analysis System25; levels were in the range of 74-222
mg/dl (mean, 125 mg/dl) among men and 77-258 mg/dl
(mean, 144 mg/dl) among women.

Statistical Methods
Because the distributions of several variables (e.g.,

triglycerides) were skewed, various transformations
were used. With the exception of one triglyceride
value (1,580 mg/dl) that was considered an outlier
and was deleted, four missing apolipoprotein B lev-
els, and 17 missing apolipoprotein A-I values, all
subjects had recorded levels for the anthropometric,
behavioral, and lipid measurements. Allp values are
two sided.

Levels of selected characteristics were first con-
trasted between men and women using Wilcoxon and
,v tests. The coefficient of variation (SD . mean) was
used to compare the relative variability ofWHR and
Quetelet index. Interrelations among the anthropo-
metric measures were examined, as was the relation
of these variables to lipid and lipoprotein levels.
Pearson and Spearman correlations yielded similar
results, and only the former are presented.
To assess the relative importance of each anthro-

pometric measurement in explaining the sex differ-
ences in lipid and lipoprotein levels, several regres-
sion models were constructed. (Because levels of
total cholesterol did not differ between men and
women, they were not included in these analyses.)
Male/female differences in levels of lipids and lipo-
proteins were assessed using F tests26 after adjust-
ment for 1) only the covariates (i.e., age, cigarette
smoking, alcohol consumption, and exercise), 2)
covariates and Quetelet index, and 3) covariates and
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TABLE 1. Mean Levels of Selected Characteristics by Age and Sex

Age group
c40 yr >40 yr

Men Women Men Women
Characteristics (n=414) (n=252) (n =295) (n= 163)
Age (yr) 32+5 32-+-5 50±7 51+7

Total cholesterol (mg/dl) 195±42 187±36 215±43 224±54
Triglycerides (mg/dl) 104±70* 70±33* 137±90* 95±52*
HDL cholesterol (mg/dl) 48±12* 60±14* 47±13* 66±20*
Total/HDL cholesterol 4.3±1.6* 3.3±1.1* 4.9±1.7* 3.6±1.2*

ApoB (mg/dl) 77±21* 65±18* 87±23* 78±24*
Apo A-I (mg/dl) 124+19* 139±23* 127±22* 152±32*

Quetelet index (kg/M2) 25.2±3.3* 24.1±4.7* 26.4±3.3t 25.7±5.1t
Waist (in.) 35±4* 29±5* 37±3* 31±5*
Hip (in.) 41±3* 39±4* 42±3* 41±4*
WHR 0.86±0.05* 0.75±0.06* 0.90+0.04* 0.76±0.06*

Alcohol consumption (ml/wk) 125±130* 76±82* 136±146* 75+88*
Exercise (times/wk) 10±9* 7±8* 8±9* 4±6*
Current smoker (%) 13t 23t 16 22

Values are mean±SD. HDL, high density lipoprotein; apo B, apolipoprotein B; apo A-I, apolipoprotein A-I; WHR,
waist-to-hip ratio.

*p<O.OOl; tp<0.01. p values are for equality of means between men and women (within each age group) and were
calculated using either Wilcoxon or x2 tests.

WHR. Male/female differences in lipid and lipopro-
tein levels were also examined within strata of WHR.
Additionally, men and women were matched on
WHR (to the nearest 0.01), and paired t tests were
used to assess differences in lipoprotein levels among
these 118 pairs.

Results
Descniptive Characteristics
Mean ages of men and women were similar (men,

40 years; women, 39 years), and levels of selected
characteristics are shown in Table 1. With the excep-
tion of total cholesterol, all lipid and lipoprotein
levels differed significantly between the sexes. Over-
all, men had higher levels of triglycerides (+38
mg/dl), total/HDL cholesterol (+1.2), and apolipo-
protein B (+11 mg/dl) but lower levels of HDL
cholesterol (-15 mg/dl) and apolipoprotein A-I
(-13 mg/dl). Furthermore, these differences were
virtually identical for both age groups, and similar
results were obtained by various transformations
(e.g., the geometric means for triglycerides differed
by 29 mg/dl). Men also consumed more alcohol and
exercised more frequently than women; however, a
smaller proportion reported smoking cigarettes.
Mean levels of the anthropometric measures were

higher in men, with WHR showing the largest (14%)
proportional difference. This difference in WHR,
together with its low variability (coefficient of variation,
6-8%), resulted in a marked separation ofWHR levels

between the sexes (Figure 1). Although WHR was in
the range of 0.58-1.02, there was overlap between men
and women only from 0.75 to 0.94. Overall, the 25th
percentile among men was approximately equal to the
90th percentile among women (levels of 0.85 and 0.84,
respectively), and similar differences were seen within
each decade of age (data not shown). Although mean
values of Quetelet index also differed (p<0.001)
between men and women, there was more overlap for
this measure; its coefficient of variation was in the
range of 13-20%.

Bivariate Associations
The anthropometric measures were highly interre-

lated (Table 2). The correlation between waist and
hip girths was 0.86, and although Quetelet index was
highly correlated with both circumferences, its corre-
lation with WHR was weaker (r=0.55 and 0.46, men
and women, respectively). Additionally, age was
moderately related to all anthropometric measures
(r=0.12-0.39). The behavioral characteristics (i.e.,
cigarette smoking, alcohol consumption, and exer-
cise) were also associated with the anthropometric
measures; however, correlations were generally
weaker than those shown in Table 2. For example,
WHR was inversely related to exercise (r= -0.34 and
-0.12, men and women, respectively), and current
smokers had slightly higher levels of WHR than
nonsmokers, that is, 0.890 versus 0.876, respectively
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FIGURE 1. Plottings showing comparison of waist-to-hip
ratio (WHR) and Quetelet index between men and women.

Distinct separation of WHR levels between the two sexes is
evident (panel A); however, levels of Quetelet index show
much more overlap (panel B).

(p=0.01, men), and 0.760 versus 0.752 (p=0.30,
women) (data not shown). Alcohol consumption was

inversely related to Quetelet index among women but
not men.

With the exception of HDL cholesterol among

men, levels of lipids and lipoproteins were moder-
ately related to age (Table 3). Stronger associations,
however, were seen with the anthropometric mea-

sures. Correlations with triglycerides tended to be
strongest (reaching r=0.40, with waist girth in wom-
en), whereas associations with apolipoprotein A-I
were weakest. Because of the strong intercorrelations
among the anthropometric measures, however, lipid
and lipoprotein levels were related similarly to
Quetelet index, waist and hip girths, and WHR. For
example, the relation of triglyceride levels to these
measures ranged from 0.28 (hip girth) to 0.39 (waist
girth) in men. Of the behavioral characteristics,
alcohol consumption was positively correlated with
levels of HDL cholesterol and apolipoprotein A-I,
whereas exercise was inversely related to levels of
triglycerides and apolipoprotein B. Furthermore, cig-
arette smokers tended to have higher levels of tri-
glycerides and apolipoprotein B but lower levels of
HDL cholesterol than nonsmokers (data not shown).

Sex Differences in Body Fat Distribution and Lipids
To assess the importance of each anthropometric

measure in statistically explaining the male/female
differences in lipid and lipoprotein levels, several
regression models were constructed. Unadjusted
male/female differences in lipoprotein levels and the
effect of controlling for various characteristics are

shown in Table 4. Adjusting for age, alcohol con-

sumption, exercise, and cigarette smoking slightly

TABLE 2. Intercorrelations* Among the Explanatory Variables

Variable Sext Age Quetelet index Waist Hip WHR

Age
Men ... ...

Women ...

Quetelet index
Men 0.18t
Women 0.20t ...

Waist
Men 0.29* 0.84*
Women 0.25* 0.89* ...

Hip
Men 0.12§ 0.81t 0.86* ...

Women 0.20t 0.91* 0.86t

WHR
Men 0.39* 0.55t 0.78* 0.36* ...

Women 0.22* 0.46t 0.73t 0.29t ...

WHR, waist-to-hip ratio.
*Pearson correlation coefficients; t709 men, 415 women; tp<0.001; §p<0.01.
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TABLE 3. Bivariate Relation* of the Explanatory Variables to Lipid and Lipoprotein Levels

Variable Sex Total cholesterol Triglyceridest HDL cholesterol Total/HDL cholesterol Apo B Apo A-I

Age
Men 0.28:: 0.214: 0 0.174 0.244: 0.11§
Women 0.47i: 0.29t 0.164 0.22: 0.384: 0.24:

Quetelet index
Men 0.244 0.35: -0.21: 0.324 0.254 -0.12§
Women 0.15§ 0.30: -0.20t 0.294: 0.234 -0.11§

Waist
Men 0.29: 0.394 -0.22:t 0.36:: 0.314 -0.164:
Women 0.22: 0.404 -0.20: 0.324 0.304 -0.08

Hip
Men 0.224: 0.284: -0.154: 0.264 0.214 -0.12§
Women 0.12 0.28t -0.174: 0.234 0.18t -0.09

WHR
Men 0.274 0.37: -0.224 0.354 0.304: -0.144:
Women 0.264 0.384 -0.14§ 0.304: 0.344 -0.03

HDL, high density lipoprotein; apo B, apolipoprotein B; apo A-I, apolipoprotein A-I; WHR, waist-to-hip ratio.
*Pearson correlation coefficients, 709 men and 415 women; tvalues have been log transformed; 4p<0.001; §p<0.01.

increased the magnitude of the differences between among persons with a WHR of 0.84-0.87, mean
men and women; and even after controlling for triglyceride levels differed by only 1 mg/dl, mean
Quetelet index, large contrasts were still evident. levels of total/HDL cholesterol differed by only 0.2,
(Adjustment for age alone did not alter the unad- and mean levels of apolipoprotein B were identical
justed values.) Controlling for waist girth, however, in men and women. Furthermore, these similarities
reduced the male/female differences in levels of in lipid and lipoprotein levels existed despite large
triglycerides (from 38 to 10 mg/dl), total/HDL cho- differences in relative weight; as compared with
lesterol (from 1.2 to 0.7), and apolipoprotein B (from men, mean levels of Quetelet index were 2.4-5.2
11 to 4 mg/dl); additional decreases were seen with kg/m2 higher among women in the upper three
adjustment for hip girth. The effects of adjusting for strata of WHR. (Although male/female contrasts in
WHR were comparable to using waist and hip girths lipid and lipoprotein levels were still seen at WHR

sa e wh d i rg fm %p
levels of less than 0.79, male/female differences in

separately, with reductions ranging from 21%/ (apo- WHR persisted within this group.) The adjusted
lipoprotein A-I) to 98% (apolipoprotein B). differ sisTe 5, far r oup.)T he te

Stratification was also used to control for differ- differences (Table 5, far right column) show theStratificai on
le sof lsoR usedtoe co ntrol wor fer- male/female differences in levels of lipids and lipo-

ences in levels of WHR between men and women proteins that would be expected if men and women

(Table5).rMale/female differences inlevels oflipids were similarly distributed across the four WHR
and lipoproteins were again reduced, with triglyc- groups. (In contrast, 78% of the women were in the
erides, total/HDL cholesterol, and apolipoprotein lowest WHR group, whereas 51% of the men were
B showing the largest reductions. For example, in the highest category.)

TABLE 4. Sex Differences in Levels of Lipids and Lipoproteins After Adjustment for Selected Characteristics

Male excess levels (mg/dl)

Characteristic controlled for Triglycerides HDL cholesterol Total/HDL cholesterol Apo B Apo A-I

None 384 - 154 1.2t 11:t -194:
Covariates* 424: -174 1.3: 124 -234:
Covariates plus Quetelet index 374 -164 1.2: 11t -224:
Covariates plus waist 10 -124 0.74 4 -17t
Covariates plus waist and hip 0 -11: 0.54: 1 -16:
Covariates plus WHR -2 -104 0.4§ 0 -154

Change in male/female differencet (%) 94 33 66 98 21

Multiple R2 0.17 0.28 0.26 0.20 0.24

HDL, high density lipoprotein; apo B, apolipoprotein B; apo A-I, apolipoprotein A-I; WHR, waist-to-hip ratio.
*Covariates: age, age2, alcohol intake, exercise, and current smoking status.
t(Unadjusted difference-adjusted difference)/unadjusted difference. Levels are adjusted for covariates and WHR.
4:p<O.OOl; §p<0.01. p values are for equality of means between men and women.
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TABLE 5. Mean Levels of Selected Characteristics Stratified by WHR

Levels of WHR Male/female difference
Sex <0.79 0.79-0.83 0.84-0.87 .0.88 Unadjusted Adjusted*

n
Men 24 111 209 365
Women 322 49 24 20 ... ...

Quetelet index (kg/m2)
Men 23.5 23.6 24.4 27.3
Women 23.6 27.7 29.6 29.7 ...

WHR
Men 0.78 0.82 0.86 0.92 ...

Women 0.73 0.81 0.85 0.90
Triglycerides (mg/dl)

Men 87±43 81±37 112±85 135±87
Women 72±35 97±39 111±70 131±58 38t -1

HDL cholesterol (mg/dl)
Men 52±11 52±12 49±14 45±12
Women 64±16 57±18 54±15 61±16 -15t -9t

Total/HDL cholesterol
Men 3.8±0.9 3.8±1.1 4.3±1.6 5.0±1.8
Women 3.2±1.1 4.1±1.1 4.1±1.1 3.9±1.1 1.2t 0.3

Apo B (mg/dl)
Men 72±20 70±18 78±28 87±23
Women 66±19 82±22 78±22 86±27 lit -3

Apo A-I (mg/dl)
Men 126±18 129±20 125+20 124±21
Women 145±28 141±27 136±25 151+28 -19t -16t

Values are mean±SD.
WHR, waist-to-hip ratio; HDL, high density lipoprotein; apo B, apolipoprotein B; Apo A-I, apolipoprotein A-I.
*Values have been adjusted for differences in distribution of men and women across four WIHR categories.
tp<U.UU1; p values are for equality of means between men and women, and were calculated using F tests.

Because of the possible effects of sex hormone
used on these results, similar analyses were per-
formed within categories of age, using 50 years as a
cutoff. Adjusting for WHR reduced the sex differ-
ences in levels of the lipids and lipoproteins within
each age group. For example, a 15-mg/dl male/
female difference in mean levels of HDL cholesterol
was reduced to 9 mg/dl among the 921 younger
subjects; among the 202 persons more than 50 years
old, the differential was reduced from 14 to 5 mg/dl.
Men and women were then matched on WHR (to

the nearest 0.01), resulting in 118 pairs with a mean
WHR of 0.83. Despite women being more overweight
(+3.5 kg/M2) than men in these matched pairs,
male/female differences were reduced for levels of
triglycerides (to 4 mg/dl), HDL cholesterol (to 7
mg/dl), total/HDL cholesterol (to 0.6), and apolipo-
protein A-I/HDL cholesterol (to 0.01).

Discussion
Although it is uncertain why men in industrialized

societies have higher rates of coronary heart disease
than women, differences in levels of HDL cholesterol
might account for much of the contrast.9 The present
results indicate that body fat distribution (or a highly
correlated characteristic) can be an important deter-
minant of male/female differences in levels of triglyc-
erides, HDL cholesterol, total/HDL cholesterol, and
apolipoproteins A-I and B. In this study of 1,124
employed adults, men had higher levels of triglycer-

ides and apolipoprotein B together with lower levels
of HDL cholesterol and apolipoprotein A-I. Control-
ling for WHR in several types of analyses greatly
reduced these sex differences in levels of lipids and
lipoproteins. For example, the male excess in levels
of triglycerides was reduced by 97% with stratifica-
tion, by 94% with analysis of covariance, and by 89%
with a matched-pairs analysis.
Many of the detrimental effects of obesity depend

on the anatomic localization of adipose tissue, with a
relative excess of body fat on the trunk and upper
body associated with adverse levels of lipo-
proteins,15,16 diabetes mellitus,13 and coronary heart
disease.17,18 Although both Quetelet index and WHR
are related to levels of lipids and lipoproteins, the
relative importance of body fat distribution in
explaining the male/female differences in the present
study was remarkable. For example, controlling for
WHR reduced the sex differences in levels of apo-
lipoprotein B and triglycerides by more than 90%,
but adjustment for Quetelet index had no effect.
Furthermore, at comparable levels of WHR, men
and women had similar levels of lipids and lipopro-
teins despite large differences in Quetelet index. In
agreement with these results, Foster et a127 reported
that body fatness (as measured by tritium dilution)
was not related to lipoprotein levels in either sex
after controlling for fat patterning and body build.
WHR is a relatively simple index of upper-body

and abdominal obesity.28 Although waist girth and

1503
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WHR showed comparable associations with levels of
lipids and lipoproteins in the present study, WHR is
less strongly related to Quetelet index and is highly
correlated with the proportion of visceral fat.29 Fur-
thermore, WHR might be a better predictor of
subsequent cardiovascular disease than is waist
circumference.29 Although more accurate measure-
ment of fat distribution (such as a series of skinfold
or circumference measurements or computed tomog-
raphy) might be more predictive of metabolic and
clinical complications,29 31 WHR has been consis-
tently related to adverse levels of triglycerides and
HDL cholesterol.14-16,28,31 In contrast, levels of total
cholesterol are less strongly associated with body fat
distribution,30'32 and mean levels did not differ
between men and women. The relation of behavioral
characteristics to body fat distribution has been pre-
viously examined, and in agreement with the present
results, higher levels of WHR have been found
among cigarette smokers.33-35
There are several mechanisms whereby deposition

of adipose tissue in the abdominal region could result
in metabolic disturbances.14,28 Even after considering
relative weight, decreases in skeletal muscle sensitiv-
ity to insulin and hepatic removal of insulin are seen
in women with abdominal obesity.36 Furthermore,
abdominal fat cells are characterized by relatively
high rates of lipolysis.15 Because free fatty acids from
intra-abdominal adipocytes can drain directly into
the portal circulation, the amount of visceral fat
(which is highly correlated with WHR29,31) might be
the most important aspect of body fat topography.

It is possible, however, that levels of estrogen and
androgens mediate the association between fat pat-
terning and lipoproteins. Sexual maturation in the
female rat is associated with preservation of undif-
ferentiated preadipocytes only in the femoral
region.37 During adolescence, boys deposit more fat
in truncal areas than girls38 and undergo a decrease
in levels ofHDL cholesterol.39 Furthermore, levels of
free testosterone in nonhirsute women are related to
WHR40 and impaired peripheral insulin sensitivity.41

Decreased levels of sex hormone-binding globulin,
reflecting a relative excess of unbound androgen to
estrogen, have also been related to WHR in men40,42
and women4344 and to adverse levels of lipids and
lipoproteins.43 Although few studies have included
measurements of body fat distribution, sex hor-
mones, and levels of lipoproteins, Stefanick et a142
found that controlling for WHR reduced the relation
of sex hormone-binding globulin to levels of triglyc-
erides and HDL2 cholesterol. It is possible that the
relation of fat patterning to lipoprotein levels might
be partly due to their joint association with sex
hormones. Insulin resistance in hyperandrogenized,
nonobese women can be partially overcome by the
administration of an antiandrogen.1"

Despite the pronounced reduction in male/female
differences in lipoprotein levels seen in the present
study, several limitations of its design should be
considered. Subjects were employed volunteers, and

approximately 50% of eligible persons participated.
Although this rate is lower than those seen in
community-based studies,45 it is comparable to other
studies of employed populations.46 Persons with a
history of hyperlipidemia might have been more
likely to have volunteered,47 and a selection bias
would have resulted if participation of these persons
were related to body fat distribution.48 Levels of
several characteristics, however, were comparable
with those reported by other investigators. For exam-
ple, 25-34-year-old men in the present study
(n=249) had mean levels of 25.1 kg/M2 (Quetelet
index), 191 mg/dl (total cholesterol), and 48 mg/dl
(HDL cholesterol) as compared with levels of 25.2
kg/m2, 188 mg/dl, and 45 mg/dl, respectively,
reported by the National Health Survey49 and the
Lipid Research Clinics Prevalence Study.50 Among
similarly aged women (n=152), corresponding levels
were 23.6 kg/M2, 185 mg/dl, and 61 mg/dl in the
present study versus 23.8 kg/M2, 174 mg/dl, and 56
mg/dl. Furthermore, the observed associations
between Quetelet index, cigarette smoking, alcohol
consumption, and exercise with lipid and lipoprotein
levels were comparable with those reported by
others.51 Because of these similarities, it is unlikely
that a selection bias substantially influenced the
results.
The relatively slight overlap of WHR between men

and women might be due to the inclusion of employed
volunteers, and additional studies are needed to extend
the current findings to persons with extreme levels of
WHR. Furthermore, although 74 women were more
than 50 years old, no information was collected on the
use of postmenopausal hormones, which can affect
levels of lipids and lipoproteins.34 (Based on other
studies in Milwaukee,52 about 15% of these older
women might have been using estrogens.) Stratified
analyses, however, showed that adjustment for WHR
reduced the male/female differences in lipoproteins
among younger and older participants. Although it is
also possible that WHR was misclassified, this would
have resulted in the persistence of male/female differ-
ences in lipoprotein levels after controlling for body fat
distribution.

Because of the cross-sectional study design, the tem-
poral relation of body fat distribution to lipoprotein
levels is unclear. However, the large proportion of
differences in lipoprotein levels between men and
women that can be attributed to body fat distribution as
well as the plausible biological mechanisms suggest that
body fat distribution (or a highly related characteristic)
is an important determinant of differences in lipid and
lipoprotein levels between men and women.

Acknowledgments
We acknowledge the support of the employees of

Johnson Controls, Inc., and Northwestern Mutual
Life Insurance Company. We also acknowledge the
help of David F. Williamson, PhD.



Freedman et al Sex Diflerences in Fat Distribution and Lipids

References
1. Acheson RM: The etiology of coronary heart disease: A

review from the epidemiologic standpoint. Yale J Biol Med
1962;35:143-170

2. Lerner DJ, Kannel WB: Patterns of coronary heart disease
morbidity and mortality in the sexes: A 26-year follow-up of
the Framingham population. Am Heart J 1986;11:383-390

3. Nikkila EA, Tikkanen MJ, Kuusi T: Gonadal hormones,
lipoprotein metabolism, and coronary heart disease, in Oliver
MF, Vedin A, Wilhelmsson C (eds): Myocardial Infarction in
Women. Edinburgh, Churchill Livingstone, Inc, 1986, pp
34-43

4. Godsland IF, Wynn V, Crook D, Miller NE: Sex, plasma
lipoproteins, and atherosclerosis: Prevailing assumptions and
outstanding questions. Am Heart J 1987;114:1467-1503

5. Johnson A: Sex differentials in coronary heart disease: The
explanatory role of primary risk factors. J Health Soc Behav
1977;18:46-54

6. Miller GJ, Gilson RJC: Similarity in males and females of
HDL2 and HDL3 cholesterol concentration in a Caribbean
rural community. Atherosclerosis 1981;40:75-80

7. Tejada C, Strong JP, Montenegro MR, Restrepo C, Solberg
LA: Distribution of coronary and aortic atherosclerosis by
geographic location, race, and sex. Lab Invest 1968;18:509-526

8. Thom TJ, Epstein FH, Feldman JJ, Leaverton PE: Trends in
total mortality and mortality from heart disease in 26 countries
from 1950 to 1978. IntJEpidemiol 1985;14:510-520

9. Hazzard WR: Atherogenesis: Why women live longer than
men. Geriatrics 1985;40:42-52

10. Wingard DL, Suarez L, Barrett-Connor E: The sex differential
in mortality from all causes and ischemic heart disease. Am J
Epidemiol 1983;117:165-172

11. Kissebah AH, Freedman DS, Peiris AN: Risks of obesity. Med
Clin North Am 1989;73:111-138

12. Vague J: The degree of masculine differentiation of obesities:
A factor determining predisposition to diabetes, atherosclero-
sis, gout, and uric calculous disease. Am J Clin Nutr 1956;
4:20-34

13. Hartz AJ, Rupley DC, Kalkhoff RD, Rimm AA: Relationship
of obesity to diabetes: Influence of obesity level and body fat
distribution. Prev Med 1983;12:351-357

14. Stern MP, Haffner SM: Body fat distribution and hyperinsu-
linemia as risk factors for diabetes and cardiovascular disease.
Arteriosclerosis 1986;6:123-130

15. Kissebah AH, Vydelingum N, Murray R, Evans D, Hartz A,
Kalkhoff R, Adams P: Relation of body fat distribution to
metabolic complications of obesity. J Clin Endocrinol Metab
1982;54:254-260

16. Anderson AL, Sobocinski KA, Freedman DS, Barboriak JJ,
Rimm AA, Gruchow HW: Body fat distribution, plasma lipids,
and lipoproteins. Arteriosclerosis 1988;8:88-94

17. Larsson B, Svardsudd K, Welin L, Wilhelmsen L, Bj6rntorp P,
Tibblin G: Abdominal adipose tissue distribution, obesity, and
risk of cardiovascular disease and death: 13 year follow up of
participants in the study of men born in 1913. Br Med J
1984;288:1401-1404

18. Lapidus L, Bengtsson D, Larsson B, Pennert K, Rybo E,
Sjdstrdm L: Distribution of adipose tissue and risk of cardio-
vascular disease and death: A 12 year follow up of participants
in the population study of women in Gothenburg, Sweden. Br
Med J 1984;289:1257-1261

19. Keys A, Fidanza F, Karvonen MJ, Kimura N, Taylor HL:
Indices of relative weight and obesity. J Chronic Dis 1972;
25:329-343

20. Anderson AJ, Barboriak JJ, Rimm AA: Risk factors and
angiographically determined coronary occlusion. Am J Epide-
miol 1978;107:8-14

21. Block WD, Jarrett KJ Jr, Levine JB: Use of a single color
reagent to improve the automated determination of serum
total cholesterol, in Skeggs LT Jr (ed): Automation in Analyt-
ical Chemistry. New York, Mediad, Inc, 1966, pp 345-347

22. Kessler G, Lederer H: Fluorometric measurement of triglyc-
erides, in Skeggs LT Jr (ed): Automation in Analytical Chem-
istry. New York, Mediad, Inc, 1966, pp 341-344

23. Manual of Laboratory Operation, Lipid Research Clinics Pro-
gram: Volume 1. Bethesda, Md, National Institutes of Health,
1974, Department of Health Education and Welfare publica-
tion No. (NIH) 75-628

24. Vander Heiden GL, Sasse EA, Yorde DE, Madiedo G,
Barboriak JJ: Examination of a competitive enzyme-linked
immunoassay (CELIA) technique and a laser nephelometric
immunoassay technique for the measurement of apolipopro-
tein B. Clin Chim Acta 1983;135:209-218

25. Maciejko JJ, Levinson SS, Markyvech L, Smith MP, Blevins
RD: New assay of apolipoproteins A-I and B by rate nephe-
lometry evaluated. Clin Chem 1987;33:2065-2069

26. Snedecor GW, Cochran WG: Statistical Methods, ed 7. Ames,
Iowa, Iowa State University Press, 1980, pp 365-392

27. Foster CJ, Weinsier RL, Birch R, Norris DJ, Bernstein RS,
Wang J, Pierson RN, Van Itallie TB: Obesity and serum lipids:
An evaluation of the relative contribution of body fat and fat
distribution to lipid levels. Int J Obes 1987;11:151-161

28. Kissebah AH, Evans DJ, Peiris A, Wilson CR: Endocrine
characteristics in regional obesities: Role of sex steroids, in
Vague J, Bjdrntorp P, Guy-Grand B, Rebuffe-Scrive M, Vague
P (eds): Metabolic Complications ofHuman Obesities. Amster-
dam, Elsevier Science Publishing, Inc, 1985, pp 115-129

29. Sjdstrdm L, Kvist H: Regional body fat measurements with
CT-scan and evaluation of anthropometric predictions. Acta
Med Scand 1988;723(suppl):169-177

30. Freedman DS, Rimm AA: The relation of body fat distribu-
tion, as assessed by six girth measurements, to diabetes
mellitus in women. Am J Public Health 1989;79:715-720

31. Peiris A, Hennes M, Evans DJ, Wilson CR, Lee M, Kissebah
AH: Relationship of anthropometric measurements of body
fat distribution to the metabolic profile in premenopausal
women. Acta Med Scand 1988;723(suppl):179-188

32. Despres JP, Allard C, Tremblay A, Talbot J, Bouchard C:
Evidence for a regional component of body fatness in the
association with serum lipids in men and women. Metabolism
1985;34:967-973

33. Haffner SM, Stern MP, Hazuda HP, Pugh J, Patterson JK,
Malina R: Upper body and centralized adiposity in Mexican
Americans and non-Hispanic whites: Relationship to body
mass index and other behavioural and demographic variables.
Int J Obes 1986;10:493-502

34. Shimokata H, Muller DC, Anders R: Studies in the distribu-
tion of body fat: III. Effects of cigarette smoking. JAMA
1989;261:1169-1173

35. Barrett-Connor E, Khaw KT: Cigarette smoking and increased
central adiposity. Ann Intem Med 1989;111:783-787

36. Evans DJ, Murray R, Kissebah AH: Relationship between
skeletal muscle insulin resistance, insulin-mediated glucose
disposal, and insulin binding: Effects of obesity and body fat
topography. J Clin Invest 1984;74:1515-1525

37. Krakower GR, James RG, Arnaud C, Etienne J, Keller RH,
Kissebah AH: Regional adipocyte precursors in the female
rat: Influence of ovarian factors. J Clin Invest 1988;81:641-648

38. Reynolds EL: The distribution of subcutaneous fat in child-
hood and adolescence, in Herskovits MJ, Roberts LJ, Olson
WC (eds): Evanston, Ill, Monog Res Child Development, Fels
Monograph Series, vol 15, 1951, pp 1-189

39. Berenson GS, Srinivasan SR, Cresanta JL, Foster TA, Webber
LS: Dynamic changes of serum lipoproteins in children during
adolescence and sexual maturation. Am J Epidemiol 1981;
113:157-170

40. Evans DJ, Hoffmann RG, Kalkhoff RK, Kissebah AH: Rela-
tionship of androgenic activity to body fat topography, fat cell
morphology, and metabolic aberrations in premenopausal
women. J Clin Endocrinol Metab 1983;57:304-310

41. Peiris AN, Mueller RA, Struve MF, Smith GA, Kissebah AH:
Relationship of androgenic activity to splanchnic insulin
metabolism and peripheral glucose utilization in premeno-
pausal women. J Clin Endocrinol Metab 1987;64:162-169

1505



1506 Circulation Vol 81, No 5, May 1990

42. Stefanick ML, Williams PT, Krauss RM, Terry RB, Vranizan
KM, Wood PD: Relationships of plasma estradiol, testoster-
one, and sex hormone-binding globulin with lipoproteins,
apolipoproteins, and high density lipoprotein subfractions in
men. J Clin Endocrinol Metab 1987;64:723-729

43. Lapidus L, Lindstedt G, Lundberg PA, Bengtsson C, Gred-
mark T: Concentrations of sex-hormone binding globulin and
corticosteroid binding globulin in serum in relation to cardio-
vascular risk factors and to 12-year incidence of cardiovascular
disease and overall mortality in postmenopausal women. Clin
Chem 1986;32:146-152

44. Haffner SM, Katz MS, Stern MP, Dunn JF: Relationship of
sex hormone binding globulin to overall adiposity and body fat
distribution in a biethnic population. Int J Obes 1989;13:1-9

45. Dawber TR: The Framingham Study: The Epidemiology of
Atherosclerotic Disease. Cambridge, Mass, Harvard University
Press, 1980, pp 14-29

46. Stamler J, Rhomberg P, Schoenberger JA, Shekelle RB, Dyer
A, Shekelle S, Stamler S, Wannamaker J: Multivariate analysis
of the relationship of seven variables to blood pressure:
Findings of the Chicago Heart Association Detection Project
in Industry, 1967-1972. J Chronic Dis 1975;28:527-548

47. Criqui MH, Barrett-Connor E, Austin M: Differences between
respondents and nonrespondents in a population-based car-
diovascular disease study. Am J Epidemiol 1978;108:367-372

48. Kleinbaum DG, Kupper LL, Morgenstern H: Epidemiologic
Research. Principles and Quantitative Methods. Belmont, Calif,
Wadsworth, Inc, 1982, pp 194-219

49. National Center for Health Statistics, Najjar MF, Rowland M:
Anthropometric Reference Data and Prevalence of Overweight,
United States, 1976-80. Vital and Health Statistics. Series 11,
No. 238, US Dept of Health and Human Services No. (PHS)
87-1688. Washington, DC, US Government Printing Office,
1987

50. The Lipid Research Clinics Population Studies Data Book:
Volume 1. The Prevalence Study. US Dept of Health and
Human Services, No. (NIH) 80-1527. Bethesda, Md, National
Institutes of Health, 1980

51. Heiss G, Johnson NJ, Reiland S, Davis CE, Tyroler HA: The
epidemiology of plasma high-density lipoprotein cholesterol
levels. The Lipid Research Clinics Program Prevalence Study.
Circulation 1980;62(suppl IV):IV-116-IV-136

52. Gruchow HW, Anderson AJ, Barboriak JJ, Sobocinski KA:
Postmenopausal use of estrogen and occlusion of coronary

arteries. Am Heart J 1988;115:954-963

KEY WORDS * obesity * apolipoproteins * fat patterning a
high density lipoprotein * cholesterol




