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Abstract
Background: The metabolic syndrome is a constellation of risk factors including

dyslipidemia, dysglycemia, hypertension, a pro-inflammatory state, and a pro-

thrombotic state. All of these factors are accentuated by obesity. However, obesity

can be defined by body mass index (BMI), percent body fat, or by body fat distri-

bution. The latter consists of upper body fat (subcutaneous and visceral fat) and

lower body fat (gluteofemoral fat). Waist circumference is a common surrogate

marker for upper body fat.

Methods: Data from the National Health and Nutrition Examination Survey

(NHANES) for the years 1999-2006 was examined for associations of metabolic

risk factors with percent body fat, waist circumference, and BMI.

Results: Associations between absolute measures of waist circumference and risk

factors were similiar for men and women. The similarities of associations between

waist circumference and risk factors suggests that greater visceral fat in men does

not accentuate the influence of upper body fat on risk factors.

Conclusions: Different waist concumference values should not be used to define

abdominal obesity in men and women.
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1 | INTRODUCTION

The metabolic syndrome is a constellation of risk factors
for atherosclerotic cardiovascular disease (ASCVD). Meta-
bolic risk factors include dyslipidemia (elevated triglyc-
erides and reduced high density lipoproteins [HDL]),
dysglycemia, elevated blood pressure, a pro-inflammatory
state and a prothrombotic state.1,2 Most patients with meta-
bolic syndrome are obese. Several methods have been
employed to identify and classify obesity. Most common is
the Body Mass Index (BMI). According to the World
Health Organization, a BMI of >30 kg/m² defines

obesity.3-5 In populations, BMI correlates with total body
fat content; but in some individuals, BMI is not a reliable
indicator of body fat.6,7 Moreover, in Asian populations,
BMI by WHO standards underestimates body fat content.8-
11 Several reports12-14 show that BMI correlates with meta-
bolic risk factors, but there are exceptions.15,16 Theoreti-
cally, a better indicator of body fat is a direct measure of
% body fat. Although there are no accepted definitions of
obesity based on % body fat, commonly used cut-points for
men and women are >25% and >35%, respectively.17

The mechanisms underlying the association of obesity
with metabolic syndrome are a topic of great interest.
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Beyond being a marker for overnutrition, many workers
contend that adipose tissue is more than a fat storage tis-
sue. Recent studies show that adipose tissue is metaboli-
cally active in several ways. The primary function of
adipose tissue is to store triglyceride and to release nones-
terified fatty acids (NEFA) as an energy source. Release of
NEFA is maximal during fasting. A host of other products
called adipokines are produced and released by adipose tis-
sue. These include leptin, adiponectin, angiotensinogen,
various cytokines, resistin, among others.18,19 All of these
products may influence metabolic risk factors.

There is growing interest in the concept that different adi-
pose tissue beds vary in their influence on metabolic risk.
Three major adipose beds have been identified: glute-
ofemoral fat (lower body fat), upper body subcutaneous fat
and visceral fat. These three beds apparently release NEFA
and adipokines at different rates or into different circulatory
systems.20-23 For example, visceral adipose tissue releases
NEFA into the portal circulation and delivers them directly
into the liver. Furthermore, visceral adipose tissue may be a
rich source of various adipokines.24 The most common form
of obesity associated with the metabolic syndrome is upper
body obesity, which consists of excess of both subcutaneous
and visceral adipose tissues.1,2 Upper body obesity is com-
monly called abdominal obesity, and a strong surrogate for
upper body obesity is waist circumference. Opinion differs
as to whether subcutaneous or visceral fat correlates more
closely with metabolic syndrome. Visceral obesity is consid-
ered by many to be a dominant cause of the syndrome.25

Other workers hold that upper body subcutaneous tissue is
more important.26 If visceral obesity supersedes other adi-
pose beds, this would imply that metabolic abnormalities
induced in the liver are the major cause of the syndrome. On
the other hand, the mass of upper body subcutaneous fat is
approximately threefold greater than visceral adipose tis-
sue27; subcutaneous adipose tissue releases NEFA mainly
into the systemic circulation. This source of NEFA could
have a greater impact on skeletal muscle.26 Metabolic dys-
function in skeletal muscle may have a greater impact on
metabolic syndrome than hepatic changes.28

Lower body fat correlates poorly with risk factors.29 The
reason is uncertain, but possibilities have been proposed. For
example, compared with upper body adipose tissue, lower
body adipose tissue appears to turnover fatty acids slowly,
has the ability to recruit more adipocyte with weight gain for
fat storage and is less prone to adipose tissue inflamma-
tion.22,30,31 On the other hand, excess lower body fat may
still have some adverse effect on metabolism.32-35 In addi-
tion, % body fat has been reported to correlate with metabolic
syndrome similarly to upper body fat36-38; if so, a role for
lower body fat cannot be discounted.

The belief that upper body fat predominates as a cause
of metabolic syndrome underlies the recommendation that

waist circumference can be used in the clinical definition
of the syndrome.1,2 In accord, recent studies support the
view that waist circumference is more strongly correlated
with metabolic risk factors than other measures of body
fat.39,40 Of interest, to define abdominal obesity, different
guidelines use different thresholds for waist circumference.4

For men, the waist circumference threshold is generally set
higher than for women4; these gender differences have not
been justified through clinical evidence comparing cut-
points to metabolic risk factors. This study compares three
measures of obesity in men and women to determine their
relative contributions to metabolic risk factors: these are
total body fat, upper body fat and BMI.

2 | METHODS

In this study, we conducted a secondary analyses of data
collected in adults for the National Health and Nutrition
Examination Survey (NHANES) for the years 1999-2006.
NHANES was initiated in 1956 as part of the National
Health Survey Act (National Health and Nutrition Exami-
nation Survey data. Hyattsville (MD): US Department of
Health and Human Services, Centers for Disease Control
and Prevention, National Center for Health Statistics; 2016.
https://www.cdc.gov/Nchs/Nhanes/survey_methods.htm.
Accessed November 1, 2016).

The files that detail data collection, methods of proce-
dure and other specifications are available at the CDC
(https://www.cdc.gov/nchs/nhanes/nhanes_questionnaires.
htm). The secondary analysis of the data presented in the
current manuscript does not require approval from the Insti-
tutional Review Board because the data are de-identified
and available in the public domain.

2.1 | Population sample

Briefly, the NHANES strategy for sampling the population
is as follows. All USA counties are divided into 15 groups
based on subject characteristics. One county is then
selected from each large group and together these form the
15 counties in the NHANES yearly surveys. Within each
county, 20-24 smaller groups with a large number of
households are selected and from these subgroups, about
30 households are selected within each group. Thereafter,
randomly selected household members are interviewed.

In the current analysis, data from a total of 22 624
adults having virtually complete set outcome measures was
included. Of these, 47.6% were men. Data from non-Hispa-
nic Black, Whites and Hispanics were included and com-
bined. Men and women were in the similar age range. The
average age for men was 47.2 � 20.6 years and for
women, it was 46.2 � 20.8 years. Men had a lower
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average BMI than women (26.8 � 7.3 kg/m2 vs
27.7 � 8.4 kg/m2; P < .01). Men also had a lower % body
fat than women (26.9 � 7.6% of total weight vs
34.7 � 14.9%; P < .01) and a higher waist circumference
than women (93.5 � 25.8 cm vs 89.5 � 26.1 cm; P < .01).
Other subject characteristics have been detailed previously
(https://www.cdc.gov/nchs/nhanes/nhanes_ question-
naires.htm).

Some of the participants were taking medications for
various conditions and they provided the information
regarding the type of medication they were taking. Among
responders to the medication questionnaire, 6.4% (% of
total cohort) were taking hypoglycaemic agents, 10.7%
were taking hypocholesterolemic agents, and 18.2% were
taking anti-hypertensives.

2.2 | Database

The data accessed and analysed for the current secondary anal-
ysis included demography, anthropometric measures, health-
related information including estimates of physical activity,
current medications, blood pressure, fasting blood glucose
and insulin levels, triglycerides, HDL cholesterol and hs-CRP
levels. In addition, body composition analysis by dual x-ray
absorptiometry (DXA) was included. BMI was calculated as
the ratio of body weight (kg) to the height squared, waist cir-
cumference was measured at the level of the right ileum in cm
to the nearest mm. Body fat was done by dual X-ray absorp-
tiometry using a Hologic QDR-4500A fan-beam densitometer
and software version Discovery v12.4 from mif-2005 forward
and version 8.26:3a prior to 2005. Blood pressure was mea-
sured after resting quietly in a sitting position for 5 minutes.
Three consecutive blood pressure readings were obtained.
Plasma triglyceride, cholesterol and lipoprotein cholesterol
were measured colorimetrically in serum. HDL cholesterol
was measured using sulphated alpha-cyclodextrin in the pres-
ence of Mg+2 and polyethylene glycol-coupled cholesterol
esterase and cholesterol oxidase. LDL cholesterol was esti-
mated as total cholesterol—triglyceride/5 – HDL cholesterol.
C-reactive protein was measured by latex enhanced neph-
elometry. Glucose was measured by the hexokinase method
and insulin by eLISA. HOMA-IR 2 was calculated as the pro-
duct of fasting blood glucose and insulin levels by the method
of Levy et al41 using the program provided on line by the Dia-
betes Trials Unit of the Oxford Centre for Diabetes,
Endocrinology and Metabolism of the University of Oxford
(https://www.dtu.ox.ac.uk/homacalculator/download.php).
Waist circumference was used as a surrogate for integrated
measure of upper body obesity. Information about physical
activity also was retrieved from the main database. These data
were provided as categories of physical activity, ranging from
very low activity to heavy work.

FIGURE 1 Relation of body fat parameters to HOMA-IR2: (A)
percent body fat; (B) waist circumference; and (C) body mass
index. Insulin resistance was calculated according to The Oxford
Centre for Diabetes, Endocrinology & Metabolism: Diabetes Trial
Unit. HOMA Calculator 2009 [http://www.dtu.ox.ac.uk/]. The
HOMA-IR2 levels were significantly different between men and
women (P = .000) across the % body fat intervals. There were no
significant differences in HOMA-IR2 between men and women
across waist circumference intervals (P = .99) or Body Mass Index
(P = .84)
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2.3 | Biostatistical analyses

Subject demography was summarized as means � standard
deviation. Metabolic parameters were summarized as medi-
ans. Comparisons of parameters between men and women

were done using a general lineal model approach for multi-
variate analysis and the comparisons were adjusted for age
and physical activity differences between the sexes. Tukey-
Kramer Multiple Comparison Test was also carried out.
Log transformations were done for HOMA-IR2, C-reactive
protein and triglyceride levels before doing statistical com-
parisons of these parameters between men and women.
NCSS9 software (https://www.ncss.com/download/ncss/up
dates/ncss-9/) was employed for all statistical analyses.

3 | RESULTS

Figure 1 compares body fat parameters with homoeostatic
model assessment for insulin resistance from fasting glu-
cose and insulin concentrations (HOMA-IR2).41 If all body
fat is metabolically equivalent in men and women, the rela-
tion between % body fat and HOMA-IR2 should be the
same. In fact, however, for a given percentage of body fat,
men had higher HOMA-IR2 values than women. This
implies that body fat is not metabolically equivalent
between men and women. As substantial portion of body
fat in women is in the gluteofemoral region, this finding
supports the view that fat in the lower body is metaboli-
cally less active than upper body fat. Such is consistent
with previous reports in the literature.22,29-31

A different picture was observed for waist circumfer-
ence (Figure 1B). The relation between HOMA-IR2 and
waist circumference is virtually identical for men and
women at all levels of waist circumference. This implies
that upper body obesity is a major determinant of insulin
resistance, and it has equivalent effects in men and women.
One might expect that upper body obesity in men would
have a greater effect than in women because men have more
visceral fat than women. If visceral fat is metabolically more
active than subcutaneous fat, men should have higher
HOMA-IR2 than women at the same waist circumference.
As HOMA-IR2 was similar in men and women as a function
of waist circumference, it seems likely that visceral fat
affects insulin resistance similarly to subcutaneous fat.

Of interest, the effect of BMI on HOMA-IR2 is like-
wise similar for men and women (Figure 1C). This is sur-
prising since BMI is commonly considered a surrogate for
total body fat. BMI, therefore, must reflect a greater influ-
ence on insulin resistance than exclusively through % body
fat. In data not shown, lean body mass correlated similarly
to BMI with respect to HOMA-IR2. Thus, BMI may be
more of an indicator of overall metabolic state (or nutri-
tional state) than % body fat alone.

Another metabolic risk factor is elevated triglyceride.
Figure 2A shows the relationship between % body fat and
serum triglyceride in men and women. Triglyceride levels
were higher in men at all levels of % body fat, except in

FIGURE 2 Relation of body fat parameters to serum
triglycerides: (A) percent body fat; (B) waist circumference; and (C)
body mass index. Triglyceride levels were significantly different
between men and women across percent body fat (P = .02) but not
across waist circumference (P = .63) or BMI (P = .99)
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the very obese. Again, this finding most likely can be
explained by a greater amount of upper body fat in men
for every % of body fat. In contrast, at every level of waist
circumference, mean triglyceride levels on the whole were

similar in men and women (Figure 2B). These results once
more suggest that upper body fat is a major determinant of
mean triglyceride level. Although visceral fat has been
reported to have a greater effect on triglycerides than upper
body subcutaneous fat,29 lack of difference in triglycerides
between men and women at every level of waist circumfer-
ence implies that any predominance of visceral fat over
subcutaneous fat is small.

When BMI was plotted against triglyceride levels,
results were similar to those for waist circumference (Fig-
ure 2C). Again, these findings suggest that BMI reflects
metabolic risk beyond that predicted by total body fat con-
tent. At a given BMI, men and women appear to have sim-
ilar metabolic risk.

Systolic blood pressures likewise are dependent on %
body fat (Figure 3A). But for a given % body fat, men
have higher blood pressures than women up to a level of
marked obesity. It is possible that lower body fat in women
has little effect on blood pressure. Support for this

FIGURE 3 Relation of body fat parameters to systolic blood
pressure: (A) percent body fat; (B) waist circumference; and (C) body
mass index. Systolic blood pressure was significantly different
between men and women across percent body fat (P = .001) but not
across waist circumference or BMI (P = .99)

FIGURE 4 Relation of body fat parameters to LDL cholesterol:
(A) percent body fat; and (B) waist circumference. There were no
significant differences between LDL cholesterol levels in men and
women across percent body fat or waist circumference (P = .99)
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possibility can be seen by relationships with waist circum-
ference (Figure 3B). In both men and women, systolic
blood pressures essentially plateau in the higher ranges of
waist circumference. Regardless, upper body obesity
appears to be the major correlate of mean systolic blood
pressures in both men and women. Similar results were
obtained when blood pressures were plotted against BMI
(Figure 3C).

HDL-C levels are inversely related to waist circumfer-
ence in both men and women (Figure 4 A). But at the
same waist circumference, women have higher HDL-C
levels than men. It is an established fact that Caucasian
women have a higher HDL-C than men. This difference
watch first appears at puberty and is likely hormonally
mediated.42 A similar pattern was noted for the plot of
HDL-C against BMI (Figure 4B).

In contrast to the findings for HDL-C, levels of LDL-C
were similar for men and women regardless of waist cir-
cumference (Figure 5A). At low waist circumference,
LDL-C concentrations were relatively low, but they

plateaued when waist circumference levels rose to the mod-
erate range. Importantly, men and women had similar mean
LDL-C levels across a broad range of waist circumfer-
ences. A similar pattern was noted in the plot of LDL-C
against BMI (Figure 5B).

FIGURE 5 Relation of body fat parameters to HDL cholesterol:
(A) percent body fat; and (B) waist circumference. There were
significant differences in HDL cholesterol levels between men and
women across waist circumference and BMI (P = .005)

FIGURE 6 Relation of body fat parameters to C-reactive
protein: (A) percent body fat; (B) waist circumference; and (C) body
mass index. There were significant differences in C-reactive protein
between men and women across waist circumferences (P = .04) but
not across percent body fat or body mass index (P = .99)
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Relationship between body fat content and C-reactive
protein (CRP) is presented in Figure 6A. In the lower
range of % body fat, CRP levels were higher in men than
women; but at higher % body fat, levels were similar.
These findings suggest that CRP levels are more sensitive
to upper body fat than to lower body fat; but at higher
body fat content, total body fat presumably affects CRP
levels similarly to upper body fat. At higher ranges of
waist circumference, women have higher CRP than men
(Figure 6B). The reason for this difference is not clear, but
has been reported previously.43 For a given BMI, women
also have higher CRP’s than men, but both are dependent
on BMI (Figure 6C). It is possible that factors other than
body fat account for the difference in CRP concentrations
between men and women. But the strong effect of body
weight on CRP levels implies that increasing obesity is a
major cause of elevated CRP.

4 | DISCUSSION

Several tentative conclusions can be drawn from this analy-
sis. First, it is clear that there is a striking difference
between influences of whole body fat on metabolic risk
factors in women compared to men. This difference disap-
peared when only upper body fat is considered. This differ-
ence most likely can be explained by the differential
relationship of upper and lower body fat on risk factors.

A gender similarity in the relation between waist circum-
ference and risk factor level in both men and women
strongly implies that risk factors were strongly tied to upper
body obesity, as reflected by waist circumference. The data
indicate that there is no need for different cut-points to
define increased waste circumference in men and women.
This contrasts to what is currently recommended.1,2 For a
diagnosis of metabolic syndrome, waist circumference cut-
points should be the same in men and women.

No sharp thresholds in waist circumference could be
identified for defining abdominal obesity (upper body obe-
sity). The relation between waist circumference and risk
factors generally are graded and progressive. Any defini-
tion, therefore, must be arbitrary.

If visceral fat has a greater impact on metabolic risk
factors than the upper body subcutaneous fat, one might
expect that the influence of waist circumference on risk
factors should be stronger for men than for women. Such
was not the case. This implies that the adverse effects of
upper body obesity on risk factors are similar for visceral
and subcutaneous abdominal fat.

Consideration should be given to including CRP in the
definition of metabolic syndrome.44 CRP can represent a
marker for a pro-inflammatory state, as it affects cardiovas-
cular risk.45-47 Although women appear to have higher CRP

levels than men, both rise progressively with increasing waist
circumference. Other factors besides body fat must be in play
to explain the higher CRP levels in women.

A limitation of this study was that only limited data were
available on medication usage. Considering the large num-
ber of subjects in the study, it is doubtful that the results
would be materially changed even if full medication use
were available. Medications can affect metabolic risk fac-
tors, but they are rarely sufficient to normalize these factors.

Finally, although BMI is correlated with total body fat,
the discordance between results for % body fat and BMI sug-
gests that BMI affects metabolic risk factors in ways beyond
body fat content. In fact, BMI appears to predict risk factors
similarly to waist circumference. This finding supports the
use of BMI as an alternative to waist circumference for
defining the metabolic syndrome. The reason for this similar-
ity in predictive power is not apparent. One possibility is that
both BMI and upper body fat are indicative of nutritional sta-
tus. Elevations in both BMI and waist circumference may
belie an excess nutrient intake, which likely is the true culprit
in causation of metabolic syndrome.
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