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Ultrasound measurements of intraabdominal fat estimate the metabolic
syndrome better than do measurements of waist circumference1,2

Ronald P Stolk, Rudy Meijer, Willem PTM Mali, Diederick E Grobbee, and Yolanda van der Graaf on behalf of the Secondary
Manifestations of Arterial Disease (SMART) Study Group

ABSTRACT
Background: We recently developed an ultrasound technique to
estimate intraabdominal fat (IAF). This method is more accurate
than measurement of waist and hip circumferences and is simpler
and less expensive than computed tomography or magnetic reso-
nance imaging.
Objective: We compared the associations of ultrasound and waist-
circumference (WC) measurements of IAF with other components
of the metabolic syndrome.
Design: IAF was determined in 600 consecutive participants in
the Secondary Manifestations of Arterial Disease (SMART) study.
The mean (± SD) age was 56.1 ± 12.6 y, 30.0% of participants
were women, and the mean body mass index (BMI; in kg/m2) was
26.6 ± 4.1.
Results: IAF increased with age (ultrasound: r = 0.28; WC: r = 0.25;
P < 0.001 for both). Higher IAF, as measured by ultrasound but
not by WC, was independently associated with higher metabolic
risk factors. The correlation coefficients between IAF measured
by ultrasound and plasma glucose, total cholesterol, HDL cho-
lesterol, and triacylglycerol were 0.13, 0.16, �0.13, and 0.25,
respectively (all P < 0.001; adjusted for age, sex, and BMI). The
corresponding coefficients for IAF measured by WC were 0.17
(P < 0.001) and 0.01, �0.06, and 0.05 (all NS).
Conclusions: These results confirm the findings of computed
tomography and magnetic resonance imaging investigations.
When IAF is measured by ultrasound, the associations are more
pronounced than when WC measurements are used and are inde-
pendent of BMI. This suggests that IAF can be more reliably
assessed by ultrasound measurements than by WC measure-
ments. Am J Clin Nutr 2003;77:857–60.
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INTRODUCTION

Obesity is associated with increased morbidity and mortality,
independent of dyslipidemia, diabetes, and hypertension (1).
Intraabdominal fat, however, is probably more important than is
overall weight as a cardiovascular risk factor (2, 3).

As first described by Vague in 1956 (4), an android fat distri-
bution (abdominal obesity, or “apple-shaped” body) is related to
an increased risk of cardiovascular disease. Intraabdominal fat
increases insulin resistance and the related cluster of metabolic
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risk factors (glucose intolerance or diabetes mellitus, low HDL-
cholesterol concentrations, elevated triacylglycerol concentra-
tions, hypertension, and obesity) (5, 6). This cluster was first
described by Reaven (5) as “syndrome X” and is also referred to
as the “insulin resistance syndrome” or “metabolic syndrome” (7).

Despite the common notion of the relevance of fat distribution,
few large-scale epidemiologic studies have been performed on this
topic. This is mainly due to the lack of an adequate technique for
measuring regional fat in larger-scale epidemiologic research set-
tings. The current gold standard is computed tomography (CT) or
magnetic resonance imaging, which are obviously limited because
of equipment, costs, and radiation exposure.

We recently developed and validated an ultrasound protocol for
the assessment of intraabdominal fat, which does not have the
limitations of CT or magnetic resonance imaging (8). We applied
this new technique in a clinical study at our hospital to compare
the associations of ultrasound and waist-circumference measure-
ments of intraabdominal fat with other components of the meta-
bolic syndrome.

SUBJECTS AND METHODS

The study was conducted within the framework of an ongo-
ing prospective cohort study of patients with a high risk of car-
diovascular disease: the Second Manifestations of ARTerial dis-
ease (SMART) study (9). All patients visiting the university
hospital for the first time with either symptomatic cardiovascu-
lar disease (cerebral ischemia, coronary artery disease, periph-
eral artery disease, or abdominal aortic aneurysm) or a marked
cardiovascular disease risk factor (hypertension, dyslipidemia,
or diabetes mellitus) were invited to participate in the study. The
study was approved by the Ethical Committee of the University
Medical Center Utrecht, and written informed consent was
obtained from all patients.
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TABLE 1
Clinical characteristics of the study population1

Age (y) 56.1 ± 12.6
BMI (kg/m2) 26.6 ± 4.1
Waist circumference (cm) 93.9 ± 10.8
Waist-to-hip ratio 0.91 ± 0.01
Glucose (mmol/L) 6.7 ± 2.8
Cholesterol (mmol/L)

Total 5.7 ± 1.3
HDL 1.14 ± 0.35

Triacylglycerols (mmol/L) 2.1 ± 1.4
Systolic blood pressure (mm Hg) 136.3 ± 19.1
Diastolic blood pressure (mm Hg) 79.7 ± 9.8

1 x– ± SD. n = 420 M, 180 F.

The amount of subcutaneous and abdominal adipose tissue was
measured anthropometrically and ultrasonographically. The sub-
jects’ height and weight were measured while they wore indoor
clothes and no shoes. Body mass index (BMI) was calculated as
weight (kg) divided by height2 (m). Waist circumference was
measured halfway between the lower rib and the iliac crest, and
hip circumference was measured at the level of the greater
trochanter (10). Because the associations with the waist-to-hip ratio
were similar to those obtained with waist circumference, only the
results for the latter are presented. In making the ultrasound meas-
urements of intraabdominal fat, we used the distance between the
peritoneum and the lumbar spine. A strict protocol, including the
position of and pressure on the transducer, was used. All meas-
urements were performed at the end of a quiet inspiration. Each
distance was measured at 3 positions, and each measurement was
performed three times. The vertebral column was positioned hor-
izontally. The measurements were done without distortion (by
compression) of the abdominal cavity (8). Ultrasonographic meas-
urements were performed with an HDI 3000 (Philips Medical
Systems, Eindhoven, Netherlands) with a C 4-2 transducer.

The subjects’ blood pressure was measured while they were
in the supine position; the mean of 2 measurements was used in
the analyses. A venous blood sample was taken to measure total
cholesterol, HDL-cholesterol, triacylglycerol, and glucose con-
centrations with the use of commercial enzymatic dry-chemistry
kits (Boehringer Mannheim, Mannheim, Germany). The meta-
bolic syndrome was defined as the existence of ≥ 3 of the fol-
lowing conditions: diabetes mellitus (glucose concentration
≥ 7 mmol/L or physician’s diagnosis), hypercholesterolemia
(total cholesterol concentration ≥ 6.5 mmol/L), hypertriglyc-
eridemia (triacylglycerol concentration ≥ 2 mmol/L), hyperten-
sion (blood pressure ≥ 135/85 mm Hg or physician’s diagnosis),
and obesity (BMI ≥ 25).

Partial Pearson correlation coefficients, which were adjusted
for age, sex, and BMI, were calculated for the associations of the
2 different measures of intraabdominal fat with the metabolic risk
factors. Linear regression techniques, which were adjusted for age
and sex, were used to compare the different measures of intraab-
dominal fat between subjects with or without the metabolic syn-
drome. Logistic regression was used to analyze the associations
between the measures of intraabdominal fat and the presence of
the metabolic syndrome. Results are presented as odds ratios (and
95% CIs), which are regarded as approximations of relative risks.
The use of log-transformed variables did not significantly change
the associations. All analyses were performed with SPSS 9.01
(SPSS Inc, Chicago).

RESULTS

Ultrasound measurements were performed in 600 consecutive
participants in the SMART study. The clinical characteristics of
the study population are shown in Table 1. The mean (± SD)
intraabdominal fat distances in the men and the women were
9.5 ± 2.5 cm (range: 4.1–17.8 cm) and 8.2 ± 2.5 cm (range:
3.5–15.1 cm), respectively. The corresponding figures for sub-
cutaneous fat were 2.6 ± 1.4 cm (range: 0.3–13.0 cm) and
3.4 ± 1.9 cm (0.8–13.5 cm) in the men and the women, respectively.

Intraabdominal fat increased with age (ultrasound: r = 0.28;
waist circumference: r = 0.25; P < 0.001 for both). Compared with
the men, the women had a slightly higher BMI (27.2 compared
with 26.3; P = 0.04) but less intraabdominal fat (P < 0.001 for

both ultrasound and waist circumference) and more subcutaneous
fat (P < 0.001). There was no association between BMI and age in
the men or the women.

Higher intraabdominal fat as measured by ultrasound was
associated with higher plasma glucose, total cholesterol, and
triacylglycerol concentrations and lower HDL-cholesterol
concentrations after adjustment for age and sex (Table 2).
Further adjustment for BMI showed that these associations
were independent of weight, in contrast with the associations
observed for intraabdominal fat measured by waist circum-
ference (Table 2). Excluding patients who had diabetes mel-
litus or nonfasting glucose or lipid measurements did not
change the correlations. The amount of subcutaneous fat
measured by ultrasound was not significantly associated with
the metabolic variables. Hip circumference was significantly
associated only with glucose, HDL-cholesterol, and triacyl-
glycerol concentrations, but these associations were no longer
significant when patients who had nonfasting glucose or lipid
measurements were excluded.

Both measures of intraabdominal fat were significant predictors
of the presence of the metabolic syndrome, independent of age and
sex. After further adjustment for BMI, the odds ratio of the metabolic
syndrome for the ultrasound measurement hardly changed (1.19; 95%
CI: 1.08, 1.32), whereas the odds ratio for the waist-circumference
measurement decreased and was no longer significant (1.02; 95% CI:
0.99, 1.06). The amount of intraabdominal fat was significantly
higher in the subjects with the metabolic syndrome than in those with-
out it, and this difference was more pronounced for the ultrasound
measurements (10.1 ± 2.4 compared with 8.2 ± 2.3 cm; 18.8%) than
for the waist-circumference measurements (98.6 ± 9.6 compared with
90.5 ± 10.6 cm; 8.2%) (P < 0.001 for both comparisons). Larger dif-
ferences in each of the individual conditions (obesity, diabetes mel-
litus, hypercholesterolemia, hypertriglyceridemia, or hypertension)
between the subjects with or without the metabolic syndrome were
also observed for the ultrasound measurements than for the waist-
circumference measurements. The difference in waist-circumference
measurements of intraabdominal fat between the subjects with or
without hypercholesterolemia was not significant (P = 0.1), in con-
trast with the ultrasound results for the subjects with or without hyper-
cholesterolemia. Subcutaneous fat measured by ultrasound was not
significantly related to the presence of the metabolic syndrome.

DISCUSSION

The results of this study show that the well-known associations
between intraabdominal fat and metabolic risk factors are more
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TABLE 2
Partial Pearson correlation coefficients between intraabdominal fat measured by ultrasound or waist circumference and metabolic risk factors

Waist circumference1 Ultrasound1 Waist circumference2 Ultrasound2

BMI 0.843 0.643 — —
Glucose 0.213 0.193 0.173 0.133

Cholesterol
Total 0.104 0.193 0.01 0.163

HDL �0.273 �0.283 �0.06 �0.133

Triacylglycerols 0.293 0.393 0.05 0.253

Systolic blood pressure 0.05 0.094 0.04 0.094

Diastolic blood pressure 0.114 0.153 0.08 0.123

1 Adjusted for age and sex.
2 Adjusted for age, sex, and BMI.
3 P < 0.001.
4 P < 0.05.

pronounced with ultrasound measurements than with conventional
anthropometric measurements (waist circumference and waist-to-hip
ratio). In contrast with the associations with anthropometric meas-
urements, the associations with ultrasound measurements were
independent of BMI.

In clinical and epidemiologic studies, the estimate of intraab-
dominal fat that is used most often is waist circumference or the
ratio of waist and hip circumferences. Although these measures
show a good correlation with CT-measured intraabdominal fat,
they are less precise than CT and are strongly associated with BMI
(11). Ultrasonography has been proposed as a suitable technique
to accurately estimate intraabdominal adipose tissue in a research
setting (12, 13). Several studies found a good correlation between
amounts of intraabdominal adipose tissue measured by ultrasound
and amounts measured by CT, but the use of these ultrasono-
graphic measures has been criticized because of their presumed
low reproducibility (14). In a validation study in which we used a
strict protocol, we showed that the reproducibility of ultrasound
measures is of the same magnitude as that of waist-circumference
measures (CV: 4–5%) (8). Using the same protocol, we found a
strong association between the amount of intraabdominal fat in a
single CT slice at L4–L5 (gold standard) and the amount meas-
ured by ultrasound (Pearson correlation coefficient = 0.82,
P < 0.001). For comparison, the correlation between CT meas-
urements and waist-circumference measurements was 0.57
(P = 0.01) (8). It should be realized that neither the measurement
of waist circumference nor the ultrasound technique directly
measures the amount of intraabdominal fat.

The association between intraabdominal fat and insulin resist-
ance was reported in several studies (6, 7, 15). Ultrasound was
used in one study, and the same associations with metabolic fac-
tors were found when either ultrasound or CT was used (16).
Although the association between obesity and insulin resistance
is well explained by adipose tissue metabolism, there is no ade-
quate explanation for the strong relation between intraabdominal
fat and insulin resistance (17). The most common hypothesis is
that intraabdominal adipocytes are more lipolytically active, prob-
ably because of their adrenergic receptors. This increases free fatty
acids in the portal system, which interfere with insulin metabo-
lism in the liver. According to an alternative hypothesis, the lead-
ing force of the clustering of metabolic risk factors for cardiovas-
cular disease is an inherited or acquired decreased insulin
sensitivity (18). It has been suggested that the amount of subcu-
taneous fat may be as important as the amount of intraabdominal
fat (19), but this suggestion was not supported by our data.

Although the pathophysiology of the metabolic syndrome is
not completely understood, the increased cardiovascular risk
associated with the metabolic syndrome is well established (20).
A noninvasive technique to assess the amount of intraabdomi-
nal fat to quantify this risk may be useful in specifically target-
ing preventive actions. Especially in a hospital setting, with
suitable equipment and trained technicians, ultrasound may be
such a technique.

In conclusion, our results show that the well-known associa-
tions between intraabdominal fat and metabolic risk factors for
cardiovascular disease are more pronounced with ultrasound
measurements (using a strict protocol) than with anthropomet-
ric measurements (waist circumference and waist-to-hip ratio)
and are independent of BMI with ultrasound measurements.
This suggests that the amount of intraabdominal fat can be more
reliably assessed by ultrasound measurements than by anthro-
pometric measurements.
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