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ABSTRACT Visceral fat, or intra-abdominal adipose tissue (IAAT) lies
deep within the abdominal cavity and can only be directly quantified with
imaging techniques. IAAT has been detected in children as young as 5 years
of age. IAAT generally increases in proportion with general fatness, but the
relationship between IAAT and total body fat is complex; in children, a major
portion of the variance in IAAT is independent of total body fat. The waist-
to-hip ratio and the trunk:extremity skinfold ratio are not good indices of
TAAT in children, and central skinfolds and waist circumference alone are
highly correlated with IAAT as well as subcutaneous abdominal adipose tis-
sue (r = 0.85-0.92). African-American children have less IAAT than Cauca-
sian children, and gender differences in IAAT become more apparent after
adolescence. Preliminary evidence in children suggests that IAAT may have
a stronger influence on cardiovascular risk factors than dietary fat intake.
Preliminary evidence in children also suggests that acquisition of IAAT dur-
ing growth is a linear process that occurs in proportion to general increases
in body fat. The study of the regulation of IAAT acquisition during childhood
development and its relationship with long-term disease risk is in its early
infancy and further studies are required. Am. J. Hum. Biol. 11:201-207,

1999.  ©1999 Wiley-Liss, Inc.

It is hypothesized that the accumulation
of visceral fat, or intra-abdominal adipose
tissue (IAAT), in children is influenced by
“modifiable” factors, such as those associ-
ated with diet, body fatness, and physical
activity (Gutin and Owens, 1999), as well as
“nonmodifiable” factors such as hormone
levels (Roemmich and Rogol, 1999), growth
and maturation (Malina et al., 1999), gen-
der and genetics (Katzmarzyk et al., 1999).
In turn, TAAT is hypothesized to play a cen-
tral and mediating role relating obesity and
lifestyle to increased disease risk in chil-
dren, including impaired glucose metabo-
lism and cardiovascular risk (Gower, 1999;
Caprio, 1999). This article reviews the cur-
rent literature relating to the influence of
obesity, anthropometry, ethnicity, gender,
diet, and growth on IAAT in children.

MEASUREMENT OF VISCERAL FAT

Since visceral fat lies within the abdomi-
nal cavity it can only be directly quantified
with imaging techniques. Both computed to-
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mography (CT) and magnetic resonance im-
aging (MRI) have been used in children and
adolescents for this purpose (de Ridder et
al., 1992b; Fox et al., 1993; Goran et al.,
1995b, 1997). Using these approaches, adi-
pose tissue is measured in cross-sectional
area (cm?), or volume (cm?). Since these
techniques are expensive and involve radia-
tion exposure (for CT), visceral fat is often
measured at a single cross-sectional “slice”
at an anatomic landmark, usually the level
of the umbilicus or the L3-L4 disk space.
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The major advantage of these imaging tech-
niques is the high resolution and ability to
identify small deposits of TAAT. In addition,
subcutaneous abdominal adipose tissue
(SAAT) is also accurately quantified simul-
taneously. Since MRI does not involve ra-
diation exposure, some investigators have
measured adipose tissue in multiple slices
of the abdominal area or across the whole
body (Chowdhury et al., 1994) to determine
adipose tissue volume rather than cross-
sectional area at a specific anatomic site.
This approach may be an advantage since
there is some concern that a single slice of
the abdomen may not reflect total visceral
fat content as assessed by MRI volume mea-
sures (Conway et al., 1995), and further
studies in children and adolescents are
needed to explore this issue. Despite the ra-
diation exposure associated with CT scan-
ning, the resolution is stronger; for MRI, the
subject is required to keep still and any
movement can distort the resolution of the
image.

Indirect measures of visceral fat include
dual energy X-ray absorptiometry (DXA) to
measure fat mass in the trunk region and
anthropometry (skinfolds and circumfer-
ences). The relationships between visceral
fat and these indirect measures are dis-
cussed later in this review.

INFLUENCE OF BODY FAT ON IAAT

It is currently unclear whether the
amount of visceral fat accumulation seen in
children is appropriate for the pediatric
body size, and whether the observed ex-
tremes are related to extremes of general
body fatness or to other factors. For ex-
ample, some studies suggest that IAAT in
children increases in proportion to overall
fatness (Goran et al., 1995b) as seen in
adults (Lemieux et al., 1993), whereas oth-
ers have shown that obese children tend to
accumulate subcutaneous and not visceral
fat (Fox et al., 1993).

In healthy young children (6.4 + 1.2 years;
24.8 + 5.4 kg), mean IAAT at the level of the
umbilicus was 8.3 + 5.8 cm? and mean
SAAT was 65.3 = 44.8 cm?, as measured by
CT scanning (Goran et al., 1995b). In 101
African-American and Caucasian obese and
non-obese children (7.5 + 1.7 years; 33.0
12.2 kg body weight; 30 + 11% body fat),
TAAT averaged 30.0 + 23.0 cm?2, and varied
greatly from 6 cm? to 102 em? (Goran et al.,
1997). SAAT averaged 101 + 95 cm? and
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also varied greatly (range, 8-372 cm?). Us-
ing MRI in healthy 11- and 13-year-old
girls, IAAT at the level of the umbilicus was
24.1 + 4.1 and 25.7 + 4.1 cm?, respectively
(de Ridder et al., 1992a). In a study in 11-
year-olds, IAAT was 17.8 + 10.0 and 24.8 +
8.8 cm? in boys and girls, respectively (Fox
et al., 1993). These values in children and
adolescents compare to typical values of
100-120 cm? of TAAT in healthy non-obese
adults (Lemieux et al., 1993), although it is
difficult to compare absolute levels because
of differences in body size.

Total fat mass is an important determi-
nant of IAAT (Lemieux et al., 1993). It is
currently unclear whether increasing adi-
posity in children and adolescents is related
to increased deposition of visceral fat. Fox et
al. (1993) found that differences in adiposity
in obese children are predominately found
subcutaneously; in obese versus control ado-
lescents, the majority of excess abdominal
adipose tissue was found subcutaneously
(353 = 94 ecm? vs. 79 + 61 cm?), although
there was still greater IAAT in the obese
children (49 + 21 ecm? vs. 22 + 11em?). It is
clear that a portion of the variance in IJAAT
is explained by total fat mass, although in-
terpretation of findings is complicated by
strong multicolinearity among IAAT, SAAT,
and total body fat (Goran et al., 1997). In
101 prepubertal children the correlation be-
tween TAAT and total fat was 0.81 (Goran et
al., 1997), similar to that seen in 206 adult
women (Treuth et al., 1995). However, the
relationship between IAAT and total body
fat was not significant after adjusting for
SAAT and there was no relationship be-
tween IAAT and percent body fat (Goran et
al., 1997). Thus, the relationship between
TAAT and body fat may be explained by
multicolinearity, and a major portion of the
variance in IAAT is independent of total
body fat.

RELATIONSHIP BETWEEN
ANTHROPOMETRIC INDICES AND IAAT

CT and MRI are accurate imaging tech-
niques for assessing body fat distribution,
but the disadvantages are cost, radiation ex-
posure (for CT), and use limited to a re-
search setting. Thus, based on the relation-
ship between visceral fat and anthropomet-
ric dimensions, other indirect indicators of
body fat distribution have been used. For
example, in adults the waist-to-hip ratio or
the waist circumference are often used as
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markers of TAAT (Després et al., 1991;
Pouliot et al., 1994). However, in children
(Goran et al., 1995b) and adolescents (de
Ridder et al., 1992a; Fox et al., 1993), the
correlation between these markers and
TIAAT as measured by imaging techniques is
not strong. In order to identify an accurate
alternative index, it is important to review
the relationship between visceral fat and
anthropometry and body composition.

In young children (Goran et al., 1995b),
the waist-to-hip ratio was not significantly
correlated with TAAT, whereas individual
trunk skinfolds and the ratio of trunk skin-
folds to extremity skinfolds explained 62%
of the variation in TAAT. In one study of
adolescent girls, there were no significant
correlations among waist circumference,
waist-to-hip ratio or trunk-to-extremity
skinfold ratio, and IAAT area as measured
by MRI (de Ridder et al., 1992a). Similarly,
in 11-year-old boys and girls the waist-to-
hip ratio was not significantly correlated
with IAAT (Fox et al., 1993). In these stud-
ies of adolescents, anthropometric indices
explained only 25-50% of the variation in
TAAT (Fox et al., 1993; de Ridder et al.,
1992a).

In 101 prepubertal Caucasian and Afri-
can-American children (Goran et al., 1998),
the strongest anthropometric correlates of
TAAT were the abdominal (r = 0.88), sub-
scapular (r = 0.85), and suprailiac (r =
0.85) skinfolds and waist circumference (r
= 0.84); the strongest correlates of SAAT
were waist circumference (r = 0.93) and the
triceps (r = 0.92), abdominal (r = 0.91), su-
prailiac (r = 0.91), and axilla (r = 0.84)
skinfolds. The correlations between IAAT
and SAAT and traditional indices of central
fat distribution such as the trunk-to-
extremity skinfold ratio (r = 0.49 for IAAT;
r = 0.5 for SAAT) and waist-to-hip ratio (r
= 0.32 for IAAT; r = 0.4 for SAAT) were
much lower. In forward multiple regression
analysis, the abdominal skinfold, ethnicity,
and subscapular skinfold explained 82% of
the variance in IAAT; waist circumference,
subscapular skinfold, height, and abdomi-
nal skinfold explained 92% of the variance
in SAAT. Based on this information, predic-
tion equations were developed which accu-
rately estimated IAAT and SAAT, as mea-
sured by CT in an independent sample of 12
children (Goran et al., 1998).

The use of DXA to measure total abdomi-
nal fat may provide a stronger measure of
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visceral fat, but this technique cannot re-
solve subcutaneous fat from visceral fat.
The combination of total abdominal fat by
DXA and skinfold/anthropometry data (as
an index of subcutaneous fat) has been used
in adults to estimate IAAT with reasonable
accuracy (Svendsen et al., 1993; Treuth et
al., 1995). One study explored the combina-
tion of DXA and skinfolds to estimate vis-
ceral fat in children (Goran et al., 1998). In
101 prepubertal children, the combination
of trunk fat by DXA, total fat by DXA, and
abdominal skinfold thickness predicted
TAAT as measured with CT scanning with a
model R? of 0.85 and a standard error of the
estimate of +9 cm? (Goran et al., 1998).
However, this approach only marginally im-
proved the prediction power of the anthro-
pometric equation using the abdominal
skinfold, ethnicity (Caucasian vs. African-
American) and subscapular skinfold (model
R2? of 0.82 and a standard error of the esti-
mate of £10 cm?).

In summary, combinations of skinfolds
and circumferences can be modeled to yield
relatively accurate estimates of IAAT and
SAAT in the absence of direct measurement
by imaging techniques. The addition of re-
gional measures of trunk fat by DXA only
marginally improves the prediction of vis-
ceral fat.

INFLUENCE OF ETHNICITY ON IAAT

Ethnic background affects fat distribution
in children (Greaves et al., 1989; Goran et
al., 1995a). It has long been known that Af-
rican-American and Mexican-American
children and adults have greater skinfold
thicknesses in the central region (Greaves
et al., 1989). When Mohawk Indian children
were matched in total body fat content to a
group of Caucasian children (using bioelec-
trical impedance to estimate body composi-
tion), subcutaneous fat (by skinfold) was
more centrally distributed in the Mohawk
children (Goran et al., 1995a).

Since most prior studies of ethnic differ-
ences in fat distribution have been limited
to skinfolds, it is unknown whether the find-
ings represent differences in SAAT or IAAT.
In 18 obese, adult females (Conway et al.,
1995), African-Americans had significantly
lower TAAT than Caucasians (105 + 25 vs.
160 = 70 cm?), even though the two groups
were matched for age, weight, and total
body fat. In non-obese girls (7-10 years), Ya-
novski et al (1996) showed a lower absolute
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IAAT in African-Americans (n = 21) com-
pared to Caucasians (n = 23), although the
difference was not significant when ex-
pressed relative to total body fat. In 101
Caucasian and African-American obese and
non-obese boys and girls, the regression
slope between IAAT and SAAT was signifi-
cantly lower in African-Americans com-
pared to Caucasians (0.17 + 0.02 vs. 0.23 =
0.02 cm? of TAAT per cm? of SAAT). Al-
though limited to a cross-sectional analysis,
this finding suggests that the rate of accu-
mulation of IAAT relative to SAAT is 26%
lower in African-American than in Cauca-
sian children (Goran et al., 1997). Thus, the
suggestion of increased central fat in differ-
ent ethnic groups using skinfolds is not sup-
ported by direct measurement of visceral
fat, which shows a lower accumulation in
African-Americans early in life. The lower
visceral fat in African-American children oc-
curs across the spectrum of fatness and is
similar between sexes. In addition, the eth-
nic difference in visceral fat may be due to a
differential partitioning of adipose tissue
within the abdominal region, with African-
Americans depositing more fat subcutane-
ously. However, the important issue (in
terms of health risk) is whether ethnicity
influences the strength and/or magnitude of
the relationships between TAAT and the
subsequent development of disease risk fac-
tors (see Gower, 1999).

INFLUENCE OF GENDER ON IAAT

There are sex differences in intra-
abdominal adipose tissue area in adults
(Lemieux et al., 1993). Males have greater
amounts than females, even after taking
differences in total body fat into account.
This difference is also apparent during ado-
lescence (Fox et al., 1993), but not in prepu-
bescent children (Goran et al., 1997). Since
sex hormones are known to affect regional
fat deposition (Bjoérntorp et al., 1990), hor-
monal environment may contribute to sex
differences in fat distribution that emerge
after adolescence (de Ridder et al., 1992b).
The hormonal environment plays a key role
in determining body fat distribution; this
has been reviewed recently (Bjorntorp,
1996) and is discussed in more detail by Ro-
emmich and Rogol (1999).

INFLUENCE OF DIETARY FACTORS ON
IAAT

The influence of dietary factors on vis-
ceral fat accumulation has not been exten-
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sively studied in children or adults. One
study in Caucasian, healthy, non-obese
adult males (n = 135; 44 + 10 years; 23 + 8%
body fat) and females (n = 214; 45 + 14
years; 33 + 10% body fat) examined the re-
lationships between CT measures of IAAT
and SAAT and dietary factors (Larson et al.,
1996). Fat intake only explained 2% of the
variance in general adiposity after adjust-
ing for fat-free mass, age, gender, physical
activity, and nonfat intake. Dietary fat ac-
counted for only 1.4% of the variance in
SAAT (although this effect disappeared af-
ter adjusting for age, gender, and physical
activity) and none of the variance in IAAT
before or after adjustment (Larson et al.,
1996). Thus, in agreement with other stud-
ies (reviewed by Lissner and Heitmann,
1995), dietary fat appears to play a minor
role in general adiposity and is not cross-
sectionally related to visceral fat (Larson et
al., 1996).

Several cross-sectional studies in children
have described a small, but significant, posi-
tive relationship between dietary fat intake
and body fat mass (Maffeis et al., 1996; Gaz-
zaniga and Burns, 1993; Nguyen et al.,
1996). In addition, previous cross-sectional
studies support a relationship between di-
etary fat components and blood lipids in
children (Glueck et al., 1982). In addition to
dietary factors, body fat / fat distribution is
also known to be associated with risk factors
for cardiovascular disease. Some studies
have shown that fat distribution, especially
central body fat, is more closely related to
cardiovascular risk than total body fat mass
in adults (Walton et al., 1995; Williams et
al., 1997). However, the interrelationships
between these three important factors (di-
etary fat, body fat / fat distribution, and
blood lipids) has not been thoroughly exam-
ined in children. Thus, for example, it is not
known whether dietary fat has a direct in-
fluence on cardiovascular risk factors or
whether this relationship is mediated by
body fat / fat distribution.

Published studies that have examined the
link between diet and regional adiposity in
children and adolescents using direct mea-
sures of visceral fat are apparently not
available. Ku et al. (1998) examined the re-
lationships between dietary fat, body fat
and fat distribution, and blood lipids in 66
prepubertal children (45 African-American
and 21 Caucasian, 4-10 years). It was hy-
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pothesized that dietary fat would be associ-
ated with serum lipid profile independent of
ethnicity, body fat, and fat distribution. Di-
etary total fat, saturated fat, monounsat-
urated fat, and polyunsaturated fat were es-
timated by averaging two 24-hour dietary
recalls. Fasting serum triacylglycerol, total
cholesterol, and high-density lipoprotein
cholesterol (HDL-C) were analyzed and low-
density lipoprotein cholesterol (LDL-C) was
calculated by the method of Friedewald.
Body composition and fat distribution were
measured by dual-energy X-ray absorptiom-
etry and computed tomography.

African-American children consumed
more energy from total fat (35.3 vs. 31.5%, P
< 0.05), saturated fat (13.7 vs. 12.2%, P <
0.05), protein (16.4 vs. 13.2%, P = 0.02),
and less from carbohydrate (48 vs. 57.1%, P
< 0.01) than Caucasian children. There
were no significant correlations between di-
etary fat and body fat / fat distribution in-
dices after adjusting for nonfat energy in-
take and total lean tissue mass. Total body
fat (r = 0.32), SAAT (r = 0.39), and TAAT (r
= 0.42) were all positively related to serum
triglyceride concentration. These associa-
tions remained significant in a multiple lin-
ear regression model in which body fat in-
dices were adjusted for ethnicity, total lean
tissue, dietary total fat, and nonfat intake.
The results suggest that body fat / fat dis-
tribution may play a more important role
than dietary fat in the course of cardiovas-
cular risk development in prepubertal chil-
dren. It is important to note that ethnicity,
adiposity, fat distribution and dietary in-
take together accounted for only (R0% of the
variance in serum triacylglycerol in this
study, suggesting that other factors may be
involved in the interrelationships between
dietary fat, body fat, fat distribution, and
blood lipids.

CHANGES IN IAAT DURING GROWTH IN
CHILDREN

There are no published data that have ex-
amined longitudinal changes in IAAT in
children during growth and maturation.
Therefore, for the purposes of this review,
findings in a preliminary format on dynamic
changes in visceral fat during childhood
growth are presented. TAAT, SAAT, total
body fat mass, and anthropometry were
measured annually for 3 years in 29 Afri-
can-American children using techniques
identical to that previously described (Go-
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TABLE 1. Rate of change in fat distribution and body
composition in 29 African-American children over

2 years
Variable Mean + SD Range
TAAT (cm?/year) 43+73 -6.5to 24.4
SAAT (cm?/year) 28.0+33.4 -37.0to0124.1
Fat mass (kg/year) 15+24 -12t07.3
Fat-free mass (kg/year) 39+14 14t07.7

TAAT is intra-abdominal adipose tissue and SAAT is subcutane-
ous abdominal adipose tissue by CT scanning; fat mass and fat-
free mass were estimated by dual energy X-ray absorptiometry.

ran et al., 1997). At the onset of the study,
the mean characteristics of the sample
were: 7.6 £ 1.7 years of age, 33.1 + 11.9 kg in
body weight, 26.7 + 18.1 cm? of IAAT, 84.0 +
80.2 cm? of SAAT, 10.7 + 7.25 kg of body fat,
and 20.7 + 4.9 kg of fat-free mass. All chil-
dren were defined as prepubertal at the on-
set of the study based on clinical examina-
tion.

The mean rate of change in IAAT, SAAT,
fat mass, and fat-free mass was determined
by regression of each of the three measures
over time against age in years at the time of
the measurement. There was a wide range
in the rate of change of all body composition
/ fat distribution parameters (Table 1). The
rate of change in TAAT was significantly
correlated with both the rate of change in
SAAT (r = 0.70) and the rate of change in
body fat mass (r = 0.73) (Fig. 1). The rate of
change in TAAT was not significantly corre-
lated with the rate of change in fat-free
mass. The rate of change in IAAT was 0.153
cm? per cm? of SAAT (similar to that esti-
mated from the cross-sectional relationship
at baseline) and 2.22 cm? per kg of fat mass.
The rate of change in IAAT was similar in
boys and girls (5.7 £ 2.3 vs. 3.6 = 1.7 cm?
year; mean + SE) and among those children
remaining prepubertal (n = 13) compared
to those who entered puberty (n = 12) after
2 years of follow-up (4.6 + 2.1 vs. 5.6 = 2.1
cm?/year; mean + SE). Interestingly, IAAT
did not change significantly in the remain-
ing small group of four children who were
more advanced in pubertal status after 2
years of follow-up.

These preliminary results verify that the
linear acquisition of IAAT during growth oc-
curs as a function of SAAT and total fat
mass accumulation. Further studies in
larger and more diverse samples are needed
to fully define the dynamics of this process,
and understand to the interrelationships of
the role of modifiable versus nonmodifiable
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Fig. 1. Relationship between rate of change in IAAT
and rate of change in SAAT and total fat mass in 29
African-American children. The rate of change in TAAT,
SAAT, and fat mass was determined by regression of
three annual measures over time against age in years at
the time of the measurement. IAAT and SAAT were
determined by computed tomography; fat mass was de-
termined by dual energy X-ray absorptiometry.

factors in influencing change in TAAT,
SAAT, and total fatness during childhood
growth and maturation.
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