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Objective: The purpose of the study was to test the hypoth-
esis that dietary fat components were associated with the
serum lipid profile independent of ethnicity, body fat, and
fat distribution in prepubertal children.

Research Methods and Procedures: Sixty-six children (45
African American and 21 Caucasian), aged from 4 to 10
years, were recruited into the study. Dietary total fat, satu-
rated fat, monounsaturated fat, and polyunsaturated fat were
estimated by averaging two 24-hour diet recalls. Fasting
serum triacylglycerol, total cholesterol, and high-density li-
poprotein cholesterol were analyzed, and low-density lipo-
protein cholesterol (LDL-C) was calculated by the method
of Friedewald. Body composition and fat distribution were
measured by dual energy X-ray absorptiometry and com-
puted tomography.

Results: Children in both ethnic groups tended to overreport
their dietary intake relative to total energy expenditure by
18%. 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 was no significant
correlation between dietary fat and either serum lipids or
body fat indices after adjusting for nonfat energy intake and
total lean tissue mass. Total body fat (r=0.32), subcutane-
ous abdominal adipose tissue (r=0.39), and intra-
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abdominal adipose tissue (r=0.42) were positively related
to serum triacylglycerol; these associations remained sig-
nificant in a muitiple linear regression model in which body
fat indices were adjusted for ethnicity, total lean tissue,
dietary total fat, and nonfat intake.

Discussion: Our resuits do not support a link between di-
etary fat and serum lipids; instead, our data suggest that
body fat may play a more important role than dietary fat in

the course of cardiovascular disease development in prepu-
bertal children.
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Introduction
Some risk factors for cardiovascular diseases (CVD),

such as elevated systolic blood pressure and cholesterol,
have been demonstrated in childhood and persist into adult-
hood (1). Evidence has also suggested that arterial lesions of
atherosclerosis have their origins in childhood (2). Recent
epidemiological studies indicate a trend toward the reduc-
tion of saturated fat and an increase in polyunsaturated fat
intake in children (3-5). In the Young Finns study, the
reduced serum cholesterol, low-density lipoprotein choles-
terol (LDL-C), high-density lipoprotein cholesterol (HDL-
C), and the increased serum triacylglycerol paralleled to
increased ratio of polyunsaturated to saturated fatty acids
and body fat (5). Therefore, risk factors such as dietary fat
and body fat that are identified in childhood may influence
the risk of CVD in adulthood.

Previous studies have examined the relationship be-
tween dietary fat components and blood lipids in children
(6-8). Glueck et al. (6) found a positive association between
dietary cholesterol and plasma HDL-C, and a negative as-
sociation between polyunsaturated fat intake and HDL-C
(n=1234). Total dietary fat and saturated fat intake had an

adverse influence on serum lipids (total cholesterol, LDL-C, -

and HDL-C) and apoproteins (apo A and apo B) in a study
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of children conducted in Spain (n=1682). On the other
hand, monounsaturated fat had a beneficial effect on the
serum lipid profile (7). In a study of Australian chiidren (8),
saturated fat showed a positive association with serum total
cholesterol and LDL-C. Monounsaturated fat intake was
negatively related to serum triacylglycerol. The polyunsatu-
rated fat/saturated fat ratio was inversely associated with the
ratio of LDL-C/HDL-C. However, no significant associa-
tion was found between dietary composition and serum
HDL-C. Differences in dietary measurements, statistical
analyses, and demographic characteristics of the popula-
tions may explain why these studies provide conflicting
evidence for the relationship between dietary fat and blood
lipids in children.

In addition to dietary factors, body fat is also known to
be associated with CVD risk factors. Some studies have
shown that fat distribution, especially central fat, is more
closely related to CVD risk than total body fat mass in
adults (9). In children, few studies using methodology
capable of measuring intra-abdominal fat have examined
the relationship between body fat distribution and blood
lipid profile.

Dietary fat may contribute to obesity (10). In previous
studies in children, a small, but significant, positive rela-
tionship was found between dietary fat intake and body fat
mass (11-13). However, the interrelationships between di-
etary fat components, body fat/fat distribution, and blood
lipid profile are not well-characterized in children. There-
fore, the purpose of this study was to examine the relation-
ship between dietary fat components and serum lipids, and
to determine whether this association is independent of the
association between body fat and blood lipid profile in pre-
pubertal children. In addition, ethnic differences in dietary
intake and the relationship between dietary fat and serum
lipids were also examined. The identification of dietary
components and/or aspects of body composition that di-
rectly influence the serum lipid profile may have important
health implications for the long-term prevention and im-
provement of CVD risk factors in childhood.

Methods
Subjects

Our subjects included African American (n= 16 boys;
n=29 girls) and Caucasian (n= 14 boys; n=7 girls) pre-
pubertal children. Ethnicity was defined by self-report.
These subjects were recruited through advertisements in
newspapers, radio, and bulletin boards, and also by word of
mouth. Tanner stage (14,15) was assessed by a pediatrician.
Most of the children were at Tanner stage I, except three
African American girls who were at Tanner stage II. Chil-
dren were excluded from the study if they were taking medi-
cations known to affect body composition or physical ac-
tivity or previously had been diagnosed with syndromes
affecting body composition or fat distribution (e.g.. Cush-

ing’s syndrome, Down’s syndrome, type I diabetes, “and
hypothyroidism). The study was approved by the Institu-
tional Review Board at the University of Alabama at Bir-
mingham (UAB), and parents were asked to give informed
consent before testing commenced. The experimental pro-
tocol was approved by the Committee on Human Research
for the Medical Sciences of UAB.

All required measurements were obtained during one
overnight visit to the General Clinical Research Center
(GCRC) and one outpatient visit to the Department of Nu-
trition Sciences at UAB between 1995 and 1996. Children
were admitted to the GCRC in the late afternoon. Upon
arrival, a baseline urine sample was collected, and subjects
were dosed with doubly labeled water. Subcutaneous ab-
dominal adipose tissue (SCAT) and intra-abdominal adi-
pose tissue (IAAT) were examined by computed tomogra-
phy (CT). Dinner was served at ~1700 hours. An evening
snack was allowed; after 2000 hours, only water and en-
ergy-free, noncaffeinated beverages were permitted until af-
ter the morning testing. The following morning, resting
metabolic rate was assessed by indirect calorimetry upon
awakening in the fasted state, and two timed urine samples
were collected for doubly labeled water analysis. Two
weeks later, the children arrived at the Department of Nu-
trition Sciences at 0700 hours in the fasted state, and body
composition was determined by dual-energy X-ray absorp-
tiometry (DXA), and two additional timed urine samples
were collected for doubly labeled water analysis.

Total Energy Expenditure (TEE)

Using a protocol with a theoretical error of <5% (16),
TEE was measured over 14 days under free-living condi-
tions with the doubly labeled water technique. Children
were given a loading dose of 0.15 g H,'%0 and 0.12 g ?H,0

per kg body mass. Samples were analyzed in triplicate for .-

H,'®0 and H,0 by isotope ratio mass spectrometry at
UAB. When all samples for H,'%0 and H,0O were reana-
lyzed in seven subjects, values of TEE were in close agree-
ment (£4.3%) (17). CO, production rate was determined
using Equation R2 of Speakman et al. (18); energy expen-
diture was calculated using Equation 12 of de Weir (19).
The major reason for including TEE data in the cur-
rent study was to verify the validity of the reported energy
intake data.

Dietary Intake

Dietary intake was estimated by two 24-hour dietary
recalls (24-hour recall). One was the 24-hour food intake
prior to subjects’ overnight visit to the GCRC. The other
was the 24-hour food intake before their visit to the Depart-
ment of Nutrition Sciences. Both were collected using a
standardized protocol based on the ‘‘multiple pass’’ tech-
nique developed by the U.S. Department of Agricuiture to
limit the extent of under reporting (20). To improve the
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completeness of the recall, the interview was conducted in
person in the presence of parents. Intake data were analyzed
by the ‘‘Food Intake Analysis System’’ (FIAS, Version 2.1,
Human Nutrition Center, University of Texas Health Sci-
ence Center) on a fee-for-service basis by investigators at
the University of Vermont. Total dietary fat, saturated fat,
monounsaturated fat, and polyunsaturated fat were exam-
ined in the present study.

Lipid Profile

Five milliliters of venous blood were collected after a
12-hour overnight fast, and sera were separated and ana-
lyzed for triacylglycerol, total cholesterol, and HDL-C. Be-
fore analysis, sera were stored in cryotubes (0.5 mL aliquot)
at -85°C. Samples were assayed using Johnson and Johnson
Ektachem DT slides and reagents, and a Johnson and
Johnson Ektachem DT60 Analyzer. For measurement of
HDL-C, sera were first precipitated with dextran sulfate/
magnesium reagent. Serum LDL-C was calculated by the
method of Friedewald et al. (21). All subjects had triacyl-
glycerol concentrations below 400 mg/dL.

Adipose Tissue

SCAT and IAAT were measured by CT scanning with
a HiLight/Advantage Scanner (General Electric, Milwau-
kee, WI), as previously described (22). A single-slice scan
(5 mm) of the abdomen was performed at the level of the
umbilicus and analyzed for cross-sectional area of adipose
tissue using the density contour program (Hounsfield units
for adipose tissue as —190 to —30). CT data are presented as
cross-sectional areas of tissue (cm?). We have shown the
test-retest reliability for analysis of IAAT by CT scanning to
be 1.7% in children (23). All scans were analyzed by the
same person. The total body radiation dose to each subject
was ~0.26 rad. This total body radiation dose is less than
that received from a standard chest X-ray.

Body Composition and Anthropometry

Total fat mass and total lean tissue mass were measured
by DXA using a Lunar DPX-L densitometer (LUNAR Ra-
diation Corp., Madison, WI). We have validated the use of
DXA against carcass analysis in a pig model that encom-
passed the pediatric body weight range (24). Subjects were
scanned in light clothing while lying flat on their backs with
arms at their sides. DXA scans were performed and ana-
lyzed with pediatric software version 1.5e.

Height was measured without shoes using stadiometer.

Weight was measured in light clothing on an elec-
tronic scale. '

Statistical Analysis

Because of the unequal and small sample sizes in Af-
rican American (n=45) and Caucasian (n=21) children,
our study looked at data in three different groups: all chii-
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dren, African American, and Caucasian children. Dietary
data were averaged from the two 24-hour recalls. Qutliers
from energy intake data were defined as values with differ-
ences between total energy intake and TEE greater than two
standard deviations from the mean, and were removed from
further analysis. Data from five children were removed for
this reason. The significance of the difference between total
energy intake and TEE was examined by paired t-test. Each
dietary fat component was adjusted for nonfat energy intake
using a linear regression-based technique (25). IAAT,
SCAT, and total fat mass were similarly adjusted for total
lean tissue mass. For serum lipid and body fat indices, we
used log, transformation to increase the normality of the
distribution. Differences in demographic characteristics, di-
etary intake, serum lipid profile, and body fat composition
were examined by two-way (gender and ethnic group)
analysis of variance (ANOVA). Pearson correlation analy-
sis was conducted for the relationships between: (a) dietary
fat intake and serum lipid concentrations; (b) dietary fat
intake and body fat indices; and (c) body fat indices and
serum lipids. Multiple linear regression analyses were
used to identify independent relationships between indepen-
dent variables and serum lipid concentrations. SCAT,
IAAT, and total fat mass were used in separate models. All
data were analyzed with SAS software version 6.10 (SAS
Institute, Inc., Cary, NC). The significance was defined by
p values <0.05.

Results

Descriptive data are summarized in Table 1. No gender
or ethnic differences were found for age, weight, and height.
Compared with boys, girls had a higher body mass index
and percent body fat. In addition, there was a gender dif-
ference in SCAT and total fat mass. African American girls
had more SCAT and total fat mass than African American
boys (data not shown). Compared with Caucasian children,
African American children had lower IAAT and serum tria-
cylglycerol. No gender by ethnicity interactions were found
for any variable.

With respect to dietary intake, significant ethnic differ-
ences were found for percent total energy from protein,
carbohydrate, total fat, and saturated fat (Tabie 2). African
American children consumed more energy from protein,
total fat, and saturated fat, but less from carbohydrate than
did Caucasian children (Table 2). Children in both ethnic
groups tended to overreport their dietary intake (1938 + 544
kcal) relative to TEE (1632 + 387 kcal/day). The extent of
overreporting of energy intake was similar in African
American (240 + 530 kcal/day) and Caucasian (388 + 538
kcal/day) children (p =0.24).

No significant correlations were found between dietary
fat intake (both unadjusted and adjusted variables) and se-
rum lipids, or between dietary fat intake and body fat indi-
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Table 1. Descriptive statistics*

Overall African American Caucasian Two-way
(n=66) (n=45) (n=21) ANOVAT
Age (yr) 7.8 = 1.7 (4.6-10.9) 7.6+ 1.7 (4.6-10.4) 8.0+ 1.5(5.2-10.9) NS:
Weight (kg) 30.2 £ 10.0 (14.0-60.3) 30.9 £ 11.1 (140.-60.8) 28.7 £6.2(18.2-41.2) NS
Height (cm) 128.6 £ 1.0 (101.5-155.0) 129.0 £ 12.0 (101.5-155.0) 127.5+8.3(110.0-144.5) NS
BMI (kg/m?) 18.1 £3.9(11.8-29.1) 18.3 +£4.1(11.8-29.1) 17.8 £ 3.6 (12.2-26.5) Gender
% of body fat (%) 27.5+9.3(11.448.1) 28.3 £9.6 (14.4-48.1) 25.7%8.9(11.4-42.0) Gender
SCAT (cm?) 73.8 +71.3(8.3-272.6) 71.9 +73.2 (8.3-272.6) 779 +£68.8 (13.6-224.8)  Gender
IAAT (cm?) 25.4 £ 16.0 (7.0-77.4) 229 * 14.1 (7.1-67.4) 30.5 = 18.7 (7.0-77.4) Gender.
ethnicity
Total fat mass (kg) 9.0+ 6.1 (2.6-29.2) 9.5+6.7(2.7-29.2) 7.8 £4.3(2.6-16.9) Gender
Total lean mass (kg)  20.1 £4.6 (1.1-34.0) 202 £5.1(1.1-34.0) 19.8 £3.4(13.4-25.0) NS
Triacylglycerol 50.9 £ 26.3 (19.0-137.0) 46.8 £24.9 (19.0-128.0) 59.8 £27.7(21.0-137.0)  Ethnicity
(mg/dL) :
Cholesterol (mg/dL)  149.1 £ 29.9 (84.0-250.0)  152.8 £ 32.2 (84.0-250.0)  141.1 £23.2(101.0-182.0) NS
HDL (mg/dL) 47.6 £ 13.7 (26.0-87.0) 48.4 + 14.2 (26.0-85.0) 46.1 £12.5 (29.0-87.0) NS
LDL (mg/dL) 91.2 £ 28.6 (43.0-202.8) 95.0 + 31.0 (43.0-202.8) 83.1 £20.9(54.8-118.6) NS
Total energy intake 1938 + 544 (824-3380) 1893 = 578 (824-3380) 2033 + 463 (1190-3247) NS
(kcal)

Total fat intake (g)
Saturated fat

74.4 +28.0 (26.1-151.3)
27.0£10.9 (9.1-57.2)

intake (g)

Monounsaturated 29.0 £ 11.6 (4.3-59.5)
fat intake (g)

Polyunsaturated 12.8 £ 5.8 (3.0-29.4)

fat intake (g)

BMI = body mass index.
*Mean = SD (range).

75.7 £30.5 (26.1-151.3)
28.0+11.6(9.1-57.2)

29.7 + 13.0 (4.3-59.5)

12.4 £ 5.8 (3.0-25.6)

71.4£22.2(41.8-123.8) NS
25.0+9.1 (13.0-44.1) NS

27.6 £7.7 (16.8-43.6) NS

13.7 £5.8 (5.6-29.4) NS

tSignificant effects of gender, ethnicity, and gender*ethnicity (significance, p<0.05).

iNS = not significant.

ces adjusted for total lean tissue mass (r<0.2 for all). How-
ever, SCAT, TAAT, and total fat mass (both unadjusted and
adjusted variables) were positively correlated with se-
rum triacylglycerol concentration in all children (Table 3).
Using an analysis of covariance for the dependent vari-

able log (triacylglycerol), the interaction between SCAT

and ethnicity was not significant. This indicated that the
slope that describes the relationship between SCAT and
serum triacylglycerol was the same for the two groups.
In Caucasian children, IAAT, but not SCAT or total fat
mass, showed a negative correlation with serum HDL-C
(r=-047, p=0.03).

In multiple linear regression, the ethnic difference in
serum triacylglycerol found in the two-way ANOVA no
longer existed after adjusting for body fat indices. total lean
tissue mass, fat intake, and nonfat intake (Table 4. a to c).

Gender and age did not show independent effects on serum
lipids and were removed from the regression models (Table
4). Dietary fat was not associated with serum triacylglyceroi
in any of the regression models. However, SCAT, [AAT,
and total fat mass remained significantly related to triacyl-
glycerol after adjusting for ethnicity, dietary intake. and
total lean tissue mass (Table 4. a to c¢). In similar regres-
sion models, none of the body fat indices showed signifi-
cant associations with serum total cholesterol, HDL-C. and
LDL-C concentration. When SCAT and IAAT were used
in- the regression model together, no independent vari-
able was related to serum triacylglycerol. In African
American children, SCAT, [AAT, and total fat mass were
also independently associated with serum triacylglyc-
erol. However, these relationships were not found in Cau-
casian children.
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Table 2. Macronutrient intake as a percentage of energy intake (mean + SD)

African American (n=45)

Caucasian (n=21) Two-way ANOVA

Protein (%) 164 £5.7
Carbohydrate (%) 48.0x9.3
Total fat (%) 353+x64
Saturated fat (%) 13.1+£29
Monounsaturated fat (%) 13.7x3.6
Polyunsaturated fat (%) 57x1.4

*Significant effect of ethnicity, p<0.05.
TNS = not significant.

13.2+£39 Ethnicity*
57.1+8.1 Ethnicity
31.5£54 Ethnicity
11.0£2.38 Ethnicity
122+2.1 NS+
6.0+1.6 NS

Discussion

The purpose of this study was to investigate the rela-
tionship between dietary fat intake, body fat, and the blood
lipid profile in African American and Caucasian prepuber-
tal children. The results did not support the hypothesis that
dietary fat components were correlated with serum lipids.
However, we found significant associations of body fat and
body fat distribution with serum triacylglycerol that re-
mained after adjusting for ethnicity, total lean tissue mass,
fat intake, and nonfat intake. These data may suggest that
body fat, rather than dietary fat, may be more important in
the development of CVD in prepubertal children.

One of the strengths of our study was the assessment of
TEE to verify the accuracy of reported energy intake data.
Dietary intake data were judged to be invalid in five sub-
jects because of a large discrepancy with TEE. The linear
regression relationship between TEE and energy intake was
significant (R*=0.3, p<0.01) after removing these five out-
liers. However, the small regression coefficient (R*=0.3)
indicates poor agreement on an individual basis, suggesting
a lack of accuracy in reported intake data. This inherent
inaccuracy with dietary intake methodology may contri-
bute to the lack of association between dietary fat and se-
rum lipids.

On average, children in our study tended to overreport
their dietary intake relative to TEE, and the extent of over-
reporting was equal in African American and Caucasian
children. This result is in contrast to a previous study (26)
that indicated an underreporting of energy intake (by 8-day
food record) relative to TEE (by D.L.W.) in a biracial group
of children and a greater underreporting in African Ameri-
can than Caucasian children. Also, the current finding is
inconsistent with a previous study from our group in Cau-
casian children in Vermont that showed no significant dif-
ference between reported intake by 24-hour recall and TEE
by D.L.W. (20). In the Vermont study, interviewing and
analysis of dietary data were done by the same group of
investigators; however, in the present study, dietary data
were analyzed by an independent group of investagors at the
University of Vermont. This implied that interviewing and
data analysis done by the same investigators may improve
the accuracy of dietary intake by 24-hour recall. These dis-
crepancies between studies may be also attributed to differ-
ences either in the method of dietary assessment (24-hour
recall vs. food record) or sample size.

African American children reported more energy intake
from total fat and saturated fat than Caucasian children
(Table 2). This may have resulted from the different dietary

Table 3. Correlation between body composition parameters (unadjusted variables vs. variables adjusted for fat-free
mass) and serum triacylglycerol indices (log—transformed) in overall children and African American children

Combined (n=66) African American (n=45)

Unadjusted Adjusted Unadjusted Adjusted
Log SCAT 0.42% 0.39* 0.52* 0.47*
Log TAAT 0.42* 0.42% 0.47* : 0.46*
Log TOFATY 0.34* 0.32* 0.44% 0.41*

*p<0.05.
TTOFAT = total body fat mass.
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