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Abstract In Turkish adults, HDL cholesterol (HDL-C) levels
are 10–15 mg/dl lower than those of adults in western Eu-
rope and the United States. In this study, we determined
whether HDL-C levels in Turks are low from birth to adult-
hood and assessed the effect of socioeconomic status (SES)
on plasma lipids and lipoproteins. Analyses of cord blood
from 105 Turkish newborns showed low levels of plasma
cholesterol (

 

�

 

60 mg/dl) and HDL-C (

 

�

 

30 mg/dl), consis-
tent with results from other Western ethnic groups. Prepu-
bescent 8- to 10-year-old Turkish boys and girls of upper (n 

 

�

 

82) and lower (n 

 

�

 

 143) SES had high HDL-C levels (50–60
mg/dl) similar to those of western European children. How-
ever, the cholesterol (154–158 mg/dl) and HDL-C (55–58
mg/dl) levels of upper SES children were 

 

�

 

25 and 

 

�

 

12 mg/dl
higher, respectively, than those of lower SES children.
Height, weight, skinfold thickness, and estimated body fat
were greater in the upper SES children and appeared to re-
flect dietary differences. Upper SES children consumed
more total fat (

 

�

 

35% vs. 25% of total calories), including
more saturated fat of animal origin, and less carbohydrate
(

 

�

 

50% vs. 62% of total calories), consistent with their ele-
vated plasma cholesterol levels. Carbohydrate intake corre-
lated inversely with the HDL-C level. The HDL-C levels in
the prepubescent children, especially those of higher SES,
who consumed diets more like western Europeans, de-
creased markedly to adult levels, with males exhibiting a

 

�

 

20 mg/dl decrease (from 58 to 37 mg/dl) and females
a 

 

�

 

13 mg/dl decrease (from 55 to 42 mg/dl). SES did not
affect HDL-C levels in adults.  The profound decrease
may reflect alterations in androgen/estrogen balance in
Turks at puberty and a modulation of hepatic lipase affect-
ing HDL-C levels.

 

—Mahley, R. W., P. Arslan, G. Pekcan, G. M.
Pépin, A. A açdiken, N. Karaa ao lu, N. Rakıcıo lu, B. Nur-
sal, P. Dayanıklı, K. E. Palao lu, and T. P. Bersot. 
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HDL cholesterol (HDL-C) levels are typically 10–15 mg/
dl lower in Turkish adults than in Europeans and North
Americans, and 

 

�

 

50% of Turkish men and 25% of Turkish
women have levels 

 

�

 

35 mg/dl (1). These findings have been
confirmed by Onat and associates (2, 3). These low HDL-C
levels appear to be largely of genetic origin because they are
also observed in Turks living in Germany and the United
States (4, 5). Furthermore, in both Turkish men and women,
the low HDL-C level is associated with 25–30% greater he-
patic lipase activity than in white American controls (5) and
is characterized by low levels of HDL

 

2

 

 and LpA-I, consistent
with elevated hepatic lipase levels (6). In addition, socioeco-
nomic status (SES) has a major impact on fasting cholesterol
levels, which are 30–40 mg/dl higher in Turkish men and
women of high SES than in those of low SES. However, SES
does not affect HDL-C levels in adults (1).

In this study, we sought to determine if HDL-C levels in
Turks are low throughout life. We also assessed the effects
of SES on plasma lipids and lipoproteins. To achieve these
goals, we measured lipid and lipoprotein levels in neo-
nates and 8- to 10-year-old school children and compared
the values with those in older Turkish subjects reported
previously (1). As will be shown, Turkish newborns and
prepubescent children have HDL-C levels similar to those
of other ethnic groups of western European origin. After
puberty, however, the HDL-C levels decrease markedly to
the levels seen in Turkish adults. SES was associated with
significant differences in plasma cholesterol and HDL-C
levels in the prepubescent children.

 

Abbreviations: BMI, body mass index; HDL-C, HDL cholesterol;
RDA, recommended daily allowance; SES, socioeconomic status.
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EXPERIMENTAL PROCEDURES

 

Study participants

 

Two groups of subjects were studied: full-term, healthy Turk-
ish newborns delivered by cesarean section without complica-
tions at the American Hospital in Istanbul, Turkey, and prepu-
bescent 8- to 10-year-old Turkish school children from Ankara,
Turkey. The study protocol was approved by the Ethics Commit-
tee of Hacettepe University, the Turkish Ministry of Education,
and the Committee on Human Research of the University of Cal-
ifornia, San Francisco. Written informed consent was obtained
from the parents of all participants before the study.

The American Hospital is a private hospital, and the pa-
tients are typically of higher SES. The 8- to 10-year-olds of
lower and higher SES were recruited from two schools. The
lower SES children were from a public school serving a region
of Ankara where employment status, educational levels, living
conditions, and lifestyles were classified as low SES. The up-
per SES children were from a private competitive school serv-
ing high-income families. Interviewers visited the classrooms
to answer questions. Biodata concerning lifestyle and health
status were obtained by interviewing the parents and chil-
dren. None of the 8- to 10-year-old girls had experienced
menarche.

For studies in newborns, cord blood was obtained at deliver y
in EDTA-containing tubes. For studies in school children,
blood samples were obtained after a 12-h fast (no food after 9

 

pm

 

); the blood was drawn into tubes containing EDTA (for lipid
analyses) or fluoride (for glucose analysis). All samples were
immediately placed on ice and centrifuged within 4 h and then
were stored at 

 

�

 

70

 

�

 

C and transported to the laboratory on dry
ice. On the same day blood was drawn, anthropometric mea-
surements (height, weight, waist, hip, and mid-upper arm cir-
cumferences, and skinfold thickness) were made by a trained
examiner.

 

Blood lipid and glucose analyses

 

Plasma cholesterol, triglyceride, and HDL-C concentrations
were measured enzymatically in the lipid diagnostic laborator y
of the American Hospital. This laboratory has been certified as a
lipid reference laboratory by the Centers for Disease Control
(1). HDL-C levels were measured after VLDL and LDL were pre-
cipitated with phosphotungstic acid and magnesium. Kits for the
lipid and glucose assays were from Boehringer-Mannheim (Mann-
heim, Germany). A multichannel analyzer (Hitachi, Tokyo,
Japan) was used for the colorometric enzymatic determinations
of cholesterol (Monotest Cholesterol, CHOD-PAP), triglyceride
(Peridochrom Triglyceride, GPO-PAP), and glucose (Glucose,
GOD-PAP) (5, 6). The Friedewald calculation was used to esti-
mate LDL cholesterol (LDL-C) values (7).

 

Anthropometric measurements

 

The weight of children wearing minimal clothing was measured
to the nearest 0.1 kg with a portable electronic scale (Tanita). Each
time it was moved, the scale was recalibrated with standardized

weights. Height to the nearest 0.1 cm was measured with a fiber-
glass tape. Body mass index (BMI) was calculated as weight (kg)/
height (m

 

2

 

). Body circumferences were measured with subjects in
the standing position. Hip and waist (just above the iliac crest) cir-
cumferences were measured to the nearest 0.1 cm. Triceps, biceps,
subscapular, and suprailiac skinfold thicknesses were measured to
the nearest 1.0 mm with a Holtain caliper. All measurements were
obtained as described by Lohman, Roche, and Martorell (8).

The percentage of body fat was estimated from triceps and sub-
scapular skinfold thicknesses by using the equations of Slaughter
et al

 

.

 

 (9): 1.21 (triceps 

 

�

 

 subscapular) 

 

�

 

 0.008 (triceps 

 

�

 

 subscap-
ular)

 

2

 

 

 

�

 

 1.7 for males and 1.33 (triceps 

 

�

 

 subscapular) 

 

�

 

 0.013
(triceps 

 

�

 

 subscapular)

 

2

 

 

 

�

 

 2.5 for females. If the sum of the tri-
ceps and subscapular measurements was 

 

�

 

35 mm, the following
equations were used: 0.783 (triceps 

 

�

 

 subscapular) 

 

�

 

 1.6 for
males and 0.546 (triceps and subscapular) 

 

�

 

 9.7 for females.

 

Dietary intake

 

Food intake was assessed by dietary records over three consecu-
tive days, including one weekend day. Nutritionists with extensive
experience in determining food intake in Turkey instructed the
children individually on how to complete the food records and how
to estimate or measure the food portions. The food records were re-
viewed daily by the dietitians during an interview with the subject
and, if needed, with the parents. The data were analyzed with SPSS
version 9 statistical software. Food composition tables were used to
calculate the energy and nutrient intakes (10). The data were com-
pared with the recommended daily allowances (RDA) (11).

 

Comparison data

 

In a previous study (1), we measured lipid and lipoprotein lev-
els in Turkish men and women 15 –19, 20–24, 35–39, and 50–54
years of age. In conjunction with the data from Turkish new-
borns and prepubescent school children, these values provide a
picture of the changes in lipid and lipoproteins in Turks from
birth through adulthood.

 

Statistical analyses

 

All values are reported as the mean 

 

�

 

 SD. The Shapiro-Wilk
test was used to determine whether outcome variables were nor-
mally distributed (12). Because this analysis showed that most
variables were not distributed normally, the Mann-Whitney U
test was used. A 

 

P

 

 value 

 

�

 

0.05 was considered significant. Pear-
son correlation coefficients were used to assess associations be-
tween independent variables.

 

RESULTS

 

Anthropometric measurements and lipid levels

 

Neonates.

 

One hundred five newborns were enrolled in
the study. Their anthropometric data and plasma lipid
and lipoprotein levels are shown in 

 

Table 1

 

. The total cho-
lesterol (

 

�

 

60 mg/dl), triglycerides (

 

�

 

24 mg/dl), LDL-C

 

TABLE 1. Anthropometric data and plasma lipid levels (mean 

 

�

 

 SD) in Turkish newborns delivered by cesarean section

 

Gestation Weight Length BMI
Total Cholesterol 

(range) LDL-C
HDL-C
(range)

Triglycerides
(range)

 

weeks kg cm kg

 

/

 

m

 

2

 

mg/dl

 

Males (n 

 

�

 

 68) 38 

 

�

 

 2 3.37 

 

�

 

 0.52 50 

 

�

 

 2 14 

 

�

 

 1 56 

 

�

 

 15 (34–98) 23 

 

�

 

 9 29 

 

�

 

 9 (11–52) 24 

 

�

 

 9 (10–46)
Females (n 

 

�

 

 37) 38 

 

�

 

 2 3.24 

 

�

 

 0.44 49 

 

�

 

 2 14 

 

�

 

 1 61 

 

�

 

 18 (37–124) 24 

 

�

 

 10 32 

 

�

 

 12 (15–68) 23 

 

�

 

 9 (11–42)

BMI, body mass index; LDL-C, LDL cholesterol; HDL-C, HDL cholesterol.
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(

 

�

 

24 mg/dl), and HDL-C (

 

�

 

30 mg/dl) levels in cord
blood were low and similar to those observed in other
populations (13 – 18). There were no significant gen-
der differences in lipid levels or in anthropometric
measurements.

 

Prepubescent school children.

 

Two hundred twenty-five 8-
to 10-year-olds participated in the study. Their anthropo-
metric data are shown in 

 

Table 2

 

, and their plasma lipid
and lipoprotein levels are shown in 

 

Table 3

 

. There were
143 children (65 boys and 78 girls) in the lower SES group
and 82 children (38 boys and 44 girls) in the upper SES
group. Biodata and fasting blood samples were obtained
from all participants.

The mean ages of the upper and lower SES groups
were similar, but most of the anthropometric measures
were lower in the lower SES group (Table 2). Upper SES
children tended to be taller and heavier; about 60–70%
were above the 50th percentile for height and weight, as
determined from standard growth curves (19), compared
with 30–40% of lower SES children. Upper SES children
had higher BMIs, but the difference was significant only
in girls (

 

P

 

 

 

�

 

 0.0025). Nevertheless, higher percentages of
upper SES boys and girls were overweight (

 

	

 

19 kg/m

 

2

 

) or
obese (

 

	

 

23 kg/m

 

2

 

), as defined by international standards
(20). Skinfold thickness and arm circumference were greater
in the upper SES boys and girls than in the lower SES chil-
dren, as was the estimated percentage of body fat, but the

waist/hip ratio was not. These differences in anthropo-
metric measurements suggested significant differences in
nutrition between the two SES groups.

Plasma lipid and lipoprotein levels increased signifi-
cantly during childhood (Table 3). Compared with values
in Turkish newborns and consistent with other observa-
tions worldwide (16, 21–26), total cholesterol and triglyc-
eride levels more than doubled to 

 

�

 

140 and 65 mg/dl, re-
spectively, in Turkish 8- to 10-year-olds. HDL-C levels also
increased from 

 

�

 

30 mg/dl in newborns to 

 

�

 

50 mg/dl in
both boys and girls. However, there were striking differ-

 

TABLE 2. Age and anthropometric data (mean 

 

�

 

 SD) in 8- to 10-year-old Turkish children 
according to gender and socioeconomic status (SES)

 

Boys (n 

 

�

 

 102)

 

a

 

Girls (n 

 

�

 

 121)

 

b

 

Upper SES Lower SES Upper SES Lower SES

 

Age (months) 109.4 

 

�

 

 10.6

 

c

 

110.3 

 

�

 

 9.8

 

c

 

110.0 

 

�

 

 9.7

 

d

 

110.1 

 

�

 

 9.7

 

d

 

Height (cm) 138.3 

 

� 7.3 129.7 � 6.2 137.5 � 7.0 130.5 � 7.1
�50th percentile (%) 30 71 32 64
�50th percentile (%) 70 29 68 36
�75th percentile (%) 46 5 36 12

Weight (kg) 33.5 � 9.1 27.0 � 4.2 34.1 � 8.1 27.9 � 5.8
�50th percentile (%) 38 71 37 68
�50th percentile (%) 62 29 63 32
�75th percentile (%) 46 12 40 12

BMI (kg/m2) 17.3 � 3.5c 16.0 � 1.6c 17.9 � 3.3 16.3 � 2.3
BMI 	19 kg/m2) (%)e 22 8 33 9
BMI 	23 kg/m2) (%) 11 0 9 5

Waist (cm) 61.3 � 9.6 55.9 � 4.4 59.5 � 7.1 55.6 � 5.5

Hip (cm) 73.7 � 8.9 66.8 � 4.3 74.0 � 7.5 67.8 � 6.1

Waist/hip ratio 0.8 � 0.05c 0.8 � 0.04c 0.8 � 0.05d 0.8 � 0.04d

Arm circumference (cm) 20.2 � 3.6 17.3 � 1.8 20.4 � 2.9 18.0 � 2.3
Triceps (mm) 11.0 � 6.1 6.6 � 2.3 12.6 � 4.7 8.7 � 4.0
Biceps (mm) 6.6 � 4.2 4.3 � 1.7 7.8 � 3.5 5.7 � 2.5
Subscapular (mm) 8.4 � 6.8 5.0 � 1.7 9.6 � 5.9 6.8 � 4.9
Suprailiac (mm) 10.3 � 9.5 5.2 � 2.2 12.5 � 8.0 7.8 � 5.7

Predicted body fat (%) 17.7 � 9.9 11.1 � 3.8 19.7 � 6.9 14.3 � 6.2

a Data were incomplete for one boy.
b Data were incomplete for one girl.
c Not significantly different comparing the upper and lower SES boys (P � 0.05); other values are significantly

different (P � 0.05).
d Not significantly different comparing the upper and lower SES girls (P � 0.05); other values are significantly

different (P � 0.05).
e Internationally acceptable definition of overweight and obese in a 9-year-old male or female child is 	19 and

	23 kg/m2, respectively (20).

TABLE 3. Plasma lipid and glucose levels (mean mg/dl � SD)
of 8- to 10-year-old Turkish children

Total
Cholesterol HDL-C Triglycerides Glucose

mg/dl

Boys
Total group (n � 103) 138 � 26 50 � 13 65 � 29 85 � 8
Upper SES (n � 38) 154 � 20a 58 � 14a 58 � 18 85 � 7
Lower SES (n � 65) 129 � 25 45 � 10 70 � 33 85 � 8

Girls
Total group (n � 122) 143 � 26 49 � 12 68 � 24 82 � 8
Upper SES (n� 44) 158 � 25a 55 � 12a 67 � 24 84 � 6
Lower SES (n � 78) 134 � 22 45 � 10 69 � 25 81 � 9

a P � 0.01, upper versus lower SES.
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ences between the SES groups. Total cholesterol levels
were �20 mg/dl higher and HDL-C levels were 10–13
mg/dl higher in the upper SES children. Triglyceride lev-
els in the SES groups were similar, as were blood glucose
levels. Within the SES groups, there were no major gen-
der differences in any of the lipid parameters.

Changes in plasma lipids with age
The changes in plasma total cholesterol levels in neo-

nates, prepubescent children, and adults are illustrated
in Fig. 1. After puberty, the cholesterol levels did not in-
crease significantly in the 15- to 19-year-olds but did
increase after 20–24 years of age and thereafter. Similar

plasma cholesterol levels have been reported for Turkish
adults (27). The total cholesterol/HDL-C ratio remained
low in prepubescent children but rose significantly after
puberty, reflecting both an increase in total cholesterol
and a decrease in HDL-C levels. This ratio was also signif-
icantly increased in upper SES 8- to 10-year-olds who
were overweight (BMI 	19 kg/m2) (Table 4). These re-
sults reflect the trend toward higher total cholesterol
levels and lower HDL-C levels in these overweight boys
and girls.

Figures 2 and 3 illustrate the increase in HDL-C levels
in Turkish boys and girls from birth to 8–10 years of age
and the marked postpubescent decrease to adult levels.

TABLE 4. Effect of being overweight on plasma total cholesterol 
and HDL-C levels (mg/dl) and on the total cholesterol/HDL-C 

ratio in 8- to 10-year-old Turkish children

Boys Girls

Upper 
SES

Lower
SES

Upper
SES

Lower
SES

Total cholesterol
BMI 	19 kg/m2 161 � 26 137 � 33 163 � 24 136 � 25

(n � 8) (n � 5) (n � 14) (n � 7)
BMI �19 kg/m2 152 � 18 128 � 24 154 � 24 136 � 22

(n � 29) (n � 60) (n � 29) (n � 71)

HDL-C
BMI 	19 kg/m2 52 � 14 41 � 5 50 � 9a 45 � 8

(n � 8) (n � 5) (n � 14) (n � 7)
BMI �19 kg/m2 60 � 13 45 � 10 58 � 12 45 � 8

(n � 29) (n � 60) (n � 29) (n � 71)

Total cholesterol/HDL-C
BMI 	19 kg/m2 3.2 � 0.7b 3.4 � 0.8 3.4 � 0.7c 3.1 � 0.7

(n � 8) (n � 5) (n � 14) (n � 7)
BMI �19 kg/m2 2.6 � 0.6 2.9 � 0.7 2.8 � 0.9 3.1 � 0.8

(n � 29) (n � 60) (n � 29) (n � 71)

a P � 0.05 versus BMI �19 kg/m2.
b P � 0.039 versus BMI �19 kg/m2.
c P � 0.008 versus BMI �19 kg/m2.
P values calculated with the Mann-Whitney ranking test.

Fig. 1. Total plasma cholesterol levels increase markedly from
birth to prepuberty (8 –10 years of age) and slowly thereafter in
adulthood. The total cholesterol/HDL-C ratio increases to high lev-
els in adulthood as plasma cholesterol levels rise. The total choles-
terol levels for ages 15–19, 20–24, 35–39, and 50–54 years have
been published previously (1).

Fig. 2. Plasma HDL-C levels (mean � SD) for males are plotted
against age in years and according to upper and lower SES. The
cord blood values are from newborns delivered at the private Amer-
ican Hospital in Istanbul, at which most patients are of upper SES.
SES of subjects 15–19, 20–24, 35–39, and 50–54 years of age was
determined as previously described (1) and is based on family sala-
ries in the upper versus lower half of typical Turkish family salaries.
na, number of samples from the upper SES group; nb, number of
samples from the lower SES group.

Fig. 3. Plasma HDL-C levels (mean � SD) for females are plotted
against age in years and according to upper and lower SES, as de-
scribed in the legend to Fig. 2. na, number of samples from the upper
SES group; nb, number of samples from the lower SES group.
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In upper SES males, HDL-C levels were 21 mg/dl lower
in 15- to 19-year-olds than in 8- to 10-year-olds (58 vs. 37
mg/dl); in lower SES males, HDL-C was �10 mg/dl
lower in the older group than in the younger group (45
vs. 35 mg/dl) (Fig. 2). In upper SES females, the HDL-C
levels were 11 mg/dl lower in the 15- to 19-year-olds than
in the 8- to 10-year-olds (55 vs. 44 mg/dl); in lower SES
females, however, the HDL-C levels were only 3 mg/dl
lower in the older group than in the younger group (45
vs. 42 mg/dl) (Fig. 3). Interestingly, SES did not affect
HDL-C levels in adult males or females (age �15 years)
(Figs. 2 and 3).

Prepubescent school children: socioeconomics
and dietary differences

Analysis of the food records of the 8- to 10-year-old par-
ticipants in the study revealed significant differences be-
tween the upper and lower SES groups (Table 5). Energy
intake was higher in the upper SES children than in the
lower SES children. Despite this difference, the average
caloric intake was �80% of RDA in both groups. Total
protein intake, especially of animal protein, was signifi-
cantly higher in the upper SES boys and girls. The RDA
for total protein exceeded 100% for all children in both
groups. Furthermore, upper SES children consumed
more total fat, especially animal fat, than did the lower
SES children.

Nutrient intake as a percentage of total calories con-
sumed by 8- to 10-year-old children in the upper and

lower SES groups is shown in Table 6. Total protein con-
stituted �13% of calories in both groups, but protein
consumption was slightly but significantly higher in the
upper SES group. The major difference, however, was
the higher percentage of calories from animal protein in
the upper SES group. The percentage of calories from
fat, especially animal fat, was also strikingly higher in the
upper SES group, who consumed �10% more fat calo-
ries than did lower SES children. Importantly, the differ-
ence in the total caloric intake in the lower SES group
was made up by carbohydrate. Carbohydrate repre-
sented �62% of total calories in the lower SES boys and
girls compared with 52% for the upper SES boys and 49%
for the upper SES girls. Thus, the diets of the upper SES
children were relatively high in fat, especially animal fat,
and low in carbohydrate, as is typical of many western
European diets, whereas the diets of the lower SES
children were relatively high in carbohydrates and low
in fat.

Correlations between dietary constituents
and plasma lipids and lipoproteins of
8- to 10-year-old Turkish children

As shown in Table 3, the upper SES boys and girls had
significantly higher total cholesterol levels than did the
lower SES children. Consistent with previous studies (28–
32), the higher fat content and especially the higher ani-
mal fat content (which would equate to higher levels of
saturated fats) correlated positively with the total choles-
terol levels (Table 7). In addition, there was a positive as-
sociation between the higher total and animal fat con-
sumption and higher HDL-C levels seen in boys and girls
(Table 7). Plasma triglycerides were little affected by the
content or type of fat.

In Figs. 4 and 5, the values for total cholesterol and
HDL-C are plotted against total dietary fat (percentage of
calories) for the upper and lower SES boys and girls. The
distribution patterns for the lipid/lipoprotein values for

TABLE 5. Energy and macronutrient intakes (mean � SD)
for 8- to 10-year-old Turkish school children according to SES

Upper SES Lower SES

Boys (n � 101)a

Energy (kcal) 2,002 � 479 1,840 � 600
% RDA 100 � 24 92 � 30

Total protein (g)c 68 � 15 57 � 18
% RDA 244 � 52 204 � 64
Animal protein (g)b 42 � 13 22 � 11
Plant protein (g)b 26 � 7 35 � 12

Total fat (g)b 79 � 25 53 � 23
Animal fatb 39 � 15 22 � 12
Plant fatc 40 � 15 31 � 16

Carbohydrates (g) 262 � 76 285 � 99
Crude fiber (g) 3.6 � 1.2 3.9 � 1.9
Cholesterol (mg)d 274 � 110 218 � 167

Girls (n � 118)a

Energy (kcal) 1,851 � 363 1,597 � 437
% RDA 93 � 18 80 � 22

Total protein (g)b 65 � 15 50 � 16
% RDA 230 � 53 179 � 57
Animal protein (g)b 42 � 12 20 � 11
Plant protein (g)b 23 � 6 30 � 11

Total fat (g)b 79 � 18 47 � 17
Animal fat (g)b 40 � 12 20 � 12
Plant fat (g)b 39 � 12 27 � 12

Carbohydrates (g) 228 � 51 246 � 74
Crude fiber (g) 3.5 � 1.3 3.7 � 1.7
Cholesterol (mg)c 261 � 106 185 � 101

RDA, recommended daily allowance.
a Data were incomplete for two boys and four girls.
b P � 0.0001 by Mann-Whitney test (upper versus lower SES).
c P � 0.001 by Mann-Whitney test (upper versus lower SES).
d P � 0.01 by Mann-Whitney test (upper versus lower SES).

TABLE 6. Macronutrient intake as a percentage of total calories 
(mean � SD) for 8- to 10-year-old Turkish children according to SES

Upper SES Lower SES P a

% %

Boys (n � 101)b

Total protein 13.9 � 1.8 12.5 � 1.9 0.0004
Animal protein 8.6 � 2.1 4.9 � 8.6 �0.0001
Plant protein 5.3 � 1.1 7.6 � 1.5 �0.0001

Total fat 35.1 � 5.8 26.1 � 7.0 �0.0001
Animal fat 17.5 � 5.1 10.8 � 5.2 �0.0001
Plant fat 17.7 � 3.9 15.3 � 5.4 0.008

Carbohydrate 52.4 � 6.2 61.7 � 7.1 �0.0001

Girls (n � 118)b

Total protein 13.9 � 1.9 12.6 � 1.9 0.0006
Animal protein 9.0 � 2.2 5.0 � 2.2 �0.0001
Plant protein 4.9 � 0.9 7.6 � 1.4 �0.0001

Total fat 38.3 � 4.8 26.5 � 6.2 �0.0001
Animal fat 19.2 � 4.7 11.2 � 5.7 �0.0001
Plant fat 19.1 � 3.9 15.3 � 5.3 �0.0001

Carbohydrate 49.3 � 6.0 61.5 � 6.1 �0.0001

a Comparing upper versus lower SES children (Mann-Whitney test).
b Data were incomplete for two boys and four girls.
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the upper and lower SES children illustrate the effect of
dietary fat intake on these two parameters.

On the other hand, as shown in Table 7, dietary intake
of carbohydrates was inversely associated with total choles-
terol and HDL-C. Carbohydrate intake was not signifi-
cantly associated with triglyceride levels in the 8- to 10-
year-old children. Figure 6 clearly illustrates the inverse re-
lationship between HDL-C levels and carbohydrate as a
percentage of calories in the diet in the upper and lower
SES children. As reported by Katan and associates (32,
33), the higher the carbohydrate content of a diet, the
lower the HDL-C levels. The lower SES boys and girls, who
consumed �10% more carbohydrates than did the upper
SES children, had �10 mg/dl lower HDL-C levels.

DISCUSSION

The results of numerous studies of western European
populations and whites in the United States are summa-
rized in Table 8, which shows the typical changes in
plasma total cholesterol and HDL-C levels with age (13–
18, 21–26). Typically, newborns have low total cholesterol
and HDL-C levels, with males and females having similar
levels. Very similar results were obtained for Turkish new-
borns. In older children, plasma total cholesterol and
HDL-C levels are higher, but there are no major gender

differences before puberty. For example, Webber et al.
(34) found that the total cholesterol levels in 8- to 9-year-
old Anglo-American children from four states (California,
Louisiana, Minnesota, and Texas) were �165–170 mg/dl,
and their HDL-C levels were 50–60 mg/dl irrespective of
gender. Similar values were observed in African-American
and Latino children (34). In Fig. 7, the HDL-C levels for
pre- and postpubescent upper and lower SES groups of
Turkish males and females are compared with HDL-C levels
before and after puberty in U.S., Australian, and Japanese
populations (35). The HDL-C levels for prepubescent
males and females in the United States and Australia were
very similar to those of the upper SES Turkish children
(56 and 58 vs. 58 mg/dl for males; 53 and 57 vs. 55 mg/dl
for females, respectively) and were lower than those in
Japanese 8- to 10-year-olds (61–62 mg/dl). It is likely that
the Turkish upper SES groups are most appropriate for
comparison with other populations because the diets of
the upper SES children are most similar to the typical
European diet, as will be discussed.

The difference, when comparing the upper SES Turkish
HDL-C levels with those of the U. S. and Australian (and es-
pecially the Japanese) populations, was the strikingly
greater decrease in the HDL-C levels of the Turks after pu-
berty. After puberty, HDL-C levels in American and Austra-
lian males decrease to typical adult levels of �47 mg/dl,

TABLE 7. Pearson correlation coefficients between dietary
constituents (as a percentage of total energy intake) and plasma

lipids and lipoproteins of 8- to 10-year-old Turkish childrena

Total Cholesterol HDL-C Triglyceride

Boys Girls Boys Girls Boys Girls

Carbohydrate �0.33b �0.34b �0.31c �0.41c 0.19 0.13
Total fat 0.37b 0.35b 0.30c 0.38c �0.16 �0.11
Animal fat 0.32b 0.36b 0.34b 0.35b �0.14 �0.07
Plant fat 0.19 0.08 0.07 0.16 �0.08 �0.09

a Data were incomplete for two boys and four girls.
b P 
 0.001.
c P 
 0.01.

Fig. 4. The total plasma cholesterol levels for 8- to 10-year-old
boys and girls are plotted against the percentage of total calories
consumed as total fat. The lower SES boys and girls tended to have
lower cholesterol levels and a lower fat diet than upper SES boys
and girls.

Fig. 5. The HDL-C levels for 8- to 10-year-old boys and girls are
plotted against the percentage of total calories consumed as total
fat. The lower SES boys and girls tended to have lower HDL-C levels
and a lower fat diet than the upper SES boys and girls.

Fig. 6. The lower SES boys and girls had lower HDL-C levels and
consumed more carbohydrates than the upper SES boys and girls.
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whereas in females they decrease much less to typical adult
levels of �55–57 mg/dl (Fig. 7). Japanese males and fe-
males continue to have higher HDL-C levels even after pu-
berty. On the other hand, the HDL-C levels in Turkish boys
dropped from a group mean of �50 mg/dl to 37 mg/dl
and remained at 36–37 mg/dl during adulthood. The
HDL-C levels in Turkish girls decreased to �42 mg/dl and
remained at 40–42 mg/dl in adulthood regardless of SES.

Total cholesterol levels of upper SES Turks, before and
after puberty, are comparable to typical values for western
European and white U.S. populations, as shown in Table 8
(21–26, 34–38). This observation is of concern because the
greatly reduced HDL-C levels of postpubescent Turks
would be predicted to substantially increase coronary heart
disease risk compared with other populations with similar
total cholesterol levels but higher HDL-C levels (39–42).

The mechanism for the significant reduction in HDL-C
levels after puberty remains to be determined. It has been
postulated that androgen production may play a major
role in modulating HDL-C levels at puberty (43–45), and
increased androgen production in both males and females
is one of the prominent changes at this developmental
stage. Consistent with a possible role for androgens in the
modulation of HDL-C levels in Turks is the observation by
Hergenç et al. (46) that Turks have lower levels of sex hor-
mone binding globulin, which would result in increased
blood levels of free bioactive testosterone in both males
and females. Hepatic lipase production is regulated by an-
drogens and to a lesser extent by estrogens. High levels of
androgens are associated with increased levels and activity
of hepatic lipase (43–45). Because high levels of hepatic
lipase activity and protein mass are characteristic of Turk-
ish males and females (5), the dynamic balance between
androgens and estrogens in Turks may prove to be impor-
tant in explaining their low HDL-C levels.

The effect of socioeconomics on plasma lipids in the
Turkish society is intriguing. Previously, we demonstrated
that cholesterol levels are higher in Turks with higher sala-
ries and higher levels of education (i.e., higher SES) (1).
This is not typically seen in western European or Ameri-
can populations; in fact, plasma cholesterol levels are often
inversely associated with salary and education (47–49). The
more affluent Turks appear to consume diets higher in
saturated fats, which is supported by the increase in satu-
rated fatty acid content of plasma cholesterol esters and
triglycerides in the affluent Turks (1). However, SES has
no effect on mean HDL-C levels in Turkish adults (Figs. 2
and 3).

Unlike Turkish adults, differences in SES were associ-
ated with profound effects on the plasma levels of HDL-C
in prepubescent 8- to 10-year-old Turkish children. Both
the plasma cholesterol and HDL-C levels were lower in

Fig. 7. Plasma HDL-C levels in males (A) and females (B) from
Turkey are compared with values from the United States, Australia,
and Japan. Data for 8- to 10-year-old males and females from the
United States, Australia, and Japan are from the study by Dwyer et
al. (35) and are shown for comparison with data from this study of
8- to 10-year-old Turkish males and females and from a previous
study of 15- to 19-year-old Turks (1). Adult HDL-C levels for the
U.S. population [NHANES data; �20 years of age (71)], and
the adult Japanese population [40–69 years of age (72)] are shown
for comparison.

TABLE 8. Changes in plasma lipid levels with age in western Europeans and Turks

Western Europeans Turksa

Total
Cholesterol HDL-C

Total
Cholesterol HDL-C

mg/dl mg/dl

Newborns �100 �30 �60 �30
Male/female differences None None None None

Children 135–165 55–60 �155 55–58
Male/female differences None None None None

Young Adults �160 47–57 �160 37–42
Male/female differences M�F M:55–60➝47

F:55–60➝�55
M�F M:58➝37

F:55➝42

a Data obtained from the upper SES groups.
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the lower SES boys and girls. In fact, in prepubescent boys
and girls of lower SES, the HDL-C levels were only 45 mg/dl.
Thus, the lower SES Turkish girls have relatively low HDL-C
before puberty (�45 mg/dl) and only a small decrease in
HDL-C levels after puberty (�42 mg/dl), whereas the
lower SES boys have a 10 mg/dl decrease in HDL-C after
puberty. By contrast, the upper SES boys have a 21 mg/dl
decrease and the lower SES boys have a 10–13 mg/dl de-
crease in HDL-C levels after puberty.

Both developmental status and nutritional status were
clearly different in the upper and lower SES children.
Most of the anthropometric measurements were lower in
the lower SES boys and girls (Table 2). For example, many
in the lower SES group tended to be underweight and short
in stature. Whereas 46% of the upper SES boys and 40%
of the upper SES girls were above the 75th percentile for
weight for their ages, only 12% of the lower SES boys and
girls were above the 75th percentile for weight. Likewise,
46% of the upper SES boys and 36% of the upper SES
girls were above the 75th percentile for height, compared
with only 5% of the lower SES boys and 12% of the lower
SES girls. Similar anthropometric differences related to
SES have been observed in Turkey (50–52) and elsewhere
in the world (53).

Despite the fact that energy and macronutrient intakes
approached the established RDA for age and gender for
the children in both SES groups, the diets were very dif-
ferent. The upper SES groups consumed a diet that was
higher in fat, especially animal fat, which would be ex-
pected to be high in saturated fatty acids. On the other
hand, the children in the lower SES groups consumed a
diet higher in carbohydrates. Previously, other surveys
conducted in Ankara and elsewhere in Turkey demon-
strated that upper SES children consumed diets high in
animal protein and fat (especially lamb), whereas the typi-
cal diet of the lower SES children was enriched in carbo-
hydrates, including cereal grains (flour in bread, rice, and
bulgur) and sugar (51, 54, 55).

The effect of diet on plasma lipids and lipoproteins has
been studied extensively in clinical trials and free-living
populations, and although diet is clearly an important de-
terminant, various environmental and metabolic factors
intervene to modulate the dietary effects (53). However, it
is reasonable to discuss the differences in the lipids and
lipoproteins (especially the HDL-C levels) of the upper
and lower SES 8- to 10-year-old boys and girls in the con-
text of the dietary differences observed.

The effect on HDL-C levels of the higher carbohydrate
content (62% vs. 52% of total calories) of the diet con-
sumed by the lower SES children is consistent with prior
observations. Low HDL-C levels associated with high-
carbohydrate diets were reported as early as 1966 by Levy,
Lees, and Fredrickson (56). Subsequently, numerous trials
of healthy individuals have established that exchanging
carbohydrates for fat decreases HDL-C levels significantly
(57–63). It appears that the effect of carbohydrates on
HDL-C occurs not only with the consumption of simple
sugars but also with complex carbohydrates (64, 65). The
impact of high-carbohydrate, low-fat diets on atherogene-

sis is, however, controversial (66, 67). Although such a diet
reduces LDL-C levels as well as HDL-C levels, replacing di-
etary saturated fat with a balanced intake of mono- and
polyunsaturated fat, rather than carbohydrates, may be
more appropriate (68).

In a meta-analysis of 27 trials, Mensink and Katan (32)
examined the effects of exchanging fat in the diet for car-
bohydrates, including isocaloric exchanges of saturated
and unsaturated fatty acids. Increased consumption of fat
at the expense of carbohydrate was associated with an in-
crease in HDL-C levels, with saturated fatty acids having
the greatest effects (�5 mg/dl per 10% of energy re-
placed) and increasing unsaturation having lesser effects
(�3 mg/dl per 10% of energy replaced). Increased satu-
rated fat content was also associated with increased LDL-C,
so there was no change in the ratio of HDL-C to LDL-C de-
spite the increase in HDL-C associated with replacing car-
bohydrates with saturated fat. Replacement of carbohydrate
by unsaturated fat raised HDL-C less than did replacement
with saturated fat, but the HDL-C to LDL-C ratio in-
creased because unsaturated fat did not raise LDL-C levels
(32). When carbohydrate was replaced by fat, triglyceride
levels declined independently of the type of fat. In our
study, the upper SES 8- to 10-year-old boys and girls con-
sumed diets �10% higher in fat content than did the lower
SES children, and the exchange was accounted for almost
entirely by decreased carbohydrate and increased saturated
fatty acid-rich animal fats in the upper SES children.

Knuiman et al. (36, 57) examined the effects of differ-
ent diets on HDL-C levels in 8- to 9-year-old prepubescent
boys from various countries and reviewed data from
studies of 7- to 10-year-old boys. They concluded that
HDL-C levels correlate strongly and negatively with the
percentage of energy derived from carbohydrates and
correlate positively with the proportion of energy derived
from fats, especially saturated fats. Multiple regression
analyses revealed that the strongest predictor of the HDL-C
levels is the carbohydrate content of the diet and not the
fat content. In these prepubescent boys, differences in
obesity and physical activity were slight and did not af-
fect the HDL-C differences associated with the carbohy-
drate content of the diet. Knuiman et al. (57) compared
HDL-C levels with the percentage of calories derived
from carbohydrates in prepubescent boys from five differ-
ent countries (Finland, the Netherlands, Italy, Ghana,
and the Philippines). As shown in Fig. 8, these data dem-
onstrate that the higher the carbohydrate content of the
diet, the lower the HDL-C levels. A 10% change in energy
derived from carbohydrate is associated with a �10 mg/
dl difference in HDL-C levels across several different eth-
nic groups.

The HDL-C levels of the 8- to 10-year-old Turkish boys
from our study are entirely in agreement with those plot-
ted in Fig. 8. Others have shown that diets high in
starch and sucrose are associated with lower HDL-C
levels at comparable body weight (69). SES is far more
complex than diet alone, and it is likely that many factors
interact to produce the differences in HDL-C levels that
we have observed (53, 70). Future studies will attempt to
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elucidate psychosocial, environmental, educational,
physical activity, and metabolic differences among the
groups.
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