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PREVALENCE OF PLASMA LIPID ABNORMALITIES IN SAUDI CHILDREN

Mohsen A.F. El-Hazmi, PhD, FRCPath; Arjumand S. Warsy, PhD

Background: Lipid levels in children vary in different populations. Due to a close association between high lipid
levels and development of atherosclerosis, considerable interest has been directed to investigating lipid levels in
children.
Materials and Methods: We conducted this study on 2914 children with ages ranging from 1 year to <15 years,
randomly selected during a national household screening program. Fasting blood samples were used for
estimation of triglyceride and cholesterol levels.
Results: The overall range for cholesterol was 2.0-5.7 mmol/L and for triglyceride the overall range was 0.1-1.7
mmol/L. The children were separated into 14 groups depending on age, and the cholesterol and triglyceride levels
were calculated in each age group. Using published guidelines for estimating “borderline” and “high risk” for
coronary artery disease from cholesterol and triglyceride levels, the prevalence of borderline and high-risk groups
was calculated. 7.72% of the children fell in the borderline risk group and 1.55% in the high-risk group using
cholesterol values, while using triglyceride values, 1.4% and 0.55% fell in the borderline and high-risk groups,
respectively. The prevalence of abnormality varied in the different age groups.
Conclusion: The paper discusses the need for a lipid awareness program in Saudi children in an attempt to
decrease the complications associated with dyslipidemias during adulthood.
Ann Saudi Med 2001;21(1-2):21-25.
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Interest in the study of plasma lipids has been at its height
during the last one to two decades, due to the close
association between high levels of lipids and development
of atherosclerosis in children.1-8 Lipid levels show
differences in different populations and are shown to be
affected by age, sex, dietary habits, level of exercise and
genetics.9-21 In addition, lipid levels may be affected by the
types of food ingested, where food with high saturated fat
content tends to elevate the plasma cholesterol levels.22,23 In
a study by Knuiman et al. in 1983, the plasma cholesterol
levels in children around 8-9 years of age, from different
countries, were compared.24 The results showed variation in
the cholesterol levels in the various countries. The highest
cholesterol mean was in children from Finland and the
lowest in children from Ghana.24 In a similar study on 13-
year-olds in which 15 countries were compared, the highest
cholesterol level was in children from Finland and the
lowest was in children from Nigeria.25 Several conclusions
were drawn from these and other studies. These included
the suggestion of geographic pattern in the variation of total
cholesterol at specified ages prior to or during puberty.
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We conducted this study in an attempt to establish the
normal “reference” range for cholesterol and triglyceride in
Saudi children aged 1-<15 years, and to determine the
prevalence of hypercholesterolemia and hypertri-
glyceridemia in each age group and in the total group
screened,. This manuscript present our results in Saudi
children and compares the values obtained with those from
other populations.

Materials and Methods

The study population was comprised of apparently
healthy Saudi children, who were screened during a
household screening program for diabetes mellitus. The
screening procedure was statistically designed to be
representative of the whole country. The screening
procedure divided the regions into different sectors. In
randomly selected sectors, every tenth street was selected
and on every tenth street every tenth house was enrolled for
screening. The telephone numbers were acquired from the
local health clinic and the family was contacted. The
purpose of the study was explained and the family was
invited to join in the study. Only those who volunteered to
participate and gave their approval for their inclusion and
the inclusion of their children and other family members
took part in the study.

On a fixed day, when all family members were
requested to remain in a fasting state, an early morning visit
was made and blood samples were drawn by venipuncture
in heparinized tubes from all children from one to less than
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TABLE  1.   Mean, median, mode, standard deviation and non-parametric
ranges (2.5th–97.5th percentile) for cholesterol and triglycerides in
children of different age groups.
Age
(years) No.

Mean
(mmol/L)

Median
(mmol/L)

Mode
(mmol/L)

SD 2.5th – 97th

percentile

Cholesterol*
1 - <2 21 3.76 4.2 4.0 1.50 –
2 - <3 89 3.94 4.07 4.8 1.04 1.0-5.3
3 - <4 138 4.14 4.18 4.4 1.0 1.2-5.9
4 - <5 155 3.94 4.04 5.0 0.87 1.5-5.3
5 - <6 179 3.84 3.8 3.8 1.2 1.4-5.9
6 - <7 269 3.82 3.9 4.3 0.91 1.9-5.3
7 - <8 219 4.0 4.16 4.3 0.95 1.6-5.92
8 - <9 320 3.90 3.91 3.4 0.98 1.7-5.6
9 - <10 235 3.95 3.9 3.9 1.03 1.1-5.6
10 - <11 292 3.95 4.01 4.7 0.93 1.6-5.4
11 - <12 233 3.87 3.94 3.6 1.1 1.3-5.8
12 - <13 268 3.91 3.96 3.2 0.94 1.5-5.5
13 - <14 198 3.75 3.70 3.2 1.0 1.5-5.7
14 - <15 298 3.62 3.70 4.1 0.9 1.5-5.2
Triglycerides**
1 - <2 21 0.88 0.71 0.71 0.48 –
2 - <3 89 1.0 0.9 0.9 0.50 0.26-2.2
3 - <4 138 0.78 0.73 0.9 0.39 0.2-1.81
4 - <5 155 0.88 0.77 0 0.9 0.26-1.9
5 - <6 179 0.82 0.7 0.7 0.54 0.2-2.0
6 - <7 269 0.77 0.64 0.6 0.46 0.2-2.08
7 - <8 219 0.81 0.73 0.70 0.49 0.20-2.48
8 - <9 320 0.7 0.7 0.40 0.40 0.25-1.9
9 - <10 235 0.72 0.7 0.7 0.43 0.14-1.67
10 - <11 292 0.73 0.67 0.73 0.4 0.16-1.61
11 - <12 233 0.75 0.7 0.6 0.4 0.17-1.7
12 - <13 268 0.87 0.74 0.6 0.5 0.18-2.18
13 - <14 198 0.84 0.78 0.7 0.51 0.18-2.1
14 - <15 298 0.81 0.7 0.7 0.52 0.15-2.19
*ANOVA for cholesterol: F=3.528; P<0.0001; **ANOVA for
triglycerides: F=4.155; P<0.0001.

TABLE     2.     Prevalence of cholesterol and triglycerides elevation in the
total number of Saudi children investigated.

Total no. Borderline risk High risk Total risk
investigated No. % No. % No. %

Cholesterol 2914 231 7.72 43 1.55 274 9.4
Triglycerides 2914 41 1.4 16 0.55 57 1.96

fifteen years of age. Only 21 children who were <2 years
were included for blood extraction, and they had been
fasting for 4-6 hours. The total group comprised 2914
children and adolescents between 1-15 years of age. The
fresh blood was centrifuged to separate the plasma from the
cells and the plasma was stored frozen until required for
analysis. The cholesterol and triglycerides were measured
using Autoanalyzer, American Monitor “Parallel” at King
Khalid University Hospital, King Saud University, Riyadh.
This estimates cholesterol by the cholesterol esterase
method, while triglyceride estimation depends on
measuring a lipase assay. The data were entered into
computer at the Computer Centre, King Saud University,
and analyzed using the Statistical Analysis System (SAS)
Program. The mean, median, mode, standard deviation,

skewness, kurtosis, percentile range, frequency distribution
histogram and normal probability plots were obtained for
the total child population. The child population was further
grouped according to age into 14 groups and the level of
cholesterol and triglycerides were separately analyzed for
each group.

To compare the results of any two groups, Student’s t-
test was used and P<0.05 was considered statistically
significant. For comparison of the results of several groups
ANOVA was used and P<0.05 was considered statistically
significant.

Results

The mean and standard deviations for cholesterol and
triglycerides in the total child group screened were 3.9±0.9
mmol/L and 0.8±0.48 mmol/L, respectively. The frequency
distribution histogram and normal probability plot for
cholesterol for the overall Saudi children were obtained and
showed the cholesterol distribution as normal Gaussian
distribution with a slight skewness of 0.3 and kurtosis of
0.2 and a straight line for normal probability plot. The
parametric range (mean±2SD) was 2.0-5.7 mmol/L and the
nonparametric range (2.5th-97.5th percentile) was 1.8 to 5.6
mmol/L. The results of mean, median, mode and standard
deviation in different age groups, and the parametric and
nonparametric ranges, are presented in Table 1. The highest
mean was in the 3-4-year-olds and a significant decrease
occurred in the mean cholesterol with age, with the lowest
mean in those 14-15 years old (ANOVA: F=3.528;
P<0.0001).

For triglycerides, the frequency distribution showed a
normal Gaussian distribution with a skewness of 1.0 and
kurtosis of 1.2. The normal probability plot was a straight
line. The overall parametric range (mean±2SD) was 0.1-1.7
mmol/L, while the percentile range was 0.3-1.7 mmol/L.
The results of mean, median, mode, standard deviation and
parametric and nonparametric ranges (2.5th-97.5th

percentile) for triglyceride levels in the different age groups
are presented in Table 1. Significant variations in the mean
values and ranges were seen in the levels of triglyceride in
children in different age groups (ANOVA: F=4.155;
P<0.0001). The highest level of triglyceride was in the 2-3
year olds and the lowest level in those from 8 to 11 years.
A slight but nonsignificant increase was observed beyond
this age.

Using the normal values of cholesterol and triglycerides
quoted by Kuiterovich26 (for cholesterol, desirable,
borderline and high-risk values were <4.36 mmol/L, 4.36-
4.88 mmol/L and >5.13 mmol/L, respectively, while for
triglycerides the desirable, borderline and high-risk values
were <0.825 mmol/L, 0.825-1.089 mmol/L and >1.1
mmol/L), the prevalence of borderline and high-risk cases
was obtained and the prevalence of cholesterol and
triglyceride elevation in the total child group was calculated
(Table 2). The prevalence of cholesterol and triglyceride
elevation was also calculated for each age group and the
results of borderline risk and high-risk cases determined, as
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TABLE   3.   Prevalence of cholesterol and triglycerides elevation in Saudi
children in different age groups.

Cholesterol level (mmol/L)

Age
Total
no.

Borderline risk
4.36-4.88

High risk
≥5.13 Total

(years) investigated No. % No. % risk
Cholesterol
1 - <2 21 1 4.76 0 0 4.76
2 - <3 89 2 2.25 0 0 2.25
3 - <4 138 13 9.42 4 2.89 12.32
4 - <5 155 7 4.51 1 0.64 5.16
5 - <6 179 17 9.49 4 2.23 11.73
6 - <7 269 10 3.71 5 1.86 5.57
7 - <8 219 28 12.78 2 0.91 13.69
8 - <9 320 35 10.94 8 2.50 13.43
9 - <10 235 30 12.76 4 1.70 14.47
10 - <11 292 18 6.16 6 2.05 8.22
11 - <12 233 24 10.3 1 0.43 10.73
12 - <13 268 24 8.96 1 0.37 9.33
13 - <14 198 13 6.56 6 3.03 9.59
14 - <15 298 9 3.0 1 0.33 3.36
Triglycerides
1 - <2 21 0 0 0 0 0
2 - <3 89 1 1.12 0 0 1.12
3 - <4 138 3 2.17 6 4.35 6.52
4 - <5 155 3 1.94 1 0.65 2.58
5 - <6 179 4 2.23 0 0 2.23
6 - <7 269 1 0.59 2 0.74 1.1
7 - <8 219 2 0.9 0 0 0.9
8 - <9 320 2 0.63 0 0 0.63
9 - <10 235 1 0.43 0 0 0.43
10 - <11 292 3 1.03 0 0 1.03
11 - <12 233 2 0.86 0 0 0.86
12 - <13 268 9 3.36 6 2.24 5.59
13 - <14 198 5 2.53 0 0 2.53
14 - <15 298 5 1.68 1 0.34 2.01

presented in Table 3. For cholesterol the highest prevalence
of elevation was in the 7-10-year age group, while for
triglycerides the highest prevalence of elevation was in the
3-4-year and 12-13-year age group.

Discussion

The increasing evidence that atherosclerosis has its
beginning in childhood has also directed the attention
towards the cholesterol levels in children, since it is shown
that the beginning of fatty streaks in arteries occurs during
childhood, leading to the development of advanced
atherosclerotic lesions in adults.4,27,28 In recent years, serum
cholesterol has been the third nationally recommended
health screening test in the US population and is highly
recommended by the National Heart, Lung and Blood
Institute29 for both adults and children.29-31

Total cholesterol and triglycerides levels are affected by
age, sex, lifestyle, diet, infections, alcohol consumption,
caffeine intake, contraceptive use, and cigarette
smoking.32,33 Factors such as obesity, height, dietary
changes and changes in exercise routines can influence
both pediatric and adult lipid levels.13-15,27-38 Several

screening studies have been reported in children of
different ages and in different populations.11,15-19

This study has fulfilled several aims, including: 1) to
establish normal reference values for cholesterol and
triglycerides in Saudi children and adolescents; 2) to
compare this data with results published in the literature for
other populations; and 3) to determine the frequency of
hypercholesterolemia and hypertriglyceridemia. The results
of this study show that cholesterol levels in Saudi children
are lower than those reported for the populations of
Finland, New Zealand and Italy, are similar to the
Philippine population and higher than the population in
some of the African countries24 (Table 4).

The differences between populations may be a
consequence of several factors, including genetic and
environmental factors, dietary habits, lifestyle, etc. During
the last few decades, changes in the lifestyle of the Saudi
population have been very obvious. Fast food restaurants
have increased in number and fast foods have become a
very popular component of everyday life. This could
account for the high prevalence of cholesterol elevation in
the children of different ages.

Over 9% of all Saudi children and over 10% of those
between 3-14 years of age, fall in the high-risk group for
coronary artery disease (CAD) development when
cholesterol levels are used. Increased levels of plasma total
cholesterol are a strong predictor of CAD in adults.27-29

Though the link between lipid levels in childhood and CAD
in middle age has not been proven unequivocally, the
significant association between cholesterol levels in
childhood and those in the third decade supports the link
between cholesterol and atherosclerosis starting early in
life.2-10,22

In this study, hypertriglyceridemia was not seen as a
major problem. Only 1.96% of the total children fell in that
risk group. Fluctuations are seen in the different groups and
in the 3-4 years and 12-13 years the prevalence is more
than 5%. Whether elevated levels of plasma total
triglycerides are an independent predictor in CAD is
controversial, however, hypertriglyceridemia is present in
many patients with premature CAD.

The significant changes in plasma lipids seen during
adolescence in this study may result from sexual maturation
and related hormone levels and alteration in weight and
height associated with pubertal changes. Physical fitness
also influences lipid levels, where it was shown that boys
who were physically fit had lower levels of cholesterol and
triglycerides than the non-fit boys.24,25,39 Similarly, the
extent of physical activity plays an important role in
decreasing total cholesterol, triglycerides and LDL
cholesterol and increasing HDL cholesterol.13,14,21

We propose a lipid awareness program in Saudi
children with universal screening for dyslipidemia
(particularly hypercholesterolemia), overweight and
obesity, in order to provide health counselling to decrease
the relative risk of CAD development in later life.35 This
can be first done in schools and screening conducted once
every few years should suffice. These steps will help
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TABLE     4.     Cholesterol and triglyceride levels reported in the literature.24

Population Sex
Age group

(years)
No.

investigated
Cholesterol (mmol/L)

Mean±SD (range)
Significance compared to

results in Saudis**

Finland M+F 9.1±0.6 133 4.9±0.8 t=12.59
P<0.0001

New Zealand M+F 9.1±0.5 117 4.5±0.7 t=7.125
P<0.0001

Italy M+F 9.0±0.7 109 4.1±0.9 t=2.28
P<0.023

Philippines M+F 8.8±0.5 114 3.8±0.6 NS
Ghana M+F 8.9±0.6 116 3.3±0.7 t=7.095

P<0.0001
Saudi Arabia* M+F 9.7±3.9 2914 3.9±0.9 –
*Current study; NS=nonsignificant.

achieve better health for Saudis. The advice of the National
Heart, Lung and Blood Institute to the American public to
“know your numbers” is accepted by millions of
Americans.29 In fact, cholesterol screening is conducted in
physicians’ offices using instruments that provide reliable
results that can be immediately interpreted by the physician
himself.30,34 There is a need for such screening in Saudi
children, particularly since Saudi lifestyle and eating habits
are drastically changing and overweight and obesity
prevalence is fast increasing. A well-designed national
cholesterol education program in Arabic is also required to
improve awareness. In addition, family counselling is
necessary to improve dietary habits of the children. These
steps may be just a few in improving health status of Saudis
in the new millennium.
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