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Introduction
Hypercholesterolemia is one of the major established risk
factors for coronary heart disease (CHD), with CHD being
one of the five leading causes of death in the Asia–Pacific
countries.1 Hypercholesterolemia is affected by genetic, diet,
disease state and environmental factors. Recently, attention
has been focused on the nutritional programming in perinatal
period and the diseases in adulthood such as cardiovascular
disease, atherosclerosis, blood lipids and osteoporosis. Human
evidence supporting nutritional programming has major
potential biological and medical significance. Currently, there
are many published papers on the relationship between lipid
and cardiovascular disease. However, the reviews on this
aspect in some developing countries, especially in the Asia–
Pacific region, are few. The prevalence of hyperlipidemia
both in children and adults varies from country to country,
depending on their dietary intakes, diets during perinatal
period and early childhood, socioeconomic status, lifestyle
behaviour, race, age, sex, and also the criteria used. This
paper reviews the relationship between lipid and cardio-
vascular disease in the Asia–Pacific region.

Prevalences of dislipidemia in adults and children in the
Asia–Pacific region
The prevalence of high total cholesterolemia (TC) in chil-
dren is not well-defined as there are problems in selecting the
upper limit cut-off level for normal TC in children. The
prevalence of so-called ‘high TC’ in children therefore
varies from country to country according to the cut-off level
selected. The prevalence of serum TC above 180 mg/dL
and 240 mg/dL varies from 5 to 24% for US and 8 to 39%
for Finland (Table 12–9). In the Bogalusa Heart Study the
prevalence of white children with a triglycerides (TG) value
above 136 mg/dL was 5%.2 Lauer et al. found that 8% of
children aged 6–18 years had TG levels above 100 mg/dL.3

In Australia, it was found that 10% of adolescents aged 
15 years had fasting serum TG levels above 1.16 mmol/L
for males and 1.26 mmol/L for females.4 In the Asia–
Pacific regions, the prevalences of serum TC above the
selected cut-off levels are shown in Table 210–21 for adults
and Table 3 22–27 for children.

Tracking of blood lipids from childhood to adulthood
Considerable tracking of lipid and lipoprotein levels in chil-
dren occurs in a general population. Tracking is a measure of
the tendency of an individual to maintain a rank relative to
their peers through time. That is, serum lipid and lipoprotein
determinations have considerable value in predicting future
concentrations, especially when based on repeat determina-
tions. There is little evidence that serum lipid level at birth is
predictive of the level at 6 months or 1 year.28 However, by 
6 months, 30% of children who were above the 90th centile
for TC at this time tended to remain in the top decile at 1 year
and 61% were in the top three deciles. Tracking was most
pronounced for low-density lipoprotein cholesterol (LDLC)
for which 40% of those who were in the top decile at 
6 months remained in the top three deciles at 1 year. This
tendency to track was also noted at the lower end of the
distribution. Table 4 shows correlation coefficients of serum
TC and TG from the Bogalusa Heart Study. It appears that
correlation coefficients are highest for TC for 4-year-olds
versus 6-year-olds (r = 0.7) with r-values of 0.6–0.7 for 
1-year-olds versus 4-year-olds and also for 1-year-olds versus
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Table 1. Prevalence (%) of serum TC above 180–240 mg/dL in children in United States and Finland

Countries Cut-off levels (mg/dL) Age (years) Percent above cut-off levels
Boys Girls Both sexes

United States2,3,5–7 180 11–14 – – 17
200 8–12 20 – –
200 6–18 24 – –
205 6–17 – – 5
210 5–14 – – 5

Finland8,9 192 3–18 – – 39
211 3–18 – – 9
230 3–18 – – 8
230 13–15 9 13 –

TC: 1 mg/dL = 0.026 mmol/L.

Table 2. Prevalence (%) of serum TC above cut-off levels in adults in the Asia–Pacific region

Country Age (years) Cut-off levels (mmol/L) % TC above cut-off levels

Australia10 30–60 5.5 51.8 (m); 39.6 (f)
Hong Kong11 30–60 5.2 54.2
India12 20–73 5.2 22
Indonesia13 25–64 6.5 13.4
New Zealand14 30–69 7.5 8.0
Papua New Guinea15 > 25 5.2 16.0 (rural); 56.0 (urban)
Singapore16 30–69 6.5 23.7
South Korea17 35–59 240 mg/dL 8.9 (m); 10.4 (f)
Sri Lanka18 35–59 6.5 12.6
Thailand19–21 > 30 6.2 12.2 (m); 16.9 (f)

> 25 200 mg/dL 20.0 (m); 62.0 (f) (high SES)
Postmeno 200 mg/dL 91.3

m, male; f, female. Postmeno, postmenopausal women; SES, socioeconomic status.

Table 3. Prevalence (%) of serum TC above cut-off levels in children in the Asia–Pacific region

Country Age (years) Cut-off levels (mg/dL) % TC above cut-off levels
Boys Girls

Australia4,10,22 14–15 4.96 (mmol/L) 12.4 –
5.4 (mmol/L) – 9.0

173 23 40
11–18 200 28 –

240 12 –
15 200 5 15
12 213 10 10

Pakistan23 5–19 4.4 (mmol/L) 22 33
Taiwan24 5–19 170 36.5 39.7
Thailand25–27 0–72 170 27 19

9–18 170 40.2 47.2
6–15 170 44.0 56.0

Table 4. Correlation coefficients by age and year of follow-up for serum cholesterol and triglycerides in children: Bogalusa
Heart Study, 1973–1979

Age (years) n TC n TG
1 vs 4 1 vs 6 4 vs 6 1 vs 4 1 vs 6 4 vs 6

2–4 379 0.57 0.59 0.72 285 0.27 0.17* 0.28
5–6 451 0.66 0.62 0.70 352 0.30 0.34 0.44
7–8 407 0.69 0.67 0.75 335 0.37 0.36 0.45
9–10 386 0.70 0.69 0.70 287 0.34 0.41 0.50
11–12 351 0.64 0.61 0.74 234 0.25 0.30 0.47
13–14 184 0.73 0.64 0.72 114 0.40 0.35 0.41

TC, serum cholesterol; TG, triglycerides.  *P < 0.005; all, P < 0.0001. Source: Parker FC, Harsha DW, Farris RP, Webber LS, Frank GC, Berenson GS.
Reducing the risk of cardiovascular disease in children. In: Holroyd KA, Creer TL, eds. Self-management of chronic disease. Handbook of clinical
interventions and research. Orlando: Academic Press, 1986.
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6-year-olds. The r-values do not increase with age. The find-
ings are similar for TG but with lower r-values. Such corre-
lations for TC indicate that even one serum TC determination
has high predictive value for subsequent levels.

Lauer et al. in a 15-year follow-up study of 2446 school-
children from Muscatine, Iowa found that the correlation
coefficients between childhood and adulthood TC and LDLC
levels are 0.5–0.6 (Table 5).29 The data show a significant
correlation between TC and LDLC at 7–8 years and 20–
25 years of age, as well as between the levels at 13–14 and
26–30 years of age. For high-density lipoprotein cholesterol
(HDLC) the r-values are very low. Those children with child-
hood TC level above 90th percentile had a 24–32% risk of
developing high levels at 20 years of age or thereafter.

Programming by early nutrition
There is growing evidence of an increasing complex and
multifactorial etiology of heart diseases. It seems likely that
the large geographical variations in cardiovascular disease
morbidity and mortality, even though at least partly genetic
in origin, are influenced by a factor acting prenatally and 
in early life, or by a combination of factors present through-
out the lifespan. Changes in fetal growth pattern have been
related to adult disease risk and there are many theories
about the underlying mechanisms affecting cell division dur-
ing critical periods of tissue development.30 Evidence for
programming by nutrition is established in animals, in whom
brief pre- or postnatal nutritional manipulations may pro-
gram adult size, metabolism, blood lipids, diabetes, blood
pressure, obesity, atherosclerosis, learning, behaviour and
lifespan.31 Human epidemiological data link potential mark-
ers of early nutrition (size at birth or in infancy) to cardio-
vascular disease and its risk factors in adulthood.32 Low
bodyweight, head circumference and ponderal index at birth
and low weight at aged 1 year have been associated with an
increased risk of later cardiovascular disease. Small size at
birth and to 1-year-old has also been associated with higher
blood pressure and adverse changes in plasma concentrations
of glucose, insulin, fibrinogen, factor VII and apolipoprotein
B; abdominal circumference at birth is inversely associated
with higher serum concentration of total cholesterol, LDL
cholesterol and apolipoprotein B.32 Tienboon et al. found
that children who consumed cod liver oil in their early life
(during their preschool years) had body mass index (BMI),
waist-to-hip ratio (WHR), abdominal circumference (AC),
supra-iliac skinfold (SISF) thickness (and a trend for total

cholesterol) lower than those children who did not con-
sume.33 It seems that humans have sensitive windows for
nutrition in terms of later outcomes; for instance, perinatal
diet influences neurodevelopment and bone mineralization
into mid-childhood. Possible biological mechanisms for stor-
ing throughout life the ‘memory’ of early nutritional experi-
ence and its expression in adulthood include adaptive changes
in gene expression, preferential clonal selection of adapted
cells in programmed tissues and programmed differential
proliferation of tissue cell types. Animal and human evi-
dence supporting nutritional programming has major poten-
tial biological and medical significance.31

The ‘Cardiovascular Risk Factor of Chiang Mai Children’
(CARFACC) study: the small ‘n’ and capital ‘N’
phenomenons
The CARFACC study is planned to be a prospective longitu-
dinal study conducted by Tienboon (1995) in 1234 randomly
selected children aged 6–16 years in Chiang Mai, Thai-
land.34 It measured the cardiovascular risk factors of children
from well-to-do families. The children were followed-up
every 10 years. At the beginning of the study, it was found
that the prevalence of high TC according to age showed a
small ‘n’ phenomenon in boys and a capital ‘N’ phenome-
non in girls. In boys, the prevalence of serum TC level above
the cut-off level (170 mg/dL) decreases from 6 years (74%)
to a lower value (40%) at 9 years and increases again to a
higher value (72%) at 11 years and then declines to the age
15–16 years (13%, small ‘n’ phenomenon). Whereas in girls,
the prevalence increases from 6 years (57%) to a higher
value (81%) at 9 years and decreases to 35% at the age
around 11–13 years and then increases to 15–16 years (60%,
capital ‘N’ phenomenon). The CARFACC study not only
showed the high prevalence of elevated TC level in children
from well-to-do families but also a high prevalence of 
obesity (varies with age, weight-for-height (W/H) > 120%)
in boys (6–28%) and girls (11–26%) with more prevalence in
boys than in girls.

The Geelong Adolescent Health Study (GAHS)
The GAHS study is set out to determine the relative contri-
bution of early environment, parental and contemporary
influences on body size, fatness and coronary heart disease
risk in adolescence.10 The study was a retrospective longi-
tudinal study of 213 families. The relevant data on 14- to 15-
year-old adolescents and their parents were obtained and
linked with data previously obtained in infancy and early
childhood in the same individuals from infant welfare centre
and school medical records. The findings of the GAHS study
confirmed the important role of early environment both in
relation to body size and fatness and to CHD risk factor status
in adolescence. The study also confirmed the importance of
parental risk factor status on adolescent risk factor status
particularly with respect to smoking and TC level. If both
parents had TC values at or above 5.5 mmol/L (Table 6), the
adolescent was at significantly higher risk for TC above 90th
percentile for age and sex (relative risk 6.2; CI 2.3–16.5). Of
the variables measured, the most significant influences on
CHD risk factor status in adolescence were:
(1) weight at 50 months for systolic blood pressure (SBP) in

adolescence,

Table 5. Correlation coefficients between plasma TC level
in childhood and adult TC, LDLC and HDLC levels

Variable Sex Adult age in years
20–25a 26–30b

TC M 0.56 0.52
F 0.64 0.52

LDLC M 0.56 0.50
F 0.65 0.49

HDLC M NS NS
F NS 0.11

All P < 0.05; NS, non-significant; TC, serum cholesterol; LDLC, low-
density lipoprotein cholesterol; HDLC, high-density lipoprotein cholesterol;
a, childhood measurement at 7–8 years of age; b, childhood measurement at
13–14 years of age.
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(2) height at 80 months and serum TC of fathers and mothers
for TC,

(3) BMI at 80 months for WHR, and
(4) parental smoking habits for adolescent smoking.

Conclusion
In conclusion, prevention of dyslipidemia during childhood is
crucial. More attention should be now focused on the effect
of programming by early nutrition on later adult health.
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Table 6. Adolescent serum total cholesterol level relative to
parents’ cholesterol levela

Parents’ cholesterol Adolescent’s cholesterol category
category > 90th centileb < 90th centileb Total

Both >5.5 mmol/L 11 22 33
One >5.5 mmol/L 5 88 93
Total 16 110 126

a, relative risk for elevated cholesterol = 6.2, 95% CI 2.3–16.5; b, of a
national sample of Australian adolescents.4


