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Abstract

Study objective— The aim was to describe
the distribution of lipids and apolipopro-
teins in the Chinese population in Hong
Kong.

Design - This was a prospective, cross
sectional, population based survey.
Settings — The study was conducted in a
single, self referred, out patient screen-
ing centre.

Participants- Altogether 825 Chinese ad-
ults aged>20 years were screened. One
hundred subjects who had previously had
lipid measurement and 29 who were tak-
ing lipid modifying drugs were excluded
but 289 men and 407 women remained for
further analysis.

Main results — Age standardised mean
(SEM) lipids concentrations for Hong
Kong Chinese were total cholesterol:
men, 5:48 (0-05) mmol/l and women, 5-46
(0-06) mmol/l; triglycerides: men, 1-22
(1-03) mmeol/l and women, 1-:00 (1-03)
mmol/l; high density lipoprotein (HDL)
cholesterol: men, 1:25 (0-02) mmel/l and
women, 1-42 (0-:02) mmol/l; low density
lipoprotein (LDL) cholesterol: men, 3:56
(0-05) mmol/l and women, 3-50 (0-06)
mmol/l; apolipoprotein A-I (apo A-I):
men, 1-:34 (0:01) g/l and women, 1-46 (0-01)
g/l; and apolipoprotein B (apo B): men,
1-15 (0-02) g/1 and women, 1:06 (0-02) g/1.
The total to HDL cholesterol ratios were
men, 462 (0:07) and women, 4:10 (0-08);
and ape B to apo A-I ratios (apo B/A)

‘were men, 0-88 (0:02) and women, 0-75
(0:02). While levels of total cholesterol,

LDL cholesterol, apo B, triglycerides,
total/HDL cholesterol, and apo B/A were
positively associated with age in both
sexes and were higher in men before the
age 50-59 years, they rose steeply there-
after in women to cross over the levels in
men. In contrast, HDL cholesterol de-
creased with age while apo A-I remained
constant, and both were consistently
higher in women than in men in all age
groups.

Conclusions - Hong Kong Chinese have
attained lipid profiles similar to those in
other developed western populations.
Environmental factors seem influential
in this regard. Faced with the increasing
coronary mortality of recent years, there
should be a major effort to reduce the
cholesterol concentrations in this popu-
lation.

(¥ Epidemiol Community Health 1994;48:356-361)

It is well recognised that both the incidence of
coronary heart disease and serum cholesterol
concentrations in various parts of China are
relatively low when compared with those in
western countries.! Although the blood cho-
lesterol concentration and coronary heart dis-
ease mortality increase as societies become
more developed and urbanised, they remain
lower than those in healthy whites.! Hong
Kong, a British colony but essentially a Chi-
nese community, is a crossroads between the
east and the west and is renowed for its enorm-
ous economic growth and the extent of urbani-
sation in recent decades. These developments
have brought important changes to the
people’s lifestyle so that the traditional Chi-
nese culture and dietary habits are being re-
placed by affluent western ones. More interest-
ingly, there has been a concomitant rise in the
coronary heart disease mortality and morbidity
in recent years.* While the cause for this is
probably multifactorial, hyperlipidaemia is
believed to play an important part.’® Thus,
Hong Kong would have been an ideal model
for studying the effect of such a degree of
socioeconomic development on the lipid pro-
files of an ethnic group that has long been
regarded as having low cholesterol concentra-
tions. Until now, prospective data on lipid
patterns in Hong Kong Chinese have been
lacking and no reliable data on apolipoprotein
profiles for Chinese have been reported so far.
Moreover, to facilitate the implementation of
relevant and effective public health strategies
for reducing coronary heart disease in Hong
Kong, information is needed on the lipid dis-
tributions of the population.

Bearing the above considerations in mind, a
lipid screening programme was undertaken in
1991 to provide cross sectional data on the
distribution of lipid and apolipoprotein con-
centrations in the Hong Kong Chinese, and to
arouse public awareness of hyperlipidaemia.
This study describes the serum lipid and apo-
lipoprotein profiles and the effect of sex and
age on these.

Methods

In a lipid screening programme organised by
the Department of Medicine, University of
Hong Kong in collaboration with the Depart-
ment of Clinical Biochemistry, Queen Mary
Hospital in 1991, 825 men and women were
screened. The programme was operated on a
self referral and free of charge basis and was
publicised through health exhibitions, com-
munity centre visits, and free pamphlets. For
organisational and administrative purposes, a
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single centre was established in the Sai Ying
Pun Outpatient Clinic. The target population
was ethnic Chinese aged 20 years or above. One
hundred subjects with previous lipid measure-
ment (with or without knowledge of the results)
and 29 subjects who had been taking drugs
known to affect serum lipid concentrations
(such as lipid lowering agents, thiazides, f
blockers, and oral contraceptives) at the time of
screening were excluded. Coronary heart dis-
ease, hypertension, and diabetes mellitus were
not reasons for exclusion.

The demographic data, clinical history, and
family history of the participants were
obtained by filling in a questionnaire during
the first visit, with guidance given if necessary.
On the second visit, anthropometric measure-
ments including body height and weight, waist
and hip circumferences, and skin fold thick-
nesses at standard regions (biceps, triceps,
subscapular, and supra-iliac) using a Lange
caliper were performed by a trained research
assistant or registered nurse. Sitting blood
pressure in either arm was measured by a
doctor using standard mercury sphygmoman-
ometer after the participant had been at rest
for at least five minutes. Finally, a 20 ml
sample of 12 hour overnight fasting venous
blood was taken from each subject for blood
biochemistry and lipid analysis.

All blood tests were performed in the labora-
tory of the Department of Clinical Bio-
chemistry, Queen Mary Hospital ~ a major
regional and university teaching hospital.
Samples were centrifuged on the same day as
venepuncture and the serum aliquots were
stored at —70°C until analysis. A batch of 80
serum samples were assayed in each session in
order to minimise interassay variation. Levels
of urea, creatinine, transaminases, alkaline
phosphatase, glucose, total cholesterol, and tri-
glycerides were determined using automated
analysers (Hitachi 737 and 717 Analyzer,
Boehringer Mannheim Ltd, Germany respect-
ively). The apolipoprotein A-I (apo A-I) and
apolipoprotein B (apo B) concentrations were
determined on the Beckman Array Protein
System (Beckman Instruments Inc, CA, USA)
by rate nephelometry using calibrators as re-
commended in the standardisation programme
by the International Federation of Clinical
Chemistry and the World Health Organization
(WHO).™® High density lipoprotein (HDL.)
cholesterol was measured as the cholesterol left
in the serum after manganese phosphotungstic
acid precipitation of the apo B-containing lipo-
protein particles while low density lipoprotein
(LDL) cholesterol (mmol/1) was derived by the
Friedewald formula'®: LDL cholesterol = total-
HDL cholesterol-(triglycerides/2.2).

Taking into consideration the opposing in-
fluences of total cholesterol or LDL cholesterol
and HDL cholesterol on coronary heart disease
risk, ratios such as total/HDL cholesterol,
LDL/HDL cholesterol and HDL ratio have
been shown to predict the coronary heart dis-
ease mortality better than cholesterol alone.!! 2
Moreover, as quantitation of apo A-I and apo B
gives better indices of HDL and LDL concen-
trations than does measurement of HDL and
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LDL cholesterol, the ratio of apo B to apo A-I
(apo B/A) is believed to provide an even better
prediction of the coronary risk.>!? In this report,
we examined two such ratios: total/HDL cho-
lesterol and Apo B/A.

Statistical analysis was performed using the
computer statistical package of SPSS/PC+
V3.1 (SPSS Inc, Chicago)."* Descriptive stat-
istics were calculated for the various lipid and
apolipoprotein levels, stratified according to
sex and age groups. Since the distribution of
triglycerides in the study population was log-
normal, triglyceride values were log-trans-
formed in the statistical analysis so that the
mean levels for this variable were actually
geometric means and both the SD and SEM
were approximate. To obtain a closer estima-
tion of the population means, the overall
means of the lipid and apolipoprotein levels for
the sample were age standardised according to
the age distributions among the population as
reported in the 1991 population census.”® This
was done by applying the weighting proced-
ure'®: the weight for each age group in either
sex was obtained by dividing the percentage of
the general population in that particular sex
and age group by the corresponding percent-
age of the sample. This was to correct for the
difference in the age distributions of the
sample and the general population. Associ-
ation between categorical variables was
measured by the y? statistic whereas difference
between dichotomy variables was tested by
Student’s r test. Analysis of variance was used
to assess the effect of age and sex on lipid
variables. A two tailed p value of less than 0.05
was considered statistically significant.

Results
There were 696 subjects (289 men and 407
women) eligible for the final analysis. The
mean (SD) age was 45'4 (14-1) years, (range
20-91). Most demographic characteristics
were similar in both sexes except that more
men were employed in moderate and heavy
labouring jobs (24-8% v 20-1%, p=0-0003)
and more men smoked (17% o 25%,
p<0-0001). The monthly household incomes
(<$5000, 14-7%: $5000-9999, 37-6%:
$10000-19999, 30-4%:  $20 000-50 000,
15-4%:> $50 000: 1-9%) were similar to those
reported in the 1991 population census.’” A
past history of hypertension (11-2%), diabetes
mellitus  (3-4%), coronary heart disease
(7-9%), cerebrovascular accident (1:4%), peri-
pheral vascular disease (1-1%), renal diseases
(1:6%), gout (6:3%), cirrhosis (0-3%), hypo-
thyroidism (1-9%), and/or a family history of
coronary heart disease (11-9%), hypertension
(35:3%), diabetes (20-7%), cerebrovascular
accident (13-5%), premature death under the
age of 60 (12-4%) and/or hyperlipidaemia
(8:4%) were noted among the subjects. Sub-
jects were grouped according to alcohol con-
sumption as non-drinkers (62:5%), habitual
drinkers (3-4%), binge drinkers (1-9%), social
drinkers (30-3%), and ex-drinkers (1:6%).
The age specific, mean concentrations of the
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various lipids, apolipoproteins, and risk ratios
in relation to sex are given in Table 1. Despite
similar mean total cholesterol concentrations
in both sexes, their trends with age differed
noticeably (p<0-001 for age and interaction).
The mean total cholesterol concentrations
seemed to rise slowly from the youngest age
group onwards in men whereas they remained
lower in women before the age of 4049 years,
after which they increased steeply to become
even higher than those in men. LDL choles-
terol and apo B values followed a similar trend
(p<0-001 for age and interaction for LDL
cholesterol; p <0-001 for sex, age and interac-
tion for apo B). In contrast, mean HDL cho-
lesterol concentrations showed a significant
steady decline with age in both sexes, with
women having consistently higher levels in all
age groups (p <0-01 for age, p<0-001 for sex).
Apo A-I concentrations, though also consis-
tently higher in women in all age groups
(p<0-001), did not vary significantly with age.
Triglyceride values tended to increase with age
in both sexes (p <0-001). However, the rise in
men was gradual throughout while it was steep
in women between the ages of 40—49 and 50-59
years. In addition, men always had higher
triglyceride values than women in all age
groups (p <0-001) until 60, at which age level
began to fall. No significant correlation
between the variation in lipid levels and alco-
hol consumption was found to account for the
above observations.

About 43-1% of men and 46:8% of women
in the community were estimated to have a
total  cholesterol concentration <5-2 mmol/l
while as many as 20:7% of men and 21-4% of
women had a concentration > 6-2 mmol/l. Al-
though the percentage of individuals with a
total cholesterol >6-2 mmol/l increased with
age, the percentage of individuals with border-
line levels (5:2-6-19 mmol/l) was similar in
every age group in both sexes. A low HDL
cholesterol concentration (<091 mmol/l) was

. estimated to be present in 12:9% and 5:9% of

men and women respectively as a whole, and
the percentages always remained higher in

Table I Mean (SEM) serum lipid and apoliproprotein values in relation to sex and

age

Age groups (y)

20-29 30-39 40-49 50-59 60+
Men
No of subjects 44 81 58 59 47
Total cholesterol (mmol/l) 502 (013) 555 (0-11) 558 (0-14) 559 (013) 587 (0-16)
Triglycerides (mmol/1) 087 (1:06) 1-22(107) 146 (1-09) 1-54 (1-08) 137 (1-10)
HDL cholesterol (mmol/l) 1-31 (0-04) 125 (0-03) 119 (0-04) 1-17 (0-04) 1-29 (0-05)
LDL cholesterol (mmol/l) 3-28 (0-13) 3-65(0-10) 3-56 (0-13) 3-57 (0-12) 3-86 (0-12)
Apolipoprotein A-T (g/1) 1-34 (003) 135 (0-02) 133 (003) 1-29 (0:03) 139 (0-03)
Apolipoprotein B (g/1) 097 (004) 119 (0-03) 1-17 (0-04) 120 (0-04) 120 (0-05)
Total/HDL cholesterol 4-02 (0-18) 4-65 (0-15) 494 (0-20) 512 (020) 473 (0-18)
Apolipoprotein B/A 075 (0-04) 091 (0-03) 0-90 (0-03) 0-95 (0:04) 095 (0-04)
Women
No of subjects 63 96 93 70 85
Total cholesterol (mmol/1) 5-02 (0-11) 4-97 (0-09) 5-36 (0-10) 6-04 (0-13) 645 (0-13)
Triglycerides (mmol/l) 0-74 (1-06) 0-88 (1-06) 0-99 (1-04) 1-40 (1-05) 147 (1-06)
HDL cholesterol (mmol/l) 1-51 (0-04) 145 (0-04) 1-43 (0-03) 134 (0-04) 131 (0-04)
LDL cholesterol (mmol/l) 313 (0-11) 3-03 (0-09) 3-44 (0-09) 3-99 (0-13) 4-37 (0-12)
ApolipoproteinA-I (g/D 146 (0-03) 1-46 (0-03) 1-47 (0-02) 1-46 (0-03) 148 (0-02)
Apolipoprotein B (g/1) 088 (0:03) 091 (0:03) 1-05(0-03) 127 (0-04) 1-40 (0-04)
Total/HDL cholesterol 350 (0-14) 366 (0-12) 3-92 (0-11) 476 (0-17) 521 (0-16)
Apolipoprotein B/A 0-62 (0-03) 0-65 (0-03) 0-73 (0-03) 0-90 (0-04) 0-97 (0-03)
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men and tended to increase with age in both
sexes.

As for the risk ratios, the total/ HDL choles-
terol concentration increased steadily with age
in both sexes and was higher in men up to the
age 50-59 years. Thereafter, the levels de-
clined slightly in men while increasing steeply
in women, so that the levels in the two sexes
crossed over each other (p <0-001 for age and
interaction). Apo B/A followed a similar trend
as total/HDL cholesterol, except that values in
men did not show a decline in the age group of
60+ (p<0-001 for sex, age, and interaction).

Discussion

Chinese people have always been recognised as
having lower serum cholesterol concentrations
than whites.'” Earlier studies in Shanghai in
the 1950s showed that the mean serum total
cholesterol concentration of healthy Chinese
men above the age of 40 years was around
4-1 mmol/1.'* Even in patients with myocardial
infarction, the levels were still lower than those
of healthy Americans.!® Another study of 2392
middle aged Chinese factory workers from
urban Shanghai screened for serum total cho-
lesterol in 1972-73 and in 1977-78 showed
mean concentrations of 4-18 mmol/l and
4-19 mmol/l respectively.? In a survey of mid-
dle aged men and women in Beijing and
Guangzhou in 1983-84, the total cholesterol
concentrations were higher for urban workers
than for rural farmers, with Guangzhou
farmers having the lowest mean level of 4-0—
4-2 mmol/l. Even in Beijing urban workers, the
mean level was between 4-7-4-9 mmol/l.! A
more recent study in 1986 involving 716
healthy Chinese controls in Tianjin showed a
mean total cholesterol concentration of ap-
proximately 4-6 mmol/l in men and 4-8 mmol/l
in women.? This contrasts with western coun-
tries, where the average total cholesterol values
for the United States and United Kingdom
adult populations, for instance, are about
543 mmol/l and 5-8 mmol/l respectively.!”18
The age standardised mean total cholesterol
level of 5-47mmol/l in the present study is
much higher than values reported for the other
Chinese populations but comparable with
those in the western populations. Since most
of the Hong Kong Chinese are descendants of
the natives of the southern part of China or are
actually immigrants from there, this suggests
that the difference in the serum cholesterol
concentrations between the Chinese in Hong
Kong and in China is related more to environ-
mental than genetic factors.

One important environmental factor among
the others may be dietary cholesterol and fat
intake. Results of dietary surveys in the PRC-
USA cooperative study' showed that the tradi-
tional Chinese diets had the common character-
istics of a high carbohydrate content (mainly
from starch) and a relatively low fat content,
which made up 18% to 31% of the total daily
caloric intake. Only 25% to 27% of the total fat
was saturated fat. By contrast, according to data
from the Lipid Research Clinic Study, the
usual North American diet contains a consider-
ably higher percentage (40%) of energy from
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fat, a high proportion (37%) of which is satur-
ated fat.! The mean daily intake of cholesterol
was well below 300 mg in most of the Chinese
groups, while a distinctly higher intake of up to
500mg or more was found for American
men.! " Although there is no documented, up to
date data on the dietary pattern in Hong Kong
Chinese, it is reckoned that the diet has changed
into one containing the high fat and low fibre
foods produced by modern food technology as
the city becomes more affiuent, and that the fat
and cholesterol consumption is much higher
than that in the traditional Chinese diet. This
pattern of nutritional change is indeed found
throughout the developing world.*® The obser-
vation that in recent years the annual consump-
tion of meat and oil per capita in Hong Kong is
increasing, while that of rice is decreasing pro-
vides further support to this hypothesis.”!
Numerous studies on the effect of migration,
including the well known Ni-Hon-San Study,
also indicate that changes in the mode of life,
particularly the shift to a richer diet as a result
of migration from a less affluent part of the
world to a more affluent western country, were
associated with higher levels of serum choles-
terol and higher coronary heart disease in-
cidence and mortality, and that dietary lipids
(cholesterol, saturated fat, polyunsaturated fat)
played a key role in the short and long term
determination of serum cholesterol levels in a
population.®®? Furthermore, the falling coron-
ary heart disease mortality in the developed
countries such as United States, Finland, Aus-
tralia, and New Zealand has been associated
with a reduction in blood cholesterol concentra-
tions.??# Thus, it is postulated that dietary
changes may at least partially explain the find-
ing of a relatively high mean cholesterol con-
centration in the study population and the
rising coronary heart disease mortality in Hong
Kong.

While data from the WHO programme of
Multinational Monitoring of Trends in Cardio-
vascular Disease showed that the relative con-
tribution to coronary risk made by cholesterol
differs from population to population," consen-
sus within Europe and the United States
suggests that the “ideal” plasma cholesterol
concentration is <5-2mmol/1.%?® As demon-
strated by the Multiple Risk Factors Interven-
tion Trial, the association between cholesterol
levels and coronary risk is continuously graded
and there is no cholesterol value at which risk is
eliminated.?” A study in China also showed that
even within the range of 3-8—4-7 mmol/l there
was no good evidence of a threshold level of
cholesterol below which a lower cholesterol
concentration was no longer associated with a
lower risk of coronary heart disease.”? These
findings suggest that the “ideal” cholesterol
levels should be even lower than 5-2 mmol/l. If
this is true, these cholesterol levels are well
beyond ideal and serious attention to this prob-
lem is definitely required.

Our study points out the similarity of the
epidemiology of serum lipids in our Chinese
population and other white populations. %%
Although the menopausal status of the women
was not checked in our study, it is believed that
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the hormonal changes may account for the
accelerated rise in cholesterol concentrations in
women after the menopause. One other note-
worthy point is that our study found that HDL
cholesterol concentrations fell slightly but sig-
nificantly with age, whereas other studies did
not show such a relationship. Although alcohol
consumption was not shown to be an associated
factor in this study, it may still be argued that
the inadequacy of the power of the study design
conceals any real relationship between them, or,
some other factors such as ethnic difference
may, in fact, be involved. This certainly needs
further exploration.

Methodologically, there are certain limita-
tions in our study. Firstly, the subjects were
recruited on a self referral basis and those with
higher lipid concentrations or positive family
history might be more likely to come forward.
However, we made every effort to exclude those
who had had previous lipid checking and those
who had been taking agents known to affect the
lipid levels, and the prevalence of a positive
family history of hyperlipidaemia was 8-4%
only. Even after excluding this group of indi-
viduals, the results would not have been greatly
altered. In fact, self selection bias is not totally
excluded even by opportunistic case finding and
random selection.?

Secondly, the age and sex distribution in the
study population differed from that in the
general population. This will not, however,
affect the age specific means but rather the
overall population means. The age standardised
means were calculated in an attempt to take this
sampling difference into account. While this
method can, by no means, be regarded as a
substitute for proper random sampling, it offers
a better approximation of the population
means.

Thirdly, 10 individuals had triglyceride
levels higher than 5-6 mmol/l, which rendered
inaccurate the calculated LDL cholesterol.
Nonetheless, this has little effect on the final
results since their number is very small relative
to the entire study population.

Fourthly, 124 (17-8%) individuals with a past
history of coronary heart disease, diabetes mel-
litus or hypertension, were not excluded from
the analysis. However, most of them were
already being treated. Only 54 (7-8%) of sub-
jects had a diastolic blood pressure higher than
90 mmHg and 19 (2-7%) of subjects had fasting
blood sugar more than 8 mmol/l at the time of
screening. By using a r test to compare the
various age standardised lipid and apolipopro-
tein levels between the whole group and the
selected past history free individuals, no signi-
ficant difference was found (Table 2).

In addition, the findings on the epidemiology
of the lipids were also consistent with what
would have been expected from studies else-
where. %% In a research project carried out in
1983-85 concerning health risks, fitness, and
quality of life in Hong Kong involving 1359
Chinese adults recruited by non-random clus-
ter sampling in a low-cost housing estate and a
privately owned one in Shatin area, fasting total
cholesterol values were included as part of the
assessment. Though their results (Table 3) can-
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Table 2 Age standardised lipoprotein values (mean (SD) ) in the whole study group
compared with values in subjects with no past medical history of coronary heart disease
diabetes mellitus, and hypertension

Group

Total Triglycerides HDL LDL Apos A-I  Apo B
cholesterol  (mmol/(l) cholesterol  cholesterol (gfl) (g/l)
(mmol|l) (mmolfl)  (mmol/l)
Total group 547 1-11 1-34 353 1-40 1-11
(1-08) (1-78) (0-34) (1-0) 0-24) (0-34)
No past 5-45 1-06 1-36 3-53 1-41 1-09
medical history (1:05) (1773) (034) (0-98) (0-23) (0:32)

Table 3 Mean (SD) total cholesterol in an earlier study of 1359 Chinese adults =20
years (46% men, mean (SD) age 403 (14-6) years)

Total Age group (y)

cholesterol

(mmolfl) 20-29 30-39 40-49 50-59 60-69 70+

Men 4-58 4-93 513 5-19 5-06 4-38
(0-98) (0-98) (1-03) (1-25) (1-16) 0-72)

Women 4-36 4-49 4-69 5-51 567 529
a-07m (0-98) (091) 131) (138) (1:39)

Source: ref 30

not be directly compared with ours due to
different sampling techniques and timing, sim-
ilar cross over of the total cholesterol concentra-
tions for the two sexes occurred between the age
groups of 40-49 and 50-59.%

Conclusion

The study describes the distribution of lipids
and apolipoproteins in Hong Kong Chinese.
The lipid profiles obtained are comparable with
those reported in other developed western
populations and are by no means “ideal” as
recommended by most of the lipid authorities.
Environmental factors seem to play an import-
ant role in this regard. Faced with an increasing
coronary mortality in recent years, there should
be a major effort to reduce the cholesterol levels
in this population.

We would like to thank Merck Sharp & Dohme (Asia) Ltd for
their generous support on the programme and Miss Bonnie Fong
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measurements.
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