
4XN (0222 747747); Western General Hospital, Edinburgh
EA4 2HU (031 3327917); Duncan Guthrie Institute, Glasgow
G3 8SJ (041 339 8888); Kennedy Galton Centre, Northwick
Park Hospital, MiddlesexHA I 3UJ (081 422 8577); Clarendon
Wing, General Hospital, Leeds LS2 9NS (0532 432799);
Leicester Royal Infirmary, Leicester LEl 7LX (0533 541414);
Royal Liverpool Hospital, Liverpool L69 3BX (051 709 0141);
InstituteofChild Health, LondonWC1N lEA (071 242 7989);
Seventh and Eighth Floors, Guy's Tower, Guy's Hospital,
London SEI 9RT (071 955 4648); St George's Hospital
Medical School, London SW17 ORE (071 672 9944); St
Mary's Hospital, Manchester M13 OJH (061 276 6322);
19/20 Claremont Place, Newcastle upon Tyne NE2 4AA
(0912 226000); City Hospital, Nottingham NG5 1PB (0602
691169); Churchill Hospital, Oxford OX3 7LE (0865 62834);
117 Manchester Road, Sheffield SlO 5DN (0742 27511);
Princess Anne Hospital, Southampton S09 4HA (0703
796166).

1 Gusella JF, Wexler NS, Conneall) PM, Naylor SL, Anderson MA, Tanzi RE
et al. A polymorphic DNA marker genetically linked to Huntington's
disease. Nature 1983;306:234-8.

2 Hayden MR, Robbins C, Allard D, Haines J, Fox S, Wasmuth J, et al.
Improved predictive testing for Huntington's disease by using three linked
DNA markers. AmJ7 Hum Genet 1988;43:689-94.

3 Harper PS, ed. Predictive tests in Huntington's disease. In: Huntington's
disease. Major problems in neurology. Vol 22. London: W B Saunders,
1991:373-413.

4 Craufurd D, Harris R. Ethics of predictive testing for Huntington's chorea:
the need for more information. BMJ7 1986;293:249-51.

5 M\orris M, Tyler A, Harper PS. Adoption and genetic prediction for
Huntington's disease. Lancet 1988;ii: 1069-70.

6 World Federation of Neurology: Research Committee Research Group on
Huntington's Chorea. Ethical issues policy statement on Huntington's
disease molecular genetics predictive test. J Neurol Sci 1989;94:327-32.

7 Harper PS, Newcombe RG. Age at onset and life table risks in genetic
counselling for Huntington's disease..J Med Genet 1992;29:239-43.

8 Sandkuyl L, Ott J. Determining informativity of marker typing for genetic
counselling in a pedigree. Hum Genet 1989;82:159-62.

9 Tyler A, Harper PS. Attitudes of subjects at risk and their relatives towards
genetic counselling in Huntington's chorea. J Med Genet 1983;20:179-88.

10 Mastromauro C, Myers RH, Berkman B. Attitude towards presymptomatic
testing in Huntington's disease. Amj Hum Genet 1987;26:271-82.

11 Harper PS, ed. The epidemiology of Huntington's disease. In: Huntington's
disease. Major problems in neurology. Vol 22. London: W B Saunders,
1991:251-80.

12 Craufurd D, Dodge A, Kerzin-Storrar L, Harris R. Uptake of presymptomatic
predictive testing for Huntington's disease. Lancet 1989;ii:603-5.

13 Meissen GA, Myer RH, Mastromauro C, Koroshetz WJ, Klinger KW, Farrer
LA, et al. Predictive testing for Huntington's disease with use of a linked
DNA marker. N Engl7 Med 1988;318:535-42.

14 Brandt J, Quaid KA, Folstein SE, Garber P, Maestri NE, Abbott MH, et al.
Presymptomatic diagnosis of delayed-onset disease with linked DNA
markers. The experience in Huntington'sdisease.JAMA 1989;261:3108-14.

15 Bloch M, Fahy Ml, Fox S, Hayden MR. Predictive testing for Huntington's
disease; demographic characteristics, lifestyle patterns, attitudes and psy-
chological assessments of the first fifty-one test candidates. Am7 Med Genet
1989;32:2 17-24.

16 Tyler A, Morris M, Lazarou L, Meredith L, Myring J, Harper PS, et al
Presymptomatic testing for Huntington's disease in Wales 1987. 1990. BrJ
Psschiatry (in press).

17 Lam RW, Bloch M, Jones BD, Marcus AM, Fox S, Amman W, et al.
Psychiatric morbidity associated with early clinical diagnosis of Huntington
disease in a predictive testing programme..7 Clin Psvchiatry 1988;49:444-7.

(Accepted 23 March 1992)

Beijing Heart Lung and
Blood Vessel Medical
Centre, Beijing, China
Nan Li, research fellow
Zhang Min, systems analyst
You Chonghua, director

Department of
Epidemiology, National
Public Health Institute,
00510 Helsinki, Finland
Jaakko Tuomilehto,
professor

International Diabetes
Institute, Caulfield,
Australia
Gary Dowse, epidemiologist
Paul Zimmet, professor

Medical School, Newcastle
upon Tyne
K George Alberti, professor

Noncommunicable
Diseases Office, Ministry
of Health, Port Louis,
Mauritius
Pierrot Chitson, medical
officer
Hassam Gareeboo, medical
officer

World Health
Organisation, Port Louis,
Mauritius
Sir Djamil Fareed, WHO
representative

Correspondence to:
Professor J Tuomilehto,
Department of
Epidemiology, National
Public Health Institute,
Elimaenkatu 25A 6th Floor,
00510 Helsinki, Finland.

BMJ 1992;304: 596-601

Electrocardiographic abnormalities and associated factors in Chinese
living in Beijing and in Mauritius
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Abstract
Objective-To compare the prevalence of electro-

cardiographic abnormalities and to evaluate the
association between these abnormalities and the
levels of coronary heart disease among Chinese
living in different environments.
Design -Cross sectional surveys.
Setting-Beijing, China, and the island of Mauri-

tius.
Subjects-Random samples of people aged 35-64

years in Beijing (621 men, 642 women) in 1984 and in
Mauritius among Chinese (137 men, 130 women) and
non-Chinese (1265 men, 1432 women) in 1987.
Main outcome measures-Prevalence of electro-

cardiographic abnormalities suggesting coronary
heart disease and of associated risk factors.
Results-Prevalence of electrocardiographic

abnormalities suggesting coronary heart disease was
significantly lower in Beijing (4*0%) than in Mauritian
Chinese (24-3%) and Mauritian non-Chinese (24-5%).
Mean serum concentrations of total and non-high
density lipoprotein cholesterol were lower in Beijing
Chinese than in Mauritian Chinese, but smoking and
hypertension were slightly more prevalent. Overall,
men with electrocardiographic abnormalities had
higher risk factor levels than those with a normal
electrocardiogram regardless of ethnic origin.
Conclusions-The prevalence of coronary heart

disease and associated risk factors was different
among Chinese living in two different environments:
in Beijing in the People's Republic of China and in
Mauritius. Chinese, who traditionally have a very
low frequency of coronary heart disease, are by no
means protected against coronary heart disease and
other non-communicable diseases. Therefore,
primary prevention of coronary heart disease is a

major challenge for preventive medicine in China, as
weli as in many other developing countries.

Introduction
International comparisons have shown that the

occurrence of coronary heart disease varies greatly
from one country to another. In China the incidence of
and mortality from coronary heart disease are low, as
shown by, for example, the World Health Organisa-
tion monitoring trends and determinants in cardio-
vascular disease (MONICA) project.' The highest age
standardised coronary heart disease mortality in men
aged 35-64 years was found in the Siberian MONICA
study (401/100 000) and the lowest in the Sino-
MONICA-Beijing study (40/100000). In women the
highest coronary heart disease mortality was found in
the Glasgow MONICA study (132/100000) whereas
in Beijing it was only 28/100 000.' These 10-fold
differences in men and 4-7-fold differences in women
may be explained by different levels of coronary heart
disease risk factors,2 but it has also been proposed that
these risk factors may have different impact on the
development of coronary heart disease in different
geographic areas and in genetically different popula-
tions.
There have been many studies comparing coronary

heart disease risk factor levels in different countries.2-6
Genetics, ethnic background, lifestyles, and study
methods have often differed between the areas, hence
the possibilities for valid conclusions from many earlier
comparisons are limited. The Ni-Hon-San (Nippon-
Honolulu-San Francisco) Japanese migrant study
initiated in the mid-1960s overcame many methodo-
logical shortcomings and showed a clear gradient in
coronary heart disease mortality among Japanese men
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increasing from Japan to Hawaii and further to
California, despite the subjects studied having the
same genetic background.7'"
The epidemiological evidence suggests that the

occurrence of coronary heart disease is largely deter-
mined by the environment.38' The aim of this study
was to compare the prevalence of electrocardiographic
abnormalities and to assess the association between
these abnormalities and the levels of major coronary
heart disease risk factors among Chinese living in two
different environments: in Beijing, China, and in
Mauritius. Migrant studies provide one of the best
means ofgenerating hypotheses concerning the relation
of environmental factors and disease. The island
country of Mauritius, which has an entirely immigrant
population, is an ideal place for migrant studies. The
Chinese form one of three main ethnic groups in
Mauritius.

Methods
STUDY POPULATION

The Sino-MONICA-Beijing study covers a popula-
tion of approximately 700 000, about two thirds urban
and one third rural, scattered in six urban and suburban
districts and one rural county of Beijing. This distribu-
tion approximates that ofthe whole city. The first Sino-
MONICA-Beijing risk factor survey was carried out
during August and September of 1984 and August-
September 1985 in Beijing.'2 Random sampling was
performed in two steps. First, 40 out of 222 urban
residence committees and 17 out of 125 rural villages
were chosen. At the second step, all individuals in the
residence committees or villages were randomised
again and enumerated by name, sex, and age. A total of
1682 individuals aged 25-64 years were surveyed, with
a response rate of 88%.
The subtropical island of Mauritius is situated in the

south western Indian Ocean. The total population is
about 1 million, an estimated 70% of whom originated
from the Indian subcontinent; 2% are Chinese and 28%
are Creole (mixed African, Indian, and European
ancestry). The Mauritius non-communicable risk
factor survey was completed during April and May
1987.'3 The target population for the survey was
Mauritian adults aged 25-74. A two stage cluster
sampling scheme was used to select 10 areas from
defined census divisions: six among them were rural
and four urban, which approximates the actual rural to
urban ratio of the total population. All adults aged
25-74 living in the selected areas were included in the
sample. In addition, a specific area with high density of
Chinese residents (Chinatown) was chosen to bolster
the small number of Chinese subjects in the random
sample. A total of 5074 individuals were surveyed,
with an overall response rate of 86%: among the 409
Chinese the rate was 78%. Chinese ethnicity was based
on looking Chinese, having a Chinese name, and the
subjects identifying themselves as Chinese. Inter-
marriages between Chinese and other ethnic groups in
Mauritius are known to be rare.

Subjects 35-64 years of age for whom electrocardio-
graphic data were available from these two populations
were chosen for the present comparative analysis.

BLOOD PRESSURE MEASUREMENT

The same method was used to measure blood
pressure in the Sino-MONICA-Beijing and Mauritius
studies. Blood pressure was measured in the right arm
with a standard mercury sphygmomanometer with a
cuff width of 12 cm and length of 42 cm. Measure-
ments were performed after five minutes' rest with the
subjects in the sitting position. A minimum number of
observers were trained and tested before starting the
survey. Systolic and diastolic pressures were recorded

on the basis of the first the fifth phase of the Korotkoff
sounds and were expressed to the nearest 2 mm Hg.
Blood pressure was measured twice and calculated as
the mean of the two measurements.

WEIGHT AND HEIGHT

Height and weight were recorded with the subjects
wearing light clothing and without shoes. Accurate
balance scales were used and height was recorded to the
nearest cm and weight to the nearest 200 g (in Beijing)
and to the nearest 100 g (in Mauritius). Body mass
index was calculated as weight divided by height
squared (kg/M2).

BLOOD SAMPLING AND BLOOD LIPID DETERMINATION

Blood samples in the Sino-MONICA-Beijing survey
were taken after an overnight fast of 12-16 hours.
Serum was stored on ice and sent to the laboratory of
Beijing Heart, Lung, and Blood Vessel Centre within
four hours. Total cholesterol was measured using a
cholesterol oxidase enzymatic method. The phospho-
tungstate-magnesium precipitation method was used
to isolate high density lipoprotein cholesterol from low
density lipoprotein cholesterol and very low density
lipoprotein cholesterol. Regular quality control
measures were done by internal and external standard-
isation with the World Health Organisation MONICA
project quality control centre for lipid standardisation
in Prague, Czechoslovakia.

Strict internal and external quality control measures
also were performed to ensure validity in the Mauritius
survey. Plasma total cholesterol and high density
lipoprotein cholesterol concentrations were determined
from fasting blood specimens by using manual colori-
metric methods at the Victoria Hospital, Mauritius.
Plasma was separated at the survey site within two
hours and transported to the Victoria Hospital in the
afternoon for analysis. An aliquot of every tenth
specimen was stored frozen and these specimens were
measured again by autoanalyser in Newcastle upon
Tyne, England, using an enzymatic method. The
Newcastle laboratory is part of two national quality
assurance programmes in the United Kingdom. Results
indicated that total cholesterol was slightly over-
estimated in the local laboratory in Mauritius. Hence
all values have been adjusted according to the regression
formula:

total cholesterol (mmolIl)=original value-1- 133
0-81879

ELECTROCARDIOGRAMS

Standard supine 12 lead electrocardiograms were
recorded with a paper speed of 25 mm/s in both
populations. All electrocardiographic equipment ful-
filled the recommendations of the American Heart
Association's technical specifications. Electrocardio-
graphic recordings were carried out by technicians who
had been specially trained in subject preparation,
electrode placement, and other aspects. All electro-
cardiograms from Beijing were read and classified
according to the Minnesota code in duplicate in
Beijing, where three observers have been trained by
the WHO MONICA project quality control centre for
electrocardiogram coding. Discrepancies were
adjusted by an experienced supervisor (NL), who also
reviewed most of the electrocardiograms classified as
normal. Items from normal electrocardiograms, such
as heart rate, QRS axis, maximum R wave and S wave,
and V5 lead T wave height, were also coded. Electro-
cardiograms from Mauritius were coded in duplicate in
Helsinki and Prague. Electrocardiograms from either
Beijing or Mauritius suggesting any ischaemic abnor-
mality were checked- by one investigator (NL) to assure
that no obvious biases were included in the comparison
of abnormalities. An additional recording of 152
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TABLE I-Prevalence ofcoronary heart disease in men and women by ethnic group according to Minnesota coding criteria ofelectrocardiograms. Values are numbers (percentages)

Men Women

Mauritius Mauritius

Beijing Chinese Non-Chinese Beijing Chinese Non-Chinese
Code category (n=621) (n= 137) (n= 1265) (n=642) (n= 130) (n= 1432)
Probable coronary heart disease* 1 (0 2) 3 (2-1) 26 (2-0) 1 (0-2) 9 (0 6)

1.1 QandQS 1 (0 2) 3 (2-2) 17 (1-3) 6 (0-4)
1.2QandQS 9 (0-7) 1 (0 2) 3 (0-2)

Possible coronary heart disease* 17 (2 7) 24 (17 5) 175 (13 8) 31 (4 8) 38 (29-2) 452 (31-6)
1.3 Q and QS 4 (0-7) 5 (3-6) 22 (1-7) 2 (0-3) 3 (2-3) 37 (2 6)
4.1-4.4 ST-J depression 8 (1-3) 7 (5-1) 63 (5-0) 17 (2-6) 18 (13-8) 211 (14 7)
5.1-5.3Twave inversion 12 (1-9) 21 (15 3) 155 (12 3) 29 (4-5) 36 (27-7) 422 (29 5)
7.1 Left bundle branch block 4 (0-3) 4 (0 3)

Total 18 (2 9) 27 (19 7) 201 (15 9) 32 (5 0) 38 (29-2) 461 (32-2)

Cases % Cases % Cases % Cases % Cases % Cases %

Probablecoronary heart disease 1 0-2 2 1-4 12 1-0 1 0-2 4 0-3
Possible coronary heart disease 17 2-7 24 17 5 175 13 8 31 4-8 38 29-2 452 31-6
Total probable and possible

coronaryheartdisease 18 2-9 24 17 5 187 14 8 32 5 0 38 29-2 456 31 8

The incidences are more than shown in the row "cases" because one person can have two or more different electrocardiographic abnormalities.
*Whitehall criteria (reference 14).

TABLE ii-Prevalence of abnormal electrocardiograms suggesting coronary heart disease (probable and
possible) by population group, age, and gender

Men Women All

No (%; 95% confidence No (%; 95% confidence No (%; 95% confidence
interval) interval) interval)

Beijing Chinese:
35-54 years 5 (1-2; 0-2 to 2 2) 16 (3-8; 2-0 to 5-6) 21 (2-5; 1-4 to 3-6)
55-64 years 13 (6-3; 3-0 to 9-6) 16 (7-3; 3-8 to 10-8) 29 (6-9; 4-5 to 9-3)

Mauritian Chinese:
35-54years 15 (16-3; 8-8 to23-8) 23 (23-0; 148 to 31-2) 38 (19-8; 14-2 to25-4)
55-64 years 9 (20-0; 8-3 to 31 7) 15 (50-0; 32-0 to 67 9) 24 (32-0; 21 4 to 42-6)

Mauritian non-Chinese:
35-54 years 114 (11-8; 9-8 to 13-8) 309 (28-8; 26-1 to 31-5) 423 (20-8; 19 0 to 22-6)
55-64 years 73 (24-4; 19-5 to 29-2) 147 (40 8; 35-8 to 45-9) 220 (33-4; 29-8 to 37-0)

normal electrocardiograms from Beijing was done by
an independent coder. The same investigator who had
checked most of the electrocardiograms (both normal
and abnormal) from Beijing also recorded a sample of
200 normal electrocardiograms from Mauritius. These
final checkings confirmed that in both countries normal
electrocardiograms were correctly coded as normal.

In the final classification of the observed electro-
cardiographic changes we used the commonly agreed
Whitehall criteria4 where Minnesota codes 1.1, 1.2
(large Q wave) suggest probable coronary heart disease
and Minnesota codes 1.3 (small Q wave), 4.1-4.4 (ST
segment depression), 5.1-5.3 (T wave inversion), and
7. 1 (left bundle branch block) suggest possible coronary
heart disease.

STATISTICAL METHODS

Statistical analyses were performed on the National
Public Health Institute's VAX computer using SAS
(Statistical Analysis Systems) software. Mean values of
continuous variables were adjusted for age by analysis
of covariance. Significance across groups was assessed
by the F test. Age standardised proportions were
calculated by the direct method using the "world
standard population" as the standard. Significance of
differences in proportions across groups was assessed
by conventional X2 test, and 95% confidence intervals
for the prevalence of electrocardiographic abnor-
malities were computed assuming the Poisson
distribution.
The independent effect and relative importance of

several putative variables and their interactions on the
occurrence of electrocardiographic abnormalities sug-
gesting coronary heart disease among the Chinese were
assessed using the multiple logistic regression model.
In the final model, in addition to the population, we
included age, non-high density lipoprotein cholesterol
concentration, and mean arterial pressure, which in
univariate analyses were associated with electrocardio-
graphic abnormalities. To assess whether the observed

difference in the association of these three risk factors
with electrocardiographic abnormalities was different
between the Chinese living in China and in Mauritius,
we included interaction terms between centre and
other variables in the multiple logistic regression
model.

Results
The prevalence of electrocardiographic abnor-

malities suggesting coronary heart disease was low in
all study populations (table I). Since the prevalence of
possible coronary heart disease was also low in Beijing,
the overall prevalence of positive electrocardiographic
findings (probable and possible coronary heart disease)
was significantly lower in Beijing (4 0%) than in
Mauritian Chinese (24-3%) and in Mauritian non-
Chinese (24 5%). The prevalence of possible coronary
heart disease was higher in women than in men in each
population because ST-T changes (such as 4-2, 43,
5-2, 5 3) were more common in women than in men.
The prevalence of abnormal electrocardiogram was
significantly lower in the younger (35 to 54 years) than
older (55 to 64 years) subjects among the three
populations (table II).

In Beijing, men with a positive electrocardiogram
had significantly higher serum total cholesterol and
non-high density lipoprotein cholesterol concentra-
tions, higher systolic and diastolic blood pressures, and
a higher prevalence of hypertension than men with a
normal electrocardiogram (table III). Only systolic
blood pressure was significantly higher in women with
a positive electrocardiogram compared with those with
a normal electrocardiogram. In Mauritian Chinese,
non-high density lipoprotein cholesterol concentration,
body mass index, systolic blood pressure, and the
prevalence of hypertension were significantly greater
in men with electrocardiographic abnormalities than in
those without. In women, only the prevalence of
hypertension was higher in subjects with a positive
electrocardiogram. In the non-Chinese population of
Mauritius both men and women with a positive electro-
cardiogram had significantly increased systolic and
diastolic blood pressures and prevalence of hyper-
tension.

In Mauritius, about 40% of the Chinese subjects
with an abnormal electrocardiogram had a high blood
pressure (table IV). Because ofrelatively small numbers
and similar trends in both sexes data for men and
women were pooled. The overall association between
electrocardiographic abnormalities and hypertension
was similar in younger (35 to 54 year old) and older
(55 to 64 year old) subjects. In both populations the
increase in the prevalence of electrocardiographic
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TABLE iII-Selected vanrables by electrocardiogram (ECG) abnormalities suggesting coronary heart disease (Whitehall criteria'4)

Chinese in Beijing Chinese in Mauritius Mauritian non-Chinese

ECG ECG ECG ECG ECG ECG
Characteristic normal abnormal p Value normal abnormal p Value normal abnormal p Value

Men
Cholesterol (mmol/l)

Highdensitylipoprotein 1-2 1 2 0 705 1 1 1 1 0-518 1-3 1-3 0-735
Total 4-2 4-8 0-004 5-4 5-6 0-841 5-8 5-7 0-895
Non-high density lipoprotein 3-1 3-6 0-046 4-3 4-5 0-042 4-5 4-4 0-957

Body mass index (kg/m) 23-4 24-9 0-275 24-1 25-9 0-033 23-1 23-0 0-253
Blood pressure (mm Hg):

Systolic 130 151 0-015 129 136 0 033 129 135 <0-001
Diastolic 85 93 0-002 82 84 0-579 81 85 <0-001

Smoking (%) 37-0 50-0 0-057 23-0 12 5 0-641 42-6 44-4 0-747
Hypertension(%) 24-2 55-6 0 004 18-6 45-8 0-004 16-1 40-1 <0-001

Women
Cholesterol (mmol/l)

Highdensitylipoprotein 1-2 1-3 0-823 1-4 1-4 0-414 1-3 1-3 0-154
Total 4-3 4-3 0-165 5 4 5-0 0 400 5-6 5-7 0 091
Non-highdensitylipoprotein 3-1 3-0 0-177 4-1 3-5 0-549 4-3 4*5 0-062

Bodymassindex(kg/m-) 24-5 24 5 0-875 24-1 23-6 0-654 24-9 25 4 0-042
Blood pressure (mm Hg):

Systolic 128 137 0 003 131 133 0-128 126 134 <0 001
Diastolic 81 83 0-109 78 78 0 616 76 81 <0-001

Smoking((%) 5-9 0 0 805 0 0 1 0 2-4 2-6 0-437
Hypertension(%) 21 8 34-4 0-053 10-9 36-8 0-008 10 9 28-3 <0-001

TABLE IV-Prevalence (%) ofelectrocardiogram (ECG) abnormalities by hypertension status and age group

Chinese in Beijing Chinese in Mauritius All

Blood Blood Blood Blood Blood Blood
pressure pressure pressure pressure pressure pressure

Age group normal abnormal* normal abnormal* normal abnormal*

35-54 years:
ECG normal 82-5 17 5 87-7 12-3 83-4 16-7
ECG abnormal 76-2 23-8 65-8 34-2 69-5 30 5
p Value (X2 test) 0-451 <0-001 0-003
Odds ratiot (95% confidence interval) 2-57 (1 36 to 4-88)

55-64 years:
ECG normal 65-5 34-5 76-5 23-5 66-7 33.3
ECG abnormal 44-8 55-2 50-0 50-0 47-2 52-8
p Value (X2 test) 0-025 0-022 0-002
Odds ratiot (95% confidence interval) 2-62 (1-42 to 4-84)

35-64 years:
ECGnormal 77-0 23-0 84-9 15-1 78-1 21 9
ECGabnormal 58-0 42-0 59-7 40.3 58-9 41-1
p Value (X2 test) 0-002 <0 001 <0-001
Odds ratiot (95% confidence interval) 2-97 (1-94 to 4-55)

*Systolic > 160 mm Hg or diastolic >95 mm Hg or patient treated for hypertension. tOdds ratio computed controlling for the study population.

TABLE V-Multiple logistic regression of ischaemic electrocardiographic abnormalities suggesting coronary
heart disease on various risk factors in Chinese subjects living in Beijing or Maurntius

Men Women
(n=758) (n=772)

Parameter Standardised Parameter Standardised
Variable estimate error p Value estimate error p Value

Centre(1)* 4-81 1-64 0-003 0-59 1-20 0-623
Non-high density

lipoprotein cholesterol 0-30 0-15 0-034 -0-22 0-14 0-097
Mean arterial pressuret 0-03 0-01 0-024 0-02 0-01 0-048
Age 0-06 0-03 0-023 0-07 0-02 <0-001
Mean arterial pressure* Centre (0) -0-01 001 0-643 -0-002 0J01 0-861
Non-high density

lipoprotein cholesterol*
Centre(0) -0-23 0-15 0-076 -0-12 0-14 0-195

Age* Centre (0) -0-05 0-03 0-125 0-02 0-02 0-374

*0=Beijing; I=Mauritius. tComputed according to the formula; 1/3 systolic+2/3 diastolic pressure.

abnormalities with age was parallel with the increase in
the prevalence of hypertension.
The multiple logistic regression analysis confirmed

that the higher prevalence of electrocardiographic
abnormalities was not fully explained by the differences
in serum non-high density lipoprotein cholesterol con-
centration and blood pressure (table V). The inter-
action between the study area (Beijing v Mauritius) and
the three risk factors was non-significant confirming
that their effect was similar in both Chinese popula-
tions and both in men and women.

Discussion
The present study provides a unique opportunity to

assess the risk of coronary heart disease in the Chinese,
who in their homeland are known for their low

incidence of and mortality from coronary heart
disease.' '" Although increasing evidence is accumulat-
ing on the importance of genetic susceptibility to the
risk of coronary heart disease,"6'" genetic markers that
might contribute to the lower coronary heart disease
risk in the Chinese have not been identified. People of
Mongoloid origin, including the Chinese, are particu-
larly susceptible to hypertension, non-insulin depen-
dent diabetes mellitus, and stroke if exposed to
environmental risk factors.' 1319-22 Therefore, the
apparent lower susceptibility to coronary heart disease
in China remains obscure and is probably related to
lifestyles and culture.
The main finding of our study was that the preva-

lence of coronary heart disease in Chinese living in two
different environments was different, being three
to four times higher in migrant Chinese living in
Mauritius than in those living in Beijing, and similar
to the prevalence in Asian Indians and Creoles in
Mauritius. Studies in migrants are important in testing
hypotheses of the role of environmental factors in
the aetiology of coronary heart disease.7`102924 Until
now there have been no comparative studies of the
occurrence of coronary heart disease among the
Chinese in mainland China and abroad. Our data are
thus particularly valuable in that they show the in-
creased susceptibility of the Chinese, given an appro-
priate environment.

BLOOD PRESSURE, GLUCOSE INTOLERANCE, AND
PLASMA LIPIDS

Our earlier results from Mauritius showed that the
Chinese are certainly not protected against impaired

BMJ VOLUME 304 20 JUNE 1992 1599

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.304.6842.1596 on 20 June 1992. D
ow

nloaded from
 

http://www.bmj.com/


glucose tolerance and non-insulin dependent
diabetes mellitus,'325 and the Chinese in Mauritius
are also prone to develop high blood pressure.26
Several recent reports have suggested that the well
known association between blood pressure and
glucose intolerance may be part of a metabolic
syndrome characterised by insulin resistance and
leading to coronary heart disease.2730 Hyper-
insulinaemia and insulin resistance are also associ-
ated with an atherogenic plasma lipoprotein pro-
file.2931 Both total and non-high density lipoprotein
cholesterol were significantly increased in the
Chinese in Mauritius when compared with the
Chinese in Beijing. Unfortunately, glucose tolerance
was not assessed in Beijing. Other studies have
shown very low rates of non-insulin dependent
diabetes mellitus in the Chinese in China.32
Even though absolute levels of blood pressure and

plasma lipids in Mauritian Chinese in our study were
not exceptionally high, they were by no means low,
and were similar to those of the Indian and Creole
Mauritians. Earlier studies have shown that Chinese
patients with acute myocardial infarction have signi-
ficantly higher blood pressure and plasma lipid
concentrations than do control subjects.33" This is
consistent with the commonly agreed fact that the
risk of coronary heart disease increases linearly with
blood pressure and plasma cholesterol.335 36 Other
factors than may account for the higher rate of
coronary heart disease in Chinese in Mauritius than
in Beijing could be differences in dietary habits and
physical activity that are likely to be more favourable
in Beijing,37 38 although comparative data are not
available.

CORONARY HEART DISEASE

The World Health Organisation MONICA project
baseline data showed that mortality from coronary
heart disease among the 40 participating centers was
the lowest in men from Beijing, and although the
Chinese women did not rank the lowest, their
absolute rate was low.' The reported incidence
(attack rate) of acute myocardial infarction-
26/100000/year in men and 8/100000/year in women
aged 25-64-confirmed that the true occurrence of
acute myocardial infarction is very low."5 We studied
the same population in Beijing, and can thus be
confident that the low prevalence of coronary heart
disease shown by our survey reflects a low incidence
of coronary heart disease in mainland China.

Repolarisation findings in electrocardiograms are
not specific for coronary heart disease but can also
be related to other conditions, such as carditis; they
can also be due to automatic influences, chest
configuration, obesity, and the fasting state. Electro-
cardiograms are, however, often used in cardiovas-
cular surveys to provide estimates for the occur-
rence of coronary heart disease. Particularly in
developing countries, where epidemiological studies
of coronary heart disease are rare, a cross sectional
analysis of electrocardiographic abnormalities will
often be the only feasible way to obtain such
information. Although these do not provide a com-
plete picture of the occurrence of coronary heart
disease in the population, they are valuable for
determining the subsequent risk for coronary heart
disease.3943

CONCLUSIONS

Our data confirm the previous observation based on
routine statistics that coronary heart disease is
common in Mauritius" and they show that heart
disease is certainly important in the Chinese com-
munity. Similarly, it is a major public health problem
in the Chinese population of Singapore (where rates

are already higher than in Australia), the United
States, and many European countries.4546 Therefore
primordial prevention of coronary heart disease in the
People's Republic of China is the major challenge for
preventive medicine there.'24748 We believe that the
situation seen in Singapore and Mauritius is not
inevitable and that it is possible to prevent such a major
epidemic of coronary heart disease from occurring in
China. Further assessment of trends in coronary heart
disease mortality, morbidity, and risk factors will show
whether this will be successful in reality.
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Abstract
Objective-To determine whether using growth

hormone to treat radiation induced growth hormone
deficiency causes tumour recurrence.
Design-Comparison of tumour recurrence rates

in children treated with growth hormone for radiation
induced deficiency and an untreated population.
Computed tomograms from children with brain
tumours were reviewed when starting growth
hormone and subsequendly.
Setting-North West region.
Patients-207 children treated for brain tumour,

47 of whom received growth hormone and 161
children with acute lymphoblastic leukaemia 15 of
whom received growth hormone.
Main outcome measures- Tumour recurrence and

changes in appearances on computed tomography.
Results-Among children with brain tumour, five

(11%) who received growth hormone had recurrences
compared with 42 (26%) who did not receive growth
hormone. Also adjusting for other variables that
might affecttumour recurrence the estimated relative
risk of recurrence was 0-82 (95% confidence interval
0*28 to 2 37). The only child with acute lymphoblastic
leukaemia who relapsed while taking growth hormone
had relapsed previously before starting treatment.
Two of the five children with brain tumours who
relapsed had abnormal appearances on computed
tomography when growth hormone was started. 14
other children who remained relapse free and
had follow up computed tomography showed
no deterioration in radiological appearance during
treatment.
Conclusions-In this population growth hormone

did not increase the risk of tumour recurrence but
continued surveillance is essential. Abnormal results
on computed tomography are not a contraindication
to treatment with growth hormone.

Introduction
Acute lymphoblastic leukaemia and brain tumours

are the two commonest childhood malignancies, the
treatment of which has consisted of cranial irradiation
with or without adjuvant cytotoxic chemotherapy.
Long term management of the endocrine sequelae of
treatment, including growth failure, is fundamental to
the improved quality of life of these children. The use
of growth hormone in children with radiation induced
growth hormone deficiency is now widely accepted,
but questions still exist about the safety of this
mitogenic hormone and whether it might cause a
recurrence of a brain tumour or leukaemia.

Studies with small numbers of patients at our centre'
and others23 suggested that growth hormone is not
responsible for recurrence of brain tumours, but none
of these studies applied statistical analysis. An analysis
of deaths in recipients of pituitary growth hormone
showed brain tumour recurrence to be one of the most
common causes, but a comparative group who had
not received growth hormone was not available for
analysis.4 Therefore, it could not be established
whether growth hormone contributed to tumour
recurrence.

In children treated with growth hormone after
treatment for a brain tumour radiographs of the central
nervous system often appear abnormal at the start of
treatment. No information is available to determine if
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