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Abstract
Study objective—To analyse trends in
socioeconomic diVerences in cardiovas-
cular disease risk factors among an urban
Chinese population using educational at-
tainment as the socioeconomic indicator.
Design—Population surveys with ran-
domly selected independent samples were
carried out in 1989 and in 1996. Edu-
cational attainment, blood pressure, body
mass index, cigarette smoking and lack of
leisure time physical activity were deter-
mined.
Setting—Urban areas of the city of Tian-
jin, China.
Participants—A total of 14 275 respond-
ents aged 25–64 years.
Main results—Diastolic blood pressure
increased and the proportion of people
without leisure time physical activity
decreased in both sexes during the study
period. The prevalence of smoking and the
number of cigarettes smoked daily in-
creased significantly among men. Smok-
ing decreased in the least educated men
and increased in those who had studied at
least to college level. Body mass index
decreased across all educational strata in
women, but blood pressure increased in
women with at least college level educa-
tion.
Conclusions—These data reveal a diVer-
ent picture in trends in the association of
education and cardiovascular risk factors
from those depicted in developed coun-
tries. This highlights the need for an eVec-
tive intervention programme in the study
population.
(J Epidemiol Community Health 2000;54:692–696)

There is abundant epidemiological evidence
that socioeconomic status (SES) is inversely
and consistently associated with cardiovascular
disease (CVD) morbidity, mortality and levels
of CVD risk factors in developed countries.1–5

Over time, the diVerences in the occurrence of
CVD6 and the level of CVD risk factors7–9

between higher and lower socioeconomic
groups have even become accentuated, though
total CVD mortality is drastically falling in the
aZuent societies.10

CVD is emerging as a major cause of death
in developing countries.11 The association of
SES and CVD in developing nations is not as
consistent as those observed in developed
countries. Some studies have indicated that
SES is inversely associated with the occurrence

of CVD12 and the level of CVD risk factors,13–15

whereas there are studies revealing an opposite
trend.16–19 China is the largest developing coun-
try in the world, CVD has become the major
cause of death especially in urban areas.11 20

Two studies13 14 indicated an inverse association
of SES and CVD risk factors in urban popula-
tions of China. To our knowledge, there has
been no previous study reporting the trends in
socioeconomic diVerences in CVD risk factors
in the Chinese population. The purpose of this
paper was to analyse trends in educational dif-
ferences in CVD risk factors in the urban
population of Tianjin, China between 1989
and 1996.

Methods
The city of Tianjin, with a population of nine
and a half million, is the third largest city in
China. Four million of the population lives in
six urban districts. Mortality from heart
diseases and stroke accounted for 51–56% of
all deaths in the mid-1980s. The Tianjin
Project was started in 1984 to find a way for
preventing and controlling CVD in China.21

The baseline survey for a community-based
intervention programme was conducted in
1989.22 A five year follow up survey was carried
out in 1996. For both surveys, independent
random samples were drawn using two stage
sampling. Firstly, altogether eight communities
in 1989 and 14 communities in 1996 were
drawn randomly with at least one community
from each of the six urban districts. In the sec-
ond stage, samples stratified by gender, 10 year
age group and community were taken from the
local population registers. Altogether 19 300
people aged 15–69 years were examined with
overall participation rates of 92–100%. In all,
there were 14 046 participants in 1989 and
4000 participates in 1996. This study was
restricted to those respondents aged 25–64
years (table 1).

Self reported education level was divided
into three categories: 0–6 years (less than
elementary school studies), 7–12 years (middle
to high school studies) and 13 years or more

Table 1 Sample structure by sex, age, and year in this
study

Age group
(y)

1989 1996

Men Women Men Women

25–34 1474 1473 409 405
35–44 1399 1391 409 402
45–54 1360 1402 389 391
55–64 1391 1478 252 251
Total 5623 5744 1459 1449
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(more than college studies). The participants
were classified as current smokers—persons
regularly smoking at least one cigarette each
day during the past 30 days—and non-
smokers. Respondents who reported that they
had less than one time leisure time physical
activity on average per week were considered as
having a lack of exercise.

Anthropometric measurements were done in
the local health centres by the intensively
trained local public health workers. Blood
pressure was measured from the right arm
using a standard mercury sphygmomanometer
after five minutes of rest with the subject in the
sitting position. The fifth phase KorotkoV
sound was recorded as the diastolic pressure.
The mean value of the two blood pressure
measurements was used for the analysis.
Hypertension was defined as systolic blood
pressure > 140 mm Hg or diastolic blood
pressure > 90 mm Hg, or both. Height and
weight measurements were taken using a stadio-
meter and beam balance scale with subjects
wearing usual light indoor clothing without
shoes. Height and weight were measured twice
and the mean values of the readings were used
for the analysis. Overweight was defined as 25
< body mass index (kg/m2) < 30 and obesity as
body mass index > 30. CVD risk factor
clustering was also assessed by people who had
more than two of the three CVD risk factors
(hypertension, being overweight or obesity and
cigarette smoking).

DiVerences in CVD risk factors between
educational attainment, study year and time
trends in the diVerences (interactions of
education and study year) were examined by
analysis of covariance for continuous variables
and logistic regression analysis for categorical
variables.23 The mean age of the study sample
in 1996 was younger than that of the 1989 sur-
vey. This is because of the relatively fewer

number of subjects aged 55–64 years in 1996.
To improve the statistical power, we report the
results of people who were overweight or obese
in the same group as only 4% of men and 8%
of women were obese (body mass index > 30)
in the study sample. Also, when assessing ciga-
rette smoking in women by education level
between the study year, we have combined the
two higher educational categories because
there was only one self reported current
smoker among the best educated women in
1996.

Results
Over the study period from 1989 to 1996, edu-
cational attainment increased significantly in
the study population (table 2). There were no
downward trends in major unadjusted levels of
the CVD risk factors in men over the study
period. In contrast, in women unadjusted levels
of the CVD risk factors seemed to decrease
with the exception of the universal increases of
diastolic blood pressure and cigarettes con-
sumed each day among current smokers in
both sexes (table 3).

Most CVD risk factors were inversely
associated with educational attainment in the
study population. The association was more
consistent in women than in men (tables 4 and
5). Over the seven year study period, diastolic
blood pressure increased and the proportion of
people who did not take leisure time physical
activity decreased significantly in both men and
women. However, 74% of men and 76% of
women still did not have leisure time exercise in
1996 (table 3).

For men, the number of cigarettes smoked
daily and the percentage of current smokers
increased significantly between 1989 and
1996. The study year by education interaction
was statistically significant for the prevalence of
smoking, indicating that while the prevalence

Table 2 Distributions of educational attainment in people aged 25–64 years by sex and study year in Tianjin, China,
1989 and 1996

Years of education*

Men Women

1989 Number (%) 1996 Number (%) 1989 Number (%) 1996 Number (%)

0–6 1172 (21) 157 (11) 2158 (38) 269 (19)
7–12 3696 (66) 1102 (75) 3183 (55) 1051 (72)
13 or more 755 (13) 200 (14) 403 (7) 129 (9)
All 5623 (100) 1459 (100) 5744 (100) 1449 (100)

* p Values of ÷2 tests are less than 0.001 between the study year in both sexes.

Table 3 Unadjusted means (SD) or proportions (95% confidence intervals) of cardiovascular risk factors in people aged
25–64 years by sex and study year in Tianjin, China, 1989 and 1996

Men Women

1989 (n*=5623) 1996 (n=1459) 1989 (n=5744) 1996 (n=1449)

Age 44.3 (11.7) 42.9 (10.7) 44.5 (11.7) 42.9 (10.8)
Systolic blood pressure (mm Hg) 128.3 (20.4) 127.4 (16.8) 125.7 (23.9) 123.5 (20.1)
Diastolic blood pressure (mm Hg) 81.2 (11.9) 82.3 (9.9) 77.8 (12.1) 80.1 (11.2)
Body mass index (kg/m2) 23.7 (3.4) 23.7 (3.1) 24.3 (4.0) 23.9 (3.9)
Cigarettes smoked† (Number/day) 15.4 (8.1) 16.0 (9.8) 11.1 (6.5) 11.4 (7.4)
Hypertension (%) 28 (27, 30) 29 (27, 31) 25 (24, 27) 24 (22, 26)
Overweight or obese (%) 34 (33, 35) 31 (29, 34) 38 (37, 39) 33 (30, 35)
Current smokers (%) 67 (66, 68) 70 (68, 72) 20 (19, 21) 13 (11, 14)
No exercise (%) 84 (83, 85) 74 (72, 76) 91 (90, 92) 76 (74, 79)
2–3 risk factors‡ (%) 35 (34, 37) 37 (34, 39) 23 (22, 24) 17 (15, 19)

*The number of subjects varies slightly depending on risk factor; the maximum proportion of missing value is 2.1%.
†Restricted to those who were current smokers.
‡People who had more than two of the three risk factors (hypertension, being overweighted or obesity and cigarette smoking).
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of smoking declined in the least educated men,
it increased steeply in the best educated men
over the study period. Nevertheless, the best
educated men still contained the smallest pro-
portion of current smokers (table 4).

For women, systolic blood pressure in-
creased in those who had better than college
level studies and decreased in the least
educated women, although there was no time
trend between the two surveys (table 5). Body

mass index decreased across all educational
groups over the study period.

Additional analyses showed that the prob-
ability of having CVD risk factor clustering
increased across all of the educational strata
among men, with the best educated men
having the greatest increases (31%) in 1996
compared with their counterparts in 1989. In
contrast, the probability of having the risk fac-
tor clustering decreased in women with less
than high school studies and was almost

Table 4 Age-adjusted cardiovascular risk factor levels in
men aged 25–64 years by years of education and study year
in Tianjin, China, 1989 and 1996

Risk factor levels/years of
education 1989 1996

change from
1989

Systolic blood pressure (mmHg)
0–6 130.1 129.9 −0.2
7–12 127.9 127.9 +0.0
13 or more 126.2 128.2 +2.0
All 128.1 128.6 +0.5
(Number) (5620) (1457)
Diastolic blood pressure (mm Hg)
0–6 81.6 83.1 +1.5
7–12 81.2 82.6 +1.4
13 or more 79.9 82.4 +2.5
All 80.9 82.7 +1.8
(Number) (5620) (1457)
Body mass index (kg/m2)
0–6 23.5 23.5 +0.0
7–12 23.7 23.8 +0.1
13 or more 23.8 23.9 +0.1
All 23.7 23.7 +0.0
(Number) (5617) (1456)
Cigarettes smoked* (Number/day)
0–6 16.0 18.7 +2.7
7–12 15.5 16.1 +0.6
13 or more 13.6 13.7 +0.1
All 15.1 16.2 +1.1
(Number) (3775) (1013)
Hypertension (%)
0–6 30 37 +7
7–12 28 30 +2
13 or more 26 28 +2
All 28 32 +4
(Number) (5620) (1457)
Overweight or obese (%)
0–6 32 31 −1
7–12 34 32 −2
13 or more 34 31 −3
All 33 31 −2
(Number) (5615) (1456)
Current smokers (%)
0–6 74 70 −4
7–12 69 71 +2
13 or more 50 60 +10
All 64 67 +3
(Number) (5623) (1459)
No exercise (%)
0–6 91 75 −16
7–12 84 75 −9
13 or more 75 64 −11
All 83 71 −12
(Number) (5623) (1432)
2–3 risk factors† (%)
0–6 38 40 +2
7–12 36 38 +2
13 or more 29 35 +6
All 34 38 +4
(Number) (5616) (1456)

p Values Education Year
Education*
year

Systolic blood pressure 0.023 0.445 0.388
Diastolic blood pressure 0.175 <0.001 0.556
Body mass index 0.159 0.745 0.977
Cigarettes smoked <0.001 0.009 0.067
Hypertension 0.290 0.574 0.643
Overweight or obese 0.812 0.393 0.914
Current smokers 0.010 0.009 0.032
No exercise 0.003 0.001 0.151
2–3 risk factors 0.583 0.122 0.700

*Restricted to those who were current smokers. †Men who had
more than two of the three risk factors (hypertension,
overweightedness or obesity and cigarette smoking).

Table 5 Age adjusted cardiovascular risk factor levels in
women aged 25–64 years by years of education and study
year in Tianjin, China, 1989 and 1996

Risk factor levels/years of
education 1989 1996

change from
1989

Systolic blood pressure (mm Hg)
0–6 128.8 125.9 −2.9
7–12 123.9 124.8 +0.9
13 or more 119.7 121.2 +2.4
All 124.1 124.0 −0.1
(Number) (5740) (1446)
Diastolic blood pressure (mm Hg)
0–6 78.6 81.0 +2.4
7–12 77.6 80.8 +3.2
13 or more 74.5 77.7 +3.2
All 76.9 79.8 +2.9
(Number) (5740) (1446)
Body mass index (kg/m2)
0–6 24.3 23.5 −0.8
7–12 24.3 24.1 −0.2
13 or more 23.7 23.3 −0.4
All 24.1 23.7 −0.4
(Number) (5735) (1448)
Cigarettes smoked* † (Number/day)
0–6 11.6 11.3 −0.3
7 or more 9.7 11.5 +1.8
All 10.7 11.4 +0.7
(Number) (1148) (180)
Hypertension (%)
0–6 30 31 +1
7–12 23 25 +2
13 or more 14 20 +6
All 22 25 +3
(Number) (5737) (1446)
Overweight or obese (%)
0–6 40 33 −7
7–12 38 35 −3
13 or more 29 24 −5
All 36 31 −5
(Number) (5741) (1440)
Current smokers† (%)
0–6 33 29 −4
7 or more 12 10 −2
All 22 20 −2
(Number) (5744) (1449)
Number exercise (%)
0–6 95 79 −16
7–12 90 76 −14
13 or more 80 63 −17
All 89 73 −16
(Number) (5744) (1421)
2–3 risk factors‡ (%)
0–6 31 29 −2
7–12 19 17 −2
13 or more 10 12 +2
All 20 19 −1
(Number) (5732) (1440)

p Values Education Year
Education*
year

Systolic blood pressure <0.001 0.842 0.029
Diastolic blood pressure <0.001 <0.001 0.535
Body mass index 0.001 0.037 0.225
Cigarettes smoked 0.093 0.189 0.163
Hypertension 0.122 0.124 0.089
Overweight or obese 0.017 0.167 0.320
Current smokers <0.001 0.072 0.949
Number exercise <0.001 <0.001 0.801
2–3 risk factors 0.003 0.957 0.685

*Restricted to those who were current smokers. †The second
and the third categories of education were combined to improve
statistical power. ‡Women who had more than two of the three
risk factors (hypertension, overweightedness or obesity and
cigarette smoking).
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unchanged in those with at least college level
studies in 1996 (fig 1). However, educational
diVerences in the risk factor clustering still
remained in both sexes in 1996. Defining
hypertension as systolic blood pressure > 140
and/or diastolic blood pressure > 90 and/or self
reported history of hypertension diagnosed by
physicians did not change the pattern of the
results on hypertension or CVD risk factor
clustering.

Discussion
Our results indicated an inverse association
between educational attainment and CVD
risk factors in the study population, which
was more consistent for women than for
men. These findings are in agreement
with conclusions drawn from the studies
carried out in developed countries.1–4 Similar
findings have also been reported for some
developing countries12–15 though not in
others.16–19

Over the seven year study period, we found
no major downward trends in the CVD risk
factors with the exception of increased partici-
pation rate in leisure time physical activity.
However, we found that the number of
cigarettes smoked daily and the prevalence of
smoking increased significantly in men. The
best educated men experienced the worst
unfavourable changes in the prevalence of
smoking and in risk factor clustering. In
contrast, it seems that no upward tendencies in
any of the risk factors were observed in women.
Mean body mass index decreased significantly
during the study period. However, blood pres-
sure increased among the best educated
women.

To our knowledge, this is the first study
reporting trends in CVD risk factors with
regard to socioeconomic status for developing
countries. In industrialised societies, the major
CVD risk factors are declining steadily across
the entire socioeconomic spectrum in both
sexes, although socioeconomic inequalities still
exist.7–9 Divergent trends were displayed for
smoking, with the prevalence of smoking
decreasing drastically in higher socioeconomic
groups and declining slowly or levelling oV in
lower socioeconomic groups.7–9 Our findings
on the trends in the prevalence of smoking with
respect to education level in men seem to be
opposite to those observed in developed coun-
tries.

The reason that diastolic blood pressure
increased irrespective of the education level in
both sexes remains unknown. Blood pressure is
positively associated with salt intake and body
mass index and to a lesser extent, it is inversely
associated with cigarette smoking. Our data
showed that body mass index levelled oV in
men and decreased in women. Cigarette smok-
ing increased in men and decreased in women.
There is some evidence24 that there were no
major changes in salt intake in the study popu-
lation during this study period. It seems likely
that the evidence presented here cannot
account for the overall increases in diastolic
blood pressure in the study population.

The deterioration of the risk factors seemed
to concentrate in the best educated people in
this population over the study period. In
developed countries,7–9 major CVD risk factors
are declining across all educational strata.
Highly educated people experience an earlier
onset or display a faster decline in CVD risk
factors compared with less educated people.
There are no upward trends in the risk factors
found in highly educated people. Winkleby
et al2 pointed out that education might, in
some way, influence risk for disease rather than
vice versa—that is, risk factors could influence
the extent of education. Higher levels of
education may positively aVect health by
allowing the person to gather the necessary
skills and assets required to insulate them from
adverse factors or to reduce exposure to nega-
tive influences on health, adopting a positive
health behaviour2 3 5 and having access to pre-
ventive health services.2–4 In this study, the

Figure 1 Relative risks of people who had more than two of the three CVD risk factors (hypertension, cigarette smoking
and overweightedness or obesity) by sex and years of education in Tinajin, China, 1989 and 1996. The relative risks have
been adjusted for age. The reference group is the best educated people in 1989 (relative risk = 1.0).
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KEY POINTS

x Educational attainment was inversely
associated with blood pressure, body
mass index, cigarette smoking and lack of
leisure time physical activity.

x No major downward trends in the cardio-
vascular disease risk factors were ob-
served over the seven year study period.

x The prevalence of smoking increased in
the best educated men and decreased in
the least educated.

x These trends in cardiovascular disease
risk factors across educational strata are
diVerent from those reported in devel-
oped countries.
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better educational level, however, did not seem
to be able to prevent the worsening of the risk
factors in those highly educated people even
though the best educated people still had the
lowest levels of risk factors.

In our study, there were some improvements
in the risk factors found in women. However, a
deterioration in some of the risk factors took
place in men. It is also apparent that the best
educated men tended to experience a relatively
greater deterioration. Our data may indicate
the need of CVD prevention with respect to
socioeconomic disparities and gender diVer-
ences in developing countries.

CVD has been described as a marker of
modernisation and social aZuence17 25 and can
mirror a society’s stage of economic
development.26 From the mid-1980s to the
mid-1990s, the Chinese economy experienced
strong growth, with an average annual 8.3%
increase in gross national product per capita.27

During this period, CVD became the leading
cause of death, especially in urban areas. A
prospective study25 suggested that the direction
of the association between SES and CVD is not
immutable. Social and environmental forces at
play in the societies in which you live may be a
major component of the impetus for the transi-
tion. On the basis of our analyses, it can be
proposed that the contribution of educational
attainment to the CVD risk factors in the study
population may possibly be aVected by the
interaction of education with social and
environmental factors. The influence of educa-
tion and the synergism of education with social
and environmental factors through which a
person’s health is aVected may diVer between
men and women.

Given the deterioration of CVD risk factors
that mainly occurred in the best educated peo-
ple in this Chinese population, our data do not
seem to wholly support the proposal5 that
increases in a person’s educational status inevi-
tably lead to improvements in their health.
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