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Summary

Background—Studies of the lifestyle predictors of cardiovascular diseases (CVD) have been
predominantly conducted in Caucasian populations. There are few data from other populations, such
as Chinese men, who have different lifestyles and a different spectrum of CVD as compared with
Caucasian populations.

Methods—Based on the baseline data of the Shanghai Men’s Health Study during March 2002-
June 2006, a matched case-control analysis including 518 myocardial infarction, 333 hemorrhagic
stroke, and 1927 ischemic stroke cases was conducted. Five controls were selected for each case.
The lifestyle factors under study included alcohol, tea and ginseng consumption, physical activity
during adolescence, and weight change from age 20 to 40. The associations of these lifestyle factors
with myocardial infarction and stroke were evaluated. To account for the misclassification of
exposures and disease diagnosis, a sensitivity analysis was conducted.

Results—Alcohol consumption was inversely associated with myocardial infarction (OR=0.63,
95% CI: 0.50, 0.80). Tea consumption was inversely associated with hemorrhagic (OR=0.63, 95%
Cl: 0.49, 0.81) and ischemic stroke (OR=0.77, 95% CI: 0.69, 0.85). Weight increase from age 20 to
40 was positively associated with myocardial infarction and stroke in a dose-response manner (trend
p<0.001).

Conclusions—Alcohol and tea consumption may decrease the prevalence of myocardial infarction
and stroke, respectively. Weight increase from age 20 to 40 may increase the prevalence of
myocardial infarction and stroke in Chinese men.
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Introduction

Methods

Studies have shown that various lifestyle factors, such as cigarette smoking, alcohol
consumption, lack of exercise, and overweight, are important predictors of cardiovascular
diseases (CVD). Investigation into these modifiable CVD risk factors offers great potential for
CVD prevention. A large international case-control study of risk factors for myocardial
infarction conducted in 52 countries (the INTERHEART study) has shown that nine easily
measured and potentially modifiable risk factors, abnormal lipids, smoking, hypertension,
diabetes, abdominal obesity, psychosocial factors, low consumption of fruits and vegetables,
a pattern of drinking alcohol and lack of regular physical activity, account for more than 90%
of the risk of myocardial infarction [1]. Although the INTERHEART study has shown that the
effect of these nine risk factors is consistent across all geographic regions and ethnic groups
of the world, the prevalence of these risk factors might vary [1] and other studies have indicated
that the effects of lifestyle factors on CVD risk might differ across populations [2,3]. For
example, the association between moderate alcohol consumption and ischemic stroke has been
consistently observed for white populations, but there is little if any evidence of an association
for Japanese and possibly black populations [2]. Likewise, the association between tea
consumption and coronary heart disease risk was positive in the United Kingdom, but negative
in continental Europe [3]. Therefore, it is important to investigate significant lifestyle risk
factors for CVD in particular populations in order to encourage effective modification of these
factors.

So far, studies on CVD lifestyle predictors have been conducted predominantly in populations
of European origin [1]. There are few data from other populations, such as Chinese men, who
have different lifestyles and a different spectrum of CVD as compared with other populations.
Chinese people, for example, often drink tea, many often use ginseng, a popular herbal
medicine used to promote health in many Asian countries, and engage in some type of physical
activity of slow motion and moderate intensity. In contrast with Western populations where
coronary heart disease is the leading cause of death, stroke is the most common cause of death
in China, and there is a relatively high proportion of hemorrhagic stroke [4].

In this report, we use the baseline data of the Shanghai Men’s Health Study (SMHS) to examine
particular lifestyle factors in relation to the risk of myocardial infarction, hemorrhagic stroke,
and ischemic stroke in this population of Chinese men.

The SMHS is an ongoing population-based prospective cohort study conducted in eight
communities of urban Shanghai, China with a primary focus on the relationship of diet to cancer
and other chronic diseases. Subject recruitment began in March 2002 and was completed in
June 2006. Using a roster provided by the community office, a total of 83,125 permanent male
residents between 40 and 74 years of age were approached for the study by a trained interviewer
(retired nurse or physician). The purpose of the study was explained and informed consent was
obtained from each participant. Afterwards, the interviewer administered an interview (about
60 minutes long) using a structured questionnaire that covered socioeconomic, anthropometric,
dietary, and lifestyle information, and disease history. Of the eligible men approached for the
study, 61,582 participated with a participation rate of 74.1%. Among non-participants, there
were 17,513 refusals (21.1%), 1360 men who had a serious health problem (1.6%), 2252 men
who were absent during the study period (3.1%), and 118 subjects who did not participate for
other miscellaneous reasons (0.1%).

Data collected during the SMHS baseline interview form the basis of the current study.
Information about myocardial infarction and stroke diagnosis was collected using the following
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questions: (1) Have you ever been diagnosed with a myocardial infarction and if yes, what was
the age at diagnosis? (2) Have you ever been diagnosed with a stroke and if yes, what type of
stroke was it? A total of 518 myocardial infarction patients and 2324 stroke patients (333
hemorrhagic stroke cases, 1927 ischemic stroke cases, and 64 stroke cases with unknown type;
the latter were excluded from this study) were identified and were considered as cases in this
study.

We used a matched case-control design to select comparable controls for cases for two reasons.
The first was to control the confounding effect of some demographic factors (age and education
level) and cigarette smoking, a confirmed risk factor for CVD. The second was to provide a
reference time for controls in terms of the age of the cases when diagnosed in each matched
set, so that exposure before the reference/diagnosis time and the same time window for
exposures for both cases and controls could be attained. Because lifestyles may change as a
result of disease diagnosis, only lifestyle exposures prior to disease diagnosis were evaluated.

Controls were randomly selected from the entire cohort, excluding cases, and matched to cases
on age at the baseline interview (within 5-year intervals), education level, status of cigarette
smoking, and if a smoker, the age at which he started smoking (within 5-year intervals). Five
controls were selected for each case, resulting in 2590 controls for 518 myocardial infarction
cases, 1665 controls for 333 hemorrhagic stroke cases, and 9635 controls for 1927 ischemic
stroke cases.

The lifestyle factors under study included consumption of alcohol, tea and ginseng, physical
activity during adolescence (age 13 to 15), and weight change from age 20 to 40. Alcohol, tea,
and ginseng consumption were divided into two categories (ever or never) based on whether
a subject had ever consumed alcohol or tea at least 3 times a week for more than 6 months or
whether a subject had ever consumed ginseng at least 5 times a year for more than 1 year. Only
those who consumed alcohol, tea, and ginseng up until one year prior to diagnosis for
myocardial infarction cases and up until 5 years prior to the baseline interview for stroke cases
(because information on the age at diagnosis of stroke cases was not available) were considered
as ever consumed. We categorized subjects’ physical activity during adolescence into three
levels. Subjects were categorized as inactive, if the time spent on physical activity was less
than the median and the subject had never been on a sports team at any level or had never
participated in any tournament during that period of time. Subjects categorized as active, if the
time spent on physical activity was greater than the median and the subject had ever been on
a sports team at any level or had ever participated in a tournament during that period of time.
All others were categorized as moderate. Weight change was defined as the weight difference
in kilograms between age 20 and 40.

The data in this study were from the SMHS baseline interview, thus, we could only evaluate
the association of lifestyle factors with a history of a myocardial infarction or stroke, which
was estimated with odds ratios (OR) and 95% confidence intervals (95% CI) from conditional
logistic models. All the lifestyle factors of interest were included in the same model for mutual
adjustment. In addition, family history of coronary heart disease and/or stroke and annual
personal income were also adjusted for. Body mass index at age 20 was additionally adjusted
for when analyzing the effect of weight change.

To account for the misclassification of exposures and disease diagnosis, we conducted a
probabilistic sensitivity analysis using a recently proposed method by Fox et al. [5]. The method
involves reconstructing the data with bootstrapping that would have been observed had the
misclassified variable been correctly classified, given the sensitivity and specificity of the
classification. Because the true sensitivity and specificity were seldom known with certainty,
we drew the sensitivity and specificity from a trapezoidal distribution, as suggested by Fox,
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which is specified by four points: the lower and upper bounds and the lower and upper modes
between which the probability density is flat. We allowed for differential misclassification of
the exposure of interest by drawing the sensitivity and specificity from separate trapezoidal
distributions for cases and controls. Similarly, we allowed for differential misclassification of
the disease diagnosis by drawing the sensitivity and specificity from separate trapezoidal
distributions for the exposed and unexposed. A logistic model adjusted for the covariates was
used for each reconstructed dataset to obtain an association point estimate (OR¢orrected-1)- IN
each data reconstruction, a random error was also taken into account by estimating
ORorrected-2, @n association point estimate accounting for both the systematic and random
error, as ORcorrected-2 = ORcorrected-1/ €XP(z % ), where z is arandomly chosen standard normal
deviate and s is the standard error of the log(ORgpserved)- After 3000 reconstructions of the data
for each variable under study, we calculated the medians of OR¢gyrected-1 8nd OR¢orrected-2, and
2.5 percentile and 97.5 percentile (for 95% simulation confidence interval) in each case. The
present method can only handle binary variables. SAS version 9.1.3 (SAS Institute Inc., Cary,
NC.) was used for all the statistical analyses.

Table 1 presents comparisons of basic characteristics of myocardial infarction cases, stroke
cases, and control groups. The cases and controls were well matched on age, education level,
and smoking status. Compared with their controls, the hemorrhagic and ischemic stroke
patients had a lower income (p<0.05). As expected, the myocardial infarction patients were
more likely to have a family history of coronary heart disease and the stroke patients were more
likely to have a family history of stroke (p<0.01). These factors were adjusted for in subsequent
analyses.

Shown in Table 2 are the odds ratios (ORgpserved) and their 95% CI for the association of
lifestyle factors with the occurrence of a myocardial infarction and stroke. Compared with
those who never drank alcohol, alcohol drinkers (ORgpserved=0.63, 95% CI: 0.50, 0.80) had a
decreased risk of myocardial infarction. Men who started drinking alcohol at an older age had
a lower risk of myocardial infarction (ORgpserved=0.65, 95% CI: 0.46, 0.90 for those who
started drinking alcohol at age 25 to 39 and ORgpserved=0.-30, 95% CI: 0.18, 0.51 for those who
started drinking alcohol at age 40 or older, trend p<0.001). Alcohol consumption was not
significantly associated with a hemorrhagic stroke (ORgpserved=1.20, 95% CI: 0.92, 1.57) or
ischemic stroke (ORgpserved=1-04, 95% CI: 0.93, 1.17). Tea consumption, on the other hand,
was not significantly associated with myocardial infarction (ORgpserved=0.89, 95% CI: 0.72,
1.09), but was associated with a decreased risk of hemorrhagic stroke (ORgpserved=0.63, 95%
Cl: 0.49, 0.81) and ischemic stroke (ORgpserved=0.77, 95% CI: 0.69, 0.85). The age at which
men started drinking tea did not appear to modify the association with stroke. The effect of
ginseng on the risk of myocardial infarction and stroke was not evident. Physical activity during
adolescence seemed to be consistently associated with a decreased risk of myocardial infarction
and stroke, although the association was not statistically significant. Weight increase from age
20 to 40 was consistently associated with an increased risk of myocardial infarction and stroke
in a dose-response manner (trend p<0.001 for each case) with adjustment for other lifestyle
factors and BMI at age 20. We did a similar analysis using the difference in BMI between ages
20 to 40, instead of weight change, and found a very similar association pattern (data not
shown).

Asshown in Table 2, alcohol and tea consumption and weight change were the most significant
predictors. We selected these three factors for the sensitivity analysis and divided weight
change into two categories (<10 and >=10 kg). The odds ratios for these three factors after
correcting for only misclassification (OR¢grected-1) @nd for both misclassification and random
error (ORcorrected-2) @and their 95% CI are presented in Table 3. The corrected associations,
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without assuming a non-differential misclassification, were in the same directions but were
stronger than the associations shown in Table 2. The 95% CI of the OR¢qrected-1, hOWever,
were in general wider than the 95% CI of the ORgpserved (Table 2), and the 95% CI of the
ORcorrected-2 Were even wider. The 95% ClI for correcting misclassification of disease diagnosis
were wider than those for correcting misclassification of exposure even if higher sensitivity
and specificity were specified for the former than for the latter (a minimum of 90%, modes of
93% and 97%, and a maximum of 100% for diagnosis misclassification versus a minimum of
80%, modes of 85% and 95%, and a maximum of 100% for exposure misclassification). We
further conducted the sensitivity analysis on disease misclassification by specifying the
sensitivity and specificity distribution with a minimum of 85%, modes of 90% and 95%, and
amaximum of 100% for each, and a minimum of 80%, modes of 85% and 95%, and a maximum
of 100% for each (the same specification as for exposure misclassification). We found that the
association patterns remained similar, but the 95% CI become wider (and contained 1) as lower
sensitivity and specificity were specified (data not shown).

Discussion

Light to moderate alcohol consumption has consistently been associated with a lower risk of
myocardial infarction in Western populations [6-9]. The INTERHEART study found a
protective effect on myocardial infarction of alcohol consumption of three or more times per
week [1]. A recent cohort study reported that risk of myocardial infarction or coronary death
decreased in a dose-response manner as alcohol consumption increased [10]. The relationship
of alcohol with stroke is more complicated. Studies have shown that alcohol has a positive
dose-response association with hemorrhagic stroke risk [11-13]. However, reports were less
consistent about alcohol-ischemic stroke relations. Several studies have shown evidence for a
protective effect of alcohol consumption on ischemic stroke risk [14,15], but others failed to
show any effect[12,13]. A recent cohort study reported a U-shaped association between alcohol
consumption and ischemic stroke risk [16]. Consistent with most previous studies, our study
found that alcohol was associated with a decreased risk of myocardial infarction, but was not
significantly associated with hemorrhagic or ischemic stroke.

One meta-analysis showed a consistent reverse association of tea consumption with myocardial
infarction risk [3], but the association with stroke risk varied across the geographic region
where the studies were conducted. Findings from the United Kingdom and Australia indicated
a positive association; whereas a negative association with stroke risk was found in studies
conducted in the United States, continental Europe, and Asia [3,17]. One explanation for the
marked heterogeneity of the association may be due to residual confounding of socio-economic
status. For example, tea consumption is more common among people of low socio-economic
status in the United Kingdom, whereas higher tea consumption might be a surrogate for a
healthier lifestyle in the United States [3,18,19]. A recent Japanese study found that green tea
consumption was associated with reduced mortality due to cardiovascular disease, particularly
due to stroke [20]. Consistent with previous reports, our findings show that tea consumption
was inversely associated with both hemorrhagic and ischemic stroke after adjustment for
socioeconomic status and other lifestyle factors.

No study has published results on the effect of ginseng on CVD risk. In our study, ginseng did
not seem to have a significant impact on the risk of myocardial infarction or stroke.

The benefits of physical activity have been well documented. Guidelines endorsed by the
Centers for Disease Control and Prevention and the National Institutes of Health recommend
at least 30 minutes of moderately intense physical activity a day [2]. Many studies have
demonstrated a protective effect of physical activity on myocardial infarction and stroke risk
[1,21-26]. Our study found a nonsignificant association of physical activity during adolescence
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with a decreased risk of myocardial infarction and stroke later in life, although this association
could be explained, at least in part, by physical activity during adulthood for people who
maintain healthy habits.

Many previous studies have shown that obesity is an independent risk factor for myocardial
infarction and stroke [1,27-30]. Consistent with previous reports, our study suggests a dose-
response relation between weight increase during adulthood (from age 20 to 40) and the risk
of myocardial infarction and stroke. It is likely that weight increase may act as a proxy for high
blood pressure, a known major risk factor for both myocardial infarction and stroke. Our recent
report derived also from SMHS data indicated that both systolic and diastolic blood pressure
measured at the baseline survey were closely related with weight gain since age 20 [31]. We
could not directly use blood pressure as a predictor in the current analysis since it was measured
after the onset of self-reported myocardial infarction and stroke.

Several methodological limitations need to be kept in mind when interpreting our results. First,
our study is based on prevalent cases, only those patients who were alive at the time of the
SMHS baseline interview were included in the study. The exclusion of deceased patients,
particularly hemorrhagic stroke patients who have a high fatality rate, could possibly have
induced a selection bias. Second, the residual confounding of unmeasured factors, such as
blood pressure, serum levels of lipids, and physical activity during adulthood, could affect the
association estimates of weight change and physical activity during adolescence. Third, we did
not have information on the type, duration, or amount of alcohol consumption during the year
prior to the diagnosis of the study cases. Previous studies have indicated that the effect of
alcohol is probably dependent on dose, only light to moderate alcohol consumption has
beneficial effects, and the protective effect of alcohol is limited to wine versus other liquors.
It has been suggested that the polyphenols found in wine have beneficial effects on the
cardiovascular system [19]. However, the inclusion of heavy drinkers in the alcohol drinker
category would bias our estimate towards the null, and some studies have found no difference
between the effects of wine, beer, and liquor [14]. In our study, we did find an association
between men who started drinking at an older age with a lower risk of myocardial infarction.
Our data show that, among controls, those who started drinking alcohol at an older age
consumed significantly less alcohol at the baseline survey than those who started drinking at
a'younger age (data not shown). Finally, the diagnosis of myocardial infarction and stroke was
based on self-reports, and thus, may be subject to disease misclassification. To address the last
two limitations, we conducted a sensitivity analysis and found that the association patterns
held.

In summary, our findings were consistent with most previous reports and provide population-
based evidence that in this Chinese population, alcohol consumption may decrease the risk of
myocardial infarction, tea consumption may decrease the risk of stroke, and weight increase
from age 20 to 40 may increase the risk of myocardial infarction and stroke in a dose-response
manner.
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Table 3
Results of sensitivity analysis correcting for misclassification of the selected
exposures and for disease misclassification

OR(%95 CI)@

Myocardial infarction Hemorrhagic stroke Ischemic stroke

1duasnue Joyiny vd-HIN

Exposure misclassification?
Alcohol
OR correcrted-1 0.60(0.35-0.93) 1.31(0.89-1.92) 1.05(0.73-1.51)
ORGorecrted-2 0.60(0.32-1.00) 1.31(0.82-2.12) 1.05(0.72-1.55)
Tea
OR:orecrted-1 0.88(0.63-1.20) 0.60(0.44-0.84) 0.70(0.52-0.91)
ORqorrecried-2 0.88(0.61-1.25) 0.61(0.41-0.92) 0.70(0.51-0.92)
Weight change
ORqorrecried-1 1.62(1.15-2.39) 1.80(1.26-2.65) 1.90(1.31-2.93)
ORGorrecrted-2 1.61(1.05-2.53) 1.80(1.13-2.90) 1.90(1.28-3.02)
Disease misclassification®
Alcohol
ORgorrecried-1 0.61(0.37-0.90) 1.32(0.94-1.91) 1.05(0.80-1.43)
ORcorecrted-2 0.60(0.36-0.94) 1.33(0.84-2.10) 1.06(0.77-1.47)
Tea
ORcorecrted-1 0.87(0.63-1.19) 0.59(0.39-0.84) 0.71(0.52-0.95)

ORcorrecned—Z
Weight change
ORcorrecned—l

OR

correcrted-2

0.87(0.59-1.28)

1.61(1.01-2.27)
1.63(0.80-2.74)

0.59(0.36-0.92)

1.82(1.28-2.97)
1.85(1.14-3.15)

0.71(0.51-0.97)

1.88(1.39-2.70)
1.89(1.36-2.78)

1duosnue Joyiny vd-HIN

aAdjusted for family history of coronary heart disease and/or stroke and annual personal income. All the lifestyle factors of interest were also included
in the same model for mutual adjustment. Body mass index at age 20 was additionally adjusted for when analyzing the effect of weight change.

Sensitivity and specificity among cases and controls were drawn from trapezoidal distributions independently with a minimum of 80%, modes of 85%
and 95%, and a maximum of 100%.

CSensitivity and specificity among the exposed and unexposed were drawn from trapezoidal distributions independently with a minimum of 90%, modes
of 93% and 97%, and a maximum of 100%.
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