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Abstract
Background—Observational studies suggest that moderate alcohol consumption may lower risk
of myocardial infarction (MI) and coronary heart disease (CHD); yet, evidence for this comes almost
entirely from Western populations.

Methods—We conducted a prospective cohort study in 64,597 Chinese men aged ≥40 years who
were free of clinical CHD at baseline examination. Data on frequency and type of alcohol consumed
were collected at the baseline examination in 1991 using a standard protocol. Follow-up evaluation
was conducted in 1999–2000, with a response rate of 94%.

Results—Over 494,084 person-years of follow-up, we documented 725 (361 fatal) incident MI and
976 (588 fatal) incident CHD events. After stratification by province to account for multi-stage
sampling design and adjustment for age, education, physical activity, cigarette smoking, body mass
index, systolic blood pressure, urbanization (urban vs. rural), geographic variation (north vs. south)
and history of diabetes, relative risk (95% confidence interval) of MI was 0.93 (0.70–1.24) for
participants consuming 1 to 6 drinks/week, 0.66 (0.54–0.82) for those consuming 7 to 34 drinks/
week, and 0.58 (0.41–0.81) for those consuming ≥35 drinks/week (P for linear trend <0.0001)
compared to non-drinkers. The corresponding relative risks for CHD events were 0.99 (0.77–1.27),
0.67 (0.56–0.81), and 0.58 (0.44–0.78), respectively (P for linear trend <0.0001).

Conclusion—Alcohol consumption may be related to lower risk of MI and CHD in middle-aged
and older Chinese men. However, heavy alcohol consumption may lead to increased mortality from
other causes; therefore, the implications of these findings should be interpreted cautiously.
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INTRODUCTION
Coronary heart disease (CHD) is the leading cause of death world-wide and the burden of heart
disease has been growing among economically developing nations (1). In China, rapid
economic development has significantly changed living conditions, nutrition, and health care.
Age-standardized mortality rates for CHD were 93.3 and 76.4 per 100,000 person-years among
Chinese men and women in a recent study (2). While low in comparison to CHD rates in some
Western countries, these rates have been increasing rapidly in tandem with economic and
lifestyle changes. Between the years 1990 and 2020, mortality from CHD in China is expected
to increase by 81% in women and 110% in men (3).

Observational studies have suggested that moderate alcohol consumption may have a
protective effect on the risk of CHD. Yet, evidence for this relationship comes primarily from
studies of Western populations. Only one published case-control study and one prospective
study confirmed this association among the Chinese, while another case-control study found
no association (4–6). Moreover, a meta-analysis of 51 studies of alcohol consumption and risk
of CHD found lesser protective effects and even harmful effects in men living in countries
outside the Mediterranean area and where fatal events were used as the outcome (7). It is
uncertain that the magnitude and direction of association observed among Western populations
can be directly applied to the general Chinese population given their lower serum cholesterol
levels, body mass index, and overall risk for CHD. In this study, we examined the relationship
between alcohol consumption and risk of CHD among a nationally-representative cohort of
middle-aged Chinese men.

METHODS
Study Population

In the 1991 China National Hypertension Survey, a multi-stage random cluster sampling design
was used to select a representative sample of the general Chinese population aged 15 years or
older from all 30 provinces in mainland China (8). In 1999, investigators from each province
were invited to participate in the China National Hypertension Survey Epidemiology Follow-
up Study. Of the 30 provinces, 13 were not included in the follow-up because study participants’
contact information was not available. However, the sampling process was conducted
independently within each province in the 1991 China National Hypertension survey and the
17 provinces were included in the follow-up study were evenly distributed in different
geographic regions representing various economic developing statuses in China (Figure 1).
Overall, 83,533 men and 86,338 women who were aged 40 years or older at their baseline
examination were eligible to participate in the follow-up study. Only men were included in
this analysis because alcohol consumption was rare in women (2.8%). From these men, a total
of 78,500 participants or their proxies were identified and interviewed as part of the follow-up
study. There was little difference in response rates based on alcohol consumption. For example,
among men who identified themselves as drinkers, 26,774 (93.9%) provided follow-up
information, while among men who identified themselves as nondrinkers, 44,402 (93.2%)
provided follow-up information. After excluding those with incomplete alcohol consumption
information (2 provinces did not provide alcohol information, n=12,880), and those with a
history of CHD at their baseline examination (n=1,023), data from 64,579 men across 15
provinces were included in this analysis. Participants included in the final analysis were not
different from the overall eligible population. For example, the mean (standard deviation) of
age is 55.5 (10.6) years, mean body mass index 22.4 (3.4) kg/m2, mean systolic blood pressure
126.2 (21.1) mm Hg, and percentage drinking alcohol 37.4% respectively, in the overall eligible
population.

Bazzano et al. Page 2

Int J Cardiol. Author manuscript; available in PMC 2010 June 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Baseline Examination
Baseline data were collected at a single clinic visit by specially trained physicians and nurses
using standardized methods with stringent levels of quality control (8). Data on demographic
characteristics, medical history, and lifestyle risk factors were obtained using a standard
questionnaire administered by trained staff. Work-related physical activity was assessed
because leisure-time physical activity was uncommon at that time. Education was
dichotomized as less than or at least some high school education. Cigarette smoking was
defined as having smoked at least one cigarette per day for one or more years during the
participant’s lifetime. Current cigarette smoking was defined as answering “yes” to the
question, “Do you smoke now?”. Three blood pressure readings were obtained after the study
participant had been seated quietly for 5 minutes. These blood pressure readings were averaged
to obtain average systolic and diastolic blood pressures. Hypertension was defined as a mean
systolic blood pressure of at least 140 mm Hg and/or a diastolic blood pressure of at least 90
mm Hg and/or use of antihypertensive medication. Body weight and height were measured in
light indoor clothing without shoes, using a standard protocol. Body mass index was then
calculated as weight in kilograms divided by height in square meters.

Alcohol use was assessed using an interviewer-administered questionnaire with six questions
regarding the frequency, amount and type of alcoholic drinks consumed (8,9). Participants
were initially asked whether or not they consumed alcohol. Participants who drank alcohol
were then asked to specify: (1) the number of years during which they drank alcohol; and (2)
the amounts of alcohol consumption per month for each of four types of alcohol: beer, liquor,
wine (other than rice wine), and rice wine over the previous year. This quantity was then
multiplied by the percent alcohol of each type of drink: for beer, 3.9%, for wine, 11.6%, for
rice wine 13.6%, and for liquor, 53.3% (10). Grams of alcohol per month was then summed
across the four types of beverages and divided by 12.5 grams to provide the number of
standardized alcoholic drinks consumed per month. To obtain the number of standardized
drinks per week, the latter number was divided by 4.33. To be consistent with literature on
alcohol consumption in Western populations, 12.5 grams of pure alcohol was considered one
standard drink (11). Those who reported never drinking or consumed less than 12 drinks per
year were categorized as non-drinkers.

Follow-up Data Collection
The follow-up examination, which was conducted between 1999 and 2000, included tracking
study participants or their proxies to a current address, performing in-depth interviews to
ascertain disease status and vital information, and obtaining hospital records and death
certificates. Information on alcohol use was not collected during follow-up. All CHD events
reported during the in-person interview were verified by obtaining medical records or death
certificates from the local hospital, public health department, or police department. If
hospitalization occurred due to the event, participant’s hospital records, including medical
history, physical examination findings, laboratory test results including cardiac enzymes, EKG,
coronary angiography, discharge diagnosis, and/or autopsy reports were abstracted by trained
staff using a standard form. In addition, photocopies of selected sections of the participant’s
inpatient record, discharge summary, and pathology reports were obtained. An endpoint
assessment committee within each province reviewed and confirmed (or rejected) the diagnosis
of stroke based on the abstracted information using pre-established criteria. A study-wide
endpoint assessment committee at the Chinese Academy of Medical Sciences in Beijing, China,
reviewed all medical and death records and determined the final diagnosis or underlying cause
of death. There was 88.6% ascertainment of medical records (specifically ECG, cardiac enzyme
results, and/or coronary angiography) for persons reporting a diagnosis of acute myocardial
infarction (MI) and 81.5% ascertainment of medical records for persons reporting a diagnosis
of CHD. Death certificates were obtained for 99.9% of deceased participants. Two committee
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members independently verified the diagnosis or cause of death and discrepancies were
adjudicated by discussion involving additional committee members. All members of the local
and study-wide end point assessment committees were blinded to the participant’s baseline
risk factor information.

This study was approved by the Tulane University Health Sciences Center Institutional Review
Board and the Cardiovascular Institute and Fu Wai Hospital Ethics Committee. Written
informed consent was obtained from all study participants at their follow-up visit.

Statistical Analysis
Study participants were grouped into 4 categories by alcohol consumption at the baseline
examination (non-drinkers, 1 to 6 drinks/week, 7 to 34 drinks/week, more than 35 drinks/week).
These categories were created to allow examination of the association between alcohol
consumption and CHD without making a priori assumptions about the shape of the dose-
response curve and to provide meaningful ranges of alcohol intake experienced by a general
population. Category cut-offs were selected after a survey of national and international
guidelines for moderate drinking (12). While no guidelines have been issued by the People’s
Republic of China, the Hong Kong Department of Health has issued guidelines which state
that alcohol consumption should not exceed 21 drinks/week for men (or 3 drinks per day),
whereas the Central Authority of Catalonia recommends that alcohol consumption not exceed
35 drinks/week (or 5 drinks/day) (12). In order to avoid missing a possible J or U shape to the
relationship, we divided drinkers into even quintiles and tested for a quadratic relationship as
well as linear one. We also fitted restricted cubic splines to the dataset to test for nonlinear
relationships in our time-to-event analysis (13). Person-years of follow-up were calculated
from the date of baseline examination until the date of incident or fatal CHD event, death from
other causes, or follow-up interview, whichever came first, for each study participant and
grouped according to age in 5 year categories. Age standardized myocardial infarction (MI)
and CHD incidence rates were calculated using the age distribution of the Chinese population
from year 2000 census data.

Kaplan-Meier product limit methods were used to calculate the cumulative incidence and
mortality of MI and CHD according to alcohol consumption categories (14) and Log-rank test
was utilized to test the statistical significance of differences among these cumulative rates. Cox
proportional hazards regression models were stratified by primary sampling unit (province) to
account for the multi-stage sampling design, and adjusted for baseline age, cigarette smoking,
physical activity (low, moderate, high), body mass index, systolic blood pressure (average of
three measures), education (less than high school or high school graduate), geographic region
(north vs. south), urbanization (urban vs. rural), and self-reported history of diabetes. History
of diabetes was modeled as a time-dependent variable. Multivariate-adjusted relative risks were
calculated using study participants who were non-drinkers as the reference group. The presence
of a linear trend was tested using the medians of alcohol consumption in each group treated as
a continuous variable. Subgroup analyses by age group, hypertension status, cigarette smoking,
and body mass index were conducted for CHD and MI incidence. The sample sizes were too
small to conduct subgroup analyses for CHD or MI mortality due to low event rates. All
statistical analyses were conducted using SAS statistical software version 9.1 (SAS Institute
Inc, Cary, NC).

RESULTS
Baseline characteristics of the study participants are presented according to alcohol
consumption category in Table 1. On average, drinkers were younger than nondrinkers.
Drinkers were more often smokers, tended to perform more physical activity in the course of
their work, and were more often hypertensive than non-drinkers. On average, body mass index
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was slightly higher among drinkers than non-drinkers, with the exception of the heaviest
drinkers. Men who drank alcohol were more often residents of rural areas and more often lived
in Northern China than non-drinkers.

During an average follow-up of more than 8 years (494,084 person-years), 976 incident (588
fatal) CHD events, including 725 incident (361 fatal) MI events were documented. The age-
standardized incidence rate per 100,000 person-years for MI among nondrinkers was 123.9;
among those consuming 1 to 6 drinks/week the rate was 120.4; among those consuming 7 to
34 drinks/week, the rate was 92.9; and for those who consumed ≥35 drinks/week, the rate was
66.5. The age-standardized incidence rate per 100,000 person-years for CHD events among
nondrinkers was 164.9; among those consuming 1 to 6 drinks/week the rate was 172.7; among
those consuming 7 to 34 drinks/week, the rate was 122.7; and for those who consumed ≥35
drinks/week, the rate was 90.4. Kaplan-Meier product limit estimates for cumulative incidence
of CHD and MI are presented in Figure 2. The cumulative incidence and mortality from MI
and CHD were statistically significantly different by alcohol consumption (all log-rank p-
values <0.0001).

Relative risks (RR) and 95% confidence intervals (95% CI) for MI and CHD incidence and
mortality in relation to alcohol consumption are presented in Table 2. In age-adjusted Cox
proportional hazards models, there was a statistically significant inverse relationship between
alcohol consumption and both incidence and mortality of MI and CHD events (p-value for
linear trend <.0001 for all outcomes). These relationships were not attenuated after additional
adjustment for established risk factors for CHD such as cigarette smoking, physical activity,
body mass index, systolic blood pressure, education, geographic region, urbanization, and self-
reported history of diabetes.

We conducted subgroup analyses to further examine the relationship between alcohol
consumption and MI and CHD incidence among men with selected characteristics such as age,
hypertension, cigarette smoking, and overweight (Table 3). Relationships were generally
consistent for alcohol consumption and risk of MI and CHD events across categories. Those
consuming more drinks per week had lower risks of MI and CHD compared to other groups.
Tests for effect modification of covariables (including body mass index) on the relationship
between alcohol consumption and risk of MI and CHD were significant but ordinal in character.

Mortality from non-CVD causes was not linearly increased among drinkers as compared to
non-drinkers in this cohort. A statistically significant J-shaped association was identified
where, compared to non-drinkers, the relative risks of non-CVD mortality (RR; 95% CI) were
significantly lower for men who drank 1 to 6 drinks/week (0.84; 0.74 to 0.95), 7–34 drinks/
week (0.87; 0.81 to 0.94), and not significantly different from non-drinkers for persons
consuming ≥35 drinks/week (1.05; 0.95–1.15).

DISCUSSION
In this prospective cohort study of 64,597 Chinese men free of CHD at baseline, we identified
a strong and statistically significant inverse relationship between alcohol consumption and risk
of MI and CHD incidence and mortality, which remained after adjustment for age, body mass
index, average systolic blood pressure, physical activity, urbanization (urban vs. rural),
geographic region (north vs. south), cigarette smoking, history of diabetes, and education. Men
consuming more alcoholic drinks per week appeared to be at a lower risk for incident and fatal
MI and CHD events than their counterparts who drank less or did not drink at all. Alcohol
consumption in relation to all-cause mortality was examined in a separate manuscript (15).
There was a J-shaped relationship between non-CVD mortality and alcohol consumption in
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this cohort. The most common non-CVD causes of mortality were malignant neoplasm,
cirrhosis, accidents, and other causes.

Our results are consistent with those of Yuan and colleagues who examined cardiovascular
and all-cause mortality among a cohort of 18,244 middle-age men in Shanghai, China (6).
Compared to lifelong non-drinkers, they found a 36% lower mortality from ischemic heart
disease (RR, 0.64; 95% CI, 0.41 to 0.99) among those who consumed 1 to 28 drinks/week,
after adjustment for age, education, and cigarette smoking. Yuan and colleagues did not
examine non-fatal coronary events in their study. In a case-control study of alcohol
consumption and non-fatal CHD among Hong-Kong Chinese, Lam and colleagues examined
the characteristics of 598 CHD hospital cases and 1,100 community controls (5). They found
a significant protective effect for all drinking frequencies examined (four categories ranging
from less than monthly to >3 days/week) and for all types of drink preferences (beer, spirits,
others, no preference). In contrast, Donnan and colleagues did not find a relationship between
alcohol consumption and risk of MI in a case-control study conducted in southern Chinese
population (4).

A small number of studies conducted among the Japanese are also available for comparison.
In a study of 8,476 middle-aged, working Japanese men, Kitamura and colleagues identified
83 new CHD events over an average of 8.8 years of follow-up (12). After adjustment for major
CHD risk factors, RR (95% CI) of CHD was 0.83 (0.24–2.86) in ex-drinkers, 0.69 (0.37–1.29)
in drinkers consuming less than 2 drinks/day, 0.55 (0.29–1.05) in drinkers consuming 2 to 4
drinks/day, 0.41 (0.19–0.88) in drinkers of 4 to 5.5 drinks/day, and 0.59 (0.23–1.51) in drinkers
of more than 5.5 drinks per day, as compared to non-drinkers. In a 5 year 10 prospective study
of 2,890 middle-aged Japanese men, Iso and colleagues identified 34 CHD events (13). They
found no significant relationship between consumption of alcohol and CHD events. Our results
greatly expand the present literature by demonstrating a significant inverse association between
alcohol consumption and risk of MI and CHD among a nationally representative sample of the
Chinese male population.

This study has several strengths which lend support to our findings. Foremost are its large
sample size and high follow-up rate, which allows us to examine the relationship between
alcohol consumption and risk of CHD with precision. Second, our study was conducted among
a nationally representative sample of men in the general Chinese population, which allows the
study findings to apply to a large population. Finally, the association between alcohol
consumption and relative risk of CHD was consistent among subgroups by age, hypertension
status, smoking, and body mass index.

There are also some potential limitations to our study. Data on dietary patterns, leisure-time
physical activity, medications for lipid lowering, prophylactic aspirin use, and serum lipid
levels were not available at baseline. Therefore, the potential confounding effect of these
factors on MI and CHD incidence and mortality could not be controlled. However, leisure time
physical activity, prophylactic aspirin use, and lipid-lowering medication use were rare in
China during the decade of the 1990s (14–16). In addition, studies in Chinese populations have
shown that alcohol intake is associated with higher levels of total and HDL cholesterol in a
dose-response fashion (17,18). This is likely to be an important part of the mechanism by which
alcohol may decrease risk of coronary heart disease and therefore should not be adjusted in the
epidemiologic analyses of alcohol consumption and CHD. Other studies have demonstrated
that among U.S. adults, nondrinkers were more likely to have sociodemographic and behavioral
characteristics associated with increased CVD mortality than moderate drinkers (19). To
reduce the potential for this type of confounding, we controlled for smoking status, physical
activity, education level, as well as urbanization in our analysis. Moreover, medical record
ascertainment did not differ by drinking status. For nondrinkers in our population, medical
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record ascertainment was 89.5% for reported diagnoses of MI and 80.3% for reported diagnoses
of CHD. For the heaviest drinkers in our population, the corresponding percentages were 87.2%
and 82.7%. We did not collect dietary data in the current study. However, we adjusted for
urbanization (urban vs. rural) and geographic region (north vs. south), the two most important
factors which affected dietary habits in China. Alcohol intake was assessed at baseline
examination and may have changed over the course of follow-up. Nevertheless, little change
was observed in alcohol consumption over 6 years of follow up in a recent assessment of alcohol
intake and risk of CHD among men with hypertension in the Health Professional’s Follow-up
Study (20). Diagnosis of diabetes was self-reported in our study and so likely underestimates
the actual number of diabetics in the study population. Finally, the possibility that many
nondrinkers may be former drinkers who have experienced adverse health events which may
lead to a higher risk of CHD mortality must also be addressed. While we do not have
information on former drinking in our study, other studies have shown that the presence of
“sick quitters” does not explain the apparent benefits of alcohol consumption on the risk of
CHD (21).

Support for the protective effects of alcohol consumption on incidence and mortality from MI
and CHD comes from many studies. Moderate alcohol consumption increases high-density
lipoprotein cholesterol levels and fibrinolytic activity, while decreasing platelet aggregation
(22,23). In addition, alcohol consumption decreases gluconeogenesis and so may contribute to
the maintenance of normoglycemia (24,25). A recent nested case-control study conducted
among 747 women enrolled in the Nurses’ Health Study and 798 men enrolled in the Health
Professionals’ Follow-up Study found that the association between alcohol and risk of MI was
almost entirely attributable to the relationship of alcohol with HDL cholesterol, fibrinogen,
and hemoglobin A1C levels (26).

In summary, we found a significant inverse relationship between alcohol consumption and risk
of MI and CHD among a large and nationally representative sample of Chinese men aged 40
years or older. However, these results must be viewed in the context of the potential harm of
alcohol consumption as well as its benefits. In middle-aged and older men, alcohol
consumption might reduce risk of CHD. However, this effect might not directly apply to a
younger age group. Any advice regarding the consumption of alcohol should be tailored to the
individual patient's risks and potential benefits.
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Figure 1.
Map of China with Participating Provinces Highlighted.
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Figure 2.
Cumulative Incidence of Myocardial Infarction and Coronary Heart Disease among 64,597
Chinese Men by Alcohol Consumption.
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Table 1
Baseline Characteristics according to Alcohol Consumption among N=64,597 Chinese Men.*

Characteristics

Alcohol Consumption, Drinks/Week

Non-drinkers
n=39,935

1 to 6
n=4,804

7 to 34
n=13,469

≥35
n=6,389

Age (yr) 56.4±10.7 54.0±9.9 54.8±10.0 54.7±9.6

High-school graduate (%) 49.8 54.9 46.8 34.5

Current cigarette smoker (%) 32.2 32.8 28.3 14.5

Physical activity (%)†

  Low 43.5 38.8 32.1 27.1

  High 44.2 47.9 51.0 60.8

Body Mass Index (kg/m2) 22.3±3.4 22.5±3.3 22.5±3.3 21.7±3.1

Blood pressure (mm Hg)

Systolic 126.3±21.1 124.8±19.9 127.2±20.9 129.0±22.1

Diastolic 78.2±11.9 78.7±11.7 79.5±12.1 79.7±12.7

Hypertension (%) ‡ 26.4 25.4 28.5 31.1

Unemployed (%) 26.3 17.6 20.7 21.9

Living in Northern China (%) 60.5 67.5 70.4 51.4

Urban Residence (%) 63.8 62.3 59.4 41.5

*
Plus-minus values are means ±SD.

†
Physical activity was assessed by categorizing the physical labor involved in a participant’s work at the time of the study. Those who did not work were

assigned to the group with low physical activity. Percentages do not sum to 100 as data for the middle category are not shown.

‡
Hypertension was defined as one or more of the following: a systolic blood pressure greater than or equal to 140 mm Hg, a diastolic blood pressure

greater than or equal to 90 mm Hg, or the use of antihypertensive medications.
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