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Alcohol sensitivity, alcohol use and hypertension
in an older Chinese population: the Guangzhou
Biobank Cohort Study

Wei Sen Zhang1, Chao Qiang Jiang1, Kar Keung Cheng2, Peymane Adab2, G Neil Thomas2, Bin Liu1,
Kin-Bong Hubert Lam2, C Mary Schooling3 and Tai Hing Lam3

Although the J-shaped association between alcohol consumption and blood pressure (BP) is well known, the effect of alcohol

sensitivity on this relationship is less clear. We studied the association of alcohol sensitivity and alcohol use with BP and

hypertension. This cross-sectional analysis included 19 335 older participants from the Guangzhou Biobank Cohort Study

recruited from 2003 to 2006, using clinically measured BP and self-reported alcohol use and alcohol sensitivity. Alcohol use

was rare in women, in whom light-to-moderate drinkers (o140 g ethanol per week) without alcohol sensitivity had lower systolic

and diastolic BPs (mean difference 5.3 (95% CI 3.8–6.9) mm Hg and 1.9 (1.1–2.7) mm Hg, respectively) and a reduced risk

of hypertension (0.62 (0.53–0.72)) relative to never drinkers. Similarly, excessive drinkers (X140 g ethanol per week) without

alcohol sensitivity had a significantly higher systolic and diastolic BP and risk of hypertension than did nondrinkers (mean

difference 5.1 (2.8–7.4) mm Hg, 2.7 (1.5–4.0) mm Hg and 34% (8–66%), respectively, for men). These differences were

even greater for men with alcohol sensitivity (mean differences 12.0 (8.9–15.2) mm Hg, 6.2 (4.5–7.9) mm Hg and 95% CI

(46–159%), respectively). Alcohol sensitivity and alcohol use were both associated with elevated BP and risk of hypertension

in an older Chinese population. Alcohol sensitivity may aggravate the effect of drinking on BP. Limiting alcohol use to two drinks

per day for men and one drink a day for women may be suitable for East Asians. Reduction of alcohol consumption should be

an important public health target.
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INTRODUCTION

Alcohol has been reported to be a common and modifiable risk factor
for hypertension,1 with a J-shaped relation. Light-to-moderate alcohol
consumption may be beneficial for reducing the risk of hypertension,
although residual confounding cannot be ruled out. In contrast, heavy
drinking increases the risk of hypertension.2–4 The metabolism of
alcohol involves the enzymes, alcohol dehydrogenase (ADH) and
aldehyde dehydrogenase (ALDH), which break down ethanol into
acetaldehyde and subsequently into acetic acid.5,6 Sensitivity to alcohol
is mainly because of functional differences in ALDH2 polymorphisms.6

Alcohol sensitivity is low in people with ALDH2*1/*l, intermediate in
those with ALDH2*1/*2 and high in those with ALDH2*2/*2.7 Most
of those who are sensitive to alcohol experience symptoms, such
as facial flushing or palpitations, during alcohol consumption.8

Alcohol sensitivity is more common in East Asian than in Western

populations.8–10 Alcohol sensitivity may modify the effect of alcohol
on blood pressure (BP), possibly making alcohol less protective in East
Asians, thus altering the appropriate definition of light-to-moderate
drinking with corresponding public health implications. Earlier
studies are few, small and inconsistent,11–16 with no evidence from
China or Chinese populations. Some studies showed that the effects of
alcohol drinking on BP and incidence of hypertension were not
different in individuals with high or low levels of ALDH2
activity.11–14 However, two studies showed that there is a higher risk
of hypertension associated with drinking large amounts of alcohol in
those who are highly sensitive to alcohol.15,16 In the Guangzhou
Biobank Cohort Study (GBCS), data on drinking, alcohol sensitivity
and BP have been collected in detail.17 We used baseline data from the
GBCS to investigate the association between alcohol use, alcohol
sensitivity and BP in an older Chinese population.
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METHODS

Sources of data
The GBCS is a collaborative project between the Guangzhou No. 12 Hospital,

Guangzhou, China, the Universities of Hong Kong, Hong Kong, China and of

Birmingham, UK, and has been described elsewhere in detail.17 Briefly, partici-

pants underwent a half-day session with a detailed medical interview, fromwhich

data on lifestyle habits (such as drinking, smoking and physical activity),

socioeconomic position, symptoms after drinking alcohol, disease history and

reproductive history were obtained. They also had a full physical examination,

including BP assessment. This analysis is based on participants from phases 1 and

2 of the recruitment examined in 2003–2004 and 2005–2006, respectively. The

Guangzhou Medical Ethics Committee of the Chinese Medical Association

approved the study and all participants gave their written, informed consent.

Of the 20 412 eligible participants, 19 335 (94.7%), who had complete data

on all items of interest, were included in the present cross-sectional analysis.

The exclusion of 1077 (5.7%) participants was largely because of missing

physical activity data (n¼765, 3.7%), as the International Physical Activity

Questionnaire18 was not introduced into the study until 1 month after the first

phase of recruitment started.

Exposure assessment
The participants were asked about the usual (on a typical occasion or during a

typical day) frequency (days per week) and amount (ml) of drinking alcoholic

beverages, including beer, grape wine, rice wine and whisky. Mean weekly

alcohol consumption (g ethanol per week) was then calculated and categorized

into three groups: nondrinkers, light-to-moderate drinkers (LMDs) and

excessive drinkers (EDs). Nondrinkers were defined as those who explicitly

reported no drinking currently and previously, or drinking less than six times

per year. LMDs were those who drank less than once per week (occasional

drinking) or who, on an average, drank o140 g ethanol per week. EDs were

weekly drinkers consuming, on an average, 140 g or more ethanol per week.

The latter category could only be used for men as there were very few women

who fulfilled the criteria. Self-reported alcohol intake has been found to be

reliable and valid in populations.19

Alcohol sensitivity was assessed by asking ever drinkers ‘After drinking

alcohol, do you usually experience facial flushing, palpitation and/or dizziness?’

An affirmative response is compatible with having alcohol sensitivity.15,20

Outcome specification of hypertension
Seated BP was measured three times, 1min apart, after a 3-minute rest, using

the Omron 705CP (HEM-705CP-E) sphygmomanometer (Omron Matusaka

Co. Ltd., Masusaka, Japan). The average of the last two readings was used. Pulse

pressure was defined as the difference between systolic BP and diastolic BP.

Mean artery BP was defined as diastolic BP plus one-third of pulse pressure.

Hypertension was defined as systolic and/or diastolic BPs X140/90mmHg, or

being on treatment with medication for hypertension.3

Statistical analysis
Means and 95% confidence intervals (95% CIs) are reported for BP. Number

and percentage are reported for categorical variables. Analysis of covariance

(ANCOVA) was used to calculate the age-adjusted means. Linear regression was

used to assess the age-adjusted linear trend for alcohol sensitivity and amount

of alcohol consumption. Logistic regression was used to estimate the risk of

hypertension. The potential confounders considered were age, lifestyle habits

(smoking and physical activity),18 socioeconomic position (education and

personal annual income) and other vascular risk factors (family history of

hypertension, body mass index, waist circumference, total cholesterol,

triglyceride, HDL-cholesterol and glucose).

Models were built to investigate the possible confounding effects of each

confounder in turn. We present three models: model 1 adjusted for age; model

2 additionally adjusted for lifestyle and socioeconomic position; and model 3

additionally adjusted for other vascular risk factors.

Ex-drinkers are more likely to have developed hypertension or to be

receiving antihypertensive medication. Furthermore, reducing excessive alcohol

intake can produce a reduction in BP.4,21 Therefore, ex-drinkers were excluded

for analyzing the association between alcohol use, alcohol sensitivity and BP to

avoid possible bias.

RESULTS

There were more women (13 779) than men (5556), and the women
were generally younger (mean age 61.5 years (s.d.±6.6)) than the men
(mean age 64.4 years (s.d.±6.2)). Male and female drinkers with
alcohol sensitivity were slightly younger than drinkers without sensi-
tivity and nondrinkers (Table 1).
Ex-drinkers and current drinkers accounted for 1.0% (135 of

13 779) and 11.1% (1532 of 13 779) in women and 5.1% (286 of
5556) and 35.3% (1962 of 5556) in men, respectively. Among ever
drinkers, the prevalence of alcohol sensitivity was 46.0% (1033 of
2248) in men, which was similar to that in women (47.2% (786 of
1667), P¼0.48). However, the amount of alcohol consumed was
greater in men than in women. Among ever drinkers, the proportion
of ED in men (30.6%, 688 of 2248) was much higher than that among
women (3.3%, 55 of 1667), Po0.001. The proportion of ED in those
with alcohol sensitivity was lower than that among those without
alcohol sensitivity (23.4 vs. 36.7% in men and 1.8 vs. 4.7% in women,
respectively, Table 1).
In addition, the prevalence of smoking was higher in drinkers, with

over 80% of male ever-drinkers being ever smokers. The prevalence of
ever smoking was significantly higher among men than among women.
Most of the participants had had primary to secondary education, with
an annual personal income of 10 000–15 000 Yuan (8 Yuan¼1 USD),
and were physically active. Nondrinkers tended to more likely report a
family history of hypertension. Women were more likely than men to
have a large waist circumference and elevated total and low-density
lipoprotein-cholesterol levels. There were also some minor differences
in lipid profile among nondrinkers and ever drinkers, with and without
alcohol sensitivity, but no difference in blood glucose levels.

Alcohol consumption, alcohol sensitivity and BP
Table 2 shows that in men, EDs had higher mean systolic, diastolic,
pulse and arterial BPs than did nondrinkers, regardless of alcohol
sensitivity, adjusted for age. EDs with alcohol sensitivity had the
highest systolic, diastolic, pulse and mean arterial BP. Furthermore,
all these BP measures were significantly higher in EDs with alcohol
sensitivity than in those without alcohol sensitivity. We additionally
stratified EDs into two groups (140–279 andX280 g ethanol per week),
and the observations were consistent in each group (Appendix 1).
However, BP was almost the same in nondrinkers and in LMDs
regardless of alcohol sensitivity. Light-to-moderate drinking was not
associated with an elevated BP in men. A stratified analysis by
medication for hypertension, the association between alcohol use,
alcohol sensitivity and BP remained unchanged (data not shown).
Table 3 shows that, in women, LMDs with or without alcohol

sensitivity had significantly lower adjusted mean systolic, diastolic,
pulse and arterial BPs than did nondrinkers (P-values from 0.006 to
o0.001). The interquartile (P25, P50, P75) levels of alcohol intake
(g ethanol per week) in the LMDs who drank once per week or more
were 11, 27 and 54, respectively, in women, and 28, 54 and 84,
respectively, in men. In stratified analysis by medication for hyperten-
sion, the results were similar (data not shown).
Table 4 shows that the results were similar when the prevalence and

adjusted odds ratios (ORs) of hypertension were examined. The
prevalence of hypertension was 46.7% (2593 of 5556) in men and
43.8% (6041 of 13 779) in women. Compared with nondrinkers, the
prevalence of hypertension was lower in LMDs, both in men and
women, and higher in male EDs. Male EDs, especially those with
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alcohol sensitivity, had a higher risk of hypertension, whereas female
LMDs had a lower risk of hypertension, especially those without
alcohol sensitivity. The association between alcohol use, alcohol

sensitivity and hypertension remained consistent when the data were
stratified by dividing EDs into two groups (140–279 and X280 g
ethanol per week) (Appendix 2).

Table 1 Sample characteristics by alcohol sensitivity for 19335 older Chinese men and women in phases 1–2 of The Guangzhou Biobank

Cohort Study

Men Women

Alcohol sensitivitya Alcohol sensitivitya

Nondrinkers No Yes P-value Nondrinkers No Yes P-value

n 3308 1215 1033 12112 881 786

Proportion, % 59.5 21.9 18.6 o0.001* 87.9 6.4 5.7 —

Age, years (s.d.) 64.6±6.1 64.4±6.3 63.7±6.4 o0.001 61.6±6.6 61.4±6.4 60.2±6.8 o0.001

Alcohol use, %

o140 g ethanol per week — 63.3 76.6 o0.001 — 95.3 98.2 0.001

X140 g ethanol per week — 36.7 23.4 — 4.7 1.8

Smoking, %

Ever smoked 61.5 81.2 82.1 o0.001 5.6 11.6 13.1 o0.001

Physical activity

Inactive 5.0 5.8 4.0 o0.001 4.8 3.2 3.1 o0.001

(IPAQ), %

Minimally active 49.9 56.1 50.6 48.2 48.2 56.9

HEPAb active 45.1 38.1 45.1 47.0 48.6 40.1

Education, %

oPrimary 2.1 4.7 2.5 o0.001 14.3 11.9 11.5 o0.001

Primary 25.5 31.9 28.9 38.0 34.5 31.7

Secondary 53.1 46.7 51.7 42.1 47.1 50.3

Tertiary 19.2 16.7 16.8 5.6 6.5 6.6

Income group, % (annual)

o10 000 Yuan 18.9 23.5 22.5 o0.004 43.1 41.0 36.3 o0.001

10000–15 000 Yuan 43.7 42.6 43.6 40.9 42.8 50.3

X15000 Yuan 32.3 30.1 30.0 10.8 12.4 10.7

Unknown 5.1 3.7 4.0 5.3 3.9 2.8

Family history of hypertension, % 12.6 7.7 9.8 o0.001 12.7 9.3 10.3 0.002

Body mass index (kgm�2), %

p18.5 5.6 5.5 4.0 0.15 4.4 3.4 2.4 0.008

18.5–22.9 38.2 39.8 36.6 37.3 36.1 34.6

23–24.9 25.7 24.0 28.0 24.5 22.7 26.2

X25 30.5 30.6 31.5 33.8 37.8 36.8

Waist circumference (MaleX90cm,

FemaleX80cm), %

19.8 21.7 18.9 0.21 43.0 42.2 41.5 0.65

Total cholesterol (X6.2 mmol l�1), % 25.3 26.3 27.9 0.24 42.2 43.9 47.6 0.008

Triglyceride (X1.7mmol l�1), % 30.0 28.4 31.6 0.26 34.4 31.0 30.4 0.011

HDL-cholesterol (male: o0.9 mmol l�1,

female: o1.0mmol l�1), %

1.9 2.6 3.4 0.018 1.3 2.7 0.8 0.001

LDL-cholesterol (X3.36 mmol l�1), % 22.3 27.2 27.1 o0.001 38.9 47.7 51.4 o0.001

Fasting glucose (X6.1mmol l�1), % 21.4 20.9 20.9 0.91 21.4 21.6 19.5 0.43

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein.
aAmong former and current drinkers.
bHealth-enhancing physical activity, that is, vigorous activity at least 3 days a week achieving at least 1500MET min per week or activity on 7 days of the week achieving at least 3000 MET min
per week.
8 Yuan¼1 USD.
*P-value for difference by sex.

Alcohol sensitivity and hypertension
WS Zhang et al

743

Hypertension Research



DISCUSSION

In a large sample from an understudied Chinese population, with
adjustment for many confounders, including lifestyle habits, socio-
economic status and other vascular risk factors, we found that alcohol
sensitivity was associated with higher BP in light-to-medium drinkers
compared with that in similar drinkers without alcohol sensitivity, in

both men and women. Excessive drinking men with alcohol sensitivity
also had higher BP and risk of hypertension than did equivalent EDs
without alcohol sensitivity.
Although alcohol-induced flushing is thought to be a deterrent

factor to heavy consumption of alcohol,20,22,23 the frequency of
drinking of alcoholic beverages does not always differ between flushers

Table 2 Association between alcohol use, alcohol sensitivity and BP in older Chinese men (n¼5270)a

Age-adjusted means (95% CI)

Amount of drinking Alcohol sensitivity n Systolic BP Diastolic BP Pulse pressure Mean artery pressure

Nondrinkers — 3308 133.2 (132.4–133.9) 76.1 (75.7–76.5) 57.0 (56.6–57.5) 95.1 (94.7–95.6)

LMD, o140 g/week No 698 132.0 (130.4–133.6) 75.7 (74.9–76.5) 56.3 (55.3–57.3) 94.5 (93.4–95.5)

LMD, o140 g/week Yes 719 133.2 (131.6–134.7) 76.4 (75.6–77.2) 56.8 (55.7–57.8) 95.3 (94.3–96.3)

ED, X140 g/week No 361 138.3 (136.1–140.4)*** 78.8 (77.7–80.0)*** 59.4 (58.0–60.8)** 98.6 (97.2–100.1)***

ED, X140 g/week Yes 184 145.2 (142.2–148.2)***,### 82.3 (80.7–83.9)***,## 62.9 (60.9–64.9)***,## 103.3 (101.3–105.3)***,###

P for trend o0.001 o0.001 o0.001 o0.001

Abbreviations: BP, blood pressure; CI, confidence interval; ED, excessive drinker; LMD, light-to-moderate drinker.
aExcludes ex-drinkers.
ED, weekly drinkers drinking X140 g ethanol per week; LMD, drinking o1 time per week or weekly drinking o140 g ethanol per week.
Comparing with nondrinkers: **Po0.01, ***Po0.001; comparing with ED without alcohol sensitivity: ##Po0.01, ###Po0.001.
Significant P-values are in bold.

Table 3 Association between alcohol use, alcohol sensitivity and BP in older Chinese women (n¼13610)a

Age-adjusted means (95% CI)

Amount of drinking Alcohol sensitivity n Systolic BP Diastolic BP Pulse pressure Mean artery pressure

Nondrinkers — 12 112 130.9 (130.5–131.3) 73.1 (72.9–73.3) 57.8 (57.5–58.0) 92.4 (92.1–92.6)

LMD, o140 g per week No 782 125.5 (124.0–127.0)*** 71.2 (70.4–71.9)*** 54.4 (53.4–55.4)*** 89.3 (88.3–90.3)***

LMD, o140 g per week Yes 716 127.8 (126.2–129.3)***,# 71.9 (71.1–72.7)** 55.9 (54.8–56.9)**,# 90.5 (89.5–91.5)**

P-value o0.001 o0.001 o0.001 o0.001

Abbreviations: BP, blood pressure; CI, confidence interval; LMD, light-to-moderate drinker.
aExcludes ex-drinkers and currently excessive drinkers, because of limitation of fewer excessive drinker cases in women.
LMD, drinking o1 time per week or weekly drinking o140g ethanol per week.
Comparing with nondrinkers: **Po0.01, ***Po0.001; comparing with those who were LMD without alcohol sensitivity: #Po0.05.
Significant P-values are in bold.

Table 4 Prevalence and adjusted OR of hypertension for alcohol use and alcohol sensitivity in older Chinese men (n¼5556) and women

(n¼13 779)

OR (95% CI)a

Amount of drinking Alcohol sensitivity n Hypertension (%) Model 1 Model 2 Model 3

Men

Nondrinkers — 3308 46.6 1.00 1.00 1.00

LMD(o140 g per week) No 769 43.6 0.90 (0.76–1.05) 0.93 (0.79–1.10) 0.96 (0.81–1.14)

LMD(o140 g per week) Yes 791 43.1 0.92 (0.78–1.07) 0.97 (0.82–1.13) 0.95 (0.81–1.13)

ED(X140 g per week) No 446 51.1 1.21 (0.99–1.47) 1.30 (1.07–1.59) 1.34 (1.08–1.66)

ED(X140 g per week) Yes 242 61.2 1.83 (1.40–2.40)* 2.01 (1.53–2.64)** 1.95 (1.46–2.59)*

P-value o0.001 o0.001 o0.001 o0.001

Womenb

Nondrinkers — 12112 45.2 1.00 1.00 1.00

LMD(o140 g per week) No 840 33.7 0.62 (0.53–0.72) 0.63 (0.54–0.73) 0.62 (0.53–0.72)

LMD(o140 g per week) Yes 772 34.7 0.71 (0.60–0.83) 0.72 (0.62–0.85) 0.69 (0.59–0.82)

P-value o0.001 o0.001 o0.001 o0.001

Abbreviations: CI, confidence interval; ED, excessive drinker; LMD, light-to-moderate drinker; OR, odds ratio.
aOR (95% CI)-odds ratio and its 95% CI. Model 1 adjusted for age; model 2 additionally adjusted for education, personal income, smoking status and physical activity; and model 3 additionally
adjusted for family history of hypertension, BMI, waist circumference, total cholesterol, triglyceride, HDL-cholesterol and fasting blood glucose.
bExcludes ED because of limitation of fewer cases in women.
ED, weekly drinkers drinking X140 g ethanol per week; LMD, drinking o1 time per week or weekly drinking o140 g ethanol per week.
Comparing with those who were ED without alcohol sensitivity, the final adjusted OR of hypertension was 1.45, 95% CI 1.04–2.04 (*Po0.05, **Po0.01).
Significant P-values are in bold.
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and nonflushers.24 Social, psychological and cultural influences may
be a better explanation for alcohol use among East Asians than alcohol
sensitivity.25 There is a lack of data describing the association between
alcohol sensitivity and hypertension for Chinese or other East Asians,
except the Japanese. Studies from Japan have had inconsistent
results.11–16 For example, a study including 4000 people from the
general population showed that the ALDH2 genotype does not affect
sensitivity to the pressor effects of alcohol in either men or women.13

However, studies on male workers showed that heavy drinkers with
sensitivity to alcohol (slight and visible face and/or skin flushing after
drinking) had a higher risk of hypertension.15,16 Our study also
suggests that sensitivity to alcohol may aggravate the effect of excessive
alcohol drinking on hypertension. Chronic alcohol intake by alcohol
flushers increases blood acetaldehyde levels and thereby raises BP.15

In women with hypertension, LMDs with alcohol sensitivity had a
significantly higher BP (compared with LMDs without alcohol sensi-
tivity) than did women without hypertension. In both men and
women, the study showed that light-to-moderate drinking may not
reduce BP in those who are sensitive to alcohol.
We found that in men, regular excessive drinking was associated

with elevated BP and risk of hypertension, which is consistent with
earlier reports.26–29 However, we could not find a beneficial effect from
light-to-moderate drinking. We used the same drinking definitions in
women as in an earlier study,30 but which are slightly higher than the
recommendation of limit to one drink (B12.3 g ethanol) per day
proposed by the US Department of Health and Human Services and
of Agriculture.31 We found that light-to-moderate drinking was
associated with lower BP and risk of hypertension in women,
especially in those without alcohol sensitivity. However, most of the
woman alcohol users would have been occasional users, hence it is
difficult to ascertain whether this was a real effect of occasional
alcohol use or was because of residual confounding from other
characteristics of the fairly uncommon woman drinkers (such as
more health consciousness or self-restraint). Certainly, levels of alcohol
intake in the light-to-moderate female drinkers who drank once per
week or more were approximately half of those observed in the men,
which may contribute to the observed differences. A prospective
cohort study showed a strong positive association between higher
alcohol consumption and an increased risk of developing hyper-
tension in men, with no evidence of benefit in light-to-moderate
drinking.3 The risk of hypertension was much higher in men when total
alcohol consumption exceeded five drinks per week. However, in
women, light-to-moderate alcohol consumption contributed to a
modestly lower hypertension risk.3 In another prospective study,
alcohol intake of up to 20 g alcohol per day was not associated with
an increased risk of hypertension in women.32 A population-based
study including 5448 US adults showed that alcohol intake of up to two
drinks per day had no effect on BP. There was a sex-specific effect of
alcohol intake in excess of two drinks per day on BP, with increased BP
in men but not in women.33 Excessive alcohol intake has been shown to
be associated with increased arterial stiffness in men.34 In contrast,
higher alcohol use was inversely related to arterial stiffness in women.35

A chronic low ethanol intake for LMDs may confer benefits mainly
through higher antioxidant capacity and lower advanced glycation end
products.36 There was no beneficial effect of light-to-moderate drink-
ing on BP in men in our study. This could be because most of the male
drinkers also smoked, whereas female drinkers did not. In our study,
we found that the prevalence of ever smoking in current drinkers was
81.6% in men and 11.3% in women. There is some evidence that the
association between alcohol drinking and higher BP is stronger in
smokers than in nonsmokers. A Japanese study found that BP was

significantly higher in heavy drinkers than in nondrinkers, and these
differences tended to be greater in light and heavy smokers than in
nonsmokers.37 Furthermore, the relatively greater prevalence of
drinking and the larger amount of alcohol consumption in men
(vs. women) in China may also, in part, explain the discrepancy in
the effect of alcohol intake on BP in men and women.
Alcohol consumption is an established cause of cancer of the

mouth, pharynx, larynx, esophagus, liver, colon, rectum and breast.38

For each of these cancers, risk increases substantially with an intake of
more than 50 g of alcohol per day.38 A regular consumption of one or
more drinks per day has been associated with an increased risk of
breast cancer in women.39 Given the evidence from this study and
others, it is suggested that people should not drink, but for those who
do, alcohol intake should be limited to no more than two drinks per
day (B20–25 g ethanol per day) for men and one drink a day (B10–
15 g ethanol per day) for women.31 This may be suitable for Chinese
adults and other Asians, in whom alcohol sensitivity is common. For
the prevention of cancer and many other alcohol-related health
problems, ceasing or reducing alcohol consumption should be an
urgent public health target.
This is a large study in older Chinese including data on alcohol

sensitivity, alcohol consumption, BP and medication for hypertension.
The use of a standardized, detailed questionnaire and the measure-
ment of fasting biochemical vascular risk factors enabled the adjust-
ment of many potential confounders. These have allowed us to
examine the independent association of alcohol sensitivity and alcohol
consumption with BP and hypertension. To the best of our knowledge,
this is the first large study on alcohol sensitivity, alcohol use and BP in
a Chinese population, which may give evidence for alcohol control,
especially for the many developing populations during a period of
transition with massive promotion and a consequent rapid increase in
alcohol consumption. Despite the strengths, there are some limita-
tions. First, our findings would be biased if people with specific
patterns of alcohol use and hypertension risk were systematically
excluded, most likely heavy drinkers. However, heavy drinking is
rare among Chinese. Second, our study is based on data from older
people for whom the social and cultural setting means heavy alcohol
use is uncommon, and thus precluded a full exploration of the effects
of very high alcohol use, particularly in women. Third, our study from
a setting in which rice wine and beer are the main alcoholic beverages
means we cannot examine whether grape wine specifically is protective
against hypertension; however, this does not detract from the relevance
to China and other Asian populations. Fourth, we did not adjust for
potential confounding by diet, especially by dietary sodium, which is an
independent factor on BP. However, Cantonese are not heavy salt users,
so confounding by dietary sodium is likely to be minimal. Moderate
alcohol use can be associated with a healthier diet;40 however, that
pattern may be culturally specific. We cannot rule out the possibility
that Chinese moderate alcohol users have a particularly unhealthy diet,
which may mask a protective effect of moderate alcohol use on BP.
Finally, this is a cross-sectional study, with all the inherent limitations,
including the inability to determine causality.
In conclusion, excessive drinking with alcohol sensitivity may

aggravate the detrimental effects of excessive drinking on BP and
hypertension. Light-to-moderate drinking may be associated with
reduced BP and risk of hypertension only in women, especially in
women who are not sensitive to alcohol. Limiting alcohol consump-
tion for those who drink to two drinks per day for men and one drink
a day for women may also be appropriate for East Asians in whom
alcohol sensitivity is common. Ceasing or reducing alcohol consump-
tion should be an important public health target.
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APPENDIX 1

Association between alcohol use, alcohol sensitivity and BP in older Chinese men (n¼5270)a

Age-adjusted means (95% CI)

Amount of drinking Alcohol sensitivity n Systolic BP Diastolic BP Pulse pressure Mean artery pressure

Nondrinkers — 3308 133.2 (132.4–133.9) 76.1 (75.7–76.5) 57.0 (56.6–57.5) 95.1 (94.7–95.6)

LMD, o140 g per week No 698 132.0 (130.4–133.6) 75.7 (74.9–76.5) 56.3 (55.3–57.3) 94.5 (93.4–95.5)

LMD, o140 g per week Yes 719 133.2 (131.6–134.7) 76.4 (75.6–77.2) 56.8 (55.7–57.8) 95.3 (94.3–96.3)

ED, 140–279 g per week No 149 133.8 (130.4–137.1) 78.5 (76.6–80.3)* 55.3 (53.1–57.6) 96.9 (94.7–99.1)

ED, 140–279 g per week Yes 75 142.5 (137.8–147.3)***,## 80.9 (78.4–83.5)*** 61.6 (58.5–64.8)**,## 101.5 (98.3–104.6)***,#

ED, X280 g per week No 212 141.4 (138.6–144.2)*** 79.1 (77.6–80.7)*** 62.3 (60.4–64.2)*** 99.9 (98.0–101.7)***

ED, X280 g per week Yes 109 147.0 (143.1–151.0)***,y 83.2 (81.1–85.4)***,y 63.8 (61.2–66.4)*** 104.5 (101.9–107.1)***,yy

P for trend o0.001 o0.001 o0.001 o0.001

Abbreviations: BP, blood pressure; CI, confidence interval; ED, excessive drinker; LMD, light-to-moderate drinker.
aExcludes ex-drinkers.
ED, weekly drinkers drinking X140g ethanol per week; LMD, drinking o1 time per week or weekly drinking o140 g ethanol per week.
Comparing with nondrinkers: *Po0.05, **Po0.01, ***Po0.001; comparing with those who were ED (140–279g per week) without alcohol sensitivity: #Po0.05, ##Po0.01; comparing with
those who were ED (X280 g per week) without alcohol sensitivity: yPo0.05, yyPo0.01.
Significant P-values are in bold.

APPENDIX 2

Prevalence and adjusted OR of hypertension for alcohol use and alcohol sensitivity in older Chinese men (n¼5556)

OR (95% CI)a

Amount of drinking Alcohol sensitivity n Hypertension (%) Model 1 Model 2 Model 3

Nondrinkers — 3308 46.6 1.00 1.00 1.00

LMD (o140 g per week) No 769 43.6 0.90 (0.76–1.05) 0.93 (0.79–1.10) 0.96 (0.81–1.14)

LMD (o140 g per week) Yes 791 43.1 0.92 (0.78–1.07) 0.97 (0.82–1.13) 0.95 (0.81–1.13)

ED, 140–279 g per week No 179 46.9 1.00 (0.74–1.36) 1.08 (0.80–1.47) 1.14 (0.82–1.58)

ED, 140–279 g per week Yes 92 66.3 2.22 (1.43–3.45)** 2.39 (1.54–3.73)** 2.44 (1.54–3.86)**

ED, X280 g per week No 267 53.9 1.37 (1.06–1.76) 1.47 (1.13–1.90) 1.49 (1.14–1.96)

ED, X280 g per week Yes 150 58.0 1.64 (1.17–2.29) 1.81 (1.29–2.54) 1.69 (1.18–2.42)

P-value o0.001 o0.001 o0.001 o0.001

Abbreviations: CI, confidence interval; ED, excessive drinker; LMD, light-to-moderate drinker; OR, odds ratio.
aOR (95% CI)-odds ratio and its 95% CI. Model 1 adjusted for age; model 2 additionally adjusted for education, personal income, smoking status and physical activity; and model 3 additionally
adjusted for family history of hypertension, BMI, waist circumference, total cholesterol, triglyceride, HDL-cholesterol and fasting blood glucose.
ED, weekly drinkers drinking X140g ethanol per week; LMD, drinking o1 time per week or weekly drinking o140 g ethanol per week.
Comparing with those who were ED (140–279g per week) without alcohol sensitivity, the final adjusted OR of hypertension was 2.14, 95% CI 1.24–3.71 (**Po0.01).
Significant P-values are in bold.
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