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ABSTRACT AND KEYWORDS

Background: The influence of alcohol intake on hypertension may vary depending on the

flushing response, but this relationship has not been confirmed.

Objective: The relationship between alcohol intake and hypertension was examined

according to the flushing response in a representative sample of the Japanese population.

Methods: Participants in the National Health and Nutrition Survey in 2010 were asked to

participate in the baseline survey of NIPPON DATA2010. Here, we investigated the

relationship between alcohol intake and hypertension according to the flushing response.

Statistical analyses were performed in a cross-sectional manner using multiple logistic

regression models after adjusting for age, body mass index, smoking status, present illness of

diabetes mellitus, and present illness of dyslipidemia.

Results: Of the 1,139 men and 1,263 women, 659 and 463, respectively, had hypertension.

Among the men, alcohol intake was positively associated with hypertension, regardless of the



flushing response (P for linear trend both < 0.05). This positive relationship was observed for

both users and non-users of antihypertensive drugs. No interaction with the flushing response

was observed (P for interaction = 0.360). In women, although the direction differed between

flushers and non-flushers, the association between alcohol intake and hypertension was not

significant, regardless of flushing response.

Conclusion: In Japanese men, alcohol intake was positively associated with hypertension in a

manner that was not influenced by the flushing response. (222/250 words)
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INTRODUCTION

Heavy alcohol intake is a known risk factor of hypertension.? After alcohol intake,

some people exhibit a flushing response (palpitations, shortness of breath, headaches, and/or

facial flushing) because of the accumulation of acetaldehyde. Acetaldehyde, a toxic

metabolite of alcohol, is oxidized in the mitochondria by aldehyde dehydrogenase (ALDH).

ALDH, the second enzyme in the metabolic pathway, converts acetaldehyde to acetic acid and

consists mainly of two isozymes (ALDH1 and ALDH2).2> ALDH2 has three genotypes: wild

type (ALDH2'/2%), inactive heterozygote (21/22), and inactive homozygote (2%/22). The

ALDH2 genotype is determined by heredity; 37%-45% of Japanese individuals are inactive

heterozygotes, while 7% are inactive homozygotes.®™ People who are inactive heterozygotes

or inactive homozygotes tend to exhibit a flushing response.®®" A simplified flushing

questionnaire has been developed to predict the ALDH2 genotype.?



Several studies have examined the relationship between alcohol intake and

hypertension according to the flushing response.?*® However, the results have conflicted.

Some studies have reported that the relationship between alcohol intake and hypertension

differs by flushing response.?!? On the other hand, several reports have concluded that the

ALDH2 genotype does not modify the relationship between alcohol intake and hypertension

or blood pressure (BP).!V)'® However, to our knowledge, there have been no reports

examining alcohol intake and lack of BP control according to the flushing response.

Regarding the mechanism about the relationship between alcohol intake and

hypertension according to the flushing response or ALDH2 genotype, the following

mechanism was reported. Vasdev et al. hypothesized that alcohol-induced hypertension was

caused vascular smooth muscle tonus due to increase of intracellular calcium, which has been

associated with acetaldenyde on cell-membrane to calcium exchange in animal model.

14)-17),12)



To investigate the relationship between alcohol intake and hypertension

according to the flushing response in the general Japanese population, we performed a

cross-sectional analysis according to sex in a representative Japanese sample, NIPPON

DATA2010, consisting of subjects who participated in the National Health and Nutrition

Survey of Japan.



METHODS

NIPPON DATA2010

National Integrated Project for Prospective Observation of Non-communicable

Disease and Its Trends in the Aged 2010 (NIPPON DATA2010) was created as a prospective

cohort to study cardiovascular disease in 2010. The baseline survey was conducted as the

National Health and Nutrition Survey of Japan in 2010 (NHNS2010), which was implemented

by the Ministry of Health, Labour and Welfare of Japan. The details of NHNS2010 have been

described elsewhere.1®)

In November 2010, a total of 8,815 residents from 300 randomly selected districts

throughout Japan participated in NHNS2010. Overall, 7,229 of the participants were over 20

years of age. Of these participants, 3,873 (men: 1,598; women: 2,275) completed the blood

tests that were part of NHNS2010, and 2,898 participants (men: 1,239; women: 1,659)



subsequently agreed to participate in the baseline survey of NIPPON DATA2010 (response

rate: 74.6%). The age distribution was similar between NIPPON DATA2010 participants and

NHNS2010 participants (Table 1).}® The baseline survey included an electrocardiography

examination, blood tests, urinalysis and a questionnaire containing questions relevant to the

study of cardiovascular disease. Trained researchers collected informed consent from the

participants before they were enrolled.

The data from 7 persons could not be utilized, and these subjects were excluded.

Finally, 2,891 participants (men: 1,236; women: 1655) were included in the analysis. The

Institutional Review Board of Shiga University of Medical Science (No. 22-29, 2010)

approved this study.

Study participants

In the main analysis, we examined the relationship between alcohol intake and



hypertension according to the flushing response. Of the 2,891 participants, we excluded 489

for the following reasons: self-reported ex-drinkers (n = 61), missing information (flushing

response, alcohol intake, body mass index (BMI), smoking status, present illness of diabetes

mellitus, and present illness of dyslipidemia and/or antihypertensive drug use) at baseline (n

= 17), and never-drinkers (n = 411). We excluded ex-drinkers from the analysis because these

individuals might have stopped drinking because of hypertension or some other chronic

condition. We also excluded never-drinkers from the analysis because the questionnaire on

flushing response could not be completed by individuals who had never drank. Overall, 2,402

participants (men: 1,139; women: 1,263) were included in the analyses.

Flushing response

We set the exposure as alcohol intake depending on the flushing response. We used a

simplified flushing questionnaire to evaluate the flushing response.® Yokoyama et al. reported



the validity of the simplified flushing questionnaire in Japanese. According to Yokoyama et

al. , this simplified flushing questionnaire showed 90% sensitivity and 88% specificity in 610

Japanese men and 88% sensitivity and 92% specificity in 381 Japanese women when flushers

were supposed to be inactive ALDH2.29:2)

The questionnaire consisted of two questions: (a) “Do you flush in the face

immediately after drinking a glass of beer?” (possible answers: partly, entire face, no, or

unknown) and (b) “Did you flush in the face immediately after drinking a glass of beer during

the first to second year after you started drinking?” (possible answers: yes, no, or unknown).

We classified the participants into two groups according to their answers. Individuals

b

who answered ‘partly’ or ‘entire face’ to question (a) were classified as ‘flushers.

Furthermore, those who answered ‘no’ or “‘unknown’ to question (a) and ‘yes’ to question (b)

were also classified as ‘flushers.” The remaining subjects were classified as ‘non-flushers.’
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Alcohol intake

Information on alcohol intake (frequency and amount per day) was ascertained using

a self-reported questionnaire. The frequency of alcohol intake was classified into the

following six categories: every day, 5-6 days/week, 3-4 days/week, 1-2 days/week, 1-3

days/month, and almost never. Alcohol intake was grouped into the following six categories:

>5 gou/day, 4-5 gou/day, 3-4 gou/day, 2-3 gou/day, 1-2 gou/day, and <1 gou/day, where ‘gou’

represented the traditional Japanese unit of sake. For sake, 1 gou (180 mL) is equivalent to

22.1 g of alcohol, which is roughly two single shots of whisky (70 mL) or one bottle of beer

(633 mL). The average weekly alcohol intake (g/week) was calculated for each participant

using data on the frequency and amount of alcohol intake. The average frequencies and

amounts used for each category were as follows: for frequency, 7 days/week, 5.5 days/week,

3.5 days/week, 1.5 days/week, 0.5 days/week, and 0 days/week, and for amount, 5 gou/day

(=110.5 g of ethanol), 4.5 gou/day (=99.5 g of ethanol), 3.5 gou/day (=77.4 g of ethanol), 2.5
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gou/day (=55.3 g of ethanol), 1.5 gou/day (=33.2 g of ethanol), and 0.5 gou/day (=11.1 g of

ethanol). For men, alcohol intake was classified into the following 4 categories: 0 g/week

(equivalent to 0 gou/day), 0.0-154.6 g/week (equivalent to O < gou/day < 1), 154.7-309.3

g/week (equivalent to 1 < gou/day < 2), and more than 309.4 g/week (equivalent to >2

gou/day). For women, alcohol intake was classified into the following 3 categories: 0 g/week

(equivalent to 0 gou/day), 0.0-154.6 g/week (equivalent to 0 < gou/day < 1), and more than

154.7 g/week (equivalent to >1 gou/day).

BP measurement

BP was measured twice by trained observers using a standard mercury

sphygmomanometer on the right arm of seated participants. Hypertension was defined as a

systolic BP (SBP) >140 mmHg and/or a diastolic BP (DBP) >90 mmHg and/or the use of

antihypertensive drugs.?? The first measurement was obtained after the subject had rested in a

12



sitting position for at least five minutes. The average of the two measurements was used.

Statistical analysis

As the alcohol intake differed between the men and the women, the data were

analyzed separately for men and for women throughout the analyses.

Regarding the characteristics of the subjects, we tested for trends in age, BP

(continuous variables), proportion with obesity, smoking status, and use of antihypertensive

drugs (categorical variables). All P values for linear trends were calculated using the

categories of alcohol intake. Additionally, we tested for interactions to compare the

characteristics of flushers and non-flushers. We used a general linear model for continuous

variables and a logistic regression model for categorical variables.

Multiple logistic regression models with hypertension as a dependent variable were

applied to the main analyses. We included possible confounding factors, such as age, BMI

13



(<18.5, 18.5-24.9 and >25.0 kg/m?), smoking status (never-smoker, ex-smoker, and current

smoker), present illness of diabetes mellitus (yes, no) and present illness of dyslipidemia (yes,

no) in the adjusted models. Additionally, we tested for linear trends in BP according to the

flushing response and for interactions between alcohol intake and the flushing response. P

values for linear trends were calculated using the categories of alcohol intake. In the

interaction term analysis, we included a cross-product term for alcohol intake and flushing

response in the model.

To consider the influence of antihypertensive drugs, we stratified the participants into

two groups: non-users (n=1,795) and users (n=607) of antihypertensive drugs. We performed

an analysis of covariance to calculate the adjusted mean BP. A multiple logistic regression

analysis was also conducted for each group. In the analyses, the dependent variable was the

lack of BP control, which was defined as an SBP of >140 mmHg or a DBP of >90 mmHg. In

both analyses, we included age, BMI, smoking status, present illness of diabetes mellitus and

14



present illness of dyslipidemia as potential confounding factors. Additionally, we tested for

linear trends in hypertension or BP according to the flushing response and for interactions

between alcohol intake and the flushing response. P values for linear trends were calculated

using the categories of alcohol intake.

All P values were two-sided, and P < 0.05 was regarded as being statistically

significant. All analyses were performed using SAS version 9.4 for Windows (SAS Inc, Cary,

NC).

15



RESULTS

Table 2 shows the baseline characteristics of the participants according to alcohol

intake and flushing response. Of the 1,139 men and 1,263 women, 583 (51.2%) and 597

(47.3%), respectively, were classified as flushers.

Among the men, BP increased with alcohol intake in both the flushers and the

non-flushers. Similarly, the proportion of ex-smokers increased with alcohol intake among

flushers, and the proportion of current smokers increased with alcohol intake among

non-flushers. Meanwhile, the proportion of never-smokers decreased with alcohol intake

among both flushers and non-flushers. Of the non-flushers, the non-drinkers were younger

than the drinkers. We did not observe any interaction between the presence of flushing

response and any of the variables that were examined.

Regarding women, individuals with a higher alcohol intake were more likely to be

16



younger. Furthermore, the BP did not increase with alcohol intake among non-flushers. In

both non-flushing and flushing women, the proportion of ex-smokers increased with alcohol

intake. The relationships between alcohol intake and age, BP, smoking status, and use of

antihypertensive drugs differed according to the flushing response.

Table 3 shows the relationship between alcohol intake and hypertension according to

the presence of flushing response. Of the 1,139 men and 1,263 women, 659 (57.9%) and 463

(36.7%), respectively, had hypertension. The prevalence of drinkers was 64%, 90%, 34%, and

58% among the male flushers, male non-flushers, female flushers, and female non-flushers,

respectively. In men, the median alcohol intake was 16.6 g/week (Interquartile range

(IQR):0.0, 182.3) in flushers and 149.2 g/week (IQR: 38.7, 232.1) in non-flushers,

respectively. On the other hand, the median alcohol intake among flushers was 0.0 g/week

(IQR: 0.0, 5.5) and 5.5 g/week (IQR: 0.0, 49.7) among non-flushers in women. The median

alcohol intake was lower in flushers than in non-flushers regardless of sex.
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Among men, alcohol intake was positively associated with hypertension in both

flushers and non-flushers (P for linear trend both < 0.05). Of the flushers, the adjusted odds

ratio (aOR) compared with the group with an alcohol intake of 0 gou/day was 1.10 (95%

confidence interval [95% CI], 0.71-1.72) for O < gou/day < 1, 1.86 (95% CI, 1.07-3.23) for 1

< gou/day < 2, and 1.91 (95% ClI, 0.92-3.96) for 2 < gou/day (P for linear trend = 0.016). Of

the non-flushers, the aOR compared to the group with an alcohol intake of 0 gou/day was 1.28

(95% Cl, 0.62-2.68) for 0 < gou/day < 1, 2.43 (95% ClI, 1.14-5.17) for 1 < gou/day < 2, and

2.62 (95% CI, 1.16-5.92) for 2 < gou/day (P for linear trend = 0.001). We observed no

interaction with the flushing response (P for interaction = 0.360). Among women, although

the direction differed between flushers and non-flushers (P for interaction = 0.052), the

association between alcohol intake and hypertension was not significant, regardless of the

presence of a flushing response (P for linear trend > 0.05).

Table 4 shows the relationship between alcohol intake and hypertension according to
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the flushing response in participants who did not take antihypertensive drugs. In men, alcohol

intake was positively associated with hypertension regardless of flushing response (P for

linear trend < 0.05). We observed no interaction with the flushing response (P for interaction

> 0.05). Among women, the association between alcohol intake and hypertension was not

statistically significant for flushers or non-flushers (P for linear trend > 0.05).

Table 5 shows the relationship between alcohol intake and lack of BP control (>

140/90 mmHg) according to the flushing response among participants taking antihypertensive

drugs. In men, alcohol intake was positively associated with lack of BP control among

flushers (P for linear trend = 0.007). Although the difference was not statistically significant

(P for linear trend = 0.114), the aOR was higher in the >2 gou/day group than in the lower

alcohol intake groups. We observed no interaction with the flushing response (P for

interaction = 0.481). In women, the association between alcohol intake and a lack of BP

control was not significant for flushers or non-flushers (P for linear trend > 0.05).
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DISCUSSION

We examined the relationship between alcohol intake and hypertension according to

flushing response using NIPPON DATA2010, which provided data from a representative

Japanese population. For men, alcohol intake was positively associated with hypertension in

flushers and non-flushers. The flushing response did not modify the relationship between

alcohol intake and hypertension.

In this study, we decided to classify alcohol intake into 4 categories (0O gou/day, 1 <

gou/day < 2, 2 <gou/day) for men and 3 categories (0 gou/day, 0 < gou/day < 1, 1 <gou/day)

for women. Because number of 2 <gou/day drinkers for men and 1 <gou/day drinkers for

women are small. Additionally, we decided the number of categories in reference to previous

studies and distribution of alcohol intake. Most previous studies treated alcohol intake as

categorical variable. Only one previous study treated alcohol intake as continuous variable.®

20



We additionally examined the relationship between alcohol intake and hypertension according

to the flushing response treating alcohol intake as continuous variable. Accordingly, the result

did not change essentially, and alcohol intake was positively associated with hypertension in

flushers and non-flushers among men (data not shown). On the other hand, the result was

similar among women when evaluated for alcohol intake as categorical variables. Although

we observed interaction with the flushing response (P for interaction = 0.0497), the

association between alcohol intake and hypertension was not significant, regardless of the

presence of a flushing response (data not shown). Further studies are required to address this

case.

In our study, the median alcohol intake was lower among flushers than among

non-flushers regardless of sex. Flushers were likely to exhibit a flushing response. This could

be explained by the fact that flushers had experienced the uncomfortable symptoms of the

flushing response and were thus likely to stop or reduce their alcohol consumption.
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For men, alcohol intake was positively associated with hypertension among both

flushers and non-flushers. Our findings were consistent with the results of some studies. In a

meta-analysis, male drinkers with a high alcohol intake (>50 g/day) had a higher risk of

hypertension than non-drinkers (relative risk: 1.61, 95% CI: 1.38-1.87)." Ueshima et al.?

also found that moderate or heavy alcohol intake was associated with BP and the presence of

hypertension among men in Japan.

Regarding the interaction between alcohol intake and hypertension according to

flushing response, several reports have shown that alcohol intake is associated with BP among

subjects with an inactive ALDH2 genotype or among flushers, but not among individuals with

an active ALDH2 genotype or non-flushers.?:19:2925 However, none of those studies

presented a P for interaction. In those reports, the following mechanisms were considered.

Jung et al.?®2® hypothesized that the increased BP in flushers was caused by the release of

noradrenaline due to sympathetic nerve stimulation to compensate for the reduction in

22



visceral blood flow resulting from peripheral vasodilation, which has been associated with

poor acetaldehyde removal. The results of our study, however, do not support this mechanism.

We demonstrated that the flushing response did not modify the relationship between

alcohol intake and hypertension among men. Our results agree with those from other

studies.’-192)) Although the results of the statistical tests examining the interaction were not

provided, Amamoto et al. and Okayama et al.?® also reported that the ALDH2 genotype did

not modify the relationship between alcohol intake and hypertension or BP among men.

We considered several reasons for the discrepancy between our study and the

previous studies mentioned above. First, the age groups differed. The mean ages were 53.3

years and 39.3 years in the studies by Nakagawa et al.1? and Itoh et al.?¥, respectively. In the

study by Jung et al.?, the mean ages were 50.9 years, 49.2 years, and 48.7 years in the

non-drinkers, flushers, and non-flushers, respectively. In comparison, the mean age in our

study was older (57.1 years) than those in the other studies. Second, the prevalence of
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hypertension differed between the studies. The prevalence of hypertension was 28% and 27%

in the studies reported by Nakagawa et al.’? and Itoh et al.?”, respectively. Meanwhile, in our

study, the prevalence of hypertension was higher (47%) than those of the other studies. These

differences in age and prevalence of hypertension may have influenced the discrepancy

between the results of our study and those of the previous studies. Another possible reason for

the discrepancy may be the categorization of the ex-drinkers. None of the previous studies

clearly distinguished between never-drinkers and ex-drinkers among the non-drinkers.

However, we excluded ex-drinkers from the present analyses. Ex-drinkers may have stopped

consuming alcohol because they were suffering from a disease. If ex-drinkers had been

included among the non-drinkers, the effect of alcohol consumption on hypertension would

probably have been underestimated because the prevalence of hypertension would have likely

increased among the non-drinkers in our study. Thus, we believed that our approach was

appropriate to assess the association between alcohol intake and hypertension.
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Among women, we found no statistically significant associations between alcohol

intake and hypertension, regardless of flushing response. A meta-analysis® performed in the

United States reported that the risk of hypertension was significantly higher among female

drinkers (31-40 g/day) than non-drinkers (OR: 1.19, 95% Cl: 1.07-1.32). Marmot et al.?%

reported a higher blood pressure in heavy drinkers than in non-drinkers among women. Thus,

our results were inconsistent with these previous reports. Several possibilities might explain

the lack of positive association between alcohol intake and hypertension in our study. First,

women in Japan, especially older women, tend to not drink regardless of their flushing

response. In fact, among the non-flushers, the mean age of the non-drinkers was higher.

Because the mean age of the non-drinkers was higher, the BP among non-drinkers was also

higher than that among those who drank >1 gou /day. Although we adjusted for age, we might

not have been fully able to adjust for the effects of age. Second, the number of alcohol intake

categories was relatively small. Marmot et al.?® reported that among women, the mean BP
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was 3.9 (SBP)/3.1 (DBP) mmHg higher in the heavy alcohol intake group (>34 g/day) than in

the non-drinking group, and these differences were statistically significant. However, in our

study, we could not perform a detailed categorization because the number of female drinkers

was relatively small. Consequently, we were only able to define three alcohol intake groups,

and this smaller number of female moderate/heavy drinkers may have also been responsible

for the non-significant relationship between alcohol intake and hypertension in this study.

Since P values were two-sided, and P< 0.05 was regarded as being statistically

significant, we concluded that there was no interaction between flushing response and alcohol

intake for hypertension among women. If we used P< 0.10 as being statistically significant,

the association between alcohol intake and hypertension would have differed by flushing

response. However, neither relation between alcohol intake and hypertension among flusher

nor that among non-flusher were statistically significant. Therefore, we considered that the

suggested interaction did not have clinical significance. Further studies are needed to address
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this topic in larger sample size.

Nutrient status might have some influence on the relationship between alcohol intake

and hypertension. Therefore, we performed sub-analyses with a model putting sodium intake

and energy as confounding factors. However, the result did not change (data not shown).

Among men, alcohol intake was positively associated with hypertension in both flushers and

non-flushers. Among women, the association between alcohol intake and hypertension was

not significant, regardless of the presence of a flushing response. Consequently, we

considered the result that alcohol intake was associated with hypertension to be robust.

In this study, we analyzed antihypertensive drug users and non-users separately. For

men, we observed a positive relationship between alcohol intake and hypertension regardless

of the use of antihypertensive drugs. With respect to the positive association in subjects who

did not take antihypertensive drugs, our finding was consistent with the results reported by

Wakabayashi et al. 3? They reported that among Japanese men >65 years old who did not take
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antihypertensive drugs, the prevalence of a high SBP and a high DBP was significantly higher

in excessive alcohol drinkers than in non-drinkers (OR of SBP >140 mmHg: 1.62, 95% CI:

1.18-2.23; OR of DBP >90 mmHg: 1.77, 95% CI: 1.10-2.85).

As for the positive relationship in subjects who were taking antihypertensive drugs,

our finding was consistent with the results reported by Wagner et al.3. Wagner et al.3V

reported that the risk of a lack of BP control was significantly higher for heavy alcohol

drinkers than for non-drinkers in French men aged 35-74 years old who were being treated for

hypertension (OR: 2.25, 95% Cl: 1.07-4.75). However, Wakabayashi et al.>® reported

conflicting results. They did not find a significant association between excessive alcohol

intake and BP among subjects who were taking antihypertensive drugs (OR of SBP >140

mmHg: 1.29, 95% CI: 0.86-1.95; OR of DBP >90 mmHg: 0.93, 95% CI: 0.52-1.67). This

discrepancy can be explained by the different age ranges of the participants. In our study, the

participants were older than 20 years, and in the study reported by Wagner et al.3V, the
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included subjects were aged 35-74 years; in contrast, the study reported by Wakabayashi et

al.%) was limited to men over the age of 65 years.

The positive relationship between drinking and hypertension among untreated

subjects suggests that some biological mechanisms may be involved. On the other hand, the

positive relationship between drinking and a lack of BP control among treated subjects

suggests that drug compliance might be relatively poor among heavier drinkers. Because the

present study and previous studies did not measure compliance to antihypertensive drugs,

future studies that account for drug compliance would be helpful in improving our

understanding of the relationship between alcohol intake and BP among treated subjects.

The present study had several strengths. First, our study participants were from the National

Health and Nutrition Survey, which was conducted in 300 randomly selected districts across

Japan in 2010. Therefore, our data were representative of current Japanese conditions. Second,

to our knowledge, this is the first report to examine alcohol intake and a lack of BP control
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according to flushing response among participants taking antihypertensive drugs. It is

important to consider whether the association between alcohol intake and hypertension differs

by the flushing response after excluding the influence of antihypertensive drugs. And also, it

is important to know the influence of alcohol intake on poor BP control among participants

taking antihypertensive drugs. To clarify these issues, stratification according antihypertensive

drugs should be required. To our knowledge, this is the first study about alcohol intake and

hypertension according to the flushing response stratified by use of antihypertensive drugs.

Third, the present study targeted Japanese population which half of them were flushers. It

allowed us to investigate the influence of flushing on the association between alcohol and

hypertension, whereas it is difficult to conduct this kind of study outside Asia because about

100% of Caucasians and Africans have wild type of ALDH2 genotype.? Finally, only a few

study investigated regarding interaction of flushing response and alcohol intake on

hypertension. Two of four previous studies which reported the relationship between alcohol
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intake and hypertension differed by flushing response were conducted in Japan. However,

they did not perform statistical tests examining the interaction of flushing response and

alcohol intake on hypertension. Our study investigated the interaction of flushing response by

statistical analysis.

Our study also had some limitations. First, as we did not directly determine the

ALDH?2 genotype, we could not classify the participants who had never drank as belonging to

either the flusher or non-flusher group. Second, in our study, BP was measured at one

occasion during the day. As alcohol intake has been positively associated with a morning

surge in BP33), assessing 24-hour BP might have clarified a more detailed association between

alcohol consumption and hypertension according to the flushing response. Further studies are

required to address this topic. Third, on the basis of the cross-sectional design, it is difficult to

confirm causality in this study. Some participants may have abstained from alcohol drinking

because of their hypertension. These participants would have been classified in the lower
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alcohol categories. Accordingly, the effect of alcohol intake on hypertension may have been

underestimated because of the higher estimated prevalence of hypertension in the lower

alcohol intake categories. However, for men, alcohol intake was positively associated with

hypertension among both flushers and non-flushers in this study. We believe that the

association between alcohol intake and hypertension is robust. Finally, other potential

confounding factors may have existed.

In conclusion, we found that alcohol intake was positively associated with

hypertension among flushers and non-flushers without any interaction in Japanese men. In

other words, a reduction in alcohol intake may be beneficial for BP reduction in both flushers

and non-flushers.
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TABLE 1. Distribution of population by age and sex between NIPPON DATA2010 and Nutrition Survey of Japan in 2010 (NHNS2010)

Men

Women

Age (years) NIPPON DATA2010 (%)

NHNS2010 (%)

Age (years) NIPPON DATA2010 (%) NHNS2010 (%)

20-29
30-39
40-49
50-59
60-69
70<
total (n)

4.6
9.0
10.3
15.6
30.4
30.2
1,239

4.7
10.1
11.0
16.2
28.9
29.1

1,598

20-29 4.6 4.6

30-39 14 14.2
40-49 11.0 13.5
50-59 17.2 17.2
60-69 26.2 24.9
70< 26.8 25.5
total (n) 1,659 2,275
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TABLE 2. Study participants’ baseline characteristics according to the
Men (n =1,139)

Icohol intake and flushing resp NIPPON DATA2010

1)

Flusher Pfor Non-flusher
Alcohol intake linear Alcohol intake P for linear P for
0 gou */day O<gou/day<1l 1<gou/day<2 2 < gou/day trend 0 gou /day O<gou/day<1l 1<gou/day<2 2 < gou/day trend interaction
Number 210 219 103 51 58 222 176 100
Age (year) (mean * SD) 60.5 = 17.1 60.7 = 15.6 61.3 £ 11.8 59.6 = 13.2 0.971 52.3 £19.8 58.9 = 16.8 60.3 = 14.3 56.4 = 14.0 0.303 0.427
SBP (mmHa) (mean + SD) 132.6 = 16.7 135.1 + 17.2 141.0 = 184 139.1 * 18.2 <0.001 131.7 = 17.3 134.3 = 18.8 138.8 = 15.6 140.8 = 18.1 <0.001 0.775
DBP (mmHa) (mean * SD) 79.0 £ 9.7 81.2 = 10.1 85.8 = 11.5 86.3 = 10.5 <0.001 79.2 £10.7 819 +99 83.9 + 11.1 85.3 + 11.5 <0.001 0.202
BMI 225 kg/m? (number, %) 324 27.9 39.8 29.4 0.665 43.1 34.7 35.8 36.0 0.627 0.516
Smokina status (number, %)
Current-smoker 305 28.8 359 373 0.234 19.0 21.2 29.6 37.0 0.001 0.090
Ex-smoker 376 43.8 48.5 51.0 0.026 31.0 45.1 44.9 41.0 0.513 0.296
Never-smoker 31.9 27.4 15.5 11.8 <0.001 50.0 338 25.6 22.0 <0.001 0.925
Use of antihypertensive drugs (number, %)
Yes 26.2 311 32.0 275 0.471 29.3 33.3 38.1 27.0 0.857 0.529
Present illness of diabetes mellitus (number, %)
Yes 16.2 16.0 18.5 216 0.358 8.6 21.2 17.6 18.0 0.606 0.799
Present illness of dyslipidemia (number, %)
Yes 36.7 38.4 37.9 25.5 0.353 25.9 39.6 36.4 31.0 0.826 0.635
Women (n = 1,263)
Flusher Pfor Non-flusher Pfor
Alcohol intake linear Alcohol intake linear P for
0 gou */day 0<gou/day <1 1 < gou /day trend 0 gou /day 0 <gou/day <1 1 < gou /day trend interaction

Number 397 185 15 280 316 70
Age (year) (mean * SD) 549 £ 154 54.3 £ 15.3 509 = 12.1 0.397 59.3 = 16.6 52.4 = 16.1 50.6 = 134 <0.001 0.005
SBP (mmHa) (mean + SD) 126.6 = 18.7 126.9 = 19.7 123.4 £ 147 0.875 1314 £ 205 1249 = 18.7 125.2 = 16.0 <0.001 0.029
DBP (mmHa) (mean + SD) 76.2 = 10.2 774 £ 117 746 £ 8.6 0.467 771 =111 77.0 = 10.6 77.0 =95 0.887 0.508
BMI >25 ka/m? (number. %) 22.7 222 6.7 0.399 229 20.6 15.7 0.198 0.902
Smokina status (number. %)
Current-smoker 9.6 54 20.0 0.514 5.0 8.9 214 <0.001 0.005
Ex-smoker 7.8 12.4 26.7 0.009 6.8 10.8 229 <0.001 0.811
Never-smoker 82.6 82.2 533 0.123 88.2 80.4 55.7 <0.001 0.023
Use of antihypertensive drugs (number, %)
Yes 15.9 205 20.0 0.184 30.0 184 8.6 <0.001 <0.001
Present illness of diabetes mellitus (number, %)
Yes 8.3 8.1 6.7 0.856 9.6 5.7 43 0.044 0.233

Present illness of dyslipidemia (number, %)
Yes 373 384 26.7 0.835 375 326 17.1 0.003 0.087

Abbreviations: SD, standard deviation; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index
*Gou : A traditional Japanese unit of volume. One gou is equivalent to 22.1 g of ethanol.
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TABLE 3. Relation between alcohol intake and hypertension according to flushing response

Men (n =1,139)

OR (95%Cl)

Alcohol intake (gou/day) P for
linear
0 gou */day O<gou/day<1l 1<gou/day<2  2<gou/day trend P forinteraction

Flusher (n =583)
Number of subjects with hypertension (%) 110/210 (52.4) 116/219 (53.0)  69/103 (67.0) 31/51 (60.8)

Alcohol intake (median, g /week) 0.0 38.7 232.1 386.8
Crude OR (95% CI) 1.00 (Reference.) 1.02 (0.70-1.50) 1.85 (1_13-3,02)* 1.41 (0.76-2.63)
Multiple adjusted OR (95% CI)" 1.00 (Reference.) 1.10 (0.71-1.72) 1.86 (1.07-3.23)" 1.91(0.92-3.96)  0.016
Non flusher (n = 556) 0.360
Number of subjects with hypertension (%)  24/58 (41.4) 123/222 (55.4)  121/176 (68.8)  65/100 (65.0)
Alcohol intake (median, g /week) 0.0 52.5 232.1 386.8
Crude OR (95% CI) 1.00 (Reference.) 1.76 (0.98-3.16) 3.12 (1.69-5.75)" 2.63 (1.35-5.11)"
Multiple adjusted OR (95% CI)° 1.00 (Reference.) 1.28 (0.62-2.68) 2.43 (1.14-5.17)" 2.62 (1.16-5.92)" 0.001

Women (n = 1,263)

OR (95%Cl)
Alcohol intake (gou/day)

0 gou */day O<gou/day<1 1<gou/day P forlineartrend P for interaction

Flusher (n =597)
Number of subjects with hypertension (%) 136/397 (34.3)  71/185 (38.4) 5/15 (33.3)

Alcohol intake (median, g /week) 0.0 16.6 232.1
Crude OR (95% CI) 1.00 (Reference.) 1.20 (0.83-1.72) 0.96 (0.32-2.86)
Multiple adjusted OR (95% CI)° 1.00 (Reference.) 1.34 (0.86-2.08) 2.31 (0.64-8.40) 0.093

0.052

Non flusher (n = 666)
Number of subjects with hypertension (%) 134/280 (47.9)  96/316 (30.4) 21/70 (30.0)

Alcohol intake (median, g /week) 0.0 27.6 232.1
Crude OR (95% CI) 1.00 (Reference.) 0.48 (0.34-0.67)" 0.47 (0.27-0.82)"
Multiple adjusted OR (95% CI)° 1.00 (Reference.) 0.66 (0.43-1.01) 0.9 (0.48-2.04) 0.315

Abbreviations: OR, odds ratio; 95% CI , 95% confidence interval

* Gou : A traditional Japanese unit of volume. One gou is equivalent to 22.1 g of ethanol.

b Adjusted for age (continuous variable), BMI (<18.5, 18.5-24.9, >25.0), smoking status (current, ex, never), present illness of diabetes mellitus (yes, no)
and present illness of dyslipidemia (yes,no)

*P <0.05
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TABLE 4. Relation between alcohol intake and hypertension among participants who did not take antihypertensive drugs

Men (n = 784)
OR (95%Cl)
Alcohol intake (gou/day) P for
linear
0 gou */day 0<gou/day <1 1< gou/day <2 2 < gou /day trend P for interaction
Flusher (n = 413)
Number of subjects with hypertension (%) 55/155 (35.5) 48/151 (31.8) 36/70 (51.4) 17/37 (45.9)
SBP (mmHg); mean (95% C|)h 129.9 (126.3-133.5)  131.8 (128.0-135.5)  135.8 (131.0-140.5) 136.2 (130.4-142.1) 0.004—  0.567
DBP (mmHg); mean (95% CI)° 78.5 (76.3-80.7) 80.4 (78.1-82.6) 84.3(81.3-87.2) 85.3 (81.7-88.9) <0.00F——
Crude OR (95% CI) 1.00 (Reference.) 0.85 (0.53-1.36) 1.93 (1_09.3,41)* 1.55 (0.75-3.19)
Multiple adjusted OR (95% CI)” 1.00 (Reference.) 0.89 (0.53-1.49) 1.79 (0.97-3.34) 1.88 (0.84-4.23) 0.038 —h
0.375
Non flusher (n = 371)
Number of subjects with hypertension (%) 7/41 (17.1) 49/148 (33.1) 54/109 (49.5) 38/73 (52.1)
SBP (mmHg); mean (95% CI)° 130.3 (123.7-137.0)  128.9 (124.2-133.6)  134.4 (129.0-139.8)  137.0 (131.4-142.6)  0.001—
DBP (mmHg); mean (95% (:l)h 77.4 (73.0-81.8) 79.8 (76.6-82.9) 82.2 (78.6-85.8) 82.9 (79.1-86.6) 0.002—
Crude OR (95% Cl) 1.00 (Reference.) 2.40 (0.995-5.81) 477 (1.95-11.68)"  5.27 (2.07-13.42)" 0.136
Multiple adjusted OR (95% CI)° 1.00 (Reference.) 2.03(0.78-5.31) 4.00 (1.51-10.57)"  4.66 (1.69-12.81)"  <0.001—
Women (n = 1,011)
OR (95%Cl)
Alcohol intake (gou/day)
0 gou */day 0<gou/day <1 1 < gou/day P for linear trend P for interaction
Flusher (n = 493)
Number of subjects with hypertension (%) 73/334 (21.9) 33/147 (22.4) 2/12 (16.7)
SBP (mmHg); mean (95% Cl)b 1245 (120.9-128.1) 124.4 (115.5-133.8) 124.6 (115.5-133.8) 0.967 — 0.859
DBP (mmHg); mean (95% CI)° 75.2 (73.0-77.5) 76.0 (73.5-78.6) 74.4 (68.6-80.2) 0.583 —
Crude OR (95% CI) 1.00 (Reference.) 1.04 (0.65-1.65) 0.72 (0.15-3.34)
Multiple adjusted OR (95% CI)° 1.00 (Reference.) 1.13 (0.68-1.90) 1.25 (0.22-7.01) 0.607
0.865
Non flusher (n = 518)
Number of subjects with hypertension (%) 50/196 (25.5) 38/258 (14.7) 15/64 (23.4)
SBP (mmHg); mean (95% CI)° 122.6 (118.5-126.8)  120.9 (116.9-125.0)  123.6 (118.6-128.6) 0.860 —
DBP (mmHg); mean (95% CI)° 74.1 (71.4-76.8) 745 (71.9-77.1) 75.7 (72.5-78.9) 0.288——
Crude OR (95% CI) 1.00 (Reference.) 0.50 (0.32-0.81)* 0.89 (0.46-1.73) 0.522
Multiple adjusted OR (95% c|)b 1.00 (Reference.) 0.60 (0.35-1.03) 1.28 (0.58-2.82) 0711

Abbreviations: OR, odds ratio; 95% CI , 95% confidence interval

# Gou : A traditional Japanese unit of volume. One gou is equivalent to 22.1 g of ethanol.

b Adjusted for age (continuous variable), BMI (<18.5, 18.5-24.9, >25.0), smoking status (current, ex, never), present illness of diabetes mellitus (yes, no)
and present illness of dyslipidemia (yes,no)

*P < 0.05
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TABLE 5. Relation between alcohol intake and uncontrolled hypertension among participants who took antihypertensive drugs

Men (n = 355)

OR (95%Cl)

Alcohol intake (gou/day)

P for
linear

0 gou */day 0<gou/day <1 1< gou/day <2 2 < gou /day trend P for interaction

Flusher (n = 170)

Number of uncontrolled hypertension (BP = 140/90) (%) 23/55 (41.8) 41/68 (60.3) 23/33 (69.7) 10/14 (71.4)

SBP (mmHg); mean (95% C|)“ 136.3(131.9-140.7)  141.1(137.1-145.0) 146.2 (140.8-151.7)  144.7 (136.6-152.8) 0.004 —) 0.334

DBP (mmHg); mean (95% CI)° 78.5 (75.4-81.5) 81.7 (78.9-84.5) 84.4 (80.5-88.2) 87.0 (81.3-92.7) 0.001 —

Crude OR (95% ClI) 1.00 (Reference.) 2.11 (1.03-4.35)" 3.20 (1.28-7.99)" 3.48 (0.97-12.47)

Multiple adjusted OR (95% CI)° 1.00 (Reference.) 2.20 (1.04-4.68)" 3.30 (1.26-8.63)" 3.78 (1.02-14.06) 0.007 7]

0.168

Non flusher (n = 185)

Number of uncontrolled hypertension (BP = 140/90) (%) 10/17 (58.8) 45/74 (60.8) 49/67 (73.1) 20/27 (74.1)

SBP (mmHg); mean (95% Cl)b 143.3 (135.5-151.2)  145.6 (141.9-149.4)  145.0 (141.0-149.0)  150.8 (144.6-156.9) 0.188 —

DBP (mmHg); mean (95% CI)° 79.2 (74.2-84.1) 83.0 (80.6-85.4) 82.2 (79.7-84.7) 84.1 (80.3-88.0) 0.286 ——

Crude OR (95% Cl) 1.00 (Reference.) 1.09 (0.37-3.18) 1.91 (0.63-5.76) 2.00 (0.55-7.29) 0.481

Multiple adjusted OR (95% CI)° 1.00 (Reference.) 1.19 (0.39-3.67) 2.02 (0.64-6.33) 2.03 (0.53-7.73) 0.114 —

Women (n = 252)

OR (95%Cl)

Alcohol intake (gou/day)

0 gou */day 0<gou/day <1 1< gou/day P for linear trend P for interaction

Flusher (n = 104)

Number of uncontrolled hypertension (BP = 140/90) (%)  35/63 (55.6) 22/38 (57.9) 2/3 (66.7)

SBP (mmHg); mean (95% CI)" 143.2 (135.2-151.2)  144.7 (136.3-153.1)  138.0 (119.5-156.5) 0.881 — 0.451

DBP (mmHg); mean (95% CI)° 74.5 (69.2-79.7) 77.8 (72.3-83.2) 76.9 (64.9-89.0) 0.130—,

Crude OR (95% CI) 1.00 (Reference.) 1.10 (0.49-2.48) 1.60 (0.14-18.57)

Multiple adjusted OR (95% (:|)b 1.00 (Reference.) 1.18 (0.50-2.83) 1.43 (0.10-19.98) 0.664—

0.874

Non flusher (n=148)

Number of uncontrolled hypertension (BP = 140/90) (%)  49/84 (58.3) 31/58 (53.4) 3/6 (50.0)

SBP (mmHg); mean (95%CI)° 143.3 (135.9-150.7)  142.3 (135.4-149.2)  146.5 (133.6-159.4) 0.963 —

DBP (mmHg); mean (95%CI)b 77.2 (72.0-82.4) 80.2 (75.4-85.1) 79.3 (70.1-88.4) 0.162——

Crude OR (95% Cl) 1.00 (Reference.) 0.82 (0.42-1.61) 0.71 (0.14-3.75) 0.410

Multiple adjusted OR (95% CI)° 1.00 (Reference.) 0.98 (0.46-2.09) 1.05 (0.14-7.99) 0.991—

Abbreviations: OR, odds ratio; 95% CI , 95% confidence interval

#Gou: A traditional Japanese unit of volume. One gou is equivalent to 22.1 g of ethanol.

® Adjusted for age (continuous variable), BMI (<18.5, 18.5-24.9, >25.0), smoking status (current, ex, never), present illness of diabetes mellitus (yes, no)
and present illness of dyslipidemia (yes,no)

*P <0.05
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