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Abstract

Heavy alcohol drinking has been reported to be associated with hypertension. More-

over, when drinking alcohol, individuals may experience symptoms such as facial flush-

ing. Therefore, this study aimed to examine the association between changes in facial

flushing and hypertension across different drinking behavior patterns in South Korean

adults.

Data from the Korea Community Health Survey conducted in 2019 were used, and

118 129 (51 047men and 67 082women) participantswere included. The participants

were divided into five groups based on the change in facial flushing (non-drinking, non-

flushing to non-flushing, flushing to flushing, non-flushing to flushing, flushing to non-

flushing). The risk of hypertension in each facial flushing group was analyzed by multi-

ple logistic regression.

Men in the non-flushing to flushing group had a significantly higher association with

hypertension than other groups (men: odds ratio (OR) 1.42, confidence interval (CI)

1.14–1.76). According to the level of alcohol use disorder, the non-flushing to flush-

ing group showed a significantly increased odds of hypertension compared to all levels

of drinking (men: mild drinking: OR 1.95, CI 1.40–2.71; moderate drinking: OR 2.02,

CI 1.41–2.90; women: moderate drinking: OR 1.71, CI 1.16–2.52; heavy drinking: OR

1.90, CI 1.19–3.04).

This study found a significant association between changes in facial flushing andhyper-

tension among adults in South Korea. In particular, individuals who changed from non-

flushing to flushing reactions had an increased association with hypertension than the

other groups. Compared to people at the same drinking level, peoplewith non-flushing

to flushing reactions were highly associated with hypertension at moderate drinking

level.
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1 INTRODUCTION

Hypertension is a commonly occurring and leading preventable risk

factor for cardiovascular disease and a subject of great interest to

researchers.1 The Global Burden of Disease study found that hyper-

tension is at risk of placing an increasing economic burden on soci-

eties globally.2,3,4 In South Korea, neoplasms caused 158.2 deaths per

100 000 in 2019. In comparison, diseases of the circulatory system

caused 117.8 deaths. These included cardiovascular diseases (60.4

deaths) and cerebrovascular diseases (40.2 deaths).5 It is well recog-

nized that hypertension is associated with traditional risk factors such

as age, body mass index (BMI), smoking, and family history.6 Addition-

ally, drinking behavior, especially excessive or frequent drinking, is also

a risk factor for hypertension.7,8

When drinking alcohol, some people experience facial flushing or

palpitations, shortness of breath, headache, and vomiting due to the

accumulation of acetaldehyde.9 In particular, East Asian ethnic groups,

such as Korean, Chinese, and Japanese populations, have a higher

prevalenceofALDH2polymorphism than theWesternpopulation.10,11

Ethanol is metabolized by alcohol dehydrogenase (ADH) to acetalde-

hyde, which is eliminated by aldehyde dehydrogenase (ALDH).12

Alcohol dependence is associated with the isozymes ADH2*2 and

ADH3*1, which oxidize alcohol rapidly and produce high amounts of

acetaldehyde.13 Moreover, theALDH2polymorphismencodes an inac-

tive subunit,14,15 resulting in high acetaldehyde levels in theblood after

alcohol intake.11,16

A previous study suggested a greater associationwith hypertension

in people who have alcohol-related facial flushing than non-flushers.17

Moreover, the risk of hypertension in facial flushers is markedly

increased with excessive drinking.18 More research on specific geno-

types associated with alcohol metabolism are necessary because the

specific genotypes associated with alcohol metabolism are common

in South Korean populations. To the best of our knowledge, no study

has examined the association between facial flushing and hyperten-

sion changes. Therefore, we examined the association between change

in facial flushing and hypertension across different drinking behav-

ior patterns, such as alcohol use disorders, to fill this research gap.

We focused both on the presence and absence of facial flushing as

well as the occurrence or elimination of facial flushing with time in

adults.

2 METHODS

We used data from the Korea Community Health Survey (KCHS)

conducted by the Korea Center for Disease Control and Preven-

tion (KCDC) in 2019. The KCHS is a cross-sectional, nationally rep-

resentative survey that has been conducted regularly since 2008 to

gather regional data for planning, monitoring, and evaluating commu-

nity health services. The data for providing country-level health indica-

tors is made using a large population-based National Census Registry

and a systematic, stratified, and multistage cluster sampling method.

Theweights allocated to each participant’s data were calculated based

on geographic and demographic distributions to generalize the entire

population of Korea.

2.1 Participants

The 2019 survey included 229 099 individuals, and the analysis

excluded individuals who were younger than 19 years of age (n =

2200) and pregnant (n= 641). In addition, we excluded individuals who

had been undergoing anti-hypertensive drug treatment were excluded

(n = 62 286). Some anti-hypertensive drugs cause facial flushing.19,20

Finally, after excluding those with missing data (n = 45 843), 118 129

healthy participants were included in this study.

Our study did not require approval from the Institutional Review

Board or informed consent because the KCHS is a secondary

dataset available in the public domain and does not contain private

information.

2.2 Variables

The dependent variable of this study was the risk of hypertension.

Blood pressure wasmeasured thrice with intervals of 1minute for sta-

bilization, and the final blood pressure was the average of the three

measurements. Hypertension was classified as systolic blood pressure

≥140 mmHg or diastolic blood pressure ≥90 mmHg.21 We classified

those who met the hypertension criteria and those who did not meet

the hypertension criteria when measuring blood pressure, except for

taking anti-hypertensive drugs.

Facial flushing reaction was the primary independent variable of

interest. The following question assessed past facial flushing reaction:

“In the past year or two, did you experience a quick facial flushing reac-

tionwhen drinking a small glass of beer?” A current facial flushing reac-

tion was assessed by asking the following question: “Do you currently

experience a facial flushing reaction when drinking a small amount of

beer?” The data on past and present facial flushing reactions were self-

reported.

We divided the study population into five categories: people who

have never drunk alcohol (ND, non-drinking); people who never had

facial flushing reaction (NN, non-flushing→ non-flushing); people who

had facial flushing reaction in the past and present (FF, flushing→ flush-

ing); people who had facial flushing reaction in the past but not in the

present (FN, flushing→ non-flushing); and people who did not have

facial flushing reaction in the past but did in the present (NF, non-

flushing→ flushing). Furthermore, we analyzed each group stratified by

variables such as alcohol use.

We controlled for covariates such as sociodemographic and socioe-

conomic factors, health behaviors, and health conditions of the partici-

pants. The sociodemographic factors were age (19–29, 30–39, 40–49,

50–59, and ≥60 years) and sex (men and women). The socioeconomic

factorswere education level (belowmiddle school, high school, and col-

lege or higher), region (city and rural areas), marital status (yes and

no), occupation (white-collar, pink collar, blue-collar, and unemployed),
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and household income (high, middle high, middle-low, and low). Health

behavior factors included smoking status (non-smoker, past smoker,

and current smoker), BMI (non-obese and obese), diagnosis of diabetes

(yes and no), and physical activity assessed towalking practice rate (yes

and no). In the female group, menopause status was added (yes and

no). Additionally, we used the Alcohol Use Disorder Identification Test

Score (AUDIT-C) to assess the pattern of alcohol use. Cut-off scores of

AUDIT-C for heavy alcohol drinking were 7 for men and 6 for women,

andmild alcohol drinking were 3 for bothmen andwomen.22

2.3 Statistical analysis

Independent variables were compared using the chi-squared test to

identify the association between changes in facial flushing and hyper-

tension. After adjusting for sociodemographic, economic, and health-

related variables, we used a multiple logistic regression analysis to

evaluate the association between the change of facial flushing and

hypertension. The results were reported using odds ratios (ORs) and

confidence intervals (CIs). Moreover, we performed a subgroup analy-

sis stratified by sex andmultiple logistic regression analysiswas used to

examine the associations with change in facial flushing in persons with

hypertension according to the level of alcohol use disorder.Differences

were considered significant atP-valuesof<.05aswell as atP-values for

trends<.05. Datawere analyzed using SAS 9.4 (SAS Institute Inc; Cary,

North Carolina, USA) and a P value <.05 was considered to be statisti-

cally significant.

3 RESULTS

Table 1 shows the general characteristics of the participants. There

were 51 047 men and 67 082 women in this study, and 11 234 (22%)

men and 10 406 (15.5%) women had a risk of hypertension. Partici-

pants were grouped into five categories based on the change in facial

flushing reaction. Of the men, 5798 (11.4%) reported they have never

drunk alcohol, 29 044 (56.9%) reported non-flushing to alcohol, 11

592 (22.7%) reported flushing in the past and present, 3711 (7.3%)

reported facial flushing reaction in the past but not in the present,

and 902 (1.8%) reported facial flushing reaction in the present but not

in the past. Of the women, 18 060 (26.9%) reported they have never

drunk alcohol, 32 616 (48.6%) reported non-flushing to alcohol, 11

476 (17.1%) reported flushing in the past and present, 3958 (5.9%)

reported facial flushing reaction in the past but not in the present, and

972 (1.4%) reported facial flushing reaction in the present but not in

the past.

Table 2 reports the findings of logistic regression analysis for the

association between change in facial flushing and hypertension strat-

ified by sex.Men in theNF group had a higherOR of hypertension than

other groups (men: OR 1.42, CI 1.14–1.76); among women, there was

no statistically significant relationship between change in facial flush-

ing and hypertension. Additionally, participants who drink moderately

(men:OR1.20, CI 1.11–1.30,women:OR1.16, CI 1.07–1.27) and heav-

ily (men: OR 1.83, CI 1.69–1.98, women: OR 1.93, CI 1.76–2.13) were

strongly associated with an increased risk for hypertension.

Figure 1 shows the results of stratified analyses of the association of

the changes in facial flushing on hypertension according to alcohol con-

sumption. Overall, taking the non-drinking group as the reference cat-

egory, the OR of the NF was high in mild and moderate drinking levels

among men. (mild drinking: OR 1.95, CI 1.40–2.71; moderate drinking:

OR 2.02 CI, 1.41–2.90). Also, the OR of the NF was high in moderate

and heavy drinking levels amongwomen. (moderate drinking: OR 1.71,

CI 1.16–2.52; heavy drinking: OR 1.90 CI, 1.19–3.04)

Finally, Table 3 reports the subgroup analysis stratified by indepen-

dent variables. Men diagnosedwith diabetes had an increased associa-

tion with hypertension in the NF group (OR 2.24, CI 1.22–4.11). Addi-

tionally,menwhodidnotexercisehadan increased riskofhypertension

in the NF group (OR 1.68, CI 1.26–2.25).

4 DISCUSSION

We found that change in facial flushing reaction was associated with a

higher risk of hypertension. Especially, individuals with facial flushing

reaction in the present but not in the past increased the likelihood of

hypertension, and we also examined individuals who consumed simi-

lar alcohol levels. The association between flushing changes and hyper-

tensionwas different for each alcohol consumption level. Among those

who drinkmild ormoderate, menwho did not have facial flushing reac-

tion in the past but did in the present were the highest likelihood of

hypertension. And women who did not have facial flushing reaction in

the past but did in the present were the highest likelihood of hyperten-

sion amongmoderate drinking group.

Some studies link hypertension and alcohol-induced facial

flushing.17,23 The likelihood of hypertension was higher in people

with facial flushing than in those without facial flushing in previous

study. In the result of our study, the difference between the two group

was not significant. Since previous studies considered only current

facial flushing, different results may have been derived from our study.

While polymorphisms partly explained the association in alcohol

metabolism genes,24 these studies did not find any evidence that

facial flushing reaction is associated with the risk of hypertension.25,26

Therefore, further studies are necessary.

In this study, we assessed the association between the presence of

facial flushing and alcohol consumption. The reasons for the change

in facial flushing can be explained as follows. Facial flushing is a well-

known symptom of acetaldehyde accumulation and intolerance to

alcohol.9 Some studies showed that the genotype of ADH and ALDH

was associated with liver disease.27,28–30 Chronic alcoholics have a

higher tolerance to alcohol than others because of themetabolic adap-

tation of the central nervous system and increased ethanol elimina-

tion rate.31 Increased ethanol elimination increases both blood and

tissue acetaldehyde levels in chronic alcoholics.32 People with liver

injury experience decreasing activities of ADH and proportionally

low-K ALDH (ALDH2).33 It is speculated that the decrease in ADH

could be due to centrilobular cell necrosis.33,34 Thus, decrease in liver
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TABLE 2 Results of factors associated with hypertension

Hypertension

Men Women

Variables OR 95%CI OR 95%CI

Facial flushing change

Non-drinking 1.00 1.00

non-flushing→non-flushing 1.11 (0.99 - 1.25) 0.93 (0.86 - 1.01)

flushing→flushing 1.09 (0.97 - 1.22) 1.03 (0.94 - 1.13)

non-flushing→flushing 1.42 (1.14 - 1.76) 1.11 (0.90 - 1.37)

flushing→non-flushing 1.08 (0.93 - 1.24) 0.93 (0.81 - 1.06)

Age (years)

19-29 1.00 1.00

30-39 2.48 (2.22 - 2.77) 2.98 (2.50 - 3.56)

40-49 3.79 (3.38 - 4.24) 5.71 (4.82 - 6.77)

50-59 4.35 (3.87 - 4.90) 6.98 (5.68 - 8.57)

≥60 5.21 (4.57 - 5.94) 9.28 (7.47 - 11.54)

Marital Status

Living wtih spouse 1.00 1.00

Living without spouse 1.32 (1.23 - 1.42) 1.09 (1.01 - 1.16)

Region

City 1.00 1.00

Rural 0.99 (0.94 - 1.05) 1.01 (0.96 - 1.08)

Occupational categoriesa

White 1.00 1.00

Pink 0.95 (0.86 - 1.04) 1.06 (0.95 - 1.17)

Blue 1.04 (0.97 - 1.12) 1.12 (1.00 - 1.25)

Inoccupation 1.05 (0.95 - 1.15) 1.11 (1.01 - 1.22)

Educational level

Middle shool or less 1.33 (1.20 - 1.47) 1.72 (1.54 - 1.92)

High school 1.22 (1.14 - 1.30) 1.31 (1.20 - 1.42)

College or over 1.00 1.00

Household income

Low 1.12 (1.02 - 1.22) 1.25 (1.14 - 1.37)

Mid-low 1.17 (1.08 - 1.28) 1.20 (1.10 - 1.32)

Mid-high 1.11 (1.04 - 1.19) 1.13 (1.05 - 1.23)

High 1.00 1.00

Smoking

Non smoker 1.00 1.00

Past smoker 1.06 (0.98 - 1.14) 1.36 (1.16 - 1.61)

smoker 1.04 (0.97 - 1.12) 1.28 (1.10 - 1.48)

BMI

Non-obesity 1.00 1.00

Obesity 3.25 (2.94 - 3.59) 3.57 (3.08 - 4.14)

Diagnose of diabetes

Yes 1.00 1.00

No 1.17 (1.05 - 1.31) 1.06 (0.94 - 1.20)

(Continues)
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TABLE 2 (Continued)

Hypertension

Men Women

Variables OR 95%CI OR 95%CI

Physical activity-walk

Yes 1.00 1.00

No 0.91 (0.87 - 0.97) 0.96 (0.90 - 1.01)

Menopausal status

Yes 1.17 (1.03 - 1.34)

No 1.00

Alcohol use disorder

mild drinking & non-drinking 1.00 1.00

moderate drinking 1.20 (1.11 - 1.30) 1.16 (1.07 - 1.27)

heavy drinking 1.83 (1.69 - 1.98) 1.93 (1.76 - 2.13)

a(White, Pink, Blue) based on International Standard ClassificationOccupations codes. Inoccupation group includes housewife

F IGURE 1 Stratified analysis of the changes in facial flushing with respect to hypertension by alcohol consumption

function may be associated with a decrease in the activity of the

enzyme that metabolizes alcohol. This, in turn, leads to the accumu-

lation of alcohol and acetaldehyde in the body and induces symptoms

such as facial flushing.9 Therefore, people who have liver disease with

non-facial flushing in the past may develop a facial flushing reaction

later.

In our study, people who did not have a facial flushing reaction

in the past but did in the present were significantly associated with

the risk of hypertension among those who were diagnosed with dia-

betes or did not exercise. Although the mechanism causing flushing is

unknown, it is clear that this is not a good indication or reaction in the

body. Research findings have indicated thatALDH2polymorphism that

causes facial flushing is related to cancer risk incidence according to

alcohol intake. It is noteworthy that these studies mainly focused on

upper oral pharyngeal and laryngeal cancer and esophageal squamous

cell carcinoma.35,36,37 Thus, if people have never had facial flushing to
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TABLE 3 The results of subgroup analysis stratified by independent variables

Variables

Hypertension

Facial flushing change

No-drinking non-flushing→ non-flushing flushing→ flushing non-flushing→ flushing flushing→ non-flushing

OR OR 95%CI OR 95%CI OR 95%CI OR 95%CI

Men

Age

19-29 1.00 1.17 (0.77 - 1.77) 1.11 (0.72 - 1.72) 1.16 (0.49 - 2.75) 1.11 (0.64 - 1.91)

30-39 1.00 1.16 (0.83 - 1.63) 0.95 (0.67 - 1.34) 1.52 (0.84 - 2.76) 1.05 (0.69 - 1.58)

40-49 1.00 1.29 (0.98 - 1.71) 1.22 (0.93 - 1.62) 1.61 (1.00 - 2.60) 1.17 (0.85 - 1.61)

50-59 1.00 0.96 (0.74 - 1.24) 1.10 (0.85 - 1.42) 1.40 (0.86 - 2.28) 1.00 (0.74 - 1.36)

≥60 1.00 1.04 (0.88 - 1.24) 1.14 (0.97 - 1.35) 1.39 (1.00 - 1.94) 1.13 (0.90 - 1.43)

Diagnose of diabetes

Yes 1.00 0.97 (0.67 - 1.40) 0.97 (0.66 - 1.43) 2.24 (1.22 - 4.11) 0.68 (0.42 - 1.13)

No 1.00 1.13 (1.01 - 1.28) 1.11 (0.98 - 1.25) 1.35 (1.07 - 1.70) 1.12 (0.96 - 1.29)

BMI

non-obesity 1.00 1.13 (1.01 - 1.27) 1.10 (0.98 - 1.24) 1.40 (1.11 - 1.76) 1.10 (0.95 - 1.28)

Obesity 1.00 0.91 (0.62 - 1.35) 1.00 (0.68 - 1.48) 1.58 (0.73 - 3.41) 0.80 (0.48 - 1.34)

Physical activity

Yes 1.00 1.01 (0.86 - 1.20) 0.97 (0.82 - 1.14) 1.18 (0.85 - 1.63) 0.91 (0.73 - 1.13)

No 1.00 1.21 (1.03 - 1.42) 1.22 (1.04 - 1.42) 1.68 (1.26 - 2.25) 1.25 (1.04 - 1.52)

Women

Age

19-29 1.00 1.25 (0.68 - 2.29) 1.28 (0.66 - 2.46) 0.45 (0.09 - 2.14) 0.69 (0.29 - 1.63)

30-39 1.00 1.03 (0.71 - 1.51) 0.93 (0.61 - 1.41) 0.65 (0.28 - 1.48) 1.23 (0.75 - 2.04)

40-49 1.00 1.39 (1.10 - 1.76) 1.56 (1.21 - 2.01) 0.97 (0.56 - 1.69) 1.28 (0.94 - 1.75)

50-59 1.00 0.96 (0.82 - 1.12) 1.14 (0.96 - 1.35) 1.79 (1.26 - 2.56) 1.00 (0.78 - 1.28)

≥60 1.00 0.82 (0.73 - 0.91) 0.92 (0.80 - 1.07) 1.13 (0.79 - 1.62) 0.89 (0.71 - 1.11)

Diagnose of diabetes

Yes 1.00 1.07 (0.82 - 1.39) 1.11 (0.79 - 1.56) 0.69 (0.35 - 1.38) 0.76 (0.44 - 1.33)

No 1.00 0.93 (0.86 - 1.01) 1.02 (0.93 - 1.12) 1.14 (0.92 - 1.42) 0.93 (0.81 - 1.07)

BMI

Non-obesity 1.00 0.91 (0.84 - 0.99) 1.01 (0.92 - 1.12) 1.12 (0.88 - 1.43) 0.93 (0.81 - 1.07)

Obesity 1.00 1.47 (1.02 - 2.12) 1.43 (0.96 - 2.13) 1.17 (0.53 - 2.58) 1.08 (0.56 - 2.08)

Physical activity

Yes 1.00 0.92 (0.82 - 1.04) 1.03 (0.90 - 1.19) 1.15 (0.82 - 1.61) 0.87 (0.71 - 1.06)

No 1.00 0.94 (0.85 - 1.04) 1.03 (0.91 - 1.16) 1.07 (0.82 - 1.40) 0.99 (0.83 - 1.18)

*Adjusted for other covariates

alcohol before but experience facial flushing now, people need to exer-

cise caution with their alcohol intake. However, as there are no stud-

ies in the literature supporting this result, it is difficult to determine an

absolute judgment.

This study has some limitations. First, this study was based on

data from a cross-sectional survey. Therefore, although the associa-

tion could be confirmed, the causality could not be evaluated. Second,

our data were self-reported; thus, it is subject to recall bias and under-

reporting of drinking habits or experience of facial flushing. There-

fore, the association of facial flushing with drinking may not be accu-

rate. Moreover, we do not know how long it has been since changes

in facial flushing were observed by participants. Third, although the

cut-off points used for facial flushing are in accordance with KCHS,

it may be difficult to compare our findings in different settings or

populations.38 Fourth, residual confounding factors may exit because

taking some medication like steroid that cause facial flushing have not
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been identified due to data limitation. These factors should be con-

sidered in future studies. Finally, due to lack of similar studies, it is

difficult to explain all the findings in this study. Therefore, it is nec-

essary to perform precise measurements of facial flushing in further

studies.

Despite these limitations, this study has several strengths. We used

the most recent nationally representative database to determine the

association between facial flushing and hypertension. Therefore, the

results obtained are highly representative of adults in South Korea.

Furthermore, in our analysis, we adjusted for several social factors

that are known potential confounders for facial flushing pattern or

hypertension, including sex, socioeconomic status, and health behav-

iors, to appropriately estimate the associations across different drink-

ing behavior patterns.

In conclusion, this study found a significant association between

change in facial flushing and hypertension among adults in South

Korea. In particular, individuals who changed from non-flushing to

flushing reactions had an increased associationwith hypertension than

those in the other groups. Compared to people at the same drinking

level, people with non-flushing to flushing reactions were highly asso-

ciated with hypertension at moderate drinking level.
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