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Abstract: The role of alcohol consumption in the risk of vasomotor symptoms (VMS), the most cardi-
nal climacteric symptoms, is not well established. We examined their relationship with early-onset
VMS among premenopausal women. Moderately-to-severely bothersome VMS, the primary outcome,
was assessed using the Korean version of the Menopause-Specific Quality of Life questionnaire.
The alcohol consumption categories included lifetime abstainer, former drinker, or current drinker,
categorized as light, moderate, heavy, and very heavy. Compared with the lifetime-abstinence (refer-
ence), the multivariable-adjusted odds ratio (95% CIs) for prevalent VMS in alcohol consumption of
<10, 10–19, 20–39, and ≥40 g/day were 1.42 (1.02–1.99), 1.99 (1.27–3.12), 2.06 (1.19–3.57), and 3.52
(1.72–7.20), respectively (p trend <0.01). Compared with the lifetime-abstinence, the multivariable-
adjusted hazard ratios (95% CIs) for incident bothersome VMS among average alcohol consumption
of <10, 10–19, 20–39, and ≥40 g/day were 1.10 (0.85–1.41), 1.03 (0.70–1.51), 1.72 (1.06–2.78), and 2.22
(1.16–4.23), respectively (p trend = 0.02). Increased alcohol consumption positively and consistently
showed a relationship with increased risk of both prevalent and incident early-onset VMS. Refraining
from alcohol consumption may help prevent bothersome VMS in premenopausal women.

Keywords: alcohol consumption; hot flashes; night sweats; vasomotor symptoms; premenopausal
women
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1. Introduction

Vasomotor symptoms (VMS), the most common (60–80%) cardinal climacteric symp-
toms in women experiencing menopausal transition, usually peak in the late perimenopausal
to early menopausal stages (mean age of 52 to54 years). VMS onset can occur much earlier,
even during the premenopausal stage [1,2]. The severity and duration may differ according
to the onset of VMS, and early-onset VMS reportedly lasts longer (up to 11.8 years) and is
more severe than VMS occurring around the final menstrual period [3]. Moreover, early-
onset and long-lasting VMS have been associated with worse psychological profiles and
adverse diseases, including subclinical and cardiovascular diseases [4,5]. Previous stud-
ies have also reported distinctive features and risk factors of early-onset VMS compared
with those of late-onset VMS, although the risk factors for early-onset VMS are not well
established [3,5].

Alcohol consumption is a crucial modifiable risk factor for various morbidities [6]. The
effects of alcohol consumption on estrogen and other sex hormones are complex [7–11]. Al-
cohol consumption is associated with increased levels of estrogen [7,8] and androgen [9,10],
while long-term moderate alcohol intake is also significantly associated with increased FSH
levels and decreased ovarian volume in premenopausal women [11].

Studies addressing the association between alcohol drinking and VMS have reported
mixed results [12–17], including a positive association [12,13], no association [14,15], and
an inverse association [16,17]. However, alcohol consumption in most previous studies was
not the main exposure and relied on average alcohol consumption without considering
abstainer bias [12,17]. Currently, there are scarce data to address the role of specific drinking
patterns in the development of VMS compared with lifetime abstainers as the reference.

Therefore, the present study aimed to investigate (a) the relationship between alcohol
consumption patterns and prevalent early-onset VMS in a cross-sectional study and (b) the
longitudinal association between alcohol drinking patterns and the development of VMS
before menopause in a cohort study of premenopausal Korean women who participated in a
regular health check-up program with repeated assessments of VMS using the Menopause-
Specific Quality of Life questionnaire.

2. Methods
2.1. Study Population

We used the data of a cohort study of midlife Korean women recruited from 2014 to
2018 from the Kangbuk Samsung Health Study, a cohort study of Korean health exami-
nees who participated every 1–2 years in comprehensive health check-up examinations
previously described [18,19]. Women in the premenopausal stage or early transition stage
with an intact uterus were eligible to meet the following criteria: (1) age 42–52 years; (2)
no history of hysterectomy, oophorectomy, or hormone replacement therapy; (3) once
or more menstrual periods in the three months before enrollment and no amenorrhea
for two months or longer; and (4) no history of malignancy, renal failure, and hypo- or
hyperthyroidism that can influence menstrual bleed pattern.

This cohort study was originally designed to evaluate the longitudinal association of
menopausal transition with changes in physical and mental health among premenopausal
women [20,21]. The menopausal stages were primarily determined based on menstrual
bleeding patterns. The present study was restricted to women in the premenopausal stage.
Thus, participants with factors that could affect their menstrual cycles were excluded.
Among participants who were initially enrolled (n = 5230), 1066 women met one or more of
the following exclusion criteria (Figure 1): (1) withdrawal; (2) missing information on VMS
or alcohol consumption; (3) hormone treatment or surgical history involving the uterus
or ovary; (4) history of hypothyroidism or hyperthyroidism, or (5) currently in a later
menopausal stage than in the premenopausal stage. Finally, the analytic sample included
4164 premenopausal women in the cross-sectional study. Next, to evaluate the longitudinal
association between alcohol consumption and new-onset VMS, women were restricted to
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those without VMS at baseline who had at least one follow-up VMS assessment before
December 2021; therefore, 2396 women were eligible for the cohort study analysis.
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Figure 1. The selection process chart of the participants.

The Institutional Review Board of Kangbuk Samsung Hospital (IRB No. KBSMC
2022-04-011) approved this study. All participants provided written informed consent, and
all procedures in this study were performed in compliance with the ethical standards of
the 1964 Helsinki declaration and its later amendments.

2.2. Data Collection

Data on basic characteristics, alcohol drinking behaviors, other lifestyle factors, and his-
tory of medical disease or medication was obtained using standardized, self-administered
questionnaires at each visit. In contrast, trained nurses and technicians measured blood
pressures (BP) and laboratory parameters. Anthropometric measurements, including height
and weight, were performed by trained nurses, with participants wearing a lightweight
hospital gown with bare feet in a standing position. The widely chosen cutoff value for body
mass index (BMI) specific to Asian populations was used to define obesity (≥25 kg/m2) [22].
The physical activity categories included inactive, minimally active, and health-enhancing
physical activity (HEPA) based on information obtained via the validated Korean version of
the International Physical Activity Questionnaire Short Form (IPAQ-SF) [23]. The IPAQ-SF
enables the calculation of MET minutes per week (MET level × minutes × number of
times per week) for each intensity activity [24]. HEPA participants met any of two crite-
ria: (1) 3 or more days of vigorous activities achieving at least 1500 MET min/week or
(2) 7 or more days of any combination of walking and moderate or vigorous activities
achieving at least 3000 MET min/week [24]. Other covariates were categorized as never,
former, or current smoker for smoking status, and <college graduate or ≥college graduate
for education attainment. Hypertension was defined as BP ≥140/90 mmHg, history of
physician-diagnosed hypertension, or antihypertensive medication use.

Measurements of fasting serum tests included lipid profiles and liver enzyme (as-
partate aminotransferase, alanine transaminase, and gamma-glutamyltransferase [GGT]),
high-sensitivity C-reactive protein, glucose, and insulin levels as previously detailed [20,25].
The homeostasis model assessment of insulin resistance was calculated. Diabetes mellitus
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was defined as glucose-lowering medication use or fasting hyperglycemia based on either
serum glucose of ≥126 mg/dL or glycated hemoglobin of ≥6.5%.

2.3. Definition of Early-Onset VMS

For VMS assessment at baseline and follow-up, we used the Menopause Specific
Quality of Life questionnaire [26]. VMS included hot flashes or night sweats during the
past month. If participants had symptoms, they were asked to rate the bothersome degree
of each symptom from “Not at all bothered (0 points)” to “Extremely bothered (6 points)”.
Participants who answered 0–2 points were classified as having no or mild VMS. On
the other hand, participants who answered at the midpoint or higher (3–6 points) were
classified as having moderately-to-severely bothersome VMS, which we used as the primary
endpoint for the analysis because moderate/severe VMS is likely to negatively influence
the quality of life [27,28]. Prevalent VMS was defined as the presence of moderately-to-
severely bothersome VMS at baseline, whereas incident VMS was defined as new onset of
moderately-to-severely bothersome VMS during follow-up among participants without
VMS at baseline.

2.4. Definition of Alcohol Consumption

Assessment of alcohol consumption included lifetime abstinence, drinking frequency,
and drink amount consumed per drinking day [19]. Drinking status was categorized as
lifetime abstainer, former drinker, or current drinker. A lifetime abstainer was defined
as someone who never drank alcohol except for ritual sips during inevitable ceremonies.
A former drinker was defined as someone who had consumed alcohol in their lifetime,
although they were nondrinkers at the time of enrollment. A current drinker’s average
daily alcohol consumption was determined by the quantity and frequency of alcohol
consumption and classified as light (0.1 to <10), moderate (10 to <20), heavy (20 to <40),
or very heavy drinking (≥40 g/day) [19]. Specifically, the questions for the frequency of
drinking and number of drinks were “How many days do you drink alcohol in a week on
average?” and “How much alcohol do you usually drink per drinking day?”, respectively

For the assessment of binge drinking, we used a specific question from the Alcohol Use
Disorders Identification Test for defining binge drinking by the World Health Organization
for screening persons with harmful alcohol drinking [29,30]. This question was “How often
do you have six or more drinks on one occasion?” with five possible responses (never, less
than monthly, monthly, weekly, daily, or almost daily. For the analysis, binge drinking was
classified as none, < once a month, once a month, or weekly or more.

2.5. Statistical Analysis

The characteristics of the participants are summarized using descriptive statistics
according to the alcohol consumption category. As previous studies have reported differ-
ences in the risk factors and prognoses among VMS components (hot flashes and night
sweats) [31–33], we also presented the results for each outcome separately.

For the cross-sectional analysis, the primary dependent variable was the presence of
moderately-to-severely bothersome VMS at baseline, including hot flashes and night sweats.
Logistic regression models were used to estimate the adjusted odds ratios (OR) and 95%
confidence intervals (CIs) for prevalent VMS according to the alcohol consumption category
(average alcohol consumption, frequency, and usual quantity consumed) compared with
lifetime abstinence (reference). The associations between each VMS component were also
evaluated separately.

For the cohort study, the primary endpoint was new-onset moderately-to-severely
bothersome VMS occurring before menopause. Each participant was followed from their
enrollment to the time of the first reported VMS, the occurrence of menopause, or the end
of the study period (31 December 2021), whichever occurred first. When VMS developed
between the visit with the first report of VMS and the preceding visit but the exact time of
occurrence was unknown, a parametric proportional hazards model was used to account for
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this type of interval censoring (stpm command in STATA) [34] and to calculate the adjusted
hazard ratios (HRs) and 95% CIs for new-onset VMS according to the consumption category.

For both cross-sectional and longitudinal relationships between alcohol consumption
and VMS risk, the initial model was adjusted for age; multivariable models were further
adjusted for education attainment (<12 years, ≥12 years, or missing), physical activity (in-
active, minimally active, health-enhancing physical activity, or missing), BMI (continuous),
and smoking status (none, former, current smoker, or missing). For the sensitivity analysis,
we further adjusted for hypertension (presence, absence, or unknown), and diabetes (pres-
ence, absence, or unknown). To evaluate the linear trends in VMS risk, the categories were
included as continuous variables in the model.

Furthermore, we evaluated the impact of binge drinking on VMS risk because binge
drinking is an independent predictor of adverse health outcomes [29,30,35]. Finally, sub-
group analyses were also performed by alcohol flushing (no vs. yes), and their interactions
were examined based on likelihood ratio tests while comparing models with and without
multiplicative interaction terms.

STATA version 17.0 (STATA Corp LP, College Station, TX, USA) was used for all
analyses, with a two-sided statistical significance level of p < 0.05.

3. Results
3.1. Alcohol Consumption and Prevalent Early-Onset VMS

Table 1 shows the characteristics of study participants for the cross-sectional study.
The mean age of the 4164 premenopausal women was 44.8 (standard deviation, 2.4) years,
and the prevalence of bothersome VMS was 10.2%. Former drinkers tended to be older and
had the highest prevalence of obesity. Among current drinkers, those with higher levels
of alcohol consumption tended to currently smoke, be obese, physically active, and less
educated, and have higher values of BP, high-density lipoprotein cholesterol, triglycerides,
and GGT.

Higher alcohol drinking was positively and dose-dependently associated with an
elevated prevalence of moderate-to-severe bothersome VMS (Table 2), beginning with the
light-drinking category (p trend <0.01). After adjusting for confounders, OR (95% CIs) for
prevalent VMS comparing light, moderate, heavy, and very heavy drinkers to reference (life-
time abstainer) were 1.42 (1.02–1.99), 1.99 (1.27–3.12), 2.06 (1.19–3.57), and 3.52 (1.72–7.20),
respectively (p trend <0.01). Current abstainers tended to have a higher prevalence of VMS,
especially night sweats; however, this association was not significant. In separate analyses
of each symptom (hot flashes and night sweats) as a dependent variable, alcohol drinking
patterns were positively related to both symptoms. However, the association with night
sweats was stronger than that with hot flashes.

Both higher frequency and quantity showed a dose-response relationship with a
higher prevalence of VMS (Table 2). For drinking frequency, the multivariable-adjusted
ORs (95% CIs) for overall VMS comparing 1–2 and ≥ 3 days/week to zero days/week as
the reference were 1.44 (1.05–1.96) and 2.10 (1.37–3.22), respectively (p trend <0.01). For
drinking amount per drinking day, the multivariable-adjusted ORs (95% CIs) for VMS
comparing 1–2, 3–5, ≥6 to zero drinks/d as the reference category were 1.39 (1.01–1.92), 1.74
(1.21–2.49), and 2.14 (1.34–3.38), respectively (p trend <0.01). Similarly, drinking frequency
and quantity showed a dose-response association with both hot flashes and night sweat
symptoms, although the associations were evident with night sweats. Further adjusting for
hypertension and diabetes did not qualitatively change these associations (Table S1).

The frequency of binge drinking also showed an independent and dose-response
relationship with an increased prevalence of VMS (p trend <0.01) (Table S2). This association
was pronounced in analyses of night sweats as a dependent variable, although it was not
significant for hot flashes.
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Table 1. Characteristics of premenopausal women in the cross-sectional study by drinking category
(n = 4164).

Characteristics Total
Drinking Status

Lifetime
Abstainer

Former
Drinker 0 to <10 g/day 10 to <20

g/day
20 to <40

g/day ≥40 g/day

Number (%) 4164 569 (13.7) 172 (4.1) 2879 (69.1) 328 (7.9) 160 (3.8) 56 (1.3)
Age (years) * 44.8 ± 2.4 45.6 ± 2.6 45.3 ± 2.8 44.6 ± 2.3 44.6 ± 2.4 44.8 ± 2.5 44.7 ± 2.4

Age at menarche (years) * 13.9 ± 1.4 14.0 ± 1.4 13.9 ± 1.5 13.9 ± 1.4 14.0 ± 1.5 14.1 ± 1.6 14.0 ± 1.5
Obesity (%) a 16.2 16.3 20.9 15.7 16.5 18.8 19.6

High physical activity (%) b 14.8 13.5 17.4 14.1 18.3 19.4 21.4
Current smoker (%) 1.9 0.7 0.6 1.2 3.7 11.4 17.9

High education (%) c 80.8 80.9 78.4 82.8 73.7 66.9 66.1
Hypertension (%) d 4.5 5.3 3.5 3.7 6.7 11.3 10.7

Systolic BP (mmHg) * 103.9 ± 11.7 104.2 ± 11.8 104.1 ± 12.0 103.2 ± 11.4 105.5 ± 11.4 109.0 ± 13.9 109.8 ± 13.3
Diastolic BP (mmHg) * 66.8 ± 9.2 66.3 ± 8.8 65.5 ± 9.6 66.5 ± 8.9 68.5 ± 9.7 71.6 ± 11.0 72.4 ± 11.3

Diabetes (%) e 1.7 1.2 0.6 1.6 2.1 3.8 1.8
Glucose (mg/dL) * 93.0 ± 12.0 92.4 ± 10.4 94.0 ± 20.9 92.7 ± 11.7 94.0 ± 8.8 96.1 ± 15.7 93.2 ± 15.7
LDLC (mg/dL) * 119.2 ± 28.7 123.5 ± 29.0 120.2 ± 27.7 118.7 ± 28.1 119.8 ± 30.6 115.5 ± 33.0 108.2 ± 30.5
HDLC (mg/dL) * 67.0 ± 15.9 65.0 ± 15.4 66.0 ± 15.1 66.6 ± 15.6 69.3 ± 16.3 74.1 ± 18.8 77.0 ± 20.4

Triglycerides (mg/dL) † 74.0
(57.0–100.0)

77.0
(58.0–105.0)

73.5
(56.0–100.0)

73.0
(57.0–98.0)

78.5
(57.0–106.0)

78.5
(62.0–105.0)

77.0
(63.5–109.5)

AST (U/l) † 18.0
(15.0–20.0)

18.0
(15.0–20.0)

18.0
(16.0–21.0)

17.0
(15.0–20.0)

18.0
(15.0–21.0)

18.0
(16.0–21.0)

18.0
(16.0–20.0)

ALT (U/l) † 13.0
(11.0–17.0)

14.0
(11.0–17.0)

14.5
(12.0–19.0)

13.0
(11.0–17.0)

13.0
(11.0–17.0)

13.0
(11.0–17.0)

13.0
(10.5–15.5)

GGT (U/l) † 13.0
(11.0–18.0)

13.0
(10.0–17.0)

13.0
(11.0–16.0)

13.0
(11.0–18.0)

15.0
(12.0–21.0)

17.0
(13.0–21.0)

18.0
(14.0–30.0)

HOMA-IR † 1.1
(0.7–1.6)

1.1
(0.7–1.6)

1.1
(0.8–1.9)

1.1
(0.7–1.6) 1.2 (0.8–1.6) 1.0

(0.7–1.4)
0.9

(0.6–1.2)

hsCRP (mg/L) † 0.03
(0.02–0.06)

0.03
(0.02–0.06)

0.03
(0.02–0.07)

0.03
(0.02–0.06)

0.03
(0.02–0.05)

0.04
(0.02–0.06)

0.03
(0.02–0.05)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BP, blood pressure; GGT, gamma-
glutamyl transpeptidase; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment
of insulin resistance; hsCRP, high-sensitivity C-reactive protein; LDLC, low-density lipoprotein cholesterol; MET,
metabolic equivalents. Data are presented as * means ± standard deviations, † medians (interquartile ranges), or
percentages. a body mass index ≥25 kg/m2; b defined as either ≥3 days of vigorous activities achieving at least
1500 MET min/week, or ≥7 days of any combination of walking and moderate or vigorous activity achieving
at least 3000 MET min/week; c ≥college graduate; d defined as either blood pressure ≥140/90 mmHg, history
of physician-diagnosed hypertension, or antihypertensive medication use; e glucose-lowering medication use,
fasting hyperglycemia based on either serum glucose of ≥126 mg/dL or glycated hemoglobin of ≥6.5%.

Table 2. Association between alcohol consumption and prevalence of early-onset, moderately-to-
severely bothersome VMS (overall and each component including hot flash or night sweat) among
premenopausal women (n = 4164).

Alcohol
Consumption

Patterns

Vasomotor Symptoms Hot Flash Symptoms Night Sweat Symptoms

Age-Adjusted
OR (95% CI)

Multivariable-
Adjusted OR *

(95% CI)

Age-Adjusted
OR (95% CI)

Multivariable-
Adjusted OR *

(95% CI)

Age-Adjusted
OR (95% CI)

Multivariable-
Adjusted OR *

(95% CI)

Drinking status
Lifetime abstainer Reference Reference Reference Reference Reference Reference
Current drinker
0.1 to <10 g/day 1.41 (1.01–1.97) 1.42 (1.02–1.99) 1.30 (0.91–1.84) 1.31 (0.92–1.86) 1.48 (0.85–2.58) 1.50 (0.86–2.63)
10 to <20 g/day 2.05 (1.32–3.19) 1.99 (1.27–3.12) 1.83 (1.14–2.92) 1.73 (1.07–2.78) 2.82 (1.43–5.58) 2.82 (1.42–5.63)
20 to <40 g/day 2.24 (1.32–3.83) 2.06 (1.19–3.57) 1.33 (0.70–2.51) 1.17 (0.61–2.25) 4.82 (2.34–9.93) 4.51 (2.15–9.48)

≥40 g/day 3.89 (1.94–7.80) 3.52 (1.72–7.20) 2.32 (1.03–5.25) 2.04 (0.88–4.72) 8.98 (3.80–21.26) 8.30 (3.40–20.28)
p trend <0.01 <0.01 0.01 0.06 <0.01 <0.01

Former drinker 1.08 (0.58–2.03) 1.06 (0.56–1.99) 1.10 (0.57–2.11) 1.06 (0.55–2.05) 1.62 (0.65–4.04) 1.59 (0.63–3.99)
Frequency of drinking (days/week)

0 Reference Reference Reference Reference Reference Reference
1–2 1.43 (1.05–1.95) 1.44 (1.05–1.96) 1.31 (0.95–1.81) 1.31 (0.95–1.82) 1.54 (0.94–2.52) 1.54 (0.94–2.53)
≥3 2.15 (1.41–3.27) 2.10 (1.37–3.22) 1.63 (1.03–2.59) 1.59 (0.99–2.54) 3.23 (1.75–5.96) 3.08 (1.64–5.75)

p trend <0.01 <0.01 0.03 0.04 <0.01 <0.01
Number of drinks drinking day

0 Reference Reference Reference Reference Reference Reference
1–2 1.37 (0.99–1.89) 1.39 (1.01–1.92) 1.28 (0.91–1.80) 1.31 (0.93–1.84) 1.29 (0.77–2.15) 1.29 (0.77–2.17)
3–5 1.77 (1.24–2.52) 1.74 (1.21–2.49) 1.57 (1.08–2.28) 1.53 (1.05–2.23) 2.14 (1.24–3.68) 2.11 (1.22–5.65)
≥6 2.40 (1.54–3.76) 2.14 (1.34–3.38) 1.75 (1.06–2.87) 1.53 (0.92–2.54) 3.50 (1.85–6.62) 3.01 (1.56–5.80)

p trend <0.01 <0.01 <0.01 0.03 <0.01 <0.01

Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio; VMS, vasomotor symptoms. Logistic
regression model was used to calculate the odds ratio and 95% confidence intervals for moderate-to-severe VMS. * The
multivariable model was adjusted for age, attainment, smoking, physical activity level, and BMI.
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3.2. Alcohol Consumption and Incidence of Early-Onset VMS

In the longitudinal analysis of premenopausal women without VMS, the average age
of the 2394 participants was 44.6 (2.3) years at baseline (Table S3). Similar to the pattern
seen in the cross-sectional analysis, former drinkers tended to be older and more obese than
current drinkers. Among current drinkers, those with higher levels of alcohol consumption
tended to be more hypertensive and less educated and to have higher BP, triglycerides,
high-density lipoprotein cholesterol, and GGT. However, the number of participants with
high levels of alcohol consumption was small, with only 71 heavy drinkers and 25 very
heavy drinkers.

During the follow-up of 11,131.93 person-years (median follow-up, 5.0 years; in-
terquartile range, 3.9–5.9 years; maximum 7.2 years), 546 participants developed new-onset,
moderate-to-severe bothersome VMS, and its incidence rate of 4.9 per 100 person-years.
Compared with lifetime abstainers, the multivariable-adjusted HRs (95% CIs) for incident
VMS were 1.10 (0.85–1.41) for the light drinker, 1.03 (0.70–1.51) for the moderate drinker,
1.72 (1.06–2.78) for the heavy drinker, and 2.22 (1.16–4.23) for very heavy drinker (Table 3).
Current abstainers tended to have a higher incidence of VMS with each symptom, although
this did not reach statistical significance.

Table 3. Longitudinal association between alcohol consumption and incidence of early-onset,
moderately-to-severely bothersome VMS (overall and each component including hot flash or night
sweat) among premenopausal women (n = 2394).

Alcohol Drinking
Patterns

Vasomotor Symptoms Hot Flash Symptoms Night Sweat Symptoms

Age-Adjusted HRs
(95% CI)

Multivariable-
Adjusted HR

(95% CI) *

Age-Adjusted HRs
(95% CI)

Multivariable-
Adjusted HR

(95% CI) *

Age-Adjusted HRs
(95% CI)

Multivariable-
Adjusted HR

(95% CI) *

Drinking status
Lifetime abstainer Reference Reference Reference Reference Reference Reference
Current drinker
0.1 to <10 g/day 1.09 (0.85–1.41) 1.10 (0.85–1.41) 0.99 (0.74–1.34) 1.00 (0.75–1.35) 1.21 (0.89–1.64) 1.21 (0.89–1.64)
10 to <20 g/day 1.09 (0.74–1.59) 1.03 (0.70–1.51) 0.86 (0.53–1.39) 0.82 (0.51–1.35) 1.19 (0.75–1.88) 1.12 (0.71–1.77)
20 to <40 g/day 1.74 (1.09–2.79) 1.72 (1.06–2.78) 1.34 (0.74–2.41) 1.28 (0.70–2.34) 2.05 (1.19–3.52) 1.95 (1.12–3.40)

≥40 g/day 2.23 (1.18–4.24) 2.22 (1.16–4.23) 1.30 (0.52–3.26) 1.32 (0.52–3.32) 3.20 (1.61–6.34) 3.12 (1.56–6.23)
p trend <0.01 0.02 0.59 0.70 <0.01 <0.01

Former drinker 1.29 (0.80–2.05) 1.27 (0.79–2.04) 1.09 (0.62–1.94) 1.08 (0.61–1.91) 1.17 (0.65–2.12) 1.15 (0.63–2.09)
Frequency of drinking (days/week)

0 Reference Reference Reference Reference Reference Reference
1–2 1.09 (0.86–1.38) 1.08 (0.85–1.37) 0.99 (0.74–1.31) 1.00 (0.75–1.32) 1.19 (0.89–1.59) 1.18 (0.89–1.57)
≥3 1.50 (1.05–2.13) 1.48 (1.03–2.12) 1.30 (0.84–1.99) 1.30 (0.84–2.02) 1.65 (1.09–2.51) 1.61 (1.06–2.46)

p trend 0.05 0.06 0.39 0.37 0.03 0.04
Number of drinks a drinking day

0 Reference Reference Reference Reference Reference Reference
1–2 1.04 (0.82–1.33) 1.04 (0.81–1.33) 0.95 (0.72–1.27) 0.96 (0.72–1.28) 1.15 (0.86–1.55) 1.14 (0.85–1.54)
3–5 1.21 (0.91–1.61) 1.20 (0.90–1.59) 0.98 (0.70–1.40) 0.98 (0.70–1.38) 1.43 (1.02–2.00) 1.41 (1.00–1.97)
≥6 1.55 (1.05–2.28) 1.47 (1.00–2.17) 1.37 (0.86–2.17) 1.31 (0.82–2.09) 1.79 (1.15–2.80) 1.66 (1.05–2.62)

p trend 0.01 0.03 0.34 0.45 <0.01 <0.01

Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; VMS, vasomotor symptoms.
Parametric proportional hazard models were used to estimate hazard ratios (HRs) and 95% CIs for incident VMS.
* The multivariable model was adjusted for age, attainment, smoking, physical activity level, and BMI.

For drinking frequency, compared with zero-day/week as the reference, the multi-
variable-adjusted HRs (95% CIs) for developing VMS were 1.08 (0.85–1.37) for 1–2 days/week
and 1.48 (1.03–2.12) for ≥3 days/week. A significant excess risk was observed for drinking
frequency of ≥3 days per week in analyses using night sweats as the outcome but not for
using hot flashes as the outcome.

For the drinking amount per drinking day, the increased drinking amount category
showed a dose-response and positive association with increased risk of incident VMS and
night sweats (p trend <0.01), but no significant association with incident hot flashes.

The binge drinking frequency was also positively and dose-dependently associated
with an elevated risk of VMS development (Table S1). This pattern was evident for incident
night sweats but not for hot flashes.
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3.3. Effect Modification by Alcohol Flushing Status

The association between alcohol consumption and prevalent VMS differed signifi-
cantly according to alcohol flushing (p for interaction <0.01) (Table S3). Among alcohol
nonflushers, the risk of prevalent VMS significantly increased in the heavy drinking cat-
egory (≥40 g/day), whereas the relative excess risk of prevalent VMS among alcohol
flushers was observed beginning in the low-level drinking category (0.1–10 g/d). For the
cohort study (Table S4), the effect modification by alcohol flushing status did not statisti-
cally differ (p interaction = 0.87). In nonflushers, the increased alcohol drinking category
showed a positive and dose-response association with a higher risk of developing VMS
(p trend = 0.02), whereas this pattern was not significant for alcohol flushers (p trend = 0.21),
possibly owing to the insufficient sample size of moderate and heavy drinking category
among alcohol flushers.

4. Discussion

In the present cross-sectional and longitudinal studies of premenopausal women,
alcohol drinking patterns were dose-dependently associated with an increased risk of
bothersome VMS, and the association persisted after adjusting for confounders. In the
cross-sectional analysis, the relative excess risk of prevalent VMS was observed from a light
drinking level of alcohol consumption measures, including average drinking, drinking
frequency, amount consumed per drinking day, and binge drinking. In the cohort analysis,
this pattern was similarly observed; however, the incidence of VMS significantly increased
among relatively heavy drinkers (≥ 20 g per day). Similarly, higher frequency and quantify
of drinking showed dose-dependent association with increased incidence of VMS, with
significant excess risk in the highest category of drinking frequency and quantity and the
binge drinking frequency. Notably, any levels of alcohol consumption were not protective
for prevalent or incident VMS.

Prior research reported conflicting results on the relationship between alcohol con-
sumption and VMS. A study of 1427 middle-aged Finnish women reported that excessive
drinking (192 g of pure alcohol per week) showed a positive and cross-sectional association
with the prevalent VMS [12]. A cohort study of population-based African American and
Caucasian premenopausal women found that a higher number of alcoholic beverages per
week was linked to significantly higher odds of hot flashes [13]. Conversely, some previous
studies reported opposite or null findings. Another study of 732 women (age range, 45 to
54 years) in the US found that current, moderate, or severe hot flashes were less frequent in
women who consumed one drink per day or more compared with nondrinkers [16]. A co-
hort study of 647 women found that those who drank < 12 drinks or more in the precedent
year experienced a shorter duration of hot flashes than that women who drank < 12 drinks
in the past year, indicating a potential protective benefit of moderate drinking [17]. A study
of 755 peri-menopausal women showed a favorable effect of light alcohol intake (defined
as 1 to 5 drinks per week) on the frequency of hot flashes compared with nondrinkers [36].

The reason for conflicting results can be possibly explained by different study popula-
tions (e.g., different ethnicity and different menopausal stages) and the fact that alcohol
consumption in most of these studies was not the main exposure of interest and was simply
classified as a binary category (alcohol use in last year of <12 drinks vs. ≥12 drinks) [17]
or as one of three categories (weekly alcohol use of none, 1 to 5 drinks, or ≥6 drinks) [36],
thereby limiting the detailed dose-dependent effect and possibly resulting in abstainer
bias (former drinkers might have been misclassified as nondrinkers). In contrast to previ-
ous findings, we observed no protective effect of alcohol drinking on both prevalent and
incident VMS at a low level of alcohol consumption. Instead, our findings suggest that
all aspects of average alcohol consumption, frequency, and quantity of usual and binge
drinking showed a consistent and positive association with the risk of bothersome VMS in
both the cross-sectional and longitudinal studies.

Concerning the individual symptoms of VMS, alcohol consumption showed a stronger
association with night sweats compared with hot flashes. This differential association of
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hot flashes versus night sweats is unclear. A few studies have also reported the differential
implications of each or both symptoms, although many studies have mainly focused on hot
flashes without considering the different features of each symptom [5,37,38]. Two studies
reported associations of both hot flashes and night sweats with the risk of cardiovascular
disease [5,37]. Another study reported an association between only night sweats, no
hot flashes, with heart disease risk, with plausible explanations that night sweats may
reflect the most severe hot flashes or a symptom that is more difficult to tolerate than hot
flashes [38]. The mechanisms underlying the differentially stronger relationship between
alcohol consumption with night sweats versus hot flashes observed in our study requires
further research.

The mechanism underlying the effects of alcohol intake on VMS is not clear yet.
Previous research reporting a protective effect of alcohol consumption on VMS [16,17,36]
has attributed this effect to the role of alcohol in stimulating estrogen production [39,40].
However, emerging evidence suggests that altered status of other female sex hormones
(e.g., increased follicular stimulating hormone [FSH]) or the balance between androgen
and estrogen levels, rather than estrogen status alone, may better predict VMS risk [41,42].
Alcohol consumption has been reported to induce both increased androgen levels [9,10] and
long-term, moderate alcohol intake may significantly increase FSH levels, a sign of ovarian
function decline, in premenopausal women [11]. Therefore, disturbances in reproductive
physiology and hormonal dynamics induced by alcohol consumption may contribute to
VMS pathogenesis.

Another possible mechanism involves the role of alcohol in altering hypothalamic
temperature regulation [36]. Alcohol can disrupt thermoregulation not only by acting on
peripheral blood vessels with vasodilatory properties but also by exerting direct action on
the central nervous system [43]. Reportedly, the core temperature may be altered following
alcohol intake, which can potentially cause a temporary shift in the sweating threshold [43].
The resulting changes in the temperature setpoint may lead to a series of compensatory
mechanisms to dissipate or preserve heat [44], which is thought to be a key driver of VMS
pathogenesis [45].

Alcohol can also trigger changes in the metabolism of neurotransmitters, such as
serotonin (5-hydroxytryptamine [5-HT]) or norepinephrine, which also play a crucial role
in temperature regulation and VMS pathophysiology [46]. Alcohol consumption stimulates
the release of 5-HT and acts as a stressor that stimulates the upregulation of certain types of
5-HT receptors [47]. The upregulation of 5-HT receptors may disturb the thermoregulatory
system in the hypothalamus, causing hot flashes [47]. However, these putative mechanisms
are largely speculative; more extensive mechanistic research is required to understand the
association of alcohol consumption with increased VMS risk.

Our study had several limitations. First, we relied on a self-reported questionnaire to
evaluate the presence and degree of VMS based on subjective symptoms and not objective
tests for VMS measurement. Although there was a misclassification risk, the effects of
nondifferential misclassification would only induce bias towards the null. Second, alco-
hol consumption assessment was also determined using a self-administered, structured
questionnaire; thus, drinking pattern tends to be under-reported, although the assess-
ment of alcohol consumption assessment relies on self-reporting in most epidemiological
studies [48].

In addition, we did not consider the differential effect of different alcoholic beverages.
Therefore, the possibility of measurement errors and unmeasured confounders cannot
be excluded. Third, questions regarding dietary assessment were not mandatory, and
information on diet was available for only approximately half of the participants [20]. In
addition, at baseline, health examinations and alcohol consumption and VMS assessments
were performed on the same day, although follow-up surveys for VMS assessments were
not conducted during health examinations on the same day. Thus, we could not incorporate
diet information and the changing status of covariates as time-varying covariates in the
analysis. Finally, our study population was recruited from health screening centers, mostly
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covering employees and their spouses with relatively high education levels and no comor-
bidities. The present study findings are required to be confirmed in other populations with
different ethnicities or characteristics.

However, our study had some strengths, including a large-scale study of middle-
aged women, the use of prevalent and incident VMS occurring prior to menopause as the
outcome, and minimization of abstainer bias by differentiating former drinkers from non-
drinkers along with relatively detailed drinking patterns, which enabled us to demonstrate
the independent and dose-dependent association of alcohol drinking patterns with risk of
both prevalent and incident VMS.

5. Conclusions

In the cohort of middle-aged Korean premenopausal stage women, the VMS risk
significantly increased with increased alcohol consumption, beginning in the light-drinking
category. A positive association between alcohol consumption patterns and VMS risk
was consistently found concerning drinking frequency, quantity per episode, and binge
drinking frequency. Our findings suggest that refraining from alcohol consumption may
help decrease bothersome VMS among women experiencing the menopausal transition,
even in the premenopausal stage.
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further adjustment for hypertension and diabetes; Table S2: Prevalence and incidence of early-onset,
moderately to severely bothersome VMS among premenopausal women by frequency of binge drink-
ing; Table S3: Cohort study characteristics of premenopausal women without vasomotor symptoms
at baseline by drinking category (n = 2394); Table S4: Longitudinal association between alcohol
consumption and incidence of early-onset bothersome vasomotor symptoms among premenopausal
women by alcohol flushing.
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