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ABSTRACT
Background: Although habitual low-to-moderate alcohol intake
has been linked with reduced all-cause mortality and morbidity,
the effect of recent alcohol intake on female reproductive function
has not been clearly established.
Objective: We assessed the relation between acute alcohol con-
sumption, reproductive hormones, and markers of menstrual cycle
dysfunction including sporadic anovulation, irregular cycle length,
luteal phase deficiency, long menses, and heavy blood loss.
Design: A total of 259 healthy, premenopausal women from Western
New York were followed for #2 menstrual cycles (2005–2007) and
provided fasting blood specimens during#8 visits/cycle and four 24-h
dietary recalls/cycle. Linear mixed models were used to estimate as-
sociations between previous day’s alcohol intake and hormone con-
centrations, whereas Poisson regression was used to assess RR of
cycle-average alcohol intake and menstrual cycle function.
Results: For every alcoholic drink consumed, the geometric mean
total and free estradiol, total and free testosterone, and luteinizing hor-
mone were higher by 5.26% (95% CI: 1.27%, 9.41%), 5.82% (95% CI:
1.81%, 9.99%), 1.56% (95% CI: 0.23%, 2.90%), 1.42% (95% CI:
0.02%, 2.84%), and 6.18% (95% CI: 2.02%, 10.52%), respectively, after
adjustment for age, race, percentage of body fat, perceived stress, pain-
medication use, sexual activity, caffeine, and sleep. Binge compared
with nonbinge drinking (defined as reporting $4 compared with ,4
drinks/d, respectively) was associated with 64.35% (95% CI: 18.09%,
128.71%) and 63.53% (95% CI: 17.41%, 127.73%) higher total and
free estradiol. No statistically significant associations were shown be-
tween cycle-average alcohol intake and menstrual cycle function.
Conclusion: Although recent moderate alcohol intake does not appear
to have adverse short-term effects on menstrual cycle function, including
sporadic anovulation, potential protective and deleterious long-term ef-
fects of alterations in reproductive hormones on other chronic diseases
warrant additional investigation. Am J Clin Nutr 2015;102:933–42.

Keywords: alcohol, estradiol, menstrual cycle, ovulation, proges-
terone

INTRODUCTION

Alcohol intake is common in US women of reproductive age
with over one-half of women aged 18–44 y consuming alcohol

(1). Although epidemiologic evidence has indicated that habitual
moderate alcohol intake (1–2 drinks/d) is associated with re-
duced all-cause mortality and morbidity (2, 3), the effect of al-
cohol intake on female reproductive function has not been clearly
established (4–19). It is challenging to study the effects of alcohol
on female reproductive function because of the complex time-
dependent hormonal feedback loops that regulate the menstrual
cycle and women’s fertility coupled with alcohol’s relatively
rapid metabolism (20), which clear the body of alcohol in 12–24 h
(21). Because of potential sensitivity of menstrual cycle functions
to critical windows of exposure, studies are needed that take into
account recent alcohol intake relative to the outcome being as-
sessed, such as ovulation, conception, and implantation.

Although there have been large observational studies that
evaluated chronic alcohol exposure and menstrual cycle function
(15, 16, 19), studies that evaluated acute alcohol intake and men-
strual cycle function have been limited to experimental studies that
assessed alcohol-mediated changes in reproductive hormone con-
centrations in nonpregnant women (22–25). The majority of these
controlled studies showed relevant positive associations between
acute, high alcohol ($2 drinks/d) administration and elevated
estradiol and testosterone concentrations, which are believed to be
the result of potentially several mechanistic pathways including
changes in hepatic redox states (22–25), the stimulation of the ad-
renal gland (26, 27), and the aromatization of testosterone to
estradiol (28). Although these studies have helped to inform
mechanistic pathways, they have limited generalizability because
of small sample sizes, high alcohol exposures, and experimental con-
ditions. In addition, most of these studies were limited to a single
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day’s hormone assessment (24, 25), and none of the studies eval-
uated the effects of alcohol intake on clinical markers of men-
strual cycle dysfunction such as ovulatory disorders, irregular
cycle length, or abnormal bleeding patterns (22–25).

Because of the lack of population-based research in women in
their natural settings, we sought to prospectively investigate the
relation between acute alcohol consumption, reproductive hor-
mones, and markers of menstrual cycle dysfunction in a healthy
cohort of reproductive aged women with the use of old-standard
assessments of alcohol quantity and type and biomarkers of re-
productive function.

METHODS

Study population

Women aged 18–44 y who were regularly menstruating and
from the Western New York region (n = 259) enrolled in the
BioCycle Study (2005–2007) and were followed for #2 com-
plete menstrual cycles (250 subjects completed 2 cycles; 9 sub-
jects completed one cycle) (29). The study size was based on the
power to detect differences in oxidative stress with endogenous
reproductive hormone concentrations and antioxidants, which was
the primary study outcome (29). To be eligible to participate,
women could not have used oral contraceptives during the pre-
ceding 3 mo, been currently pregnant, or be actively trying to
conceive during the next 3 mo. Only women with self-reported
BMI (in kg/m2) between 18 and 35 at screening, a cycle length
between 21 and 35 d for each menstrual cycle for the past 6 mo,
and no history of gynecologic problems (including endocrinologic
disorders or known infertility) or chronic disease were included.
The University at Buffalo Health Sciences Institutional Review
Board approved the study and served as the institutional review
board designated by the NIH for this study under a reliance
agreement. All participants provided written informed consent.

Of 449 women who were screened, 318 women met the eli-
gibility criteria, of whom 276 women enrolled. Seventeen women
(6%) withdrew before completing the study. Women who with-
drew were not markedly different from women who completed
the study although a greater percentage of Asians (19%) than of
blacks (6%) or whites (3%) withdrew. Reasons for withdrawal
included scheduling conflicts (n = 8), loss to follow-up (n = 4),
inability to tolerate blood draws (n = 3), inability to participate
because of an illness (n = 1), or a loss of interest (n = 1) (29).

Hormone assessment

Women provided fasting serum samples at #8 clinic visits/
cycle, with visit timing assisted with the use of fertility monitors
(Clearblue Easy Fertility Monitor; Inverness Medical) to corre-
spond to menstruation, midfollicular, late follicular, luteinizing
hormone (LH)8 and follicle-stimulating hormone (FSH) surge,
ovulation, and early luteal, midluteal, and late-luteal phases (30).
A total of 94% of the participants completed 7–8 clinic visits/
cycle. Total estradiol, progesterone, LH, FSH, and sex hor-
mone binding globulin (SHBG) were measured with the use of

a solid-phase competitive chemiluminescent enzymatic im-
munoassay on the DPC IMMULITE 2000 analyzer (Siemens Med-
ical Solutions Diagnostics) at Kaleida Laboratories.

Total testosterone was measured with the use of liquid
chromatography–tandem mass spectrometry with the use of the
Shimadzu Prominence Liquid Chromatogram (Shimadzu Sci-
entific Instruments Inc.) with an ABSceix 5500 tandem mass
spectrometer (AB SCIEX) at the Advanced Research and Diag-
nostics Laboratory. The calculation of free (i.e., bioavailable) es-
tradiol and testosterone was performed via standardized methods
(31, 32). Across the study period, CVs for these tests were as
follows: ,14% for progesterone; ,10% for estradiol, testos-
terone, and SHBG; and ,5% for LH and FSH.

Menstrual cycle–function assessment

Participants maintained a daily diary for 2 complete menstrual
cycles in which they marked whether they experienced any men-
strual bleeding (yes or no). Studypersonnel reviewed and recorded
the diary data at each clinic visit.

Menses length was defined as the number of days of a bleeding
episode that included$2 d of bleeding in a 3-d interval preceded
by $2 bleed-free days (33). If participants reported any men-
strual bleeding on a given day, they were instructed to complete
a detailed follow-up menstrual flow questionnaire that consisted
of pictograms that assessed the quantity, size, and observed
amount of blood loss for each feminine product used as well as
any extraneous blood loss that was not captured by sanitary pro-
tection (33). The total blood loss on each bleeding day was es-
timated with the use of an algorithm (34).

The prospectively collected cycle length (number of days be-
tween menstrual bleeding) was observed for#2 cycles. Day 1 of
the cycle was defined as menstruating by 1600 on that day. The
day of ovulation in ovulatory women was assigned on the basis
of dates and concentrations of the LH peak with the use of the
fertility monitor compared with the observed LH maximum value
in serum and the first day of progesterone rise. The duration
of the follicular phase was calculated as the number of days be-
tween the first day of menstrual bleeding and the day of ovulation;
and the luteal length was calculated as the day after ovulation
through the day before the onset of menses.

To complement previous research, we defined short cycles as
#25 d, long cycles as$33 d, and normal cycles as 26–32 d (35).
Luteal phase deficiency was defined as a luteal phase length
,10 d as previously described (36). Long menses were defined
as .7 d, and the total cycle blood flow was classified in tertiles
as light (#36.5 mL), medium (.36.5 and #72.5 mL), or heavy
(.72.5 mL). We defined anovulation as any cycle with a peak
progesterone concentration ,5 ng/mL and no observed serum
LH peak on the midluteal or late-luteal phase visits (n = 42 of
509 cycles; 8.3%) (37).

Alcohol assessment

We measured alcohol consumption during the 2 observed
menstrual cycles with the use of the 24-h dietary recall (24HDR).
Participants completed an interview-assisted 24HDR at the clinic
after the collection of a fastingblood specimens during clinic visits
that corresponding to menstruation, the midfollicular phase, the
estimated dayof ovulation, and themidluteal phase for a total of up

8Abbreviations used: FSH, follicle-stimulating hormone; LH, luteinizing

hormone; LPD, luteal phase deficiency; SHBG, sex hormone binding glob-

ulin; 24HDR, 24-h dietary recall.
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toeight24HDRs.Traineddietaryinterviewers,withtheuseofopen-
ended questions and visual amount-estimation tools (taking into
account ice in beverages and the amount unconsumed), captured
food and beverage quantities consumed. Alcohol (g/d) and beer,
wine, distilled liquor, and spirits (i.e., cordial or liqueur) (all
expressed in drinks/d)were calculated for each dietary assessment
with the use of the Nutrition Data System for Research (version
2005; Nutrition Coordinating Center) which took into account the
beverage type, brand (when necessary), and serving size in the
calculation of total alcohol intake (38, 39).

Alcohol intake was also assessed via the daily diary whereby
women recorded the number of alcoholic drinks they consumed
each day (with one drink noted as equivalent to one can of beer,
one glass of wine, or one shot of liquor). Women were to record
none if no alcohol was consumed.

Covariate assessment

Age, race, depression (Center for Epidemiologic Studies De-
pression Scale), and reproductive history were obtained at base-
line with the use of standard questionnaires (29). At the end of the
follow-up period, the total percentage of body fat was measured
with the use of dual energy X-ray absorptiometry (Hologic Dis-
covery Elite, software version 12.4.1; Hologic). Total energy in-
take (kcals/d), fiber (g/d), and the alternate Mediterranean diet
score (40) were calculated from the 24HDR. Daily minutes of
vigorous exercise, cigarette use (total cigarettes smoked, noting
zero if none), caffeinated coffee intake (total number of cups, not-
ing zero if none), sexual activity (defined as vaginal intercourse),
sleep duration (recorded as total numbers of hours and minutes of
the previous night’s sleep plus any nap time for the current day),
perceived stress [not stressful (one), a little stressful (2), or very
stressful (3)], and any pain-medication use (including aspirin,
naproxen, ibuprofen, and acetaminophen) were captured via the
daily diary.

Statistical analyses

Alcohol intake as reported in the 24HDR was allowed to vary
across the cycle and was assessed both categorically [noncon-
sumer and 0–0.5 drinks/d, .0.5–1.0 drink/d, and .1.0 drink/d
(14 g alcohol = 1 drink)] and continuously (drinks/d). In addition,
we evaluated the effect of recent binge drinking by categorizing
women as binge drinkers if they consumed $4 drinks/d on the
day before the clinic visit as per their clinic-visit 24HDR.
Although the 24HDR was considered our gold-standard method
of the previous day’s alcohol assessment, we also evaluated the
previous day’s daily diary record of alcohol intake and report of
binge drinking in association with menstrual cycle function for
comparison purposes. To capture the previous week’s rather than
the previous day’s alcohol intake and binge-drinking episodes in
relation to reproductive hormones, we further evaluated average
alcoholic drink intake as recorded in the daily diary for the pre-
vious 7 d and the reporting of consumption of $4 alcoholic
drinks/d in the daily diary on any of the 7 d before the clinic visit.

The variation in reported alcohol intake, both for the 24HDR
and the daily diary, across the menstrual cycle was assessed with
the use of linear mixed models to account for repeated measures
within women (both across the cycle and between cycles). Pair-
wise comparisons were made between reported intake at menses,

the follicular phase, expected ovulation, and in the luteal phase of
the menstrual cycle with the use of the Tukey’s method to ac-
count for multiple comparisons.

Demographic, lifestyle, and dietary characteristics of partici-
pants were compared between categories of alcohol intake [non-
consumer and 0–0.5 drinks/d, .0.5–1.0 drink/d, and .1.0 drink/d
(14 g alcohol = 1 drink)] averaged over the study period with the
use of an ANOVA for normally distributed continuous variables
and the Wilcoxon-Mann-Whitney test for nonnormally distributed
continuous variables. Chi-square or Fisher exact tests, when ap-
propriate, were used for categorical variables. Geometric mean
(95% CI) reproductive hormone concentrations across the 2 men-
strual cycles by study-average alcohol intake were also calculated.
We modeled the relation between time-varying categorical and
continuous total alcohol and alcoholic beverage intakes (for both
the 24HDR and daily diary reported values) and log hormone
concentrations with the use of linear mixed models with random
intercepts. Although we were able to assess the previous day’s
daily diary–reported alcohol intake for each clinic visit, for the
4 clinic visits without 24HDRs, we imputed the nearest 24HDR
reported alcohol intake value (i.e., for late follicular and LH and
FSH surge clinic visits, we used reported intake from ovulation
clinic visit, and for early luteal and late luteal, we used re-
ported alcohol intake from the midluteal phase visit). Results of
the models are presented as the percentage of change in geometric
mean hormone concentrations for each increase of an alcoholic
drink per day or binge drinking relative to nonbinge drinking with
the use of the following formula:

ðexpb2 1Þ3 100% ð1Þ

Covariates to include in our adjusted analyses were determined
with theuseof a reviewof theprevious literature (12, 15, 16, 19, 35,
41) and statistical testing for confounding identification. Variables
retained in the final multivariable models included age (continuous);
race (white compared with other); the percentage of body fat (con-
tinuous); and time varying, the previous day’s perceived stress
(continuous), sexual activity (yes or no), caffeinated coffee intake
(continuous),pain-medicationuse (yesorno),andsleep(continuous).

Because estradiol, testosterone, progesterone, LH, and FSH
concentrations change over the cycle in response to complex
feedback mechanisms with other hormones, a traditional regres-
sion adjustment for other hormone concentrations across the
cycle may be inadequate (42). Therefore, we also conducted anal-
yses with the use of marginal structural models that adjusted for
other reproductive hormones through a stabilized inverse proba-
bility of exposure weights to appropriately account for time-
varying confounding by hormones affected by the previous alcohol
concentrations (43). Weighted linear mixed-effects models with
random intercepts were used to estimate the variables of marginal
structural models. An effect modification was evaluated for age
categories (,21, 21–29, 30–39, and.40 y), race (white, black,
Asian, and other), and parity (nulliparous and parous) by fitting
multiplicative interaction terms of these factors with alcohol in-
take in multivariate models.

Multivariable Poisson regressionwith robust error variancewas
used to assess RR for the association between alcohol intake and
characteristics ofmenstrual cycle dysfunction. Alcohol intake and
potential confounders were averaged across the cycle for this
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analysis, with alcohol assessed continuously (drinks/d) (14 g
alcohol = 1 drink), dichotomously (consumer compared with non-
consumer), and categorically (nonconsumer and 0–0.5 drinks/d,
.0.5–1.0 drink/d, and.1.0 drink/d). Characteristics ofmenstrual
cycle dysfunction included sporadic anovulation, long or short
cycles, luteal phase deficiency, long menses, and heavy menstru-
ation. For the assessment of any dose-response relations, we cal-
culated the P-trend value by taking the median for each alcohol
category and analyzing alcoholic drinks per day as a continuous
variable. Because of limited frequency of binge drinking reported
in the 24HDR, we were not able to assess the effect of binge
drinking in our adjusted menstrual cycle–variable models. Sensi-
tivity analyses were conducted with the use of a more-stringent
cutoffs of,3 ng/mL to define anovulation,,10 d of luteal length,
and ,10 ng luteal progesterone/mL to define luteal phase de-
ficiency (LPD) and alternative cutoffs (on the basis of the distri-
bution of our data) for long cycles ($35 compared with 26–35 d,
$37 compared with 26–37 d, and$39 compared with 26–39 d) to
test the robustness of our findings related to anovulation, LPD, and
long cycles (36, 37). All analyses were performed with SAS
software (version 9.3; SAS Institute Inc.).

RESULTS

Two hundred twenty-six (87.3%) women reported the con-
sumption of any alcohol over the study period with 27 reports of
binge drinking by 11 women as per the 24HDR. In consumers,
median intake was 0.1 drinks/d (IQR: 0.002–0.3 drinks/d). Par-
ticipants were predominately consumers of wine (29%) followed
by consumers of beer (20%), liquor (14%), and cordials (6%).
Although there was an indication of higher alcohol intake around
ovulation, we showed no significant differences in alcohol con-
sumption over the menstrual cycle or over the study period as
captured via the 24HDR (Figure 1) or daily diary (Figure 2).
Higher alcohol consumption was positively associated with age,
white race, nulliparity, vigorous exercise, sexual activity, the

Mediterranean diet score, and total energy, fiber, and caffeinated
coffee intake (Table 1).

Cycle geometric mean concentrations of reproductive hormones
for the study population were 104.3 pg/mL (95% CI: 99.7, 109.1
pg/mL) for estradiol, 1.65 pg/mL (95% CI: 1.59, 1.72 pg/mL) for
free estradiol, 28.5 ng/dL (95%CI: 27.3, 29.7 ng/dL) for testosterone,
0.18 ng/dL (95% CI: 0.18, 0.19 ng/dL) for free testosterone, 2.6
ng/mL(95%CI:2.4,2.9ng/mL)for lutealprogesterone,6.1mIU/mL
(95% CI: 5.9, 6.3 mIU/mL) for FSH, 9.0 ng/mL (95% CI: 8.7, 9.4
ng/mL) for LH, and 43.6 nmol/L (95% CI: 41.2, 46.0 nmol/L) for
SHBG (Table 2). Alcohol consumption, as per the 24HDR, was
significantly associated with higher total and free estradiol after
adjustment for age, race, the percentage of body fat, perceived
stress, sexual activity, caffeine, pain-medication use, and sleep
(Table 3). For each increased drink per day, the average log total
and free estradiol was higher by 5.26% (95% CI: 1.27%, 9.41%)
and 5.82% (95%CI: 1.81%, 9.99%), respectively; and the average
log total and free testosterone was higher by 1.56% (95% CI:
0.23%, 2.90%) and 1.42% (95% CI: 0.02%, 2.84%), respectively.
Women who engaged in binge drinking had, on average, 64.35%
(95% CI: 18.09%, 128.71%) and 63.53% (95% CI: 17.41%,
127.83%) higher concentrations of log total and free estradiol,
respectively, compared with those of nonbinge drinkers. Similar
positive associations were shownwith total alcohol intake and LH
with concentrations higher by6.18%(95%CI: 2.02%,10.52%) for
each 1-drink/d increase. No significant associations were seen
between alcohol and luteal progesterone, FSH, or SHBG over the
cycle. A categorical assessment revealed that.1-drink/d average
intake was associated with significantly elevated free estradiol
(11.26%, 95%CI: 0.21%, 23.5%3), testosterone (3.61%, 95%CI:
20.19%, 7.55%), and LH (15.93%, 95% CI: 3.10%, 30.36%)
concentrations compared with those with no intake; but intakes
.0–0.5 and .0.5–1 drink/d were not associated with hormones
(Supplemental Table 1). Wine and liquor appeared to drive the
association between alcohol intake and free estradiol with log
concentrations higher by 8.33% (95% CI: 1.01%, 15.03%) and
9.68% (95%CI: 2.56%, 17.28%), respectively, for each increased
drink per day. No significant associationswere shownwith intakes
of beer or spirits (data not shown). Estimates did not appreciably
alter after additional adjustment for nulliparity, depression score,
smoking, vigorous exercise other dietary factors including total

FIGURE 1 Mean (95% CI) variation in 24-h dietary recall–reported al-
cohol intake across the menstrual cycle. Comparisons were made via linear
mixedmodels to account for repeatedmeasureswithinwomen (both across the
cycle and between cycles). Pairwise comparisonsweremade between reported
intakes at menses, the follicular phase, expected ovulation, and in the luteal
phase of the menstrual cycle with the use of Tukey’s method to account for
multiplecomparisons.Therewereno significantdifferences in reportedalcohol
intake for the 24-h dietary recall (all P. 0.05).

FIGURE 2 Mean (95% CI) variation in daily diary–reported alcoholic
drink intake across the menstrual cycle. Comparisons were made via linear
mixedmodels to account for repeatedmeasureswithinwomen (both across the
cycle and between cycles). Pairwise comparisonsweremade between reported
intakes for days of the menstrual cycle with the use of Tukey’s method to
account for multiple comparisons. There were no significant differences in
reported alcohol intake for the daily diary (all P. 0.05).
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energy or fiber intake, and the Mediterranean diet score. Ac-
counting for time-varying confounding by hormones with the use
of marginal structural models also yielded similar results. No
significant interactions between alcohol and age, race, or parity
were identified (all P . 0.05).

Thepreviousday’s dailydiaryalcohol intakeand report ofbinge
drinking resulted in similar but attenuated estimateswith only total
andfreeestradiolappearingtobesignificantlyelevatedwith increased
alcohol intake after adjustment for age, race, the percentage of body
fat, perceived stress, sexual activity, caffeine, pain-medication use,
and sleep (Supplemental Table 2). Null associations were shown
when we assessed the previous week’s average daily diary alcohol
intake or report of binge drinking on any of the previous 7 d.

Overall, after adjustment for confounding factors, there was
little association shown between alcohol consumption and various
markers of menstrual cycle dysfunction. However, there was a
slight indication, albeit nonsignificant, of lower adjusted risk
of sporadic anovulation and elevated risk of heavy menses with
higher alcohol intake (Table 4). The frequency of anovulation
was 9.9% in nonconsumers, 9.0% in women who consumed
0–0.5 drinks/d, 2.4% in women who consumed.0.5–1.0 drink/d,

and 0.0% in women who consumed .1.0 drink/d (adjusted
P-trend value = 0.18). In addition, women who consumed, on
average, .1.0 drink/d had 1.49 (95% CI: 0.97, 2.29) higher risk
of heavy menses than did nonconsumers after adjustment for con-
founding factors. Sensitivity analyses that looked at alcohol intake
and the alternative definitions of anovulation (,3 ng/mL) or LPD
(,10 d luteal length and,10 ng luteal progesterone/mL) resulted
in similar findings compared with those when defining anovulation
as all luteal progesterone measurements ,5 ng/mL or LPD as a
luteal phase duration ,10 d (data not shown). Sensitivity analyses
that looked at alcohol intake and alternative cutoffs for long cycles
($35 compared with 26–35 d, $37 compared with 26–37 d, and
$39 compared with 26–39 d) showed that women with longer
cycles tended to be more likely to be nonconsumers compared
with consumers of alcohol, but no findings were significant
(Supplemental Table 3).

DISCUSSION

To our knowledge, this is the first prospective study to evaluate
the short-term relation between alcohol intake and menstrual cycle

TABLE 1

Demographic, lifestyle, and dietary characteristics of participants by average alcohol intake across the study period1

Alcohol intake, drinks/d

PTotal None .0–0.5 .0.5–1.0 .1.0

Participants, n (%) 259 33 (13) 194 (75) 18 (7) 14 (5) —

Age, y, n (%) 0.01

,21 73 (28) 14 (42) 55 (28) 3 (17) 1 (7)

21–29 102 (39) 13 (39) 81 (42) 5 (28) 3 (21)

30–39 51 (20) 6 (18) 34 (18) 6 (33) 5 (36)

.40 33 (13) 0 (0) 24 (12) 4 (22) 5 (36)

Race, n (%) 0.09

White 154 (60) 14 (42) 114 (59) 13 (72) 13 (93)

Black 51 (20) 11 (33) 37 (19) 2 (11) 1 (7)

Asian 37 (14) 4 (12) 31 (16) 2 (11) 0 (0)

Other 17 (7) 4 (12) 12 (6) 1 (6) 0 (0)

Body fat, % 29.56 5.92 30.66 5.1 29.26 6.0 29.66 7.1 30.56 4.6 0.57

Nulliparous, n (%) 187 (74) 29 (88) 143 (76) 9 (50) 6 (43) 0.001

Depression score 5 (1–9)3 5 (2–10) 5 (1–9) 3 (2–8) 1 (0–3) 0.07

Cigarette use, n (%) 42 (16) 4 (12) 28 (14) 5 (28) 5 (36) 0.09

Sleep, h 7.36 1.0 7.26 0.9 7.36 1.0 6.86 0.5 7.16 0.7 0.18

Vigorous exercise, min 9.2 (1.9–20.2) 7.3 (0.4–22.8)a,b 8.9 (1.8–20.1)a 9.1 (3.8–14.1)a 21.4 (9.8–32.9)b 0.03

Pain-medication use, n (%) 175 (68) 22 (67) 127 (66) 14 (78) 12 (86) 0.34

Sexual activity, n (%) 0.003

Never 59 (23) 8 (24) 50 (26) 1 (6) 0 (0)

Not current 64 (25) 15 (45) 41 (22) 4 (22) 4 (29)

,1 time/wk 71 (28) 9 (27) 53 (27) 6 (33) 3 (21)

$1 time/wk 64 (25) 1 (3) 49 (25) 7 (39) 7 (50)

Total energy, kcal 1613.36 367.3 1389.26 258.9a 1623.46 375.8b 1849.16 325.1b 1699.16 229.3b ,0.001

Fiber, g/d 13.66 5.6 10.96 3.0a 14.06 6.0b 14.76 4.4a,b 14.36 3.9a,b 0.02

Mediterranean diet score 2.96 0.9 2.46 0.8a 2.96 1.0b 3.26 0.7b 2.96 0.8a,b 0.02

Caffeinated coffee, cups/d 0.3 (0.0–1.1) 0.1 (0.0–0.6)a 0.3 (0.0– 1.0)a 1.4 (0.9–2.4)b 2.0 (0.5–2.6)b 0.002

1Onedrink=14g alcohol.Descriptive statisticswere compared betweencategories of alcohol intake averagedover the studyperiodwith the useof anANOVA

for normally distributed continuous variables and theWilcoxon-Mann-Whitney test for nonnormally distributed continuous variables. Chi-square or Fisher’s exact

tests,whenappropriate,wereused for categorical variables.Means that donot share a commonsuperscript letter are significantlydifferent atP,0.05on thebasisof

Tukey’s test. Therewere nomissing values for age; race; percentage of body fat; cigarette and pain medication use; average alcohol, caffeinated coffee, fiber, and

energy intakes; vigorous exercise; and Mediterranean diet score. There were 11 missing values for the depression score, 4 missing values for parity, one missing

value for average sleep, and one missing value for sexual activity.
2Mean6 SD (all such values).
3Median; IQR in parentheses (all such values).
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function in healthy eumenorrheic women. We showed that the
previous day’s alcohol intake, notably of wine and beer, was sig-
nificantly associated with elevated total and free estradiol, tes-
tosterone, and LH, and binge drinking magnified these effects.
Although significant alterations in hormones were shown, we
observed no significant elevated risk of menstrual cycle dysfunc-
tion. These results suggest that recent alcohol intake at moderate
concentrations [mean: 9.3g/d (0.67drinks/d) in consumers]within
healthy women with no known reproductive disorders is unlikely
to be associated with menstrual cycle–related infertility.

Our findings of a positive association between acute alcohol
intake and estradiol and testosterone concentrations are consistent
withthemajorityofexperimentalstudies inpremenopausalwomen
(23–25, 44). Results from epidemiologic studies that investigated

the association of chronic alcohol intake, which was primarily as-
sessed via a food-frequency questionnaire, and steroid hormones
have been less consistent (26, 45–48) but, in general, showed sig-
nificant positive associations only at high intakes in large samples
(46).Althoughourfindingof stronger associations forwineandbeer
compared with for liquor and spirits is supported by previous re-
search (35), experimental evidence that has teased apart the effects
of ethanol asopposed to the liquid“foodmatrix”bywhichethanol is
delivered (e.g., beer and wine rich in vitamins, minerals, and phy-
tochemicals) has not been conclusively shown (20).

To our knowledge, our finding of elevated LH concentrations
with increased acute alcohol intake is novel. Only one other ep-
idemiologic study has looked at the relation between alcohol
and LH and showed no association with habitual intake (48).

TABLE 3

Adjusted percentage of differences in average hormone concentrations by alcohol intake (n = 509 cycles in 259 women)1

24-h dietary recall

Alcohol,2 drinks/d Alcohol,3 binge vs. nonbinge

Total estradiol, pg/mL 5.26 (1.27, 9.41)4 64.35 (18.09, 128.71)4

Free estradiol, pg/mL 5.82 (1.81, 9.99)4 63.53 (17.41, 127.73)4

Total testosterone, ng/dL 1.56 (0.23, 2.90)4 8.96 (22.42, 21.66)

Free testosterone, ng/dL 1.42 (0.02, 2.84)4 8.39 (23.54, 21.79)

Luteal progesterone, ng/mL 23.35 (212.58, 6.84) 17.63 (252.34, 190.32)

FSH, mIU/mL 2.03 (20.88, 5.02) 3.80 (219.05, 33.11)

LH, ng/mL 6.18 (2.02, 10.52)4 19.71 (214.83, 68.25)

SHBG, nmol/L 0.00 (21.00, 1.01) 0.69 (27.74, 9.89)

1All values are percentages of geometric mean differences; 95% CIs in parentheses. One drink = 14 g alcohol. Analyses

were performedwith the use of linearmixed effectsmodels on the log scale of hormones and adjusted for age (continuous), race

(white compared with other), percentage of body fat (continuous), and time-varying perceived stress (continuous), sexual

activity (continuous), caffeinated coffee intake (continuous), pain-medication use (yes or no), and sleep (continuous).A total of

94%of 259 participants completed 7–8 clinic visits/menstrual cycle resulting in 3903 serum samples. FSH, follicle-stimulating

hormone; LH, luteinizing hormone; SHBG, sex hormone binding globulin.
2Intakewas assessed at 4 times in each cycle (i.e., menses, midfollicular, ovulation, and midluteal clinic visits) via a 24-h

dietary recall.
3Binge vs. nonbinge drinking was defined as$4 comparedwith,4 drinks, respectively, on the day preceding clinic visit.

There were 27 reports (0.7%) in 11 women (4.2%) of binge drinking per the 24-h dietary recall.
4Significant at P , 0.05. Results of the models are presented as the percentage of change in geometric mean hormone

concentrations for each increase of an alcoholic drink per day or binge drinking relative to nonbinge drinkingwith the use of the

following formula: (exp b2 1)3 100%.

TABLE 2

Reproductive hormone concentrations across the study period by average alcohol intake1

Alcohol intake, drinks/d

PTotal None .0–0.5 .0.5–1.0 .1.0

Participants, n (%) 259 33 (13) 194 (75) 18 (7) 14 (5) —

Total estradiol, pg/mL 104.3 (99.7, 109.1)2 97.7 (86.1, 110.8) 104.6 (99.3, 110.2) 109.2 (92, 129.5) 110.3 (90.9, 133.8) 0.65

Free estradiol, pg/mL 1.65 (1.59, 1.72) 1.60 (1.43,1.8) 1.65 (1.58,1.73) 1.68 (1.44,1.96) 1.71 (1.44,2.04) 0.93

Total testosterone, ng/dL 28.5 (27.3, 29.7) 27.9 (24.8,31.5) 29.1 (27.7,30.6) 25.1 (21.3,29.5) 26.5 (22.1,31.8) 0.28

Free testosterone, ng/dL 0.18 (0.18,0.19) 0.19 (0.17,0.21) 0.19 (0.18,0.19) 0.16 (0.14,0.19) 0.17 (0.14,0.2) 0.22

Luteal progesterone, ng/mL 2.6 (2.4, 2.9) 2.3 (1.8, 3) 2.6 (2.3, 2.8) 3.6 (2.6, 5.1) 2.9 (2.0, 4.3) 0.18

FSH, mIU/mL 6.1 (5.9,6.3) 5.8 (5.3, 6.5) 6.0 (5.8, 6.3) 6.5 (5.7, 7.5) 7.8 (6.7, 9.1) 0.01

LH, ng/mL 9.0 (8.7, 9.4) 9.4 (8.4, 10.6) 8.7 (8.3, 9.2) 10.3 (8.9, 12.0) 10.8 (9.1, 12.8) 0.02

SHBG, nmol/L 43.5 (41.2, 46.0) 39.1 (33.4, 45.8) 44.0 (41.2, 46.9) 44.7 (36.1, 55.3) 47.0 (36.9, 59.8) 0.50

1One drink = 14 g alcohol. Log-transformed reproductive hormone concentrations were compared between categories of alcohol intake averaged over the

study period with the use of an ANOVA. A total of 94% of 259 participants completed 7–8 clinic visits/menstrual cycle resulting in 3903 serum samples. FSH,

follicle-stimulating hormone; LH, luteinizing hormone; SHBG, sex hormone binding globulin.
2Geometric mean; 95% CI in parentheses (all such values).
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TABLE 4

Menstrual cycle variables according to alcohol intake (n = 509 cycles in 259 women)1

n (%)2 Unadjusted RR P Adjusted RR P

Anovulation

Continuous, drinks/d — 0.36 (0.15, 0.88) 0.02 0.61 (0.23, 1.62) 0.32

Nonconsumer 15/151 (9.9) 1.00 0.57 1.00 0.98

Consumer 27/358 (7.5) 0.84 (0.46, 1.55) 0.99 (0.54, 1.83)

Nonconsumer 15/151 (9.9) 1.00 0.02 1.00 0.18

0–0.5 drinks/d 26/290 (9.0) 0.96 (0.52, 1.74) 1.07 (0.58, 1.95)

.0.5–1 drink/d 1/42 (2.4) 0.30 (0.06, 1.43) 0.44 (0.07, 2.89)

.1 drink/d 0/26 (0.0) — —

Short cycles

Continuous, drinks/d — 0.85 (0.55, 1.31) 0.45 0.66 (0.41, 1.08) 0.10

Nonconsumer 22/117 (18.8) 1.00 0.83 1.00 0.61

Consumer 59/293 (20.1) 1.05 (0.67, 1.63) 0.89 (0.56, 1.41)

Nonconsumer 22/117 (18.8) 1.00 0.55 1.00 0.16

0–0.5 drinks/d 51/236 (21.6) 1.11 (0.71, 1.72) 0.96 (0.61, 1.51)

.0.5–1 drink/d 3/34 (8.3) 0.48 (0.18, 1.27) 0.35 (0.11, 1.07)

.1 drink/d 5/23 (21.7) 1.16 (0.51, 2.59) 0.81 (0.39, 1.66)

Long cycles

Continuous, drinks/d — 0.76 (0.44, 1.30) 0.32 0.95 (0.56, 1.64) 0.87

Nonconsumer 21/116 (18.1) 1.0 0.59 1.00 0.98

Consumer 45/279 (16.1) 0.89 (0.58, 1.37) 0.99 (0.64, 1.55)

Nonconsumer 21/116 (18.1) 1.00 0.58 1.00 0.79

.0–0.5 drinks/d 37/222 (16.7) 0.90 (0.57, 1.41) 0.97 (0.62, 1.53)

.0.5–1 drink/d 6/37 (16.2) 1.01 (0.48, 2.11) 1.39 (0.62, 3.11)

.1 drink/d 2/20 (10.0) 0.60 (0.17, 2.14) 0.84 (0.22, 3.31)

Luteal phase deficiency

Continuous, drinks/d – 0.64 (0.32, 1.31) 0.23 0.76 (0.36, 1.59) 0.46

Nonconsumer 9/132 (6.8) 1.00 0.52 1.00 0.41

Consumer 32/331 (9.7) 1.22 (0.64, 2.34) 1.34 (0.67, 2.67)

Nonconsumer 9/132 (6.8) 1.00 0.22 1.00 0.48

.0–0.5 drinks/d 27/266 (10.2) 1.31 (0.69, 2.47) 1.39 (0.69, 2.80)

.0.5–1 drink/d 4/40 (10.0) 0.89 (0.26, 3.09) 1.23 (0.40, 3.72)

.1 drink/d 1/26 (2.4) 0.56 (0.16, 2.01) 0.67 (0.12, 3.67)

Long menses

Continuous, drinks/d — 1.03 (0.93, 1.14) 0.55 1.02 (0.91, 1.14) 0.77

Nonconsumer 9/132 (6.8) 1.00 0.68 1.00 0.72

Consumer 24/314 (7.6) 1.14 (0.61, 2.13) 0.88 (0.44, 1.76)

Nonconsumer 9/132 (6.8) 1.00 0.19 1.00 0.79

.0–0.5 drinks/d 16/250 (6.4) 1.02 (0.52, 2.01) 0.87 (0.43, 1.80)

.0.5–1 drink/d 5/39 (12.8) 1.69 (0.67, 4.25) 1.12 (0.43, 2.91)

.1 drink/d 3/25 (12.0) 1.58 (0.50, 5.0) 0.66 (0.18, 2.49)

Heavy menses3

Continuous, drinks/d — 1.33 (1.11, 1.58) 0.001 1.19 (0.97, 1.46) 0.09

Nonconsumer 38/130 (28.2) 1.00 0.35 1.00 0.59

Consumer 116/331 (35.1) 1.15 (0.86, 1.53) 1.08 (0.81, 1.45)

Nonconsumer 38/130 (28.2) 1.00 0.01 1.00 0.21

.0–0.5 drinks/d 89/265 (33.6) 1.11 (0.83, 1.49) 1.08 (0.80, 1.45)

.0.5–1 drink/d 12/41 (29.3) 1.04 (0.66, 1.66) 0.91 (0.57, 1.48)

.1 drink/d 15/25 (60.0) 1.88 (1.27, 2.80) 1.49 (0.97, 2.29)

1Intakewasassessedat4 timeseachcycle (i.e.,menses,midfollicular, ovulation, andmidluteal clinicvisits)viaa24-hdietary recall.Onedrink=14galcohol.Analyses

were performed with the use of multivariate RR estimation by Poisson regression with adjusted models controlled for age (continuous), race (Caucasian compared with

other), percentage of body fat (continuous), pain-medication use (yes or no), cycle-average perceived stress (continuous), sexual activity (continuous), caffeinated coffee

(continuous),andsleep(continuous).P-trendwascalculatedfor4-levelcategoricalvariables(nonconsumer,.0–0.5drinks/d,.0.5–1.0drink/d,and.1.0drink/d)bytaking

the median of each category and running as a continuous variable. Anovulation was defined as peak progesterone concentrations #5 ng/mL and no observed serum

luteinizing hormone peak on themidluteal or late-luteal phase visit; therewere nomissing values. Short cycles were defined as#25 d comparedwith.25 d in length. For

analyses, risk of short cycles (#25 d in length) was comparedwith reference of having a normal length cycle (26–32 d in length).Menstrual cycle length available for 476

cycles. Long cycles were defined as$33 d compared with,33 days in length. For analyses, risk of long cycles ($33 d in length) was comparedwith reference of having

anormal lengthcycle(26to32din length).Menstrualcycle lengthwasavailablefor476cycles.Lutealphasedeficiencywasdefinedasthe lutealphase lengthless10d.Luteal

phase deficiency was available for 463 cycles. Long menses was defined as.7 d compared with less. Menses duration was available for 499 cycles.
2Thenumeratoristhenumberofanovulatory,short, long,lutealphasedefect, longmenses,andheavymensescycles,andthedenominatoristhenumberofcyclesfortherelevant

alcoholcategory.Alcoholwasassessedcontinuously,dichotomously(nonconsumerandconsumer),andcategorically(nonconsumer,.0–0.5drinks/d,.0.5–1drink/d,.1drink/d).
3Total cycle blood flow was classified in tertiles as light (#36.5 mL), medium (.36.5 and#72.5 mL), or heavy (.72.5 mL) and evaluated as risk of heavy

compared with medium or light menses. Blood loss was available for 461 cycles.
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Differences between studies included 1) our assessment of acute
alcohol exposure via a 24HDR compared with chronic exposure
via a food-frequency questionnaire (48) and 2) their reliance
on a single follicular serum sample between days 1 and 5 of the
menstrual cycle when LH variability was low compared with our
assessment of #8 serum measurements that were timed with fer-
tility monitors, including the expected LH peak just before ovula-
tion. Because of the requisite LH surge needed to trigger ovulation,
our finding may help explain the association reported between al-
cohol intake, specifically wine intake, and a decreased waiting time
to pregnancy in the Danish National Birth Cohort (35), although a
better understanding of the mechanism for alcohol’s effects on LH
is needed because of the limited experimental research (23).

We showed no significant associations between the previous
day’s or the previous week’s alcohol intake and FSH or SHBG,
which corroborated findings from themajority of previous studies
that assessed chronic exposure in premenopausal women (26, 47,
48). Although results between studies are not directly comparable
because of our assessment of acute compared with chronic expo-
sure, alcohol-consumption distributions were similar to those in
thecurrent study,with anaverageof,1drink/d inall 3 studies.Our
null finding for any effect of alcohol on luteal progesterone is
supported by the only other previous epidemiologic study to be
conducted in premenopausal women (49).

To our knowledge, this is the first study to use both the 24HDR
and a daily diary to assess the short-term relation between alcohol
consumptionandmenstrualcyclefunctioninhealthyeumenorrheic
women. Results were similar but significantly attenuated for the
daily dairy than for the 24HDR.The24HDR,whichwe considered
thegoldstandard,wasadministeredat theclinicvisitbytrainedstaff
with the use of a multipass approach that captured precise alcohol
quantitiesandtypes.Incontrast,thealcoholassessmentviathedaily
diary in our study, which was comparable to that in other re-
productive health studies (50, 51), simply asked participants to
reportthenumberofalcoholicdrinks,whichmayhavebeenproneto
rounding and consequent misclassification. Indeed, we showed
only a fair agreement between the 24HDR and daily diary for cap-
turing alcoholic drink intake for the same day (weighted k = 0.23).
Despite the daily diary’s limitations, our ability to compare the
previous day’s alcohol consumption and the previous week’s al-
cohol consumption is an improvement over previous studies and
supports the hypothesis that alcohol’s effects on reproductive
hormones are acute.

Although no significant differences were noted between cycle-
average alcohol intake and abnormalmenstrual cycle function, we
showed some indication for lower risk of anovulation and elevated
risk of heavy menses, the latter of which has been corroborated by
previous research (16).Hahnet al. (16) conductedacross-sectional
studyof2613womenwhoweretakingpartintheDanishWeb-based
Pregnancy Planning Study and reported that heavy alcohol con-
sumption ($14drinks/wk)over thepreviousmonthwasassociated
with a 1.48-higher (95%CI: 0.80, 2.72-higher) prevalence ratio of
heavy menstruation than in women who abstained from alcohol
after adjustment for age, BMI, physical activity, smoking, caffeine
consumption, and the last method of contraception. Although
a direct comparison between the study of Hahn et al. (16) and our
study is difficult because our study prospectively captured alcohol
intake via 24HDRs and menstrual cycle dysfunction via serum
hormone biomarkers, daily diaries, and validated menses ques-
tionnaires, whereas the previous study was cross-sectional (16) in

design and relied on self-reported menstrual history from a base-
line questionnaire (16), it is reassuring to find a similar higher
prevalence estimate and precision of 48% (95%CI:220%, 272%)
compared with our risk of 49% (95% CI:23%, 227%). Although
moderate alcohol consumption does not appear to be associated
with menstrual cycle dysfunction, additional research into the
potential adverse effects of binge drinking on oocyte quality and
early embryogenesis is warranted because of recent evidence in
primates that showed negative effects of binge drinking before
ovulation on pregnancy (52).

Thereweremanystrengthsof thecurrent investigation including
multiplemeasures of hormone assessment over 2menstrual cycles
(with the use of standardizedmethods to time the cycle phase) and
multiple measures of not only alcohol intake but also of important
lifestylefactors.Limitationsofourstudyincludedthesmallnumber
of moderate and high alcohol consumers in our cohort, which
weakenedourpowertodetectthemagnitudeofassociationbetween
high, acute alcohol consumption and higher estradiol and LH
concentrations and the potential for an adverse menstrual cycle
function in binge drinkers. However, alcohol intakes in the current
study are comparable with those seen in other healthy, American
female populations, thereby increasing the generalizability of our
results(26,47,48).Finally,becauseofrecentresearchthatindicated
that common polymorphisms in the N-acetyltransferase-2 gene,
which codes for the N-acetyltransferase-2 enzyme that is respon-
sible for alcoholmetabolism,maymodify the effects of alcohol on
fecundability (51), future studies looking at the association be-
tween alcohol and menstrual cycle function should consider fur-
ther capturing genetic and metabolic information.

In conclusion, we observed a modest, significant positive as-
sociation between acute alcohol intake and total and free estradiol,
testosterone, and LH; no significant adverse effect on short-term
ovulatory function; and some indication of decreased risk of
anovulation. Although these findings do not support a recom-
mendation of moderate alcohol intake to decrease sporadic
anovulation risk, it is reassuring evidence for this study population
that low-to-moderate alcohol intake is not associated with ovula-
tory dysfunction, which is one cause of infertility. Addition al
studies arewarranted to assess the longer-term effects ofmoderate
alcohol intake on reproductive function and fertility (53, 54).
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