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Objective: We examined the association between lifestyle factors and menstrual cycle 

characteristics among nulliparous Danish women aged 18–40 years who were participating in 

an Internet-based prospective cohort study of pregnancy planners.

Methods: We used cross-sectional data collected at baseline to assess the association of age, 

body mass index (BMI), physical activity, alcohol and caffeine consumption, and smoking with 

the prevalence of irregular cycles, short (#25 days) and long ($33 days) cycles, and duration 

and amount of menstrual flow. We used log-binomial and multinomial logistic regression to 

estimate prevalence ratios and 95% confidence intervals.

Results: Low physical activity and heavy alcohol consumption were associated with an increased 

prevalence of irregular periods. High BMI, smoking, and caffeine and alcohol consumption 

were related to an increased prevalence of short menstrual cycles and heavy menstrual bleeding. 

Women in their mid-to-late thirties had shorter and lighter menstrual flow, but a lower prevalence 

of irregular cycles, compared with women 18–25 years of age.

Discussion: In this study, increased age, high BMI, and sedentary behavior were associated 

with menstrual-pattern irregularities. These factors may influence the balance and level of 

endogenous hormones conducive to optimal menstrual function.

Keywords: menstrual cycle, body mass index, alcohol drinking, smoking, caffeine, physical 

activity, menstruation

Introduction
Among women of reproductive age, normal menstrual function depends on the com-

plex interaction between the hypothalamic–pituitary–ovarian axis and endogenous 

hormones.1 Alterations in these hormones can affect menstrual cycle characteristics, 

such as cycle length, regularity, and bleeding patterns. Women with abnormal menstrual 

cycles may have a higher risk of cardiovascular disease, type 2 diabetes, osteoporosis, 

infertility, and breast and endometrial cancers.2–9 Thus, it is important to understand 

whether, and to what extent, modifiable lifestyle factors affect normal menstrual cycle 

function. Previous studies have suggested associations between smoking, caffeine, 

alcohol, body mass index (BMI), and exercise and menstrual cycle factors such as cycle 

length and regularity, but findings are inconsistent.10–21 The underlying mechanisms 

connecting lifestyle factors to menstrual function are unclear, but are likely due to 

alterations in hormonal patterns, which in turn predict the occurrence and timing of 

ovulation and growth of the endometrial lining.

We conducted a cross-sectional analysis of correlates of four menstrual cycle 

characteristics (regularity, cycle length, and duration and intensity of menses) among 
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nulliparous women from a cohort of pregnancy planners in 

Denmark.

Methods
Study population
We studied participants enrolled from 2007–2011 in the 

Danish Web-based Pregnancy Planning Study (“Snart-

Gravid”), an Internet-based prospective cohort study 

of women planning a pregnancy. Eligibility criteria 

and recruitment methods have been described in detail 

elsewhere.22–24 Briefly, eligible women were aged 18–40 

years, Danish residents, in a stable relationship with a male 

partner, had been attempting to conceive for #12 cycles, 

and were not receiving fertility treatment. The baseline 

questionnaire collected information on demograph-

ics, reproductive and medical history, and lifestyle and 

behavioral factors. Participants were initially randomized 

to receive either a short-form or long-form baseline ques-

tionnaire, with some questions asked of only 50% of the 

cohort for the first 6 months of enrollment. Completion 

and missing-data rates were similar for both questionnaire 

versions.23

Exclusions
By August 2011, 5,917 women were enrolled in the study. 

For this analysis, we excluded 1,152 women who had been 

trying to conceive for more than six cycles at enrollment, 

596 women without a verified cycle length who did not 

complete any follow-up questionnaire, 134 with insuf-

ficient information to calculate cycle length, and 141 who 

were pregnant at entry. In addition, we excluded parous 

women (n = 1,281) to avoid confounding by unmeasured 

or unknown factors related to pregnancy and childbirth that 

could have influenced menstrual cycle characteristics. The 

final sample included 2,613 participants. In each model, a 

small number of these participants were excluded because 

of missing information.

Definition of menstrual function 
outcomes
The outcomes examined in this analysis included cycle 

regularity, cycle length (short and long), duration of menstrual 

bleeding, and amount of menstrual flow, on the basis of self-

reported menstrual history from the baseline questionnaire. 

Women who responded “yes” to the question “Are your 

menstrual periods regular, eg, you can usually predict about 

when your next period will start?” were considered to have 

regular periods. Cycle length, defined as the number of days 

from the first day of one menstrual period to the first day of 

the next menstrual period, was assessed only among women 

with regular periods. Women reported their usual cycle length 

when not using hormonal contraception. On the basis of the 

distribution of cycle length in our population and definitions 

used previously,6,11,14–18,21,25–27 we defined short cycles as 

#25 days and long cycles as $33 days. We assessed duration 

of bleeding only among women with regular menstrual cycles. 

Participants who reported menstrual flow lasting $5 days 

(“How many days does your period usually flow [bleeding 

not spotting]?”) were classified as having long menstruation 

duration. This definition was based on the median number of 

bleeding days in this cohort and in a previous study of women 

with regular cycles.28 Heavy menstrual flow, assessed on the 

long form of the questionnaire in all women regardless of 

regularity, was defined as using $21 pads or tampons during 

the entire menses.

Definition of exposures
Data on age, height, weight, physical activity, smoking, 

and alcohol and caffeine intake were self-reported on 

the baseline questionnaire. Body mass index (BMI) was 

computed as weight (kg) divided by height squared (m2) 

and categorized as ,20  kg/m2, 20–24  kg/m2 (reference 

group), 25–29 kg/m2, and $30 kg/m2. Self-reported BMI 

had excellent agreement with early pregnancy BMI from 

the Danish Birth Registry.29 Physical activity was measured 

in metabolic equivalents (METs) per week over the past 

year. We estimated total METs by summing the METs for 

moderate activity (hours per week multiplied by 3.5) and 

vigorous activity (hours per week multiplied by 7.0),30 and 

categorized physical activity as ,5 METs, 5–9 METs, 

10–19 METs, 20–39 METs, or $40 METs per week. Alco-

hol consumption was measured as drinks per week over the 

past month, categorized as none, 1–2 drinks, 3–6 drinks, 

7–13 drinks, or $14 drinks per week. Current smoking was 

reported as cigarettes smoked per day and was categorized 

as none, ,1 cigarette, 1–9 cigarettes, and $10 cigarettes per day. 

Caffeine consumption (,100  mg/day, 100–199  mg/day, 

200–299 mg/day, or $300 mg/day) was calculated on the 

basis of consumption of cups of regular and decaffeinated 

coffee (number of cups of coffee multiplied by 141 mg, 

cups of decaf multiplied by 5 mg), cups of tea (cups of 

tea multiplied by 56 mg) and bottles of cola (regular cola 

multiplied by 51 mg, light cola multiplied by 66 mg) per 

week in the past month.31
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Data analysis
We examined the association between each correlate and the 

four menstrual cycle outcomes using contingency tables and 

stratified analyses. We then used bivariate and multivariate 

log-binomial regression models to estimate prevalence ratios 

(PRs) and 95% confidence intervals (CIs) relating selected 

factors to menstrual cycle regularity and to duration and 

intensity of flow.32 We fit a multinomial logistic regression 

model to obtain odds ratios in order to examine the associa-

tion of each independent variable with short (#25 days) and 

long ($33 days) cycle length, relative to normal cycle length 

(26–32 days). Because short and long cycles were relatively 

rare in this cohort (,10% prevalence), the odds ratio pro-

vided a reasonable approximation of the PR. Multivariate 

analyses for each correlate were adjusted for all other cor-

relates and last method of contraception. We also created a 

variable to evaluate the combined effect of BMI and physical 

activity (METs per week) on menstrual cycle characteristics. 

The combined variable was entered in multivariate models 

and adjusted for the same covariates.

We also evaluated the associations after restricting the 

study population to women trying to conceive for ,3 months 

at study entry and to women who reported a nonhormonal 

method of last contraception. All analyses were carried out 

using SAS statistical software version 9.2 (SAS Institute Inc, 

Cary, NC, USA).

Results
Of the 2,613 nulliparous women in the cohort, 25.6% 

reported irregular periods and 13.0% reported heavy or 

very heavy bleeding. Of the 1,940 who reported regular 

periods, 7.8% reported short cycles (#25 days), and 6.9% 

reported long cycles ($33 days). Among the 1,881 women 

with information on menstrual bleeding, 35.8% menstruated 

for $5 days.

The results for each of the four menstrual cycle outcomes 

are presented separately. All PRs are mutually adjusted for 

age, BMI, physical activity, smoking, alcohol and caffeine 

consumption, and last method of contraception.

Correlates of irregular menstrual cycles
Sedentary women (,5 METs/week of physical activity) had 

a higher prevalence of irregular periods than did women who 

engaged in moderate levels of activity (20–39 METs/week) 

(PR = 1.54; 95% CI = 1.16–2.04), whereas the most active 

women (.40 METs/week) had a slightly reduced preva-

lence of irregular periods (PR = 0.83; 95% CI = 0.68–1.02) 

compared with moderately active women (Table 1). In joint 

analyses of BMI and physical activity, obese sedentary 

women (,10 METs per week, BMI $30), had a higher 

prevalence of irregular cycles compared with women of 

normal weight who exercised moderately (PR = 1.46; 95% 

CI = 1.06–2.10; data not shown). Heavy alcohol consump-

tion ($14 alcoholic drinks per week) was associated with 

a higher prevalence of irregular periods (PR = 1.42; 95% 

CI = 0.99–2.05) compared with no consumption, but more 

moderate levels of alcohol had little association with cycle 

regularity. Older age and smoking were associated with 

a decreased prevalence of irregular periods. Crude and 

Table 1 Correlates of irregular menstrual periods among nulliparous 
Danish women enrolled in the Snart-Gravid study (n = 2,613*)

Irregular  
period, n (%)

Prevalence 
ratio†

95% CI

Age (years)
  ,25 150 (27.0) 1.00 (reference)
  25–29 362 (28.5) 1.06 0.90–1.25
  30–34 97 (19.4) 0.72 0.57–0.91
  35–40 9 (10.7) 0.39 0.21–0.74
BMI (kg/m2)
  ,20 109 (28.5) 1.09 0.91–1.30
  20–24 347 (25.3) 1.00 (reference)
  25–29 94 (22.2) 0.84 0.69–1.03
  $30 68 (29.2) 1.09 0.87–1.35
Physical activity (METs)
  ,5 37 (37.0) 1.54 1.16–2.04
  5–9 52 (27.1) 1.08 0.84–1.40
  10–19 200 (28.0) 1.15 0.97–1.35
  20–39 230 (24.6) 1.00 (reference)
  $40 99 (21.1) 0.83 0.68–1.02
Alcohol (drinks/week)
  Does not drink 181 (26.3) 1.00 (reference)
  1–2 174 (24.8) 0.95 0.79–1.13
  3–6 183 (24.9) 0.99 0.83–1.19
  7–13 60 (26.0) 1.09 0.85–1.41
  $14 20 (35.7) 1.42 0.99–2.05
Smoking (cigarettes/day)
  Does not smoke 520 (26.1) 1.00 (reference)
  ,1 40 (27.6) 0.98 0.75–1.29
  1–9 28 (23.1) 0.85 0.61–1.18
  $10 30 (19.2) 0.69 0.49–0.96
Caffeine (mg/day)
  ,100 380 (26.9) 1.00 (reference)
  100–199 127 (24.8) 0.97 0.81–1.15
  200–299 57 (21.9) 0.90 0.71–1.16
  $300 54 (23.9) 1.05 0.82–1.36

Notes: *We excluded women with missing information on cycle regularity 
(n = 6) and missing covariate information (n = 196); †mutually adjusted for all other 
covariates and most recent method of birth control.
Abbreviations: n, number; CI, confidence interval; BMI, body mass index; METs, 
metabolic equivalents.
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adjusted results were similar, indicating little confounding 

of these associations.

Correlates of short and long menstrual 
cycle length
Among women with regular cycles, older age (35–40 years) 

and smoking ($10 cigarettes/day) were associated 

with increases in the prevalence of short cycle length 

(PR  =  1.61; 95% CI  =  0.70–3.68 and PR  =  1.40; 95% 

CI  =  0.75–2.59, respectively) (Table  2). Obese women, 

compared with those of normal weight, were more likely 

to have short cycles (PR =  1.52; 95% CI =  0.86–2.69). 

Except for BMI, few factors were consistently associated 

with long menstrual cycles. The prevalence of long cycles 

Table 2 Correlates of short and long menstrual cycle length among nulliparous Danish women in the Snart-Gravid study 
(n = 1,940*)

Short cycle 
(#25 days), n (%)

Short cycle  
prevalence ratio†

95% CI Long cycle 
($33 days), n (%)

Long cycle 
prevalence ratio†

95% CI

Age (years)
  ,25 29 (7.1) 1.00 (reference) 32 (7.9) 1.00 (reference)
  25–29 68 (7.5) 1.03 0.65–1.65 71 (7.8) 1.02 0.65–1.59
  30–34 32 (7.9) 0.99 0.57–1.73 20 (4.9) 0.64 0.35–1.16
  35–40 10 (13.3) 1.61 0.70–3.68 1 (1.3) 0.17 0.02–1.31
BMI (kg/m2)
  ,20 18 (6.6) 0.88 0.52–1.51 16 (5.9) 0.87 0.49–1.54
  20–24 82 (8.0) 1.00 (reference) 65 (6.3) 1.00 (reference)
  25–29 22 (6.7) 0.85 0.52–1.40 25 (7.6) 1.17 0.72–1.90
  $30 17 (10.3) 1.52 0.86–2.69 18 (10.9) 1.86 1.05–3.28
Physical activity (METs)
  ,5 6 (9.5) 1.08 0.44–2.70 3 (4.8) 0.66 0.19–2.23
  5–9 8 (5.7) 0.70 0.32–1.52 10 (7.1) 1.02 0.49–2.11
  10–19 35 (6.8) 0.87 0.55–1.36 44 (8.6) 1.37 0.88–2.14
  20–39 56 (7.9) 1.00 (reference) 44 (6.2) 1.00 (reference)
  $40 34 (9.2) 1.21 0.77–1.90 23 (6.2) 1.01 0.60–1.72
Alcohol (drinks/week)
  Does not drink 34 (6.7) 1.00 (reference) 35 (6.9) 1.00 (reference)
  1–2 41 (7.8) 1.20 0.74–1.93 41 (7.9) 1.15 0.71–1.86
  3–6 45 (8.1) 1.21 0.75–1.95 39 (7.1) 1.11 0.68–1.82
  7–13 17 (9.9) 1.50 0.79–2.82 8 (4.7) 0.72 0.32–1.61
  $14 2 (5.6) 0.67 0.15–3.03 1 (2.8) 0.41 0.05–3.12
Smoking (cigarettes/day)
  Does not smoke 114 (7.8) 1.00 (reference) 102 (6.9) 1.00 (reference)
  ,1 3 (2.9) 0.32 0.10–1.03 8 (7.6) 1.06 0.49–2.28
  1–9 8 (8.6) 1.02 0.47–2.22 5 (5.4) 0.68 0.26–1.76
  $10 14 (11.1) 1.40 0.75–2.59 9 (7.1) 0.97 0.46–2.03
Caffeine (mg/day)
  ,100 71 (6.9) 1.00 (reference) 76 (7.4) 1.00 (reference)
  100–199 30 (7.8) 1.10 0.70–1.74 21 (5.4) 0.78 0.47–1.30
  200–299 21 (10.3) 1.50 0.87–2.59 16 (7.9) 1.38 0.77–2.49
  $300 17 (9.9) 1.36 0.74–2.51 11 (6.4) 1.16 0.58–2.33

Notes: *We excluded women with missing covariate information (n = 147); †mutually adjusted for all other covariates and most recent method of birth control.
Abbreviations: n, number; CI, confidence interval; BMI, body mass index; METs, metabolic equivalents.

increased monotonically across the categories of BMI, 

with the heaviest women being more likely to report cycles 

of $33 days (PR = 1.86; 95% CI = 1.05–3.28). Increasing 

age and heavy alcohol use were associated with a lower 

prevalence of long cycles, whereas higher caffeine intake 

was associated with a slight increase in the prevalence of 

long cycles.

Correlates of long menstrual flow 
duration
Among women who reported regular periods, age was 

inversely associated with the prevalence of long flow dura-

tion, with the lowest prevalence found among women aged 

35–40 years (PR = 0.55; 95% CI = 0.34–0.87) (Table 3). 
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Obesity, extremes of physical activity, and smoking were 

associated with slight increases in the prevalence of longer 

flow. Alcohol drinkers had a lower prevalence of long men-

strual flow compared with nondrinkers, but the associations 

were similar for higher levels of drinking (PRs ranging from 

0.69–0.95).

Correlates of heavy menstrual bleeding
Relative to heavy-bleeding rates in women with a normal 

BMI (20–24  kg/m2), the prevalence of heavy bleeding 

increased monotonically with a higher BMI category 

(Table 4). The highest levels of alcohol intake, caffeine intake, 

and smoking were also associated with increased prevalence 

of heavy bleeding (by 48%, 45%, and 60%, respectively). In 

contrast, age was inversely associated with the prevalence of 

heavy menstrual bleeding. Compared with participants aged 

,25 years, participants aged 35–40 years were 29% less 

likely to have heavy menstrual bleeding (PR = 0.71; 95% 

CI = 0.34–1.48). Neither vigorous nor sedentary physical 

activity was associated with heavy flow.

Table 3 Correlates of long menstrual flow duration compared 
with normal menstrual flow duration among nulliparous Danish 
women in the Snart-Gravid study (n = 1,940*)

Menstruation 
duration 
($5 days), n (%)

Prevalence 
ratio†

95% CI

Age (years)
  ,25 158 (38.9) 1.00 (reference)
  25–29 326 (35.9) 0.93 0.80–1.09
  30–34 132 (32.7) 0.86 0.71–1.04
  35–40 16 (21.3) 0.55 0.34–0.87
BMI (kg/m2)
  ,20 113 (41.4) 1.21 1.03–1.43
  20–24 338 (33.0) 1.00 (reference)
  25–29 114 (34.7) 1.03 0.87–1.22
  $30 67 (40.6) 1.17 0.95–1.45
Physical activity (METs)
  ,5 25 (39.7) 1.22 0.88–1.69
  5–9 54 (38.6) 1.14 0.90–1.45
  10–19 195 (37.9) 1.21 1.04–1.42
  20–39 219 (31.1) 1.00 (reference)
  $40 139 (37.5) 1.21 1.02–1.44
Alcohol (drinks/week)
  Does not drink 207 (41.0) 1.00 (reference)
  1–2 189 (35.9) 0.87 0.75–1.02
  3–6 175 (31.7) 0.78 0.66–0.92
  7–13 47 (27.5) 0.69 0.53–0.91
  $14 14 (38.9) 0.95 0.62–1.46
Smoking (cigarettes/day)
  Does not smoke 517 (35.2) 1.00 (reference)
  ,1 37 (35.2) 1.09 0.83–1.43
  1–9 29 (31.2) 0.87 0.64–1.19
  $10 49 (38.9) 1.08 0.86–1.37
Caffeine (mg/day)
  ,100 374 (36.2) 1.00 (reference)
  100–199 134 (34.8) 1.04 0.88–1.22
  200–299 65 (32.0) 1.00 0.81–1.25
  $300 59 (34.3) 1.13 0.90–1.43

Notes: *We excluded women with missing information on duration of menstruation 
(n = 3) and with missing covariate information (n = 145); †mutually adjusted for all 
other covariates and most recent method of birth control.
Abbreviations: n, number; CI, confidence interval; BMI, body mass index; METs, 
metabolic equivalents.

Table 4 Correlates of heavy menstrual bleeding compared with 
normal menstrual bleeding among nulliparous Danish women in 
the Snart-Gravid study (n = 1,881*)

Heavy  
menstruation 
(.20 pads), n (%)

Prevalence  
ratio†

95% CI

Age (years)
  ,25 67 (15.8) 1.00 (reference)
  25–29 116 (12.7) 0.80 0.60–1.06
  30–34 47 (13.4) 0.82 0.58–1.17
  35–40 7 (13.5) 0.71 0.34–1.48
BMI (kg/m2)
  ,20 34 (12.4) 1.05 0.74–1.51
  20–24 116 (11.7) 1.00 (reference)
  25–29 44 (14.8) 1.25 0.90–1.72
  $30 43 (23.6) 2.03 1.47–2.80
Physical activity (METs)
  ,5 12 (17.1) 1.02 0.59–1.78
  5–9 17 (12.5) 0.81 0.50–1.33
  10–19 75 (14.7) 1.10 0.82–1.46
  20–39 84 (12.5) 1.00 (reference)
  $40 49 (13.9) 1.13 0.82–1.57
Alcohol (drinks/week)
  Does not drink 81 (14.6) 1.00 (reference)
  1–2 59 (11.9) 0.81 0.59–1.11
  3–6 64 (12.8) 0.83 0.61–1.14
  7–13 24 (15.8) 0.94 0.61–1.44
  $14 9 (23.7) 1.48 0.80–2.72
Smoking (cigarettes/day)
  Does not smoke 186 (12.7) 1.00 (reference)
  ,1 12 (14.1) 1.04 0.60–1.80
  1–9 12 (14.2) 1.03 0.60–1.76
  $10 27 (23.5) 1.60 1.11–2.30
Caffeine (mg/day)
  ,100 121 (11.8) 1.00 (reference)
  100–199 54 (14.7) 1.33 0.98–1.79
  200–299 36 (18.6) 1.63 1.16–2.31
  $300 26 (16.7) 1.45 0.96–2.19

Notes: *We excluded women with missing information on heaviness of menstruation 
(n = 2) and with missing covariate information (n = 47); †mutually adjusted for all 
other covariates and most recent method of birth control.
Abbreviations: n, number; CI, confidence interval; BMI, body mass index; METs, 
metabolic equivalents.
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In secondary analyses, we found that the associations 

reported in Tables 1–4 did not materially change when the 

population was restricted to women who had been attempting 

pregnancy for ,3 months at study entry (n = 1,770) or to 

women whose last method of birth control was nonhormonal 

(n = 814) (data not shown).

Figure  1 provides a qualitative summary of the 

correlates of the menstrual factors examined in this analysis. 

Comparisons were made between the most extreme category 

of each characteristic and the reference category.

Discussion
In this study of nulliparous pregnancy planners, we found 

that age, sedentary behavior, and BMI had the strongest and 

most consistent associations with menstrual cycle patterns. 

We also found several associations between high alcohol 

consumption and menstrual patterns, but these were based 

on small numbers and were inconsistent across exposure 

categories. Similar to results from other studies of women 

in the same age range,33–36 our results suggest that women 

in their thirties have a lower prevalence of irregular cycles 

than do women in their twenties. Also consistent with our 

findings, results from several other studies indicate that age 

is associated with shorter menstrual cycle length,6,14,17,18,27 

shorter duration of bleeding,35 and lighter flow.37

Our data extend previous research11,12 by evaluating 

menstrual characteristics in a population of women with a 

broad range of physical activity levels. We found that low 

levels of physical activity (,5 METs/week) had the stron-

gest association with irregular periods, a finding that to our 

knowledge has not been reported previously. We also found 

that women who were both obese and sedentary had a higher 

prevalence of irregular periods compared with normal-weight 

women who exercised moderately. Overall, we found little 

consistency in associations between higher levels of physical 

activity and menstrual characteristics.

Excess adipose tissue may affect levels of androgens 

and estrogens through several pathways: it may provide a 

reservoir for lipid-soluble steroids;13,38 and it may affect 

the relations between hormones and sex-hormone–binding 

globulin.13,16,38,39 Our study is consistent with most,14–16,25 but 

not all,17 previous studies that found increases in long cycle 

length with increasing BMI. Obesity was also associated 

with a two-fold increase in the prevalence of heavy men-

strual flow, which has been reported previously.10 Excessive 

blood loss has been associated with ovulatory disorders,38 

which are more common among obese women and may 

be related to underlying hormonal irregularities, such as 

hyperandrogenemia.

Our study is also consistent with previous studies indi-

cating that smokers have an increased prevalence of short 

cycles14,18,26,27 and heavier menses20,40 compared with non-

smokers. However, our results disagree with previous studies 

that found a higher prevalence of irregular cycles among 

smokers.14,18,20,26 Smoking has been consistently associated 

with lower estrogen9,38,39 and higher follicle stimulating 

hormone levels,41 which in turn may increase menstrual 

bleeding and shorten menstrual cycles, suggesting biological 

plausibility for the association between smoking and heavy 

bleeding and short cycles.

Age BMI Sedentary
activity (<5 
METs) 

High
activity (40+ 
METs) 

Alcohol
consumption 

Smoking Caffeine
consumption 

Irregular period 

Short cycle 

Long cycle 

Long menstrual
flow duration 

Heavy
menstrual 
bleeding 

Figure 1 Summary of the correlates of menstrual cycle function.
Notes: ↑↑ The most extreme exposure category is associated with a .30% increased prevalence of the outcome relative to the reference group; ↑ The most extreme 
exposure category is associated with a 10%–30% increased prevalence of the outcome compared with the reference group; - the most extreme exposure category is not 
associated with an increase or decrease in the prevalence of the outcome by more than 10%; ↓ The most extreme exposure category is associated with a 10%–23% decreased 
prevalence of the outcome compared with the reference group; ↓↓ The most extreme exposure category is associated with a .23% decreased prevalence of the outcome 
relative to the reference group. 
Abbreviations: BMI, body mass index; METs, metabolic equivalents.
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Alcohol intake may increase levels of testosterone, 

estradiol, and estrogen in premenopausal women.42–45 In 

our study, heavy alcohol use ($14 drinks per week) was 

associated with a higher prevalence of irregular periods 

and heavy bleeding. All levels of drinking, compared with 

nondrinking, slightly decreased the prevalence of long 

bleeding duration. Our results are difficult to compare with 

previous studies that found a lower prevalence of long15,17 or 

irregular15 cycles among drinkers, because the latter assessed 

dichotomous levels of alcohol consumption (any consump-

tion versus none), and one study assessed exposure among 

women in their 60s and 70s, long after the collection of data 

on menstrual cycle factors.15

To our knowledge, only two previous studies have evalu-

ated caffeine and menstrual function.15,21 Fenster et al21 found, 

as we did, that high caffeine intake was associated with a 

higher prevalence of short cycles. Findings on bleeding 

duration have been inconsistent, with one study reporting 

shorter duration of menstruation with increased caffeine 

consumption,21 and the other finding little effect of caffeine 

on bleeding duration.15 We found that higher caffeine consum-

ers had a higher prevalence of heavier bleeding than those 

drinking ,100 mg/day, which to our knowledge has not been 

reported before. Biological mechanisms related to caffeine 

consumption and hormones that affect menstruation may 

involve changes in total and free estradiol levels.46

The main limitations of our study are the cross-sectional 

nature of the data and the lack of a defined reference period 

for menstrual cycle outcomes. We instructed participants to 

report their usual menstrual characteristics when not using 

hormonal contraceptives. Although it is possible that recent 

hormonal contraception use could impact the observed 

menstrual patterns, we found that estimates were similar 

with and without controlling for the last method of birth 

control, suggesting that recent hormonal contraceptive use 

did not confound our results. We also found similar results 

when we restricted the analyses to women who had used 

nonhormonal contraception as their most recent method of 

birth control. Despite the lack of a defined reference period 

for menstrual outcomes, we expect that the month-to-month 

menstrual cycle patterns of the women in the cohort would 

be stable because of the relatively young and narrow age 

range.35 Additionally, we were unable to examine the effect 

of endocrine-disrupting compounds or xenoestrogens that 

have been suggested to affect hormonally sensitive functions 

like the menstrual cycle.47–50

The factors we assessed may differ between pregnancy 

planners and women not planning pregnancy, especially if 

women planning pregnancy believe that altering their behavior 

(eg, decreasing smoking or alcohol or caffeine consumption) 

would increase their fecundability or improve birth outcomes. 

Such behavioral changes might limit our ability to validly 

estimate the associations between more intense levels of these 

exposures and menstrual cycle factors, because there are fewer 

women at the extreme levels of exposure. When we restricted 

the analyses to women who had been trying to conceive for 

three cycles or less at baseline and who may not have made any 

drastic changes to their behaviors, we found similar results, 

implying that this type of bias was unlikely to have had a major 

effect. Pregnancy planners may also be healthier in other ways 

that could affect the results reported here.

We did not validate the accuracy of the menstrual-func-

tion variables in our study population. A previous validation 

study found that 57% of women reported usual cycle lengths 

within 2 days of their mean cycle length.51 Correct estimation 

of menstrual cycle length depends on many individual factors, 

but one study suggested that sexually active women who are 

trying to conceive may be more accurate in their reports.52 

Another study indicated that self-report may provide a better 

summary of usual cycle length than menstruation diaries or 

calendars covering ,2 months.51 A subanalysis of participants 

from our cohort found modest agreement between menstrual 

cycle lengths reported on the baseline questionnaire and a 

subsequent follow-up questionnaire (k  =  0.60).9 Outcome 

misclassification is also a concern for reports of duration of 

menstrual bleeding and heaviness of flow. Previous studies 

found that when women had reported blood loss as heavy, 

their flow was actually within the normal range as deter-

mined by measurement of actual blood loss collected from 

pads and tampons.37,53 In our study, we asked participants to 

report flow heaviness on the basis of the number of sanitary 

products used per cycle. Although this would eliminate some 

of the problems with a strictly qualitative measure of flow 

heaviness, some misclassification is likely.

Conclusion
In summary, our study is one of the first to evaluate deter-

minants of duration and heaviness of menstrual flow and to 

evaluate sedentary behavior in relation to the menstrual cycle. 

Despite differences in study designs, our results generally 

agree with previous studies that suggest that age, BMI, 

smoking, caffeine, and alcohol may affect menstrual cycle 

characteristics. Sedentary behavior was associated with an 

increased prevalence of irregular cycles, but high levels of 

physical activity were not strongly related to any menstrual 

cycle characteristic.
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