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Abstract
PURPOSE—Variability in menstrual cycle length (largely determined by variation in follicular
phase length) is related to several health outcomes, yet the causes of this variability are incompletely
understood. We sought to identify characteristics associated with follicular phase length.

METHODS—We used the North Carolina Early Pregnancy Study to describe factors correlated with
timing of ovulation (follicular phase length). Women collected daily urine specimens and recorded
vaginal bleeding. Specimens were assayed for estrone 3-glucuronide and pregnanediol 3-
glucuronide, which in turn were used to estimate the day of ovulation. All other variables were
assessed through interview. Associations with follicular phase length were evaluated using a multiple
regression model.

RESULTS—We determined follicular phase length for the first cycles of 201 women. Women with
a history of miscarriage tended to have shorter follicular phases (2.2 days). Longer duration of oral
contraceptive use and recent use (in the last 90 days) were both correlated with longer follicular
phase. Occasional marijuana users (up to 3 times in the last 3 months) had a longer follicular phase
than non-users (3.5 days); frequent users (>3) were almost two days longer than non-users.

CONCLUSIONS—The association between marijuana use and longer follicular phase is consistent
with prior rhesus monkey research that shows ovulatory delay or inhibition.

Introduction
Variations in menstrual cycle length have been associated with risk factors for cardiovascular
disease1 and with health outcomes such as breast cancer 2, myocardial infarction3, and hip
fractures 4. Identifying factors that affect menstrual cycle length may provide insight into the
biological mechanisms underlying those associations. The menstrual cycle is divided into two
phases; the follicular phase begins with menstruation and ends just prior to ovulation while the
luteal phase begins after ovulation and ends with the subsequent onset of menses. The timing
of ovulation can be extremely variable, both within and between women, and the sources of
this variance are essentially unknown. In contrast, the time between ovulation and the onset of
the next menses is relatively stable 5. Thus, variability in the length of the follicular phase is
the major contributor to menstrual cycle variability6.
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In the literature, the most consistent predictor of follicular phase length and cycle length is the
woman’s age: cycles become shorter as women get older, and then become markedly more
variable at perimenopause7–18. In Western populations, longer menstrual cycles have been
associated with higher BMI 8, later age at menarche 8, 19, increased parity 8, 18, and recent use
of oral contraceptives20, 21. Shorter menstrual cycles and shorter follicular phases have been
associated with lower education 18, heavy caffeine intake 22 and alcohol consumption 10. In
two studies current smoking was associated with shorter cycle lengths 8, 23 while one study
found no effect 24. A history of ever having smoked more than 100 cigarettes showed no
association in one study 25 while in another, women with a history of ten or more pack-years
of smoking were more likely to have shorter cycles 23.

Most of these analyses considered cycle length but did not specifically examine the follicular
phase, which requires more intensive longitudinal data collection (usually including hormone
assays). The goal of our descriptive analysis was to identify demographic, behavioral, and
reproductive characteristics associated with follicular phase length. In addition to
characteristics examined in previous studies, we also investigated the potential influence of
marijuana smoking, which has been associated with alterations in menstrual cycle hormones
in both humans and laboratory animals 26–29.

Materials and Methods
The North Carolina Early Pregnancy Study (NCEPS) was a prospective cohort study designed
to investigate the risk of early pregnancy loss among healthy women. The details of the study
design and laboratory methods are described elsewhere 30. Briefly, 221 women who were
planning to become pregnant were recruited from local communities and enrolled at the time
they discontinued using birth control in order to become pregnant. Women were asked about
their demographic, reproductive, medical, and behavioral characteristics. Potential participants
were excluded if they had a serious chronic illness or if they or their partners had a history of
fertility problems. Women collected first-morning urine specimens and recorded presence or
absence of bleeding every day until they became clinically pregnant or until 6 months had
passed with no clinically-apparent pregnancy. All participants gave written informed consent
and the study protocol was approved by the Institutional Review Board of the National Institute
of Environmental Health Sciences.

To estimate the day of ovulation, urine specimens were assayed for estrone 3-glucuronide (a
metabolite of estrogen) and pregnanediol 3-glucuronide (a metabolite of progesterone), as
previously described 31. We used these ovulation data in conjunction with bleeding information
to define follicular phase length as the number of days from the first day of menses up to (but
not including) the estimated day of ovulation. Because the distribution of follicular phase length
is non-normal and right-skewed, we analyzed the natural logarithm of follicular phase length
and we present geometric means.

Women’s characteristics and exposures were based on self-report at the time of enrollment.
We restricted our analysis to each woman’s first cycle in the study, corresponding most closely
with the exposure information at enrollment. (Some women may have changed their behaviors
after failing to conceive in their first cycles.)

Women reported their alcohol intake in “servings” per month, with one serving being equal to
either 12 ounces of beer, 4 ounces of wine, or 1.5 ounces of hard liquor. We treated all servings
as equivalent and combined them to create an index of total servings per month. Body mass
index was calculated as weight in kilograms divided by height in meters squared, and
categorized into underweight (<18.5), normal (18.5–<25.0), overweight (25.0–<30.0), and
obese (>=30.0) 32. Caffeine intake was calculated by multiplying the amount of caffeine (in
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mg) typically found in a serving of brewed coffee, instant coffee, tea or soft drinks by the
number of servings of each beverage consumed over the previous month. The average reported
frequency of intercourse per week was divided into four categories. We dichotomized (“yes/
no”) participants’ prenatal exposure to cigarette smoke, recent oral contraceptive use (within
the 90 days preceding onset of their first cycle), and history of miscarriage. Duration of oral
contraceptive use was measured in years, and set to 0.5 for those who had used OCs for less
than one year. The same was done for IUD use. Tobacco use was categorized into current,
former, and never. Marijuana use was categorized based on the participant’s response to the
question: “How many times did you smoke marijuana during the last three months?” Women
who reported smoking marijuana at least once but less than three times were classified as “low”
frequency users, while women who smoked more than three times were considered “high”
frequency users. All continuous variables were categorized based on the approximate 25th and
75th percentiles.

We modeled follicular phase length (log-transformed) using linear regression with SAS
software (SAS Institute, Cary, NC). The p-values obtained from these models test the null
hypothesis that all categories of a variable have the same overall mean follicular phase length;
the alternative hypothesis is that at least one category differs from the others. Each
characteristic of interest was modeled separately, adjusted for both age and recent oral
contraceptive use. We also categorized follicular phase length into three groups: short (≤11
days), average (12–18 days), and long (≥18 days) and performed a polytomous logistic
regression using each woman’s first cycle. The results were not qualitatively different from
those using continuous follicular phase length (log transformed), and therefore are not
presented.

Results
There were 201 women with a measurable follicular phase length in the first cycle of study
participation. The geometric mean follicular phase length was 15.5 days, with an interquartile
range of 12.0 to 19.0 days. The women ranged in age from 21–42 with a mean of 29. Age and
recent oral contraceptive use showed a univariate association with follicular phase length, and
thus were included in all subsequent models. The effect of age, however, was weakened when
adjusted for recent oral contraceptive use, while recent oral contraceptive use remained
important after adjustment for age (Table 1). Women with recent oral contraceptive use had a
longer follicular phase (2.3 days, p=0.04). After adjusting for age and recent OC use, the only
factors associated with follicular phase length were years of oral contraceptive use, a history
of miscarriage and marijuana use. Follicular phase length generally increased with increasing
duration of oral contraceptive use, with most of the increase occurring after 1 year of use.
Among women who had ever been pregnant, those with a history of miscarriage had a shorter
follicular phase (2.2 days, p=0.04). Marijuana use was associated with longer follicular phase
length (p=0.04). Compared with non-users, occasional marijuana users had a follicular phase
longer by 3.5 days, and more frequent users had a follicular phase longer by 1.7 days (Table
1, Figure 1).

Discussion
In our data, recent use of oral contraceptives, extended use of oral contraceptives, and marijuana
use were all associated with a longer follicular phase. Women with a history of miscarriage
(among gravid women) tended to have shorter follicular phases.

One of the best documented factors affecting menstrual cycle length is women’s age. The
absence of a clear age effect in our data is not so surprising, given the narrow age range of
women. We also found no detectable effect of BMI, age at menarche, gravidity, caffeine intake,
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alcohol intake, or smoking on follicular phase length – all factors that have previously been
associated with either menstrual cycle length or follicular phase length. The absence of such
associations in our data may be due to the lack of variability in our sample. Also, our sample
excluded women with chronic medical conditions or known reproductive problems; such
conditions may be part of the causal pathway by which these variables affected cycle length
in other studies.

Our results regarding longer follicular phases after recent oral contraceptive use are consistent
with most previous studies. In two studies, women who discontinued oral contraceptives tended
to have an increased cycle length for one to three cycles post-discontinuation 20, 21; in another,
longer cycles persisted for 8 cycles33. In a recent study using ultrasonography, women in their
first cycle after discontinuing oral contraceptives took more time to select and manifest a
dominant follicle; ovulation was 5 days later than in unexposed cycles34. In contrast, one study
reported no differences in cycle length between those who recently discontinued oral
contraceptives and those who had not used them within three months of the study35. However,
in this study there was a significantly longer median cycle length in one age group after
discontinuation of oral contraceptives (ages 18–24), and non-significantly longer cycles in two
other age groups (30–34 and 35–40). Thus, when stratified by age, there was some evidence
of longer cycles. These findings are also consistent with a slightly longer time to pregnancy in
women who recently discontinued oral contraceptives36–41. The cycle length studies
considered only recent use; duration of use varied widely (from 4–10 years20, a few months
to 13 years33, to >0 to 4 years21). However, in other studies duration of oral contraceptive use
has shown no associations with such cycle-related outcomes as post-pill amenorrhea 20, 42 or
inhibition of ovulation 43. There is some evidence that among women over 45 years of age,
use of oral contraceptives for at least five years is associated with lower levels of follicle
stimulating hormone (FSH) in the early follicular phase. Moreover, use of oral contraceptives
within the past five years was associated with lower FSH levels regardless of age, which ranged
from 26–5044. In turn, lower FSH levels were reported to be weakly associated with longer
menstrual cycles in the same study sample45. In a recent randomized trial of continuous versus
conventional oral contraceptive use, researchers found that as the duration of oral contraceptive
use increased (from one to three cycles), the number of developing follicles decreased34. Thus,
the authors suggest that the inhibition of follicle recruitment by oral contraceptives may
compound over time, possibly through increased suppression of the hypothalamic-pituitary-
ovarian axis. Whether this might have long term effects on future cycling is not known. The
interpretation of our finding is complicated by the selective nature of women who choose to
take oral contraceptives. For example, some women with irregular cycles may use oral
contraceptives to help regulate their cycles, and such women may also have longer cycles.

We did not find any previous reports of shorter follicular phase length for women with a history
of miscarriage, although short follicular phase and miscarriage might share hormonal
determinants. One study has suggested that a shorter (<30 days) or longer (≥32 days) cycle
length is associated with a spontaneous abortion in the following cycle 46, and another study
found long cycles associated with history of miscarriage47. Previous analyses of our data did
not find an association between usual cycle length (longer vs. other) or follicular phase length
and risk of early pregnancy loss (occurring within six weeks of the last menstrual period). 48

However, early loss and clinical spontaneous abortion may be endpoints with distinct etiologies
and risk factors.

Our finding of longer follicular phases with occasional marijuana use is intriguing. Animal
research supports an effect of marijuana on ovulation. In rhesus monkeys, daily injections of
2.5 mg/kg Δ9-tetra-hydrocannabinol (THC) (the equivalent of 5–6 joints) during the follicular
phase delayed or prevented ovulation49. In a longer-term study, the impact of THC on ovulation
in rhesus monkeys appeared to decline over time, suggesting that tolerance may develop50.
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These observations have not been definitively replicated in humans. Twenty-six women who
used marijuana at least three times a week over the previous six months had shorter menstrual
cycles, specifically shorter luteal phases, when compared to 17 non-marijuana users 51. We
found little evidence in our study for an association between short luteal phase and marijuana-
use (data not shown). The 26 marijuana users had lower prolactin levels, a slightly lower peak
level of luteinizing hormone (LH), and a slower post-ovulatory rise in estrogen and
progesterone 51. Another study that included 17 female chronic marijuana users (at least weekly
for more than two years) found no differences in testosterone, LH, FSH, prolactin or cortisol
levels when stratified by frequency of use or when comparing users and non-users 29. Studies
of the acute effects of marijuana suggest that the timing of marijuana exposure in the menstrual
cycle may modulate its effects on LH 26, 28. Marijuana use had no acute effect on progesterone
or estradiol levels 26, 28. We do not have data on the timing of marijuana use in the menstrual
cycle.

There are several possible reasons for the disparate human epidemiologic results. Marijuana
users in the four previous (human) studies were, on average, heavier users than those in our
study. The average frequency of marijuana use in earlier studies ranged from approximately 4
to 14 times per month26, 28, 29, 51 whereas the average among users in our sample was about
3 times per month. None of the studies, including ours, has accounted for the amount smoked
at each exposure or the timing of the exposure in the menstrual cycle, which may also differ
among the studies.

In the study of chronic users there was a slightly higher proportion of anovulatory cycles among
marijuana users compared with non-users, but anovulation was rare and the difference was
non-significant51. We also found an excess of anovulatory cycles among marijuana smokers:
three of seven (43%) confirmed anovulatory cycles were to marijuana smokers, compared with
15% marijuana smokers in the study population. In the rhesus studies, the monkeys had not
been exposed to marijuana prior to the investigation, whereas in the human studies women had
been marijuana smokers for an unknown (and possibly long) period of time. It could be that
infrequent marijuana use (as in our study), more closely resembles the exposure pattern of the
rhesus studies, and therefore that lengthening of follicular phase in our data is consistent with
delayed ovulation.

All exposure information was obtained by self-report at enrollment and participants’ responses
at enrollment may not represent their actual behavior after enrollment. We attempted to control
this source of error by using only the first menstrual cycle under study. Our study sample was
mostly white, which made it impossible to consider racial differences reported in other studies
10, 18. Similarly, we were unable to investigate stress or physical activity as these characteristics
were not included in the questionnaire. Finally, we were unable to investigate within-woman
variance in follicular phase length; this would require longitudinal cycle-specific exposure
data. A strength of our study is the detailed hormonal data, which allowed us to examine
follicular phase length. In addition, the study participants were highly motivated and extremely
careful in other aspects of their study participation, which suggests that their exposure data
may also be of good quality.

In summary, we provide descriptive data on factors associated with follicular phase length,
which was determined using hormonal estimates of ovulation in each menstrual cycle. Our
findings suggest exposures (including oral contraceptive and marijuana use) that may lead to
delayed ovulation. Future studies of follicular phase length should be more detailed in assessing
marijuana exposure including measures of dose and timing of the exposure during the cycle.
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Figure 1.
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TABLE 1

Results of the linear regressions predicting the natural log of follicular phase length, with fitted values presented
in days.a

Variable n (%) (N=217) Geometric Mean p-valueb

Physical and Lifestyle factors

Age

 <27 49 (24.4) 15.4 0.52

 27–31 110 (54.7) 15.4

 >31 42 (20.9) 14.5

Height (in meters)

 <1.63 43 (21.4) 15.5 1

 1.63–1.68 106 (52.7) 15.4

 >1.68 52 (25.9) 15.4

BMI

 Underweight 20 (9.9) 15.2 0.91

 Normal 159 (79.1) 15.4

 Overweight 22 (10.9) 15.9

Marijuana use

 None 172 (85.6) 15.1 0.04

 Low 14 (7.0) 18.6

 High 15 (7.5) 16.8

Tobacco smoking

 Current 12 (6.0) 15.1 0.98

 Former 49 (24.4) 15.4

 Never 140 (69.6) 15.4

Alcohol intake (servings/month)c

 <=1 51 (25.4) 14.4 0.19

 >1–18 102 (50.7) 15.7

 >18 48 (23.9) 16.1

Caffeine intake (mg/week)d

 <=1480 58 (28.9) 14.6 0.2

 >1480–<6900 102 (50.7) 15.4

 >=6900 41 (20.4) 16.5

Reproductive factors

Recente Oral Contraceptive Use

 Yes 29 (14.4) 17.7 0.04

 No 172 (85.6) 15.4

Duration of pill use

 Never 26 (13.0) 13.9 0.0003
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Variable n (%) (N=217) Geometric Mean p-valueb

 >0–1 44 (22.0) 13.2

 >1–2 28 (14.0) 15.7

 >2–4 41 (20.5) 16.3

 >4 61 (30.5) 17.3

 Missing 1

Duration of IUD use

 Never 141 (70.1) 15.4 0.09

 >0–1 25 (12.4) 15.8

 >1–2 10 (5.0) 14.8

 >2–4 9 (4.5) 12.7

 >4 16 (8.0) 18.4

Age at menarche

 <12 32 (15.9) 15.0 0.83

 12,13 117 (58.2) 15.4

 >13 52 (25.9) 15.7

Frequency of Intercourse (per week)

 ≤1 39 (19.4) 15.3 0.13

 >1–2 45 (22.4) 14.6

 >2–3 78 (38.8) 16.5

 >3 39 (19.4) 14.6

Gravidity

 0 70 (35.0) 15.5 0.73

 1,2 110 (55.0) 15.5

 ≥3 20 (10.0) 14.6

 Missing 1

History of Miscarriage (among gravid women)

 Yes 28 (14.0) 14.0 0.04

 No 102 (51.0) 16.2

 Never pregnant 70 (35.0)

 Missing 1

Prenatal Exposures

DES

 Yes 7 (4.8) 14.1 0.42

 No 139 (95.2) 15.6

 Missing 55

In utero smoke exposure

 No 111 (65.3) 15.4 0.29

 Yes 59 (34.7) 16.2

 Missing 31

a
Each variable is adjusted for age and recent pill use. Predicted mean cycle lengths are presented for a woman age 27–31 and a non-recent pill user.
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b
p-value testing the null hypothesis that the groups share a common mean, the alternative is that at least one group is different.

c
A ”serving” was defined as 12 ounces of beer, 4 ounces of wine or 1.5 ounces of hard liquor.

d
100mg is approximately the amount of caffeine in one cup of brewed coffee

e
Within 90 days of cycle start.
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