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Abstract
Objective—To investigate hypoestrogenic “inactive phases” (IP) in the follicular phase of the
menstrual cycle, with respect to age, reproductive stage, and follicular depletion.

Design—Analysis of prospectively collected menstrual bleed and estrone-3-glucuronide data.

Setting—Center for Population and Health, Georgetown University.

Patient(s)—White women (n = 88, aged 25–59 years, mean = 44.7 years) from the population-
based Biodemographic Models of Reproductive Aging (BIMORA) project.

Intervention(s)—None.

Main Outcome Measure(s)—The IP durations by age and reproductive stage. Estimated
follicular depletion rate based on IP durations.

Result(s)—Mean IP duration and variability decreased and then increased with age/reproductive
stage. The proportion of very short (% 1 day) IP durations increased and then decreased with age/
stage. Long IPs occurred most, but not exclusively, in the oldest age/latest stage. Follicular
depletion rate estimates were a plausible 2%–4% per year of age, but these models were a poor fit
because IP durations did not consistently increase across ages/stages.

Conclusion(s)—Follicular depletion models alone do not explain the observed pattern of IPs.
Our data suggest that IPs reflect both follicular depletion and hyperstimulation in premenopausal
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and perimenopausal women. Knowledge of underlying IP patterns in the menstrual cycle could
inform decisions about hormone sampling and contraception during the perimenopause.
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Population-level, longitudinal studies show characteristic changes inmenstrual cycle length
as women age (1, 2). Mean cycle length and variability reach a minimum during late
premenopause, and shorter cycles are interspersed with longer cycles during perimenopause,
even after mean cycle length begins to increase (1–5). Increased mean cycle length and
substantially elongated menstrual cycles (>60 days) are hallmarks of late perimenopause (6).

A primary determinant of cycle length variability is follicular phase length, which varies in
both premenopausal and perimenopausal women (7–9). Miro et al. (9) have shown that it is
the early portion of the follicular phase, before an increase in E2 level, that varies most as
women age. The proximate causes of shorter and longer follicular phases are not fully
established; however, growing evidence implicates advanced, out-of-phase, and delayed
initiation of follicular development with reproductive aging (7, 10–12).

Short follicular phases appear to be related to follicular development that begins earlier in
the menstrual cycle in older compared with younger reproductive-aged women (12). Hale et
al. (10) identified out-of-phase onset of follicular growth from daily E2 in both long and
short cycles in perimenopause, where follicular growth of a new cohort begins during the
luteal phase of an already ovulatory cycle (3, 13, 14). Long follicular phases, in contrast, are
thought to be related to delayed follicular development. Hypoestrogenic “inactive phases”
(IP) (Fig. 1) have been observed at the start of menstrual cycles, most often in
perimenopausal women (3, 7, 10, 15–20), and have been identified as a primary cause of
elongated menstrual cycles associated with reproductive aging (7). During an IP, a woman’s
hormone profile appears postmenopausal, with low steroid hormone levels and fluctuating
gonadotropin levels resulting from release of steroid negative feedback (16, 18, 19, 21–23).

Here we define an IP as the interval (long or short) starting just after the decline of E2 level
associated with the previous cycle’s luteal phase to the substantial increase in E2 level
during the follicular phase. We use IP data from the Biodemographic Models of
Reproductive Aging (BIMORA) project (24) to explore age-related changes in IP duration
(length) using a flexible piecewise exponential hazards model. The outcomes of interest are
the durations of IPs for four age categories (<40, 40–44, 45–49, 50+ years) and three
reproductive stages (premenopausal, early perimenopausal, and late perimenopausal).

In addition, we test an existing model that explicitly connects IPs with the follicular
depletion process, where age and IP duration are linked to depletion rate and follicle pool
size (18, 19). This model is consistent with data from postmortem and ultrasound follicle
counts (25–29) indicating constant or accelerating rates of depletion, with the accelerating
rate (29) supported by recent analyses (30–32). The rationale for the model is that IPs are a
stochastic consequence of a dwindling follicle pool, and there will be intervals by chance
when no follicles initiate development and estrogen levels therefore remain low. The model
predicts that the mean and variability in IP duration will increase with age as the follicular
reserve approaches exhaustion (18, 19). We show that the observed IP durations are not
consistent with this model of follicular depletion, and we consider the possibility that dual
biological mechanisms explain the observed IP pattern.
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MATERIALS AND METHODS
Sample

Women were participants in BIMORA, a 5-year prospective study of reproductive aging and
the menopausal transition. The BIMORA participants were recruited from the second cohort
of the TREMIN Research Program on Women’s Health (white, college-educated women at
the University of Minnesota in the 1960s) for whom longitudinal menstrual and health data
were available. The BIMORA eligibility requirements were 18–60 years old, at least one
intact ovary, and not pregnant, breastfeeding, using exogenous hormones, or receiving
cancer treatment. Participants provided written informed consent and received compensation
of $150 per year; procedures were approved by the institutional review boards of
Georgetown University, Pennsylvania State University, and University of Washington.
Further details of recruitment, eligibility, and enrollment have been presented previously
(24) (and see Supplemental Materials, Methods).

The BIMORA participants (n = 156) from which the present sample (n = 88) is drawn
recorded menstrual bleed data and collected daily urine specimens for a 6-month interval
(January 15–July 15) in each of 5 study years (1998–2002). Specimens were assayed in
duplicate for estrone-3-glucuronide (E1G) (33), a urinary metabolite of E2, and corrected for
hydration status using specific gravity (34).

For this analysis, we excluded women who were known at the start of BIMORA
participation to be postmenopausal (i.e., 12+ months of amenorrhea). For eligible
premenopausal and perimenopausal women, we excluded data collected within 3 months of
a woman reporting exogenous hormone use, pregnancy, breastfeeding, or major medical
procedures.

Menstrual Cycle Characteristics
We defined menstrual bleed episodes as at least 2 days of bleeding within a 6-day interval,
preceded by two or more bleed-free days (35). “Cycle day 0” was the first day of a bleed
episode; cycle length was the number of days from “day 0” of one menstrual cycle to the
next.

We determined the reproductive stage of each cycle based on a rolling cycle length
coefficient of variation (CV; the standard deviation of cycle length divided by the mean
cycle length) calculated using the length of the current cycle and the five previous cycles (or
all previous cycles if fewer than five) (36). The CV value cutoffs (<20% = stage −3,
premenopausal; 20%–40% = stage −2, early perimenopausal; >40% or a cycle >60 days
long = stage −1, late perimenopausal) were designed to correspond to the Stages of
Reproductive Aging Workshop (STRAW) stages (4, 37).

We identified IPs from graphs showing both menstrual bleeds and smoothed E1G profiles.
The “IP start” was the end of the decline in E1G in the late luteal phase of the previous
menstrual cycle or early follicular phase of the current cycle. The “IP end” was the
beginning of an increase in E1G (estrogen take-off) (7) one or more days after the decrease
in E1G from the previous cycle (see Supplemental Materials, Methods).

We calculated IP duration (length) using the start and end dates of each IP relative to the
first day of the menstrual cycle. We produced a best estimate (1-day interval) of the start
date for each IP. The IP end date was an interval of one or more days to incorporate
uncertainty in the exact date of the increase in E1G. We used a woman’s date of birth, the
start-date of the cycle, and the cycle day when an IP began, to compute a woman’s age at the
start of an IP.
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We sampled all cycles that started in the observation period (January 15–July 15), reduced
by 5 days at either end to ensure that the smoothed E1G pattern was clear for the entire
reduced observation period. We excluded cycles where missing E1G data precluded
observation of the IP and where an E1G decrease/increase in the early follicular phase was
absent.

Statistical Methods
We studied the duration of the IP using survival analysis techniques because the data are
often censored, either because the IP was still going on at the end of the observation window
(right censoring) or because we were able to ascertain lower and upper bounds rather than an
exact length (interval censoring). Failure to account for these features of the data leads to
biased estimates.

We used a piecewise exponential model, a flexible semiparametric approach where the
underlying hazard or rate at which women exit the IP is allowed to vary during small
duration intervals. We added a frailty term to allow for correlation among the IPs observed
in the same woman. Results are presented stratified by four age groups and three
reproductive stage groups, using summary statistics and graphs of the survival, hazard, and
density functions.

We also estimated simple follicular depletion models with constant and accelerating
depletion rates, as proposed by Wood et al. (18) and O’Connor et al. (19). These models
assume that the hazard, or rate, at which women move from the IP to the late follicular
phase, is proportional to the number of follicles (and thus the age of the woman) at the start
of the IP, and remains constant during the IP.

All models were estimated by maximum likelihood. Calculations were done using the
statistical packages Stata (release 12; StataCorp) and R (38), with custom programming to
allow for interval censoring. For full details please refer to the supplementary materials.

RESULTS
We identified 1,252 eligible menstrual cycles from 88 BIMORA women (average age 44.7
years, range 25–59 years; median 13 cycles per woman), with each cycle contributing an IP
length, from a total of 1,974 cycles from 102 premenopausal and perimenopausal women.
Of the 1,252 included cycles, 32 are right-censored and 1,220 are interval-censored (see
Materials and Methods section). Most interval-censored cases have little uncertainty; 75% of
the cases are intervals of 2 days or less and only 5% exceed 7.5 days.

We excluded seven women and 195 cycles because of hormone use, and another seven
women and 527 cycles because of start dates outside of the observation period, missing E1G
data that made it impossible to observe the IP, or ambiguous E1G data across the luteal-
follicular transition. Women excluded for hormone use had a higher mean age and lower
mean E1G than the included women. Cycles excluded because of hormone use had lower
mean urinary pregnanediol-3-glucuronide level and longer cycle length; those excluded for
missing data had lower mean pregnanediol-3-glucuronide and E1G levels; and cycles
excluded for ambiguous data had lower mean pregnanediol-3-glucuronide level and higher
mean age.

We present our results stratified by age (<40 years, n = 297 cycles; 40–44 years, n = 227;
45–49 years, n = 447; 50+ years, n = 281) and by reproductive stage (premenopausal, n =
813 cycles; early perimenopausal, n = 204 cycles; late perimenopausal, n = 235 cycles).
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Piecewise Exponential Model
Figure 2 shows the results of our flexible semiparametric model using box plots to
summarize key features of the distribution of IPs by age and reproductive stage for an
average woman. All pairwise comparisons across age or reproductive stages are significant
at the P<.001 level, except for the comparison of ages <40 years and 40–44 years.

The central box in each plot represents the durations by which 75%, 50%, and 25% of the
IPs were still in progress, with height proportional to the interquartile range. The median
length of the IP is 3.0 days, and the interquartile range is 4.3 days, but both vary with age
and with reproductive stage. In general, the IP becomes slightly shorter and somewhat less
variable as women age from <40 to 40–44 and 45–49 years (or go through stages −3 and
−2), but then become much longer and substantially more variable, for women aged 50+
years or in stage −1. The distribution for the older groups is very skewed and has a long
right tail.

Figure 3 depicts the survival function, or proportion of women still experiencing the IP on
each day, for up to 15 days, by age or reproductive stage. The most striking feature of these
curves is the larger proportion of women aged 50+ years who remain in an IP after about 5
days, compared to the younger age groups. This result is even more striking when we
stratify by reproductive stage, with more than a quarter of women in stage −1 still in the IP
after 15 days. The other feature of interest is the fact that the curves for women less than 50
years crossover around 7 days, therefore younger women are somewhat slower to exit IPs at
short durations but soon catch up and are less likely to remain in the IP at longer durations.
The same pattern appears when we compare stages −3 and −2, with a crossover around 5
days. In short, IPs do not just become longer with reproductive age, but actually have
different distributions.

Another way to look at the results is in terms of the hazard function, or rate at which women
progress from the inactive to the late follicular phase. Because the hazard reflects the
proportion of women exiting the IP among women still in that phase, it provides a sharper
focus on the underlying process. Figure 4 shows the hazard stratified by age and by
reproductive stage, for IP durations up to 15 days.

In all groups, the rate at which women exit the IP declines during the first 3 days. For
younger women this rate rebounds and then increases with IP duration, whereas for older
women it tends to have a small rebound or none at all, followed by a decline with IP
duration. The hazards by reproductive stage reveal the same pattern, perhaps even more
clearly. Initially, older women have a slightly higher exit rate from the IP than younger
women, but if they are still in an IP after about 3 days they move to the late follicular phase
at a much lower rate, with differences by age or reproductive stage becoming increasingly
marked at longer durations.

The supplementary materials (Supplemental Figure 1) also show results in terms of the
frequency distribution or proportion of IPs ending each day for durations up to 15 days.
These frequencies can be seen as the result of applying the hazard or exit rates in Figure 3 to
the women who are still in the IP in Figure 2, therefore they reflect both types of results.

Follicular Depletion Models
A simple follicular depletion model where the hazard depends on a woman’s age at the start
of the IP but is constant through the IP leads to an estimated follicular depletion rate of
2.15% per year of age. This result is biologically plausible, but the assumption of a constant
hazard is contradicted by the results shown earlier, where the hazard declines with duration
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for the first 2 or 3 days and then follows different patterns depending on age or reproductive
stage.

Fitting an accelerated depletion model, which allows for faster follicular depletion among
older women, leads to a biologically implausible result where women would actually gain
follicles up to age 38.6 years before depletion sets in, reflecting our observation that IPs get
shorter before they become longer.

We also fitted the constant depletion model stratified by age and by reproductive stage. We
obtained depletion rates of −6.0% for women less than 40 years, 12.6% for women 40–44
years, 0.2% for women 45–49 years, and 8.6% for women more than age 50 years. The
results by stage show rates of −2.8% for premenopausal, 0.1 for early menopausal, and 3.1%
for late perimenopausal women. In both cases the rates for younger women are negative,
implying an implausible increase in the follicular pool with age.

In short, the depletion models do not account for the observed pattern of IPs by age and
reproductive stage.

DISCUSSION
Hypoestrogenic intervals in the follicular phase have been called inactive phases (18, 19),
delayed response cycles (20), lag phases (10), and “low-flat” estrogen profiles (3). As the
terminology suggests, most of these studies refer specifically to elongated IPs. Previous
studies—and our findings—show that IPs tend to occur at longer durations with increasing
reproductive age (20) and appear to be responsible in large part for the elongation of
menstrual cycles during perimenopause (7). However, we have expanded the investigation
of IPs by considering IPs of all durations in both younger and older women, defining IPs by
estrogen levels rather than tying them to the first day of menses, and using survival analysis
techniques that account for variation within and across women and correct for bias that
would otherwise underestimate IP lengths in our sample.

The analysis by reproductive stage shows the differences between groups most clearly, and
our discussion therefore focuses primarily on the IP patterns by stage. Although it may
appear that there is circularity between the staging of cycles and the lengths of inactive
phases (longer cycles often have longer IPs), the staging of menstrual cycles, based on cycle
length and variation in cycle length, was done independently and before this analysis of IPs.

The increased occurrence of both very short and longer IPs in the early perimenopausal
stage is striking and underscores the unique nature of the perimenopause. Generally, across
all reproductive stages, the increase and then decrease in very short IPs and the consistent
increase in longer IPs suggest that there may be two biological mechanisms contributing to
the observed pattern of IPs: one determining the immediate availability of a dominant
follicle, with small differences by reproductive stage, and another related to the recruitment
of a dominant follicle if one is not immediately available at the start of a cycle, with large
differences by reproductive stage. The balance of these two mechanisms would explain why
premenopausal women initially have a slower rate of exit from the IP but soon catch up to
perimenopausal women, as well as why the chances of remaining in an IP at long durations
are so much higher for women in the late perimenopause.

Follicular hyperstimulation is a likely cause of very short IPs. Elevated follicle-stimulating
hormone (FSH) levels occurring in perimenopause have been shown to be associated with
shorter early follicular phases (i.e., shorter IPs) (9), and other investigators have suggested
that it is these elevated FSH levels that hyperstimulate the ovary and therefore advance (12,
39) follicular development for a given menstrual cycle. In addition, Baerwald et al. (14)
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recently suggested that there can be multiple follicle cohorts or waves under recruitment per
ovarian cycle, and that this pattern increases in frequency with reproductive age (10).
Multiple cohorts also could increase the likelihood of a follicle cohort being ready for
stimulation by FSH at the start of a cycle.

Previous studies have pointed to follicular depletion as a potential cause of delays in
follicular development that result in long IPs (7, 18, 19), although a proximate mechanism
by which such delays occur is not entirely clear. Miro et al. (7) suggest that accelerating
follicular depletion during perimenopause could result in increases in FSH levels that could
disrupt the timing of early and dominant follicular development, implicating elevated FSH
in the delay as well as the advance of follicular development (10). However, Wood et al.
(18) and O’Connor et al. (19) suggest that as a woman’s follicle pool declines, there would
increasingly be intervals when a cohort of developing follicles would simply be unavailable
for stimulation by FSH, whether FSH levels were elevated or not. The poor fits of the
constant and accelerating depletion models tested in the present study suggest that any
relationship between IPs and follicular depletion is complex. Nevertheless, some of our
findings (e.g., plausible follicular depletion rate similar to real follicle data [32], long right
tail of IP durations in the latest reproductive stage) are consistent with general predictions of
follicular depletion.

There are limitations to the current study. First, we capture several but not all types of
follicular activity with our definition of the IP. Harlow et al. (3) characterize patterns of
follicular phase estrogen and discuss the underlying follicular events likely to be associated
with each pattern. Hale et al. (10) discuss luteal out-of-phase (LOOP) events in which
follicular activity occurs in other parts of the menstrual cycle. Although our IP identification
protocol is likely to have captured “low-flat” and “slow-rising” cycles (3), we explicitly
excluded other patterns, such as extended peaks in estrogen at the luteal-follicular transition
(3) and luteal out-of-phase events (10, 14). Second, the sample was drawn from the unique
TREMIN study, thus it is homogeneous in terms of race and education. There may be
genetic and other factors that affect menstrual cycles, follicular reserve, and follicular
depletion that could vary by individual and by population (40–42). We are therefore limited
in our ability to generalize the results to other populations (30) and may be missing women
who reached menopause at early ages. The latter omission may result in underestimation of
IP durations at a given age/reproductive stage and overestimation of the decline in IP
duration for 40–44 year olds. Third, we excluded menstrual cycles affected by hormone use
or ambiguous E1G patterns. The symptoms leading women to seek hormone therapy and the
underlying cause of ambiguous E1G patterns also could be related to follicular depletion
rates and follicle pool size. Finally, we do not address the relationship of IPs to reproductive
hormone levels (e.g., FSH).

Our analysis emphasizes points of interest for clinicians and patients. First, long IPs do
occasionally occur in premenopausal women, suggesting that the underlying processes have
observable, albeit small effects, on the female reproductive axis well before the
perimenopause. Second, during an elongated IP a woman will have a postmenopausal-like
hormone profile, based on FSH and E1G, yet can still be premenopausal and/or
perimenopausal for several more years (19, 23). The occurrence of IPs in all age groups and
the median duration of 3 days for IPs indicate that single-day early follicular phase hormone
levels (as tested with blood or urine samples) are not sufficient for determining a woman’s
reproductive age or stage. Although cautions about single-day FSH measures are not new
(e.g., cited by Metcalf et al. [23]), understanding that an IP is often the underlying reason
that FSH is such a variable marker of reproductive aging should be emphasized, and
underscores the need for alternative measures. The concept of the “skipped cycle” also can
be clarified, as in many cases it will really be a long IP followed by ovulation. Indeed,
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O’Connor et al. (36) found that 25% of cycles longer than 60 days were ultimately
ovulatory. Thus, understanding the underlying pattern of IPs relative to the menstrual cycle
could be useful for making decisions about contraception late in reproductive life.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Six-month profiles of estrone-3-glucuronide (E1G) and menstrual bleeds for two women.
(A) age 47 years, perimenopausal. The long menstrual cycle in the center of the profile
begins with an inactive phase of approximately 50 days in length. (B) age 41 years, late
premenopausal, with several short inactive phases.
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FIGURE 2.
Box plots showing the distribution of inactive phase durations (lengths) in days, by age and
by reproductive stage, for an average woman.
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FIGURE 3.
Probability of remaining in an inactive phase by inactive phase duration (length) in days, by
age and reproductive stage, for an average woman.
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FIGURE 4.
The rate (hazard, h) at which women transition from the inactive phase to the late follicular
phase, by day of inactive phase (t), by age and reproductive stage, for an average woman.
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