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Objective: To investigate hypoestrogenic ‘‘inactive phases’’ (IP) in the follicular phase of the menstrual cycle, with respect to age, re-
productive 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 ¼ 88, aged 25–59 years, mean ¼ 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 fol-
licular depletion and hyperstimulation in premenopausal and perimenopausal women. Knowledge of underlying IP patterns in the men-
strual cycle could inform decisions about hormone sampling and contraception during the
perimenopause. (Fertil Steril� 2012;98:1246–53. �2012 by American Society for Reproductive
Medicine.)
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P opulation-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
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menstrual cycles (>60 days) are hallmarks of late
perimenopause (6).

A primary determinant of cycle length variability is fol-
licular 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 perime-
nopause, where follicular growth of a new cohort begins dur-
ing 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 dur-
ing the follicular phase. We use IP data from the Biodemo-
graphic Models of Reproductive Aging (BIMORA) project
(24) to explore age-related changes in IP duration (length) us-
ing a flexible piecewise exponential hazards model. The out-
comes of interest are the durations of IPs for four age
categories (<40, 40–44, 45–49, 50þ years) and three repro-
ductive 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

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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