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ORIGINAL ARTICLE

Endometrial development during the transition to menopause: preliminary
associations with follicular dynamics

A. Baerwalda, H. Vanden Brinkb, C. Leec, C. Hunterb, K. Turnerb and D. Chizenb

aDepartment of Academic Family Medicine, College of Medicine, University of Saskatchewan, Saskatoon, SK, Canada; bDepartment of
Obstetrics, Gynecology and Reproductive Sciences, College of Medicine, University of Saskatchewan, Saskatoon, SK, Canada; cDepartment of
Mathematics and Statistics, University of Calgary, Calgary, AB, Canada

ABSTRACT
Objective: This study aimed to test the hypothesis that the development of functional luteal phase
dominant follicles (LPDFs) is associated with increased endometrial growth as women transition to
menopause.
Methods: Endometrial thickness (ET), follicle development, and hormone production were character-
ized in ovulatory women of mid-reproductive age (MRA; 18–35 years, n¼ 10) and advanced reproduct-
ive age (ARA; 45–55 years, n¼ 16). Transvaginal ultrasonography was conducted every 1–3days during
one interovulatory interval to quantify ET and the diameters of follicles �2mm. Blood was drawn at
each visit to measure progesterone, estradiol, inhibin A, follicle stimulating hormone, and luteinizing
hormone.
Results: In the MRA group, ET was lower (8.87 vs. 10.1mm) in women with typical versus no
LPDFs, in association with greater luteal phase estradiol (91.1 vs. 48.8 ng/l). In the ARA group, luteal
phase endometrial growth was greater (12.0 vs. 10.4mm) in women with typical versus no LPDFs, in
association with lower progesterone (10.7 vs. 13.8lg/l; LPDF effect p< 0.1) and inhibin A (35.6 vs.
51.17 ng/l; p< 0.10).
Conclusions: Preliminary findings suggest that ET may be increased in women who develop LPDFs, in
association with reduced luteal phase progesterone and inhibin A, during the transition to menopause.
Continued research is required to confirm these findings.
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Introduction

The menopausal transition is a period of profound change in
female reproductive physiology and menstrual cyclicity1.
Gradual depletion of the ovarian reserve with age corre-
sponds to a reduction in the number of antral follicles
emerging for cyclic growth during each menstrual cycle2–4. A
decrease in the number of preantral and antral follicles with
age is thought to be related to a decrease in both anti-
M€ullerian hormone5–9 and inhibin B6,10,11. The loss of inhibin
B-mediated feedback on pituitary gonadotropin production
results in a rise in systemic follicle stimulating hormone
(FSH)10–12. Luteinizing hormone (LH) concentrations rise
gradually as women transition to menopause13,14. Luteal
phase progesterone and follicular phase estradiol gradually
decline during the menopausal transition, with the fall in
estradiol being one of the last changes to occur6,15–18.
Depletion of the ovarian reserve and resultant changes in
hormone production may be accompanied by variability in
menstrual cycle length19,20.

In contrast to gradual changes in hormone production
with age, acute and atypical elevations in luteal phase estra-
diol have been reported in approximately 30% of women of
advanced reproductive age (ARA)21. These atypical elevations

in systemic estradiol have been termed luteal out-of-phase
events, or ‘LOOP cycles’. The acute rise in estradiol during
the luteal phase occurred simultaneously with a decline in
progesterone in ARA women. The acute elevations in luteal
phase estradiol have been associated with the development
of anovulatory and ovulatory luteal phase dominant follicles
(LPDFs)22,23. In women of ARA versus mid-reproductive age
(MRA), LPDFs grew atypically large and persisted for a long
period of time. ARA women with LPDFs exhibited greater
estradiol, lower progesterone, and lower inhibin A during the
luteal phase compared to ARA women without LPDFs22,23.

Ovarian hormone production regulates the growth
dynamics of the endometrium throughout the menstrual
cycle. The endometrium is generally thinnest at the end of
menstruation, undergoes proliferation throughout the follicu-
lar phase under the influence of dominant follicle estradiol
production, and reaches maximal thickness in the mid luteal
phase due to progesterone-mediated increased glandular
secretions24,25.

Endometrial hyperplasia is a condition of endometrial
overgrowth that becomes most prevalent in the early post-
menopause26. The diagnosis of endometrial hyperplasia is
made clinically, following postmenopausal bleeding.
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Transvaginal ultrasonography is the initial test for evaluating
postmenopausal bleeding. Endometrial thickness (ET) >5mm
in women with postmenopausal bleeding27,28 and >11mm
in those without postmenopausal bleeding29 has been corre-
lated with an increased risk of endometrial cancer. Thus,
measurements in these ranges warrant further investigation
with endometrial biopsy. Endometrial hyperplasia is associ-
ated with obesity, and occurs in 6% of asymptomatic
reproductive age women and 12% of asymptomatic postme-
nopausal women30. Endometrial cancer has been associated
with endometrial hyperplasia in 3–4% of asymptomatic post-
menopausal women31 and in 15% of perimenopausal women
with polymenorrhagia/menorrhagia32. A cumulative 23–28%
risk of progression to carcinoma has been reported for
women with atypical hyperplasia33,34. The incidence of endo-
metrial hyperplasia and carcinoma increases during the use
of menopausal hormone therapy, more specifically with
unopposed estrogen or sequential combined menopausal
hormone therapy35,36.

The underlying pathophysiology of the age-related
increased incidence of endometrial hyperplasia is not well
understood. In addition to exogenous hormones, insufficient
endogenous progesterone and/or excess endogenous estro-
gen can result in endometrial hyperplasia or carcinoma in
women of reproductive age37. The recurrent development of
anovulatory follicles and associated unopposed estradiol
secretion in women with polycystic ovarian syndrome has
been well documented to place women at increased risk of
endometrial hyperplasia38. Based on this knowledge, it is
plausible that changes in ovarian follicular growth dynamics
associated with atypical elevations in estradiol during the
transition to menopause may result in increased endometrial
development.

The objective of this study was to determine whether the
development of LPDFs and associated hormone changes as
women transition to menopause occur simultaneously with
changes in endometrial growth. We tested the hypothesis
that endometrial development would increase in the pres-
ence of an LPDF, in association with increased estradiol,
inhibin A, FSH, and LH and reduced progesterone as
women age.

Methods

A prospective, observational study was conducted from 2006
to 2011. The study protocol was approved by the Biomedical
Research Ethics Board at the University of Saskatchewan and
the Strategic Planning and Priorities Committee of the
Saskatchewan Health Authority. Informed consent was
obtained from each participant before study procedures
were initiated. The study was conducted in accordance with
the Tri-Council Policy Statement on the Ethical Conduct of
Research Involving Humans.

Study sample

Thirty women were recruited in the following manner: MRA
(18–35 years; n¼ 10) and ARA (45–55years; n¼ 20). Inclusion

criteria included: a normal complete blood count; and normal
serum thyroid-stimulating hormone, prolactin, and b-human
chorionic gonadotropin. Women aged 18–35 years must have
had a history of regular menstrual cycles in order to participate.
Women aged 45–55 years must have experienced no more than
12months of amenorrhea to be eligible. Exclusion criteria
included: body mass index <18 or >35, use of any hormone
therapies within 2months of enrollment, current smokers,
women with documented ovarian failure and/or currently diag-
nosed infertility of unexplained or female origin, dysfunctional
uterine bleeding, medical conditions or use of medications
known or suspected to interfere with reproductive function, pres-
ence of only one ovary, inability to visualize the ovaries ultrasono-
graphically, pregnancy, lactation within the last 12months,
surgery during the course of the study, and/or participation in an
investigational drug trial within 30days of study participation.
Data from women with ovulatory cycles were included in our
analyses (n¼ 26). Women were excluded from analyses due to
anovulatory cycles (n¼ 2) and development of lag phases of fol-
licle development (n¼ 2). A lag phase was defined as a period of
no follicular development �6mm for more than 20days from
menses or ovulation (i.e. based on 2 standard deviations above
the mean follicular or luteal phase length).

Ultrasonography

The ovaries and uterus of each participant were evaluated
every Monday, Wednesday, and Friday throughout one inter-
ovulatory cycle (IOI) using two-dimensional transvaginal
ultrasonography. An IOI was defined as the period from one
ovulation to the subsequent ovulation; hence, an IOI was
represented by the luteal phase followed by the follicular
phase. When a follicle �14mm was detected, ultrasono-
graphic examinations were conducted daily until the follicle
fate was determined (i.e. ovulation, regression). Video clips of
both ovaries and the uterus were obtained at each visit. The
numbers and diameters of all antral follicles >2mm as well
as the ET and pattern were measured retrospectively from
ultrasonographic images. ET was measured as the distance
from the anterior to posterior border of the stratum basalis
layers in the mid-sagittal plane of the uterus, approximately
1 cm from the fundus (SanteSoft DICOM Editor 3.1.23)24.
Ultrasonographic examinations were performed by two
observers (A.B., H.V.B.). Retrospective evaluations of ultra-
sonographic video clips were conducted by a single observer
(K.T.) in order to ensure blinding.

Hormone analyses

Blood samples were collected every 1–3 days during the IOI,
between the hours of 0800 and 1600. Serum was isolated
and frozen at �80 �C. After study completion, the samples
were transported to the Prairie Diagnostics Services
Laboratory at the University of Saskatchewan for quantifica-
tion of FSH, LH, estradiol, progesterone, and inhibin A. The
assays used were obtained as follows: FSH and LH (Immulite;
Siemens Healthcare Diagnostics Inc.), 17b-estradiol and pro-
gesterone (Count-A-Coat; Siemens Healthcare Diagnostics
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Inc.), and inhibin A (Gen II assay; Beckman Coulter Inc.). FSH
and LH assays were performed in singlicate. The inhibin A,
17b-estradiol, and progesterone assays were performed in
duplicate. Intra-assay and inter-assay coefficients of variation
were as follows: inhibin A, 5.5%, 7.8%; progesterone, 13.0%,
15.2%; estradiol, 9.9%, 12.9%; FSH, 6.7% (single assay); and
LH, 3.4% (single assay). Sensitivity was detected as follows:
inhibin A 5 ng/L; progesterone, 0.02mcg/L; estradiol, 1.4 ng/L;
FSH, 0.1 IU/L; and LH, 0.1 IU/L.

Statistics

The primary study endpoint was ET. Secondary endpoints
included follicle diameter and serum concentrations of estra-
diol, progesterone, estradiol:progesterone ratio, FSH, LH, and
inhibin A. Changes in ET and hormone concentrations over
the IOI were tabulated and compared between MRA and
ARA women, and within MRA and ARA women with and
without LPDFs. An LPDF was defined as a follicle which grew
to a diameter of �10mm in the luteal phase and exceeded
all other follicles in the wave by �2mm, as previously
reported23. Typical LPDFs did not exceed the diameter of a
normal preovulatory follicle. Atypical LPDFs were those that
developed to a diameter exceeding that of a normal preovu-
latory follicle (�26mm). As previously described23, MRA
women developed either no or typical LPDFs; ARA women
developed either no, typical, or atypical LPDFs.

The mean ET and hormone concentrations over the luteal
and follicular phases were compared among groups using
independent-sample t-tests and analysis of variance (ANOVA)
(SAS version 9.4, 2013; SAS Institute, Cary, NC, USA).

Data across the IOI for each participant were aligned to
the day of ovulation 1 to demarcate onset of the luteal
phase, and aligned to the first day of menses to demarcate
onset of the follicular phase. Growth curve modeling and
repeated-measures ANOVA (PROC MIXED; SAS version 9.4)
with mixed-effects models were conducted to determine the
effects of age, day, LPDF, day� age, and day� LPDF interac-
tions across the luteal and follicular phases. Mixed-effects
models were fitted to determine whether changes in follicle
and hormone endpoints occurred in a linear (x) or quadratic

(x2) pattern over each phase. Significant main factors and
interactions were determined and presented for each end-
point. In the model, ‘age effect’ refers to a change in out-
come with age. A ‘day effect’ refers to a change in outcome
over time. An ‘LPDF effect’ refers to a difference in mean
outcome between women with no versus typical versus
atypical LPDFs. A ‘day by age interaction effect’ indicates a
difference in outcome patterns over time between the MRA
versus ARA groups. A ‘day by LPDF interaction effect’ indi-
cates differences in outcome patterns over time between
women with no versus typical versus atypical LPDFs. All stat-
istical analyses were conducted with a significance level
of 0.10.

Results

Endometrial thickness and age

Changes in ET throughout the IOI in MRA versus ARA women
are illustrated in Figure 1. Overall, the mean ET was greater
during the luteal and follicular phases in ARA women versus
MRA women, respectively (Figure 1, Table 1; p< 0.1). In both
MRA and ARA women, the endometrium fluctuated during
the luteal phase, reached a nadir during menses, and then
increased throughout the follicular phase (Figure 1).

Endometrial thickness and antral follicular dynamics

In the MRA group, luteal phase endometrial growth was
lower in women with typical versus no LPDFs (Figure 2(A),
Table 2; p< 0.1), while the follicular phase ET did not differ
between groups (Figure 2(A), Table 2; p> 0.1). In contrast, in
the ARA group, women with typical LPDFs had greater ET
than women with no or atypical LPDFs in both the luteal
and the follicular phases (Figure 3(A), LPDF effect p< 0.1;
Table 2, p< 0.1).

Endometrial thickness and estradiol

MRA women with typical LPDFs had greater luteal phase
estradiol compared to women without LPDFs, in association
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Figure 1. Endometrial thickness over the interovulatory interval in women of mid-reproductive age (MRA, dark line) and advanced reproductive age (ARA, light
line) in the luteal phase (A) and follicular phase (B). Data are binned into 2-day intervals and centralized to the day of the luteal and follicular phases, respectively.
Data are represented as mean ± standard error. Significant outcome and interaction effects are indicated (p< 0.10).
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with lower ET (Table 2; Figure 2(B), LPDF effect p< 0.1). No
differences in follicular phase estradiol or ET were detected
in MRA women between LPDF groups (Table 2; Figure 2(B),
LPDF effect p< 0.1).

ARA women with atypical LPDFs had greater luteal phase
estradiol but lower ET compared to women with typical or
no LPDFs (Figure 3(B), LPDF effect p< 0.1; Table 2).

Table 1. Mean endometrial thickness (ET) in mid-reproductive age (MRA) ver-
sus advanced reproductive age (ARA) women.

Mean ET (mm) MRA women ARA women p-Value

Luteal phase 9.7 ± 0.32 11.3 ± 0.74 0.03
Follicular phase 6.96 ± 0.31 7.96 ± 0.43 0.03

Data are shown as mean ± standard error.
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Figure 2. Endometrial thickness (A), estradiol (B), progesterone (C), estradiol:progesterone ratio (D), inhibin A (E), follicle stimulating hormone (FSH) (F), and lutein-
izing hormone (LH) (G) over the interovulatory interval among women of mid-reproductive age (MRA) with versus without luteal phase dominant follicles (LPDFs).
Data are binned into 2-day intervals and centralized to the day of the first ovulation and day of menses, respectively. Data are represented as mean ± standard
error. Differences between MRA women with no LPDFs (dark line) versus typical LPDFs (light line) are shown (p< 0.10).
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Figure 2. Continued.

Table 2. Endometrial and endocrine dynamics in women with and without a luteal phase dominant follicle (LPDF).

Age
group

Cycle
phase LPDF n ET (mm)

Estradiol
(ng/l)

Progesterone
(lg/l)

Estradiol:progesterone
ratio Inhibin A (ng/l) LH (IU/l) FSH (IU/l)

MRA Luteal None 5 10.08 ± 0.46a 48.75 ± 4.79a 7.32 ± 0.83 9.17 ± 1.44a 40.76 ± 3.4 6.32 ± 1.1 4.56 ± 0.45
Typical 5 8.87 ± 0.28b 91.07 ± 8.03b 8.81 ± 1.07 16.94 ± 3.74b 40.27 ± 4.69 9.53 ± 2.2 4.49 ± 0.49

Follicular None 5 6.88 ± 0.43 60.88 ± 10.69 0.80 ± 0.06 81.21 ± 14.34a 17.33 ± 2.59 12.32 ± 2.72 6.63 ± 0.42
Typical 5 6.59 ± 0.33 72.58 ± 11.17 0.89 ± 0.17 111.51 ± 24.18b 18.02 ± 3.06 12.94 ± 3.5 6.64 ± 0.92

ARA Luteal None 8 10.36 ± 0.39a 78.4 ± 7.31a 13.77 ± 1.28a 11.64 ± 3.96a 51.17 ± 4.59a 6.58 ± 0.62 5.36 ± 0.43
Typical 4 12.02 ± 0.51b 68.97 ± 8.97a 10.66 ± 1.08a 10.24 ± 3.05a 35.55 ± 4.62b 6.48 ± 1.02 8.22 ± 1.2
Atypical 4 9.17 ± 0.49a 198.57 ± 31.72b 7.38 ± 1.05b 41.27 ± 10.94b 36.28 ± 4.51b 9.07 ± 1.53 5.99 ± 0.73

Follicular None 8 7.48 ± 0.35a 95.41 ± 14.23 0.73 ± 0.07a 391.23 ± 230.55 22.38 ± 2.71 11.87 ± 1.72a 10.53 ± 0.88
Typical 4 9.65 ± 0.68b 100.03 ± 20.79 1.08 ± 0.13 123.5 ± 26.06 23.47 ± 4.08 14.65 ± 3.26a 11.54 ± 1.1
Atypical 4 7.22 ± 0.46a 97.12 ± 19.82 3.15 ± 0.95b 117.59 ± 28.14 16.71 ± 2.74 7.61 ± 1.39b 10.09 ± 1.5

Data are shown as mean ± standard error. Differences assessed by t-test and analysis of variance. ARA advanced reproductive age; ET, endometrial thickness;
MRA, mid-reproductive age.
a vs. b vs. c: within each age group and phase, p< 0.10.
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Endometrial thickness and progesterone

In the MRA group, mid and late luteal phase progesterone
were greater in women with versus without LPDFs

(Figure 2(C), LPDF effect p< 0.1); no differences in ET were
observed in the LPDF groups.

In the ARA group, women with typical LPDFs had lower
progesterone and greater ET compared to women with no
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Figure 3. Endometrial thickness (A), estradiol (B), progesterone (C), estradiol:progesterone ratio (D), inhibin A (E), follicle stimulating hormone (FSH) (F), and lutein-
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LPDFs (Figure 3(C), LPDF effect p< 0.1). In contrast, ARA
women with atypical LPDFs had lower luteal phase proges-
terone and lower ET compared to those women with typical
LPDFs (Figure 3(C), LPDF effect p< 0.1; Table 2, p< 0.1).

Endometrial thickness and estradiol:progesterone ratio

In MRA women, the luteal phase estradiol:progesterone ratio
was greater in women with versus without LPDFs, in associ-
ation with lower ET (p< 0.1, Table 2, Figure 2(D)). The follicu-
lar phase estradiol:progesterone ratio was also greater in
women with versus without LPDFs; however, no differences
in ET were observed between groups.

In the ARA group, women with atypical LPDFs had a
greater luteal phase estradiol:progesterone ratio but lower ET
compared to women with typical LPDFs (p< 0.1, Table 2,
Figure 3(D)).

Endometrial thickness and inhibin A

No differences in inhibin A were detected in MRA women
with versus without LPDFs, in association with ET (Figure
2(E), Table 2; p> 0.1).

In the ARA group, women with typical LPDFs had greater
luteal phase ET and lower inhibin A compared to those with
no LPDFs (Figure 3(E), Table 2; LPDF effect p< 0.1).

Endometrial thickness and gonadotropins

In the ARA group, women with typical LPDFs had greater fol-
licular phase ET and greater LH compared to women with
atypical LPDFs (Figure 3(G), Table 2; p> 0.1). No differences
in LH were observed between MRA women with versus with-
out LPDFs (Figure 2G, Table 2; p> 0.1). No differences in FSH
were observed between MRA women (Figure 2F) or ARA
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women (Figure 3F) with versus without LPDFs
(Table 2; p> 0.1).

Discussion

Acute and atypical elevations in luteal phase estradiol and
decreases in progesterone and inhibin A have been reported
to occur in association with increased variability in antral fol-
licular dynamics as women age23. In this study, we investi-
gated potential associations between the development of
LPDFs, reproductive hormone production, and endometrial
growth in ovulatory women during the transition to meno-
pause. We obtained preliminary data to suggest that the
endometrium develops to a greater degree, in association
with lower luteal phase progesterone and inhibin A in
women of ARA who develop LPDFs to a typical preovulatory
diameter. In contrast, the development of atypically large,
persistent, and estrogenic LPDFs in women of ARA was not
associated with increased endometrial growth. Thus, our
hypotheses were partially supported.

When considering age alone, the endometrium developed
to a greater degree throughout the IOI in older versus
younger women. However, when antral follicular dynamics
were considered within each age group, variable results
were obtained. We expected that LPDF development in
younger women would have led to increased estradiol, a
greater estradiol:progesterone ratio, and greater inhibin A,
thereby inducing endometrial growth. On the contrary, the
endometrium developed to a lesser degree in the luteal
phase in MRA women with LPDFs, in association with greater
luteal phase estradiol, slightly greater progesterone, and a
greater estradiol:progesterone ratio; no relationships with
inhibin A, LH, or FSH were detected. Luteal phase estradiol
may originate from either the corpus luteum or dominant
follicles, while follicular phase estradiol originates from dom-
inant follicles only39,40. It is possible that the amplitude of
increased estradiol in younger women with LPDFs was not
sufficient enough or did not occur over a long enough
period of time to influence the endometrium. Furthermore, it
is likely that women with recurrent development of estro-
genic LPDFs over multiple cycles would have a greater
chance of endometrial overgrowth.

In contrast to younger women, the mean ET was greater
in ARA women with typical LPDFs compared to those with
atypical or no LPDFs in both the luteal and follicular phases
of the IOI. Greater mean ET in this group occurred simultan-
eously with lower luteal phase inhibin A and progesterone,
but not greater estradiol. The finding that the endometrium
developed to a greater degree in ARA women with typical,
but not atypically large, estrogenic dominant follicles in this
study did not support our hypotheses. We attribute these
findings to a small sample size. Luteal phase estradiol in ARA
women with atypically large LPDFs was more than double
and progesterone was less than half that of ARA women
with typical or no LPDFs. However, endometrial development
was not increased. The day of emergence and growth inter-
vals of the atypically large LPDFs and the corresponding
acute elevations in estradiol in ARA women varied across the

luteal phase, making it unlikely to detect changes in mean
endometrial growth in this small group of women (n¼ 4/20).

Greater luteal phase endometrial development in ARA
women with typical LPDFs, in association with lower inhibin
A and progesterone production, is consistent with current
notions of follicular versus luteal origins of luteal phase hor-
mone production. Luteal phase inhibin A may originate from
dominant follicles or the corpora lutea, while follicular phase
inhibin A is produced solely by dominant follicles. Lower
luteal phase inhibin A and progesterone but greater ET in
ARA women with typical LPDFs suggests that LPDFs suppress
luteal function but, at the same time, promote endometrial
growth. Our data support the notion of decreased progester-
one, rather than increased estradiol, as a contributing factor
to endometrial growth as women age. Preliminary data from
our laboratory have shown that variations in antral folliculo-
genesis contribute to luteal insufficiency as women age41.
However, further research is required to elucidate the contri-
buting factors of luteal insufficiency and declining progester-
one on the increased risk of endometrial hyperplasia and
malignancy during the transition to menopause.

The greatest strength of this study was the collection of
follicular, endometrial, and hormone data every 1–3 days
across an entire cycle. The biggest limitation of this study
was the small sample size. The collection of serial ultrasono-
graphic images and blood samples throughout an entire IOI,
especially in women with longer cycles, is a very time con-
suming and expensive process. The collection of serial data
is essential to observe patterns of change in outcomes across
the IOI. A sample size of 30 subjects was a reasonable start-
ing point to test our hypotheses. However, follicle dynamics
among ovulatory women were more variable than antici-
pated, with increasing variability as women age. Due to the
small number of ARA women with typical (n¼ 4) and atypical
(n¼ 4) LPDFs, our findings were preliminary in nature. It is
possible that nychtemeral variations in hormone production
(over 24 h) may have confounded the study findings; how-
ever, it is not practical to take blood samples more than
once daily in research studies of this nature. We evaluated
women with ovulatory cycles in the present study. It is likely
that aberrancies in follicular and endocrine dynamics are
more profound in women with anovulatory cycles during the
menopausal transition. Continued research is required using
a larger sample size of ovulatory and anovulatory women
over multiple cycles to confirm how age-related aberrancies
in antral follicle dynamics and hormone production influence
the growth of the endometrium.

Another limitation of this study was the lack of statistical
methodologies available to analyze variations in endpoints
over time. Repeated-measures statistics require an assump-
tion of variance structure. Due to variability in follicle
dynamics and hormone production as women age,
repeated-measures statistics may not adequately reflect clin-
ically meaningful variability in outcomes. The development
of additional methods for the statistical analyses of serial
data with inherent variability are necessary to further
research in this area.
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Next steps should include histologic, ultrasonographic,
and endocrinologic evaluation of endometrial dynamics as
women approach menopause. The World Health
Organization classification of endometrial hyperplasia lacks
diagnostic reproducibility42. Therefore, future studies to
evaluate endometrial hyperplasia should strive to maintain
diagnostic agreement among pathologists. Knowledge in
this area has implications for understanding the patho-
physiology of endometrial hyperplasia, which may ultim-
ately lead to strategies for preventing endometrial
malignancy and improving the quality of life for women as
they age.

Conclusion

Preliminary findings suggest that endometrial growth is
increased in ovulatory women who develop LPDFs, in associ-
ation with reduced luteal phase progesterone and inhibin A
during the transition to menopause. The relative roles of
luteal versus dominant follicle estradiol production on endo-
metrial growth and associations with endometrial hyperplasia
and malignancy as women age require further investigation.
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