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Criteria for Polycystic Ovarian Morphology in
Polycystic Ovary Syndrome as a Function of Age

S. Alsamarai, J. M. Adams, M. K. Murphy, M. D. Post, D. L. Hayden, J. E. Hall,
and C. K. Welt

Reproductive Endocrine Unit (S.A., J.M.A., M.K.M., J.E.H., C.K.W.), Department of Medicine (M.K.M.),
and Department of Biostatistics (D.L.H.), Massachusetts General Hospital, Boston Massachusetts 02114;
and Department of Pathology (M.D.P.), University of Colorado Denver, Aurora, Colorado 80045

Concept: Ovaries meeting criteria for polycystic ovary morphology during peak reproductive years
may no longer meet the criteria with age.

Objective: Ovarian volume and follicle number decrease with age in women with polycystic ovary
syndrome (PCOS), permitting age-dependent criteria for PCOM.

Design and Setting: We conducted longitudinal (7-15 year interval) and cross-sectional studies to
examine polycystic ovarian morphology over time at an outpatient clinicand pathology laboratory
in a tertiary care hospital.

Patients: Subjects included those with PCOS defined by the National Institutes of Health criteria
(n = 11and 483 for longitudinal and cross-sectional, respectively) and control women with regular
menstrual cycles and no hyperandrogenism (n = 15 and 367), age 18-64 yr.

Interventions: Subjects underwent an ovarian ultrasound by a single observer.

Main Outcome Measures: Ovarian volume and follicle number were measured and ultrasound
findings confirmed by a pathologist in a subset (n = 9).

Results: Ovarian volume (15.2 = 7.4 vs. 7.1 = 3.7 ml; P < 0.01) and follicle number (12.8 = 3.2 vs.
8.1+ 3.9; P<0.05) decreased longitudinally in PCOS and control women (volume 11.6 = 4.4vs. 5.4 +
2.2 ml and follicle number 8.3 = 1.9 vs. 6.3 = 1.8; both P < 0.005). Using cross-sectional data, log
ovarian volume and follicle number decreased in both groups, but the decrease in log ovarian
volume was less pronounced in women with PCOS than in controls (P< 0.01). Acombination of age,
log ovarian volume, follicle number, and testosterone distinguished PCOS subjects from controls
with a receiver operator characteristic curve area of 0.90.

Conclusions: Ovarian volume and follicle number decrease with age in women with PCOS and
controls necessitating age-based criteria to define polycystic ovarian morphology. It is possible to
use these criteria to distinguish PCOS in women over age 40 yr. (J Clin Endocrinol Metab 94:
4961-4970, 2009)

olycystic ovary syndrome (PCOS) was named based on
P the pathological appearance of the ovary in women
with menstrual irregularities and hyperandrogenism.
Thus its name alludes to polycystic ovary morphology
(PCOM) as a prominent feature of the disorder. Despite
the apparent importance of PCOM in PCOS, the criteria
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used to define PCOM have only recently been standard-
ized based on the sensitivity and specificity to identify
PCOS (1, 2). The Adams criteria, defined as 10 or more
follicles arranged in a peripheral pattern around a dense
core of stroma, have the best sensitivity for PCOS (3),
whereas those of Jonard et al. (1), which define PCOM as

Abbreviations: BMI, Body mass index; DBP, diastolic blood pressure; HOMA, homeostasis
model assessment; PCOM, polycystic ovarian morphology; PCOS, polycystic ovarian syn-
drome; SBP, systolic blood pressure.

jcem.endojournals.org 4961



4962 Alsamarai et al. PCOM as a Function of Age

12 or more follicles of 2-9 mm, convey a greater specificity
(1). The use of both follicle number and ovarian volume
improves the power of discrimination (2). Therefore, both
a follicle number of 12 or more and/or an ovarian volume
of more than 10 ml have been used to create a consensus
definition of PCOM (4).

PCOM has only been examined cross-sectionally in
women with PCOS. In these studies, ovarian volume and
follicle number correlated inversely with age (5) and were
greater among premenopausal than postmenopausal
women with PCOS (6). Nevertheless, the criteria defining
PCOM do not take into account the changes that occur
during aging. In normal ovulatory women, ovarian vol-
ume decreases with age, with measurable decreases across
each decade of reproductive life starting at age 40 yr (7, 8).
Follicle number also decreases with age and correlates
with the decrease in ovarian volume (9-12). Although
PCOM is present in 16-25% of normal women with reg-
ular menstrual cycles and no PCOS (13-15), longitudinal
studies demonstrate that the ovaries of regularly cycling
women may no longer meet the criteria for PCOM after
age 40 yr based on age-related changes in ovarian volume
and follicle number (16). Taken together, the decline in
follicle number and ovarian volume across aging in
women with regular menstrual cycles suggest that similar
changes may occur in the ovaries of women with PCOS.

In addition to the possibility that ovaries of women
with PCOS may not meet the criteria for PCOM over time,
PCOM on ultrasound has not been defined after meno-
pause. One study suggested that women with PCOS still
exhibit PCOM in menopause, as defined by eight or more
follicles of 2—8 mm and an increase in ovarian stroma (6).
However, pathology demonstrates absence of secondary
follicles in normal postmenopausal ovaries (17). Ideally, a
direct comparison between ultrasound and pathology
findings is necessary to determine whether follicles on ul-
trasound in a postmenopausal PCOS ovary truly reflect
follicles on pathology.

Retrospective, cross-sectional studies in women with
PCOS reveal that menstrual cycles become more regular
with age (18). This regularization along with error in the
recall of menstrual cycle regularity (19), cosmetic man-
agement of hirsutism, and the decrease in ovarian volume
make it difficult to diagnose a woman with PCOS after the
age of 40 yr. The use of PCOM at older ages may therefore
become important when determining the affected status of
a mother or grandmother for PCOS genetic studies and in
determining risk for insulin resistance, diabetes, and car-
diovascular disease in a previously undiagnosed older
woman (20-22). Thus, new criteria are needed to define
ovarian volume and follicle number in aging women with
PCOS. To formulate age-based criteria for PCOM, we
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first validated ultrasound findings with pathology in ova-
ries of women with PCOS over age 40 yr to document that
echolucent structures on ultrasound represent follicles and
to assess the accuracy of ovarian volume measurements.
We also documented the ovarian size and follicle number
in women with PCOS and controls studied longitudinally
and cross-sectionally to determine parameters that define
PCOM in women after the age of 40 yr. These data along
with testosterone levels were then used to develop a for-
mula to predict PCOS.

Subjects and Methods

For all subjects, PCOS was diagnosed by age 40 yr as chronic
oligomenorrhea (fewer than nine menstrual periods/yr) and clin-
ical and/or biochemical hyperandrogenism in the absence of
other disorders causing the same phenotype (23). Clinical hy-
perandrogenism was defined by an elevated Ferriman-Gallwey
score higher than 9 (24). Biochemical hyperandrogenism was
defined as an androgen level greater than the 95% confidence
limits in ovulatory control subjects: testosterone higher than 63
ng/ml (2.8 nmol/liter) or androstenedione levels higher than 3.8
ng/ml (13.3 nmol/liter) (24). Control subjects had menstrual cy-
cle lengths of 25-35 d and no hyperandrogenism. All subjects
had normal thyroid function and prolactin levels. Subjects were
on no hormone medication. All of the studies were approved by
the Institutional Review Board of the Massachusetts General
Hospital. All subjects gave their written informed consent.

Pathology study

Women with PCOS (n = 9), aged 45 yr or older, had their
ovaries removed for various diagnoses (Table 1). Eight of nine
had been diagnosed in the Reproductive Endocrine Unit. All
subjects had an ultrasound near the time of surgery performed by
J.M.A. (n = 3), the radiology department (n = 3), or both (n =
3). All images were reviewed by J.M.A., M.K.M., and C.K.W.

Cross-sectional study subjects

U.S. women with PCOS (n = 483) and controls (n = 367) who
met the criteria for their respective groups outlined above and as
previously described (25) were recruited between 2003 and
2008. Women with PCOS who were over the age of 40 yr had
been diagnosed at the Massachusetts General Hospital Repro-
ductive Endocrine Unit between the ages of 23 and 40 yr.

Longitudinal study subjects

Subjects over age 40 yr were recruited (2007-2008) from
previous studies (715 yr earlier) of women with PCOS (n = 11)
without regard to intervening treatment. The total number of
eligible PCOS subjects was 97. Of the total, 20 could not be
located, 52 did not respond, and eight did not participate. There
were no differences at baseline between subjects who did and did
not return. Age-matched, regularly cycling control women (n =
15) were a subset of those recruited (2005-2006) and published
previously (16). At the initial visit, all women were between the
agesof26 and 42 yr. All subjects had a previous pelvic ultrasound
performed by J.M.A. using a Toshiba SAL 727B, 5-MHz convex
array transducer. Multiple images were recorded for each ovary.
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TABLE 1. Age, diagnosis, ultrasound, and pathology findings in women with PCOS undergoing oophorectomy
Age Menopausal Preoperative Pathology of other Follicle number
(yr) status diagnosis Ovary Pathology diagnosis follicles <10 mm ultrasound PCOM
62  Menopausal Breast cancer and R Benign inclusion cyst Multiple clusters of small inclusion cysts =2 mm 3 No
ovarian cysts
L Benign serous cyst Same 4 No
61 Menopausal Elevated R Stromal luteoma and Few inclusion cysts, vessels in hilar area 12 Yes
testosterone hyperthecosis
L Stromal hyperthecosis Same Not Visualized
58  Postmenopausal Endometrial cancer L Normal ovary Inclusion cysts =2 mm 11 No
bleeding
54 Postmenopausal  Endometrial cancer R Normal ovarian No follicles or inclusion cysts visible 1 No
bleeding parenchyma
L Normal ovarian No follicles or inclusion cysts visible 6 No
parenchyma
55  Premenopausal  Fibroids and R Simple corpus luteum 7-mm follicle, multiple small 2 to 4-mm 3 No
menorrhagia bilateral ovarian cyst inclusion glands and cysts including cysts in
cysts clusters, dilated lymphatics
L Simple serous cyst 1- to 2-mm inclusion glands and cysts, dilated 8 No
lymphatics
48 lrregular L ovarian cyst R Corpus luteum cyst Cystic follicles 5 No
bleeding
L Paraovarian serous Cystic follicles 2 No
cystadenoma
47 Irregular Bilateral adnexal R Serous cystadenoma Cystic follicles and inclusion cysts 2-5 mm 12 Yes
bleeding masses
L Serous cystadenofibroma  Cystic follicles and inclusion cysts 2-5 mm 6 No
46~ BRCA1 positive,  Normal ovaries R Normal ovaries Cystic follicles 8 No
regular cycles
Normal ovaries L Normal ovaries Cystic follicles 12 Yes
45 lrregular Menses  Endometrial R Stromal hyperthecosis Cystic follicles and epithelial inclusion cysts 10 No
hyperplasia
L Stromal hyperplasia and Cystic follicles 9 No

hyperthecosis

Follicle number on ultrasound indicates all follicles or cysts 2 mm or greater. PCOM is reported on the basis of follicle number =12. L, Left; R, right.

Study procedures

All cross-sectional and longitudinal subjects with PCOS were
studied on d 6 or later in the follicular phase with the exception
of one subject who presented in the luteal phase, and her gonad-
otropins and sex steroids were not included. Control subjects
were studied on d 1-8 of the follicular phase. Menopausal sub-
jects were studied at random. Subjects arrived after a 12-h fast
and underwent a menstrual history, physical exam (26) and
blood sampling, with additional samples at 10 and 20 min to
obtain average gonadotropin concentrations.

The second ultrasound for the longitudinal study and all ul-
trasounds for the cross-sectional study were performed on an
ATL HDI 1500, 5-MHz convex array transducer, and multiple
images of the ovary were recorded. Ovarian volume was calcu-
lated at the time of the ultrasound procedure using length X
width X height in centimeters multiplied by 0.5233 (27). Folli-
cles were counted on a fixed image in a plane in which the max-
imum number of follicles was visualized. PCOM was defined as
atleast one ovary with 12 or more follicles of 2-10 mm in a single
plane or an ovarian volume greater than 10 ml in the absence of
a dominant follicle bigger than 10 mm in diameter, a corpus
luteum, or a cyst (1, 3, 4). A consensus was reached on the read-
ing of all ultrasounds by the reviewers (J.M.A., M.K.M., and
C.K.W). The maximum ovarian volume and follicle number in
both ovaries was used for analysis, excluding the volume of an
ovary with a dominant follicle (>10 mm) or a corpus luteum.

Hormonal assays
Gonadotropin, androgen, SHBG, and insulin levels were
measured as previously described (28,29). LH and FSH levels are

expressed in international units per liter as equivalents of the
Second International Reference Preparation 71/223 of human
menopausal gonadotropins. The homeostasis model assessment
(HOMA) was used to estimate insulin resistance (30).

Data analysis

The cross-sectional data were analyzed using a two-way
ANOVA. Linear regression was performed for each variable,
and the log ovarian volume in premenopausal and postmeno-
pausal women as a function of age within groups. The most
general model was fit and then reduced to eliminate nonsignif-
icant interactions. A significant slope difference demonstrated a
group by age interaction.

In addition, a logistic regression model was used to estimate
the log odds of PCOS as a function of age, follicle number, log
ovarian volume, and testosterone in premenopausal women. The
complete first-order model with all interactions was reduced to
a simple main-effects model because no interactions were sta-
tistically significant. A similar model was used for both pre- and
postmenopausal women with menopause status included as a
main effect and follicle number set to zero in postmenopausal
women. A receiver operator characteristic curve was constructed
to evaluate the logistic regression model for predicting PCOS.

The longitudinal data set was analyzed using a random-ef-
fects analysis of covariance model. The time of each patient’s
baseline visit was set to zero, and the time of the follow-up visit
set to years since baseline. The model included a fixed intercept
and slope for each group and a random intercept for each patient.
The intercept difference was used to estimate a mean baseline
difference between age-matched normal and PCOS subjects and
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correspond to inclusion cysts on pathological examination (inset).

the slope difference to estimate an interaction between group and
time, that is, a differential aging effect due to PCOS.

All analyses were performed using SAS version 9.1 (SAS In-
stitute Inc., Cary, NC). Data are expressed as mean * sD unless
otherwise indicated. Two sided P values = 0.05 were considered
evidence for statistical significance.

Results

Pathology study

The ultrasound-calculated ovarian volume was not dif-
ferent from the pathology volume (2.2 = 0.9 vs. 2.2 + 1.1
ml; P =0.9;n =
variation for the two measurements was 10 * 7% (range
0-17%) when the surgery and ultrasound were performed
a maximum of 9 months apart (n = 3).

6 ovaries). The average coefficient of

Ovarian morphology was observed in areas free from
pathology (Table 1). Perimenopausal subjects (n = 5) had
follicle cysts on pathology that were consistent with the
ultrasound demonstration of follicles larger than 2 mm.
Occasional inclusion cysts were also seen. Postmeno-
pausal women (n = 3) had the ultrasound impression of
11-12 small follicles of 2 mm arranged in a peripheral
pattern in the ovary, suggestive of PCOM (Fig. 1), whereas
the fourth subject had three to four persistent cysts; one 11
mm and the rest 9 mm or less. However, there were no
follicles on pathological examination. Rather, these hy-
poechoic structures corresponded to serous or inclusion
cysts or clusters of inclusion cysts, blood vessels, or dilated
lymphatics when examined microscopically in three of
four cases and no cystic structures in the fourth (Fig. 1).

FIG. 1. Postmenopausal ovary viewed on transvaginal ultrasound and under light
microscopy (hematoxylin and eosin stain, x40 magnification; inset). Ultrasound
demonstrates echolucent structures of 2 mm, indicated by the /ines. The structures
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Therefore, hypoechoic structures on ul-
trasound were not counted as follicles in
the analysis for postmenopausal women.

Anthropomorphic data, hormone
levels, and metabolic parameters
Cross-sectional data were compared
between PCOS and control subjects both
as continuous variables (Fig. 2) and using
an age cutoff of less than 40 or 40 yr or
more (Table 2) (25). The body mass in-
dex (BMI), systolic blood pressure (SBP),
heart rate, and Ferriman-Gallwey score
were higher in PCOS than in control sub-
jects (Table 2). In contrast, the waist to
hip ratio was higher only in younger
PCOS subjects compared with control
subjects (Fig. 2). SBP and diastolic blood
pressures (DBP) were higher in older
PCOS and control subjects compared
with younger subjects. In addition, the
DBP slope was greater in control subjects
than in PCOS subjects (Fig. 2). The Ferriman-Gallwey
scores were lower in older compared with younger PCOS
subjects but were always higher than the scores in control
subjects. The longitudinal data confirmed the higher BMI,
SBP, and Ferriman-Gallwey score in PCOS subjects and
the decline of the Ferriman-Gallwey score in PCOS sub-
jects over time (Table 3 and supplemental Table 1, pub-

lished as supplemental data on The Endocrine Society’s
Journals Online web site at http://jem.endojournals.org).
Interestingly, SBP increased in control subjects studied

PCOS Contral
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FIG. 2. Waist-to-hip ratio (WHR), DBP, testosterone levels (T), and
fasting glucose (Glu) in PCOS subjects (first column, open circles) and
control subjects (second column, open squares). The linear regression
equations are presented, and significant differences in slope are
indicated with an asterisk.
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TABLE 2. Comparison of all parameters in younger (<40 yr) and older (=40 yr) women with PCOS and control

women studied cross-sectionally

PCOS Control P values
Younger Older Younger Older PCOS/CTL Dx/age
Age (yr) 27.8 5.7 46.3 + 457 28.1 6.4 48.1 + 6.67 1.0 0.8
BMI (kg/m?) 30.6 = 8.7 31385 24.4 + 51 267 +54 <0.001 0.9
Waist to hip ratio 0.89 = 0.08 0.87 = 0.09 0.84 = 0.06 0.88 = 0.057 0.01 0.2
SBP (mm Hg) 112 £ 16 122 = 167 106 = 14 119 + & 0.02 0.1
DBP (mm Hg) 70 =12 77 =137 65+ 10 78 + 87 0.09 0.04
Heart rate (beats/min) 74 =10 72 =11 70 = 8 65+ 9 <0.001 0.7
Ferriman-Gallwey 14.1 = 8.6 9.9 + 527 46 +t24 51+32 <0.001 0.02
Testosterone (ng/dl) 67.7 £36.4 34.0 = 18.7° 32.6 =134 227 £7.8° <0.001 0.6
Adione (ng/ml) 3.7+13 2.4 +1.0° 25+1.0 1.5+ 0.4° <0.001 0.1
DHEAS (ug/dl) 199.8 = 100.7 106.8 = 65.07 177.8 = 90.0 108.9 = 70.0°7 0.3 0.6
SHBG (nmol/liter) 35.4 = 19.1 48.1 = 28.9 59.1 = 31.3 61.1 +32.5 <0.001 0.8
LH (IU/liter) 275+ 158 345+ 345 16.2 + 18.8 209 +19.7 <0.001 0.1
FSH (IU/liter) 105+ 238 38.8 + 66.8° 11 1+40 25.2 + 30.7¢ 0.2 0.07
LH/FSH ratio 26=*15 1.6*+1.1° 1.5+1.0 1.0 = 0.57 <0.001 0.5
Cholesterol (mg/dl) 181.7 = 35.5 198.2 + 32.67 171.2 = 336 187.6 = 24.87 0.03 0.9
Triglyceride (mg/dl) 100.8 £ 90.2 103.3 + 66.5 69.4 + 33.9 794+ 416 <0.001 0.2
HDL (mg/dl) 52.1 =149 61.1 = 14.3 58.0 = 14.5 60.9 = 15.0 0.05 0.6
LDL (mg/dl) 112.0 = 31.5 114.6 = 29.7 99.9 = 30.2 111.1 =258 0.02 0.6
Fasting glucose (mg/dl) 86.1 = 16.6 94.7 = 17.3° 81777 86.2 = 7.8° <0.001 0.03
Fasting insulin (ulU/ml) 11.4 =111 10.5 = 8.8 58+ 7.1 6.0 3.2 <0.001 0.9
HOMA 2.50 = 2.62 2.12 = 2.01 1.22 + 1.85 1.28 + 0.69 <0.001 0.8
Maximum ovarian 15.1 £ 6.3 84 +4.7° 9.0+4.0 5.0 = 3.37 <0.001 <0.01
volume (ml)

Follicle number 142 = 3.7 8.0 +3.77 9.6 + 3.1 5.8 +3.2° <0.001 0.5

Results are expressed as mean = sp. Data were analyzed using two-way ANOVA. PCOS/CTL indicates P values for differences between PCOS and
control subjects, and Dx/age indicates P values for the slope difference to estimate an interaction between diagnosis and age. HDL, High-density

lipoprotein; LDL, low-density lipoprotein.
@ Differences between younger and older women within each group.

longitudinally, whereas PCOS subjects had a higher and
stable SBP over time.

Testosterone, androstenedione, and LH levels and the
LH to FSH ratio were higher and SHBG levels were lower in
PCOS compared with control subjects (Table 2), with tes-
tosterone higher in PCOS subjects at both younger and older
ages compared with controls (Fig. 2). Testosterone, andro-
stenedione, and dehydroepiandrosterone sulfate (DHEAS)
were also lower in older compared with younger subjects
within the PCOS and control groups. The higher testosterone
and LH to FSH ratio at younger and older ages and lower
SHBG levels were confirmed in PCOS subjects studied lon-
gitudinally (Table 3 and supplemental Table 2). FSH was
higher in older compared with younger subjects in the PCOS
and control groups and increased similarly in PCOS and con-
trol subjects studied longitudinally.

Total cholesterol, triglycerides, low-density lipopro-
tein, fasting glucose and insulin levels, and HOMA were
higher in PCOS subjects compared with control subjects
(Table 3). Total cholesterol and fasting glucose were
higher in older compared with younger subjects within the
PCOS and control groups, and the fasting glucose slope
was greater in PCOS compared with control groups (Fig.
2). In subjects studied longitudinally, only triglycerides

were higher in PCOS compared with control subjects,
whereas total cholesterol increased in both PCOS and con-
trol groups studied longitudinally (Table 3 and supplemental
Table 2).

Menstrual cycle and ultrasound parameters

In subjects studied longitudinally, four subjects met
the criteria for PCOM, four no longer met the criteria,
and three could not be assessed at the second visit (1).
Four subjects with PCOS had irregular menses, four had
regular menses, and three could not be assessed. There
was no difference in the number of follicles in PCOS
subjects with regular and irregular cycles (8 = 3 vs. 10 =
5P =0.5).

Women with PCOS had a higher ovarian volume and
follicle number, and both were lower in older compared
with younger subjects within the PCOS and control
groups (Table 2 and Fig. 3). Similarly, ovarian volume
and follicle number decreased in PCOS and control sub-
jects studied longitudinally, and subjects with PCOS
had a greater decrease in follicle number over time than
control subjects (Table 3 and supplemental Table 2).

Using previously defined criteria to predict PCOS in
women under 36 yr old, follicle number (1) and ovarian
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TABLE 3. Comparison of all parameters in women with PCOS and control women studied longitudinally

PCOS Control P values
Younger Older Younger Older PCOS/CTL Dx/time
Age (yr) 36.5 + 3.3 46.3 + 4.2° 353 +53 46.0 = 4.5° 0.5 0.1
BMI (kg/m?) 32.3*10.6 32.1 93 237 £ 46 26.5 5.7 0.01 0.2
Waist to hip ratio 0.85 + 0.08 0.87 = 0.09 0.82 +0.08 0.89 + 0.05 0.7 0.7
SBP (mm Hg) 125 = 11 121 £ 12 111 £ 10 119 + 97 0.004 0.04
DBP (mm Hg) 77 £ 8 79 =7 73 = 11 77 £ 8 0.4 0.9
Pulse (beats/min) 70 =12 74 =12 65 + 8 65 *+ 8 0.4 0.6
Ferriman-Gallwey 127 =59 8.0+ 54° 55=+22 54+ 33 <0.001 0.02
Testosterone (ng/dl) 84.0 = 58.2 22.0 £ 18.0 31.6 = 10.3 21371 0.008 0.07
Adione (ng/ml) 25*+12 22 *05 19+06 1.5*+04 0.1 0.3
DHEAS (mcg/dl) 131.1 = 50.8 84.1 + 48.9 1448 = 73.9 98.7 = 53.8 0.7 0.4
SHBG (nmol/liter) 43.2 = 237 58.3 + 66.4 82.1 £ 36.1 55.7 = 28.8 0.02 0.8
LH (IU/liter) 21.4+93 33.8 £ 285 13.6 £ 55 23.7 £22.6 0.3 0.3
FSH (IU/liter) 83+22 31.5 £ 41.4° 125+ 25 27.3 + 33.5° 0.5 0.1
LH/FSH ratio 27*+1.2 1.6 1.1 1.1+ 0.5 1.0x0.6 <0.001 0.003
Cholesterol (mg/dl) 199.7 + 37.5 226.5 + 33.5°7 158.2 + 26.3 190.7 + 26.7° 0.07 0.8
Triglyceride (mg/dl) 161.5 £ 93.7 1735910 72.8 = 30.5 74.9 = 27.7 0.04 0.5
HDL (mg/dl) 37.6 £ 14.8 50.0 = 12.3 505+ 7.8 60.3 £ 16.7 0.5 0.4
LDL (mg/dl) 128.4 = 31.7 140.0 = 35.7 93.0 + 26.8 115.4 £ 27.7 0.1 0.7
Fasting glucose (mg/dl) 922 *+6.4 100.0 = 21.3 92746 86.9 = 8.3 0.8 0.1
Fasting insulin (wlU/ml) 72 *43 11342 42 =14 6.0 £ 3.1 0.3 0.1
HOMA 1.66 = 0.99 2.50 £ 0.95 0.97 £ 0.34 1.30 = 0.69 0.3 0.1
Maximum ovarian 152+74 7.1 +3.7° 116 =44 54 +22° 0.07 0.2
volume (ml)
Follicle number 128 £ 3.2 8.1 £3.97 83+19 6.3+ 1.8 0.001 0.007

Results are expressed as mean = sp. Data were analyzed using a random-effects analysis of covariance model. The intercept difference was used
to estimate a mean baseline difference between younger PCOS and control subjects (PCOS/CTL P value) and the slope difference to estimate an
interaction between group and time (Dx/time P value). HDL, High-density lipoprotein; LDL, low-density lipoprotein.

2 Differences between older and younger women within the PCOS and control groups.

volume (31) demonstrated a sensitivity of 82 % for both in
the cross-sectional data, similar to previous results. How-
ever, the specificity of 66 and 61%, respectively, was lower
than in previous data. Using the same criteria in women
over 40 yr, the sensitivity (21 and 60%, respectively) was
much lower, although the specificity (100 and 96%, re-
spectively) was excellent.

Premenopausal and postmenopausal ovaries were ex-
amined separately in cross-sectional data based on an ob-
served data separation and an absence of antral follicles on
pathological exam in postmenopausal women. In pre-
menopausal women, log ovarian volume decreased lin-
early with age in PCOS (log ovarian volume = 2.89 +
—0.010 X age) and control subjects (log ovarian volume =
2.68 + —0.021 X age) (Fig. 3A).

In postmenopausal women, ovarian volume was not
different in PCOS and control subjects (1.3 = 0.6 vs. 1.6 =
0.8 ml; P = 0.4) and falls within the range reported in
previous studies (0.9 * 0.6 to 2.2 = 0.01 ml) (7, 32).
Nevertheless, log ovarian volume decreased linearly with age
in postmenopausal PCOS (log ovarian volume = 0.75 +
—0.010 X age) and control subjects (log ovarian volume =
1.61 + —0.021 X age), with a difference in the slopes (P <
0.01; Fig. 3A). Furthermore, the decrement in the intercept
in postmenopausal compared with premenopausal

women was greater for women with PCOS than control
women (2.14 vs. 1.07; P < 0.0001).

Follicle number decreased linearly with age in women
with PCOS (follicle number = 19.0 + —0.18 X age) and
control subjects (follicle number = 15.1 + —0.20 X age).
The decrease was not different in the two groups (Fig. 3B).

Based on the linear decrease in log ovarian volume,
follicle number, and testosterone with age, a cutoff to pre-
dict PCOS needs to be age based. PCOS could be predicted
by the following equation: log (odds of PCOS) =
—10.1302 + 0.0978 X age + 0.2698 X follicle number +
0.6967 X log volume + 0.0632 X testosterone. This com-
bination of age, follicle number, log ovarian volume, and
testosterone predicted PCOS with a receiver operator
characteristic curve area of 0.90. A log (odds of PCOS)
score of 0.51 or higher results in a specificity of 83% and
a sensitivity of 83% for predicting PCOS.

Discussion

The pathology, longitudinal, and cross-sectional stud-
ies provide a comprehensive look at ovarian aging in
well characterized women with PCOS. The data dem-
onstrate that ovarian volume and follicle number de-
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FIG. 3. Log ovarian volume (A) and follicle number (B) as a function of
age in PCOS (black circles) and control subjects (open squares) and
postmenopausal PCOS (red circles) and control subjects (red squares).
Our pathology study demonstrated no follicles in postmenopausal
women; therefore, there are no postmenopausal women included in
the panel depicting follicle number (B). The slope of the log ovarian
volume regression line is significantly different in PCOS and control
subjects (P < 0.01).

crease longitudinally, extending previous cross-sec-
tional findings (5, 6). As a result of the decrease, less
than 50% of subjects with PCOS met the criteria for
PCOM at follow-up (4). Both the longitudinal and the
extensive cross-sectional data demonstrate that the dec-
rement in follicle number with age was parallel but
higher in subjects with PCOS compared with regularly
cycling controls, whereas the pathology study demon-
strates no follicles in postmenopausal ovaries. In con-
trast, the fall in ovarian volume with age was less pro-
nounced in women with PCOS, although the average
ovarian volume was similar in postmenopausal subjects
with PCOS and controls, suggesting a greater decrement
in ovarian volume in women with PCOS in transition to
menopause. Taken together, age-based criteria are nec-
essary to define PCOM.

Incorporating the ovarian and androgen changes with
age, the best model to predict PCOS includes ovarian vol-
ume, follicle number, testosterone, and age. Although the
sensitivity and specificity of the model are not as great as
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for the parameters previously proposed to predict PCOS,
the previous studies apply to reproductive-age women and
do not take into account the change in ovarian morphol-
ogy with age (1, 2, 4). Indeed, the specificity to predict
PCOS was best when incorporating ovarian volume, fol-
licle number, and testosterone in the model. The clinical
significance is the possibility that PCOS may be predicted
in older reproductive-age women despite uninformative
menstrual cycle data, the potential removal of clinically
significant hirsutism, or the decrease in androgens with
time (33, 34).

The change in follicle number with age has previously
been modeled only in population studies and control
women. Studies using whole ovaries and ovarian biopsies
demonstrate a decline in follicle number with age (12),
which becomes more rapid after age 40 yr (17). Therefore,
when antral follicle count on ultrasound is used as a proxy
for total follicle number (10), one expects a similar pattern
of follicle decline. However, our ultrasound follicle counts
and others demonstrate the best data fit using a linear
decline in follicle number (9, 35-37) rather than quadratic
(38), logarithmic (9), or biphasic (10). Our data also dem-
onstrate a linear decline in follicle number with age in
women with PCOS, as suggested previously by an inverse
correlation between follicle number and age (5, 34). Im-
portantly, the follicle number was higher at all ages in
PCOS compared with control women, with a parallel
decline.

Ovarian volume has been a less consistent correlate of
age. The inconsistency does not appear to be related to
technique because ovarian volume obtained by ultra-
sound is accurate when compared with pathology in this
study and others (39). The variability likely results from
failure to control for follicle development, hormone
therapy, and menopausal status. With these limitations
in mind, the largest study of ovarian volume assessed
ultrasound for ovarian cancer screening (7). The study
demonstrated a stable ovarian volume to age 35 yr, the
greatest decline between 35 and 55 yr, and a very minor
decline after age 55 yr (7). Similar to follicle number,
other studies demonstrate a linear (8, 40), biphasic (41),
or quadratic decline (38). The current study demon-
strates a linear decline in ovarian volume in controls and
in women with PCOS for the first time, but a higher
initial volume, a lesser slope, and a greater decrement in
the volume change from premenopause to postmeno-
pause in women with PCOS.

In contrast to the cross-sectional data, we did not dem-
onstrate a difference in the longitudinal decline in ovarian
volume between PCOS and control subjects. The longitu-
dinal studies are limited by small numbers and the sequen-
tial recruitment of control and PCOS subjects, although
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the ultrasound machine and technician were the same for
both. A correlation between the decrease in follicle num-
ber and ovarian volume suggests that the decrease in fol-
licle number may partially explain the decrease in ovarian
volume (9-12). However, the volume does not decrease as
markedly as follicle number before age 35 yr (42), and a
lesser decline in the ovarian volume despite a similar de-
cline in follicle number in women with PCOS compared
with controls suggest that a different ovarian compart-
ment accounts for the difference in slopes. Indeed, the
prominent stromal component in the ovaries of women
with PCOS (43) may account for the difference.

Our pathology data were limited by the availability of
specimens from women with documented PCOS and by
the concomitant pathology for which the oophorectomy
was performed. Although limited, the pathology was crit-
ical to interpret the ultrasound findings. Indeed, the hy-
poechoic structures on ultrasound in postmenopausal
women with PCOS corresponded to inclusion cysts and
vascular structures and were therefore not reliable indi-
cators of the presence of follicles. Similarly, previous pa-
thology studies do not demonstrate secondary follicles in
postmenopausal ovaries (17). Therefore, we did not ana-
lyze follicle number in postmenopausal women. Thus, it is
unlikely that PCOM persists into menopause despite pre-
vious reports (6).

The longitudinal data confirm and extend previous
findings suggesting that menstrual cycles may become reg-
ular with age in women with PCOS (6, 18). Although
previous studies suggest that those women who gain reg-
ular menstrual cyclicity have fewer follicles, the current
data did not indicate a relationship (5, 18). As in previous
studies, there was no relationship between weight and cy-
cle regularity (5). Rather, the FSH levels increased simi-
larly in women with PCOS and controls, but the increase
may have been sufficient to drive follicle development
in PCOS.

Older women with PCOS have a lower Ferriman-Gall-
wey score, testosterone, androstenedione, and DHEAS
compared with younger women, but all values remain
higher than in older control women with the exception of
DHEAS (33, 34,44 -46). Furthermore, testosterone levels
tended to decrease when assessed longitudinally, support-
ing these cross-sectional studies. Therefore, hyperandro-
genemia should be defined on the basis of normative data
for both the assay and age of the patient.

As has been suggested previously, the women with
PCOS over 35 yr had higher BMI, HOMA, glucose, and
triglyceride levels compared with controls (6, 45, 47, 48).
Similar to a previous longitudinal study, BMI and triglyc-
eride levels increased in women with PCOS over time (49).
SBP and DBP increase over time or with increasing age in
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controls in contrast to PCOS subjects whose SBP and DBP
were higher atall ages examined. Thus, our cross-sectional
and longitudinal data provide evidence that women with
PCOS have higher levels of metabolic syndrome compo-
nents across a broad range of age, and our longitudinal
data suggest there is no improvement over time; thus, un-
treated women with PCOS have a longer exposure to these
adverse cardiovascular risk factors. More longitudinal
data are needed to determine whether the exposure trans-
lates into an increased risk of coronary vascular disease.

Log ovarian volume and follicle number decrease lin-
early with age in women with PCOS and controls neces-
sitating age-based criteria to define PCOM. These param-
eters, along with testosterone, may distinguish PCOS in
women over age 40 yr who have not previously been di-
agnosed. Although measurement of cardiovascular risk
factors in older women assesses risk at one point in time,
identifying women with PCOS over 40 yr could alert a
physician to a long exposure to adverse cardiovascular
risk factors, perhaps prompting more aggressive treat-
ment. Identification may also be useful to phenotype
mothers and relatives in genetic studies. Thus, age-based
criteria should be incorporated to define PCOM and to
diagnose PCOS.
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