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Previous studies have reported that the monotropic rise in
FSH in older women is associated with decreased inhibin B
and/or A levels and increased levels of activin A. Whereas most
investigators have found decreased follicular-phase inhibin
B, the roles of inhibin A and activin A as modulators of the FSH
rise are unclear. The objectives of this study were to deter-
mine whether deficiencies in circulating levels of inhibin A,
inhibin B, and/or activin A exist during the intercycle interval
in ovulatory older (age, 40–45 yr; n � 16), compared with
younger women (age, 20–25 yr; n � 13). Blood samples were
obtained daily throughout one menstrual cycle and the fol-

licular phase of the subsequent cycle and were analyzed for
LH, FSH, estradiol, inhibin A and B, and activin A. Despite
significant FSH elevation, no deficiencies in inhibin A, activin
A, or estradiol were detected in older subjects. In fact, inhibin
A was significantly higher in older participants during the
intercycle phase (P � 0.01), whereas inhibin B was signifi-
cantly lower. Thus, the monotropic rise in FSH does not ap-
pear to result from changes in inhibin A or activin A, sup-
porting the concept that inhibin B plays a critical role in
mediating the FSH rise in older women. (J Clin Endocrinol
Metab 89: 2977–2981, 2004)

HUMAN OVARIAN SENESCENCE is a continuous pro-
cess that begins many years before the event of meno-

pause, which marks the cessation of normal ovarian function.
To understand the etiology of human ovarian aging, it is
prudent for us to study ovarian aging at its earliest stages.
The most consistent endocrine change observed in ovulatory
women as they enter into the period of diminished ovarian
function is the monotropic rise in FSH (1–4). To date, the
underlying factors responsible for this monotropic rise in
FSH have not been completely elucidated. Recent studies
have suggested that decreased follicular and/or luteal pro-
duction of the inhibin protein hormones (5–11) and/or an
increase in activin levels (9, 10) may accompany the mono-
tropic FSH rise. Although an age-related decrease in early
follicular phase inhibin B has been consistently reported,
whether inhibin A and activin are critical modulators of the
early follicular phase monotropic FSH rise remains unclear.

During the normal menstrual cycle, FSH begins to rise in
the late luteal or early follicular phase, reaches a peak in the
early follicular phase, and subsequently falls throughout the
remainder of the follicular phase in response to negative
feedback from ovarian steroids and/or inhibin (12, 13). The
monotropic FSH elevation observed in older women is
present throughout the menstrual cycle; however, it is most
pronounced in the early follicular phase (3, 4). In older
women with regular menses, the early follicular phase FSH

peak occurs earlier in the cycle and reaches a greater mag-
nitude (4).

To fully understand the relative roles of inhibin and activin
in reproductive aging, it is important to carefully examine
changes in their serum profiles during the luteal follicular
transition or intercycle period (the interval encompassing the
late luteal phase of one cycle and the early follicular phase
of the subsequent cycle). Thus, the objectives of the current
study were to determine whether reproductive aging in nor-
mal ovulatory women is associated with changes in circu-
lating levels of inhibin A, inhibin B, and/or activin A during
this critical intercycle period.

Subjects and Methods
Subjects

As part of a series of clinical studies to examine the normal repro-
ductive aging process, we recruited healthy, ovulatory women aged
40–45 yr (n � 16) and 20–25 yr (n � 13) for participation in this study.
All participants were required to have regular menstrual cycles, normal
body mass index (18–24 kg/m2), absence of medical or reproductive
disorders (including any history of infertility), and midluteal serum
levels of prolactin less than 20 pg/ml, progesterone more than 10 nmol/
liter, and testosterone less than 3 nmol/liter in a prestudy cycle. Women
who engaged in greater than 5 h/wk of aerobic exercise were excluded.
For the duration of the study, all participants were either sexually
abstinent or used nonhormonal methods of contraception. Written con-
sent was obtained, and monetary compensation was provided to all
volunteers. The protocol was reviewed and approved by the University
of Washington Human Subjects Review Committee.

Protocol and procedures

To completely capture the intercycle FSH peak, daily blood samples
were collected during one complete menstrual cycle and continued
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throughout the subsequent follicular phase in all volunteers. All serum
samples were analyzed in duplicate in the same assay to minimize effects
of interassay variability. In addition, participants underwent daily trans-
vaginal ultrasound monitoring of dominant follicle development be-
ginning in the midfollicular phase and continuing until follicle collapse
was observed. Ultrasound examinations were performed by one of the
investigators using an Ultramark 400C (ATL Ultrasound, Bothell, WA)
with a 6.5-MHz vaginal transducer. Follicle sizes were estimated by
calculating the mean of the two greatest perpendicular diameters in a
two-dimensional plane.

Serum FSH levels were determined using a solid-phase two-site
monoclonal ELISA (DELFIA, Wallac Inc., Gaithersburg, MD). The intra-
and interassay coefficients of variation (CV) were 1.9 and 8.9%,
respectively.

Samples were analyzed for LH by an immunoradiometric method
(MAIA clone; Serono Laboratories, Geneva, Switzerland). The intra- and
interassay CV were 3.9 and 14.6%, respectively.

The RIA for serum estradiol was performed using reagents supplied
by ICN Biomedicals, Inc. (Costa Mesa, CA). The intra- and interassay CV
were 9 and 18%, respectively.

Serum P was determined by solid-phase RIA using reagents supplied
by Diagnostic Systems Laboratories, Inc. (Webster, TX). The antibody
cross-reactivity is less than 5% with all other steroids. The intra- and
interassay CV were 11 and 13%, respectively.

A solid-phase sandwich ELISA (Serotec, Oxford, UK) was used to
measure inhibin B, based on the use of plates coated with a monoclonal
antibody specific for the inhibin �-B subunit with a second monoclonal
antibody specific for the inhibin �-subunit for detection. The sensitivity
was 15.6 pg/ml, and inhibin A had a 0.5% cross-reaction in the inhibin
B ELISA. The assay was controlled in triplicate using samples with mean
concentrations of 155.3, 316.3, and 919.3 pg/ml, with interassay CV of
11.6, 7.6, and 9.7%, respectively.

Inhibin A was analyzed by a solid-phase sandwich ELISA (Diagnostic
Systems Laboratories). This assay uses a monoclonal first antibody spe-
cific for the �-A subunit of inhibin, with a horseradish peroxidase-
labeled monoclonal second antibody specific for the �-subunit for de-
tection. The assay standard provided by the manufacturer was
calibrated using the World Health Organization’s First International
Standard for Inhibin (recombinant human inhibin; lot 91/624), and
results are reported as international units per milliliter of this reference
material. Sensitivity of the assay was 0.1 IU/ml. The assay was con-
trolled in duplicate using aliquots of specimens containing 2.00 or 9.56
IU/ml, with interassay CV of 8.7 and 3.3%, respectively.

Activin A was measured by a solid-phase sandwich ELISA (Diag-
nostic Systems Laboratories) using monoclonal antibody specific for the
�-A subunit followed by a biotinylated monoclonal antibody and
streptavidin-alkaline phosphatase for detection. Samples were pre-
treated with sodium dodecyl sulfate to avoid interference of bound
follistatin. The detection limit is 10 pg/ml, and recovery is 102 � 3% for
bovine follicular fluid and 96 � 5% for human serum. Cross-reactivity
is less than 0.5% for inhibin A, B, and activin B and less than 0.1% for
pro-�-C and follistatin. The assay was performed in duplicate with
control samples of 0.15, 1.25, and 7.5 pg/ml with intra/interassay CV of
4.5 and 14, 3.4 and 12, and 7.5 and 11%, respectively.

Statistical analysis

Results are expressed as means � se. Two-way ANOVA with re-
peated measures was used to test for differences between groups over
the menstrual cycle. Single -oint measurements were compared using a
Student’s t test. Statistical significance was defined as P � 0.05 in all
cases.

Results

The characteristics of the study participants are shown in
Table 1. The first of the two menstrual cycles for each subject
was selected arbitrarily for d 3 and follicular phase compar-
isons. As shown previously, older women had higher levels
of FSH on cycle d 3, lower levels of inhibin B, and shorter
follicular phase length compared with the younger control
group. The FSH elevation was most pronounced in the in-

tercycle phase (intercycle peak: older, 13.1 � 1.9 IU/liter vs.
younger, 6.9 � 0.5 IU/liter; P � 0.01) between the two cycles
studied. There were no significant differences in cycle d 3
estradiol levels or luteal phase length (first cycle). All par-
ticipants developed a dominant follicle with ultrasound
demonstration of ovulation noted after the LH surge.

Figure 1 depicts levels of FSH, LH, estradiol, progesterone,
inhibin A, inhibin B, and activin A across the menstrual cycle
when normalized to the LH surge. Again, as expected, FSH
was elevated throughout the initial cycle and the subsequent
follicular phase in the older group. There were no significant
differences in LH, activin A, or in luteal-phase progesterone
levels. There was a trend toward higher activin A in the older
group, consistent with previous reports, although this trend
did not reach statistical significance and was diminished
when data were normalized to the early follicular phase FSH
peak (Fig. 2). Estradiol was significantly elevated in the older
women, most apparently in the follicular phase during dom-
inant follicle development. There was also a trend toward
higher levels of inhibin A (not significant), whereas inhibin
B was significantly lower in the older participants.

Figure 2 depicts levels of FSH, estradiol, inhibin A, inhibin
B, and activin A, examined in the intercycle phase (the 5 d
immediately surrounding and including the early follicular
phase FSH peak). When data were normalized to the early
follicular phase FSH peak, the older women had significantly
lower levels of inhibin B and similar levels of estradiol and
activin A. In contrast, inhibin A levels were significantly
greater in the older subjects than in the younger controls.

Discussion

The monotropic FSH rise in older reproductive-age
women has been well documented and recognized for many
years by numerous investigators (1–4). When it became clear
that this rise precedes any significant decline in ovarian
steroid secretion (3, 4), attention turned to inhibin as the most
likely candidate ovarian hormone to account for FSH eleva-
tion. Previous studies using older assays that measured total
immunoreactive inhibin, as well as its free subunits and
precursors, confirmed that inhibin levels fall with advancing
age and rising FSH, ultimately becoming undetectable after
menopause (14–16). After development of assays specific for
dimeric inhibin A and B (17, 18), it became evident that the
two hormones exhibited very different patterns across the
menstrual cycle. Inhibin A, the predominant inhibin product
of the dominant follicle and corpus luteum, has a pattern in
the follicular phase that is similar to estradiol, rising and

TABLE 1. Study subject characteristics (means � SEM)

Younger
(n � 13)

Older
(n � 16) P

Age (yr) 23.5 � 0.4 42.6 � 0.4 �0.01
Day 3 FSH (IU/liter) 5.7 � 0.4 10.4 � 1.5 �0.01
Day 3 estradiol (pmol/liter) 159 � 11 278 � 88 NS
Day 3 inhibin B (pg/ml) 110 � 10 69.4 � 12 0.02
Follicular phase length (d) 15.4 � 1.0 12.7 � 0.5 0.02
Luteal phase length (d) 13.1 � 0.4 13.6 � 0.4 NS
FSH intercycle peak (IU/liter) 6.9 � 0.5 13.1 � 1.9 �0.01
Day of intercycle FSH peak 4.1 � 0.5 2.9 � 0.4 0.06

NS, Not significant.
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FIG. 1. Peripheral levels of LH, FSH, estradiol, progesterone, inhibin
A, inhibin B, and activin A normalized to the LH surge in the two
consecutive cycles in older subjects (40–45 yr, n � 16) and younger
controls (20–25 yr, n � 13). The values are shown as mean � SEM.
Significant differences are noted above each graph.

FIG. 2. Peripheral levels of FSH, estradiol, inhibin A, inhibin B, and
activin A normalized to the intercycle FSH peak in older subjects
(40–45 yr, n � 16) and younger controls (20–25 yr, n � 13). The values
are shown as mean � SEM. Significant differences are noted above
each graph.
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reaching a peak with maturation of the dominant follicle (18).
It falls transiently with ovulation and then rises and remains
elevated throughout the luteal phase. Inhibin B is the pre-
dominant inhibin in the small antral follicles, rising in the
early to midfollicular phase, then falling throughout the late
follicular phase and remaining low for the duration of the
luteal phase (18).

Using assays specific for dimeric inhibin, several investi-
gators have reported that inhibin B is low in the follicular
phase of older women exhibiting a monotropic FSH eleva-
tion (6–11). Inhibin B levels inversely correlate with FSH and
positively correlate with the number of small (�5 mm) antral
follicles present by transvaginal ultrasound (19). It is likely
that this decrease in inhibin B concentration is the result of
fewer primordial and early antral follicles remaining in the
ovaries of older women (20, 21). Previous studies of inhibin
A secretion in reproductive aging have produced conflicting
results, with some investigators reporting low inhibin A
secretion (5, 6, 8, 10) and others reporting normal levels in
older, ovulatory women (7, 9, 11). In the present study, there
was no evidence that inhibin A is deficient in early stages of
reproductive aging after the onset of the monotropic FSH
rise. The fact that overall inhibin A secretion appears to be
higher in the older women suggests that it is inhibin B and
not inhibin A that is responsible for the monotropic FSH rise.
This is consistent with previous evidence that inhibin A is not
a major determinant of the early follicular phase FSH rise in
normal reproductive-age women (9, 22). Others have re-
ported that inhibin A was normal in older women without
FSH elevation but was decreased in older participants who
demonstrated a monotropic FSH rise (8). Welt et al. (11) found
no differences in luteal phase levels of inhibin A between
older (age, 35–46 yr) and younger (age, �35) ovulatory
women; however, inhibin A levels declined with age in all
three women studied longitudinally. Thus, it appears that
inhibin B but not A declines in the earliest stages of repro-
ductive aging, in contrast to the decrease in inhibin A levels
that has been previously reported (5, 6, 8, 10, 11). Taken
together, available data on inhibin A suggest that a decrease
in this hormone may represent a later development during
reproductive aging.

In contrast to previous reports by other investigators (9,
10), the current study did not detect a significant increase in
circulating activin A levels. Possible explanations include
relatively small sample sizes and differences in the charac-
teristics of the study populations. Activin A has been shown
to increase with age in both men and women and does not
correlate with FSH levels in either gender (23, 24). Further-
more, mRNA for activin subunits is expressed in a number
of extragonadal tissues (25), is present predominantly in a
bound (and therefore inactive) form in the circulation (26),
and does not vary across the menstrual cycle despite marked
variability in FSH levels. Although our current understand-
ing of activin physiology is limited by the lack of available
assays for other activin forms (e.g. activin B, activin AB), to
date there is little evidence to support an endocrine role for
activin in FSH regulation.

Similar to the elevated estradiol (11, 27, 28) and normal
progesterone levels (3, 4) observed in older women demon-
strating a monotropic FSH rise, normal or increased inhibin

A may be a result of FSH elevation. In previous studies of 40-
to 45-yr-old ovulatory women, we found normal follicular
fluid concentrations of steroids and inhibin (28–30). Together
with normal peripheral levels of progesterone and normal to
increased levels of estradiol and inhibin A, these findings
suggest that, under the influence of FSH elevation, the dom-
inant follicle is fully functional in terms of its secretory ca-
pacity. Thus, FSH elevation may represent a compensatory
mechanism in response to declining inhibin B secretion from
a diminishing follicle pool, sufficient in early stages to main-
tain normal dominant follicle development and ovulation.
By recruiting only women who reported very regular men-
strual cycles, we selected women who were in a relatively
early stage of reproductive aging (i.e. equivalent to stage 4 or
3 according to the Stages of Reproductive Aging Workshop)
(30). Cross-sectional and longitudinal studies reported by
others (5, 11) suggest that inhibin A levels eventually decline
as women approach the menopausal transition, which rep-
resents a more advanced stage of reproductive aging.

Previous studies of inhibin secretion have been limited by
sampling during only one menstrual cycle. Due to the dy-
namic interactions of hormones across the menstrual cycle,
comparisons between groups require normalizing data to a
specific point in the cycle (traditionally, the midcycle LH
surge). Relative to the menstrual period, older reproductive-
age women have an earlier onset of the monotropic FSH rise
(4) and shorter follicular phase length (1, 4, 23, 31) such that
normalization to the LH surge does not allow for comparison
of hormones in the early follicular phase. The onset of menses
is an end-organ response to falling ovarian steroids and, as
such, is a crude and inaccurate indicator of the beginning of
the follicular phase (13). Therefore, to study the relationship
between inhibin and FSH, it was important to examine the
entire intercycle phase so that the intercycle FSH peak could
be identified and the associated hormonal patterns compared
relative to this important physiological time point.

In summary, this study more precisely characterizes the
role of the inhibin and activin glycoprotein hormones in early
reproductive aging. The finding of an isolated inhibin B
deficiency in the face of normal estradiol, activin A, and
inhibin A supports the notion that inhibin B may be the
primary mediator of the monotropic rise in FSH. Thus, a
decline in inhibin B may be a sensitive marker of the earliest
stages of ovarian senescence.

Acknowledgments

We acknowledge Ms. Gretchen Davis and Ms. Laurie Guidry for their
assistance with subject recruitment and project management, Mr. Patrick
Clarke for his assistance with the illustrations, and Dorothy McGuin-
ness, Arlen Sarkissian, Joseph Moy, Sheila Mallette, Scott Bishop, Umesh
Bodani, and Tom Verghese for their expert assistance in performing the
assays.

Received August 29, 2003. Accepted February 23, 2004.
Address all correspondence and requests for reprints to: Nancy A.

Klein, M.D., Division of Reproductive Endocrinology, 4225 Roosevelt
Way NE, Suite 305, Seattle, Washington 98105. E-mail: nklein@u.
washington.edu.

This work was supported by grants from the National Institute on
Aging (Grant RO1-AG14579) and the National Institute of Child Health
and Human Development (Grant U54-HD29164).

2980 J Clin Endocrinol Metab, June 2004, 89(6):2977–2981 Klein et al. • Inhibin and Activin in Human Ovarian Aging



References

1. Sherman B, Korenman S 1975 Hormonal characteristics of the human men-
strual cycle throughout reproductive life. J Clin Invest 55:699–706

2. Reyes FL, Winter JS, Faiman C 1977 Pituitary-ovarian relationships preceding
the menopause. I. A cross-sectional study of serum follicle-stimulating hor-
mone, luteinizing hormone, prolactin, estradiol, and progesterone levels. Am J
Obstet Gynecol 129:557–564

3. Lee SJ, Lenton EA, Sexton L, Cooke ID 1988 The effect of age on the cyclical
patterns of plasma LH, FSH, oestradiol and progesterone in women with
regular menstrual cycles. Hum Reprod 3:851–855

4. Klein NA, Battaglia DE, Fujimoto VY, Davis GS, Bremner WJ, Soules MR
1996 Reproductive aging: accelerated ovarian follicular development associ-
ated with a monotropic follicle-stimulating hormone rise in normal older
women. J Clin Endocrinol Metab 81:1038–1045

5. Burger HG, Dudley EC, Hopper JL, Groome N, Guthrie JR, Green A, Den-
nerstein L 1999 Prospectively measured levels of serum follicle-stimulating
hormone, estradiol, and the dimeric inhibins during the menopausal transition
in a population-based cohort of women. J Clin Endocrinol Metab 84:4025–4030

6. Danforth DR, Arbogast LK, Mroueh J, Kim MH, Kennard EA, Seifer DB,
Friedman CI 1998 Dimeric inhibin: a direct marker of ovarian aging. Fertil
Steril 70:119–123

7. Klein NA, Illingworth PJ, Groome NP, McNeilly AS, Battaglia DE, Soules
MR 1996 Decreased inhibin B secretion is associated with the monotropic FSH
rise in older, ovulatory women: a study of serum and follicular fluid levels of
dimeric inhibin A and B in spontaneous menstrual cycles. J Clin Endocrinol
Metab 81:2742–2745

8. Muttukrishna S, Child T, Lockwood GM, Groome NP, Barlow DH, Ledger
WL 2000 Serum concentrations of dimeric inhibins, activin A, gonadotrophins
and ovarian steroids during the menstrual cycle in older women. Hum Reprod
15:549–556

9. Reame NE, Wyman TL, Phillips DJ, de Kretser DM, Padmanabhan V 1998
Net increase in stimulatory input resulting from a decrease in inhibin B and
an increase in activin A may contribute in part to the rise in follicular phase
follicle-stimulating hormone of aging cycling women. J Clin Endocrinol Metab
83:3302–3307

10. Santoro N, Adel T, Skurnick JH 1999 Decreased inhibin tone and increased
activin A secretion characterize reproductive aging in women. Fertil Steril
71:658–662

11. Welt CK, McNicholl DJ, Taylor AE, Hall JE 1999 Female reproductive aging
is marked by decreased secretion of dimeric inhibin. J Clin Endocrinol Metab
84:105–111

12. Roseff SJ, Bangah ML, Kettel LM, Vale W, Rivier J, Burgr HG, Yen SS 1989
Dynamic changes in circulating inhibin levels during the luteo-follicular tran-
sition of the human menstrual cycle. J Clin Endocrinol Metab 69:1033–1039

13. Hall JE, Schoenfeld DA, Martin KA, Crowley Jr WF 1992 Hypothalamic
gonadotropin-releasing hormone secretion and follicle-stimulating hormone
dynamics during the luteal-follicular transition. J Clin Endocrinol Metab 74:
600–607

14. Burger HG, Dudley EC, Hopper JL, Shelley JM, Green A, Smith A, Den-
nerstein L, Morse C 1995 The endocrinology of the menopausal transition: a
cross-sectional study of a population-based sample. J Clin Endocrinol Metab
80:3537–3545

15. Hee J, MacNaughton J, Bangah M, Burger H 1993 Perimenopausal patterns
of gonadotrophins, immunoreactive inhibin, oestradiol and progesterone. Ma-
turitas 18:9–20

16. MacNaughton J, Bangah M, McCloud P, Hee J, Burger H 1992 Age related

changes in follicle stimulating hormone, oestradiol, and immunoreactive in-
hibin in women of reproductive age. Clin Endocrinol (Oxf) 36:339–345

17. Groome N, Illingworth P, O’Brien M, Cooke I, Ganesan TS, Baird DT,
McNeilly AS 1994 Detection of dimeric inhibin throughout the human men-
strual cycle by two-site enzyme immunoassay. Clin Endocrinol (Oxf) 40:717–
723

18. Groome NP, Illingworth PJ, O’Brien M, Pai R, Rodger FE, Mather JP, Mc-
Neilly AS 1996 Measurement of dimeric inhibin B throughout the human
menstrual cycle. J Clin Endocrinol Metab 81:1401–1405

19. Tinkanen H, Blauer M, Laippala P, Tuohimaa P, Kujansuu E 2001 Correlation
between serum inhibin B and other indicators of the ovarian function. Eur J
Obstet Gynecol Reprod Biol 94:109–113

20. Faddy MJ, Gosden RG, Gougeon A, Richardson SJ, Nelson JF 1992 Accel-
erated disappearance of ovarian follicles in mid-life: implication for forecasting
menopause. Hum Reprod 7:1342–1346

21. Scheffer GJ, Broekmans FJ, Dorland M, Habbema JD, Looman CW, te Velde
ER 1999 Antral follicle counts by transvaginal ultrasonography are related to
age in women with proven natural fertility. Fertil Steril 72:845–851

22. Lahlou N, Chabbert-Buffet N, Shristin-Maitre S, Le Nestour E, Roger M,
Bouchard P 1999 Main inhibitor of follicle stimulating hormone in the luteal-
follicular transition: inhibin A, oestradiol, or inhibin B? Hum Reprod 14:1190–
1193

23. Baccarelli A, Morpurgo PS, Cori A, Vaghi I, Panelli M, Cremonesi G, Va-
ninetti S, Beck-Peccoz P, Spada A 2001 Activin A serum levels and aging of
the pituitary-gonadal axis: a cross-sectional study in middle-aged and elderly
healthy subjects. Exp Gerontol 36:1403–1412

24. Loria P, Petraglia F, Concari M, Bertolotti M, Martella P, Luisi S, Grisolia C,
Foresta C, Volpe A, Genazzani AR, Carulli N 1998 Influence of age and sex
on serum concentrations of total dimeric activin A. Eur J Endocrinol 139:487–
492

25. Tuuri T, Erama M, Hilden K, Ritvos O 1994 The tissue distribution of activin
�A- and �B-subunit and follistatin messenger ribonucleic acids suggests mul-
tiple sites of action for the activin-follistatin system during human develop-
ment. J Clin Endocrinol Metab 78:1521–1524

26. McConnell D, Wang Q, Sluss P, Bolf N, Khoury RH, Schneyer AL, Midgley
Jr AR, Reame NE, Crowley Jr WF, Padmanabhan V 1998 A two-site solid
phase immunochemiluminescent assay for activin-free follistatin reveals that
most follistatin circulating in men and normal cycling women is in an activin-
bound state. J Clin Endocrinol Metab 83:851–858

27. Santoro N, Brown JR, Adel T, Skurnick JU 1996 Characterization of repro-
ductive hormonal dynamics in the perimenopause. J Clin Encrinol Metab
81:1495–1501

28. Klein NA, Battaglia DE, Miller PB, Branigan EF, Giudice LC, Soules MR 1996
Ovarian follicular development and the follicular fluid hormones and the
growth factors in normal women of advanced reproductive age. J Clin En-
docrinol Metab 81:1946–1951

29. Klein NA, Battaglia DE, Woodruff TK, Padmanabhan V, Giudice LC, Brem-
ner WJ, Soules MR 2000 Ovarian follicular concentrations of activin, follistatin,
inhibin, insulin-like growth factor I (IGF-I), IGF-II, IGF-binding protein-2
(IGFBP-2), IGFBP-3, and vascular endothelial growth factor in spontaneous
menstrual cycles of normal women of advanced reproductive age. J Clin
Endocrinol Metab 85:4520–4525

30. Soules MR, Sherman S, Parrott E, Rebar R, Santoro N, Utian W, Woods N
2001 Executive summary: stages of reproductive aging workshop (STRAW).
Fertil Steril 6:874–878

31. Lenton E, Langren B, Sexton L, Harper R 1984 Normal variation in the length
of follicular phase of the menstrual cycle: effect of chronological age. Br J Obstet
Gynaecol 91:681–684

JCEM is published monthly by The Endocrine Society (http://www.endo-society.org), the foremost professional society serving the
endocrine community.

Klein et al. • Inhibin and Activin in Human Ovarian Aging J Clin Endocrinol Metab, June 2004, 89(6):2977–2981 2981


