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Moderately elevated levels of basal follicle-stimulating
hormone in young patients predict low ovarian
response, but should not be used to disqualify
patients from attempting in vitro fertilization
Martha Luna, M.D.,a,b Lawrence Grunfeld, M.D.,a,b Tanmoy Mukherjee, M.D.,a,b

Benjamin Sandler, M.D.,a,b and Alan Barry Copperman, M.D.a,b

a Department of Obstetrics and Gynecology, and Department of Reproductive Endocrinology and Infertility, Mount Sinai
School of Medicine, New York, New York; and b Reproductive Medicine Associates of New York, New York, New York

Objective: To evaluate and compare IVF outcomes of patients within different age categories who had a normal
basal FSH level with outcomes of patients with an elevated day 3 FSH level.
Design: Retrospective analysis.
Setting: Large, private IVF center.
Patient(s): We analyzed 2,708 patients. Of these, 2,477 had normal basal FSH levels, and 231 had elevated basal
FSH levels (�13.03 IU/L). Patients were segregated into various age groups.
Intervention: Follow-up.
Main Outcome Measure(s): Outcomes of IVF overall, including cancellation rates, oocyte yield, and fertilization,
implantation, and clinical pregnancy rates (PRs).
Result(s): Cancellation rates were significantly higher in patients with elevated day 3 FSH levels compared with
patients with normal FSH levels in all age groups. A significantly lower oocyte yield was observed in patients
with elevated basal FSH. Fertilization rates were not affected by FSH levels. A significant decrease in the number
of embryos available for transfer in patients �38 with an elevated day 3 FSH level was found. Implantation and
clinical PRs were lower in patients �40 years of age who had an elevated day 3 FSH level when compared to
same age patients with a normal day 3 FSH level. Loss rates were not significantly different.
Conclusion(s): Young women with an elevated basal FSH level should be counseled differently than older
women, and should be given adequate counseling and granted the opportunity to undergo an IVF cycle. (Fertil
Steril� 2007;xx:xxx. ©2007 by American Society for Reproductive Medicine.)

Key Words: Elevated basal FSH, IVF, age, pregnancy, cancellation
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arly follicular phase (basal) FSH is a widely used endocrine
arker to predict ovarian reserve in women presenting for

ertility evaluation and treatment (1). Elevation in basal FSH
evels is thought to reflect ovarian aging, and the low preg-
ancy rates (PRs) in these patients are related to the natural
ge-dependent decline in oocyte quality (2). Substantial data
how that basal FSH can be an independent predictor of IVF
utcome (1, 3). It was demonstrated that elevations in this
arameter are strongly associated with poor ovarian re-
ponse, low E2 levels, and low PRs in patients undergoing
ssisted reproductive technologies (ARTs), independent of
ge (4). Low rates of conception and high rates of fetal loss
ere also shown in a group of infertile patients with elevated
SH levels (5).

Early studies of the significance of FSH were performed at
time when IVF was less efficient and resulted in lower

uccess rates than are currently expected. Furthermore, con-
roversy exists as to whether basal FSH is superior to age in

eceived January 17, 2006; revised and accepted August 14, 2006.
eprint requests: Alan B. Copperman, M.D., Reproductive Medicine As-
sociates of New York, 635 Madison Ave., 10th Floor, New York, New
tYork 10022 (FAX: 212-756-5770; E-mail: acopperman@rmany.com).

015-0282/07/$32.00
oi:10.1016/j.fertnstert.2006.08.094 Copyright ©2007 American Soc
valuating reproductive potential. In fact, other studies
howed comparable PRs between patients with normal and
levated basal FSH levels (6). Others showed FSH to be of
ess value than age in predicting PRs (7). Therefore, the
uestion arises as to whether an elevated basal FSH level
hould be used as an entrance criterion to discourage pa-
ients’ access to treatment with ARTs. The purpose of this
tudy was to evaluate and compare IVF outcomes in patients
ithin several age categories who had a normal basal FSH

evel with outcomes of patients with an elevated day 3 FSH
evel.

ATERIALS AND METHODS
esign
his study is a retrospective data analysis of patients with

nfertility undergoing IVF treatment between July 2001–
ugust 2005 at the Reproductive Medicine Associates of
ew York, New York, New York. Institutional review board

pproval was not required, because of the retrospective na-
ure of the study. Data were collected by means of our
lectronic medical records database (Morristown, NJ). Pa-

ients who had one or more basal FSH measurements, and

1Fertility and Sterility� Vol. xx, No. x, Month 2007
iety for Reproductive Medicine, Published by Elsevier Inc.



w
o
a
a
a
i
t
t
i
c
I
e
o
c
u
a
�
c
t
i
r
s
�
w

S
S
f
c
(
f
h
f
r
(
C
p
p
i
w
m
C
g
w
t
L
d
e
d
s
c
f
m
v
O
f

p
t
c
t
o
3
M
s
a
p
n
t
g
t
d
m
w

S
S
v
p
r
T
t
a
(
o
l
c
u
n
w
U
w

R
I
3
b
w
b
i

w
n
v
(
g
c
o
c
r
3
c

 IN

ho underwent only fresh IVF cycles with the use of their
wn oocytes, were included. Cycle patients were segregated
ccording to age: group A, �35 years of age; group B, �35
nd �38 years of age; group C, �38 and � 40 years of age;
nd group D, �40 years of age. Patients were subdivided
nto two groups (normal FSH and elevated FSH) according
o their day 3 FSH level. The cutoff level for FSH used in
his study was provided by calculating the 95% confidence
nterval (CI) of the study population that did not undergo
ancellation. The 95% CI was 1.65–13.03 IU/L. Thus, 13.03
U/L was selected as the threshold between normal and
levated FSH levels. The FSH levels were analyzed in our
wn endocrinology laboratory with the use of the DPC
hemiluminescent Immulite 2000 assay (Diagnostic Prod-
cts Corp., Los Angeles, California). Patients were classified
s having an elevated day 3 FSH when their level was
13.03 IU/L in the same stimulated cycle or in a previous

ycle. In vitro fertilization outcome variables included pa-
ient age, baseline FSH, number of oocytes retrieved, fertil-
zation rates, implantation rates, clinical PRs, cancellation
ates, and loss rates. Patients with an elevated FSH were then
egregated according to their level (group A, FSH �13.03 to
15 IU/L; group B, FSH �15 IU/L), and the same variables
ere analyzed.

timulation
tandardized controlled ovarian hyperstimulation was per-
ormed with the down-regulation protocol, antagonist proto-
ol, or microflare protocol, using either recombinant FSH
follitropin alfa, Gonal F; Serono, Inc., Rockland, MA; or
ollitropin beta, Follistim; Organon, Inc., West Orange, NJ),
MG (Repronex or Menopur; Ferring Pharmaceuticals, Suf-
ern, NY), or a combination of the two. In the down-
egulation protocol, patients were given a GnRH agonist
leuprolide acetate, Lupron; TAP Pharmaceuticals, North
hicago, IL) in the midluteal phase, followed by gonadotro-
ins after the onset of withdrawal bleeding. In the antagonist
rotocol, oral contraceptives were given for 21 days, and
nitiation of gonadotropins occurred on cycle day 3 (after
ithdrawal bleeding). When the leading follicle reached 14
m in diameter, a GnRH antagonist (cetrorelix acetate,
etrotide; Serono, Inc.; or ganirelix acetate, Antagon; Or-
anon, Inc.) was administered daily. Ovarian suppression
ith oral contraceptives was also utilized prior to initiating

he microflare protocol. A GnRH agonist (leuprolide acetate,
upron; TAP Pharmaceuticals) was administered on cycle
ay 3 (after withdrawal bleeding) during morning and
vening hours (flare effect) (50 �g twice a day). On cycle
ay 4, gonadotropins were added to the stimulation. Ovarian
timulation was monitored by the measurement of serum E2

oncentration and by ultrasonographic assessment of the
ollicle diameter every day or every other day. Final oocyte
aturation was achieved by the administration of hCG (No-

arel, Ferring Pharmaceuticals; or choriogonadotropin alfa,
vidrel; Serono, Inc.) when at least two of the leading

ARTICLE 
ollicles reached 18 mm in diameter. Oocyte retrieval was p

2 Luna et al. FSH as a predictor of poor ovarian respons
erformed 36 hours after hCG administration by measn of
ransvaginal guidance. Fertilization was performed through
onventional insemination or intracytoplasmic sperm injec-
ion, depending on the patient’s history. Embryo morphol-
gy was assessed daily, and embryos were transferred on day
or day 5 after retrieval, using a Wallace catheter (Smiths
edical, Portex Ltd., Kent, UK) with transabdominal ultra-

ound guidance. All patients received daily IM P (50 mg) as
supplement during the luteal phase. A pregnancy test was

erformed 16 days after the hCG injection. A clinical preg-
ancy was defined as the presence of an intrauterine gesta-
ional sac. A loss was defined by the lack of embryonic
rowth or development after the visualization of a gesta-
ional sac by transvaginal ultrasound. Cycle cancellation was
etermined on the basis of low ovarian response, when �4
ature follicles were visualized ultrasonographically, or
hen no viable embryos were available for transfer.

tatistical Analysis
tatistical analysis was performed with one-way analysis of
ariance and nonparametric tests (Kruskall-Wallis) to com-
are age, FSH level, number of eggs retrieved, fertilization
ates, implantation rates, and number of transferred embryos.
he chi-square test was used to analyze the significance in

he difference related to clinical pregnancy rates, loss rates
nd cancellation rates. Receiver-operating-characteristic
ROC) curves were obtained to determine the performance
f basal FSH in predicting cancellation at different cutoff
evels of 10, 13, 15, and 17 IU/L for the different age
ategories. Overall cancelled cycles were analyzed with the
se of age and FSH as continuous variables for the determi-
ation of an ROC curve. Statistical analysis was performed
ith the use of Analyse-it Software, Ltd. (Leeds, England,
K) from Microsoft Excel® 2000. Statistical significance
as set at P�.05.

ESULTS
n total, 2,708 fresh IVF cycles were performed during a
-year period. The overall number of patients with normal
asal FSH was 2,477. Two hundred and thirty-one patients
ere found to have an elevated basal FSH level. The distri-
ution of patients according to age and FSH level is shown
n Table 1.

Cancellation rates were significantly higher in patients
ith an elevated day 3 FSH compared with patients with
ormal FSH levels in all age groups: group A, 35.1%
ersus 11.4% (P�.0001); group B, 44.2% versus 19.8%
P�.0002); group C, 56.8% versus 23.9% (P�.0001); and
roup D, 60% versus 25.9% (P�.0001). Eighty-three per-
ent of cancelled patients with a normal day 3 FSH, and 89%
f cancelled patients with elevated day 3 FSH, underwent
ycle cancellation prior to retrieval, because of low ovarian
esponse. The remaining 17% of patients with a normal day
FSH, and 11% of patients with elevated day 3 FSH, were

ancelled after retrieval, and thus did not undergo an ET

  PRESS
rocedure (Table 2).
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An analysis of the outcome of patients who underwent
ocyte retrieval was performed. A correlation was identified
etween low counts of retrieved oocytes and elevated basal
SH levels. Patients in group A, with a normal day 3 FSH,
ad a mean number (�SD) of 16.5 � 8.4 oocytes retrieved,
ompared to patients in the same age group with an elevated
ay 3 FSH (9 � 4.8 oocytes) (P�.0001). A similar differ-
nce was encountered in group B (14.1 � 7.5 retrieved
ocytes for patients with normal FSH, compared to 11 � 6.4
ocytes for the elevated FSH group) (P�.02). When analyz-
ng group C, the number of eggs retrieved overall was 13.3

7.5 oocytes in the normal FSH group, compared with 7.9
3.5 oocytes in the elevated FSH group (P�.0001). Group
also demonstrated a decrease in oocyte yield based on

SH levels, with 12 � 6.2 oocytes in the normal FSH group,
ompared with 7.3 � 3.8 oocytes in the elevated FSH group
P�.0001).

Fertilization rates were not significantly different when
omparing normal day 3 FSH patients with elevated day 3
SH patients in all age groups. The mean number of em-
ryos transferred was no different in groups A and B. How-
ver, in groups C and D, we found a significant decrease in
he number of embryos available for transfer in patients with
levated day 3 FSH. Although a decrease was found in the
mplantation rates of patients with elevated day 3 FSH levels
ompared with patients with normal basal FSH levels, sta-
istical significance was found only in the oldest age cate-
ory (0). Clinical PRs of patients who underwent an ET were
ot significantly different between patients with a normal
ay 3 FSH and patients with an elevated day 3 FSH, when
nalyzing groups A, B, and C. However, a significant de-
rease in clinical PRs was encountered in patients �40 years
f age who had an elevated day 3 FSH, when compared with
atients of the same age with a normal day 3 FSH (Table 3).

The ROC curves used to evaluate the performance of
asal FSH to predict cancellation at different cutoff levels
re shown in Figure 1. The diagnostic screening tests, as well
s the predictive values obtained at the different cutoff
evels, were poor to predict cancellation throughout the
ifferent age groups, considering that when sensitivity in-

TABLE 1
Distribution of patients according to age categor

Age
group

No. of patients with
normal FSH

(<13.03 IU/L)
Mean (�SD)
FSH (IU/L)

A 915 6.5 � 2.3
B 531 7.4 � 2.4
C 556 7.8 � 2.5
D 475 8.2 � 2.4
Luna. FSH as a predictor of poor ovarian response. Fertil Steril 2007.

ARTICLE 
reased, specificity decreased and vice-versa. However, in p

ertility and Sterility�
ge group A, the most efficient cutoff level in predicting
ancellation rates is 17 IU/L, while in other age groups this
s determined at lower cutoff levels (data not shown). The
OC curve for the analysis of cancelled cycles according to
ge and FSH is demonstrated in Figure 1. The curve dem-
nstrates that the level of FSH is more predictive of cancel-
ation than age.

Because the FSH cutoff level of 13.03 IU/L may be
rbitrary, we further analyzed the elevated FSH group at two
ifferent cutoff levels: borderline FSH (�13.03 to �15
U/L), and elevated FSH (�15 IU/L). The outcome of these
atients was analyzed according to their age and FSH level.

Patients in group A were found to have a similar overall
utcome, independent of FSH level. Patients in group B
ere found to have a significantly lower oocyte yield when
asal FSH levels were �15 IU/L. Implantation rates, clinical
Rs, cancellation rates, and loss rates were not significantly
ifferent in this age group. Patients in group C presented
imilar outcomes, independent of their elevated FSH level.
atients in group D were found to have overall similar

mplantation rates and clinical PRs. However, cancellation
ates were statistically higher in patients with an FSH �15
U/L (Table 4).

ISCUSSION
lthough there are multiple scenarios in which FSH eleva-

ion might result, including assay drifts, immunological re-
ponse, FSH receptor polymorphisms, ovarian surgeries, and
thers (8, 9), the overall pregnancy outcome in these patients
as found to be poor (10). Recent studies resulted in seem-

ngly contradictory data. Many authors found that age has a
tronger impact than day 3 FSH levels in IVF cycles (7, 11,
2). Others demonstrated that an elevated level of basal FSH
ffects both ovarian quality and quantity (4), and that this
arker is superior to age in predicting outcome (4,13–15).
e retrospectively analyzed our IVF patients who had nor-
al day 3 FSH, and compared their outcomes to those of

VF patients with an elevated day 3 FSH. In our analysis, we
ound that patients with an elevated basal FSH had overall

d FSH level.

No. of patients
with high FSH

(≥13.03)
Mean (�SD)
FSH (IU/L)

Total no. of
patients

37 14.9 � 2.1 952
43 15.4 � 3.2 574
81 16.4 � 3.9 637
70 16.1 � 6.8 545

  PRESS
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oor ovarian responsiveness, independent of age, when com-
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 IN
ared with those with normal parameters. That being said,
hose patients who progressed to ovum retrieval and ET had
cceptable reproductive outcomes, suggesting that withhold-
ng ART in patients with borderline measures of ovarian
eserve may not be indicated.

The cancellation rate within the high FSH group was the
nly variable that was significantly higher across all ages.

FIGURE 1

The ROC curve that describes the impact of age
and FSH in predicting cancellation rates. Basal
FSH is a better marker than age in predicting
cancelled cycles.
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TABLE 4
Outcomes of IVF according to age and elevated

Age
group N

Mean no. of
OR (SD)

Fertilization
per M2 OR

(%)
Imp
pe

A
FSH-a 25 9.2 (5.2) 88/148 (59.5) 16
FSH-b 12 8.7 (4.3) 48/70 (68.6) 11

B
FSH-a 27 12.84 (6.5)a 125/218 (57.3) 16
FSH-b 16 6 (2.6)a 25/33 (75.8) 3

C
FSH-a 36 8.2 (3.2) 57/87 (65.5) 7
FSH-b 45 7.8 (3.5) 84/150 (56) 18

D
FSH-a 43 7 (3.3) 98/149 (65.8) 4
FSH-b 27 8.2 (5.3) 32/47 (68.1) 1

Note: FSH-a, �13.03 to �15 IU/L; FSH-b, �15 IU/L. OR �
TTE � total number of transferred embryos.

a P�.05.
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ertility and Sterility�
his finding was attributed to the lack of responsiveness and
ack of adequate embryo development within this subgroup.
owever, we found that the proportion of patients who were

ancelled after oocyte retrieval because of poor embryo
evelopment was no different from the proportion of patients
ith normal FSH levels who were cancelled for the same

eason (Table 2). We decided to perform diagnostic screen-
ng tests at different cutoff levels for each of our age groups,
o determine the thresholds at which patients will have a
reater likelihood of cancellation. However, this analysis did
ot yield useful data. The ROC curve demonstrated that the
evel of FSH was more predictive of cancellation than age
tself (Fig. 1).

Our population with high FSH was limited in number, and
ower analysis cannot be performed at 1–2-IU/L increments
o determine the best threshold for this age group. We
ecided only to analyze the outcome of patients with a basal
SH �13.03 IU/L, and determine whether a difference
ould result when evaluating the same variables for patients
ith basal levels �13.03 to �15 IU/L and those with basal

evels �15 IU/L. We found that for young patients, the
rognosis was not different.

Qualitative changes in oocytes are principally responsible
or the low reproductive potential in older women, as dem-
nstrated by enormous differences in fecundity with advanc-
ng age in natural cycles in fertile couples (16). Several
heories were proposed to explain the decline in oocyte
uality that occurs with advancing maternal age. In the
o-called “production line hypothesis,” oocyte quality is
stablished during fetal life, and oocytes that are less sus-

levels.

tation
E (%)

Cancellations
(%)

Clinical PR
(%) Loss (%)

(38.1) 9/25 (56.3) 9/16 (56.3) 2/9 (22.2)
(52.4) 4/12 (33) 6/8 (75) 0/6 (0)

(32) 9/27 (33) 11/18 (61) 3/11 (27.3)
(21.4) 10/16 (63) 3/6 (50) 1/3 (33.3)

(21.9) 23/36 (63.9) 4/13 (30.8) 1/4 (25)
(30) 23/45 (53.5) 11/22 (50) 3/11 (27.3)

(6.3) 21/43 (48.8)a 3/22 (13.6) 1/3 (33.3)
(6.7) 21/27 (77.7)a 1/6 (16.6) 1/1 (100)
ytes retrieved. M2 OR � metaphase II oocytes retrieved.
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eptible to nondisjunction are ovulated first, leaving poor-
uality oocytes to be ovulated later in life. Another theory
ssumes an age-dependent accumulation of damage due to
everal proposed mechanisms, e.g., a gradual increase in
ntracellular oxidative stress (17). Because quality seems to
e less impaired in younger patients with elevated FSH
evels, the latter theory seems to match our results more
losely than the former. Regardless, the question remains as
o whether the decline in ovarian reserve observed with
dvancing age may not be merely the result of follicular
ttrition, but may also reflect the lower quality of the follicles
hat remain. In other words, as the functional capacity of the
ranulosa cells diminish, so might the quality of the oocyte.

It is our recommendation that young women (aged �35
ears) with a moderately elevated basal FSH level be coun-
eled differently than older women, and should be given
dequate counseling and then granted the opportunity to
ndergo an IVF cycle. These young patients should de
nformed that women with elevated FSH have a high risk of
ycle cancellation due to low oocyte production. In fact,
hould these women conceive, scattered reports in the liter-
ture suggest that there may even be an increased risk of fetal
neuploidy in these patients (18).

According to our results, if young patients do undergo the
T procedure, they have a possibility of conceiving compa-

able to that of patients with normal FSH. In fact, in our
tudy, women aged �35 years with an elevated day 3 FSH
ad higher clinical PRs than the older patient category with
normal day 3 FSH. Patients between the ages of 35–40

ears with elevated FSH should be counseled similarly be-
ause of the acceptable clinical PRs shown, but empha-
izing the likelihood of low ovarian response and cancel-
ation. Finally, older women (aged �40 years) with an
levated day 3 FSH may not be candidates for undergoing
RT, as we found a significantly lower implantation rate

nd clinical PR in these patients, compared with women
ith a normal day 3 FSH in the same age category.
ssisted reproductive technologies can be attempted in
oung women with a high FSH level, since those who do
ot experience cycle cancellation often become pregnant,
espite low oocyte production.
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