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The addition of FSH to clomiphene citrate for
ovarian stimulation does not affect offspring stature
but may alter body composition in childhood
Clomiphene citrate (a nonsteroidal oestrogen antagonist) has
been used for ovarian stimulation since its discovery in the late
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1950s and continues to have an important role in fertility
treatment. Currently, follicle-stimulating hormone (FSH) is
used in mild ovarian stimulation either by itself or in combination with clomiphene citrate.1 Required doses of FSH vary
considerably, depending on whether it is used in ovarian stimulation alone or associated with assisted reproductive technology. While exogenous FSH administration does not lead to the
marked anti-oestrogenic effects of clomiphene, it has been
shown to have several effects other than stimulation of
ovaries.2,3
We have previously shown that children conceived following
mild ovarian stimulation (clomiphene citrate with/without FSH,
and without undergoing IVF treatment) were 053 SDS shorter
than naturally conceived controls.4 However, it is unclear
whether those findings were affected by the administration of
additional FSH injections. Therefore, we aimed to assess
whether the observed shorter stature was due to maternal treatment with clomiphene citrate alone or due to additional FSH
injection(s).
Ethics approval for this study was provided by the Northern
Y Regional Ethics Committee (Ministry of Health, New Zealand). Participants were healthy prepubertal children of New
Zealand European ethnicity, born at term (37–41 weeks of gestation) after singleton pregnancies, and of higher socio-economic
status.4
Fertility treatment methods were as previously described.4 In
brief, mothers of participants received a standard stimulation
regimen of clomiphene citrate for days 3–7, followed by
50–150 IU FSH on alternate days from day 9 if the oestradiol
level on this day was <2000 pmol/l. The starting dose of clomiphene was 50 mg/day, subsequently increased to 100 mg/day if
response was low in the first cycle or reduced to 25 mg/day if
the initial response was high. For patients who received FSH,
the mean total dose was 360 IU. All children were conceived
using sperm from the mother’s partner, so that the offspring of
donor sperm were not included.
Clinical assessments were performed at the Paykel Clinical
Research Unit as per Savage et al.4 Each child’s birthweight,
height and BMI were transformed into standard deviation scores
(SDS); mid-parental height SDS (MPHSDS) and mean parental
BMISDS (MPBMISDS) were calculated.4 Children’s heights SDS
were then individually adjusted for their genetic potential (parents’ heights), using the formula: child’s height SDS minus
MPHSDS. Fasting blood samples were drawn for the assessment
of lipid profile, growth factors, glucose and insulin (with assays
as previously described4).
Study participants were allocated into three groups, according
to the drug treatment received by the mother for ovarian stimulation: CC (clomiphene citrate alone), CCFSHSING (clomiphene
citrate with a single FSH injection) and CCFSHMULT (clomiphene citrate with two or more FSH injections). Two sets of
comparisons were carried out: CCFSHSING vs CCFSHMULT, and
combined CCFSH vs CC. Groups were compared using linear
mixed models with maternal code as random factor, and important confounders adjusted for (e.g. sex, birthweight SDS, gestational age, birth order and maternal age).
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Table 1. Study outcomes among children whose mothers underwent ovarian stimulation with clomiphene citrate alone (CC), clomiphene citrate and a
single FSH injection (CCFSHSING) or clomiphene citrate and two or more FSH injections (CCFSHMULT). For comparison with CC group, CCFSHSING
and CCFSHMULT were combined into CCFSH

N
Anthropometry
Height SDS
Adjusted height SDS
BMI SDS
Total body fat (%)
Bone mineral density (g/cm2)
Lipid profile
Total cholesterol (mmol/l)
LDL-C (mmol/l)
HDL-C (mmol/l)
Triglycerides (mmol/l)
Glucose homoeostasis
Glucose (mmol/l)
Insulin (mmol/l)
HOMA-IR
Growth factors
IGF-I (lg/l)
IGFBP-3 (lg/l)

CCFSHSING

CCFSHMULT

32

21

086
001
028
175
0847

CCFSH

26

53

054
060
076
077
099

101
009
030
148
0820

(387–455)
(215–272)
(125–151)
(051–074)

071
071
072
008

443
266
149
076

471 (459–483)
508 (442–574)
107 (092–122)

459 (444–474)
542 (462–622)
114 (094–130)

022
052
068

90 (77–106)
2588 (2321–2854)

113 (92–137)
2637 (2411–2862)

011
078

(384–443)
(212–261)
(131–152)
(066–085)

070
015
018
170
0846

CC

(031–109)
( 056–026)
( 068–032)
(146–198)
(0824–0869)

413
237
141
075

(054–117)
( 034–032)
( 070–013)
(155–197)
(0829–0864)

P

421
243
138
063

(069–132)
( 042–025)
( 071–012)
(132–166)
(0801–0840)

(056–099)
( 033–014)
( 047–011)
(162–191)
(0831–0860)

024
097
065
0019
0049

(390–441)
(218–260)
(130–150)
(062–080)

019
015
038
055

453 (439–467)
461 (384–538)
094 (077–112)

466 (457–476)
526 (477–576)
110 (099–121)

013
016
013

107 (90–127)
2453 (2161–2746)

97 (87–109)
2625 (2436–2815)

032
033

(408–479)
(235–296)
(133–164)
(063–088)

078
009
018
176
0845

P

415
239
140
071

Data are means and 95% confidence intervals adjusted for confounding factors in the multivariate models.

We studied 79 children (49% boys) aged 72  22 years
(range 3–11 years), including 26 CC, 32 CCFSHSING and 21
CCFSHMULT. CCFSHSING and CCFSHMULT children were of
similar age, birthweight, gestational age and sex ratio (data not
shown). Children in both groups were also anthropometrically
similar, and biochemical analyses showed no differences in lipid
profiles, growth factors or glucose homoeostasis (Table 1).
Participants in CC and combined CCFSH groups were also of
similar age, birthweight, gestational age and sex ratio (data not
shown). There were no differences in height or BMISDS between
groups, but CCFSH children had more total body fat
(P = 0019) and greater bone mineral density (P = 0049) than
CC children (Table 1). There were no differences in lipid profiles, parameters of glucose homoeostasis or blood concentrations of growth factors between CC and CCFSH groups
(Table 1).
Our findings suggest that the previously observed reduction in
height in children born following maternal ovarian stimulation4
was not associated with additional FSH injection(s). Rather, the
shorter stature seen in children born after ovarian stimulation
alone4 was most likely associated with the administration of clomiphene citrate.
Clomiphene may possibly alter the methylation of imprinted
and nonimprinted genes, have subtle effects in the developing
oocyte or embryo and/or have effects on the endometrium leading to subsequent phenotypic changes.4 Additionally, there may
be a role of maternal oestrogen levels on offspring height, possibly through epigenetic mechanisms. For example, IVF children
are exposed to high oestrogen levels, children from frozen
embryo transfers are exposed to normal oestrogen levels, while

children whose mothers receive clomiphene are exposed to low
oestrogen levels.
Nonetheless, FSH appears to have some effect on body composition, being associated with increased adiposity in the offspring. Evidence from assisted reproductive technology suggests
that exogenous FSH administration is associated with changes
in oocyte DNA methylation.5,6 However, with the exception of
one human study,6 the evidence of an effect of FSH on oocyte
or embryo epigenetics has been extrapolated from animal models (reviewed by van Montfoort et al.7). Still, the observed
changes associated with FSH administration included alterations in DNA methylation and gene expression, as well as
changes in the methylation of H19, an imprinted gene involved
in postnatal growth.5 As a result, it is possible that additional
administration of FSH during ovarian stimulation may affect
the offspring, leading to increased fat mass as observed in our
cohort.
A limitation of this study was the relatively small sample size,
which was only powered to detect a difference in adjusted height
of 057 SDS between CC and CCFSH groups (with a = 005 and
80% power). Importantly, however, this limitation did not affect
our main conclusions, as the adjusted height SDS in CC and
CCFSH groups was virtually identical (both 009 SDS; Table 1).
In conclusion, our preliminary findings indicate that exogenous maternal FSH treatment did not contribute to the shorter
stature seen in children born following maternal ovarian stimulation. However, findings on body composition suggest that larger studies are needed to assess possible long-term risks of
obesity in the offspring in association with exogenous FSH treatment during ovarian stimulation.
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