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Abstract Previous studies have suggested an association between a variant in the promoter region of the FSHR gene and diminished
response to controlled ovarian hyperstimulation (COH) in women undergoing assisted reproduction. FSHR -29G>A was genotyped in
559 women undergoing their first cycle of COH for IVF/intracytoplasmic sperm injection (ICSI) using TaqMan allelic discrimination
assay. Correlation and regression analysis was performed to assess the relationship between FSHR promoter genotypes and markers
of ovarian reserve and measures of response to COH, including the number of oocytes retrieved, gonadotrophin dose used and the
live-birth rate. There were no statistically significant differences between the genotype frequencies and themarkers of ovarian reserve
or the early measures of response to COH. However, the live-birth rate was higher for women carrying the variant A allele (odds ratio
[OR] 1.37; 95% confidence interval [CI] 1.02–1.84 per allele). This relationship did not reach statistical significance after adjustment
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for the number of embryos transferred (OR 1.33; 95% CI 0.98–1.83 per allele). Results from this study do not provide evidence that
the FSHR -29G>A variant can be used in the individualization of the treatment protocol for women undergoing IVF/ICSI.
© 2016 Published by Elsevier Ltd on behalf of Reproductive Healthcare Ltd.
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Introduction

The principal goal of controlled ovarian hyperstimulation (COH)
is to harvest a high number of mature oocytes, which can be
used for IVF (Boudjenah et al., 2012; Grady et al., 2012). Re-
sponse to the drugs used in COH is variable and sometimes
unexpected. Some women have a hyper-response which can
be exacerbated resulting in ovarian hyperstimulation syn-
drome (OHSS), a life-threatening condition characterized by
ovarian enlargement and abdominal fluid accumulation even
with low gonadotrophin doses (Humaidan et al., 2010). In con-
trast, some women have a low response despite high doses
of gonadotrophins and normal ovarian reserve. These situa-
tions lead to psychological and physical morbidity and have
significant economic implications (Desai et al., 2013).

Individualization of treatment protocols is an attractive
strategy to improve IVF outcomes. However, although many
studies have been conducted to define predictors of re-
sponse to COH, to date there is insufficient evidence of utility
to adopt genetic biomarkers into clinical practice (Ferraretti
et al., 2011).

Studies assessing biomarkers of response to COH have used
different outcome measures, potentially contributing to dif-
ferences in results. Predictors of inadequate ovarian re-
sponse include advanced age (≥40 years) and low ovarian
reserve parameters (Binder et al., 2012), including anti-
Müllerian hormone (AMH) concentrations and the antral fol-
licle count (AFC). These measures of ovarian reserve have been
used to individualize the dose of gonadotrophin although they
do not always improve the outcome of assisted reproduc-
tion (Trevisan et al., 2014).

Genetic variability among individuals has been studied to
determine the effect on the outcome of COH, including varia-
tions in the AMH, AMH receptor, luteinizing hormone (LH), LH
receptor, oestrogen receptors and folate metabolizing genes
(Altmae et al., 2011). However, the most extensively studied
is the FSHR gene, encoding the follicle stimulating hormone
receptor. A number of single nucleotide polymorphisms (SNP)
in FSHR, have been associated with measures of ovarian re-
sponse (Simoni et al., 2002; Wunsch et al., 2005). Two common
variants in FSHR, c.919G>A, p.(Thr307Ala) and c.2039A>G,
p.(Asn680Ser) have been extensively studied. In the cohort
described here, there was no significant association between
these variants and either ovarian response or reserve param-
eters (Mohiyiddeen et al., 2012, 2013).

A variant in the 5′ untranslated region of FSHR, -29G>A
(rs1394205), has been associated with changes in the recep-
tor expression due to changes in transcriptional factor binding
sites (Nakayama et al., 2006; Wunsch et al., 2005). However,
no association between FSHR -29G>A and basal FSH or oes-
tradiol concentrations was established in 202 females under-
going IVF treatment (Wunsch et al., 2005). In contrast, a small
study of 50 Indian women reported an association between
the homozygous variant genotype (AA) with decreased pre-

ovulatory follicle count, the number of oocytes retrieved and
lower pregnancy rates (Achrekar et al., 2009). In a further
study of 100 Indian women, homozygosity for the variant was
also associated with inadequate ovarian response (Desai et al.,
2011). A Turkish study of 102 infertile females found no re-
lation between this variant and baseline FSH concentrations
(Ilgaz et al., 2015).

Clinical equipoise exists as to whether the FSHR pro-
moter gene variant provides useful information to indicate
ovarian reserve or the outcome of IVF treatment. We there-
fore assessed the relationship between the -29G>A FSHR
variant and the ovarian reserve parameters (FSH, AMH, AFC);
the primary outcome measure of the number of eggs re-
trieved and secondary outcome measures of total gonado-
trophin dose used and live-birth event in a previously collected
and phenotyped cohort of 603 women undergoing assisted
reproduction.

Materials and methods

Consecutive women attending a tertiary referral centre for
reproductive medicine in Manchester, UK were recruited
between March 2009 and August 2010.

Inclusion criteria are as follows: (i) age <40 years; (ii) body
mass index (BMI) >19 and <30 to meet eligibility criteria for
government funded IVF treatment in Greater Manchester, UK;
(iii) first cycle of IVF treatment; (iv) presence of two ovaries
and no previous ovarian surgery or radiation therapy; and (v)
no hormonal therapy was used in the six months prior to
recruitment.

A total of 603 women were recruited. Of these, 19 women
did not proceed with treatment. No blood sample for
genotyping was available for 25 women and the analysis was
confined to the remaining 559.

421 women from this study were included in a previous
report of different FSHR variants (Mohiyiddeen et al., 2013)
and 239 women were included in a study assessing the rela-
tionship between a BMP15 variant and ovarian response and
reserve parameters (Cerra et al., 2014). The protocol was
approved in 2008 by the South Manchester Research Ethics
Committee (REC ref no. 08/H1003/212). Written informed
consent was obtained from all participants. As this study
utilised a pre-existing cohort with a fixed sample size and
unknown genotype frequencies, power calculations were
inappropriate.

Basic hormonal assessment

Blood samples were taken on day 3 of spontaneous men-
strual cycle or after withdrawal bleeding in women with an-
ovulatory cycles for measurement of serum FSH, serum AMH
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and for genotyping. FSH concentrations were measured using
specific immunoassay kits (Cobas, Roche Diagnostics, Mann-
heim, Germany) on an auto-analyser system (Roche Modular
Analytics E170, Roche, USA). AMH concentrations were mea-
sured and determined by enzyme-linked immunosorbent first-
generation assay (ELISA) provided by DSL (Oxford Bio
Innovation, DSL LTT, Oxford, UK).

Assessment of AFC and pelvic organs

Pelvic trans-vaginal ultrasound was performed on day 3 of a
spontaneous menstrual cycle in the cycle before starting
ovarian stimulation to assess the AFC, which included fol-
licles measuring 2–5 mm in diameter and to confirm normal
anatomy of pelvic organs.

IVF treatment protocol

Women were treated with either a long down-regulated or
short antagonist cycle treatment protocol. In long down-
regulated cycles this study used gonadotrophin-releasing
hormone (GnRH) analogues (buserelin acetate; Aventis Pharma
Ltd) with exogenous recombinant FSH (Puregon; Organon Labo-
ratories Ltd) or highly purified FSH (Menopur; Ferring Phar-
maceuticals). In short cycles GnRH antagonists (Orgalutran;
Organon Laboratories) were used. Individualised doses were
administered based on serum AMH concentrations (Cerra et al.,
2014; Mohiyiddeen et al., 2013).

Inadequate response was defined as collection of less than
four oocytes or cycle cancellation, normal response was con-
sidered as having from four to 20 oocytes, and hyper-response
was identified by having more than 20 oocytes (Mohiyiddeen
et al., 2012). Clinical pregnancy was defined as ultrasound
evidence of a gestational sac in the first trimester.

Genotyping

Genomic DNA was extracted from peripheral blood leuko-
cytes by the Chemagen automated extraction system.
Genotyping of the -29G>A FSHR variant (rs1394205) was un-
dertaken by a TaqMan allelic discrimination assay (assays ID
C_27504454_10; Applied Biosystems).

Data analysis

Statistical analysis was performed using the R environment
for statistical computing, version 3.1.2 (https://www.r-
project.org/). The Kruskal-Wallis test was used to compare
the continuous variables and the Fisher’s exact test was used
to compare qualitative variables across the three different
genotypes. A trend test of women’s characteristics with allele
number utilised the Spearman correlation test. The signifi-
cance level was P < 0.05. For analysis of the effect of -29G>A
FSHR variant on ovarian reserve markers, multiple linear re-
gression analysis was performed against the number of alleles
(additive genetic model) and results are presented as the
change in outcome per allele with a 95% confidence interval

(CI) and associated significance level (P-value) with adjust-
ment for age (as cubic spline), BMI (as a linear covariate) and
ethnicity. Similar regression models were used for the re-
sponse outcomes (gonadotrophin dose and log of number of
oocytes retrieved) with adjustment for age, BMI, ethnicity,
stimulation type and serum AMH concentration. The adjust-
ment for serum AMH concentration was undertaken as the
decision to proceed to IVF was based in part on this mea-
surement. For response markers (log oocyte number) results
were additionally adjusted for total gonadotrophin doses
(results not shown). Where outcome data was skewed the out-
comes were log-transformed adding an offset of 1 to the oocyte
numbers where these can take zero values.

Analogous logistic regression models were used to assess
the effect of the -29G>A FSHR genotypes on late dichoto-
mous outcome (presence or absence of live birth) and di-
chotomous measures of low response (<4 oocytes) and hyper
response (>20 oocytes) adjusted for age, BMI, ethnicity, stimu-
lation type and serum AMH concentrations. An additional ad-
justment for the number of embryos transferred was
considered.

Haplotype analysis was performed by the haplo.stats
package in R (http://www.mayo.edu/research/labs/
statistical-genetics-genetic-epidemiology/software). Models
with the same covariates were fitted using a regression ap-
proach that allows for the uncertainty in the haplotype as-
signments (haplo.glm) (Lake et al., 2002).

Results

Infertility causes were assessed for all the study partici-
pants (Table 1) and 67 participants had clinical features con-
sistent with a diagnosis of polycystic ovary syndrome. No
significant associations were identified with the underlying
cause of infertility and any of the outcomemeasures (Table 1).
No cycles of COH were cancelled for hyper-response and 17
cycles were cancelled due to an inadequate response, all of
which had no oocytes retrieved.

Table 1 shows the frequency distribution of the FSHR
-29G>A variant in the 559 women included in the analysis. The
genotypes were in Hardy-Weinberg equilibrium. There were
no statistically significant differences in -29G>A FSHR geno-
type frequencies with respect to BMI, treatment type, dura-
tion or causes of infertility.

Table 2 shows that there were no significant differences
in the frequencies of different genotypes for ovarian reserve
markers: basal serum FSH, serum AMH, or AFC. There were
also no significant associations between the genotypes and
ovarian response markers: the number of oocytes retrieved
or gonadotrophin dose used (Table 3). Women carrying the
variant (A) allele were more likely to have a clinical preg-
nancy (odds ratio [OR] 1.32, 95% CI 1.01–1.74, P = 0.04) and
a live birth following COH (OR 1.37, 95% CI 1.02, BMI 1.84, P
= 0.04). However, these relationships did not retain signifi-
cance when the analysis was adjusted for the number of
embryos transferred (Table 4).

Women with a hyper-response to COH (P = 0.005) were
more likely to carry the wild type (G) allele (Table 5), al-
though the event rates of 4% (GA and AA) and 9% (GG) were
low in all genotypes.
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As we had previously genotyped the FSHR variants
c.919G>A, p.(Thr307Ala) and c.2039A>G, p.(Asn680Ser) in 421
women from the studied cohort (Mohiyiddeen et al., 2013),
this study undertook an analysis to consider the effect of the
-29G>A variant in combination. As c.919G>A and c.2039A>G
are in complete linkage disequilibrium (Mohiyiddeen et al.,
2013), c.2039A>G with the promoter variant was only con-
sidered. Four diplotypes were imputed for these two vari-
ants (Table 6). The diplotype analysis demonstrated that
women carrying the diplotype with variant alleles for both
variants (i.e. G for the coding variant and A for the pro-
moter variant) have an increased clinical pregnancy (P = 0.039)

and live birth (P = 0.04) rate. These associations were not sig-
nificant when adjusted for the number of embryos trans-
ferred. Women with this diplotype were more likely to have
a hyper-response to COH (P = 0.039, Table 7).

Discussion

This large study considered the evidence for an association
between -29G>A FSHR and measures of ovarian response and
ovarian reserve in women undergoing IVF treatment. No sig-
nificant associations were determined between the variant

Table 1 Demographic characteristics across different FSHR -29 G>A genotypes.

Parameter
AA (n = 51)
(9.1%)

GA (n = 229)
(41%)

GG (n = 279)
(49.9%)

P Ptrend

Age (years) 33.4
(26.1–38.3)

32.3
(25.5–37.8)

34
(27.3–38.3)

0.011a 0.010

BMI (kg/m2) 23.9
(21.4–29.1)

23.6
(20.1–29.3)

23.9
(19.9–29.4)

NS NS

Infertility duration in years 3
(2–7)

3
(2–7)

4
(2–7)

NS NS

Ethnicity
White (n = 477) (85%) 43 (9.1) 196 (41) 238 (49.9) NS NS
South Asian (n = 59) (11%) 6 (10.2) 25 (42.4) 28 (47.5)
Black (n = 12) (2%) 1 (8.3) 5 (41.7) 6 (50)
Others (n = 11) (2%) 1 (9.1) 3 (27.3) 7 (63.6)

Cycle type
Agonist (n = 191) (34%) 18 (9.4) 85 (44.5) 88 (46.1) NS NS
Antagonist (n = 367) (66%) 33 (9) 144 (39.2) 190 (51.8)

Infertility causes
Male (n = 171) (31%) 21 (12.3) 70 (40.9) 80 (46.8) NS NS
Tubal (n = 141) (25%) 10 (7.1) 63 (44.7) 68 (48.2)
Endometriosis (n = 28) (5%) 2 (7.1) 7 (25) 19 (67.9)
Ovarian (n = 57) (10%) 4 (7) 19 (33.3) 34 (59.6)
Unexplained (n = 160) (29%) 14 (8.7) 70 (43.8) 76 (47.5)

Values are in median (10th–90th percentiles) or in numbers (percentage of women with each genotype).
Ptrend from a Spearman correlation test – for categorical variables this test compares each category with all the other categories. BMI = body
mass index; NS = no statistically significant difference.
aKruskal-Wallis test.

Table 2 Ovarian reserve markers across different genotypes.

Parameter
Median (10th−90th percentile)
FSHR -29 G>A

Adjusted linear regression
For age, BMI, ethnicity

AA GA GG log difference per allele (95% CI)

Basal FSH (IU/l) 7.1 6.7 6.6 0.03
(4.8–11) (4.6–9.8) (4.6–9.8) (−0.01–0.08)

AFC 11.5 14 13 −0.04
(8–19.3) (8–24) (8–22) (−0.09–0.02)

AMH (pmol/l) 11.8 16.3 14.4 −0.07
(4.7–37.1) (5.6–40.6) (4.8–44.4) (−0.17–0.02)

Values are in median (10th-90th%ile).
Adjusted linear regression for age (cubic spline), BMI (linear effect) and ethnicity.
FSH, AMH, and AFC were log transformed.
No statistically significant differences were found.
AFC = antral follicle count; AMH = anti-Müllerian hormone; BMI = body mass index; CI = confidence interval.
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and measures of ovarian reserve or markers of treatment
response.

Three previous studies have considered the relationship
between the -29G>A FSHR variant and parameters associ-
ated with IVF (Achrekar et al., 2009; Desai et al., 2011; Wunsch
et al., 2005). Consistent with data from this study, in all three
previous reports, no significant association between basal
serum FSH and the promoter variant were detected.

Both Achrekar et al., 2009 and Desai et al. 2011 reported
a lower pre-ovulatory follicle count in women with the AA
genotype compared with other genotypes. However, these
data are based on seven and 11 women, respectively with this

genotype. This study did not note any differences in the related
parameter of AFC between women with different geno-
types, including 51 homozygous for the A allele.

In the Achrekar and Desai studies the total gonadotro-
phin dose used was higher in the AA genotype groups (3069.43
± 194.2 IU) and (4563 ± 271 IU) respectively, than in the other
genotype groups. The median dose of FSH used in this study
was comparable 3000 (1500–3825 IU) to these studies, but it
was noted that there was no significant differences in dose
between the genotype groups. Furthermore, it was deter-
mined that there were no differences in the number of oocytes
retrieved in the different genotype groups, whereas in both

Table 3 Ovarian response markers (early outcome measures) across different genotypes.

Parameter
median (10th−90th percentile)
FSHR -29 G>A

Adjusted regression analysisa

AA GA GG Difference per allele (95% CI)

Total dose gonadotropin used (IU) 3000 2550 2700 −4
(1500–3825) (1350–3765) (1420–3750) (−124–117)

Oocytes retrieved 9 9 8 0.03
(4–18) (3–18) (3–19) (−0.05–0.11)

Values are in median (10th-90th%ile) for each genotype.
No statistically significant differences were found.
aDifference is estimated by linear regression adjusted for age, BMI, ethnicity, stimulation type and AMH. Oocyte numbers are log trans-
formed for this analysis and difference is a difference in log (number+1).

Table 4 Late outcome measures (clinical pregnancy and live birth) across different FSHR -29 G>A genotypes.

Parameter
AA GA GG Adjusted regression analysis

odds ratio per allele (95% CI) P

Clinical pregnancy rate
n (%)

20/51
(39)

91/229
(40)

87/279
(31)

1.32 a 0.044
(1.01–1.74)
1.27b NS
(0.95–1.71)

Live-birth rate
n (%)

18/51
(35)

67/229
(29)

68/279
(24)

1.37 a 0.035
(1.02–1.84)
1.33b NS
(0.98–1.81)

AMH = anti-Müllerian hormone; BMI = body mass index; CI = confidence interval; NS = no statistically significant difference.
aAdjusted for age, BMI, stimulation type and AMH.
bAdjusted for age, BMI, stimulation type, AMH and the number of embryos transferred.

Table 5 Type of ovarian response across different FSHR -29 G>A genotypes.

Response
AA GA GG Adjusted regression analysis a

Change per allele (odds ratio)
(95% CI)

P

Inadequate response (<4 oocytes retrieved) n (%) 4/51 30/229 44/279 0.77 NS
(8) (13) (16) (0.52–1.15)

Hyper-response (>20 oocytes retrieved) n (%) 2/51 9/229 24/279 0.37 0.005
(4) (4) (9) (0.18–0.74)

AMH = anti-Müllerian hormone; BMI = body mass index; CI = confidence interval; NS = no statistically significant difference.
aAdjusted for age, BMI, stimulation type and AMH.
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the previous Indian studies women with the AA genotype had
lower numbers of retrieved mature oocytes (Achrekar et al.,
2009; Desai et al., 2011).

A larger sample size would be required to determine if this
promoter SNP has a smaller effect on ovarian reserve or ovarian
response (beyond the limit of detection of this study).
However, in practical terms, if the SNP is to have clinical utility
as a biomarker, it should have a larger effect size.

This study is the first to consider the effect of this pro-
moter SNP on the frequency of live birth between different
genotypes following IVF treatment. Live birth is the most im-

portant outcome for a woman undergoing assisted reproduc-
tion and should be considered in all genomic studies of
outcomes of assisted reproduction to provide women and
health care providers with the information that will inform
optimal treatment options. Hence, it was interesting to
observe that women carrying the variant allele were more
likely to have a child following IVF treatment. This associa-
tion was of borderline significance after adjustment for the
available prognostic factors (P = 0.035) but the association
did not quite reach statistical significance, after additional
adjustment for the number of embryos transferred. As the

Table 6 Diplotype frequencies for FSHR -29G>A and FSHR c.2039A>G.

c.2039A>G, p.(Asn680Ser)
-29G>A diplotype Frequency%

A A AA 17.5 (n = 98)
A G AG 37.7 (n = 11)
G A GA 12.2 (n = 68)
G G GG 32.6 (n = 182)

Table 7 Adjusted linear regression analysis of diplotype of polymorphism c. 2039 A>G (p.Ser680Asn) and -29G>A.

A/A
17.6%*
(n = 98)

G/A
12%*
(n = 68)

G/G
32.6%*
(n = 182)

Log FSH (IU/l) 0.02 (−0.05–0.1) 0.06 (−0.02–0.14) 0.01 (−0.05–0.06)
NSa NSa NSa

Log AFC −0.07 (−0.17–0.03) −0.03 (−0.13–0.07) −0.03 (−0.1–0.04)
NSa NSa NSa

Log AMH (pmol/l) −0.1 (−0.24–0.05) −0.05 (−0.21–0.1) −0.02 (−0.13–0.1)
NSa NSa NSa

Total dose gonadotropin usedb −0.073 (−0.258–0.112) 0.077 (−0.12–0.274) −0.021 (−0.165–0.122)
NSc NSc NSc

Log Oocytes retrieved 0.06 (-0.06–0.18) 0.03 (−0.11–0.16) 0.03 (−0.06–0.12)
NSc NSc NSc

0.06 (−0.06–0.17) 0.03 (−0.1–0.16) 0.03 (−0.06–0.12)
NSd NSd NSd

Clinical pregnancy rate 1.34 (0.87–2.08) 1.61 (1.03–2.52) 1.2 (0.85–1.69)
NSd P = 0.039d NSd

1.25 (0.78–2.01) 1.48 (0.91–2.4) 1.11 (0.77–1.6)
NSe NSe NSe

Live birth rate 1.39 (0.87–2.21) 1.65 (1.02–2.66) 1.2 (0.83–1.74)
NSd P = 0.040d NSd

1.31 (0.8–2.17) 1.53 (0.92–2.53) 1.12 (0.76–1.65)
NS e NS e NS e

Inadequate response (<4 oocytes retrieved) 0.73 (0.41–1.3) 0.55 (0.27–1.12) 0.71 (0.45–1.11)
NSd NSd NSd

Hyper-response (>20 oocytes retrieved) 0.61 (0.25–1.5) 0.11 (0.01–0.89) 1.02 (0.54–1.92)
NSd P = 0.039d NSd

AFC = antral follicle count; AMH = anti-Müllerian hormone; BMI = body mass index; NS = no statistically significant difference.
Analysis of the diplotypes of the two SNP c. 2039 A>G (p.Ser680Asn) and -29G>A per diplotype and each of the diplotypes compared with the
wild type A/G (A allele at position 2039/G allele at position -29) on an additive genetic model. A/A (A allele at position 2039/A allele at
position -29), G/A (G allele at position 2039/A allele at position -29), G/G (G allele at position 2039/G allele at position -29).
*Are the diplotype frequencies where A/G is 37.8% (n = 211).
aAdjusted for age, BMI and ethnicity.
bGonadotrophin dose is scaled (gonadotrophin dose/1000 IU).
cAdjusted for age, BMI, ethnicity, stimulation type, and AMH level.
dAdjusted for age, BMI, ethnicity, stimulation type, AMH level, and gonadotrophin dose.
eAdjusted for age, BMI, ethnicity, stimulation type, AMH level, gonadotrophin dose and the number of embryos transferred.
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number of embryos transferred is to a large extent deter-
mined by the ovarian response this is likely to be over-
adjusting. Studies with larger numbers would be needed to
investigate this complex relationship in more detail. It is in-
teresting to note the lack of association between the variant
with the early markers of ovarian response in contrast to the
trend with increased live-birth rate indicating the potential
pitfalls of over-reliance on intermediate outcomes.

When comparing the degree of response to COH in groups
with different genotypes, this study noted that women with
a hyper-response were more likely to carry the wild type (G)
allele. However, the absolute hyper-response rate is low in
all genotypes, indicating that this is not an absolute predic-
tor that could be used in a clinical setting.

There was no evidence of a significant association with
ovarian response or reserve markers when the diplotype, gen-
erated through consideration of c.2039 A>G and -29G>A, was
used.

Similar to the results of the association analysis for the pro-
moter variant, there was a modestly significant increased like-
lihood of having a clinical pregnancy and live birth in women
carrying the G allele of the Ser680Asn variant and A allele of
the promotor variant. However, these associations did not
remain significant after correcting for the number of embryos
transferred. Women with this diplotype were more likely to
be hyper-responsive to COH, but this did not remain signifi-
cant at a P-value of 0.005 after correction for multiple testing
by Bonferroni.

In conclusion, the results of this study do not provide
enough evidence to support the use of genotyping FSHR -29G>A
in the individualization of treatment for women undergoing
IVF, but demonstrate the importance of using live-birth rate
as an outcome for studies relating to assisted reproduction.
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