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Abstract

Purpose The purpose of this study is to evaluate the influence
of follicle-stimulating hormone receptor (FSHR) Asn680Ser
polymorphism on the ovarian response to exogenous follicle-
stimulating hormone (FSH) and clinical outcomes in women
undergoing controlled ovarian hyperstimulation (COH).
Methods A database search was conducted to identify the eli-
gible studies that investigated the effect of FSHR Asn680Ser
polymorphism on ovarian response and clinical outcomes. A
pooled analysis was performed with the odds ratio (OR) or
weighted mean difference (WMD) and their respective 95 %
confidence interval (CI) by the STATA software with random
effects model.

Results Sixteen cohort studies comprising a total of 4287 sub-
jects were included. The number of retrieved oocytes was
significantly fewer in subjects with the SS genotype at posi-
tion 680, compared to subjects with the NN or NS genotype
(WMD=-1.36, 95 % CI=—1.85 to —0.87). Lack of associa-
tion was detected between the genotypes (SS genotype vs. NN

Capsule The FSHR Asn680Ser polymorphism might be a significant
biomarker for predicting the number of retrieved oocytes and poor
response, especially in Asian subjects.
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or NS genotype) and clinical outcomes such as exogenous
FSH dose (WMD=98.96 IU, 95 % CI=-22.33 to 220.24),
poor response (OR=1.08, 95 % CI=0.71-1.64), ovarian hy-
perstimulation syndrome (OHSS) (OR=1.58, 95 % CI=0.41—
6.07), and clinical pregnancy rate (OR=1.10, 95 % CI=0.86—
1.40). However, poor ovarian response and number of re-
trieved oocytes were significantly influenced by the
Asn680Ser polymorphism in the Asian subjects. In addition,
no publication bias was detected.

Conclusion FSHR Asn680Ser polymorphism might be a
significant biomarker for predicting the number of re-
trieved oocytes and poor response, especially in Asian
subjects. Other outcomes such as exogenous FSH dose,
OHSS, and pregnancy rate were not influenced by FSHR
Asn680Ser polymorphism.

Keywords FSHR - Genetic polymorphism - Ovarian
response - Meta-analysis

The prevalence of infertility has significantly increased
over the recent decades, affecting about 15 % of all cou-
ples at reproductive age [1]. However, this problem was
not successfully overcome until the development of
in vitro fertilization (IVF) [1]. Today, 2-3 % of all births
in developed countries are estimated to be the result of
IVF procedures [2]. However, assisted reproduction tech-
nique (ART) is a complicated program which requires
controlled ovarian hyperstimulation (COH) with exoge-
nous follicle-stimulating hormone (FSH) to achieve mat-
uration of multiple follicles and oocytes. The effective-
ness and safety of IVF treatment depend substantially on
the ovarian response to exogenous FSH [1]. However,
the ovarian response to stimulation with gonadotropin
was varied, ranging from poor to high responses [3]. In
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addition, a standard fixed dose of gonadotropin may not
be suitable for all women, and thus selecting a suitable
initial dose of gonadotropin plays an important role in
determining the outcomes of COH and subsequent IVF.
The women with poor response may easily suffer from
few or no mature follicle which results in cancellation of
IVF procedures. Conversely, women with high response
would be at risk of developing potentially life-
threatening ovarian hyperstimulation syndrome (OHSS)
[4]. In Italy, nearly 4500 cycles were cancelled every
year due to abnormal responses to gonadotropin stimula-
tion [5]. Therefore, individualization and optimization of
the stimulation protocols were needed to minimize the
risk of OHSS while maximizing the probability of live
birth. With the rapid development of pharmacogenetics,
genetic biomarkers are now considered as a promising
approach to improve response rate and minimize adverse
events.

FSH and its receptor (FSHR) play a significant role in
follicle development and regulation of steroidogenesis within
the ovary [6]. The loss-of-function mutation in FSHR gene
was found to be associated with ovarian dysfunction [7]. Re-
cently, hundreds of common variants or single-nucleotide
polymorphisms (SNPs) of the FSHR gene have been identi-
fied. In these variants, two substitutions in exon 10, an
asparagine-serine change at position 680 (Asn680Ser) and
an alanine-threonine change at position 307 in the amino acid
sequence (Ala307Thr), particularly have been proposed to be
associated with ovarian dysfunction and alter the effect of
COH in women with normal ovarian function [8, 9]. As these
two polymorphisms are in near-complete linkage disequilibri-
um, most previous studies have only focused on the
Asn680Ser variant [8]. Most studies evaluating the role of
FSHR genetic polymorphisms showed that homozygosity
for the serine variant (SS) at position 680 in ovulatory patients
was associated with higher baseline FSH levels [10]. In addi-
tion to these SNPs, splice variants in FSHR that have been
identified in women undergoing ovarian stimulation may also
contribute to the variability in ovarian response. However,
results from multiple studies are conflicting, and previous
meta-analyses have failed to confirm the association between
FSHR Asn680Ser polymorphism and the outcomes related to
COH [10-29]. A pooled analysis of only four studies, as well
as a recent meta-analysis, showed that the 680 SS genotype of
FSHR played a role in the ovarian response during stimulation
with exogenous gonadotropin [11, 30]. However, our previ-
ous meta-analysis concluded that, except for basal FSH
levels, none of the COH outcomes in terms of peak estra-
diol levels, gonadotropin dose, oocytes retrieved, or preg-
nancy rate was significantly associated with different ge-
notype groups [10]. Therefore, considering the conflicting
results from previous meta-analysis and the substantial
number of original studies, an updated meta-analysis
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was necessary to evaluate the role of FSHR Asn680Ser
polymorphism in ovarian response and other IVF out-
comes in women undergoing COH.

Methods

The meta-analysis was performed according to Meta-analysis
Of Observational Studies in Epidemiology (MOOSE) guide-
line. Formal institutional review board approval was not re-
quired because only published data were pooled.

Search strategy

A database search was conducted to identify the relevant stud-
ies in PubMed, Cochrane Library, and Web of Science regard-
less of their language and publication status until April 2015.
To investigate the relationship between FSHR Asn680Ser
SNP and COH outcomes, the following search strategies were
used without any other restrictions: (FSHR OR FSH OR
follicle-stimulating hormone OR FSH receptor) AND (poly-
morphism OR genotype OR genetic OR pharmacogenetics)
AND (in-vitro fertilization OR ovulation induction OR IVF
OR COH OR controlled ovarian hyperstimulation OR con-
trolled ovarian stimulation OR ICSI). In addition, references
of review articles and included trials were manually searched
to identify the additional eligible studies.

Study selection

One reviewer initially evaluated articles for eligibility (HT).
The selected articles were reevaluated by another reviewer
(YY), and the final inclusion decision was based on consensus
between the two reviewers. Studies were included if they met
the following criteria: (1) patients underwent IVF/ICSI, (2)
FSHR genotyping was performed in some or all of the pa-
tients, and (3) ovarian response and COH outcomes were pre-
sented based on genotypes.

Data extraction and quality assessment

Data from all eligible studies were extracted and summarized
independently by two reviewers (HT and YY). The following
background information was extracted from the studies: (1)
design, (2) region, (3) procedure, (4) cause of infertility, and
(5) treatment protocol. In addition, the following outcomes
were extracted: (1) total gonadotropin used, (2) number of
retrieved oocytes, (3) clinical pregnancy rate, and (4) ovarian
response including incidence of poor response and OHSS. If
the minimum, median, and maximum values were provided
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instead of the mean and standard deviation (SD), the mean and
SD were estimated by the use of a method described else-
where [31, 32]. In addition, if needed, two subgroups (such
as NN, NS) were combined into a single group (NN+NS)
according to a method described previously [31]. Any discrep-
ancy was resolved by consensus. If possible, the original
authors were contacted for the more detailed information by
e-mail.

The quality of included studies was assessed by two re-
viewers (HT and WS) independently through a checklist de-
rived from the Strengthening the Reporting of Genetic Asso-
ciation (STREGA) recommendations for reports on genetic
association studies [33] and modified according to the quality
checklist described elsewhere [34, 35].

Statistical analysis

STATA version 12.0 (Austin, TX, USA) was used to calculate
the weighted mean difference (WMD) for continuous data and
the odds ratio (OR) for dichotomous data with their 95 %
confidence intervals (Cls), respectively. Heterogeneity for
each outcome analysis was assessed by the I statistic, with
P<25 %, 25 %<I’<50 %, and ’>50 % considered as low,
moderate, and high degree of heterogeneity, respectively.
Considering the clinical heterogeneity across the included
studies, a random effects model, rather than a fixed effect
model, was used to pool the data for each outcome. In addi-
tion, a meta-regression was carried out to explore the reasons
for heterogeneity across all eligible trials and a subgroup anal-
ysis was also performed to assess whether the pooled out-
comes could vary by patient characteristics (such as region).
Finally, publication bias was assessed by using Egger’s or
Begg’s test.

Results
Identification of studies and quality assessment

A total of 1019 citations were initially retrieved with our
search strategy, in which 1003 citations were carefully exclud-
ed. Only 16 studies involving 4287 patients were included in
our meta-analysis [12-27]. The process of identification of the
eligible studies and the reasons for exclusion were presented
in Fig. 1. In addition, Table 1 presented the characteristics of
the 16 included studies. All these studies were published be-
tween 2000 and 2015, and most of the studies were performed
in Europe and Asia. The number of patients involved in each
study varied from 20 to 1052. The quality of the included
studies was presented in Table 2.

1803
Citations retrieved from electronic
databases (n=1019) including:
PubMed (n=295);
Cochrane Library (n=9);
Web of Science (n=715)
Citations excluded for

duplication(n=159)
Citations excluded after titles
and abstracts evaluations (n=768)

v

Full texts of potential studies were
retrieved for further evaluations
(n=92)

/Studies excluded according to\
inclusion criteria (n=76)
*Meeting Abstract (n=17)
*Not relevant to FSHR Asn680
Ser polymorphism(n=27)
*Without reporting the outcomes
of interest(n=26)

*Data can’t be abstracted(n=6)
| - J

[Studies eligible for meta-analysis: ]

\ 4

n=16

Fig. 1 Flow chart of the identification of eligible studies
Total dose of exogenous FSH

The total exogenous FSH requirement during the COH was
evaluated based on the 16 studies [12-27]. As shown in Fig. 2,
there was no significant difference between the subjects with
SS genotype and those with NN or NS genotype (WMD=
98.96 1U, 95 % CI=-22.33 to 220.24, P=0.153) with a sig-
nificant heterogeneity (=92.5 %). In addition, a subgroup
analysis by region was conducted to explore the source of
heterogeneity. No significant difference was detected between
SS and (NN+NS) groups in Asian (WMD=141.10 IU, 95 %
CI=—-46.63 to 328.84, P=0.218), European (WMD=
105.39 IU, 95 % CI=-122.58 to 333.35, P=0.365), and Indi-
an subgroups (WMD=-259.35 IU, 95 % CI=-532.93 to
14.23, P=0.063), but the heterogeneity across the studies
could not be completely eliminated by subgroup analysis
(P>50 %).

Number of retrieved oocytes

Fourteen studies evaluating the association between FSHR
Asn680Ser genotype and number of retrieved oocytes were

@ Springer



J Assist Reprod Genet (2015) 32:1801-1810

1804

Aep/n1 0Z1 Jo dnois oy papnjout A[uQ,,
JuouIoy Junenums-[oI[[0} AS./ ‘Quourioy Jurseaar urdonopeuos fryyun ‘uonodfur wiads oruseidojAoenur 7§77 ‘UOHRZI[ILID) ONIA UL 447 HNOY0 dA10adsord Hg “110yoo aanoadsonar Dy

oyer Koueudaid [eoturpd (§) ‘SSHO JO douaproul () @suodsar 100d Jo aouapioul (%) ‘s9JA500 PAAILIAI JO JOqUINU (Z) @sop HS: Snoud3oxa [e10], (1

©E@D Ll LS 90$ HSd/s1uoSe HyuH AT 153 0S2I eury) od [22] 10T Sueny
@D (47 L61 11T HSA/SIu03e HYuD dAI 43 oSt eury) od [92] €10T uex
©@D e 901 TL HSd/suoSeue 10 jsiuoge Hyuo ISOI gee TIT  wop3ury pajun Od  [s2] €10T ueapprAiyoy
O®O®@D 6L 1414 8C1  HSA/siuoSejue o jsiuoSe Hyun AT gee 1Ty wopSury] payun Od [l €10T ueapprAiyoy
©@D Tl o 6T HSA/SIU0SE HYUD dAI S¢ 18 ueIseone)) od [¢2] Z10T 01USD
®D 6 161 42! HSJ/ 1s1uoge Hyun ISOI Tle LTy oouery od [z2] 210T yeuslpnog
©O©@D Sl 1L (4 HSA/SIU0SE HYUD dAI 0¢ 801 el o) [12] 110T BYYIOYS
©0 e 9 8¢ HSA/AsIu0Se HyuD  ISOI 10 JAI €€°0¢ 9¢1 ety o):| [0z] 010T Sueny
®O 9 € 1T HSA/ASIU0SE HyuD  ISOI 10 JAI I¢ 0$ eIpuy ¥ [61] 600T Tesjoryoy
©O©@D (4% 6 143 HSA/ASIU0SE HYuD  ISOI 10 JAI T0g STl 90001D) o) [81] 900¢ sipenno
©e@D 81 Ly o HSA/SIU0SE HYUD dAI 6'9¢ ST SPUBLIOYION o) [£1] 9007 1odquIry
©0 €€ 0TI 011 HSA/SIUOSEIUE JO JSIUOTE HYUD dAI 9'C¢ €92 ©I03] od [91] 900C ung
©0 T vy HSA/ASIUOSEIUR 1O ISIUOSE HYUD  [SDI 10 JAI €€ 89 Aueuwron od LLST1] 00T 21ypg
®@D 61 €8 HSA ISOI10 JAI €€ 201 ureds od [¥1] €00z onseD o
©) I 8¢ 61 HSA/s1u0ge HyuH dAT £ 8¢ uedef o)X [¢1] ooz npog
@D (9% L 9 HSA/s1uoge HyuH ISOI ve 191 Aueuriony Od  [21] 000¢ eS10ARIN Z010d

SS SN NN
papodar owodnQ (%) 10SOL9USY Jo Aouonbary [090301d JuoUIIEAI], ampooold  (uerpauwyuedwr) a8y syuaned Jo “oN uoi3oy usisog Apmg
SISATeue-ejouw 9} Ul POPNJOUL SAIPNIS JO SONSLIdORIRY) [ J[qe

pringer

A's



1805

J Assist Reprod Genet (2015) 32:1801-1810

+ + + + F + + + + + + o+ o+ o+

T S S S S e i e S

+ + + + + + + + + + + + + o+ o+

+ + 1+ + + + + + + + o+

+ o+ o+

+ + + + F + F + + + + o+ o+

T S S S S e S

+ o+ 1+ o+

+ o+ + + o+ o+

S S R T e

+ + + + +F + + + + + + + + + o+ o+

[LZ] 10T Sueny

[92] €10 uex

[sZ] €10C uoappIATON
[¥Z] €10T usoppIAION
[¢z] z10T o1ueD

[z2] 210T yeusfpnog
[12] 110T eyypIeysS
[0z] 010T Sueny

[61] 600T 1ee1yoy
[811 9007 stpexnno
[£1] 9007 103uIrsy

[91] 900C ung

LST] S00T 21ypg

[+1] €00z onsed 2@
[¢1] zo0T npos

[21]1 000 BS10ARIN Z0104

BJEP SWOJNO
pue sarouonbaiy
adKouad

JO juoworelg

SUOSeaI pue
nodoip jo
J10dor 1e9[)

eyep oyderdowap
aAnduosap
JUSIOIJNG

wnuqimba
Sroquiop -Apreyq
JO JUOWISSASS Y

spoyjow
[eansness jo
Aiqesriday

poyow
3unsa) onouad
QqrpaI)

QW0dINo Ay}
Jo uonuyap
RG]

SO[qELIBA [[B
Jo uonuyap
Ied)D

syuedronred
Apmjs IO} BLIDILIO
Aniqisige 1er)

sisoyjodAy pue
saA12[qO JO
JUOWIONE)S T3]

Apms

SISATeUE-BJOUI ) UI PAPN[OUT SAIPNYS JO JUSWISSASSE Aend) g AqeL

pringer

Qs



1806

J Assist Reprod Genet (2015) 32:1801-1810

Fig. 2 Forest plots for the Study WMD (95% CI)
relationships between the FSHR Asian '
Asn680Ser polymorphism and Jun 2006 - 99.70 (44.65, 154.75)
total exogenous FSH dose sub- Sheikhha 2011 —— ' -211.99 (-289.05, -134.93)
. Sodu 2002 Lo 384.36 (253.56, 515.16)
grouped by regions. The black Yan 2013 —— 17821 (3.79, 352.63)
dots and horizontal lines Huang 2010 ———————  387.84(-95.23,870.91)
represent the study-specific MD Huang 2015 e 165.90 (19.81,311.99)
and 95 % C1. The diamonds Subtotal (I-squared = 93.7%, p = 0.000) — 141.10 (-46.63, 328.84)
represent the pooleq MD and European E
95 % CIL. WMD weighted mean Klinkert_ 2006 R 243.45 (-263.41, 750.31)
difference, CI confidence interval Loutradis 2006 T 411.39(-119.55, 942.32)
Perez mayorga 2000 ' —— 717.71 (587.19, 848.23)
Mohiyiddeen 2013a — -115.12 (-316.71, 86.47)
Mohiyiddeen 2013b — -39.13 (-201.46, 123.20)
Genro 2012 —_— -179.83 (-536.18, 176.52)
De Castro 2003 —_— -22.50 (-434.94, 389.94)
Boudjenah 2012 —— 0.85 (-208.22, 209.92)
Behre 2005 -+ -9.00 (-50.94, 32.94)
Subtotal (I-squared = 93.1%, p = 0.000) <::> 105.39 (-122.58, 333.35)
Indian :
Achrekar 2009 —_— -259.35 (-532.93, 14.23)
Subtotal (I-squared =.%,p=".) - 5 -259.35 (-532.93, 14.23)
bverall (I-squared = 92.5%, p = 0.000) > 98.96 (-22.33, 220.24)
T ! T
-500 0 500

included [12, 14-21, 23-27]. As shown in Fig. 3,
a significant difference was found in oocyte number
when comparing SS with (NN+NS) group (WMD=-1.36,
95 % CI=—-1.85 to —0.87, P<0.001) with high heterogeneity
(I’=61.9 %). Subgroup analysis by region showed
that there was a significant difference in Asian group
(WMD=-1.85, 95 % CI=-2.08 to —1.63, P<0.001), but
not in European (WMD=-0.83, 95 % CI=—1.67 to 0.01,
P=0.052) or Indian groups (WMD=-2.77, 95 %
CI=-9.51 to 3.97, P=0.420).

Ovarian response

Seven studies provided the data about the ovarian response in
terms of poor response outcome [3, 17, 18, 21, 22, 24, 27]. As
shown in Fig. 4, there was no significant difference in poor
response rate between the subjects with SS genotype and
those with NN or NS genotype (OR=1.08, 95 % CI=0.71-
1.64, P=0.139) with high heterogeneity (/*=50.2 %), which
was confirmed in the European subgroup (OR=0.95, 95 %
CI=0.57-1.59, P=0.847). However, there was a significant

Fig. 3 Forest plots for the Study WMD (95% CI)
relationships between the FSHR Asi :
. sian !
Asn680Ser pol.ymorphlsm and Jun 2006 - 22.01 (_2_30, -1 72)
number of retrieved oocytes sub- Sheikhha 2011 —r -1.72 (-4.14,0.70)
grouped by regions. The black Yan 2013 —O-i— -2.01 (-4.30, 0.28)
dots and horizontal lines E{ehre 220(?]50 - ';?2 g'}‘?é’ -(l)(])?)g
- . uang — -2.13 (-4.16, -0.
represer;t the study spemﬁc MD Huang 2015 — 188 (-2.91, -0.85)
and 95 % CI, respectively. The Subtotal (I-squared = 0.0%, p = 0.544) 0 -1.85 (-2.08, -1.63)
diamonds represent the pooled . '
MD and 95 % CI. WMD weighted Eufolfean :
diff CI confid Klinkert 2006 L —— 0.46 (-0.84, 1.76)
$te;nvall erence, T4 confidence Loutradis 2006 Lol -0.63 (-1.67, 0.41)
Perez mayorga 2000 — -0.25 (-3.00, 2.50)
Mohiyiddeen 2013a —] -1.60 (-3.09, -0.11)
Mohiyiddeen 2013b —r -0.50 (-1.32,0.32)
Genro 2012 —_— 0.04 (-3.42, 3.50)
De Castro 2003 —_— -3.50 (-5.44, -1.56)
Subtotal (I-squared = 54.0%, p = 0.043) < -0.83 (-1.67, 0.01)
indian i
Achrekar 2009 -2.77 (-9.51, 3.97)
Subtotal (I-squared= %,p=) ——__ 1 T——— 2.77(-9.51,3.97)
Overall (I-squared = 61.9%, p=0.001) o -1.36 (-1.85, -0.87)
T ; T
-5 0 5
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Fig. 4 Forest plots for the Study OR (95% CI)
relationships between the FSHR .
Asn680Ser polymorphism and Asian !
ovarian response sub-grouped by ) '
regions. The black dots and hori- Sheikhha 2011 - 0.89 (0.30, 2.67)
zontal lines are the study-specific Huang 2015 E—’— 1.60 (1.09, 2.36)
OR and 9.5 % CIL, respectively, Subtotal (I-squared = 0.0%, p = 0.323) :<> 1.50 (1.04, 2.16)
and the diamonds represent the :
pooled OR and 95 % CIL. OR odds !
ratio, CI confidence interval European i
De Castro 2003 ———> 3.45(1.13, 10.52)
Klinkert 2006 —H:— 1.02 (0.30, 3.47)
Loutradis 2006 —‘—'i— 0.73 (0.31, 1.70)
Boudjenah 2012 —‘—'f' 0.68 (0.38,1.21)
Mohiyiddeen 2013b —_—— 0.78 (0.33, 1.81)
Subtotal (I-squared = 42.2%, p=0.140) <:> 0.95 (0.57, 1.59)
Overall (I-squared = 50.2%, p =0.061) <> 1.08 (0.71, 1.64)
T : T
2 1 5

difference in the Asian subgroup (OR=1.50, 95 % CI=1.04—
2.16, P=0.028): subjects with SS genotype had a higher risk
of poor ovarian response than those with (NN+NS) genotype.

Only two studies evaluated the incidence of OHSS [19,
24]. The results of meta-analysis showed that there was no
significant difference between SS group and (NN+NS) group
(OR=1.58, 95 % CI=0.41-6.07, P=0.504) with no signifi-
cant heterogeneity (=0 %), which indicated that FSHR
Asn680Ser could not be a genetic biomarker to predict the
OHSS.

Rate of clinical pregnancy

Ten studies provided the data regarding the clinical pregnancy
rate [15-18, 20, 21, 23-25, 27]. As shown in Fig. 5, there was
no significant difference between SS and (NN + NS) groups
(OR=1.10, 95 % CI=0.86-1.40, P=0.454) with low hetero-
geneity (7=6.6 %). Subgroup analysis did not show any dif-
ference in the subgroup of European (OR=1.37, 95 % CI=
0.90-2.09, P=0.145) or Asian group (OR=0.95, 95 % CI=
0.71-1.28, P=0.753).

Fig. 5 Forest plots for the Study OR (95% CI)

relationships between the FSHR .

Asn680Ser polymorphism and Asian E

clinical pregnancy rates sub- Jun 2006 —_— 0.64 (0.28, 1.45)

grouped by regions. The black Huang 2010 —i— 0.81(0.35, 1.83)

fggezng rf’g:f;’}fems’t i’c’;ess i Sheikhha 2011 1.04 (0.21, 5.18)

OR anrzl 95 % CL. Theydismonds Huang 2015 o Py 1.05(0.74, 1.50)

represent the pooled OR and 95 % Subtotal (I-squared = 0.0%, p = 0.704) <> 0.95 (0.71, 1.28)

CI. OR odds ratio, CI confidence : i

interval European ;
Behre 2005 I H— 0.89 (0.27, 3.00)
Klinkert 2006 ¢ ——— 4.37(1.51, 12.63)
Loutradis 2006 I 1.20 (0.27, 5.28)
Genro 2012 S e e— 1.76 (0.51, 6.04)
Mohiyiddeen 2013b —— 1.18 (0.71, 1.95)
Mohiyiddeen 2013a —t 0.98 (0.44, 2.20)
Subtotal (I-squared = 19.8%, p = 0.284) <T<> 1.37 (0.90, 2.09)
Overall (I-squared = 6.6%, p =0.381) <> 1.10 (0.86, 1.40)

T : T

2

—
W
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Meta-regression and publication bias

Meta-regression analysis confirmed that none of the considered
factors (such as design, region, procedure, and protocol) was
the main source of heterogeneity (all P values >0.05). There
was no publication bias detected by Egger’s or Begg’s test in
any of the associations reported above (all P values >0.05).

Discussion

The identification of the variants of FSHR has facilitated the
research regarding their value as predictors of ovarian response
to an exogenous stimulation in women undergoing COH. In
recent years, most of the FSHR genotype-based studies fo-
cused on the Asn680Ser polymorphism. However, results from
previous meta-analysis and individual studies about the asso-
ciation between this polymorphism and COH outcomes were
still inconsistent. Based on evidence from 16 recent studies,
FSHR Asn680Ser polymorphism might influence the number
of retrieved oocytes, but significance of this polymorphism to
COH outcomes was poor, in terms of clinical parameters such
as exogenous FSH dose, incidence of ovarian response, and
clinical pregnancy rate. An interesting finding in our studies is
that FSHR Asn680Ser might be a promising genetic marker
for predicting the ovarian response in Asian patients.

In IVF programs, exogenous FSH is administered for ovar-
ian stimulation. Determining the dose of FSH to attain opti-
mum response is still one of the ongoing challenges in the
field of infertility management in IVF clinics. To identify ge-
netic markers for guiding personalized dosing of exogenous
gonadotropin, numerous studies have been carried out to eval-
uate individual variability in the ovarian response to gonado-
tropin [ 12—28]. Consistent with our previous meta-analysis, as
well as many original studies, no significant difference was
observed in total amount of exogenous FSH when comparing
subjects harboring the SS genotype with those harboring the
NN or NS genotype, but the subjects with the SS genotype
displayed a trend to need more exogenous FSH (WMD=
98.96 1U, 95 % CI=-22.33 to 220.24). However, the sub-
group analysis by region revealed a different trend: unlike
the subjects from Asia and Europe, the subjects carrying the
SS genotype from India tend to need less exogenous FSH.
These results showed that the ovarian response to exogenous
FSH might differ between ethnicities. However, only one
study involving 50 Indian subjects was included and studies
larger in scale are needed. Further analysis regarding the num-
ber of oocytes retrieved showed that fewer oocytes were re-
trieved in the SS group than those in the NN or NS group
(WMD=-1.36, 95 % CI=-1.85 to —0.87), suggesting that
patients with the SS genotype had lower sensitivity to FSH.
Therefore, same exogenous FSH dosage given to the patients
without considering the genetic background might result in
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better outcomes in the subjects with the NS or NN genotype
than those with the SS genotype. Similar results were found in
the Asian subgroup, but not in European or Indian subgroups.
Therefore, to achieve adequate ovarian stimulation and retrieve
enough oocytes, patients carrying the SS genotype might need a
higher dosage of exogenous FSH than those carrying the NN or
NS genotype, especially in Asian subjects. Furthermore, FSHR
polymorphism may represent a predictive marker for the re-
sponse to exogenous FSH during COH treatment. The results
from two meta-analyses showed that the SS genotype was as-
sociated with a poor response during COH [11]. However, our
study found no significant association between Asn680Ser
polymorphism and ovarian response without considering racial
background. In contrast, Asian subjects with the SS genotype
had a higher risk of poor ovarian response than those with the
NN or NS genotype (OR=1.50, 95 % CI=1.04-2.16), and this
result was consistent with the genotype-specific difference in
the number of oocytes retrieved. However, in the term of
OHSS, a lack of significant difference was observed between
SS and (NN+NS) groups (OR=1.58, 95 % CI=0.41-6.07).
The rate of pregnancy in an IVF cycle is considered as a
critical measure to determine the IVF outcome. However, there
is a lack of consistent evidence regarding this outcome in recent
association studies. In the included studies, only the study by
Klinkert et al. reported that the subjects with the SS genotype
were more likely to have a higher pregnancy rate when com-
pared with those with the NN genotype [17]. However, our
meta-analysis from 10 studies comprising a total of 2762 sub-
jects showed that there was a lack of association between the
FSHR Asn680Ser polymorphism and the rate of pregnancy
(OR=1.10, 95 % CI=0.86—1.40). When taking ethnic back-
ground into account, subgroup analysis revealed a difference
between Asian (OR=0.95, 95 % CI=0.71-1.28) and European
(OR=1.37, 95 % CI=0.90-2.09), which might be interpreted by
the fewer oocytes retrieved and poor response in Asian subjects
with the SS genotype. Further studies are necessary to confirm
whether higher exogenous FSH could influence the number of
oocytes and eventually improve the clinical pregnancy rate.
Admittedly, there were some limitations in the present me-
ta-analysis. Firstly, our work only focused on the data about
FSHR Asn680Ser polymorphism. Other FSHR polymor-
phisms, such as Ala307Thr, -29G >A, and -211G >T, might
also play a role in modulating ovarian response to gonadotro-
pin administration [19, 36]. However, the role of these poly-
morphisms was not assessed in our study, because the avail-
able studies about these polymorphisms are few and further
studies are necessary to confirm their clinical associations.
Secondly, although a meta-regression and a subgroup analysis
were conducted to explore the source of heterogeneity across
the included studies, we cannot exclude the possibilities of
other confounding factors, such as the ethnicity. Multiple eth-
nicities were included and analyzed in the original trials,
which limits the sub-analysis by region rather than ethnicity.
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Thirdly, insufficient subjects (2767 subjects) and few frequen-
cy of SS genotype (506 subjects, about 19 % of all subjects
included) detected in the population limited the power to pro-
vide a reliable and conclusive suggestion. Further, more well-
designed trials are warranted to confirm the findings.

In summary, our meta-analysis of current available studies
suggested that FSHR Asn680Ser polymorphism might be a
significant biomarker for predicting the number of retrieved
oocytes and poor response, especially in Asian subjects. Other
outcomes such as exogenous FSH dose, OHSS, and pregnan-
cy rate were not influenced by FSHR Asn680Ser polymor-
phism. However, it does not translate into statistically signif-
icant differences in these clinical outcomes, possibly due to
insufficient sample size in the meta-analysis. Further investi-
gations will be required to confirm these findings.
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