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Abstract

Objective There was also a lack of data regarding the effect of follicle size, endometrial thickness, and ovarian stimu-
lation as predictors of intrauterine insemination (IUl) success rate in Indonesia, especially in the Aster Clinic and Band-
ung Fertility Centre. This study was performed to explore the relationship between follicle size, endometrial thickness,
and types of ovarian stimulation (Clomiphene citrate/CC vs Letrozole) with biochemical pregnancy rate in women
undergone [Ul. We performed a case—control study in 122 women aged 20-40 years with unexplained infertility who
had completed the IUl program for a maximum of three cycles. Data were extracted from medical records. Inde-
pendent T-test and multivariate analyses were used to analyse the difference between variables using IBM SPSS 24.0.
P-value <0.05 was considered statistically significant.

Result Follicle sizes of 18-22 mm in both Clomiphene citrate (CC) and Letrozole groups were shown to increase
biochemical pregnancy rate (P=0.001). There is no relationship between endometrial thickness and pregnancy rate.
Biochemical pregnancy rate in women using Letrozole was 1.513 times higher than women using CC. The follicle size
of 18-22 mm and using Letrozole rather than CC as ovarian stimulators are predictive factors associated with a higher
pregnancy rate in women undergone IUI.

Keywords Clomiphene citrate, Endometrial thickness, Follicle size, Intrauterine insemination, Letrozole

Introduction

Infertility is estimated to affect 8—12% incidence among
reproductive-age couples and shows an increasing trend.
It is estimated that 1 in 7 couples in western countries
experienced infertility, compared with 1 in 4 couples in
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developing countries [1-8]. Unexplained infertility (UI)
occurs in 15% of all infertility cases. In women, UI is
associated with advanced age, lower BMI, lower endo-
metrial thickness, and poorer ovarian reservation test-
ing [1-8]. In addition, infertility in women could rise to
many psychological problems. Therefore, this condition
is one of important health issues that must be addressed
to prevent variety of adverse outcomes. [9, 10]

Regarding this issue, various techniques for treating
infertility have been developed using assisted reproduc-
tive technology, such as intrauterine insemination (IUI)
with controlled ovarian hyperstimulation (IUI/COH). The
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success rate of the IUI/COH method reported was about
11-16.4% [11-26]. Several factors that influence the suc-
cess rates of IUI/COH, including: (1) type of stimulation,
such as the use of Clomiphene citrate (CC) and Letrozole;
(2) timing of ovulation after trigger shot was administered
as determined by measurement of the dominant follicle
(follicle size); and (3) endometrial thickness [20—26].

IUI is performed using a variety of ovarian stimula-
tors such as CC and Letrozole. CC and Letrozole have
become the drug of choice since CC is the first-line
regimen, Letrozole is one of the first-line regimens for
inducing ovulation in IU cases, and they are both inex-
pensive. According to previous studies, Letrozole was
superior to CC [20-26]. The size of the follicle is also a
factor considered to become as predictive factors of the
IUI success rate. Multiple studies have demonstrated
that the ideal follicle size to improve the likelihood of
pregnancy is 18-22 mm [23-25]. In addition to the
effect on follicle size, ovarian stimulation is suggested
to also increase the endometrial thickness, which has
a beneficial impact on the pregnancy rate. The optimal
endometrial thickness to enhance the pregnancy rate
in IUI is 8—10 mm, but the conclusion remains unclear
in many literatures. This makes the choice of ovarian
stimulation individualized and tailored to each woman
undergoing IUT [26-28].

Thus, the data concerning the efficacy of ovarian stim-
ulation and its relationship to follicle size as well as the
endometrial thickness, are still inconsistent and unclear
[20-29]. In addition, there are currently no data corre-
lating the type of ovarian stimulation, follicle size, and
endometrial thickness simultaneously to pregnancy rates
in fertility clinics in Indonesia, particularly in Bandung,
such as the Aster Clinic, Dr. Hasan Sadikin General Hos-
pital Bandung and Bandung Fertility Center. This study
was performed to observe the relationship between fol-
licle size, endometrial thickness, and types of ovarian
stimulation (Clomiphene citrate/CC vs Letrozole) with
pregnancy rate especially biochemical pregnancy rate in
IUL

Materials and methods

Design of the study and subject recruitment

This was a case—control study designed to examine the
association between follicle size, endometrial thickness,
and based on the type of ovarian stimulations with Clo-
miphene citrate (CC) and Letrozole in women undergo-
ing IUI with biochemical pregnancy rate as the primary
outcome and correlation between variables as a second-
ary outcome. Based on local and national guidelines as
well as previous studies, Letrozole was given orally in a
dose of 2.5 mg, 5 mg, and 7.5 mg, respectively, while CC
was given orally in a dose of started of a low dose of 50 mg
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until a maximum of 150 mg/day. If the patient displayed
no response, the dosage was increased [23-28, 30-35].
The brain’s pituitary gland secretes more follicle stimulat-
ing hormone (FSH) and luteinizing hormone (LH) when
CC is taken. This action stimulates the growth of the
ovarian follicle and thus initiates ovulation. In the other
side, Letrozole is a third-generation aromatase inhibi-
tor that works by inhibiting the production of estrogen,
causing an increase in the release of gonadotropin-releas-
ing hormone (GnRH) from the pituitary gland, leading to
hypoestrogenic condition, negative-feedback mechanism
and increased gonadotropin secretion and stimulation of
ovarian follicle development. [28, 30—35] The data used
were secondary data extracted from the medical records
of patients at Aster Clinic, Dr. Hasan Sadikin General
Hospital Bandung and Bandung Fertility Center, starting
from December 2021 until minimum number of samples
was fulfilled using a consecutive sampling method.
Women with UI (no abnormalities in male partner’s
sperms, anatomical aspect of reproductive system, and
hormonal function), aged 20 to 40 years who had under-
gone IUI programs at Aster Clinic, Dr. Hasan Sadikin
General Hospital Bandung and Bandung Fertility Center
for a maximum of three cycles were included in this
study. Incomplete medical record data, poor patient
compliance, or complications with treatment as well as
dropped-out patients were excluded from this study.

Ethical aspect and research approval

The data collection at Aster Clinic and Bandung Fer-
tility Center was categorized as low-risk as it was con-
ducted using medical record data. After receiving
approval and recommendations from the Ethics Com-
mittee Review Board of Hasan Sadikin General Hospi-
tal—Faculty of Medicine, Universitas Padjadjaran, all
procedures were performed in accordance with appli-
cable guidelines and regulations, with reference number
LB.02.01/X.6.5.176/2021.

Data analysis

If normally distributed, the data were analyzed using an
independent T-test; otherwise, the Mann—Whitney test
would be used. The logistic regression method would be
utilized for multivariate analysis. A P-value of<0.05 was
considered statistically significant.

Results

Subject characteristics

As shown in Table 1, a total of 122 subjects were analyzed
in this study. Subjects aged 20-30 years in the CC group
were 21 people (47.7%), and 23 people (52.3%) in the
Letrozole group. Subjects aged 31-40 in the CC group
were 40 (51.3%) and 38 (48.7%) in the Letrozole group.
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Table 1 Subject Characteristics
Variable Total (N=122) CC (n(%)) Letrozole (n(%)) P value
Age
20-30 years 44 21(47.7) 23 (52.3) 0.706
31-40 years 78 40(51.3) 38(48.7)
Body Mass Index (BMI) (kg/m?)
Mean + SD 23.29+3.72 23.88+3.70 2291+3.71 0.192
Median 2210 2450 2130
Range(Min-Max) 13.92 (18.10-32.02) 13.92 (18.10-32.02) 12.80(18.30-31.10)
Number of Cycle
1 17 9(14.8) 8(13.1) 0.857
2 54 28 (45.9) 26 (42.6)
3 51 24(39.3) 27 (44.3)
Length of Marriage (years) 122
Mean =+ SD 4324217 4394193 4244239 0.250
Median 4.00 4.00 4.00
Range (Min-Max) 11.0 (2.00-3.00) 9.0 (2.00-11.00) 11.0 (2.00-3.00)

If normally distributed, the data were compared using independent T-test; otherwise, the Mann-Whitney test would be used. A P-value of < 0.05 was considered

statistically significant (Cl=95%)

The difference in patients’ age both in CC and Letrozole
group was not statistically significant (P= 0.706). The
total mean of body mass index (BMI) was 23.29 + 3.72
kg/m? with no statistically significant difference between
BMI in CC and Letrozole group (P=0.192). There were 17
subjects who had undergone 1 cycle, 54 subjects with 2
cycles, and 51 subjects who had undergone 3 cycles. The
difference in number of cycles in each group was con-
sidered not statistically significant (P=0.857). Length of
marriage in the CC group had an average score of 4.39
+ 1.93, and the Letrozole group had an average score of

4.24 + 2.39. The difference in the average length of mar-
riage in the CC and Letrozole groups was not statistically
significant (P=0.250) It can be concluded that the demo-
graphic characteristics between the CC group and the
Letrozole group were homogenous.

The association between follicle size, endometrial
thickness, and type of ovarian stimulations to biochemical
pregnancy rate outcome

Based on Table 2, follicular size between 18 and 22 mm
was associated with a higher biochemical pregnancy

Table 2 Relationship between follicle size, endometrial thickness, and type of intervention to pregnancy rate outcome

Variable Total (N=122) Outcome pregnancy rate OR (C1=95%) P value
Pregnant Not pregnant
Follicle size (mm)
18-22mm 74 (60.7) 43 (76.8) 31 Ref. 0.001*
47) 3.734(1.701-8.199)
>22mm 48(39.3) 13(23.2) 35(53.0)
Endometrial thickness (mm)
<8mm 76 (62.3) 33 (58.90) 43 (65.2) Ref.
8-10 mm 41(33.6) 20(35.7) 21(31.8) 0.512 (0.081-3.240) 0477
>10mm 5@4,1) 3(54) 2(3,0) 0.635 (0.069-4.270) 0.638
Types of ovarian stimulation
CcC 61 22 (36.1) 39(63.9) Ref. 0.030*
Letrozole 61 34 (55.7) 27 (44.3) 2.232(1.079-4.618)

If normally distributed, the data were compared using independent T-test; otherwise, the Mann-Whitney test would be used. A P-value of <0.05 was considered

statistically significant (Cl=95%)
* P<0.05 was considered statistically significant
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Table 3 Multivariate analysis

Variable B SE OR (CI1=95%) P value
Follicle size 1,283 0407 3.606 (1.623-8.011) 0.002*
Type of ovarian ~ 0.748 0.388 2274 (1.082-4.777) 0.054
stimulations

Constant —1.349 0.386

Multivariate test analysis was performed by logistic regression test (95% Cl).
P-value of <0.05 was considered statistically significant

* P<0.05 was considered statistically significant

rate (76.8%) in 74 individuals rather than follicle size
of >22 mm in this study. There was a statistically sig-
nificant correlation between follicle size of 18-22 mm
and biochemical pregnancy rates (P =0.001) in both CC
and Letrozole groups.

Overall, 62.3% of women had an endometrial thick-
ness of <8 mm, 33.6% had 8—10 mm endometrial thick-
ness, and only 4.1% women had endometrial thickness
of > 10 mm. No statistically significant difference in bio-
chemical pregnancy rates based on endometrial thick-
ness in CC and Letrozole group.

Based on the types of ovarian stimulation, 55.7% in
the Letrozole group became pregnant, compared to
36.1% subjects in the CC group (P =0.03). Therefore, it
is possible to conclude that the type of Letrozole inter-
vention is a factor that increases pregnancy rates.

Multivariate analysis
The follicle size variable and the types of ovarian stimu-
lation had P-value of<0.25, hence they were included
for multivariate analysis (Table 3). As a result, follicle
size influenced the pregnancy rate in IUL

According to the type of ovarian stimulations, Clo-
miphene Citrate (CC) produced a follicle size of
18-22 mm by 45.9%. Moreover, Letrozole led to 54.1%
follicle size of 18—-22 mm (P=0.026). Letrozole also
enhanced the likelihood of biochemical pregnancy
rates 1.513 times more than CC (Table 4).
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Discussion

Follicle size

Follicular size reflects follicle maturation and has been
shown to be associated with the success rate of IUI Fol-
licle size that is too small or too large reduces the suc-
cess rate of UL The study by Hancock et al., examined
1676 IUI cycles and found that follicle size 21.1-22 mm
was associated with a higher probability of clinical preg-
nancy. In this study, the size of the dominant follicle was
an independent predictor of clinical pregnancy rate.
Another study by Shalom-Paz et al., found that the mean
follicle size of the conception group was 20.4 1.2 mm
compared to the follicle size of the non-conception group
of 18.8 £ 1.9 mm. Palatnik, et al. found that pregnancy
rates increased in dominant follicle size by 23-28 mm
[19, 28, 29]. The Palatnik et al. study also suggested that
optimal dominant follicle size (and an increase in follicle
size of 0.5 mm to the optimal point) was associated with
an increase in endometrial thickness, resulting in a higher
probability of pregnancy rate. This finding is in line with
the study conducted by Iberico et al., who found that pre-
ovulatory dominant follicle size >15 mm was associated
with better pregnancy rates than follicle size 15 mm [30,
31]. These studies are in line with the results of this study
which showed that the optimal follicle size to increase the
chances of pregnancy rate ranged between 18 and 22 mm
in the two types of ovarian stimulation groups.

Endometrial thickness

A study by Palatnik et al. stated that pregnancy rates were
higher in women who were found to have larger folli-
cle size, which was also followed by thicker endometrial
thickness. In women with smaller or thinner follicular
size and endometrial thickness, the pregnancy rate was
recorded lower. This indicates that there was a correla-
tion between follicular growth and the development
of endometrial thickness. Yavuz, et al. stated that an
endometrial thickness of 8 mm resulted in a high clini-
cal pregnancy rate, whereas according to Kovac et al. an
endometrial thickness of 10 mm is associated with better
clinical pregnancy rates [36, 37]. Available data regard-
ing optimal endometrial thickness to support pregnancy
rates are inconclusive. This is in line with the results in

Table 4 Relationship between follicle size and type of stimulation and pregnancy rate

Variable Total (N=122) Size Follicle OR (95%Cl) P value
>22 mm 18-22 mm

Ovarian stimulations

Clomiphene citrate 61 (50.0) 27(56.3) 34(45.9) Ref. 0.026*

Letrozole 61 (50.0) 21(43.8) 40(54.1) 1.513(0.728-3.142)

If normally distributed, the data were compared using independent T-test; otherwise, the Mann-Whitney test would be used. A P-value of < 0.05 was considered

statistically significant (Cl=95%)
* P<0.05 was considered statistically significant
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this study where endometrial thickness was not a signifi-
cant variable.

The types of ovarian stimulation

Intrauterine insemination can be carried out with vari-
ous ovulation stimuli, such as CC and letrozole. Both
have different effects and characteristics from each other.
Clomiphene citrate has long been the first-line therapy
for various ovulatory disorders such as in the case of U,
but CC has often unwanted peripheral anti-estrogenic
effects. Resistance to CC can also be a factor in IUI fail-
ure. This resistance is found in 15-40% of women [20].
Letrozole is also one of the first-line options for UI ther-
apy. In this study, Letrozole increased the odds of preg-
nancy by 1.1513 times higher than CC.

Letrozole is a third-generation aromatase inhibitor that
works by inhibiting the production of estrogen, caus-
ing an increase in the release of gonadotropin-releasing
hormone (GnRH) from the pituitary gland [20-22, 35].
Letrozole is highly selective and several studies have
shown good pregnancy rates, cost-effectiveness, lower
side effects, and better patient compliance. In more
detail, letrozole works by inhibiting the aromatase
enzyme by competitively binding and causing a decrease
in estrogen biosynthesis in all tissues. This hypo-estro-
genic condition causes the release of the hypothalamic/
pituitary axis from negative feedback mechanisms lead-
ing to increased gonadotropin secretion and stimula-
tion of ovarian follicle development. Letrozole itself has
recently been studied and found to be more effective than
CC [20-28]. This may be explained by the nature of letro-
zole which has a fast half-life, which is only 48 h (much
faster than CC, which is two weeks). The use of letrozole
was found to have a better effect on the condition of cer-
vical mucus and endometrial thickness to support sub-
endometrial and intra-endometrial vasculature, both of
which have a significant effect on embryo implantation
and pregnancy rates [6, 20—22]. Davar, et al. found that
letrozole produced a biochemical pregnancy rate of 8.3%
and CC produced a chemical pregnancy rate of 5.5% [6,
20-22, 32—34]. The results shown from previous studies
are in line with the results in this study.

Conclusion

The follicle size of 18—22 mm and using Letrozole rather
than CC as ovarian stimulators are predictive factors
associated with a higher pregnancy rate.

Limitations

Nevertheless, this study also has several limitations,
including case—control methods, and has not been car-
ried out in a randomized controlled trial and double-
blind methods, so it only relies on medical record data
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which can still cause bias. The type of intervention in this
study was only grouped based on the administration of
CC and Letrozole without regard to the dosage which
could affect the study outcome.

Abbreviations

BMI Body mass index

CcC Clomiphene citrate

GnRH Gonadotropin-releasing hormone

Ul Intrauterine insemination

IUI/COH  Intrauterine insemination with controlled ovarian hyperstimulation

Acknowledgements
No applicable.

Author contributions

AR, SRK, and SAS did the conception and design of the study, acquisition of
data, analysis and interpretation of the data, drafting the manuscript and revis-
ing the manuscript critically for important intellectual content. SAS and ADN
did the analysis and interpretation of the data, and drafted the manuscript
and revising the manuscript critically for important intellectual content.

Funding
Open access funding provided by University of Padjadjaran.

Availability of data and materials
The authors declare that the personal data from any patients involved in this
study will not be shared based on patients’ confidentialities.

Declarations

Ethics approval and consent to participate

All methods were carried out in accordance with relevant guidelines and
regulations after obtaining approval and recommendations from the Ethics
Committee Review Board of Hasan Sadikin General Hospital—Faculty of Medi-
cine, Universitas Padjadjaran with reference number LB.02.01/X.6.5.176/2021.
Since this study used secondary data, written informed consent was not
applicable.

Consent for publication
Not applicable.

Competing interests
The authors have declared that no competing interest exist.

Received: 24 December 2022 Accepted: 21 September 2023
Published online: 24 October 2023

References

1. WHO. Infertility: a tabulation of available data on prevalence of primary
and secondary infertility. World Health Organization, 1991.

2. Zegers-Hochschild F, Adamson GD, Dyer S, Racowsky C, de Mouzon J,
Sokol R, et al. The international glossary on infertility and fertility care,
2017. Fertil Steril. 2017;108(3):393-406.

3. Farquhar CM, Liu E, Armstrong S, Arroll N, Lensen S, Brown J. Intrauterine
insemination with ovarian stimulation versus expectant management
for unexplained infertility (TUI): a pragmatic, open-label, randomised,
controlled, two-centre trial. Lancet. 2018;391(10119):441-50.

4. Vander Borght M, Wyns C. Fertility and infertility: definition and epidemi-
ology. Clin Biochem. 2018;62:2-10.

5. ZhouZ,Zheng D,Wu H, Li R, Xu S, Kang Y, et al. Epidemiology of infertility
in China: a population-based study. BJOG. 2018;125(4):432-41.



Rachmawati et al. BMC Research Notes (2023) 16:286

20.

21

22.

23.

24.

25.

26.

27.

Barbieri RL. Chapter 22—female infertility. In: Strauss JF, Barbieri RL,
editors. Yen and Jaffe’s reproductive endocrinology. 8th ed. Philadelphia:
Elsevier; 2019. p. 556- 81.e7.

Yatsenko SA, Rajkovic A. Genetics of human female infertilityt. Biol
Reprod. 2019;101(3):549-66.

Martinez L, Alpharetta G, Zieve D, Conaway B. Infertility: MedlinePlus;
2020. https://medlineplus.gov/ency/article/001191.htmi:~:text=Prima
ry%20infertility%20refers%20to%20couples,once%2C%20but%20now%
20are%20unable.

Bakhtiyar K, Beiranvand R, Ardalan A, Changaee F, Aimasian M, Badrizadeh
A, etal. An investigation of the effects of infertility on Women'’s quality of
life: a case-control study. BMC Womens Health. 2019;19(1):114.
Hasanpoor-Azghdy SB, Simbar M, Vedadhir A. The emotional-psychologi-
cal consequences of infertility among infertile women seeking treatment:
Results of a qualitative study. Iran J Reprod Med. 2014;12(2):131-8.

. Ombelet W. The revival of intrauterine insemination: evidence-based data

have changed the picture. Facts Views Vis Obgyn. 2017,9(3):131-2.

Group TECW. Intrauterine insemination. Hum Reprod Update.
2009;15(3):265-77.

Cantineau AEP, Janssen MJ, Cohlen BJ, Allersma T. Synchronised approach
for intrauterine insemination in subfertile couples. Cochrane Database
Syst Rev. 2014. https://doi.org/10.1002/14651858.CD006942.pub3.
Gregoriou O, Vlahos N, Konidaris S, Papadias K, Botsis D, Creatsas G. Ran-
domized controlled trial comparing superovulation with letrozole versus
recombinant follicle-stimulating hormone combined with intrauterine
insemination for couples with unexplained infertility who had failed
clomiphene citrate stimulation and intrauterine insemination. Fertil Steril.
2007;90:678-83.

Akbari S, AyaziRoozbahani M, Ayazi RF. Comparing of letrozole versus
clomiphene citrate combined with gonadotropins in intrauterine insemi-
nation cycles. Iran J Reprod Med. 2012;10(1):29-32.

Danhof NA, van Wely M, Repping S, Koks C, Verhoeve HR, de Bruin JP, et al.
Follicle stimulating hormone versus clomiphene citrate in intrauterine
insemination for unexplained subfertility: a randomized controlled trial.
Hum Reprod. 2018;33(10):1866-74.

Fonda JS, Rodgers RJ, Ledger WL. Ultrasound in assisted reproduction
and early pregnancy: a practical guide 1st edition. Cambridge Medicine.
2021.1SBN: 9781108810210

Starosta A, Gordon CE, Hornstein MD. Predictive factors for intrauterine
insemination outcomes: a review. Fertil Res Pract. 2020;6(1):23.

Ghosh C, Buck G, Priore R, Wacktawski-Wende J, Severino M. Follicular
response and pregnancy among infertile women undergoing ovulation
induction and intrauterine insemination. Fertil Steril. 2003;80(2):328-35.
Qin F, Zhou Y, Huan L, Gui W. Comparison of clomiphene and letrozole for
superovulation in patients with unexplained infertility undergoing intrau-
terine insemination: a systematic review and meta-analysis. Medicine.
2020;99(31): €21006.

Hancock KL, Pereira N, Christos PJ, Petrini AC, Hughes J, Chung PH, et al.
Optimal lead follicle size for human chorionic gonadotropin trigger in
clomiphene citrate and intrauterine insemination cycles: an analysis of
1,676 treatment cycles. Fertil Steril. 2021;115(4):984-90.

da Silva ALB, Arbo E, Fanchin R. Early versus late hCG administration to
trigger ovulation in mild stimulated Ul cycles: a randomized clinical trial.
Eur J Obstet Gynecol Reprod Biol. 2012;164(2):156-60.

Harira M. Use of Letrozole versus clomiphene-estradiol for treat-

ing infertile women with unexplained infertility not responding well

to clomiphene alone, comparative study. Middle East Fertil Soc J.
2018;23(4):384-7.

Davar R, Tayebi N, Asgharnia M, Aflatoonian A. Comparison of the use of
letrozole and clomiphene citrate in regularly ovulating women undergo-
ing intrauterine insemination. Middle East Fertil Soc J. 2006;11(2):113-8.
0glak SC, Sakar MN, Ege S, Ozcelik Otcu SM, Obut M, Kahveci B, et al.
Comparison of the efficacy of letrozole and gonadotropin combination
versus gonadotropin alone in intrauterine insemination cycles in patients
with unexplained infertility. Eastern J Med. 2020;25(3):427-33.

Sicchieri F, Silva AB, Silva A, Navarro P, Ferriani RA, Reis RMD. Prognos-

tic factors in intrauterine insemination cycles. JBRA Assist Reprod.
2018;22(1):2-7.

Geisler ME, Ledwidge M, Bermingham M, McAuliffe M, McMenamin MB,
Waterstone JJ. Intrauterine insemination—No more Mr. N.LC.E. guy? Eur J
Obstet Gynecol Reprod Biol. 2017;210:342-7.

Page 6 of 6

28. Vargas-Tominaga L, Alarcon F, Vargas A, Bernal G, Medina A, Polo Z.
Associated factors to pregnancy in intrauterine insemination. JBRA Assist
Reprod. 2020;24(1):66-9.

29. Shalom-Paz E, Marzal A, Wiser A, Hyman J, Tulandi T. Does optimal fol-
licular size in Ul cycles vary between clomiphene citrate and gonadotro-
phins treatments? Gynecol Endocrinol. 2014;30(2):107-10.

30. Palatnik A, Strawn E, Szabo A, Robb P. What is the optimal follicular size
before triggering ovulation in intrauterine insemination cycles with clo-
miphene citrate or letrozole? An analysis of 988 cycles. Fertil Steril. 2012.
https://doi.org/10.1016/jfertnstert.2012.02.018.

31. Ibérico G, Vioque J, Ariza N, Lozano JM, Roca M, Llacer J, Bernabeu R.
Analysis of factors influencing pregnancy rates in homologous intrauter-
ine insemination. Fertil Steril. 2004; 81(5):1308-1313. https://doi.org/10.
1016/j fertnstert.2003.09.062

32. Wiweko B, Moegni E, Mushlihani M. The effectiveness of clomiphene
citrate and letrozole for ovulation induction related to endometrial
thickness and number of dominant follicle. eJ Kedokteran Indonesia.
2016/4(2).

33. Mahnaz A, et al. The role of infertility etiology in success rate of intrauter-
ine insemination cycles: an evaluation of predictive factors for pregnancy
rate. Int J Fertil Steril. 2013;7(2):100-7.

34. Starosta A, Gordon CE, Hornstein MD. Predictive factors for intrauterine
insemination outcomes: a review. Fertil Res and Pract. 2020. https://doi.
0rg/10.1186/540738-020-00092-1.

35. Rahmani E, Ahmadi S, Motamed N, Maneshi HO. Dosage optimization
for letrozole treatment in clomiphene-resistant patients with polycystic
ovary syndrome: a prospective interventional study. Obstet Gynecol Int.
2012. https://doi.org/10.1155/2012/758508.

36. Kovacs P, Matyas S, Boda K, Kaali SG. The effect of endometrial thickness
on IVF/ICSI outcome. Hum Reprod. 2003;18(11):2337-41. https://doi.org/
10.1093/humrep/deg461.

37. Yavuz A, Demirci O, Sézen H, Uludogan M. Predictive factors influenc-
ing pregnancy rates after intrauterine insemination. Iran J Reprod Med.
2013;11(3):227-34.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://medlineplus.gov/ency/article/001191.htm#:~:text=Primary%20infertility%20refers%20to%20couples,once%2C%20but%20now%20are%20unable
https://medlineplus.gov/ency/article/001191.htm#:~:text=Primary%20infertility%20refers%20to%20couples,once%2C%20but%20now%20are%20unable
https://medlineplus.gov/ency/article/001191.htm#:~:text=Primary%20infertility%20refers%20to%20couples,once%2C%20but%20now%20are%20unable
https://doi.org/10.1002/14651858.CD006942.pub3
https://doi.org/10.1016/j.fertnstert.2012.02.018
https://doi.org/10.1016/j.fertnstert.2003.09.062
https://doi.org/10.1016/j.fertnstert.2003.09.062
https://doi.org/10.1186/s40738-020-00092-1
https://doi.org/10.1186/s40738-020-00092-1
https://doi.org/10.1155/2012/758508
https://doi.org/10.1093/humrep/deg461
https://doi.org/10.1093/humrep/deg461

	Association between follicle size, endometrial thickness, and types of ovarian stimulation (Clomiphene citrate and Letrozole) with biochemical pregnancy rate in women undergone intrauterine insemination
	Abstract 
	Objective 
	Result 

	Introduction
	Materials and methods
	Design of the study and subject recruitment
	Ethical aspect and research approval
	Data analysis

	Results
	Subject characteristics
	The association between follicle size, endometrial thickness, and type of ovarian stimulations to biochemical pregnancy rate outcome
	Multivariate analysis

	Discussion
	Follicle size
	Endometrial thickness
	The types of ovarian stimulation

	Conclusion
	Limitations
	Acknowledgements
	References


