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Abstract

Introductıon: Intrauterine insemination (IUI) is commonly used to treat 
unexplained infertility. Hormonal markers, especially estradiol (E2) and 
progesterone (P), are crucial in predicting endometrial receptivity and preg-
nancy outcomes. This study investigates the predictive value of E2 and P 
levels measured on the day of human chorionic gonadotropin (hCG) admi-
nistration and IUI.
Methods: A retrospective review was conducted on 81 women aged 18–38 
who underwent IUI for unexplained infertility between 2018 and 2020. Se-
rum E2 and P levels were assessed on hCG and IUI days. Pregnancy outco-
mes were compared using t-tests and chi-square tests (p < 0.05) via SPSS 
25.0.
Results: Out of 81 participants, 11 achieved pregnancy (13.5%). Pregnant 
women had significantly higher E2 levels on hCG (472.3 ± 291.3 vs. 398.6 
± 277.2 pg/mL, p = 0.018) and IUI days (425.3 ± 269.1 vs. 371.2 ± 275.8 pg/
mL, p = 0.033). P levels were also higher in this group on both days (hCG: 
1.43 ± 1.62 vs. 0.74 ± 1.29 ng/mL, p = 0.001; IUI: 2.48 ± 1.92 vs. 2.31 ± 
2.12 ng/mL, p = 0.024). Lower IUI-to-hCG hormone ratios were noted in 
the pregnant group (E2: 0.90 vs. 0.93, p = 0.045; P: 1.7 vs. 3.1, p = 0.001).
Conclusion: Elevated E2 and P levels on hCG and IUI days are associated 
with improved pregnancy outcomes. Hormonal monitoring may enhance 
IUI success and guide personalized infertility treatments.
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Introduction
	 Infertility, defined as the inability to achieve 
pregnancy after 12 months of regular unprotected 
intercourse, affects approximately 10–15% of repro-
ductive-aged couples worldwide, posing significant 
psychological and social burdens. Among the various 
treatment strategies, intrauterine insemination (IUI) 
is a widely practiced first-line assisted reproductive 
technique, especially in cases of unexplained inferti-
lity, where no definitive cause is identified despite a 
thorough evaluation.
	 One of the key factors influencing IUI suc-
cess is endometrial receptivity, which is tightly regu-
lated by dynamic changes in serum estradiol (E2) and 
progesterone (P) levels throughout the follicular and 
luteal phases. Estradiol plays a critical role in prolife-
rative endometrial development, while progesterone 
is essential for secretory transformation and mainte-
nance of luteal phase adequacy. The timely and opti-
mal modulation of these hormones is vital for succes-
sful embryo implantation.
	 Although several studies have assessed hor-
monal thresholds during ovarian stimulation proto-
cols, the predictive value of serum E2 and P concent-
rations specifically on the day of hCG administration 
and on the day of IUI remains inadequately defined. 
Some reports suggest that elevated progesterone le-
vels prior to ovulation may impair endometrial-embr-
yo synchrony, while others emphasize the potential 
benefit of higher E2 levels as indicators of follicular 
maturity and endometrial readiness.1–3

	 However, despite the critical timing of hCG 
and insemination in IUI cycles, few studies have si-
multaneously compared hormone profiles at both 
these strategic time points in relation to pregnancy 
outcomes. Moreover, limited evidence exists on how 
the ratios of hormone changes between hCG and IUI 
days may reflect endometrial receptivity or luteal 
phase adequacy.
	 The primary aim of this study is to investigate 
whether serum estradiol and progesterone levels me-
asured on the day of hCG administration and the day 
of intrauterine insemination can predict pregnancy 
success in patients with unexplained infertility. Ad-
ditionally, we aim to evaluate the predictive potential 
of E2 and P ratios between these two time points, hy-
pothesizing that dynamic hormonal fluctuations may 
serve as non-invasive biomarkers of endometrial re-
ceptivity and fertility prognosis.

Hormone Levels on IUI-hCG Day
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Material and Methods
	 This study was designed retrospectively and 
conducted on patients who underwent IUI treatment 
due to unexplained infertility. Data were collected 
from patients treated between 2018 and 2020 using 
the hospital automation system and archives after ob-
taining informed consent from the patients. The study 
was conducted with the approval of the ethics com-
mittee (TABED 2-25-1310), and all patient data were 
evaluated in accordance with confidentiality princip-
les.
	 A total of 255 patients who underwent IUI for 
unexplained infertility between 2018 and 2020 were 
included in the study. However, patients with missing 
hormone levels (estradiol and progesterone) or unk-
nown pregnancy outcomes were excluded, and sta-
tistical analysis was performed with 81 patients aged 
18-38.
	 All patients included in this study were fol-
lowed up with a diagnosis of unexplained infertility 
and had experienced at least one previous unsucces-
sful IUI attempt. For ovulation induction, patients 
were started on 75 IU of GONAL-F ®, following a 
low-dose step-up protocol. Follicular development 
was monitored via ultrasonography, and when the 
follicular size reached 17-21 mm, hCG was adminis-
tered. In patients who developed multiple follicles, 
the procedure was postponed to prevent the risk of 
multiple pregnancies, and as a result, 35 patients did 
not undergo the procedure for this reason. In cases 
where a single follicle reached an appropriate size, 
IUI was performed 36 hours after the administration 
of hCG. To support the luteal phase, all patients were 
administered vaginal progesterone gel (8%), and for 
those who achieved pregnancy, treatment was conti-
nued throughout the subsequent weeks of pregnancy.
	 The serum estradiol and progesterone levels 
on the day of the IUI procedure, as well as serum 
estradiol and progesterone levels on the day of hCG 
administration, were retrospectively collected from 
the study population. Additionally, the results of the 
hCG test performed on day 14 after the IUI procedure 
were analyzed.
	 This study included patients aged between 18 
and 38 years who were diagnosed with unexplained 
infertility and underwent IUI treatment. Eligibility for 
inclusion required the availability of complete serum 
estradiol and progesterone measurements on both the 
day of hCG administration and the day of IUI, as well 
as documented pregnancy outcomes. Patients were 
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excluded if serum estradiol and progesterone levels 
were unavailable, if pregnancy outcome data were 
incomplete, or if they were older than 40 years. Addi-
tionally, individuals diagnosed with secondary infer-
tility or underlying reproductive pathologies such as 
endometriosis or polycystic ovary syndrome (PCOS) 
were excluded to ensure a homogenous population of 
unexplained infertility cases.
	 All data were collected retrospectively from 
hospital archive records and database. Serum E2 and 
P levels on the day of IUI, as well as hormone levels 
on the day of hCG administration, were evaluated. 
Additionally, the pregnancy status was determined by 
the hCG test performed on day 14 after IUI, and the 
results were recorded. In patients with positive hCG 
tests, serum estradiol and progesterone levels were 
monitored until the 10th week of pregnancy.
	 Serum estradiol and progesterone levels were 
analyzed using the immunoassay method, following 
routine clinical protocols. Hormone levels were re-
corded at two separate time points: on the day of hCG 
administration and on the day of IUI. These values 
were compared between the successful (positive hCG 
test) and unsuccessful (negative hCG test) groups.
	 The data were analyzed using SPSS 25.0 (Sta-
tistical Package for the Social Sciences) software. 
The independent groups t-test was applied for con-
tinuous variables, while categorical data were evalu-
ated using the chi-square test. Relationships betwe-
en pregnancy rates and serum hormone levels were 
examined, and a significance level of p < 0.05 was 
considered.

Results
	 This study evaluated a total of 81 patients who 
underwent IUI treatment due to unexplained inferti-
lity. Among these patients, 11 were found to have po-
sitive pregnancy tests, indicating an IUI success rate of 
13.5%. Out of the 13 patients who achieved pregnan-
cy, 10 resulted in live births. The results comprehen-
sively evaluated the relationships between hormone 
levels and pregnancy outcomes.
	 Table 1 compares the demographic and clinical 
data of patients with positive and negative pregnancy 
outcomes. There were no statistically significant diffe-
rences between the groups in terms of age, body mass 
index (BMI), infertility duration, or follicle count (p > 
0.05). The mean age of the positive pregnancy group 
was 26.64 ± 6.43 years, while it was 29.05 ± 4.14 ye-
ars in the negative group (p = 0.125). In terms of BMI, 

there was no significant difference between the groups, 
with the positive group having a BMI of 25.2 ± 3.1 
and the negative group 25.8 ± 3.4 (p = 0.367). Simi-
larly, there were no significant differences in infertility 
duration and follicle count between the groups. These 
findings suggest that the groups were homogeneous at 
the beginning, allowing a more accurate evaluation of 
the effect of hormonal parameters on pregnancy suc-
cess.

Table 1. Baseline demographic and clinical characte-
ristics of the study groups.
Parameter Pregnant 

(n=11)
Non-Pregnant 
(n=70)

p-value

Age (years) 26.64 ± 6.43 29.05 ± 4.14 0.125

Body Mass Index (kg/m²) 25.2 ± 3.1 25.8 ± 3.4 0.367

Duration of Infertility (years) 1.5 ± 1.2 1.8 ± 1.4 0.299

Follicle Count 1.1 ± 0.2 1.1 ± 0.2 0.865

Abbreviations: BMI, body mass index.

	 In this study, baseline hormonal levels, inclu-
ding AMH, FSH, E2, and Day 21 Progesterone, were 
compared between pregnant and non-pregnant groups. 
Despite slight differences in the means, none of the 
parameters showed statistically significant differences 
(p > 0.05). The mean AMH level was 2.6 ± 1.0 ng/
mL in the pregnant group and 2.5 ± 1.1 ng/mL in the 
non-pregnant group, with a p-value of 0.389. FSH le-
vels were also similar between groups, with means of 
6.4 ± 2.1 mIU/mL and 6.5 ± 2.0 mIU/mL for pregnant 
and non-pregnant groups, respectively (p = 0.456). Ba-
sal estradiol levels were slightly higher in the pregnant 
group (46.0 ± 15.0 pg/mL) compared to the non-preg-
nant group (44.5 ± 15.5 pg/mL), but this difference was 
not statistically significant (p = 0.312). Finally, Day 21 
progesterone levels showed no significant difference, 
with the pregnant group having a mean of 12.5 ± 4.2 
ng/mL and the non-pregnant group having a mean of 
11.8 ± 4.0 ng/mL (p = 0.275). These findings suggest 
that while these baseline hormonal values are impor-
tant for understanding general ovarian function and lu-
teal phase health, they may not be reliable predictors 
of pregnancy success in IUI cycles. The mean AFC in 
the pregnant group was 10.5 ± 3.2, while it was 10.2 ± 
3.4 in the non-pregnant group, with a p-value of 0.742, 
indicating that both groups had similar antral follicle 
counts.
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	 In this comparison of follicular size at the time 
of rupture between the pregnant and non-pregnant 
groups (Table 4), the mean follicular size in the preg-
nant group was 19.8 ± 2.5 mm, while in the non-preg-
nant group, it was 19.5 ± 2.7 mm. The difference 
between the groups was not statistically significant (p 
= 0.675). This suggests that the size of the follicle at 
the time of rupture was similar in both groups and did 
not appear to have a significant impact on pregnancy 
outcomes in this study.

	 The comparison of sperm parameters between 
the pregnant and non-pregnant groups shows no sta-
tistically significant differences (p > 0.05) across all 
variables. Sperm concentration was nearly identical 
between the groups, with 50.5 ± 12.0 million/mL in 
the pregnant group and 49.8 ± 11.5 million/mL in the 
non-pregnant group (p = 0.635). Similarly, total moti-
lity was 55.0 ± 10.2% in the pregnant group and 54.5 
± 9.8% in the non-pregnant group (p = 0.743), while 
progressive motility was 40.2 ± 9.5% in the pregnant 
group compared to 39.8 ± 9.1% in the non-pregnant 
group (p = 0.815).

Table 2. Baseline hormonal values in pregnant and 
non-pregnant groups.

Parameter Pregnant 
(n=11)

Non-Pregnant 
(n=70)

p-value

AMH (ng/mL) 2.6 ± 1.0 2.5 ± 1.1 0.389

FSH (mIU/mL) 6.4 ± 2.1 6.5 ± 2.0 0.456

Basal Estradiol (E2, pg/mL) 46.0 ± 15.0 44.5 ± 15.5 0.312

Day 21 Progesterone (ng/mL) 12.5 ± 4.2 11.8 ± 4.0 0.275

Antral Follicle Count 10.5 ± 3.2 10.2 ± 3.4 0.742

Abbreviations: AMH, anti-Müllerian hormone; FSH, 
follicle-stimulating hormone; E2, estradiol.

Parameter Pregnant 
(n=11)

Non-Pregnant 
(n=70)

p-value

Sperm Concentration 
(million/mL)

50.5 ± 12.0 49.8 ± 11.5 0.635

Total Motility (%) 55.0 ± 10.2 54.5 ± 9.8 0.743

Progressive Motility (%) 40.2 ± 9.5 39.8 ± 9.1 0.815

Morphology 
(Normal Forms, %)

5.0 ± 1.2 5.1 ± 1.3 0.721

Total Motile Sperm Count 
(million)

27.8 ± 7.2 27.2 ± 6.9 0.689

Table 3. Semen analysis results in pregnant and 
non-pregnant groups.

	 For sperm morphology, the proportion of nor-
mal forms was also similar, at 5.0 ± 1.2% in the preg-
nant group and 5.1 ± 1.3% in the non-pregnant group 
(p = 0.721). Additionally, the total motile sperm count, 
which represents the total number of motile sperm ava-
ilable, was 27.8 ± 7.2 million in the pregnant group 
and 27.2 ± 6.9 million in the non-pregnant group (p = 
0.689). This further indicates no significant differen-
ces in the total number of motile sperm between the 
groups, suggesting that sperm quality and quantity 
were comparable across the two groups and may not 
be the sole determining factor in pregnancy success.

Parameter Pregnant 
(n=11)

Non-Pregnant 
(n=70)

p-value

Follicular Size (mm) 19.8 ± 2.5 19.5 ± 2.7 0.675

Table 4. Follicular size at rupture in pregnant and 
non-pregnant groups.

	 In this study, serum E2 levels measured on the 
days of hCG administration IUI were carefully evalu-
ated. The average E2 level on the hCG day was 472.3 
± 291.3 pg/mL in the group that achieved pregnancy, 
significantly higher than 398.6 ± 277.2 pg/mL in the 
non-pregnant group (p = 0.018). Similarly, E2 levels 
on the day of IUI were also higher among those who 
conceived (425.3 ± 269.1 pg/mL vs. 371.2 ± 275.8 pg/
mL, p = 0.033). A statistically significant difference 
was also found in the ratio of E2 levels between IUI 
and hCG days.
	 Progesterone (P) levels followed a similar pat-
tern. On the day of hCG administration, mean P levels 
were notably elevated in the pregnant group (1.43 ± 
1.62 ng/mL) compared to the non-pregnant group (0.74 
± 1.29 ng/mL, p = 0.001). Progesterone levels on the 
IUI day remained higher in the pregnant cohort (2.48 
± 1.92 ng/mL) relative to those who did not conceive 
(2.31 ± 2.12 ng/mL, p = 0.024). Interestingly, the IUI-
to-hCG P ratio was significantly lower in the pregnant 
group, suggesting a more stable hormonal transition (p 
= 0.001).
	 Additionally, the estradiol IUI/hCG ratio was 
lower in the group that achieved pregnancy (0.90 vs. 
0.93), a difference that was also statistically significant 
(p = 0.045).
	 These findings indicate that serum E2 and P 
levels on both hCG and IUI days are meaningful mar-
kers in predicting pregnancy success. Elevated hor-
mone levels at these time points appear to support a 
more receptive endometrial environment, increasing 
the likelihood of successful implantation. However, 
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Table 5. Hormonal parameters and pregnancy outco-
mes.

Parameter Pregnant 
(n=11)

Non-Pregnant 
(n=70)

p-value

Age (years) 26.64 ± 6.43 29.05 ± 4.14 0.009

hCG Day Estradiol 
(E2, pg/mL)

472.3 ± 291.3 398.6 ± 277.2 0.018

IUI Day Estradiol 
(E2, pg/mL)

425.3 ± 269.1 371.2 ± 275.8 0.033

hCG Day Progesterone 
(P, ng/mL)

1.43 ± 1.62 0.74 ± 1.29 0.001

IUI Day Progesterone
(P, ng/mL)

2.48 ± 1.92 2.31 ± 2.12 0.024

IUI P / hCG P Ratio 1.7 3.1 0.001

IUI E2 / hCG E2 Ratio 0.90 0.93 0.045

Abbreviations: hCG, human chorionic gonadotro-
pin; IUI, intrauterine insemination; E2, estradiol; P, 
progesterone.

the data also suggest that excessive elevations might 
negatively impact follicular development or endomet-
rial synchrony.

Discussion
	 This study set out to assess the predictive uti-
lity of E2 and P levels measured at two critical time 
points—hCG trigger and IUI day—in women with 
unexplained infertility. The results demonstrated that 
elevated levels of both hormones, in conjunction with 
lower IUI/hCG ratios, were significantly associated 
with positive pregnancy outcomes.
	 Our results align with existing literature that 
underscores the role of periovulatory hormonal dyna-
mics in endometrial receptivity. Estradiol, in particu-
lar, is known to facilitate follicular maturation and en-
dometrial proliferation—two essential components of 
successful implantation.4,5 Consistent with our findin-
gs, previous studies have shown that higher mid-cyc-
le E2 levels correlate with improved IUI outcomes, 
reinforcing its value as a non-invasive biomarker of 
endometrial readiness.2,6

	 Traditionally, elevated progesterone during 
the follicular phase has raised concerns about disrup-
ted synchrony between embryo and endometrium.7 
Nonetheless, our study supports emerging evidence 
that higher P levels, especially on the hCG day, may 
reflect a healthy luteal transformation in the context 
of controlled ovarian stimulation, rather than a detri-
mental shift.8, 9

	 One novel feature of this study is the evaluati-
on of hormone ratios (IUI/hCG), rather than absolute 
values alone. These ratios may provide more accura-
te insight into the physiological shift from follicular 
to luteal phase. In our data, a significantly lower P 
ratio was linked to successful pregnancies, perhaps 
reflecting more stable luteal support.10 Although few 
studies have analyzed such ratio-based indicators, our 
results support growing interest in dynamic hormone 
patterns rather than static thresholds.11

	 Baseline demographic and hormonal charac-
teristics—such as AMH, FSH, AFC, and BMI—did 
not differ significantly between groups, consistent 
with prior reports suggesting that static baseline valu-
es are weak predictors in IUI success.12-14 This further 
emphasizes the relevance of mid-cycle dynamic mar-
kers in guiding treatment strategies for unexplained 
infertility.
	 Clinically, these findings advocate for routi-
ne monitoring of E2 and P on both the hCG trigger 
and IUI days. Dynamic hormonal ratios may serve as 
simple, accessible tools to predict cycle success, gu-
iding decisions such as optimal insemination timing, 
need for luteal phase support, or tailoring protocols 
based on individual hormonal responses.15,16

	 Despite its valuable contributions, the study is 
not without limitations. Its retrospective nature may 
introduce selection bias, and the small number of 
pregnancies limits the statistical power for subgroup 
analysis. Additionally, important markers of endo-
metrial receptivity, such as thickness and vascularity, 
were not evaluated. Moreover, serum hormone levels 
may not perfectly reflect intrauterine or endometrial 
conditions, as local receptor activity and paracrine fa-
ctors also play significant roles.17

	 Nonetheless, the study’s strengths include a 
homogenous patient population (limited to unexpla-
ined infertility), standardized stimulation protocols, 
and a novel approach through dual-timepoint hormo-
nal assessment and ratio analysis. This practical and 
reproducible design holds promise for further valida-
tion in future prospective trials.
	 In conclusion, the findings confirm that E2 
and P levels on both hCG and IUI days are predic-
tive of pregnancy outcomes in IUI cycles. Elevated 
mid-cycle hormone levels enhance endometrial re-
ceptivity and support implantation, while dispropor-
tionate hormonal shifts—particularly in progestero-
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