
[1] Fertility and infertility: Definition ... [2] The international committee for monitoring ... [3] 
Speroff’s clinical gynecologic endocrinology ... [4] Pregnancy predictors in unexplained 
infertility ... [5] Infertility in resource-constrained settings ... [6] Pregnancy and birth 
outcomes in couples ... [7] Diagnosis and treatment of infertility ... [8] Intrauterine 
insemination in ovulatory ... [9] IUI is a better alternative than IVF as the ... [10] 
Effectiveness and treatment for unexplained ... [11] Intrauterine ... [12] Factors affecting 
live birth rate in intrauterine insemination .. [13] Does different subfertility etiology affect 
pregnancy ... [14] Predictive factors for intrauterine insemination outcomes ... [15] 
Intrauterine insemination with ovarian stimulation ... [16] Low-dose human menopausal 
gonadotrophin ... [17] Agents for ovarian stimulation for intrauterine insemination ... [18] 
Intra-uterine insemination for unexplained ... [19] Cost-effectiveness of ovarian 
stimulation ... [20] Immobilisation versus immediate mobilisation after intrauterine 
insemination ... [21] Number of motile spermatozoa inseminated and ... [22] Predictive 
factors for pregnancy after ... [23] Intrauterine insemination (IUI) with or without ... [24] 
Predictive factors for pregnancy during the first four ... [25] The influence of sperm 
morphology, total  ... [26] Relationship between sperm parameters ... [27] Semen quality 
and prediction of IUI success in male ... [28] ESHRE guideline for the diagnosis ... [29] 
Intrauterine insemination or in-vitro ... [30] Predictive factors for intrauterine ... [31] 
Association between obesity and fecundity in patients ... [32] Factors Influencing the 
succes Rate of intrauterine ... [33] Association of obesity with treatment outcomes in 
ovulatory infertile ... [34] Factors affecting artificial insemination pregnancy ... [35] 
Influence of age, diagnosis, and cycle number on pregnancy rates ... [36] Effect of diagnosis, 
age, sperm quality, and number ... [37] Investigating the effect of age and the number of 
times ... [38] Letrozole, gonadotropin, or clomiphene for unexplained ... [39] Letrozole 
versus clomiphene for infertility in the polycystic ... [40] Fertility predictors in intrauterine 
... [41] Factors affecting success of intrauterine insemination ... 

C I T A T I O N    L I N K S

Article History
Received: June 10, 2024
Accepted: August 16, 2024
ePublished: September 8, 2024

*Correspondence
Address: School of Medicine, Next to 
Imam Sajjad Hospital, Yasuj Univer-
sity of Medical Sciences, Ghorbanali 
Jalil Street, Yasuj, Iran. Postal Code: 
75919-94779
Phone: +98 (74) 33235137
Fax: +98 (74) 33235137
vahab.taghavi@gmail.com

1Gametogenesis Research Center, 
Kashan University of Medical Sci-
ences, Kashan, Iran 

 Keywords  Ovarian Stimulation; Pregnancy Rate; Infertility; Clinical Pregnancy

Aims In the field of infertility treatments, intrauterine insemination (IUI), with or without 
ovulation stimulation, is considered the first line of intervention. This study aimed to assess 
the relationship between various factors and the rates of biochemical and clinical pregnancy 
following IUI treatment over a five-year period.
Instrument & Methods This cross-sectional study was conducted at Kashan, Iran, 2023. The 
medical records of patients diagnosed with infertility and treated with IUI at the infertility 
center in Kashan were reviewed. The primary outcomes were biochemical and clinical 
pregnancy rates, along with associated factors. Data were analyzed using the Chi-square test 
and independent t-tests, with statistical significance set at p≤0.05.
Findings A total of 334 patients were included in the study. The mean age of those with 
positive biochemical (p<0.006) and clinical pregnancy outcomes (p<0.008) was significantly 
lower compared to those who did not achieve pregnancy. A significant correlation was found 
between endometrial thickness and both biochemical (p<0.002) and clinical pregnancy rates 
(p<0.007). However, no significant associations were observed between the other variables 
and pregnancy outcomes.
Conclusion Increasing maternal age is associated with a decline in biochemical and clinical 
pregnancy rates. In contrast, an increase in endometrial thickness positively correlates with 
higher biochemical and clinical pregnancy rates. 
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Introduction 
Infertility is a reproductive system disorder defined 
as the failure to conceive after at least one year of 
regular, unprotected sexual intercourse [1- 3]. It affects 
approximately 10% of couples of reproductive age [4]. 
In developing countries, the prevalence of infertility 
is estimated to affect one in every four couples, and in 
some regions, such as South Asia, Central Asia, the 
Middle East, North Africa, and Central and Eastern 
Europe, the rate can reach as high as 30% [5]. About 
one-third of infertility cases have a male origin, one-
third have a female origin, and the remaining third 
are due to a combination of both male and female 
factors [6, 7]. 
Among infertility treatments, intrauterine 
insemination (IUI) with or without ovulation 
stimulation is considered the first line of treatment 
due to its relatively low cost and non-invasive nature, 
with a fairly acceptable efficacy rate [8-11]. IUI is widely 
used for cervical factor infertility, male factor 
infertility, anovulation, endometriosis, and 
unexplained infertility [12]. The chance of 
spontaneous pregnancy in couples with unexplained 
infertility ranges from 1.3% to 4%, which increases 
to 10.5% to 17.9% with the aid of IUI [13]. In this 
procedure, prepared motile sperm are directly 
introduced into the uterine cavity using an 
insemination cannula [14, 15]. Various medications are 
used for ovulation stimulation, and stimulated cycles 
can increase the risk of multiple pregnancies. 
However, evidence suggests that the chance of live 
birth is higher in IUI cycles using ovulation-
stimulating medications compared to those without 
[16-18]. Therefore, it is preferable to use ovulation-
stimulating drugs that offer a higher live birth rate 
with a lower risk of multiple pregnancies while 
remaining cost-effective [19, 20]. 
The highest probability of successful IUI is observed 
in women under 30 years of age with cervical factor 
or anovulatory infertility, and when sperm motility 
exceeds 60%, with a sperm count greater than 4 
million/mL [21]. Certain patient-related factors, such 
as fallopian tube disorders or male factor infertility, 
reduce the success rate of IUI. In such cases, it is 
recommended to use other assisted reproductive 
technologies (ART), such as in vitro fertilization (IVF) 
or intracytoplasmic sperm injection (ICSI) [22]. 
Several factors influence the success rate of IUI, 
including the cause and duration of infertility, the 
number of mature follicles, endometrial thickness, 
and sperm parameters [21-24]. Sperm count, motility, 
and morphology all impact the success of the 
procedure, with the best outcomes occurring when 
the total number of motile sperm exceeds 
approximately 10 million [25]. Evidence suggests that 
for unexplained infertility and endometriosis, IUI 
combined with controlled ovarian stimulation 
significantly improves pregnancy outcomes 
compared to IUI in natural cycles [26-28]. Although 

there is limited evidence regarding the efficacy of IUI 
for male factor infertility, if at least one million motile 
sperm are available for insemination, IUI can be 
considered as the first treatment [29, 30]. Previous 
studies have examined the impact of factors such as 
age [22], treatment regimens, causes of infertility [13], 
and sperm count [21] on the success of IUI individually. 
However, to date, no study has comprehensively 
analyzed all the factors influencing IUI treatment 
outcomes to identify those with the greatest impact. 
Therefore, the present study aims to determine the 
factors associated with biochemical and clinical 
pregnancy rates in women following IUI treatment 
over a five-year period. 
 
Instrument and Methods 
This was a cross-sectional study carried out at 
Kashan, Iran in 2023. The study population included 
patients diagnosed with infertility and treated with 
IUI at the Shahid Beheshti Infertility Center in Kashan 
between 22 November 2016 and 22 November 2021. 
The sample size was calculated using the specific 
formula for estimating a proportion in a finite 
population (α=0.05, maximum acceptable 
error=0.04, and pregnancy rate after IUI treatment 
from the study by Huang et al.=0.28 [23]). Based on 
these parameters, the required sample size was 
determined to be 473 for an infinite population and 
465 for a finite population (N=789; equation 1). 
However, only 334 eligible cases were found in the 
records from the five-year period and were included 
in the study. 
Equation 1. 
 

𝑛𝑛 =
𝑍𝑍1−𝛼𝛼2
2  𝑃𝑃(1 − 𝑃𝑃)

𝑑𝑑2
 

 
The inclusion criteria consisted of women between 
the ages of 18 and 40 who received IUI treatment 
from 22 November 2016 to 22 November 2021. The 
exclusion criterion was patients who had undergone 
ovulation stimulation using clomiphene citrate. 
Data were collected using existing patient records, 
which were documented by the researcher in a data 
collection form. In this study, biochemical pregnancy 
was defined as a transient increase in β-hCG levels, 
and clinical pregnancy was determined by the 
presence of a gestational sac in ultrasound five weeks 
post-IUI. 
When the proposal was approved and the ethics code 
obtained, eligible patient files from the records unit 
at Shahid Beheshti Infertility Center were reviewed. 
The researcher extracted data from these files into 
the study forms and then entered them into SPSS 16 
software. The parameters collected included 
maternal age, body mass index (BMI), duration of 
infertility, male factor infertility, female factor 
infertility (endometriosis, diminished ovarian 
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reserve (DOR), advanced age, polycystic ovarian 
syndrome (PCOS)), endometrial thickness (<8 mm, 
≥8 mm), the number of mature follicles, the number 
of IUI cycles, and the type of ovulation-stimulating 
medication used. 
SPSS was used for data analysis. Descriptive statistics 
were employed for quantitative parameters, 
including central tendency and dispersion indices. 
Frequency distributions were used to describe 
qualitative parameters. The absolute and relative 
frequencies of biochemical pregnancy and clinical 
pregnancy following IUI treatment were presented. 
Pregnancy and clinical pregnancy frequencies were 
also presented by background variables such as 
maternal age, BMI, and duration of infertility using 
cross-tabulations for qualitative parameters and 
means with standard deviations for quantitative 
parameters. Appropriate statistical tests were used 
for comparisons, including chi-square and Fisher's 
exact test for cross-tabulations, and an independent 
t-test for comparing quantitative parameters 
between two groups (α≤0.05). 
 
Findings 
In this study, 334 patients with infertility were 
examined. The average age of the patients in the 
study was 30.44±4.97 years. The mean Body Mass 
Index (BMI) of the patients was 26.66±4.19kg/m². 
The average number of IUI cycles among the patients 
was 1.67±0.76, and the average number of follicles 
during the last IUI cycle was 2.50±1.39 (Table 1). 
 

Table 1. Demographic and Clinical Characteristics of the Studied 
Patients 

 
Patients underwent an average of 1.67±0.76 IUI 
cycles (with a minimum of 1 cycle and a maximum of 
5 cycles). Additionally, they had an average of 
2.50±1.39 follicles during the last IUI procedure 
(with a minimum of 1 follicle and a maximum of 7 
follicles). Among the patients, 59.9% (n=201) had an 
endometrial thickness of less than 8 mm. Biochemical 
pregnancy occurred in 20.7% of the patients, while 
clinical pregnancy was observed in 13.8%. 

Table 2. Comparison of parameters based on biochemical and clinical pregnancy outcomes 

Parameter Biochemical Pregnancy P Value Clinical Pregnancy P Value Yes No Yes No 
Smoking by Spouse 23 (20.4%) 90 (79.6%) 0.922 11 (9.7%) 102 (90.3%) 0.135 
Causes of Infertility 
Male-related problems 15 (20.3%) 59 (79.7%) 

0.055 

12 (16.2%) 62 (83.8%) 

0.340 

Polycystic Ovary Syndrome (PCOS) 22 (25.6%) 64 (74.4%) 13 (15.1%) 73 (84.9%) 
Male-related problems +PCOS 29 (24.6%) 89 (75.4%) 19 (16.1%) 99 (83.9%) 
Endometriosis 2 (8.7%) 21 (91.3%) 1 (4.3%) 22 (95.7%) 
Advanced Age 1 (5.9%) 16 (94.1%) 1 (5.9%) 16 (94.1%) 
Reduced Ovarian Reserve 0 (0.0%) 16 (100.0%) 0 (0.0%) 16 (100%) 
Duration of Infertility 
Less than 1 year 15 (28.3%) 38 (71.7%) 

0.456 

10 (18.9%) 43 (81.1%) 

0.308 1 to 5 years 42 (19.8%) 170 (80.2%) 31 (14.6%) 181 (85.4%) 
5 to 10 years 9 (16.4%) 46 (83.6%) 4 (7.3%) 51 (92.7%) 
More than 10 years 3 (21.4%) 11 (78.6%) 1 (7.1%) 13 (92.9) 
Medication Used in Last IUI Cycle 
HMG+Letrozole 41 (18.0%) 187 (82.0%) 

0.237 

28 (12.3%) 200 (87.7%) 

0.363 FSH+Letrozole 8 (21.1%) 30 (78.9%) 5 (13.2%) 33 (86.8%) 
HMG+FSH+Letrozole 18 (29.0%) 44 (71.0%) 11 (17.7%) 51 (82.3%) 
Letrozole 2 (33.3%) 4 (66.7%) 2 (33.3%) 4 (66.7%) 
Endometrial Thickness 
Less than 8 mm 29 (14.5%) 172 (85.5%) 0.002 18 (9.0%) 183 (91.0%) 0.007 More then 8 mm or equal   40 (30.1%) 93 (49.9%) 28 (21.1%) 105 (78.9%) 

The average age of patients with positive biochemical 
pregnancy was 28.99±4.66 years, compared to 
30.82±4.99 years for those with negative results. The 
average BMI was 26.84±4.77kg/m² for those with 
positive biochemical pregnancy and 
26.62±4.03kg/m² for those with negative results. The 
average number of IUI cycles was 1.58±0.69 for 

positive cases and 1.69±0.78 for negative cases. The 
average number of follicles was 2.67±1.45 for 
patients with positive results and 2.46±1.38 for those 
with negative results. Regarding the comparison of 
parameters based on pregnancy outcomes, the mean 
age of patients with positive biochemical pregnancy 
results was significantly lower than those with 

Parameters Frequency 
Smoking by Spouse 113 (33.8%) 
Causes of Infertility 
Male-related problems 74 (22.2%) 
Polycystic Ovary Syndrome (PCOS) 86 (25.7%) 
Reduced Ovarian Reserve 16 (4.8%) 
Endometriosis 23 (6.9%) 
Advanced Age 17 (5.1%) 
Male-related problems + PCOS 118 (35.3%) 
Duration of Infertility 
Less than 1 year 53 (15.9%) 
1 to 5 years 212 (63.5%) 
5 to 10 years 55 (16.5%) 
More than 10 years 14 (4.2%) 
Medication Used in Last IUI Cycle 
HMG+Letrozole 228 (68.3%) 
FSH+Letrozole 38 (11.4%) 
HMG+FSH+Letrozole 62 (18.6%) 
Letrozole 6 (1.8%) 
Endometrial Thickness 
Less than 8 mm 201 (60.2%) 
Greater than or equal to 8 mm 133 (39.8%) 
Biochemical Pregnancy 69 (20.7%) 
Clinical Pregnancy 46 (13.8%) 
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negative results (p<0.006). Similarly, the mean age of 
patients with positive clinical pregnancy outcomes 
was significantly lower than those with negative 
outcomes (p<0.008). Moreover, a significant 
relationship was observed between biochemical 
pregnancy rates and endometrial thickness 
(p<0.002), indicating that patients with thicker 
endometrium responded better to treatment and had 
higher pregnancy rates. A significant association 
between clinical pregnancy rates and endometrial 
thickness was also found (p<0.007). Overall, younger 
patients and those with greater endometrial 
thickness experienced higher rates of both 
biochemical and clinical pregnancy (Table 2). 

 
Discussion 
The aim of this study was to identify factors 
associated with biochemical and clinical pregnancy 
rates after IUI treatment over a 5-year period. Among 
infertility treatments, IUI, with or without ovulation 
stimulation, is the first-line therapy as it is relatively 
inexpensive, non-invasive, and has a reasonably 
acceptable efficacy [9-11]. In this study, the biochemical 
pregnancy rate was 20.7%, and the clinical 
pregnancy rate was 13.8%. The biochemical 
pregnancy rate per cycle was 12.2%, and the clinical 
pregnancy rate per cycle was 8.1%. Similar to our 
study, Craig et al. in the U.S. have analyzed 1959 IUI 
cycles in 661 women, reporting a pregnancy rate per 
cycle of 15.3% [31]. Additionally, Ahmed et al. in Oman 
have studied 227 women undergoing ovulation 
stimulation with clomiphene citrate and letrozole, 
with or without gonadotropins, and report an overall 
pregnancy rate of 21.58% [32]. These studies show 
pregnancy rates comparable to our findings. 
BMI is an influential factor for pregnancy success and 
the effectiveness of IUI in ovulation stimulation 
cycles. The average BMI was 26.66 kg/m². However, 
BMI was not found to significantly affect IUI success. 
In contrast, Craig et al. report higher biochemical 
pregnancy rates in overweight and morbidly obese 
individuals compared to those with a normal BMI, 
and higher clinical pregnancy rates in overweight 
individuals compared to other BMI groups [31]. 
Similarly, Dodson et al. find out lower pregnancy 
rates in underweight women compared to normal 
and overweight women, despite adjusting for age and 
ovulation stimulation medication dosage. Although 
obese women require more medication and have 
lower E2 levels compared to overweight and normal-
weight women, no significant difference in pregnancy 
rates among the BMI groups is observed, similar to 
our findings [33]. 
Female age is a crucial factor in pregnancy success 
and IUI outcomes. As age increases, pregnancy rates 
decrease. Our study confirmed this, showing a 
significant decrease in both biochemical and clinical 
pregnancy rates with increasing age. In line with this, 
Wang et al. have observed a noticeable decline in 

clinical pregnancy rates with age, with higher rates in 
women under 25 compared to those aged 25-30 and 
over 35 [34]. Likewise, Merviel et al. have analyzed 
1038 IUI cycles in 353 couples and identify female 
age as the strongest factor influencing pregnancy 
rates, while infertility type and smoking status, as in 
our study, are not significant factors [22]. No 
significant relationship was found between the 
husband's smoking status and the biochemical or 
clinical pregnancy rates. 
Infertility causes can affect IUI success. However, no 
significant relationship between different infertility 
causes and biochemical or clinical pregnancy rates 
was detected. The highest biochemical pregnancy 
rates were observed in patients with PCOS, while the 
highest clinical pregnancy rates were associated with 
male-factor infertility. Dickey et al., in a study of 8051 
IUI cycles involving 4000 couples, also find out no 
significant relationship between infertility causes 
and pregnancy rates [35,36]. Auj and Farhamand's 
study show a decline in pregnancy rates with 
increasing age, although this is not statistically 
significant, and pregnancy rates are similar across 
different infertility causes [37]. 
The type of ovulation stimulation medication can 
influence IUI success. In this study, the type of 
medication did not significantly affect biochemical 
pregnancy rates (p=0.237) or clinical pregnancy 
rates (p=0.363). However, excluding the group 
treated only with letrozole, those receiving 
HMG+FSH in addition to letrozole had higher 
pregnancy and clinical pregnancy rates. Similarly, 
Diamond et al. show that clinical pregnancy rates in 
IUI cycles after ovulation stimulation with letrozole 
are significantly lower than with gonadotropins [38]. 
The duration of infertility can impact IUI success. In 
our study, no significant relationship was found 
between the duration of infertility and biochemical or 
clinical pregnancy rates. However, Huniadi et al. 
show that longer infertility duration reduces IUI 
success, with 80% of pregnancies occurring in cases 
of infertility lasting less than four years [39-40]. 
Endometrial thickness is another important factor in 
IUI success. Our study found a significant relationship 
between endometrial thickness and both biochemical 
and clinical pregnancy rates, with pregnancy rates 
increasing as endometrial thickness increased. 
Consistent with our results, Jayakrishnan et al. have 
studied 3851 IUI cycles in couples with male-factor 
infertility, anovulation, endometriosis, or 
unexplained infertility. They reported that IUI 
success increases with endometrial thickness, with 
the highest pregnancy rate (41%) observed at a 
thickness of 9-10 mm [41]. 
The number of IUI cycles and mature follicles per 
cycle can also affect IUI success. In the current study, 
as the number of cycles increased, pregnancy and 
clinical pregnancy rates decreased, but no significant 
relationship was found between the number of cycles 
and pregnancy rates. Similarly, no significant 
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relationship was found between the number of 
follicles and pregnancy rates. Ahmed et al. also report 
a decrease in IUI success with an increasing number 
of cycles and no significant relationship between 
follicle number and biochemical or clinical pregnancy 
rates [32]. 
It should be noted that this study had some 
limitations. The BMI of the male partners was not 
recorded, which could have influenced IUI success. 
Some required information was not available in the 
patient records and was obtained via telephone 
interviews. Additionally, the number of eligible 
participants was smaller than the calculated sample 
size, which limited the study. 
Given that age is a key factor affecting infertility, 
there is a clear need for education and counseling 
regarding earlier marriages and avoiding prolonged 
contraception. It is recommended that midwives and 
fertility counselors discuss the impact of age and 
endometrial thickness on the prognosis of IUI 
treatment with patients and suggest alternative 
advanced treatments if the prognosis is poor. 

 
Conclusion 
As the woman's age increases, the rates of pregnancy 
and clinical pregnancy decrease. Additionally, 
endometrial thickness significantly influences 
pregnancy and clinical pregnancy rates, with 
increased thickness leading to higher pregnancy and 
clinical pregnancy rates. 
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