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ABSTRACT
Objective: To evaluate the impact of possible maternal 

and paternal prognostic factors and ovarian stimulation 
protocols on clinical pregnancy and live birth rates in 
intrauterine insemination (IUI) cycles.

Methods: Retrospective observational study of 341 
IUI cycles performed from January 2016 to November 
2020 at the Assisted Reproduction Service of the Clinics 
Hospital of the Ribeirão Preto Medical School, University of 
São Paulo. Clinical pregnancy and live birth rates and their 
potential prognostic factors were evaluated. Wilcoxon’s 
non-parametric test was used to compare quantitative 
variables, and the chi-square test to compare qualitative 
variables, adopting a significance level of p<0.05. A 
logistic regression model was performed to verify which 
exploratory variables are predictive factors for pregnancy 
outcome.

Results: The ovulation induction protocol using 
gonadotropins plus letrozole (p=0.0097; OR 4.3286, CI 
1.3040 – 14.3684) and post-capacitation progressive 
sperm ≥ 5million/mL (p=0.0253) showed a statistically 
significant correlation with the live birth rate. Female and 
male age, etiology of infertility, obesity, multifollicular 
growth, endometrial thickness ≥ 7 mm, and time between 
human chorionic gonadotropin administration and IUI 
performance were not associated with the primary 
outcomes. In the group of patients with ideal characteristics 
(women aged< 40 years, BMI < 30 kg/m², antral follicle 
count ≥ 5, partner aged< 45 years, and post-capacitation 
semen with progressive spermatozoa ≥ 5 million/mL), the 
rate of clinical pregnancy was 14.8%, while that of live 
birth, 9.9%.

Conclusions: In this study, the ovulation induction 
protocol with gonadotropins plus letrozole and post-
capacitation progressive sperm ≥ 5 million/mL were the 
only variables that significantly correlated with intrauterine 
insemination success.
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INTRODUCTION
It is estimated that 8 to 12% of couples worldwide 

suffer from infertility (Agarwal et al., 2021), which makes 
this condition a significant public health concern. Its diag-
nosis is surrounded by fear, anxiety, and pain. However, 
the growing popularization of assisted reproduction tech-
niques has enabled more and more couples to have access 
to infertility treatments (Ashrafi et al., 2013; Fauque et al., 

2014). Among the various options available, intrauterine 
insemination (IUI) has been widely adopted as the first 
treatment approach, depending on the underlying cause, 
as it is less invasive and costly compared to other tech-
niques, such as in vitro fertilization (IVF) (Dilbaz et al., 
2011; Cohlen et al., 2018).

IUI is indicated in cases of unexplained infertility, male 
subfertility, unilateral tubal obstruction, cervical dysfunc-
tion, anovulation, and minimal and mild endometriosis 
(Van Voorhis et al., 2001). Despite well-established in-
dications, the success rate of IUI is relatively low when 
compared to other assisted reproduction techniques. Data 
from the Assisted Reproduction Service of the Clinics Hos-
pital of the Ribeirão Preto Medical School, University of 
São Paulo (HC-FMRP/USP) showed a pregnancy rate per 
cycle of 12.74%, from 2011 to 2015, in couples with ideal 
conditions for performing IUI (Sicchieri et al., 2018), while 
the pregnancy rate per IVF cycle was 34.5% (De Geyter 
et al., 2018).

In addition to being indicated for distinct causes of in-
fertility, there are different protocols for performing IUI. 
The procedure can be carried out during a natural ovulato-
ry cycle or after ovulation induction with oral medications 
and/or injectable gonadotropins (Practice Committee of 
the American Society for Reproductive Medicine, 2020). 
Ovarian stimulation aims to ensure a greater number of 
ovulated oocytes per cycle (Practice Committee of the 
American Society for Reproductive Medicine, 2020), in-
creasing the likelihood of pregnancy. Another variation in 
the protocols is related to the time for performing the IUI, 
which can be conducted 24 hours after the spontaneous 
appearance of the LH surge or after 24 to 40 hours of the 
application of exogenous human chorionic gonadotropin 
(hCG) as a trigger for ovulation. There are also protocol 
variations regarding different seminal sample preparation 
techniques, different inseminated volumes, different cath-
eters, among others. In view of the range of variations, 
the scientific literature still does not have solid conclusions 
that define the best method and the real influence of each 
one on the IUI outcome (Practice Committee of the Amer-
ican Society for Reproductive Medicine, 2020).

In order to optimize the chances of IUI success and 
offer couples who seek this treatment actual probabilities 
of positive results, it is crucial to identify the factors that 
influence their outcomes (Starosta et al., 2020). Indeed, 
many prognostic factors are potentially associated with 
IUI outcomes, including paternal age and BMI, the total 
number of sperm in the seminal sample, sperm morphology, 
sperm count with progressive motility, inseminated sperm 
count, maternal age and BMI, etiology of female infertility, 
endometrial thickness, number of mature follicles per 
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cycle, and duration of infertility, in addition to protocol 
variations of the method (Dinelli et al., 2014; Fauque et 
al., 2014; Ghaffari et al., 2015; Starosta et al., 2020).

In October 2016, a new low-complexity infertility out-
patient clinic was implemented at the Assisted Reproduc-
tion Service of the Clinics Hospital of the Ribeirão Preto 
Medical School, University of São Paulo (HC-FMRP/USP), 
aiming at reducing the long wait list of patients seeking 
public assistance for the treatment of marital infertility. As 
a result, some changes were made in the criteria for indi-
cating IUI, which became the first line of infertility treat-
ment for couples eligible for this therapeutic approach. In 
order to favor the indication of low-complexity methods, 
the aim of the present study was to analyze all the IUI 
cycles performed at the service from January 2016 to De-
cember 2020 and identify the potential prognostic factors 
associated with this procedure.

MATERIALS AND METHODS

Study design
This was a retrospective observational study of 341 IUI 

cycles performed from January 2016 to November 2020 
at the Human Reproduction Center of HC-FMRP/USP. All 
collected data were obtained through the analysis of the 
service’s medical records. The study was conducted in ac-
cordance with the guidelines defined by the Research Eth-
ics Committee (CEP) of HC-FMRP/USP and the principles of 
the Declaration of Helsinki. The need to provide free and 
informed consent was waived due to the study’s retrospec-
tive nature, thus ensuring the anonymity of the research 
participants.

All couples included in the study underwent a basic 
workup to determine the cause of infertility. The following 
variables were evaluated: the type of infertility, primary 
or secondary; the age of the women and their partners; 
female body mass index (BMI); menstrual regularity and 
dosage of the hormones FSH (3rd to 5th day of the menstru-
al cycle), prolactin, and TSH to detect ovulatory and thy-
roid dysfunctions; seminal quality on spermogram; ovarian 
reserve, assessed by antral follicle count (AFC) on trans-
vaginal ultrasound; uterine cavity and tubal permeability, 
through pelvic ultrasound and hysterosalpingography/hys-
terosonography and/or hysteroscopy and/or videolaparos-
copy. In addition, all couples underwent serological tests 
to detect syphilis, hepatitis B and C, HTLV 1 and 2, and 
HIV 1 and 2.

Once the underlying cause of infertility and possible 
prognostic factors were established, the couples received 
counseling regarding the costs and benefits of assisted 
reproduction treatments. Those with at least one patent 
uterine tube and spermogram with a total progressive 
spermatozoon (TPS) count ≥ 3 million and/or concentra-
tion of progressive spermatozoa in the recovered sperm 
post-capacitation ≥ 5 million/mL were deemed eligible for 
IUI.

Ovulation induction
Ovulation induction, oocyte maturation, and luteal 

phase support were performed according to the standard 
protocols used at the Assisted Reproduction Service of 
HC-FMRP/USP.

The induction of ovulation was carried out using five 
distinct protocols: isolated clomiphene citrate, isolated 
letrozole, isolated gonadotropins, clomiphene associated 
with gonadotropins, and letrozole associated with gonad-
otropins.

Isolated clomiphene citrate was administered at a dose 
of 50 to 100 mg/day for five days starting on the 2nd or 3rd 
day of the menstrual cycle or after five days of interruption 

of hormonal contraception (combined oral contraceptive, 
progestogen-only pill, or estradiol valerate). 

Meanwhile, isolated letrozole was provided at a dose of 
5 mg/day for five days as of the 2nd or 3rd day of the men-
strual cycle or after five days of hormonal contraception 
interruption.

In turn, the gonadotropins, menotropin (Menopur®) 
or recombinant FSH (Gonal® or Puregon®), were adminis-
tered at a dose of 50 to 75 IU, on consecutive or alternate 
days, as of the 2nd or 3rd day of the menstrual cycle or after 
five days of hormonal contraception interruption.

The association of the oral inducer and the gonado-
tropins used clomiphene citrate at a dose of 50 to 100 
mg/day or letrozole 5 mg/day for five days starting on the 
2nd or 3rd day of the menstrual cycle or after five days of 
hormonal contraception interruption combined with the se-
lected gonadotropin at a dose of 75 IU every other day on 
the 2nd and 4th day of induction, daily, or every other day 
as of the 6th day of induction.

Follicular growth was monitored by endovaginal ultra-
sonography, starting around the 8th day of ovulation in-
duction. When a larger follicle with a mean diameter of 17 
to 18 mm was detected, triggering was indicated for final 
follicular and oocyte maturation with urinary human chori-
onic gonadotropin (hCG) (Choriomon®, 5000 IU) or recom-
binant hCG (Ovidrel®, 250 mcg), with IUI being performed 
24 to 40 hours later. The luteal phase was supplemented 
with either micronized progesterone (Utrogestan®, 200 
mg/day) or dydrogesterone (Duphaston®, 20 mg/day).

In cases of ovulation induction for in vitro fertilization 
(IVF) using gonadotropins (150 to 300 IU/day), IUI was 
performed only when there was recruitment and growth of 
only one or two follicles, in cases where the patient had at 
least one patent tube.

At this stage, the following variables were evaluated: 
AFC at the beginning of treatment; the ovulation induction 
protocol used; the number of follicles ≥ 15 mm on the 
day of hCG administration; the number of hours between 
hCG administration and IUI performance; the duration of 
ovulation induction; the dose of gonadotropin used, and 
endometrial thickness on the day of IUI.

Semen preparation and intrauterine insemination
The semen was prepared mainly by density gradient 

(90.9%/n=310 cycles). Sperm Washing was performed in 
25 cycles (7.3%) and Swim-up in only one (0.3%). Cases 
lacking information on the mode of seminal preparation 
were excluded in the comparative analysis between meth-
ods and primary outcomes.

The density gradient centrifugation technique was car-
ried out to determine the progressive motility of the sam-
ple. A volume of 1.0 mL of each colloidal suspension was 
added in samples with ≥ 30% progressive sperm and 0.5 
mL in samples with < 30%. In the first centrifugation step, 
1.0 to 0.5 mL of 90% colloidal suspension was added, fol-
lowed soon after by another 1.0 to 0.5 mL of 45% colloidal 
suspension. Next, a maximum volume of 3.0 mL of lique-
fied semen was deposited over the solution. The final sam-
ple was centrifuged for 30 minutes at 1,000 rpm, with the 
supernatant being discarded and the pellet homogenized 
in 2.0 mL of MHM-C medium + 10% SSS. A second centrif-
ugation was performed to eliminate residual particles from 
the colloidal gradient. Subsequently, the supernatant was 
discarded, and the resulting pellet was diluted in 0.5 mL of 
MHM-C + 10% SSS.

After the seminal preparation, the new concentration 
and motility of the samples were determined, obtaining 
the concentration of post-capacitation progressive sper-
matozoa. Insemination was conducted using a LABORA-
TOIRE CCD catheter (Paris-France), with the aid of a trans-
abdominal pelvic ultrasound.
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Statistical analyses
Initially, exploratory data analysis was carried out us-

ing measures of central position and dispersion. Qualita-
tive variables were summarized considering absolute and 
relative frequencies. The chi-square test was applied to 
verify which independent qualitative variables were asso-
ciated with the outcomes of pregnancy and live birth. In 
order to assess which of the quantitative variables differed 
statistically between the groups pregnancy (yes or no) and 
live birth (yes or no), the Wilcoxon test for independent 
samples was applied, a non-parametric test used when the 
assumptions of the Student’s t-test were not met. Statis-
tical analyses were conducted using the SAS 9.4 program, 
and the significance level was set at p<0.05. A logistic re-
gression model was performed to verify which exploratory 
variables were predictive factors for pregnancy outcome.

RESULTS
Three hundred and forty-one intrauterine insemina-

tion cycles were performed from January 2016 to Novem-
ber 2020. The clinical pregnancy rate per cycle was 8.5% 
(n=29), and the live birth rate was 5.3% (n=18). There 
were two cases of stillbirths and two multiple pregnancies. 
The mean female age was 35±4.12 years.

According to our findings, the leading etiologies related 
to infertility were male factors (34%/n=116), unexplained 
infertility (26.1%/n=89), polycystic ovary syndrome 
(PCOS) (17.3%/n=59), low ovarian reserve (13.5%/
n=46), unilateral tubal obstruction (9.1%/n=31), endo-
metriosis grade 1 or 2 (7.3%/n=25), endometriosis grade 
3 or 4 (3.8%/n=13), independent production (0.6%/n=2), 
and other factors (18.5%/n=63). No specific cause of in-
fertility showed a statistically significant correlation with 
the primary outcomes (Table 1).

At the beginning of the IUI cycle and during ovari-
an stimulation, the following potential prognostic factors 
were evaluated: female age < 40 years (88.3%/n=301), 
male age < 45 years (95.8%/n=322), primary infertili-
ty (71.9%/n=245), body mass index (BMI) < 30 kg/m² 
(75.4%/n=221), absence of ultrasonographic findings of 
deep endometriosis (96.8%/n=329), good ovarian reserve 
(86%/n=288), multifollicular growth (32.8%/n=111), en-
dometrial thickness on the day of IUI of ≥ 7 mm (84%/
n=279), and time between hCG application and IUI of ≤ 
24 hours (69.3%/n=205). There was no statistically sig-
nificant correlation between the above factors and clinical 
pregnancy and live birth rates (Table 2). Regarding the 
ovarian stimulation protocols, a statistically significant dif-
ference was observed in relation to the live birth rate, with 
better results in the group that used the letrozole protocol 
associated with gonadotropins (p=0.0097; OR 4.3286, CI 
1.3040 – 14.3684) (Table 2).

Finally, the quantitative and qualitative characteristics 
of the spermogram prior to IUI and sperm capacitation 
on the day of IUI were evaluated. Among the assessed 
seminal parameters, only concentrations of progressive 
spermatozoa in the semen recovered after capacitation ≥ 
5 million/mL showed a statistically significant correlation 
with the live birth rate (p=0.0253). As there were no live 
births from patients with motile sperm post-capacitation 
< 5 million/mL, it was not possible to estimate the odds 
ratio related to this variable (Table 3).  Other factors, such 
as total sperm count, concentration, vitality, motility, mor-
phology, and TPS, showed no statistical correlation with 
clinical pregnancy or live births (Table 4).

Women < 40 years old, with BMI < 30 kg/m², AFC 
≥ 5, and partners aged< 45 years and whose semen 
had post-capacitation progressive spermatozoa concen-
trations ≥ 5 million/mL (n=121) were considered ide-
al candidates for performing IUI. In this subgroup, the 

clinical pregnancy rate was 14.8% (n=18), and the live 
birth rate was 9.9% (n=12).

DISCUSSION
Highly complex assisted reproduction techniques, in-

cluding IVF and ICSI, have evolved significantly in recent 
years. However, low-complexity techniques, such as intra-
uterine insemination (IUI), maintain low and virtually un-
changed success rates (Practice Committee of the Amer-
ican Society for Reproductive Medicine, 2020). The Latin 
American Network of Assisted Reproduction (REDLARA) 
reported a clinical pregnancy rate per IUI cycle in 2013 
of 14.91% (Zegers-Hochschild et al., 2016), while the Eu-
ropean Society for Human Reproduction and Embryology 
(ESHRE) estimated the live birth rate in 2014 to be 8.5% 
(De Geyter et al., 2018). In our study, the sample present-
ed a clinical pregnancy rate of 8.5% and a live birth rate of 
5.3%, similar to other observational studies (Vargas-Tom-
inaga et al., 2020; Sicchieri et al., 2018). Despite these 
low success rates, IUI is still considered an initial strategy 
among infertile couples due to its lower complexity and 
financial costs (Cohlen et al., 2018). It is noteworthy to 
establish prognostic factors that reinforce its indication; 
however, the available literature on the subject remains 
contentious (Guan et al., 2021).

Although several factors potentially related to the prog-
nosis of IUI were analyzed in the present study, only the 
ovarian stimulation protocol with gonadotropins associated 
with letrozole was considered a predictive factor for the 
increase in the live birth rate after IUI. Similar results fa-
vorable to this protocol have been reported in previous re-
search (Guan et al., 2021; Vargas-Tominaga et al., 2020). 
Recent studies have evidenced the superiority of ovarian 
stimulation with injectable gonadotropins over oral induc-
ers (Wessel et al., 2022; Zolton et al., 2020; Danhof et al., 
2018; Erdem et al., 2015; Diamond et al., 2015). Howev-
er, the latter are still considered the first choice in IUI on 
account of their lower cost, lower rate of cycle cancellation 
due to multifollicular growth, and lower risk of multiple 
pregnancies (Starosta et al., 2020; Zolton et al., 2020; 
Hansen, 2020; Practice Committee of the American Soci-
ety for Reproductive Medicine, 2020). Studies conducted 
with low doses of gonadotropins (<150 IU/day) and strict 
cancellation criteria have shown gestational outcomes sim-
ilar to oral inducers (Danhof et al., 2018; Huang et al., 
2018). The association between low-dose gonadotropins 
and oral inducers has also been described as an interesting 
strategy, as it optimizes follicular and endometrial growth 
while significantly reducing costs, which are often limiting 
(Hembram et al., 2017; Healey et al., 2003).

Another important parameter in determining IUI suc-
cess is seminal quality, given that fertilization occurs in 
vivo in this technique (Agarwal et al., 2021; Ombelet et 
al., 2014; Van Voorhis et al., 2001). The concept of mild, 
moderate, and severe male factors remains controversial 
in the literature (Cohlen et al., 2018). Some studies in-
dicate a cut-off value for the indication of IUI of TPS ≥ 3 
million (Bensdorp et al., 2007), while others ≥ 10 million 
(Akanji Tijani & Bhattacharya, 2010). The literature review 
conducted by Starosta et al. (2020) revealed that there 
is still a benefit in performing IUI with values of progres-
sive spermatozoa after seminal washing ≥ 1 million/mL. In 
the present study, only concentrations of retrieved motile 
sperm post-capacitation ≥ 5 million/mL had a statistically 
significant impact on the live birth rate, although it was 
not possible to calculate the odds ratio. Despite lacking 
statistical significance, the TPS was clinically relevant and 
was directly related to the concentration of retrieved sper-
matozoa post-capacitation, with clinical pregnancy and live 
birth rates in the group with ≥ 3 million spermatozoa of 
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9.4% and 5.8%, respectively, and 0% of clinical pregnancy 
and live births in the < 3 million group, corroborating pre-
vious studies (Vargas-Tominaga et al., 2020; Akanji Tijani 
& Bhattacharya, 2010). The impact of seminal preparation 
techniques remains uncertain (Agarwal et al., 2021; Sta-
rosta et al., 2020; Cohlen et al., 2018; Boomsma et al., 
2019). 

Another relevant data in our sample, but without sta-
tistical significance, was male age. Clinical pregnancy and 
live birth rates in men aged < 45 years were 9% and 5.6%, 
respectively. In contrast, no pregnancy was observed in 
partners aged ≥ 45 years. The negative impact of pater-
nal aging, especially in individuals above the age of 40, 
has been well documented in the literature, with a higher 
prevalence of miscarriage and infertility, among other ef-
fects. However, there are still inconsistencies in data in 
several studies (Starosta et al., 2020). Regarding the fe-
male age, we did not find statistically significant associa-
tion with pregnancy outcomes. However, it was possible to 
note a clinically relevant difference between women aged 
<40 years and ≥ 40 years, with clinical pregnancy rates 
of 9.3% vs. 2.5%, respectively, and live births rates of 
6% vs. 0%, respectively. The deleterious effect of aging 
on female fertility is widely known (Practice Committee of 
the American Society for Reproductive Medicine & Soci-
ety for Reproductive Endocrinology and Infertility, 2017). 
REDLARA described a clinical pregnancy rate in IUI cycles 
of 18.4% in women ˂ 35 years, 13.4% in women aged 
between 35 and 39 years, 7.1% between 40 and 42 years, 
and 3.5% after 42 years (Zegers-Hochschild et al., 2016). 
Other studies, however, did not show the same correlation 
between female age and IUI success (Ashrafi et al., 2013; 
Erdem et al., 2008; Tomlinson et al., 1996).

Ashrafi et al. (2013) described a negative impact re-
lated to longer time of infertility and unifollicular growth 
(22.5% multifollicular vs. 6.5% unifollicular), similar to 
the findings reported in other studies (Vargas-Tominaga 
et al., 2020; Cohlen et al., 2018). In the present sample, 
there was no difference between gestational success and 
the growth of 1 or ≥ 2 mature follicles in the ovulation 
induction. On the other hand, although there was no sta-
tistically significant correlation, AFC ≥ 5 at the beginning 
of treatment was associated with better pregnancy and live 
birth rates when compared to low ovarian reserve (9.4% 
and 5.9% vs. 4.3% and 2.1%, respectively).

It was also possible to observe that female obesity 
contributed to the reduction of clinical pregnancy rates 
(5.6%) and live births (5.6%), although without statisti-
cal significance. This condition is known to be associated 
with ovulatory disorders, worse oocyte quality, and lower 
endometrial receptivity, contributing to worse reproductive 
outcomes (Practice Committee of the American Society for 
Reproductive Medicine, 2021). Aydin et al. (2013), in their 
retrospective observational study of 306 couples with un-
explained infertility or male subfertility, found that BMI was 
the most significant predictive factor of clinical pregnan-
cy in IUI cycles. Other studies, however, have not shown 
the same statistically significant association (Guan et al., 
2021). It is worth noting that the literature recommends 
higher doses of oral inducers and the use of gonadotropins 
in this population for a better ovarian response (Guan et 
al., 2021; Starosta et al., 2020).

Finally, it was possible to observe worse gestational 
outcomes in women with endometriosis and PCOS 
when compared to unexplained infertility or mild male 
factors. However, no single cause of infertility was found 
to have a statistically significant correlation with the 
primary outcomes. Therefore, it can be inferred that the 
indication for IUI should be individualized, considering 
the etiology and the combination of prognostic factors, 
such as those mentioned above. For some infertile 

couples, it is reasonably cost-effective to perform 3 to 
4 cycles of IUI, followed by high-complexity treatments 
if unsuccessful (Practice Committee of the American 
Society for Reproductive Medicine, 2020; Starosta et 
al., 2020), especially in those with ideal characteristics, 
as observed in the present study (women < 40 years 
of age, BMI < 30 kg/m², AFC ≥ 5, partners aged< 45 
years, and semen recovery of ≥ 5 million/mL).

Some limitations of this study include the fact that it 
was observational and had a small sample size. In addi-
tion, being a service that attends couples from the public 
health network, the use of expensive medications, such as 
injectable gonadotropins and even letrozole, is minimal; 
thus, cases of severe infertility, including severe male fac-
tors and deep endometriosis, have IUI as the only finan-
cially viable option, a fact that may have influenced the 
results.

CONCLUSION
In the analyzed group, the ovulation induction protocol 

with gonadotropins associated with letrozole and recov-
ered spermatozoa concentrations after sperm capacitation 
of ≥ 5 million/mL were the only variables that significantly 
correlated with the success rates of intrauterine insemina-
tion. Several other prognostic factors did not show a sta-
tistically significant correlation, despite their clinical rele-
vance. Therefore, IUI indications should be individualized. 
The combination of adverse infertility factors and the cou-
ple’s financial condition can be decisive in the indication or 
not of IUI or IVF/ICSI as the first treatment option. Further 
studies with larger samples may be required in order to 
corroborate the obtained results.
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