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ABSTRACT

Aims: Systemic inflammation is characteristic of polycystic ovary syndrome (PCOS), 
but its prognostic value for intrauterine insemination (IUI) outcomes remains unclear. 
We evaluated whether systemic inflammatory markers and metabolic parameters were 
associated with clinical pregnancy after the first IUI cycle following ovulation induction.

Methods: This retrospective cohort study included infertile women with PCOS undergoing 
their first IUI cycle after ovulation induction with an aromatase inhibitor between May 
2021 and May 2026. Clinical pregnancy was defined as ultrasonographic visualization of 
a gestational sac with fetal cardiac activity. Demographic, clinical, hormonal, metabolic, 
and IUI cycle characteristics and systemic inflammatory markers—neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), lymphocyte-to-monocyte 
ratio (LMR), systemic immune-inflammation index (SII), systemic inflammation response 
index (SIRI), and C-reactive protein (CRP)—were compared according to pregnancy 
status. Analyses were performed using Jamovi (version 2.6.45; the Jamovi project, 
Sydney, Australia).

Results: A total of 113 women with PCOS were included [median age: 28 years 
(interquartile range): 6)]; 31 (27.4%) achieved clinical pregnancy. Demographic, clinical, 
hormonal, metabolic, and IUI cycle characteristics did not differ between groups (all 
p>0.05). Likewise, NLR (1.89 vs. 2.12, p=0.333), PLR (124 vs. 123, p=0.716), LMR 
(5.39 vs. 5.12, p=0.485), SII (519 vs. 591, p=0.533), SIRI (0.85 vs. 1.05, p=0.219), and 
CRP (2.80 vs. 4.02 mg/L, p=0.191) were similar. CRP correlated positively with body 
mass index (BMI) (r=0.558, p<0.001). After adjustment for age, BMI, and anti-Müllerian 
hormone, no inflammatory marker independently predicted clinical pregnancy; CRP 
showed the strongest but non-significant association (adjusted odds ratio: 1.10, 95% 
confidence interval: 0.97-1.24, p=0.138).

Conclusions: The evaluated systemic inflammatory markers did not demonstrate clear 
utility in predicting clinical pregnancy during the first IUI cycle in women with PCOS. 
Larger prospective studies integrating systemic and local endometrial biomarkers may 
help clarify the potential role of inflammatory pathways in implantation and IUI outcomes.
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Introduction
Polycystic ovary syndrome (PCOS) is a complex 

endocrine and metabolic disorder with heterogeneous clinical 
manifestations, affecting approximately 10-13% of women 
of reproductive age worldwide, corresponding to nearly 170 
million women. After exclusion of other etiologies, diagnosis 
in adults aged ≥20 years requires at least two of the following: 
oligo-anovulation, clinical or biochemical hyperandrogenism, 
and polycystic ovarian morphology. According to the latest 
international guideline, serum anti-Müllerian hormone (AMH) 
may be used as an alternative to ultrasonography for assessing 
polycystic ovarian morphology in adults, but not as a stand-alone 
diagnostic test. In adolescents aged 10-19 years, both ovulatory 
dysfunction and clinical or biochemical hyperandrogenism 
are required, whereas ultrasonography and AMH are not 
recommended because of limited specificity (1,2).

PCOS is a multisystem disorder associated with obesity, 
dysglycemia, type 2 diabetes mellitus, hypertension, 
dyslipidemia, metabolic dysfunction-associated steatotic liver 
disease (MASLD), cardiovascular disease, obstructive sleep 
apnea, ovulatory dysfunction, irregular menstrual cycles, 
infertility, pregnancy complications, and endometrial cancer. 
Psychological manifestations, including depression, anxiety, 
reduced quality of life, and eating disorders, as well as 
dermatological features such as acne, alopecia, and hirsutism, 
are also important components of its clinical spectrum. 
Individuals with PCOS generally have a higher body mass 
index (BMI), and excess body weight contributes to disease 
severity, further supporting its substantial multisystem health 
and economic burden (1-4).

Reflecting this broader understanding, a multistep global 
consensus process led by Teede et al. (5) and published in The 
Lancet in 2026 concluded that the term PCOS overemphasizes 
ovarian morphology and does not adequately reflect the 
endocrine and metabolic complexity of the disorder, while 
contributing to diagnostic delays, fragmented care, stigma, and 
limitations in research and health policy. The condition was 
therefore renamed polyendocrine metabolic ovarian syndrome 
(PMOS), emphasizing its multiple endocrine abnormalities 
involving insulin, androgens, neuroendocrine hormones, 
and ovarian hormones, together with metabolic and ovarian 
dysfunction. As the consensus recommends a managed 
transition to the new nomenclature, the term PCOS is retained 
throughout this manuscript (5).

Accordingly, PCOS is increasingly recognized as a systemic 
condition characterized by chronic low-grade inflammation, 
immune dysregulation, and metabolic disturbances rather than 
solely a reproductive endocrine disorder (6-8). These processes 
may alter the uterine microenvironment and endometrial 
receptivity, thereby adversely affecting reproductive outcomes 
(9). Systemic inflammation can be assessed using cytokines, 

acute-phase reactants, and hematological indices derived 
from complete blood count parameters (10). Among these, the 
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte 
ratio (PLR), lymphocyte-to-monocyte ratio (LMR), systemic 
immune-inflammation index (SII), and systemic inflammation 
response index (SIRI) are easily accessible and cost-effective 
markers reflecting the balance between inflammatory activity 
and immune regulation (11-17). C-reactive protein (CRP), a 
well-established acute-phase reactant, is also considered an 
important marker of chronic low-grade inflammation in PCOS 
(9,18).

Current guidelines recommend aromatase inhibitor therapy 
as first-line pharmacological treatment for ovulation induction in 
women with PCOS-related anovulatory infertility (1). Intrauterine 
insemination (IUI) following ovulation induction with an aromatase 
inhibitor is commonly used, particularly in the absence of severe 
male factor infertility (19). IUI success is generally assessed 
using conventional predictors such as female age, BMI, infertility 
duration, endometrial thickness, ovulatory response, and semen 
parameters; however, the contribution of systemic inflammatory 
markers remains unclear (20).

Although inflammation and immune dysregulation in 
PCOS are well established, data on the relationship between 
systemic inflammatory indices and clinical pregnancy after IUI 
remain limited. Therefore, this study aimed to evaluate whether 
systemic inflammatory markers—including NLR, PLR, LMR, 
SII, SIRI, and CRP—together with demographic and metabolic 
parameters are associated with clinical pregnancy in women 
with PCOS undergoing their first IUI cycle following ovulation 
induction with an aromatase inhibitor.

Methods

Study design and population

This retrospective cohort study evaluated the medical records 
of patients who presented to the IUI clinic of the department of 
obstetrics and gynecology at a tertiary care center between May 
2021 and May 2026. Ethical approval for this study was obtained 
from the Clinical Research Ethics Committee of the Scientific 
Ethics Committee of Göztepe Prof. Dr. Süleyman Yalçın City 
Hospital (approval no: 2026/0297, date: 06.05.2026), and the 
study was conducted in accordance with the principles of the 
Declaration of Helsinki.

A total of 113 infertile women aged 20-40 years with a 
diagnosis of PCOS established according to the Rotterdam 
criteria were included. To ensure the homogeneity of the study 
population, only patients undergoing their first IUI cycle following 
ovulation induction with an aromatase inhibitor after at least 1 
year of infertility were evaluated. Patients were required to have 
AMH levels >1 ng/mL and basal follicle-stimulating hormone 
(FSH) levels <14 mIU/mL. Only patients with complete clinical, 
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laboratory, and treatment data were included in the analysis. 
Exclusion criteria were acute infection, chronic inflammatory 
disease, autoimmune disease, malignancy, hematological 
disorders, or receiving systemic steroids or immunosuppressive 
therapy. In addition, patients with severe male factor infertility, 
bilateral tubal obstruction confirmed by hysterosalpingography, 
or any indication for in vitro fertilization (IVF) were excluded.

Ovulation induction and IUI procedure

Ovulation induction was performed using an aromatase 
inhibitor (letrozole, 2.5-5 mg/day), initiated between cycle days 
3 and 5 and administered for five consecutive days. Follicular 
development was monitored by transvaginal ultrasonography. 
Ovulation was triggered with human chorionic gonadotropin 
when at least one dominant follicle reached a diameter of ≥18 
mm. IUI was performed approximately 36 hours after ovulation 
triggering using prepared semen samples.

Data collection and inflammatory markers

Demographic and clinical data (age, BMI, duration of 
infertility, smoking status, and type of infertility), hormonal 
profiles [FSH, luteinizing hormone (LH), and AMH levels], 
metabolic parameters [fasting insulin levels, homeostatic model 
assessment of insulin resistance (HOMA-IR), and hemoglobin 
A1c (HbA1c)], other biochemical parameters (vitamin D levels), 
treatment-related data (endometrial thickness and dominant 
follicle diameter), and semen parameters were recorded. Blood 
samples were obtained on the day of IUI before the procedure. 
Neutrophil, lymphocyte, monocyte, and platelet counts (×103/
µL), as well as CRP levels (mg/L), were recorded. CRP was 
measured using a standard immunoturbidimetric assay, with a 
laboratory reference range of 0-5 mg/L. Systemic inflammatory 
markers were calculated as follows: NLR, PLR, LMR, SII (platelet 
× neutrophil/lymphocyte), and SIRI (neutrophil × monocyte/
lymphocyte).

Outcome measure

The primary outcome of the study was clinical pregnancy. 
Clinical pregnancy was defined as the presence of a gestational 
sac with fetal cardiac activity detected by transvaginal 
ultrasonography. Patients were categorized according to clinical 
pregnancy status and analyzed accordingly.

Statistical Analysis

Statistical analyses were performed using Jamovi (version 
2.6.45; the Jamovi project, Sydney, Australia). The distribution 
of continuous variables was assessed using histograms and 
Q-Q plots. Non-normally distributed variables were expressed 
as median (interquartile range), and categorical variables as 
number (percentage). Comparisons between the two groups 
were performed using the Mann-Whitney U test for continuous 
variables and the chi-square test or Fisher’s exact test, as 

appropriate, for categorical variables. Correlations between 
continuous variables were evaluated using Spearman’s rank 
correlation analysis. Clinical pregnancy was defined as the 
dependent variable. Because the investigated inflammatory 
markers (CRP, NLR, LMR, SIRI, SII, and PLR) are biologically 
related and some are derived from the same hematological 
parameters, they were not entered together into a single 
regression model to avoid potential multicollinearity. Instead, 
separate multivariable logistic regression models were 
constructed for each inflammatory marker. Given the limited 
number of clinical pregnancy events, the number of adjustment 
covariates was restricted to preserve model stability and reduce 
the risk of overfitting. Each model was adjusted for age, BMI, 
and AMH, which were selected a priori as clinically relevant 
predictors of IUI outcomes in women with PCOS. Odds ratios 
(ORs) with 95% confidence intervals (CIs) were reported. A two-
sided p-value <0.05 was considered statistically significant.

Results
A total of 113 patients were included in the study. Clinical 

pregnancy was achieved in 31 patients (27.4%).

Baseline demographic, clinical, hormonal, metabolic, and 
treatment-related characteristics according to clinical pregnancy 
status are shown in Table 1. No significant differences were 
observed between groups in demographic variables (age, 
BMI, smoking status, infertility type, and duration), hormonal 
parameters (AMH, basal FSH, and LH), or metabolic markers 
(fasting insulin, HOMA-IR, and HbA1c) (p>0.05 for all). 
Treatment-related variables, including endometrial thickness, 
dominant follicle diameter, 25-OH vitamin D levels, and semen 
parameters, were also comparable between groups (p>0.05) 
(Table 1).

No statistically significant differences were observed 
between patients with and without clinical pregnancy in terms of 
inflammatory markers, including PLR, NLR, SII, LMR, SIRI, and 
CRP (p>0.05 for all) (Table 2).

Multivariable logistic regression analysis adjusted for age, 
BMI, and AMH demonstrated that none of the inflammatory 
markers were independently associated with clinical pregnancy. 
Among the evaluated markers, CRP showed the strongest 
association with clinical pregnancy; however, this relationship 
did not reach statistical significance (adjusted OR 1.10, 95% CI 
0.97-1.24, p=0.138) (Table 3). 

Correlation analysis of inflammatory and metabolic 
parameters is shown in Figure 1. Strong and significant 
correlations were observed among inflammatory indices, 
suggesting overlapping components of systemic inflammation. 
A significant positive correlation was found between CRP and 
BMI (r=0.558, p<0.001), whereas no significant association was 
observed between HOMA-IR and inflammatory markers (Figure 
1).
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Discussion
In the present study, neither metabolic parameters nor 

systemic inflammatory markers were associated with clinical 
pregnancy after the first IUI cycle following ovulation induction 
with an aromatase inhibitor. Multivariable analysis likewise 
identified no inflammatory marker as an independent predictor 
of pregnancy. CRP showed the strongest association, although 

it did not reach statistical significance, while correlation analysis 
demonstrated strong relationships among inflammatory indices, 
particularly SII and SIRI, and a positive correlation between 
CRP and BMI.

Chronic low-grade inflammation and metabolic dysfunction 
are well recognized in PCOS; however, their relevance to 
pregnancy outcomes after IUI remains insufficiently defined 

Table 1. Baseline demographic, clinical, hormonal, metabolic, and treatment-related characteristics according to clinical 
pregnancy status

Variable Clinical pregnancy (-) 
(n=82)

Clinical pregnancy (+) 
(n=31) p-value

Demographic characteristics
Age (years), median (IQR) 28.0 (5.0) 28.0 (5.5) 0.938

BMI (kg/m2), median (IQR) 27.0 (6.69) 27.6 (7.80) 0.748

Current smoking, n (%) 21 (25.6) 6 (19.4) 0.487

Infertility type, n (%) 0.340

Primary 65 (79.3) 27 (87.1)

Secondary 17 (20.7) 4 (12.9)

Infertility duration (months), median (IQR) 24 (24) 24 (21) 0.135

Hormonal profile
AMH (ng/mL), median (IQR) 4.17 (3.21) 4.53 (3.60) 0.211

Basal FSH (IU/L), median (IQR) 5.70 (1.57) 5.50 (1.80) 0.854

Basal LH (IU/L), median (IQR) 6.80 (5.70) 7.96 (4.85) 0.207

Metabolic parameters
Fasting insulin (mU/L), median (IQR) 12.2 (7.72) 10.6 (8.33) 0.556

HOMA-IR, median (IQR) 3.63 (2.94) 3.54 (3.77) 0.802

HbA1c (%), median (IQR) 5.35 (0.40) 5.30 (0.38) 0.719

Treatment-related parameters
Endometrial thickness (mm), median (IQR) 7.90 (3.23) 8.00 (3.90) 0.832

Dominant follicle diameter (mm), median (IQR) 18.6 (2.00) 18.5 (1.85) 0.951

Biochemical parameters
25-OH vitamin D (ng/mL), median (IQR) 15.5 (9.57) 14.4 (9.25) 0.933

Semen parameters
Total progressive motile sperm count (million), median (IQR) 42.1 (77.8) 70.3 (76.6) 0.141
BMI: Body mass index, AMH: Anti-Müllerian hormone, FSH: Follicle-stimulating hormone, LH: Luteinizing hormone, HOMA-IR: Homeostatic model assessment of 
insulin resistance, IQR: Interquartile range, HbA1c: Hemoglobin A1c, 25-OH vitamin D: 25-hydroxyvitamin D.
Continuous variables are presented as median (IQR), and categorical variables as n (%). P-values were calculated using the Mann-Whitney U test for continuous 
variables and the chi-square test or Fisher’s exact test, as appropriate, for categorical variables

Table 2. Comparison of inflammatory markers between patients with and without clinical pregnancy
Variable Clinical pregnancy (-) (n=82) Clinical pregnancy (+) (n=31) p-value
PLR 124 (49.7) 123 (41.1) 0.716

NLR 1.89 (0.86) 2.12 (1.06) 0.333

SII 519 (243) 591 (196) 0.533

LMR 5.39 (2.74) 5.12 (2.88) 0.485

SIRI 0.85 (0.61) 1.05 (0.54) 0.219

CRP (mg/L) 2.80 (4.70) 4.02 (5.82) 0.191
PLR: Platelet-to-lymphocyte ratio, NLR: Neutrophil-to-lymphocyte ratio, SII: Systemic immune-inflammation index, LMR: Lymphocyte-to-monocyte ratio, SIRI: Systemic 
inflammation response index, CRP: C-reactive protein.
Data are presented as median (interquartile range). P-values were calculated using the Mann-Whitney U test
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(6-9). Evidence on systemic inflammatory markers in IUI 
populations is limited and has largely been derived from 
heterogeneous cohorts including different infertility etiologies 
(19,21,22). Consequently, whether these markers have 
prognostic value specifically in women with PCOS undergoing 
IUI remains unclear. The present study was designed to address 
this gap by evaluating the association of systemic inflammatory 
and metabolic markers with clinical pregnancy after the first IUI 
cycle in a relatively homogeneous PCOS cohort.

Insulin resistance affects approximately 50-70% of women 
with PCOS, independent of obesity, and may contribute to 
both hyperandrogenism and impaired endometrial receptivity 
(23-25). Insulin resistance may impair implantation by altering 
endometrial receptivity-related pathways, including HOXA10, 

LIF, αvβ3 integrin–mediated adhesion, decidualization, and 
immune responses (25). In the present study, HOMA-IR, 
fasting insulin, HbA1c, and BMI were evaluated as metabolic 
parameters, but none were significantly associated with clinical 
pregnancy. Visceral adiposity may contribute to chronic low-
grade inflammation through altered cytokine, chemokine, and 
adipokine secretion, although inflammation in PCOS, particularly 
in non-obese women, cannot be explained by adiposity alone 
(24,26). These findings suggest that the relationship between 
metabolic dysfunction, systemic inflammation, and reproductive 
outcomes may be more complex than can be captured by 
conventional circulating markers alone. The extent to which 
systemic inflammatory markers reflect the uterine immune 
microenvironment and influence implantation therefore remains 
uncertain.

Table 3. Multivariable logistic regression analyses adjusted for age, BMI, and AMH
Marker Adjusted OR 95% CI p-value
CRP 1.10 0.97-1.24 0.138

NLR 1.23 0.80-1.88 0.340

LMR 0.87 0.70-1.10 0.249

SIRI 1.22 0.73-2.03 0.457

SII 1.001 0.998-1.004 0.446

PLR 1.003 0.993-1.012 0.584
CRP: C-reactive protein, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio, LMR: Lymphocyte-to-monocyte ratio, SIRI: Systemic inflammation 
response index, SII: Systemic immune-inflammation index, OR: Odds ratio, CI: Confidence interval.
The model was adjusted for age, body mass index (BMI), and anti-Müllerian hormone (AMH). Clinical pregnancy was used as the dependent variable

Figure 1. Spearman correlation heatmap of inflammatory and metabolic parameters
BMI: Body mass index, CRP: C-reactive protein, HOMA-IR: Homeostatic model assessment of insulin resistance, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-
lymphocyte ratio, LMR: Lymphocyte-to-monocyte ratio, SII: Systemic immune-inflammation index, SIRI: Systemic inflammatory response index. The color scale represents 
the direction and magnitude of Spearman’s correlation coefficients (r)
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Studies examining systemic inflammatory markers and 
pregnancy outcomes in ART have yielded inconsistent findings, 
and data in IUI populations remain limited. Li et al. (27) reported 
that higher SII was associated with poorer pregnancy and live 
birth outcomes in women undergoing gonadotropin-releasing 
hormone antagonist IVF, although women with PCOS were 
excluded. In contrast, Tulucu Kalkan et al. (28) found that NLR, 
PLR, MLR, SII, SIRI, and PIV did not independently predict clinical 
pregnancy in women with unexplained infertility undergoing IVF/
intracytoplasmic sperm injection. These discrepancies suggest 
that the prognostic value of inflammatory markers may depend 
on infertility etiology, metabolic profile, and treatment protocol. 
Consistently, none of the inflammatory markers evaluated in our 
homogeneous PCOS cohort undergoing IUI following ovulation 
induction with an aromatase inhibitor were associated with 
clinical pregnancy in univariable or multivariable analyses.

SII and SIRI have emerged as systemic inflammatory 
indices with expanding clinical applications beyond oncology, 
although evidence in reproductive medicine remains limited 
(14,15,27). In our cohort, neither SII nor SIRI was associated 
with clinical pregnancy. Similarly, PLR and LMR, reflecting 
platelet-lymphocyte and lymphocyte-monocyte interactions, 
were not associated with pregnancy outcomes (11,12).

CRP is a well-established marker of low-grade chronic 
inflammation in PCOS and has been associated with metabolic 
disturbances (18). However, evidence regarding its relationship 
with fertility outcomes remains inconsistent. In a randomized 
IVF study of 440 women, Vexø et al. (29) found no association 
between CRP and clinical pregnancy, although higher CRP 
levels were negatively correlated with live birth. Similarly, CRP 
was not significantly associated with clinical pregnancy in our 
cohort, although it showed the strongest association among the 
evaluated inflammatory markers in multivariable analysis. Its 
positive correlation with BMI further supports the close relationship 
between metabolic status and systemic inflammation in PCOS.

The strong correlations observed among inflammatory 
indices suggest that these markers largely reflect overlapping 
components of systemic inflammation rather than distinct 
biological pathways. Given the multifactorial nature of 
implantation and clinical pregnancy, which are influenced 
by hormonal, metabolic, embryological, and uterine factors, 
systemic inflammatory markers alone may be insufficient to 
capture the complex mechanisms underlying reproductive 
outcomes in women with PCOS.

Strengths

• The study was based on five years of real-world clinical 
experience at a tertiary referral center.

• The relatively homogeneous study population, consisting 
exclusively of women with PCOS undergoing their first IUI 

cycle following ovulation induction with an aromatase inhibitor, 
reduced heterogeneity related to infertility etiology and prior 
treatment exposure.

• The study addresses a clinically relevant gap in the 
literature, as data on systemic inflammatory markers and IUI 
outcomes in women with PCOS remain limited.

• A broad range of demographic, metabolic, and systemic 
inflammatory parameters was evaluated, including newer 
inflammatory indices such as SII and SIRI.

Study Limitations

• The relatively small sample size and limited number of 
clinical pregnancies may have reduced the statistical power to 
detect more modest associations; therefore, the possibility of 
type II error cannot be excluded. 

• Because of the limited number of clinical pregnancy events, 
infertility duration and additional metabolic variables were 
not included in the multivariable models; therefore, residual 
confounding cannot be completely excluded. 

• The retrospective, single-center design may introduce 
selection bias and limit the generalizability of the findings.

• Assessment of systemic inflammatory markers at a 
single time point may not fully reflect the dynamic and local 
endometrial immune processes relevant to implantation. 
In addition, advanced inflammatory biomarkers and direct 
measures of endometrial receptivity were not available, and live 
birth outcomes were not evaluated.

Conclusion
In our study, systemic inflammatory markers were not 

significantly associated with clinical pregnancy in women 
with PCOS undergoing their first IUI cycle following ovulation 
induction with an aromatase inhibitor. Future larger prospective 
studies further evaluating this relationship, integrating systemic 
and local endometrial biomarkers, and assessing patients within 
the broader multisystem framework of PMOS may contribute to a 
better understanding of the mechanisms underlying implantation 
and improve the prediction of IUI outcomes.
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