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Abstract

Given the significance of investigating ovarian reserve in infertile women, the limitations of existing diagnos-
tic tests, and the absence of similar studies in this area, the present study aimed to examine the relationship
between systemic inflammatory markers in patients with diminished ovarian reserve referred to the fertility
clinic of Alzahra Hospital in Rasht in the year 2023. This cross-sectional analytical study was conducted on
174 patients referred to the Alzahra Hospital fertility clinic in Rasht. Patients were divided into two categories
based on their serum levels of anti-Miillerian hormone (AMH):AMH >1.1 (ng/ml) and AMH < 1.1(ng/ml).
Demographic and laboratory variables, including age, BMI, parity, neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), red cell distribution width-to-platelet ratio (RPR), and follicle-stimulating
hormone (FSH), were compared between the two groups. Significant difference between the two study groups
regarding age and BMI, with the mean age and BMI of patients in the group with normal ovarian reserve being
lower than those in the group with poor ovarian reserve. There was a significant difference in FSH levels,
the group with poor ovarian response had higher FSH levels. Age and FSH were identified as independent
predictive variables associated with diminished ovarian reserve in patients. According to the present study, a
significant association between diminished ovarian reserve and inflammatory markers (NLR, PLR, and RPR)
was not observed. However, FSH levels were significantly higher in the Diminished Ovarian Reserve (DOR)
group. Furthermore, a meaningful correlation was only found between diminished ovarian reserve and age.
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1. Introduction

Recent technological advancements have significantly
contributed to the success of assisted reproductive methods,
particularly in vitro fertilization (IVF)[1]. A limiting fac-
tor in the success of IVF is poor ovarian response, which
is observed in 10 to 15% of women undergoing IVF pro-
cedures[2]. Diminished Ovarian Reserve (DOR), as defi-
ned by the American Society for Reproductive Medicine
(ASRM), refers to women of reproductive age with regu-
lar menstrual cycles who exhibit reduced fertility potential
or poor ovarian response (POR) following gonadotropin
stimulation, in comparison to women of similar age[3].
This condition is largely attributed to the decline in ova-
rian function associated with the natural aging process[4],
distinguishing it from menopause or premature ovarian
failure[5]. The most common causes of Diminished Ova-
rian Reserve (DOR) vary among patients of different age
groups. For older patients, DOR seems more closely asso-

ciated with a natural decline in ovarian function due to
advanced chronological age, significantly reducing ova-
rian reserve and oocyte quality.[6, 7]. However, in youn-
ger patients, DOR is frequently linked to genetic factors,
environmental influences, and etiologic elements such as
previous pelvic surgery or ovarian-related issues[8] The-
refore, evaluating ovarian reserve before implementing
assisted reproductive treatments becomes imperative[9]
and may serve as a predictive indicator of ovarian res-
ponse during Controlled Ovarian Stimulation (COS)[10].
For assessing ovarian reserve and predicting poor ovarian
response, the estimation of Antral Follicle Count (AFC)
and Anti-Miillerian Hormone (AMH) levels is commonly
employed[1]. However, both indicators present pros and
cons. For instance, AFC is primarily influenced by sono-
graphic experience and subjectivity, while the reliability of
AMH is heavily dependent on diagnostic methodologies.
Nevertheless, ovarian reserve markers can significantly
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contribute to Controlled Ovarian Stimulation (COS) pro-
tocols, optimizing ovarian response and minimizing un-
desirable consequences of excessive ovarian stimulation
[10]. Additionally, other examinations for evaluating ova-
rian reserve include the determination of Follicle-Stimu-
lating Hormone (FSH) levels, serum Inhibin B levels, and
Antral Follicle Count (AFC)[11-13], each associated with
diagnostic limitations.

2. Materials and Methods
2.1. Background

Given the limitations of the tests above, there is a pres-
sing need to identify markers with high precision and cost-
effectiveness. Comprehensive blood count parameters
have recently been introduced as diagnostic biomarkers
for several inflammation-associated disorders|14].

2.2. Inflammatory Indicators

Platelet-to-lymphocyte ratio (PLR), neutrophil-to-
lymphocyte ratio (NLR), and red blood cell distribution
width-to-platelet ratio (RPR) are emerging inflammatory
indicators that can be readily assessed through complete
blood count. Based on studies, PLR and NLR might serve
as valuable immunologic and inflammatory markers wit-
hin the body [15, 16] However, there is limited quanti-
tative research on the relationship between inflammatory
indicators in patients with infertility[17-19].

2.3. Literature Context

Associations Between Inflammatory Indices and Fe-
male Infertility: A Limited Study Perspective Limited
studies have indicated a significant positive correlation
between Neutrophil-to-Lymphocyte Ratio (NLR) and
Platelet-to-Lymphocyte Ratio (PLR) with infertility[20].
Additionally, other investigations have revealed links
between Premature Ovarian Insufficiency (POI) and sys-
temic immune-related inflammation markers, demonstra-
ting notably higher Neutrophil-to-Lymphocyte Ratio and
Platelet-to-Lymphocyte Ratio in individuals with POI [14,
21, 22]. In a particular study, NLR has been suggested as
a potential predictive indicator before disease onset or in
the early stages of POI, aiding in appropriate fertility treat-
ment choices [23].

2.4. Study Objective

While the primary cause of POI remains unidentified,
genetic factors, familial history, and autoimmune diseases
are among the prominent influential elements. However,
POI might also be associated with ovarian tissue damage
from viral infections or other related insults. Neutrophils
and lymphocytes are pivotal in inflammatory processes,
possibly altering their quantities during inflammatory
events. The Neutrophil-to-Lymphocyte Ratio (NLR) is a
simple biological indicator of inflammation. In recent stu-
dies, the Neutrophil-to-Lymphocyte Ratio (NLR) has gai-
ned attention as a diagnostic and predictive indicator. Se-
veral studies have reported an association between eleva-
ted NLR in peripheral blood and poor prognosis [24, 25].
Given the significance of investigating ovarian reserve in
infertile women, the limitations of diagnostic methods, and
the absence of similar studies in this domain, the present
study aimed to investigate the relationship between sys-
temic inflammatory markers in patients with diminished
ovarian reserve referring to the infertility clinic of Alzahra

Hospital in Rasht in the year 2023.

2.5. Methodology

This cross-sectional analytical study was conducted on
patients aged 18 to 40 who presented at the Alzahra Hos-
pital Infertility Clinic in Rasht in 2023.

2.6. Sample Size

Sampling for this study was carried out using the avai-
lability method and based on the study by ilhan [26], with
a type I error of 5%, test power of 95%, and a 20% dropout
rate. The minimum sample size for each group was esti-
mated to be 87 individuals.

2.7. Exclusion Criteria

Exclusion criteria encompassed patients with secondary
amenorrhea causes, including polycystic ovary syndrome,
chronic medical conditions (uncontrolled diabetes melli-
tus or celiac disease), hypothalamic amenorrhea, intense
exercise, low-calorie intake, hyperprolactinemia, thyroid
hyperactivity, hypothalamic or pituitary lesions, endome-
triosis, smoking, women with a history of chemotherapy,
pelvic surgery, exposure to radiation, or premature ovarian
insufficiency due to extensive ovarian surgery. Additio-
nally, patients with diseases that might interfere with com-
plete blood count parameters were excluded, including
hematologic, cardiovascular, renal, or hepatic diseases,
asthma, arthritis, neoplastic diseases such as androgen-
secreting tumors, ovarian tumors, use of glucocorticoids,
infectious diseases, and parasitic infections[26].

2.8. Data Collection

After obtaining written informed consent from the pa-
tients, a phlebotomy session was conducted, and parame-
ters, including complete blood cell counts and anti-Miil-
lerian hormone (AMH) levels, were assessed in a centra-
lized laboratory.

2.9. Comparison Parameters

Based on the AMH levels, the patients were catego-
rized into two groups: AMH < 1.1 (POR group) and AMH
> 1.1 (control group), according to the Bologna criteria
for defining patients with Primary Ovarian Insufficiency
(POR). Patients with preserved normal ovarian function
were defined as AMH between 1.1 and 3.5 . Then, the two
groups were compared in terms of demographic findings
(age, BMI, parity, history of previous pregnancy, and mis-
carriage) and laboratory results (Neutrophil to Lympho-
cyte Ratio (NLR), Platelet to Lymphocyte Ratio (PLR),
Red Blood Cell Distribution Width to Platelet Ratio (RPR),
and Anti-Miillerian Hormone (AMH).

2.10. Statistical analysis

After data collection, statistical analysis was perfor-
med using SPSS software. The Mann-Whitney U test
was employed to compare means between the two groups
with non-normal distribution, and for comparing frequen-
cies between groups, the Chi-square test was used. Linear
regression analysis was utilized for modeling estimation.
The differences were analyzed at a 95% confidence inter-
val, and correlation analysis was conducted within the 95-
99% confidence interval. A significance level of p < 0.05
was considered statistically significant.
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Table 1. Comparison of Demographic, Laboratory, and Hormonal Variables Between the Two Study Groups.

Ovarian Insufficiency Response

Ovarian Reserve Normal

P value
Group (N=87) Group (N=87)

age( Mean=SD) 34.98+3.64 33.01+4.81 *0.01

BMI( Mean+SD) 27.07+4.32 25.66+3.41 *0.01
parity 0 (%86.2)75 (%90.8)79 40,34

N(%) 1 and above (%13.8)12 (%9.2)8 '

NLR( Mean+SD) 1.92+1.17 1.93+0.73 *0.49

PLR ( Mean£SD) 348.81824+0.86 348.47+275.44 *0.64

RPR ( Mean+SD) 0.005+0.001 0.010+£0.064 *0.95
FSH ( Mean+SD) 14.75+18.78 7.36+4.44 0.001>*

*Mann—Whitney, ** Chi-squared

Table 2. Results of Logistic Regression Fitting for Determining Factors Associated with Diminished Ovarian Reserve.

Variable Estimate Standard Error  Odds Ratio Significance Level (P value) 95% Confidence Interval
Age 0.114 0.042 1.121 0.006 (0.822,0.969)
BMI 0.086 0.044 1.089 0.051 (0.842,1.000)
FSH 0.100 0.031 1.106 0.001 (0.852,0.961)
3. Results the primary constraints in biomarker research are test accu-

Out of the 174 participating patients in the current
study, 87 individuals exhibited AMH levels Smaller than
1.I(AMH<I.1) , indicating the group with poor ovarian
response. In contrast, 87 individuals with AMH levels
between 1.1 and 3.5 were classified as the group with pre-
served normal ovarian function. The comparison of demo-
graphic, laboratory, and hormonal variables is presented
in Table 1. The results revealed a statistically significant
difference between the two study groups regarding age
and BMI, wherein the mean age and BMI of patients in
the preserved normal ovarian function group were lower
than those in the poor ovarian response group. No signi-
ficant differences between the two study groups regarding
hematological laboratory variables were observed. Howe-
ver, a statistically significant difference in FSH levels was
detected between the two groups, with the poor ovarian
response group having higher FSH levels (Table 1). To
identify factors associated with diminished ovarian re-
serve, logistic regression results indicated that among the
parameters including age, BMI, parity, NLR, PLR, RPR,
and FSH, age and FSH were independent predictors signi-
ficantly linked to diminished ovarian reserve in patients.
For each unit increase in age, the chance of decreased ova-
rian reserve was 1.12 times higher (p = 0.006), and for
each unit increase in FSH, the chance of decreased ovarian
reserve was 1.10 times higher (p = 0.001) (Table 2).

4. Discussion

The correlation between Diminished Ovarian Reserve
(DOR) and poor fertility outcomes poses a significant
challenge to women’s health[27]. Research has indicated
that a poor ovarian response is the initial sign of ovarian
aging[28]. The annual cost associated with diminished
ovarian reserves places a substantial burden on healthcare
systems in various countries[29]. The diagnosis of DOR
has been on the rise in recent years[30]. Various biomar-
kers have been proposed to address this issue, differing in
sensitivity, specificity, cost, and accessibility[31]. Among

racy and cost. Suitable biomarkers should be as cost-effec-
tive and non-invasive as possible[32].The Neutrophil-to-
Lymphocyte Ratio (NLR), Platelet-to-Lymphocyte Ratio
(PLR), and Red Blood Cell Distribution Width-to-Platelet
Ratio (RPR) are inflammatory ratios that can be easily
calculated through a simple blood test. These indicators
reflect inflammatory burden and have often been inves-
tigated as predictive factors in various medical domains.
The timely diagnosis of diminished ovarian reserve is im-
portant for preserving remaining reserves and preventing
infertility [33].

Given the lack of studies exploring the relationship
between inflammatory factors such as NLR and PLR with
DOR and ovarian reserve reduction, the present study is
somewhat pioneering. Consequently, for result compari-
son in the discussion, references from studies focusing on
Primary Ovarian Insufficiency (POI) were employed. The
study demonstrated no significant association between
NLR and diminished ovarian reserve in the investigated
patients. These findings align with studies by Demir and
Akdemir[22][34] but contrast with the studies by Sanver-
di[14] and ilhan [26], which found a close relationship
between NLR and ovarian reserve indicators like FSH and
AMH. A study has suggested that NLR might be a promi-
sing indicator before disease onset or in the early stages
of Premature Ovarian Insufficiency (POI) as an option
for appropriate fertility treatment choices[23] .While the
primary cause of POI remains unknown, genetics, family
history, and autoimmune diseases are major influencing
factors. However, POI may also be associated with ova-
rian tissue damage due to viral infections or other related
factors. Neutrophils and lymphocytes are cells that play
a crucial role in inflammatory processes. The number of
neutrophils and lymphocytes may change in the presence
of inflammation. The Neutrophil-to-Lymphocyte Ratio
(NLR) is a simple biological marker for inflammation. In
recent studies, NLR has garnered attention as a diagnostic
and predictive indicator[24][25] .
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In general, conflicting results regarding the relation-
ship between NLR and Premature Ovarian Insufficiency
(POI) exist in various studies, suggesting a need for fur-
ther investigations. On the other hand, studies conducted
on patients with POI have reported varied pathological
features and contradictory results could stem from the dis-
tinct pathology of POI compared to diminished ovarian
reserve. Considering the significance of early diagnosis
of diminished ovarian reserve for preserving the remai-
ning reserves and preventing infertility [33], the need for
conducting additional studies on the association between
inflammatory factors and diminished ovarian reserve be-
comes apparent. In the present study, a significant corre-
lation between diminished ovarian reserve and Platelet-to-
Lymphocyte Ratio (PLR) was not observed, which aligns
with similar findings from other studies such as Sanverdi
[14], Demir[22] and ilhan[29], which also did not find a
significant difference in Platelet-to-Lymphocyte Ratio.
Another hematological parameter investigated in this stu-
dy was the Red Blood Cell Distribution Width-to-Platelet
Ratio (RPR). It was found that there was no significant as-
sociation between diminished ovarian reserve and RPR, in
line with the results of Sanverdi[14] and ilhan [26] studies.
Still, contrasting with Demir et al.[22]. Since there are re-
ported studies regarding the relationship between inflam-
matory factors in patients with Premature Ovarian Insuffi-
ciency (POI), which differ from the studied population in
the present research, these differences can be justified due
to the distinct primary pathology of POI and diminished
ovarian reserve. The most common causes of Diminished
Ovarian Reserve can also vary across different age groups.

For older patients, Diminished Ovarian Reserve (DOR)
seems to be associated with a natural decline in ovarian
function due to advancing chronological age and a signifi-
cant reduction in egg quality and quantity[6, 7] .However,
in younger patients, DOR is often linked to genetic inheri-
tance, environmental factors, and exogenous factors such
as previous pelvic or ovarian surgeries [8]. Therefore, the
need for further research in patients with diminished ova-
rian reserve becomes apparent.

The current study also examined the relationship
between diminished ovarian reserve and inflammatory
factors (NLR, PLR, and RPR) concerning demographic
variables (age, BMI, parity). The findings revealed that
only the age variable significantly impacted diminished
ovarian reserve. In the study by Rastemi, being outside the
normal weight range was identified as a risk factor for di-
minished ovarian reserves [35]. This could justify the ob-
served association in individuals with lower BMI, where
lower fat content might lead to poorer follicle quality [36,
37]. A significant correlation was observed in the present
study in investigating the relationship between Follicle-
Stimulating Hormone (FSH) and diminished ovarian re-
serve. This finding is consistent with previous studies such
as Sanverdi[ 14], Alipour [38], and JIAO [39], where FSH
levels were significantly higher in the diminished ovarian
reserve group. During the menstrual cycle, serum FSH
levels are typically measured on days 2-3 to assess ovarian
reserves in women. At this point in the menstrual cycle,
low FSH levels are expected. As a result of diminished fol-
licles, FSH levels increase. Therefore, elevated FSH levels
indicate diminished ovarian reserves [40, 41].

However, multiple studies have indicated that Anti-

Mullerian Hormone (AMH) is more sensitive and speci-
fic than FSH in diagnosing Primary Ovarian Insufficiency
(POI). AMH can be measured throughout the entire mens-
trual cycle, giving it an advantage over FSH, which is only
measured during specific days of the cycle. For this reason,
AMH is superior to FSH in diagnosing POI [38, 40, 41].

5. Conclusion

The current study revealed no significant correlation
between diminished ovarian reserve and inflammatory
factors (NLR, PLR, RPR). However, the FSH levels were
significantly higher in the DOR group. A meaningful as-
sociation was also observed between diminished ovarian
reserve and demographic characteristics, precisely age.
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