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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-Müllerian 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 İlhan [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-Mül-
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-Müllerian 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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the primary constraints in biomarker research are test accu-
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 İlhan [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] .

3. Results
Out of the 174 participating patients in the current 

study, 87 individuals exhibited AMH levels Smaller than 
1.1(AMH<1.1) , 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 

Ovarian Insufficiency Response 

Group (N=87)

Ovarian Reserve Normal 

Group (N=87)
P value

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 

N(%)

0 (%86.2)75 (%90.8)79
**0.34

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>*

Table 1. Comparison of Demographic, Laboratory, and Hormonal Variables Between the Two Study Groups.

*Mann–Whitney, ** Chi-squared

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)

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

Conflict of Interest
The authors declare that there is no conflict of interest.

Consent for publications
The author read and approved the final manuscript for 
publication.

Ethics approval and consent to participate
The study was approved by the ethics committee of 
Guilan University of Medical Sciences (IR.GUMS.
REC.1401.524). All stages of this research have been per-
formed according to the Helsinki Declaration. All proce-
dures of the study were explained clearly to the partici-
pants who had the eligible inclusion criteria. Moreover, 
all participants voluntarily filled out the written informed 
consent form before they joined the study and they were 
free to decide whether or not to attend or withdraw at any 
time and for any reason without changing the medical care.

Availability of data and material
Supporting data are available in the Reproductive Health 
Research Center, Department of Obstetrics & Gynecology, 
Al-Zahra Hospital, School of Medicine, Guilan University 
of Medical Sciences, Rasht, Iran.

Authors' contributions
Roya Kabood Mehri:  Concept, Design
Seyedeh Shahed Shoarishoar and Maryam Karimian: Lit-
erature Search
Fereshteh Fakor: Design
Zahra Rafiei Sorouri and Mandana Mansour-Ghanaei and 
Forozan Milani: Concept
Roya Faraji Darkhaneh: writing 
Seyedeh Fatemeh Dalil Heirati: Data Collection or Pro-
cessing , Analysis or Interpretation
Zahra Heidarpour: Data Collection or Processing , Litera-
ture Search

Funding
This study was financially supported by the Vice-Chancel-
lorship of Research and Technology, Guilan University of 
Medical Science.

Acknowledgments: 
The authors gratefully acknowledge the following support 
personnel Reproductive Health Research Center, Guilan 
University of Medical Sciences, Rasht, Iran.



148

Ovarian reserve and inflammatory markers.       Cell. Mol. Biol. 2024, 70(11): 144-149

References 

1. Wang X, Jin L, Mao YD, Shi JZ, Huang R, Jiang YN, Zhang 
CL, Liang XY (2021) Evaluation of Ovarian Reserve Tests and 
Age in the Prediction of Poor Ovarian Response to Controlled 
Ovarian Stimulation—A Real-World Data Analysis of 89,002 
Patients. Front Endocrinol (Lausanne) 12: 702061. doi: 10.3389/
fendo.2021.702061.

2. Jirge PR, Chougule SM, Gavali VG, Bhomkar DA (2014) Impact 
of dehydroepiandrosterone on clinical outcome in poor respon-
ders: A pilot study in women undergoing in vitro fertilization, 
using bologna criteria. J Hum Reprod Sci 7(3): 175–180. doi: 
10.4103/0974-1208.142477.

3. Pfeifer S, Butts S, Dumesic D, Fossum G, Giudice L, Gracia C, 
La Barbera A, Odem R, Pisarska M, Rebar R, Richard R, Rosen 
M, Sandlow J, Vernon M, Widra E (2015) Testing and interpreting 
measures of ovarian reserve: A committee opinion. Fertil Steril 
103(3): e9–e17. doi: 10.1016/j.fertnstert.2014.12.093.

4. Te Velde ER, Scheffer GJ, Dorland M, Broekmans FJ, Fauser 
BCJM (1998) Developmental and endocrine aspects of nor-
mal ovarian aging. Mol Cell Endocrinol 145(1–2): 67–73. doi: 
10.1016/S0303-7207(98)00171-3.

5. Tal R, Seifer DB (2017) Ovarian reserve testing: a user’s 
guide. Am J Obstet Gynecol 217(2): 129–140. doi: 10.1016/j.
ajog.2017.04.027.

6. Keefe D, Kumar M, Kalmbach K (2015) Oocyte competency is 
the key to embryo potential. Fertil Steril 103(2): 317–322. doi: 
10.1016/j.fertnstert.2014.12.115.

7. Duncan FE, Jasti S, Paulson A, Kelsh JM, Fegley B, Gerton JL 
(2018) Age-Associated Dysregulation of Protein Metabolism in 
the Mammalian Oocyte. Obstet Gynecol Surv 73(10): 580. doi: 
10.1097/01.ogx.0000547166.00110.c6.

8. El-Toukhy T, Khalaf Y, Hart R, Taylor A, Braude P (2002) Young 
age does not protect against the adverse effects of reduced ovarian 
reserve - An eight year study. Hum Reprod 17(6): 1519–1524. 
doi: 10.1093/humrep/17.6.1519.

9. Ravhon A, Lavery S, Michael S, Donaldson M, Margara R, Trew 
G, Winston R (2000) Dynamic assays of inhibin B and oestra-
diol following buserelin acetate administration as predictors of 
ovarian response in IVF. Hum Reprod 15(11): 2297–2301. doi: 
10.1093/humrep/15.11.2297.

10. Broer SL, Dólleman M, Opmeer BC, Fauser BC, Mol BW, 
Broekmans FJM (2011) AMH and AFC as predictors of exces-
sive response in controlled ovarian hyperstimulation: A meta-ana-
lysis. Hum Reprod Update. 17(1): 46–54. doi: 10.1093/humupd/
dmq034.

11. McLaughlin M, Kelsey TW, Wallace WHB, Anderson RA, Telfer 
EE (2015) An externally validated age-related model of mean fol-
licle density in the cortex of the human ovary. J Assist Reprod 
Genet 32(7): 1089–1095. doi: 10.1007/s10815-015-0501-7.

12. Hendriks DJ, Mol BWJ, Bancsi LFJMM, Te Velde ER, Broek-
mans FJM (2005) Antral follicle count in the prediction of poor 
ovarian response and pregnancy after in vitro fertilization: A 
meta-analysis and comparison with basal follicle-stimulating 
hormone level. Fertil Steril 83(2): 291–301. doi: 10.1016/j.fer-
tnstert.2004.10.011.

13. Fauser BCJM (2010) Predictors of ovarian response to ovarian 
stimulation: Progress towards individualized treatment in ovula-
tion induction. Curr Manag Polycystic Ovary Syndr 14(1): 153–
164. doi: 10.1017/CBO9781107478343.015.

14. Sanverdi I, Kilicci C, Cogendez E, Abide Yayla C, Ozkaya E 
(2018) Utility of complete blood count parameters to detect pre-
mature ovarian insufficiency in cases with oligomenorrhea/ame-
norrhea. J Clin Lab Anal 32(5): e22372. doi: 10.1002/jcla.22372.

15. Fois AG, Paliogiannis P, Scano V, Cau S, Babudieri S, Perra R, 
Ruzzittu G, Zinellu E, Pirina P, Carru C, Arru LB, Fancellu A, 
Mondoni M, Mangoni AA, Zinellu A (2020) The systemic in-
flammation index on admission predicts in-hospital mortality in 
COVID-19 patients. Molecules 25(23): 5725. doi: 10.3390/mole-
cules25235725.

16. Qin Z, Li H, Wang L, Geng J, Yang Q, Su B, Liao R (2022) Sys-
temic Immune-Inflammation Index Is Associated With Increased 
Urinary Albumin Excretion: A Population-Based Study. Front 
Immunol 13: 863640. doi: 10.3389/fimmu.2022.863640.

17. Duan Y, Peng Y, Shi X, Zhao Y, Liu K, Zhou R, Peng C (2022) 
Correlation Between Platelet-Lymphocyte Ratio and Neutrophil-
Lymphocyte Ratio in Patients with Uterine Leiomyoma: A Cross-
Sectional Study. J Oncol 2022. doi: 10.1155/2022/3257887.

18. Ma W, Cui C, Feng S, Li G, Han G, Liu J, Qin X, Hu Y, Wang 
M, Zhang L, Jin F (2021) Platelet-to-Lymphocyte Ratio and Neu-
trophil-to-Lymphocyte Ratio in Patients With Newly Diagnosed 
Moyamoya Disease: A Cross-Sectional Study. Front Neurol 12: 
631454. doi: 10.3389/fneur.2021.631454.

19. Tang Y, Liu J, Feng Z, Liu Z, Wang S, Xia Y, Geng B (2022) Noc-
turnal sleep duration and bone mineral density: a cross-sectional 
study of the National Health and Nutrition Examination Survey 
(NHANES) 2007–2014. BMC Endocr Disord 22(1): 975400. doi: 
10.1186/s12902-022-01259-1.

20. Duan Y, Zhou Y, Peng Y, Shi X, Peng C (2023) Inflammatory 
Markers in Women with Infertility: A Cross-Sectional Study. Int J 
Gen Med 16: 1113–1121. doi: 10.2147/IJGM.S405793.

21. BAKİ ERİN K (2023) May the Systemic Immune-Inflamma-
tion Index be an Indicator of Premature Ovarian Insufficiency? 
Middle Black Sea J Heal Sci 9(1): 125–134. doi: 10.19127/mbs-
johs.1219253.

22. Demir B, Demir SS, Karacaer KÖ, Paşa S, Sılan F (2020) Evalua-
tion inflammatory markers of hemogram parameters in primary 
ovarian insufficiency. Turkish J Obstet Gynecol 17(1): 9–14. doi: 
10.4274/tjod.galenos.2019.09476.

23. Yildirim G, Tokmak A, Kokanali MK, Sarikaya E, Züngün C, 
Inal HA, Yilmaz FM, Yilmaz N (2015) Association between some 
inflammatory markers and primary ovarian insufficiency. Meno-
pause 22(9): 1000–1005. doi: 10.1097/GME.0000000000000423.

24. Yesilyurt H, Tokmak A, Guzel AI, Simsek HS, Terzioglu SG, 
Erkaya S, Gungor T (2014) Parameters for predicting granulosa 
cell tumor of the ovary: A single center retrospective compara-
tive study. Asian Pacific J Cancer Prev 15(19): 8447–8450. doi: 
10.7314/APJCP.2014.15.19.8447.

25. Xiao GQ, Liu C, Liu DL, Yang JY, Yan LN (2013) Neutrophil-
lymphocyte ratio predicts the prognosis of patients with hepato-
cellular carcinoma after liver transplantation. World J Gastroente-
rol 19(45): 8398–8407. doi: 10.3748/wjg.v19.i45.8398.

26. Ilhan M, Ilhan G, Gök AFK, Bademler S, Verit Atmaca F, Ertekin 
C (2016) Evaluation of neutrophil-lymphocyte ratio, platelet-lym-
phocyte ratio and red blood cell distribution width-platelet ratio as 
early predictor of acute pancreatitis in pregnancy. J Matern Neona-
tal Med 29(9): 1476–1480. doi: 10.3109/14767058.2015.1051026.

27. Cohen J, Chabbert-Buffet N, Darai E (2015) Diminished ovarian 
reserve, premature ovarian failure, poor ovarian responder—a 
plea for universal definitions. J Assist Reprod Genet 32(12): 
1709–1712. doi: 10.1007/s10815-015-0595-y.

28. Beckers NGM, Macklon NS, Eijkemans MJC, Fauser BCJM 
(2002) Women with regular menstrual cycles and a poor response 
to ovarian hyperstimulation for in vitro fertilization exhibit folli-
cular phase characteristics suggestive of ovarian aging. Fertil Ste-
ril 78(2): 291–297. doi: 10.1016/S0015-0282(02)03227-2.

29. Bunnewell SJ, Honess ER, Karia AM, Keay SD, Al Wattar BH, 
Quenby S (2020) Diminished ovarian reserve in recurrent pre-



149

Ovarian reserve and inflammatory markers.       Cell. Mol. Biol. 2024, 70(11): 144-149

gnancy loss: a systematic review and meta-analysis. Fertil Steril 
113(4): 818-827.e3. doi: 10.1016/j.fertnstert.2019.11.014.

30. Devine K, Mumford SL, Wu M, DeCherney AH, Hill MJ, Propst 
A (2015) Diminished ovarian reserve in the United States assisted 
reproductive technology population: Diagnostic trends among 
181,536 cycles from the Society for Assisted Reproductive Tech-
nology Clinic Outcomes Reporting System. Fertil Steril 104(3): 
612-619.e3. doi: 10.1016/j.fertnstert.2015.05.017.

31. Shamima Bashar   Dr. Rupa, Ishrat DS, Suriya Jahan DR, Hos-
sain DM, Jasimuddin DM, Farhana Huda DS (2021) AMH 
(Anti- Mullerian Hormone) in Relation to High FSH (Follicle 
Stimulating Hormone) in Female Subfertility: A Cross Sectional 
Analysis. Sch Int J Obstet Gynecol 4(4): 143–148. doi: 10.36348/
sijog.2021.v04i04.011.

32. Kabodmehri R, Sharami SH, Sorouri ZR, Gashti NG (2022) The 
need to identify novel biomarkers for prediction of premature 
ovarian insufficiency (POI). Middle East Fertil Soc J. 27(1): 1–8. 
doi: 10.1186/s43043-022-00100-y.

33. Shuster LT, Rhodes DJ, Gostout BS, Grossardt BR, Rocca WA 
(2010) Premature menopause or early menopause: Long-term 
health consequences. Maturitas 65(2): 161–166. doi: 10.1016/j.
maturitas.2009.08.003.

34. Akdemir N, Bostanci MS, Tozlu F, Özden S, Ünal O, Cevrioglu 
AS (2016) Neutrophil/lymphocyte ratio as new-inflammatory 
biomarkers Primary ovarian insufficiency (POI) patients. J Tur-
kish Ger Gynecol Assoc. 17(Supplement 1): S4–S5. doi: 10.4274/
jtgga.2016.0002.

35. Rostami Dovom M, Yarandi R, Mohammad K, Farahmand M, 
Azizi F, Ramezani Tehrani F (2021) Prevalence of premature 
ovarian insufficiency and its determinants in Iranian populations: 

Tehran lipid and glucose study. BMC Womens Health 21(1): 1–6. 
doi: 10.1186/s12905-021-01228-1.

36. Zhu D, Chung HF, Pandeya N, Dobson AJ, Kuh D, Crawford 
SL, Gold EB, Avis NE, Giles GG, Bruinsma F, Adami HO, Wei-
derpass E, Greenwood DC, Cade JE, Mitchell ES, Woods NF, 
Brunner EJ, Simonsen MK, Mishra GD (2018) Body mass index 
and age at natural menopause: an international pooled analysis 
of 11 prospective studies. Eur J Epidemiol 33(8): 699–710. doi: 
10.1007/s10654-018-0367-y.

37. Hardy R, Mishra GD, Kuh D (2008) Body mass index trajectories 
and age at menopause in a British birth cohort. Maturitas 59(4): 
304–314. doi: 10.1016/j.maturitas.2008.02.009.

38. Alipour F, Jahromi AR, Maalhagh M, Sobhanian S, Hosseinpoor 
M (2015) Comparison of specificity and sensitivity of AMH and 
FSH in diagnosis of premature ovarian failure. Dis Markers. 1-6. 
doi: 10.1155/2015/123456.

39. Jiao X, Meng T, Zhai Y, Zhao L, Luo W, Liu P, Qin Y (2021) Ova-
rian Reserve Markers in Premature Ovarian Insufficiency: Within 
Different Clinical Stages and Different Etiologies. Front Endo-
crinol (Lausanne) 12: 601752. doi: 10.3389/fendo.2021.601752.

40. Kwee J, McDonnell J, Lambalk CB, Schoemaker J (2004) Inter-
cycle variability of ovarian reserve tests: Results of a prospective 
randomized study. Hum Reprod 19(3): 590–595. doi: 10.1093/
humrep/deh119.

41. Abed FA, Maroof RE, Al-Nakkash UMA (2019) Comparing the 
diagnostic accuracy of anti-müllerian hormone and follicle sti-
mulating hormone in detecting premature ovarian failure in Iraqi 
women by ROC analysis. Rep Biochem Mol Biol 8(2): 126–131. 
31832435. doi: 10.22034/rbmb.2019.31832435.


