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Abstract
Aim: Recurrent pregnancy loss (RPL) is defined as the loss of two or more clinical pregnancies before the 
20th week of gestation. Globally, RPL affects 1–5% of couples, with approximately 50% of cases remaining 
idiopathic. This study aimed to assess the circulating levels of interleukin-6 (IL-6) and IL-10 cytokines in 
pregnant women with and without a history of RPL.
Methods: A total of 170 pregnant women in their second trimester with and without a history of RPL were 
enrolled from Niloufer Hospital, South India. Serum samples isolated from blood were analyzed using a 
sandwich-enzyme linked immunosorbent assay (ELISA) to estimate IL-6 and IL-10 levels.
Results: The median age was significantly higher in the RPL group (25 years) compared to the non-RPL 
(NRPL) group (22 years) (p = 0.0001). Similarly, body mass index (BMI) was significantly elevated in the 
RPL group (25.64 kg/m2) vs. the NRPL group (22.51 kg/m2) (p = 0.0001). The analysis revealed 
significantly elevated IL-6 and reduced IL-10 levels in the RPL group compared to the NRPL group (p = 
0.0001). Additionally, the IL-6/IL-10 ratio differed significantly between the two groups. Receiver 
operating characteristic (ROC) curve analysis indicated that IL-6 was a better marker for RPL than IL-6/IL-
10 ratio and IL-10. IL-10 levels were found to be a reliable marker in relation to the extent of pregnancy 
loss history.
Conclusions: The study highlights the presence of a pro-inflammatory systemic milieu in mid-gestation 
among women with a history of RPL, potentially reflecting the immunological environment at the feto-
placental interface. Further research to establish a distinct cytokine signature between RPL and NRPL 
groups may facilitate the development of targeted preventive and therapeutic strategies. However, the 
current findings are limited by a modest sample size and a homogenous ethnic population, which may affect 
generalizability. Larger, multi-ethnic studies are warranted to validate these observations and enhance 
clinical applicability.
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Introduction
Recurrent pregnancy loss (RPL) is a significant obstetric complication defined as the occurrence of two or 
more consecutive miscarriages before 20 weeks of gestation. It affects approximately 15–20% of clinically 
confirmed pregnancies [1]. Definitions of RPL vary among international organizations, with the American 
Society for Reproductive Medicine specifying it as two or more clinical pregnancy losses [2]. RPL impacts 
roughly 1 in every 300 pregnancies, and epidemiological data indicate that 1–2% of women experience 
recurrent losses [3]. The risk of RPL increases to 30% after two consecutive losses and rises further to 35% 
following a third loss [4]. While established causes of RPL include parental chromosomal abnormalities, 
endocrine disorders, uterine structural defects, and antiphospholipid antibody syndrome, nearly 50% of 
cases remain unexplained (idiopathic), presenting a major challenge for both researchers and clinicians 
worldwide.

Successful pregnancy depends heavily on immune tolerance toward semi-allogeneic fetal antigens, a 
process largely governed by regulatory T (Treg) cells. These Tregs, identified as CD4+CD25+FOXP3+ T 
lymphocytes, are essential for modulating immune responses and fostering an immunologically tolerant 
environment at the maternal-fetal interface [5]. Cytokines, which are small signaling molecules present 
both locally at the maternal-fetal interface and systemically, contribute to immune regulation by helping the 
embryo avoid rejection and supporting pregnancy progression. Extensive research highlights the critical 
involvement of cytokines in pregnancy [6, 7].

Cytokines serve as immune modulators, maintaining a balance between pro-inflammatory and anti-
inflammatory signals to address specific physiological demands such as pregnancy or infection. At the 
maternal-fetal interface, intricate cytokine communication facilitates immune tolerance and promotes 
embryo survival [5]. The dynamic interplay of pro- and anti-inflammatory cytokines governs the three 
distinct phases of pregnancy [8, 9]. The initial phase is characterized by a predominance of pro-
inflammatory cytokines that support embryo implantation. This is followed by a shift toward anti-
inflammatory cytokines during the second phase, which establishes a symbiotic relationship between 
mother and fetus, ensuring healthy fetal development [10–12]. In the final phase, pro-inflammatory 
cytokines again become predominant, creating an inflammatory environment necessary for parturition [9]. 
Any imbalance or disruption in the levels of these cytokines across the pregnancy stages can contribute to 
pregnancy complications [8].

IL-6

Interleukin-6 (IL-6) is a multifunctional cytokine produced by various cell types, including 
monocytes/macrophages, B and T lymphocytes, mast cells, endothelial cells, fibroblasts, and hepatocytes, 
which plays a central role in regulating inflammatory responses. IL-6 is critically involved in directing the 
differentiation of CD4+ T cells into Treg cells and T helper 17 (Th17) cells. In particular, in the presence of 
transforming growth factor-beta (TGF-β), IL-6 promotes the differentiation of Th17 cells [13–15], while 
simultaneously inhibiting the development of Treg cells [16–18]. The balance between these two cell 
populations is essential for the immune regulation necessary for a successful pregnancy [19–22].

IL-6 drives inflammation by stimulating the production of acute-phase proteins, enhancing neutrophil 
recruitment, and facilitating Th17 cell differentiation through trans-signalling mechanisms. At the same 
time, it suppresses Treg cell proliferation via the JAK/STAT3 signaling pathway, a process vital for embryo 
implantation and placental development [5, 23]. Conversely, IL-6’s classical signalling pathway mediates 
anti-inflammatory effects by inducing the production of IL-1 receptor antagonist (IL-1Ra) and IL-10, while 
inhibiting pro-inflammatory cytokines such as TNF-α and IL-1β, thereby contributing to the resolution of 
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inflammation and tissue repair [24]. Dysregulated IL-6 activity is implicated in the pathogenesis of 
autoimmune diseases, where it perpetuates immune activation and favors Th17 cell dominance. It is also 
involved in cancer progression by sustaining chronic inflammation, promoting tumor growth, angiogenesis, 
and resistance to apoptosis through continuous JAK/STAT3 pathway activation, thus creating a pro-
tumorigenic environment [25].

IL-10

IL-10 is an immunomodulatory cytokine produced by a diverse range of immune and non-immune cells, 
including decidual cells involved in the immune regulation of pregnancy. IL-10 exerts its anti-inflammatory 
effects by activating the JAK/STAT and PI3K/Akt signaling pathways while inhibiting the NF-κB pathway. It 
reduces the production of pro-inflammatory cytokines such as IL-1, IL-6, IL-12, and TNF-α, and suppresses 
antigen presentation by downregulating major histocompatibility complex (MHC) class II expression [26–
28]. In human pregnancy, decreased serum levels of IL-10 have been linked to complications including 
preeclampsia (PE) and RPL, highlighting the crucial role of IL-10 in maintaining a healthy pregnancy [29–
33].

Interestingly, Calleja-Agius et al. (2008) [34] reported increased IL-10 levels in women experiencing 
RPL, which may reflect a compensatory anti-inflammatory response. In contrast, Vilotić et al. (2022) [35] 
found decreased IL-10 levels alongside elevated IL-6, indicating a shift towards a pro-inflammatory state.

Based on the existing literature, it can be inferred that the balance between pro- and anti-inflammatory 
cytokines, rather than their individual levels alone, plays a critical role in shaping the inflammatory 
environment during pregnancy, which may influence the risk of RPL. With this premise, our study aimed to 
examine the circulating levels of key pro-inflammatory and anti-inflammatory cytokines IL-6 and IL-10 and 
their relative concentrations in pregnant women with and without a history of RPL during mid-gestation. 
Additionally, we evaluated how these cytokine profiles correlate with the severity of previous pregnancy 
losses. To the best of our knowledge, this is the first study to explore this relationship in such a focused 
manner.

Materials and methods
Subjects

This case-control study included 170 pregnant women in their second trimester, equally divided into two 
groups: those with a history of RPL (RPL group; n = 85) and those without (NRPL group; n = 85). 
Participants were recruited from the Department of Gynaecology and Obstetrics at Niloufer Hospital, South 
India. The RPL group was further subdivided into women with two previous pregnancy losses (2-loss 
group; n = 53) and those with more than two (> 2-loss group; n = 32) losses. The demographic and clinical 
data were collected at the time of sample collection.

The sample size (n = 85 per group) was determined based on a prior power analysis using G*Power 
software (version 3.1.9.7). This was calculated to detect a medium effect size (Cohen’s d = 0.5) in cytokine 
levels (IL-6 and IL-10) between RPL and NRPL groups, with a two-tailed α = 0.05 and power (1−β) = 0.80, 
resulting in a minimum required sample size of 64 participants per group. To increase the robustness of the 
study and account for possible dropouts or data loss, we enrolled 85 participants in each group.

Inclusion criteria

The RPL group included women in their second trimester with a history of 2 or more unexplained 
pregnancy losses. The NRPL group consisted of women in their second trimester with no history of 
pregnancy loss and at least two prior successful pregnancies.

Exclusion criteria

Women with known causes of RPL, such as chromosomal abnormalities, anatomical defects, endocrine or 
immunological disorders [including thrombophilia and antiphospholipid syndrome (APS)], and TORCH 
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infections were excluded. Although karyotyping was not performed due to resource limitations, detailed 
clinical histories and prior diagnostic records were reviewed to rule out known anatomical, endocrine, 
autoimmune, and chromosomal abnormalities. APS exclusion was based on documented negative lupus 
anticoagulant and anticardiolipin antibody tests.

Sample collection and serum isolation

A 5 mL blood sample was collected from each participant into EDTA tubes. Serum was then separated by 
centrifugation at 2,000–3,000 rpm for 20 min at 4°C and stored at −20°C in a deep freezer until further 
analysis.

Cytokine measurement by ELISA

Serum levels of IL-6 and IL-10 were measured using pre-coated anti-human IL-6 and IL-10 enzyme linked 
immunosorbent assay (ELISA) kits (BT LAB, Biosystems, China), following the manufacturer’s instructions. 
In the assay, cytokines present in the samples bound to specific antibodies immobilized on the microplate 
wells. A biotinylated detection antibody for each cytokine was then added, which subsequently bound to 
streptavidin-HRP. After a 60-minute incubation, unbound streptavidin-HRP was removed through five 
wash cycles using a programmable automatic microplate washer (Analytical Technologies Limited, 
AT2960R). The addition of substrate solution produced a colorimetric reaction proportional to the cytokine 
concentration. The reaction was stopped with an acidic solution, and optical density (OD) was read at 
450 nm using an ELISA reader. Cytokine concentrations were determined from standard curves ranging 
from 2 to 600 ng/L for IL-6 and 5 to 1,500 pg/mL for IL-10. The assay detection limits were 1.03 ng/L for 
IL-6 and 2.59 pg/mL for IL-10.

Statistical analysis

Statistical analysis was performed using GraphPad Prism and MedCalc software, with a p-value of < 0.05 
considered statistically significant. All results are presented as medians and percentiles. As the data did not 
pass the normality test (Shapiro-Wilk test), the non-parametric Mann-Whitney U test was used to compare 
differences between the NRPL and RPL groups, as well as within the RPL group (2 vs. > 2 previous losses). 
Receiver operating characteristic (ROC) curve analysis was conducted to assess the diagnostic accuracy of 
cytokine markers and determine optimal cut-off values.

Results
Demographic/clinical data analysis

Table 1 presents a comparative analysis of the demographic and clinical characteristics between women 
with no history of RPL (NRPL group, n = 85) and those with RPL (RPL group, n = 85). Additionally, within 
the RPL group, characteristics were compared between women with exactly 2 pregnancy losses (n = 53) 
and those with > 2 losses (n = 32). All comparisons were made using the Mann-Whitney U test, and values 
are reported as medians with interquartile ranges (25th–75th percentile).

Table 1. Comparative demographic and clinical characteristics of RPL and NRPL groups and the RPL group with 2 
and > 2 pregnancy losses

RPL group (n = 85); median (25th–75th percentile)Sample 
characteristic

NRPL group (n = 85); 
median (25th–75th 
percentile) Median (25th–75th 

percentile)
p-value 2 losses (n = 

53)
> 2 losses (n = 
32)

p-value

Age (years) 22 (21–25) 25 (23–27) 0.0001 25 (23–27) 26 (23–28) 0.29
BMI (kg/m2) 22.51 (19.39–24.45) 25.64 

(22.89–28.01)
0.0001 25.54 

(22.89–27.48)
25.74 
(23.19–28.93)

0.54

Age at menarche 
(years)

12 (12–13) 13 (12–13) 0.34 13 (12–13) 13 (12–14) 0.11

Age at first 
conception (years)

20 (19–22) 21 (19–23) 0.21 21 (19–23) 20 (19–21) 0.10
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Table 1. Comparative demographic and clinical characteristics of RPL and NRPL groups and the RPL group with 2 
and > 2 pregnancy losses (continued)

RPL group (n = 85); median (25th–75th percentile)Sample 
characteristic

NRPL group (n = 85); 
median (25th–75th 
percentile) Median (25th–75th 

percentile)
p-value 2 losses (n = 

53)
> 2 losses (n = 
32)

p-value

Gestational age 
(trimesters)

2 (2–2) 2 (2–2) 0.68 2 (2–2) 2 (2–2) 0.82

Number of 
abortions

0 2 (2–3) 0.0001 2 (2–2) 3 (3–4.75) 0.0001

RPL: recurrent pregnancy loss; NRPL: non-recurrent pregnancy loss; BMI: body mass index; p-value ≤ 0.05: statistically 
significant. Reprinted with permission from [5]. © 2023 Society for Biology of Reproduction & the Institute of Animal 
Reproduction and Food Research of Polish Academy of Sciences in Olsztyn

The median age was significantly higher in the RPL group (25 years) compared to the NRPL group 
(22 years) (p = 0.0001). A similar trend was observed for body mass index (BMI), with a significantly higher 
median BMI in the RPL group (25.64 kg/m2) compared to the NRPL group (22.51 kg/m2) (p = 0.0001). 
However, age at menarche, age at first conception, and gestational age did not differ significantly between 
the groups [5].

When stratifying the RPL group by the number of pregnancy losses, there was no statistically 
significant difference in age, BMI, age at menarche, age at first conception, or gestational age between 
women with 2 losses and those with > 2 losses. However, as expected, the number of abortions was 
significantly higher in the > 2 losses group (median = 3) compared to the 2 losses group (median = 2) (p = 
0.0001).

Serum IL-6 levels

Significantly elevated levels of IL-6 were seen in the RPL group compared to the NRPL group (Table 2; 
Figure 1). No significant differences (ns = p > 0.05) for IL-6 levels were observed between 2 losses vs. > 2 
losses groups (Table 2; Figure 2). ROC curve analysis for IL-6 exhibited excellent (AUC = 0.992, p = 0.0001) 
ROC characteristics (Figure 3).

Table 2. Comparison of median and percentile of cytokines between RPL and NRPL groups and the RPL group with 2 
and > 2 previous pregnancy losses

RPL group (n = 85); median (25th–75th percentile)Parameters NRPL group (n = 85); median 
(25th–75th percentile)

Median (25th–75th 
percentile)

p-value 2 losses (n = 53) > 2 losses (n = 
32)

p-value

IL-6 3.137 (3.131–3.149) 6.478 (6.351–15.29) 0.0001 6.477 
(6.351–15.31)

6.510 
(6.334–15.27)

0.869

IL-10 14.17 (5.706–23.17) 6.870 (5.108–8.671) 0.0001 6.444 
(5.090–8.216)

7.320 
(5.641–9.584)

0.172

IL-6/IL-10 0.222 (0.135–0.553) 1.230 (0.892–1.814) 0.0001 1.226 
(0.916–2.162)

1.244 
(0.809–1.596)

0.706

RPL: recurrent pregnancy loss; NRPL: non-recurrent pregnancy loss; IL-6: interleukin-6; 2: two; > 2: more than two; p < 0.05: 
statistically significant. Unit for IL-6, IL-10: pg/mL

Serum IL-10 levels

Decreased levels of IL-10 were seen in the RPL group compared to the NRPL group (Table 2; Figure 1). No 
variation (ns = p > 0.05) was observed for IL-10 concentrations between 2 and > 2 losses groups (Table 2; 
Figure 2). Receiver operating characteristics for IL-10 exhibited moderate (AUC = 0.789, p = 0.0001) 
characteristics for ROC (Figure 3).

IL-6/IL-10 ratio

Data analysis revealed a significantly elevated IL-6/IL-10 ratio in the RPL group compared to the NRPL 
group (Table 2; Figure 4). No difference was observed for IL-6/IL-10 ratio between 2 and > 2 losses groups 
(Table 2; Figure 5; p > 0.05). Receiver operating characteristics for IL-6/IL-10 exhibited excellent (AUC = 
0.982, p = 0.0001) characteristics for ROC (Figure 3).
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Figure 1. Comparison of circulating IL-6 and IL-10 concentrations between RPL and NRPL groups. Dot plots show the 
concentrations (pg/mL) of IL-6 and IL-10 in women with RPL (n = 85) and NRPL (n = 85). IL-6 was significantly elevated and IL-
10 significantly reduced in the RPL group compared to the NRPL group (***p < 0.001). IL-6: interleukin-6; RPL: recurrent 
pregnancy loss; NRPL: non-recurrent pregnancy loss

Figure 2. Comparison of circulating IL-6 and IL-10 levels with respect to the magnitude of RPL. Dot plot represents the 
concentrations (pg/mL) of IL-6 and IL-10 in women with 2 losses and > 2 losses. No statistically significant differences (ns = p > 
0.05) were observed between the groups. Number of participants per group: IL-6 (2 losses, n = 53; > 2 losses, n = 32), IL-10 (2 
losses, n = 53; > 2 losses, n = 32). IL-6: interleukin-6; RPL: recurrent pregnancy loss

ROC curve analysis

ROC curve analysis was performed to evaluate the diagnostic performance of IL-6, IL-10, and the IL-6/IL-10 
ratio in differentiating between the NRPL and RPL groups, as well as between women with 2 vs. > 2 
pregnancy losses (Table 3). As shown in Figure 3A–C, IL-6 and the IL-6/IL-10 ratio demonstrated high 
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Figure 3. Receiver operating characteristic (ROC) curves of cytokine markers between NRPL and RPL groups. ROC 
curve for (A) IL-6 levels showing high sensitivity and specificity in distinguishing RPL cases from NRPL controls. (B) IL-10 levels 
have moderate diagnostic performance. (C) IL-6/IL-10 ratio, indicating improved classification ability compared to individual 
cytokines. IL-6: interleukin-6; RPL: recurrent pregnancy loss; NRPL: non-recurrent pregnancy loss

sensitivity and specificity in distinguishing NRPL from RPL cases, with the IL-6 curve approaching near-
perfect discrimination. In contrast, IL-10 showed moderate discriminative ability. However, in the 
subgroup analysis (Figure 6), the ROC curves for IL-6, IL-10, and the IL-6/IL-10 ratio showed more limited 
predictive value when comparing 2 vs. > 2 losses, with AUCs closer to the reference line, indicating reduced 
classification accuracy in this subgroup.

Table 3. ROC curve analysis of IL-6, IL-10, and IL-6/IL-10 ratio for differentiating NRPL vs. RPL and 2 vs. > 2 pregnancy 
losses

NRPL vs. RPL 2 losses vs. > 2 lossesParameters

AUC Cut-off Sn% Sp.% p-value AUC Cut-off Sn% Sp.% p-value

IL-6 0.992 > 5.59 100 98.82 0.0001 0.502 > 6.64 46.88 66.04 0.974
IL-10 0.789 < 14.08 100 63.53 0.0001 0.589 > 9.58 28.13 92.45 0.170
IL-6/IL-10 0.982 > 0.62 96.47 92.94 0.0001 0.524 < 0.97 43.75 69.81 0.703
IL-6: interleukin-6; RPL: recurrent pregnancy loss; NRPL: non-recurrent pregnancy loss; 2: two; > 2: more than two; AUC: area 
under the curve; Sn%: sensitivity; Sp.%: specificity; p < 0.05: statistically significant. Unit for IL-6, IL-10: pg/mL

Discussion
Cytokines are immune regulators with a fundamental role in human reproduction that mediate 
gametogenesis, implantation, and foetal development [5], and an imbalance in quantity or location of 
expression influences trophoblast-endometrial (feto-maternal) interaction, consequences in pregnancy 
impediments, and RPL is one such complication. For a steady maintenance of pregnancy, the appropriate 
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Figure 4. Comparison of IL-6/IL-10 ratio between the RPL and NRPL groups. Dot plots represent the IL-6/IL-10 ratio in RPL 
(n = 85) and NRPL (n = 85) women. A significantly higher IL-6/IL-10 ratio was observed in RPL cases (***p < 0.001). IL-6: 
interleukin-6; RPL: recurrent pregnancy loss; NRPL: non-recurrent pregnancy loss

Figure 5. Comparison of IL-6/IL-10 ratio with respect to the magnitude of RPL. Dot plot represents the IL-6/IL-10 ratio in 
women with 2 losses and > 2 losses. No statistically significant differences (ns = p > 0.05) were observed between the groups. 
Number of participants per group: IL-6 (2 losses, n = 53; > 2 losses, n = 32), IL-10 (2 losses, n = 53; > 2 losses, n = 32). IL-6: 
interleukin-6; RPL: recurrent pregnancy loss
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Figure 6. Receiver operating characteristic (ROC) curves comparing cytokine markers between women with two 
pregnancy losses and those with more than two losses. ROC curve for (A) IL-6 levels shows poor discriminatory ability 
between the two subgroups of RPL, (B) IL-10 levels, similarly, does not demonstrate strong diagnostic performance, (C) IL-6/IL-
10 ratio also indicates limited potential in differentiating between women with 2 and > 2 pregnancy losses. IL-6: interleukin-6; 
RPL: recurrent pregnancy loss; NRPL: non-recurrent pregnancy loss

homeostatic stability between Th1 and Th2 cytokines is obligatory. Favourable pregnancy outcome is 
accompanied by an overall higher expression of Th2 cytokines, whereas unfavourable ones generally go 
with Th1 cytokine dominance [30]. Table 4 depicts Previous Studies showing the effect of IL-6 and IL-10 in 
RPL.

Table 4. Previous studies showing the effect of various cytokines including IL-6, IL-10, and the ratio (IL-6/IL-10) in RPL

Author and 
year/reference

Title Results Ethnicity IL-6 IL-10 IL-6/IL-10

Bates et al., 
2002 [44]

Aberrant cytokine 
production by 
peripheral blood 
mononuclear cells in 
recurrent pregnancy 
loss?

This study showed increased IL-10 levels in 
pregnant women compared with non-
pregnant controls, and further increased in 
RPL patients (p = 0.026).

Europe ND ↑ ND

Daher et al., 
2004 [10]

Cytokines in recurrent 
pregnancy loss

This study comprised 29 women in the RPL 
group (at least three consecutive 
spontaneous abortions) and 27 women in the 
control group (with a history of successful 
pregnancies and no miscarriage). No 
significant difference was detected between 
RPL and control groups in relation to IL-6.

South 
America

No 
difference 
seen

ND ND

Calleja-Agius 
et al., 2008 [34]

Recurrent 
miscarriages: What is 
the role of cytokines?

In this study, lower levels of IL-6 and IL-10 
were found in RPL cases than in normal 
pregnant women.

Europe ↓ ↓ ND
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Table 4. Previous studies showing the effect of various cytokines including IL-6, IL-10, and the ratio (IL-6/IL-10) in RPL 
(continued)

Author and 
year/reference

Title Results Ethnicity IL-6 IL-10 IL-6/IL-10

Abdullah et al., 
2013 [45]

The role of cytokines 
among women with 
spontaneous 
miscarriage

This study enrolled 46 women as the patient 
group with first-trimester miscarriage and 38 
women as the control group with first-
trimester successful pregnancy with no 
history of miscarriage. There were 
significantly higher levels of IL-10 in the 
aborted women as compared to the controls, 
and no significant difference was detected 
between women with miscarriage and control 
groups in relation to IL-6.

Asia No 
difference 
seen

↑ ND

Pandey et al., 
2017 [40]

Interplay of cytokines 
in preterm birth

This study highlights the association of 
cytokine gene polymorphisms and their 
levels with preterm birth. Increased maternal 
levels of IL-6 and low levels of IL-10 have 
been found to be associated with preterm 
birth.

Asia ↑ ↓ ND

Tyagi et al., 
2020 [41]

Evaluation of Pro-
inflammatory Cytokine 
Level in Cases of 
Idiopathic Recurrent 
Spontaneous 
Miscarriage in Saudi 
Arabia

This study comprised Group I—pregnant 
women with a history of recurrent 
spontaneous miscarriage (RSM, n = 50) and 
Group II—healthy pregnant controls (n = 50). 
IL-6 was found to be decreased in Group I 
patients (p < 0.001) as compared with the 
normal control Group II.

Saudi 
Arabia

↓ ND ND

Vilotić et al., 
2022 [35]

IL-6 and IL-8: An 
Overview of Their 
Roles in Healthy and 
Pathological 
Pregnancies

According to the reviewed literature, IL-6 
appears to contribute to the establishment 
and maintenance of pregnancy by mediating 
uterine receptivity, trophoblast function at the 
implantation site and parturition, the immune-
endocrine interactions at the feto-maternal 
interface, and other processes. Increased IL-
6 expression in decidual tissues in RPL, 
compared to normal pregnancy, was found.

Europe ↑ ND ND

Our findings—
2025

Association of 
circulating IL-6 and IL-
10 levels during mid-
gestation with 
recurrent pregnancy 
loss history and 
severity: a South 
Indian

study

This study comprised a total of 170 pregnant 
women with (RPL, n = 85) and without 
(NRPL, n = 85) a history of RPL during the 
second trimester of pregnancy. The RPL 
group was further divided into women with 2 
and > 2 previous pregnancy losses. 
Increased levels of IL-6 and IL-6/IL-10 ratio 
and decreased levels of IL-10 were found in 
the RPL group compared to the NRPL group.

Asia ↑ ↓ ↑

IL-6: interleukin-6; RPL: recurrent pregnancy loss; NRPL: non-recurrent pregnancy loss; ↑: increased in RPL; ↓: decreased in 
RPL; ND: not defined

Demographic/clinical data

BMI, maternal age, age at first conception, age at menarche, gestational age, and number of abortions are 
key factors influencing pregnancy outcomes. Extremes in BMI (underweight or obesity) can lead to 
complications like gestational diabetes, PE, and preterm birth. Advanced maternal age (over 35) increases 
risks of chromosomal abnormalities, miscarriage, and labor complications. The age at first conception and 
menarche can also affect reproductive health, with earlier or later ages linked to varying risks of pregnancy 
complications. Gestational age, or the duration of pregnancy, is crucial, with preterm (before 37 weeks) and 
post-term (after 42 weeks) pregnancies carrying higher risks for both mother and baby. Together, these 
factors impact maternal and fetal health and pregnancy outcomes.

A significant difference was observed between the RPL and NRPL groups in terms of mean age (22 vs. 
25 years), BMI (22.5 vs. 25.6 kg/m2), and the number of abortions (p = 0.0001). According to Magnus et al. 
(2019) [36], increasing maternal age may serve as an independent risk factor for miscarriage. Their study 
noted that the risk of miscarriage was lowest among women aged 25–29 (10%) but rose sharply after the 
age of 30, reaching as high as 53% in women aged 45 [24]. Furthermore, meta-analyses by Eapen et al. 
(2021) [37] and Ng et al. (2021) [38] indicated that women with a BMI above 25 kg/m2 are at significantly 
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higher risk of RPL. Similarly, Cavalcante et al. (2019) [39] reported that a BMI greater than 25 kg/m2 
further increases the likelihood of miscarriage, highlighting elevated BMI as a contributing factor to 
pregnancy loss.

IL-6

Our study showed elevated circulating levels of IL-6 in the RPL group compared to NRPL. These results are 
consistent with earlier reports where elevated IL-6 is frequently evident in the altered cytokine profiles 
characteristic of unexplained infertility, recurrent miscarriage, indicating altered systemic IL-6 trans-
signalling in women prone to recurrent miscarriage, with excessive IL-6 bioavailability potentially 
inhibiting the generation of CD4+ Treg cells required for pregnancy tolerance [5, 23]. Vilotić et al. (2022) 
[35] and Pandey et al. (2017) [40] reported increased IL-6 levels in RPL cases and preterm birth, 
respectively. However, Calleja-Agius et al. (2008) [34] and Tyagi et al. (2020) [41] reported reduced IL-6 
levels in pregnancy complications. Further, similar levels of IL-6 were found within the RPL group between 
2 and > 2 previous pregnancy losses (Table 2). We have not come across any literature pertaining to this 
aspect, warranting large studies in this angle.

It is well established that a successful pregnancy is associated with a balanced pro-inflammation in the 
first and final trimester, which corresponds to implantation and parturition, and the second trimester with 
anti-inflammatory dominance for fetal growth [42, 43]. The observed elevated levels of IL-6 in our study 
during the second trimester pregnancy in women with a history of RPL may indicate prevailing pro-
inflammation, though not enough to cause an adverse pregnancy outcome, as it may require additional 
factors for an unfavourable outcome.

IL-10

We noted decreased circulating levels of IL-10 in the mid-trimester of ongoing pregnancy of women with a 
history of RPL compared to the NRPL group, and a good characteristic of ROC analysis for IL-10. Further, 
with respect to the magnitude (2 vs. > 2) of pregnancy losses, no variation was observed in IL-10 levels 
between 2 and > 2 previous pregnancy losses. Calleja-Agius et al. (2009) [34] reported diminished and 
Bates et al. (2002) [44] elevated IL-10 production by stimulated peripheral blood mononuclear cells 
(PBMCs) from pregnant women with the previous idiopathic RPL at the time of delivery and during early 
pregnancy. Abdullah et al. (2013) [45] showed higher levels of IL-10 in first-trimester pregnancy losses in 
Iraqi women. Further, association of certain IL-10 gene polymorphism are also reported in RPL cases, 
Bahadori et al. (2014) [46] and Parveen et al. [47] (2013). Literature suggests that the inhibitory effects of 
IL-10 are primarily through decreasing pro-inflammatory cytokines (IL-6, IL-1β, TNF-α, etc.) via heme-
oxygenase-1, impeding recruitment and expansion of Th1 cells like Th17, blocking antigen presentation via 
MHC class II expression [42]. These events control and curtail excessive inflammation through a feedback 
loop. Promotion of decidual natural killer cells (dNK) cell-mediated immune tolerance during pregnancy 
may be achieved by the synergistic action of IFN-γ, IL-10, and IL-1Ra that regulate the inhibition of Th17 
cells [42, 43, 48].

Conclusive results pertaining to different physiological stages of pregnancy cannot be drawn from the 
existing studies (as this study deals with only second-trimester cases) except that the circulating levels of 
IL-10 are disturbed in mid-gestation, which may be a reflection of the feto-maternal milieu in the pregnancy 
of RPL cases. Multi-centred large single systematic perspective studies considering different gestational 
stages of RPL and NRPL cases with favourable and unfavourable pregnancy outcomes are needed to 
understand the pleotropic role of IL-10 and to exploit it in the cytokine therapy for RPL cases.

IL-6/IL-10

Our observation of significantly elevated IL-6 levels and reduced IL-10 levels individually may not serve as 
entirely reliable indicators of the overall inflammatory status. Therefore, the IL-6/IL-10 ratio was 
calculated to assess the relative systemic concentrations of these pro- and anti-inflammatory cytokines 
within the same individual, providing a more comprehensive reflection of the inflammatory state. Increased 
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serum levels of the IL-6/IL-10 ratio in the RPL group compared to the NRPL group (cut-off > 0.626 pg/mL, 
p-value = 0.0001) were noted in the present study. The results are indicative of increased pro-inflammatory 
cytokines in relation to inhibitory cytokines in the RPL group. Makhseed et al. (2001) [49] support our 
observations reporting elevated pro/anti-inflammatory cytokines in pregnancy-related complications. It is 
assumed that the RPL group exhibits an underlying immune dysregulation characterized by heightened 
sterile inflammation compared to the NRPL group [50, 51]. In such a state, even a minor trigger, whether 
intrinsic or extrinsic, could potentially escalate inflammation to a critical threshold, increasing the risk of 
adverse pregnancy outcomes in the RPL group. However, this hypothesis requires further investigation, 
including studies involving cases with and without unfavourable outcomes.

ROC curve

To determine the cytokine scores, the sensitivity and specificity of each cytokine and the ratio were plotted 
in the RPL vs. NRPL groups. The ROC analysis revealed that both IL-6 and the IL-6/IL-10 ratio were strong 
predictors of RPL when comparing NRPL and RPL groups, demonstrating high sensitivity and specificity. In 
contrast, IL-10 alone showed moderate diagnostic potential, suggesting that the recurring rise in the 
number of miscarriages may be related to increasing inflammation. However, this predictive ability was 
notably diminished when stratifying the RPL group by the number of losses (2 vs. > 2). The closer 
alignment of the ROC curves to the diagonal reference line in this subgroup indicates limited discriminative 
capacity of these markers in predicting the magnitude of pregnancy loss, suggesting the need for additional 
biomarkers.

Conclusion

RPL is defined as the loss of two or more clinical pregnancies before the 20th week of gestation. Most 
studies have primarily focused on first-trimester losses, with limited research addressing second-trimester 
pregnancies. In our study, we identified increased maternal age and elevated BMI as significant risk factors 
for RPL, underlining the importance of early recognition and management of these modifiable factors to 
improve pregnancy outcomes. We also assessed the circulating levels of pro-inflammatory cytokine IL-6 
and anti-inflammatory cytokine IL-10 in women during the second trimester of an ongoing pregnancy, all of 
whom had a history of two or more pregnancy losses followed by subsequent favourable outcomes. Our 
findings indicate a predominant pro-inflammatory state, evidenced by elevated IL-6 levels in women with 
RPL compared to those without a history of RPL. This suggests that women with RPL may possess an 
inherently heightened pro-inflammatory environment, which could be further influenced by internal or 
external factors with a lower threshold, potentially leading to either favourable or unfavourable pregnancy 
outcomes. Longitudinal studies involving a broader spectrum of cytokines, encompassing both favourable 
and unfavourable outcomes, are essential to better characterize the immunological profile of women in the 
second trimester and to identify potential biomarkers for the diagnosis and management of RPL.

Abbreviations
APS: antiphospholipid syndrome

ELISA: enzyme linked immunosorbent assay

IL-1Ra: IL-1 receptor antagonist

IL-6: interleukin-6

MHC: major histocompatibility complex

NRPL: non-recurrent pregnancy loss

ROC: receiver operating characteristic

RPL: recurrent pregnancy loss



Explor Immunol. 2025;5:1003209 | https://doi.org/10.37349/ei.2025.1003209 Page 13

Th17: T helper 17

Treg: regulatory T

Declarations
Acknowledgments

We are grateful to Dr. Rajeshwari Bonu, Gynaecologist, Niloufer Government Maternity Hospital, 
Hyderabad, India, for giving us the opportunity to carry forward our research by providing blood samples, 
and we express gratitude to the blood donors for their cooperation in sharing their clinical data.

Author contributions

SJ: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Validation, Visualization, 
Writing—original draft, Writing—review & editing. RB: Data curation, Investigation. PJ: Conceptualization, 
Project administration, Supervision, Funding acquisition, Resources, Formal analysis, Writing—review & 
editing.

Conflicts of interest

The authors declare that they have no conflicts of interest.

Ethical approval

The present study has approval from the Ethical Committee (Reg. No. ECR/300/Inst/AP/2013/RR-16), 
Osmania Medical College, Hyderabad, Telangana state, India, and informed consent from the study subjects. 
This study complies with the 2013 version of the Declaration of Helsinki.

Consent to participate

Informed consent to participate in the study was obtained from all participants.

Consent to publication

Not applicable.

Availability of data and materials

The preprint for this study is available on Authorea. The raw data supporting the conclusions of this 
manuscript will be made available by the authors, without undue reservation, to any qualified researcher.

Funding

The authors have received research funding from the Indian Council of Medical Research, New Delhi, India 
[ICMR, Id No.: 2019–1022]. The funders had no role in study design, data collection and analysis, decision to 
publish, or preparation of the manuscript.

Copyright

© The Author(s) 2025.

Publisher’s note
Open Exploration maintains a neutral stance on jurisdictional claims in published institutional affiliations 
and maps. All opinions expressed in this article are the personal views of the author(s) and do not 
represent the stance of the editorial team or the publisher.

References
Madduru D, Supriya K, Dirsipam K. Relation between MTHFR (Methylenetetrahydrofolate Reductase) 
gene functional polymorphisms and magnitude of Recurrent Pregnancy Losses (RPL) among women 
with low socio-economic status in Asian Indians. Genet Mol Res. 2019:18.

1.     



Explor Immunol. 2025;5:1003209 | https://doi.org/10.37349/ei.2025.1003209 Page 14

Practice Committee of the American Society for Reproductive Medicine. Evaluation and treatment of 
recurrent pregnancy loss: a committee opinion. Fertil Steril. 2012;98:1103–11. [DOI] [PubMed]

2.     

Stephenson MD. Frequency of factors associated with habitual abortion in 197 couples. Fertil Steril. 
1996;66:24–9. [PubMed]

3.     

Imam SN, Shamsi MB, Kumar K, Deka D, Dada R. Idiopathic recurrent pregnancy loss: role of paternal 
factors; a pilot study. J Reprod Infertil. 2011;12:267–76. [PubMed] [PMC]

4.     

Jameel S, Bhuwalka R, Begum M, Bonu R, Jahan P. Circulating levels of cytokines (IL-6, IL-10 and TGF-
β) and CD4+CD25+FOXP3+Treg cell population in recurrent pregnancy loss. Reprod Biol. 2024;24:
100842. [DOI] [PubMed]

5.     

Rashid N, Nigam A, Saxena P, Jain SK, Wajid S. Association of IL-1β, IL-1Ra and FABP1 gene 
polymorphisms with the metabolic features of polycystic ovary syndrome. Inflamm Res. 2017;66:
621–36. [DOI] [PubMed]

6.     

Saini V, Arora S, Yadav A, Bhattacharjee J. Cytokines in recurrent pregnancy loss. Clin Chim Acta. 2011;
412:702–8. [DOI] [PubMed]

7.     

Dutta S, Sengupta P. Defining pregnancy phases with cytokine shift. J Pregnancy Reprod. 2017;1:1–3. 
[DOI]

8.     

Mor G, Koga K. Macrophages and Pregnancy. Reprod Sci. 2008;15:435–6. [DOI] [PubMed]9.     
Daher S, de Arruda Geraldes Denardi K, Blotta MH, Mamoni RL, Reck AP, Camano L, et al. Cytokines in 
recurrent pregnancy loss. J Reprod Immunol. 2004;62:151–7. [DOI] [PubMed]

10.     

Silver RM, Branch DW, Goldenberg R, Iams JD, Klebanoff MA. Nomenclature for pregnancy outcomes: 
time for a change. Obstet Gynecol. 2011;118:1402–8. [DOI] [PubMed]

11.     

El Hachem H, Crepaux V, May-Panloup P, Descamps P, Legendre G, Bouet PE. Recurrent pregnancy 
loss: current perspectives. Int J Womens Health. 2017;9:331–45. [DOI] [PubMed] [PMC]

12.     

Bettelli E, Carrier Y, Gao W, Korn T, Strom TB, Oukka M, et al. Reciprocal developmental pathways for 
the generation of pathogenic effector TH17 and regulatory T cells. Nature. 2006;441:235–8. [DOI] 
[PubMed]

13.     

Mangan PR, Harrington LE, O’Quinn DB, Helms WS, Bullard DC, Elson CO, et al. Transforming growth 
factor-β induces development of the TH17 lineage. Nature. 2006;441:231–4. [DOI] [PubMed]

14.     

Veldhoen M, Hocking RJ, Atkins CJ, Locksley RM, Stockinger B. TGFβ in the Context of an Inflammatory 
Cytokine Milieu Supports De Novo Differentiation of IL-17-Producing T Cells. Immunity. 2006;24:
179–89. [DOI] [PubMed]

15.     

Fantini MC, Becker C, Monteleone G, Pallone F, Galle PR, Neurath MF. Cutting edge: TGF-beta induces a 
regulatory phenotype in CD4+CD25– T cells through Foxp3 induction and down-regulation of Smad7. J 
Immunol. 2004;172:5149–53. [DOI] [PubMed]

16.     

Dominitzki S, Fantini MC, Neufert C, Nikolaev A, Galle PR, Scheller J, et al. Cutting edge: trans-signaling 
via the soluble IL-6R abrogates the induction of FoxP3 in naive CD4+CD25 T cells. J Immunol. 2007;
179:2041–5. [DOI] [PubMed]

17.     

Fujimoto VY, Kim D, vom Saal FS, Lamb JD, Taylor JA, Bloom MS. Serum unconjugated bisphenol A 
concentrations in women may adversely influence oocyte quality during in vitro fertilization. Fertil 
Steril. 2011;95:1816–9. [DOI] [PubMed]

18.     

Atreya R, Mudter J, Finotto S, Müllberg J, Jostock T, Wirtz S, et al. Blockade of interleukin 6 trans 
signaling suppresses T-cell resistance against apoptosis in chronic intestinal inflammation: Evidence 
in Crohn disease and experimental colitis in vivo. Nat Med. 2000;6:583–8. [DOI] [PubMed]

19.     

Yoshida H, Hashizume M, Suzuki M, Mihara M. Anti-IL-6 receptor antibody suppressed T cell 
activation by inhibiting IL-2 production and inducing regulatory T cells. Eur J Pharmacol. 2010;634:
178–83. [DOI] [PubMed]

20.     

Rincón M, Anguita J, Nakamura T, Fikrig E, Flavell RA. Interleukin (IL)-6 Directs the Differentiation of 
IL-4–producing CD4+ T Cells. J Exp Med. 1997;185:461–9. [DOI] [PubMed] [PMC]

21.     

https://dx.doi.org/10.1016/j.fertnstert.2012.06.048
http://www.ncbi.nlm.nih.gov/pubmed/22835448
http://www.ncbi.nlm.nih.gov/pubmed/8752606
http://www.ncbi.nlm.nih.gov/pubmed/23926513
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3719307
https://dx.doi.org/10.1016/j.repbio.2023.100842
http://www.ncbi.nlm.nih.gov/pubmed/38176116
https://dx.doi.org/10.1007/s00011-017-1045-3
http://www.ncbi.nlm.nih.gov/pubmed/28405733
https://dx.doi.org/10.1016/j.cca.2011.01.002
http://www.ncbi.nlm.nih.gov/pubmed/21236247
https://dx.doi.org/10.15761/JPR.1000124
https://dx.doi.org/10.1177/1933719108317253
http://www.ncbi.nlm.nih.gov/pubmed/18579852
https://dx.doi.org/10.1016/j.jri.2003.10.004
http://www.ncbi.nlm.nih.gov/pubmed/15288190
https://dx.doi.org/10.1097/AOG.0b013e3182392977
http://www.ncbi.nlm.nih.gov/pubmed/22105271
https://dx.doi.org/10.2147/IJWH.S100817
http://www.ncbi.nlm.nih.gov/pubmed/28553146
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5440030
https://dx.doi.org/10.1038/nature04753
http://www.ncbi.nlm.nih.gov/pubmed/16648838
https://dx.doi.org/10.1038/nature04754
http://www.ncbi.nlm.nih.gov/pubmed/16648837
https://dx.doi.org/10.1016/j.immuni.2006.01.001
http://www.ncbi.nlm.nih.gov/pubmed/16473830
https://dx.doi.org/10.4049/jimmunol.172.9.5149
http://www.ncbi.nlm.nih.gov/pubmed/15100250
https://dx.doi.org/10.4049/jimmunol.179.4.2041
http://www.ncbi.nlm.nih.gov/pubmed/17675459
https://dx.doi.org/10.1016/j.fertnstert.2010.11.008
http://www.ncbi.nlm.nih.gov/pubmed/21122836
https://dx.doi.org/10.1038/75068
http://www.ncbi.nlm.nih.gov/pubmed/10802717
https://dx.doi.org/10.1016/j.ejphar.2010.02.026
http://www.ncbi.nlm.nih.gov/pubmed/20184875
https://dx.doi.org/10.1084/jem.185.3.461
http://www.ncbi.nlm.nih.gov/pubmed/9053446
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2196041


Explor Immunol. 2025;5:1003209 | https://doi.org/10.37349/ei.2025.1003209 Page 15

Banerjee M, Saxena M. Interleukin-1 (IL-1) family of cytokines: Role in Type 2 Diabetes. Clin Chim 
Acta. 2012;413:1163–70. [DOI] [PubMed]

22.     

Tanaka T, Narazaki M, Kishimoto T. IL-6 in Inflammation, Immunity, and Disease. Cold Spring Harb 
Perspect Biol. 2014;6:a016295. [DOI] [PubMed] [PMC]

23.     

Gabay C. Interleukin-6 and chronic inflammation. Arthritis Res Ther. 2006;8 Suppl 2:S3. [DOI] 
[PubMed] [PMC]

24.     

Hirano T. IL-6 in inflammation, autoimmunity and cancer. Int Immunol. 2021;33:127–48. [DOI] 
[PubMed] [PMC]

25.     

Cheng SB, Sharma S. Interleukin-10: A Pleiotropic Regulator in Pregnancy. Am J Reprod Immunol. 
2015;73:487–500. [DOI] [PubMed] [PMC]

26.     

Mosser DM, Zhang X. Interleukin-10: new perspectives on an old cytokine. Immunol Rev. 2008;226:
205–18. [DOI] [PubMed] [PMC]

27.     

Thaxton JE, Sharma S. Interleukin-10: A Multi-Faceted Agent of Pregnancy. Am J Reprod Immunol. 
2010;63:482–91. [DOI] [PubMed] [PMC]

28.     

Hennessy S, Bilker WB, Berlin JA, Strom BL. Factors influencing the optimal control-to-case ratio in 
matched case-control studies. Am J Epidemiol. 1999;149:195–7. [DOI] [PubMed]

29.     

Raghupathy R, Khan SF, Syamasundar PV, Bansal P, Azizieh F. A Placenta-Derived Suppressor Factor 
with a T-Cell Bias. Am J Reprod Immunol. 1999;42:205–18. [DOI] [PubMed]

30.     

Plevyak M, Hanna N, Mayer S, Murphy S, Pinar H, Fast L, et al. Deficiency of Decidual IL-10 in First 
Trimester Missed Abortion: A Lack of Correlation with the Decidual Immune Cell Profile. Am J Reprod 
Immunol. 2002;47:242–50. [DOI] [PubMed]

31.     

Banerjee P, Ghosh S, Dutta M, Subramani E, Khalpada J, Roychoudhury S, et al. Identification of Key 
Contributory Factors Responsible for Vascular Dysfunction in Idiopathic Recurrent Spontaneous 
Miscarriage. PLoS One. 2013;8:e80940. [DOI] [PubMed] [PMC]

32.     

Wang X, Wong K, Ouyang W, Rutz S. Targeting IL-10 Family Cytokines for the Treatment of Human 
Diseases. Cold Spring Harb Perspect Biol. 2019;11:a028548. [DOI] [PubMed] [PMC]

33.     

Calleja-Agius J, Brincat MP. Recurrent miscarriages: What is the role of cytokines? Gynaecological 
Endocrinology. 2008;24:663–8. [DOI]

34.     

Vilotić A, Nacka-Aleksić M, Pirković A, Bojić-Trbojević Ž, Dekanski D, Krivokuća MJ. IL-6 and IL-8: An 
Overview of Their Roles in Healthy and Pathological Pregnancies. Int J Mol Sci. 2022;23:14574. [DOI]

35.     

Magnus MC, Wilcox AJ, Morken N, Weinberg CR, Håberg SE. Role of maternal age and pregnancy 
history in risk of miscarriage: prospective register based study. BMJ. 2019;364:l869. [DOI] [PubMed] 
[PMC]

36.     

Eapen A, Hayes ET, McQueen DB, Beestrum M, Eyck PT, Boots C. Mean differences in maternal body 
mass index and recurrent pregnancy loss: a systematic review and meta-analysis of observational 
studies. Fertil Steril. 2021;116:1341–8. [DOI] [PubMed] [PMC]

37.     

Ng KYB, Cherian G, Kermack AJ, Bailey S, Macklon N, Sunkara SK, et al. Systematic review and meta-
analysis of female lifestyle factors and risk of recurrent pregnancy loss. Sci Rep. 2021;11:7081. [DOI] 
[PubMed] [PMC]

38.     

Cavalcante MB, Sarno M, Peixoto AB, Júnior E, Barini R. Obesity and recurrent miscarriage: A 
systematic review and meta-analysis. J Obstet Gynaecol Res. 2019;45:30–8. [DOI] [PubMed]

39.     

Pandey M, Chauhan M, Awasthi S. Interplay of cytokines in preterm birth. Indian J Med Res. 2017;146:
316–27. [DOI] [PubMed] [PMC]

40.     

Tyagi P, Alharthi NS. Evaluation of Pro-inflammatory Cytokine Level in Cases of Idiopathic Recurrent 
Spontaneous Miscarriage in Saudi Arabia. Biomed Biotechnol Res J. 2020;4:225–31. [DOI]

41.     

Ma J, Zhang X, He G, Yang C. Association between TNF, IL1B, IL6, IL10 and IFNG polymorphisms and 
recurrent miscarriage: a case control study. Reprod Biol Endocrinol. 2017;15:83. [DOI] [PubMed] 
[PMC]

42.     

https://dx.doi.org/10.1016/j.cca.2012.03.021
http://www.ncbi.nlm.nih.gov/pubmed/22521751
https://dx.doi.org/10.1101/cshperspect.a016295
http://www.ncbi.nlm.nih.gov/pubmed/25190079
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4176007
https://dx.doi.org/10.1186/ar1917
http://www.ncbi.nlm.nih.gov/pubmed/16899107
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3226076
https://dx.doi.org/10.1093/intimm/dxaa078
http://www.ncbi.nlm.nih.gov/pubmed/33337480
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7799025
https://dx.doi.org/10.1111/aji.12329
http://www.ncbi.nlm.nih.gov/pubmed/25269386
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4382460
https://dx.doi.org/10.1111/j.1600-065X.2008.00706.x
http://www.ncbi.nlm.nih.gov/pubmed/19161426
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2724982
https://dx.doi.org/10.1111/j.1600-0897.2010.00810.x
http://www.ncbi.nlm.nih.gov/pubmed/20163400
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3628686
https://dx.doi.org/10.1093/oxfordjournals.aje.a009786
http://www.ncbi.nlm.nih.gov/pubmed/9921965
https://dx.doi.org/10.1111/j.1600-0897.1999.tb00093.x
http://www.ncbi.nlm.nih.gov/pubmed/10580602
https://dx.doi.org/10.1034/j.1600-0897.2002.01060.x
http://www.ncbi.nlm.nih.gov/pubmed/12069391
https://dx.doi.org/10.1371/journal.pone.0080940
http://www.ncbi.nlm.nih.gov/pubmed/24260517
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3829935
https://dx.doi.org/10.1101/cshperspect.a028548
http://www.ncbi.nlm.nih.gov/pubmed/29038121
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6360861
https://dx.doi.org/10.1080/09513590802288275
https://dx.doi.org/10.3390/ijms232314574
https://dx.doi.org/10.1136/bmj.l869
http://www.ncbi.nlm.nih.gov/pubmed/30894356
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6425455
https://dx.doi.org/10.1016/j.fertnstert.2021.06.019
http://www.ncbi.nlm.nih.gov/pubmed/34412893
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8608000
https://dx.doi.org/10.1038/s41598-021-86445-2
http://www.ncbi.nlm.nih.gov/pubmed/33782474
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8007745
https://dx.doi.org/10.1111/jog.13799
http://www.ncbi.nlm.nih.gov/pubmed/30156037
https://dx.doi.org/10.4103/ijmr.IJMR_1624_14
http://www.ncbi.nlm.nih.gov/pubmed/29355137
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5793465
https://dx.doi.org/10.4103/BBRJ.BBRJ_71_20
https://dx.doi.org/10.1186/s12958-017-0300-3
http://www.ncbi.nlm.nih.gov/pubmed/29017513
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5634870


Explor Immunol. 2025;5:1003209 | https://doi.org/10.37349/ei.2025.1003209 Page 16

Prins JR, Gomez-Lopez N, Robertson SA. Interleukin-6 in pregnancy and gestational disorders. J 
Reprod Immunol. 2012;95:1–14. [DOI] [PubMed]

43.     

Bates MD, Quenby S, Takakuwa K, Johnson PM, Vince GS. Aberrant cytokine production by peripheral 
blood mononuclear cells in recurrent pregnancy loss? Hum Reprod. 2002;17:2439–44. [DOI] 
[PubMed]

44.     

Abdullah GA, Mahdi K. The Role of Cytokines among Women with Spontaneous Miscarriage. Med J 
Islam World Acad Sci. 2013;21:119–24. [DOI]

45.     

Bahadori M, Zarei S, Zarnani AH, Zarei O, Idali F, Hadavi R, et al. IL-6, IL-10 and IL-17 gene 
polymorphisms in Iranian women with recurrent miscarriage. Iran J Immunol. 2014;11:97–104. 
[PubMed]

46.     

Parveen F, Shukla A, Agarwal S. Cytokine gene polymorphisms in northern Indian women with 
recurrent miscarriages. Fertil Steril. 2013;99:433–40. [DOI] [PubMed]

47.     

Fu B, Li X, Sun R, Tong X, Ling B, Tian Z, et al. Natural killer cells promote immune tolerance by 
regulating inflammatory TH17 cells at the human maternal-fetal interface. Proc Natl Acad Sci U S A. 
2013;110:E231–40. [DOI] [PubMed] [PMC]

48.     

Makhseed M, Raghupathy R, Azizieh F, Omu A, Al-Shamali E, Ashkanani L. Th1 and Th2 cytokine 
profiles in recurrent aborters with successful pregnancy and with subsequent abortions. Hum Reprod. 
2001;16:2219–26. [DOI] [PubMed]

49.     

Nadeau-Vallée M, Obari D, Palacios J, Brien MÈ, Duval C, Chemtob S, et al. Sterile inflammation and 
pregnancy complications: a review. Reproduction. 2016;152:R277–92. [DOI] [PubMed]

50.     

Tersigni C, Neri C, D’Ippolito S, Garofalo S, Martino C, Lanzone A, et al. Impact of maternal obesity on 
the risk of preterm delivery: insights into pathogenic mechanisms. J Matern Fetal Neonatal Med. 2022;
35:3216–21. [DOI] [PubMed]

51.     

https://dx.doi.org/10.1016/j.jri.2012.05.004
http://www.ncbi.nlm.nih.gov/pubmed/22819759
https://dx.doi.org/10.1093/humrep/17.9.2439
http://www.ncbi.nlm.nih.gov/pubmed/12202438
https://dx.doi.org/10.12816/0001501
http://www.ncbi.nlm.nih.gov/pubmed/24975966
https://dx.doi.org/10.1016/j.fertnstert.2012.09.025
http://www.ncbi.nlm.nih.gov/pubmed/23062580
https://dx.doi.org/10.1073/pnas.1206322110
http://www.ncbi.nlm.nih.gov/pubmed/23271808
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3549088
https://dx.doi.org/10.1093/humrep/16.10.2219
http://www.ncbi.nlm.nih.gov/pubmed/11574519
https://dx.doi.org/10.1530/REP-16-0453
http://www.ncbi.nlm.nih.gov/pubmed/27679863
https://dx.doi.org/10.1080/14767058.2020.1817370
http://www.ncbi.nlm.nih.gov/pubmed/32942918

	Abstract
	Keywords
	Introduction
	IL-6
	IL-10

	Materials and methods
	Subjects
	Inclusion criteria
	Exclusion criteria

	Sample collection and serum isolation
	Cytokine measurement by ELISA
	Statistical analysis

	Results
	Demographic/clinical data analysis
	Serum IL-6 levels
	Serum IL-10 levels
	IL-6/IL-10 ratio
	ROC curve analysis

	Discussion
	Demographic/clinical data
	IL-6
	IL-10
	IL-6/IL-10
	ROC curve
	Conclusion

	Abbreviations
	Declarations
	Acknowledgments
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	Publisher’s note
	References

