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ABSTRACT

Background: Human papillomavirus (HPV) infection is increasingly recognized as associated with endometrial immunological
disturbance and adverse reproductive outcomes. Yet the systemic immunological and hormonal correlates of this association, and
their diagnostic utility in clinical settings, remain poorly defined.

Aim: This study aimed to assess the association of HPV infection with systemic immunological and oxidative stress markers and
to evaluate their contribution to adverse pregnancy outcomes in women of reproductive age.

Methods: A cross-sectional comparative study enrolled 120 women across four groups (n=30 each): Group 1 (HPV-negative
controls), Group 2 (HPV-positive without complications), Group 3 (adverse pregnancy outcomes, HPV-negative), and Group 4
(HPV-positive with adverse pregnancy outcomes). Serum interleukin-6 (IL-6), interleukin-10 (IL-10), tumor necrosis factor-alpha
(TNF-a), interferon-gamma (IFN-y), peripheral blood natural killer (PB-NK) cells, malondialdehyde (MDA), superoxide
dismutase (SOD), glutathione (GSH), progesterone, and estradiol were measured. Binary logistic regression and receiver operating
characteristic (ROC) curve analyses were applied to identify independent predictors and diagnostic thresholds.

Results: Group 4 showed the highest IL-6 (12.6+2.1 pg/mL), TNF-a (15.842.6 pg/mL), IFN-y (17.243.1 pg/mL), and MDA
(6.2+1.2 nmol/mL), with the lowest IL-10, PB-NK cells, SOD, GSH, progesterone, and endometrial thickness (p<0.001 to
p=0.003). Logistic regression identified MDA (OR=3.06), TNF-a (OR=2.12), and IL-6 (OR=1.84) as significant independent
predictors of adverse outcomes. ROC analysis revealed MDA as the strongest single diagnostic marker (AUC=0.891, cutoff >4.2
nmol/mL); the combined biomarker model achieved AUC=0.934.

Conclusion: HPV infection is independently associated with systemic pro-inflammatory and oxidative stress dysregulation,
hormonal insufficiency, and impaired endometrial receptivity. The MDA-TNF-a-IL-6 panel shows promising clinical utility for
identifying women at elevated risk of pregnancy failure, warranting incorporation into preconception assessment protocols.
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1-INTRODUCTION

Human papillomavirus (HPV) infection is the most common sexually transmitted viral infection globally,
with an estimated 290 million women infected at any time. Although the carcinogenic potential of high-risk HPV
types (16 and 18) has been well documented in cervical cancer, emerging evidence indicates the involvement of
HPV in female fertility and pregnancy complications. Yet, the mechanisms by which HPV infection contributes to
subfertility and poor pregnancy outcomes are poorly understood.

The endometrium is a dynamic immunological organ that undergoes cyclical changes and immune
regulation during the window of implantation (WOI). Embryo implantation is dependent upon the balance between
pro-inflammatory and anti-inflammatory factors. Pro-inflammatory cytokines such as interleukin-6 (IL-6), tumor
necrosis factor-alpha (TNF-a) and interferon-gamma (IFN-y) aid in early implantation events, while anti-
inflammatory cytokines such as interleukin-10 (IL-10) play a role in immune tolerance and pregnancy maintenance.
Alterations in immune balance has been shown to increase the risk of implantation failure, recurrent pregnancy loss
and other pregnancy complications. HPV infection has been shown to activate pathways of the innate immune
system, such as nuclear factor kappa-B (NF-kB), which in turn promote pro-inflammatory cytokines.
Simultaneously, HPV-induced cellular stress has been associated with inhibition of antioxidant pathways, such as
the nuclear factor erythroid 2-related factor 2 (Nrf2) pathway, leading to oxidative stress. This is demonstrated by
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increased malondialdehyde (MDA) levels in the endometrium, and decreased activity of antioxidant enzymes such
as superoxide dismutase (SOD) and glutathione (GSH). The build-up of oxidative stress may disrupt steroidogenic
enzyme function, resulting in lower progesterone and estradiol levels, crucial for endometrial receptivity and
embryo implantation. Natural killer (NK) cells are the major immune cells in the mid-secretory phase endometrium
and have key roles in the regulation of trophoblast invasion and placental vascular development. Immune
dysregulation of NK cell numbers and function has been linked to infertility. The HPV-induced immune alterations
may affect peripheral immune profiles as well as immune profiles in the endometrium, creating an unfavorable
milieu for successful implantation and pregnancy. Crucially, recent research suggests different HPV genotypes may
have differing immunomodulatory effects, which may contribute to the variability in clinical outcomes among
infected women. HPV genotype distribution in the Middle East, including Iraq, appears to be different from other
populations, with various reports of a wide variety of high-risk HPV types other than HPV-16 and HPV-18.
However, the link between HPV infection, immune dysfunction, oxidative stress and pregnancy outcomes is not
well studied in women from Iraq.

As such, this study sought to explore the link between HPV infection and systemic immune, oxidative stress
and hormonal factors, and the role of these factors in adverse pregnancy outcomes in women of child-bearing age
at a teaching hospital in Iraq. Through a multifaceted approach incorporating immunological, biochemical and
clinical markers, this study aims to shed light on the pathways by which HPV infection affects pregnancy outcomes.

2-MATERIALS AND METHODS
Study Protocol and Ethics

This was a comparative cross-sectional study, conducted from January to June 2024 at a teaching hospital
in Salah al-Din Governorate, Iraq. The Research Ethics Committee at the University of Samarra granted approval
(Approval No. EC-2023/115) in line with the Declaration of Helsinki. All participants were asked for written
informed consent.

Participants and Groups

One hundred and 20 women of child bearing age (18-40 years) were enrolled and divided into four groups
of 30 women each. Group 1 was a healthy control group of HPV-negative women with no pregnancy complications.
Group 2 was comprised of HPV-positive women without a history of pregnancy complications. Group 3 was
comprised of HPV-negative women with adverse pregnancy outcomes. The fourth group (group 4) consisted of
HPV-positive women with adverse pregnancy outcomes. An adverse pregnancy outcome was defined as
spontaneous abortion before 20 weeks' gestation and/or a record of implantation failure (women attempting natural
and/or assisted conception) as determined by clinical review of obstetric records. Women were matched by age (+5
years) and body mass index (BMI) and statistically adjusted for smoking, parity and contraception use.

Eligible Subjects

Women with reproductive histories aged 18-40 years were included. Exclusions included: any form of
cancer, confirmed autoimmune diseases, current or recent use of immunosuppressive medication, antioxidant
supplements in the last three months, current use of hormonal contraception, presence of non-HPV sexually
transmitted infections and severe malnutrition (screened for by abnormalities in serum albumin and vitamin D).
This was done to reduce the risk of immunological confounders and to ensure the results were specific to the effects
of HPV.
2.4 HPV Diagnosis and Genotyping

Cervical swabs were tested for the presence of HPV by real-time polymerase chain reaction (PCR) using
the Abbott RealTime High Risk HPV assay (Abbott Molecular, USA), which identifies high-risk HPV types 16, 18
and 12 other types. Both interpretation of results and assignment of genotypes were as per the manufacturer's
instructions and reviewed by a clinical virologist. We recorded the prevalence of each genotype but did not stratify
this in this analysis due to sample size limitations; we discuss this in the Discussion.
Collection and Processing
Venous blood samples (5 mL) were obtained after an overnight fast, between days 20-22 of the menstrual cycle
(mid-luteal phase) to control for the hormonal status of women. The blood was spun at 3,000 rpm for 15 minutes at
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4°C and the serum was then aliquoted and stored at -20°C. Biochemical analyses were performed within six months
to avoid artifacts.

Biochemical Assays

Serum levels of 1L-6, IL-10, TNF-a and IFN-y were measured by enzyme-linked immunosorbent assay
(ELISA) kits (R&D Systems, Minneapolis, USA) with intra- and inter-assay variations of less than 8% and 12%,
respectively. The numbers of peripheral blood NK (PB-NK) cells were measured by flow cytometry as the
proportion of CD56+CD16+ lymphocytes in the total peripheral blood mononuclear cells using fluorochrome-
conjugated monoclonal antibodies (BD Biosciences, USA). This blood measurement is a reflection of, but not a
direct measure of, uterine NK cells. Lipid peroxidation (MDA) was measured by thiobarbituric acid reactive
substances (TBARS) (Cayman Chemical, USA). SOD activity was measured by a colorimetric inhibition assay
(Sigma-Aldrich, USA) and GSH was measured by the Ellman's reagent (DTNB) method. Progesterone and estradiol
serum levels were determined by electrochemiluminescence immunoassay (ECLIA) on a Roche Cobas e411.
Endometrial thickness was measured by transvaginal ultrasound on day 21 of the menstrual cycle by the same well-
experienced ultrasonographer to avoid inter-observer variability.

Sample Size Determination

The sample size was determined using the G*Power software (version 3.1.9.7) for one-way analysis of
variance (ANOVA), effect size =0.80, 1-p error probability (power) of 0.80 and an o of 0.05, a sample size of 28
per group was required. Participants were recruited in a larger number to account for possible drop-outs (30 in each
group, for a total of 120 participants).

Statistical Analysis

The Shapiro-Wilk test was used to test for normal distribution. One-way ANOVA with Duncan’s post-hoc
test was used for variables with normal distribution; the Kruskal-Wallis test with Mann-Whitney U post-hoc test
for those with non-normal distribution. Pearson’s coefficient or Spearman’s rho was used for correlation analyses.
Binary logistic regression was used to assess independent associations with adverse pregnancy outcomes, and to
calculate the odds ratios (OR) and 95% confidence intervals (CI). Hosmer-Lemeshow test was used to evaluate the
model. Receiver operating characteristic (ROC) curve analysis was used to determine the best diagnostic cut-off
values for certain biomarkers, and reported the area under the curve (AUC), sensitivity and specificity. Eta-squared
(n?) was used to report the effect size. p values were expressed exactly; a p value <0.05 was considered significant.
Data were analysed with IBM SPSS v26.

3-RESULTS

Demographic data of the groups are shown in Table 1. There was no significant difference in age (p=0.721),
body mass index (p=0.634), parity (p=0.812) and smoking (p=0.876) status between the groups suggesting that the
groups were similar.

Table 1. Demographic characteristics of groups (Mean + SD).

Parameter Group 1 (n=30) Group 2 (n=30) Group 3 (n=30) Group 4 (n=30) p-value
Age (years) 283+4.2 29.1 £3.8 302+4.5 29.8 £4.1 0.721
BMI (kg/m?) 234+2.1 24.1+2.3 23.8+2.5 243+£22 0.634
Parity 1.2+0.8 1.4+09 1.3+£0.7 1.5+£0.8 0.812
Smoking (%) 10.0 13.3 13.3 16.7 0.876

Values expressed as Mean + SD or percentage (%). No significant intergroup differences (p>0.05). BMI = body mass index.

Serum immunological markers are given in Table 2. The greatest disturbance was in Group 4. IL-6 was
significantly elevated in Group 4 (12.642.1 pg/mL) compared with Group 1 (3.2+0.8 pg/mL), Group 2 (6.8+1.2
pg/mL), and Group 3 (7.4%1.5 pg/mL) (p<0.001, n*>=0.48). This finding is in accord with the NF-kB cascade of
endometrial stromal cells being activated by HPV, leading to a positive feedback loop of IL-6 transcription [7].
TNF-a was also significantly elevated in Group 4 (15.842.6 pg/mL vs 4.141.1 pg/mL in controls; p<0.001, n>=0.51);
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high levels of TNF-a induce trophoblast differentiation and apoptosis in extravillous trophoblasts [14]. IFN-y was
also highest in Group 4 (17.2+3.1 pg/mL; p<0.001, 1*>=0.46), reflecting a Th1-polarized immune response which is
not tolerogenic enough to support pregnancy [15].

In contrast, [L-10 was significantly reduced in Group 4 (7.2£1.9 pg/mL versus 18.4+3.2 pg/mL in controls;
p<0.001, n?>=0.42). PB-NK cell percentage was likewise reduced in Group 4 (6.4+1.6%) compared with controls
(14.2+2.8%; p=0.003, n*=0.28). It is important to note that PB-NK cells represent the systemic status of NK cells;
uterine NK cells can only be characterized from a biopsy of the endometrium, which was not possible in the study.

Table 2. Serum markers in the various groups (Mean = SD).

Marker (Unit) Group 1 Group 2 Group 3 Group 4 p-value n?
IL-6 (pg/mL) 32+08 6.8 £1.2% 7.4 +1.5% 12.6 £2.1*7% <0.001 0.48
IL-10 (pg/mL) 18.4+3.2 12.6 £2.8* 11.8+2.4* 7.2 +£1.9%t% <0.001 0.42
TNF-a (pg/mL) 41+£1.1 83+ 1.8* 9.2+2.1% 15.8 £2.6*11 <0.001 0.51
IFN-y (pg/mL) 5.6t1.4 9.8 £2.2% 10.4 £2.3* 17.2 £3.1*7% <0.001 0.46
PB-NK cells (%) 142 +2.8 10.8 £2.4* 9.6+2.1% 6.4+ 1.6%t1 0.003 0.28

* p<0.05 vs. Group 1; T p<0.05 vs. Group 2; { p<0.05 vs. Group 3 (Duncan post-hoc test). IL-6=interleukin-6; IL-10=interleukin-10; TNF-o=tumor necrosis
factor-alpha; I[FN-y=interferon-gamma; PB-NK=peripheral blood natural killer cells; n*=eta-squared.

Table 3 displays the parameters of oxidative stress and hormones. MDA was highest in Group 4 (6.2+1.2
nmol/mL; p<0.001, n?=0.52), while SOD (18.6+4.2 U/mL) and GSH (312+64 pumol/L) were lowest in this group
(p<0.001 for both). The antioxidant depletion profile is consistent with inhibited activation of Nrf2 by HPV
oncoproteins E6/E7 [8] which prevents activation of Nrf2 and down regulates the expression levels of antioxidant
genes, making the cells susceptible to oxidative damage. Progesterone was significantly lower in Group 4 (6.4+1.4
ng/mL) in comparison to controls (14.842.4 ng/mL; p<0.001, n?>=0.41), consistent with the ROS-induced decrease
in 3B-hydroxysteroid dehydrogenase (33-HSD) activity [9]. Estradiol was also significantly decreased in Group 4
(102£21 pg/mL; p=0.002, n*=0.22) but the effect size was moderate, suggesting that estrogen level is less affected
than progesterone level. This group had significantly thinner endometria (5.6+0.8 mm; p<0.001, n*=0.43). The
miscarriage rate in Group 4 was 73.3% vs. 46.7% in Group 3 (no miscarriages in Groups 1 and 2).

Table 3. Hormone level, oxidative stress and pregnancy outcomes in the groups (Mean £ SD).

Parameter (Unit) Group 1 Group 2 Group 3 Group 4 p-value n?
MDA (nmol/mL) 1.8+£04 34+£07%  3.8+0.8% 62+1.2%] <0.001 0.52
SOD (U/mL) 48.6 +6.2 324+£58% 298=+£54*% 18.6+4.2*%Ff <0.001 0.47
GSH (umol/L) 892 + 124 623 +98* 584 +87* 312+ 64*f] <0.001 0.44
Progesterone (ng/mL.) 148+2.4 102+2.1* 9.6£1.8*% 64+14*%% <0.001 0.41
Estradiol (pg/mL) 186 +32 148 £31*% 142 +£29* 102+ 21*}% 0.002 0.22
Endometrial Thickness (mm) 9.8+1.2 74+1.1*  7.1£09* 56+08*F% <0.001 0.43
Miscarriage Rate (%) 0 0 46.7 73.3*%t1 <0.001 —

* p<0.05 vs. Group 1; T p<0.05 vs. Group 2; § p<0.05 vs. Group 3. MDA=malondialdehyde; SOD=superoxide dismutase; GSH=glutathione; n>=eta-squared.

Correlation matrix for Group 4 is shown in Table 4. IL-6 was positively correlated with TNF-o (r=+0.72,
p=0.001) and negatively correlated with progesterone (r=—0.68, p=0.002), supporting the notion of inflammatory
co-amplification and its link to progesterone suppression. TNF-a showed a positive correlation with MDA (r=+0.74,
p=0.001) and MDA was strongly inversely correlated with SOD (r=—0.79, p<0.001). IL-10 was inversely correlated
with rate of miscarriage (r=—0.65, p=0.003) and progesterone was positively correlated with endometrial thickness
(r=+0.71, p=0.001). Interestingly, IL-6 and IFN-y had lower and non-significant correlations with PB-NK cells

(r=—0.38, p=0.087) and GSH (r=—0.29, p=0.128), respectively, reflecting the complexities of these interactions in
a relatively small sample size.
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Table 4. Correlation matrix for main parameters in Group 4 (HPV positive with adverse outcomes).

Variable 1 Variable 2 r value Direction p-value
IL-6 TNF-a +0.72 Positive 0.001
IL-6 Progesterone —0.68 Negative 0.002
TNF-a MDA +0.74 Positive 0.001
MDA SOD -0.79 Negative <0.001
IL-10 Miscarriage Rate —-0.65 Negative 0.003
Progesterone Endometrial Thickness +0.71 Positive 0.001
IL-6 PB-NK cells (%) —0.38 Negative 0.087 (NS)
IFN-y GSH —-0.29 Negative 0.128 (NS)

Significant correlations: Pearson or Spearman rho as appropriate. NS = non-significant. Grey italic values indicate p>0.05.

Binary logistic regression analysis was done to determine independent predictors of adverse pregnancy
outcomes which were Groups 3 and 4 combined versus Groups 1 and 2. Some biomarkers were found to be
significantly associated with the outcome, after the possible confounding factors such as age and body mass index
(BMI) were removed. Inflammatory and oxidative stress markers became robust and independent positive
predictors. Specifically, malondialdehyde (MDA) showed the highest predictive value (OR = 3.06, 95% CI: 1.68—
5.58, p <0.001), followed by tumor necrosis factor-alpha (TNF-a) (OR =2.12, 95% CI: 1.41-3.18, p = 0.001) and
interleukin-6 (IL-6) (OR = 1.84, 95% CI: 1.23-2.76, p = 0.003). Conversely, there were a number of variables that
were found to be independent protective factors. Higher progesterone levels (OR = 0.61, 95% CI: 0.42—-0.89, p =
0.009), peripheral blood natural killer (PB-NK) cell percentage (OR = 0.74, 95% CI: 0.58-0.94, p = 0.014), and
endometrial thickness (OR = 0.52, 95% CI: 0.34-0.79, p = 0.002) were all significantly associated with reduced
odds of adverse outcomes. In general, the regression equation performed well, with a suitable calibration
(HosmerLemeshow test = 0.412), a high amount of explanatory power (Nagelkerke R 2 = 0.68), and the overall
proportion of accurate classification of 81.7%.

Table 5. Binary logistic regression model that presents independent predictors of poor pregnancy outcomes.

Predictor Variable B Coefficient OR 95% CI p-value
IL-6 (pg/mL) +0.612 1.84 1.23-2.76 0.003
TNF-a (pg/mL) +0.751 2.12 1.41-3.18 0.001
MDA (nmol/mL) +1.118 3.06 1.68-5.58 <0.001
Progesterone (ng/mL) —0.494 0.61 0.42-0.89 0.009
PB-NK cells (%) —0.301 0.74 0.58-0.94 0.014
Endometrial Thickness (mm) —0.654 0.52 0.34-0.79 0.002

Outcome variable: adverse pregnancy outcome (yes=1). Model adjusted for age and BMI. OR = odds ratio; CI = confidence interval; Nagelkerke R? = 0.68;
Hosmer-Lemeshow p = 0.412; Overall accuracy = 81.7%.

Table 6 presents the ROC curve analysis for the strongest predictive biomarkers. MDA demonstrated the
highest single-marker diagnostic performance (AUC=0.891, 95% CI: 0.826—0.956), with an optimal cutoff of >4.2
nmol/mL yielding 83.3% sensitivity and 88.3% specificity. TNF-a (AUC=0.863) and IL-6 (AUC=0.847) also
showed strong discriminatory capacity. The combined biomarker model achieved an AUC 0f0.934 (95% CI: 0.882—
0.986) with 88.3% sensitivity and 90.0% specificity, representing a significant improvement over individual
markers in distinguishing women at high risk of adverse pregnancy outcomes.

Figure 1 presents a schematic diagram of the suggested mechanistic pathway between HPV infection and
adverse pregnancy outcomes to interconnect the immunological, oxidative stress, and hormonal changes found in
the current research. After infection with HPV genotypes that are considered as high-risk, the viral oncoprotein E6
and E7 are also believed to trigger inflammatory signaling pathways, especially NF- - B, which result in the up-
regulation of pro-inflammatory cytokines (IL-6, TNF- -, and IFN- -) and a concomitant down-regulation of Such a
change favors a Th1-based immune reaction and defective maternal immune tolerance. At the same time, cellular
stress associated with HPV is also connected with the blockage of the Nrf2 antioxidant system that leads to the
increased levels of lipid peroxidation (MDA) and loss of the main antioxidant defense (SOD and GSH).
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Table 6. ROC curve analysis: diagnostic performance of selected biomarkers for adverse pregnancy outcomes.

Biomarker AUC 95% CI Cutoff Sens. (%)  Spec. (%) p-value
IL-6 (pg/mL) 0.847 >0.771-0.923 >8.4 pg/mL 78.3 86.7 <0.001
TNF-a (pg/mL) 0.863 0.792-0.934 >10.6 pg/mL 81.7 83.3 <0.001
MDA (nmol/mL) 0.891 0.826-0.956 >4.2 nmol/mL 83.3 88.3 <0.001
Progesterone (ng/mL) 0.824 0.744-0.904 <8.8 ng/mL 76.7 80.0 <0.001
Combined Model 0.934 0.882-0.986 — 88.3 90.0 <0.001

AUC = area under the curve; Sens. = sensitivity; Spec. = specificity. Combined model incorporates MDA + TNF-o + IL-6 + progesterone. All AUCs
significantly different from 0.5 (p<0.001).

This oxidative imbalance plays a role in dysfunction of the cells in the reproductive environment.
Simultaneously, viral action and oxidative stress are linked to the suppression of steroidogenic enzymes (especially
3-hydroxysteroid dehydrogenase (3-HSD)) that cause the decreased levels of progesterone and estradiol. Such
hormonal imbalances affect the development and functioning of the endometrion. All these mechanisms combined
result in a decrease of endometrial receptivity, which is identified as a reduction in endometrial thickness, defective
decidualization, and poor trophoblast invasion. The net result of such changes is the ultimate manifestation of
negative pregnancy outcomes such as miscarriage, implantation failure and fetal growth retardation.

HPV Infection
(High-Risk Genotypes: 16, 18, Others)

4[ Viral Oncoproteins E6 / E7
@
v

s N

NF-kB Activation Nrf2 Pathway Suppression
tIL-6 t TNF-a t IFN-y t MDA (Lipid Peroxidation) ‘ A

LIL-10 4 NK Cells 1 SOD | GSH —
OH
ﬁ ._\ Th1 Immune Polarization 3B-HSD Enzyme Inhibition
' (9) Impaired Maternal Tolerance VProgesterche. 3 Estradiol
[ ]

Impaired Endometrial Receptivity
} Endometrial Thickness | Decidualization | Trophoblast Invasion
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Miscarriage | Implantation Failure | Fetal Growth Restriction

Figure 1. Proposed physiological pathway linking HPV infection to adverse pregnancy outcomes
via immunological dysregulation, oxidative stress, and hormonal insufficiency.

NF-xB: Nuclear factor kappa B; IL: Interleukin; TNF-a: Tumor necrosis factor-alpha; IFN-y: Interferon-gamma; NK: Natural killer; Th1: T helper 1;
Nrf2: Nuclear factor erythroid 2-related factor 2; MDA: shyde: SOD: GSH: Glutathione; 3B-HSD: 3p-Hydroxysteroid dehydrogenase
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4. DISCUSSION

This current research study has shown that HPV infection, coupled with adverse pregnancy outcome is
correlated with the most radical systemic immunological and oxidative disruption to be seen among the groups of
the research study. Group 4 was characterized by a clear pro-inflammatory profile of high IL-6, TNF-al, IFN-g, low
IL-10 and PB-NK cells, high oxidative stress and hormonal inadequacy. These logistic regression and ROC analyses
further determined that MDA, TNF- and IL-6 are independent and diagnostically useful markers of adverse
pregnancy outcomes that give clinical translational importance, as opposed to descriptive group comparisons.
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The significant increase in IL-6 in HPV-positive women in adverse outcome is consistent with the results of Chen
et al. [2] who found an increased endometrial IL-6 in HPV-seropositive women with recurrent implantation failure.
Oncoproteins E6 and E7 of HPV cause NF-/B signaling by degrading tumor suppressor p53 and retinoblastoma
protein (pRb), and result in persistent transcriptional stimulation of pro-inflammatory cytokines [7]. This correlates
with the cytokine network model that is suggested by Fichorova and Anderson [4]. The simultaneous TNF-a
increase (15.8+2.6 pg/mL in Group 4) is in line with the data of Martinez-Perez et al. [3], which found TNF-a as an
independent predictor of spontaneous abortion in HPV-infected cohorts, which is also supported by the current
logistic regression outcomes (OR=2.12, p=0.

Remarkably, PB-NK cell depletion in Group 4 was moderately, but non-significantly correlated with IL-6

(r=—0.38, p=0.087). This less-than-optimal association could be due to the indirectness of the relationship between
peripheral blood NK proportions and the endometrial NK cell milieu because the PB-NK cells and uterine NK cells
are functionally different subpopulations [11]. This observation supports the explanation that the PB-NK cell assays
are a systemic proxy, and not a direct measure of endometrial immune competence, and future research that includes
uterine NK cell characterization via endometrial biopsy would offer more mechanistic clarity [17].
The presence of the oxidative stress profile with the highest level of MDA and lowest level of SOD and GSH in
Group 4 is a support of the hypothesis of Nrf2 pathway inhibition by HPV oncoproteins. The most powerful
diagnostic marker (AUC=0.891, cutoff >4.2 nmol/mL) was MDA which suggests the possibility of lipid
peroxidation being a highly sensitive systemic marker of HPV-related reproductive vulnerability. These results
build on those of Liu et al. [18], who have found that in HPV -positive women, greater systemic oxidative alterations
in the cervical region correlate with unfavorable gestational outcomes, and have diagnostic value independent of
other factors.

Group 4 (6.4+1.4 ng/mL) progesterone deficiency has direct clinical consequences of supporting luteal
phase, and the ROS-mediated inhibition of 3B-HSD is likely to be one of the underlying processes [9]. This
hormonal insufficiency or lack of hormones is an independent risk modifier in logistic regression (OR=0.61,
p=0.009), which is not dependent on cytokine or oxidative markers. Surprisingly, the moderate effect size of
estradiol decrease (n 2 = 0.22) compared with the large effect sizes of progesterone ( 2 = 0.41 ) indicating that the
two steroidogenic pathways may be sensitive in different ways to HPV -related oxidative damage. The existence of
this differential vulnerability is a topic that should be investigated. Among the surprises was that there were no
statistically significant differences in a number of immunological parameters, between Group 2 (HPV-positive
without complications) and Group 3 (adverse outcomes, HPV-negative). This implies that there is pathological
transition dependent on a threshold of HPV infection and adverse-outcome-associated immune activation in which
neither one alone causes any disruption to reproduce the combined phenotype of Group 4. This finding is in line
with the results of Al-Rubaye et al. [20] who found that threshold-related oxidative damage in Iraqi women with
repeated miscarriage and this observation provides biological plausibility to the combined HPV-immune
vulnerability model.

The originality of the given study is that it combines immunological, oxidative, hormonal, and clinical
outcome measures with multivariate and ROC analyses in an Iraqi cohort of reproductive age individuals, which,
to our best knowledge, is the first study to simultaneously perform biomarker profiling of such a population with
these tools. There are a number of limitations which should be mentioned. The cross-sectional study does not allow
making causal inferences; the observed associations should be viewed with skepticism. The status of NK in the
uterus is not directly involved with the measurement of PB-NK cells. Genotype-specific immune responses were
not looked in to, although HPV 16 and 18 have been shown to stimulate inflammatory responses differently [22].
The confounders such as the vitamin D status, stress biomarkers, and subclinical infections were controlled partially
by use of exclusion criteria but not quantified. Mechanistic inferences would be greatly reinforced by future
longitudinal research involving endometrial biopsy and stratifying the HPV genotype.

5. CONCLUSION

The systemic immunological dysregulation, oxidative stress and hormonal insufficiency are all
characteristic of the HPV-positive women with poor pregnancy outcomes. Independent predictors of adverse
outcomes were found to be MDA, TNF-alpha and IL-6 and a biomarker panel combined with these three factors
had an AUC of 0.934. These results provide a clinically practicable paradigm: combination of HPV screening with
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the measurement of MDA, TNF-alpha, and progesterone levels during a preconception assessment can facilitate the
earlier detection of women at the high risk of pregnancy failure and be used to implement specific interventions
like antioxidant supplementation and luteal phase support.
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