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Abstract

Background: Preterm birth (PTB) remains the leading cause of neonatal morbidity and
mortality worldwide, with approximately two-thirds of cases occurring spontaneously
(SPTB), but the etiology is still poorly understood. Chronic inflammatory diseases, such as
periodontitis (PD), have been considered SPTB risk factors. However, we hypothesized that
SPTB may instead represent a clinical manifestation of a broader genetic predisposition
to dysregulated inflammation. Using PD as a model of chronic inflammation, we exam-
ined shared genetic susceptibility. Methods: In a case—control study (N = 126 Portuguese
postpartum women), we screened 56 SNPs in 36 inflammation-related genes. Four func-
tionally plausible variants (IL1RN rs4251961, TLR1 rs5743618, IL6 rs2069827, and IL6R
rs4845617) were selected for detailed regression, adjusting for gestational age, floss usage,
and an SPTBxPD interaction term. Results: ILIRN rs4251961 was recessively associated
with SPTB risk, consistent with reduced IL-1RA expression linked to this variant. IL6R
rs4845617 showed a modest protective effect. TLR1 rs5743618 exhibited the strongest asso-
ciation with the composite “inflammation” phenotype under multiple models, with CC
homozygotes showing four-fold increased odds, independent of SPTB/PD co-occurrence.
Conclusions: This study provides original evidence that shared genetic variants in inflam-
matory pathways—particularly TLR1 rs5743618—may underlie susceptibility to SPTB and
PD. Our findings suggest a paradigm shift, viewing SPTB as a possible outcome of systemic
inflammatory dysregulation rather than merely a consequence of comorbid inflammatory
conditions. Future studies should validate this marker in larger cohorts.

Keywords: spontaneous preterm birth; inflammation; periodontitis; genetic polymorphism;
TLR1; IL1RN; IL6; IL6R; case—control study

1. Introduction

Preterm birth (PTB) remains the leading cause of neonatal mortality and morbidity
worldwide [1,2]. Although multiple risk factors have been proposed—including inflamma-
tory diseases, maternal comorbidities, and socioeconomic characteristics, among others—its
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underlying causes are poorly understood. About two-thirds of the cases are spontaneous
(SPTB), and the vast majority are idiopathic [3,4]. SPTB is a multifactorial condition result-
ing from a complex interplay of genetic, environmental, social, and behavioral factors [5],
with a substantial contribution from genetic pathways involved in inflammation and im-
mune regulation. Among the many chronic inflammatory conditions considered risk factors
for SPTB, periodontitis (PD) has received considerable attention. PD is the second most
prevalent oral disease [6], contributes to systemic health issues [7], and is also modulated
by genetic predisposition [8]. Although several reviews and meta-analyses have examined
the SPTB-PD relationship, findings remain inconsistent—with some reporting significant
associations [9-11], others only modest links [12-14], and still others finding no evidence of
interconnection [15-17]. A similar pattern emerges in the evaluation of PD treatment as a
preventive strategy for PTB: while some reviews suggest a risk reduction [10,18,19], others
report insufficient or inconclusive evidence [9,15,16,20,21]. These conflicting data, together
with studies challenging the most acceptable direct-translocation hypothesis [10,17,22] and
evidence that pregnancy-related periodontal changes are influenced by hormonal and host-
specific factors [11,13,23], have led to the proposal of a bidirectional or shared-mechanism
model linking SPTB and PD [24]—a model that, to date, remains inconclusive. Given that
both conditions have a strong genetic component and are associated with dysregulated
inflammatory responses, it is plausible that a shared genetic predisposition to inflammation
may underlie individual susceptibility to both conditions. The manifestation of one or
the other may then depend on environmental influences and additional host-modifying
factors. Indeed, several genes involved in innate immunity and cytokine regulation have
been independently associated with either SPTB or PD. However, many of these associa-
tions are inconsistent across studies and highly context-dependent, varying by population
ancestry, sex, and study design. Importantly, no study has investigated whether these
associations with SPTB and PD are present within the same cohort, limiting the assessment
of a potentially shared genetic architecture.

A major gap in the literature is the scarcity of original studies examining common
genetic risk factors for SPTB and PD. Most available evidence derives from reviews or
meta-analyses that often rely on overlapping datasets, potentially introducing bias and
limiting insight into shared biological mechanisms. This issue has been highlighted in
recent studies that emphasize the need for caution when interpreting systematic reviews
on this topic due to data redundancy [19,25]. Targeted genetic association studies focused
on candidate inflammation-related genes are, therefore, essential. By enabling well-defined
phenotypes and confounder control, these studies provide valuable early insight into the
uncovering of shared susceptibility markers in multifactorial diseases like SPTB.

The present study aims to investigate the hypothesis that a shared proinflammatory
genetic profile may contribute to susceptibility to both SPTB and PD. We examined se-
lected single nucleotide polymorphisms (SNPs) in genes previously implicated in immune
regulation and inflammation, using SPTB as the primary outcome and PD as a model
of chronic inflammatory disease. Specifically, we analyzed four SNPs—TLR1 rs5743618,
IL1RN rs4251961, and IL6R rs4845617—selected based on their biological plausibility and
association with inflammation in prior exploratory analysis. By adopting a candidate gene
approach and focusing on functionally relevant inflammatory variants, this study provides
original data in a largely understudied field. It offers a new perspective on the pathogenesis
of SPTB.
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2. Materials and Methods
2.1. Study Design

A case—control study was conducted involving postpartum women recruited from
the Puerperium Unit of the Gynecology and Obstetrics Service at Hospital Garcia de Orta
(HGO), Portugal, between March 2020 and February 2023. The study was approved by the
HGO ethics committee (56/2019), and all participants provided written informed consent.
Each participant completed a structured questionnaire assessing sociodemographic and
lifestyle variables (e.g., education level, occupation status, smoking, and oral hygiene
habits). All procedures were conducted in accordance with the Declaration of Helsinki.

To test the hypothesis of a shared genetic predisposition to inflammation underlying
susceptibility to both SPTB or PD, a composite phenotype (“inflammation”) was defined as
the presence of either or both conditions. Analyses focused on identifying genetic variants
associated with this general inflammatory susceptibility.

2.2. Study Population

The sample included 126 postpartum women: 59 with at least one inflammatory con-
dition (SPTB and/or PD) and 67 controls with no diagnosis of these or other inflammatory
conditions. Table 1 presents the distribution of participants by group and clinical condition.
Due to occasional missing data (i.e., SNP genotypes or covariates), the sample size varied
slightly between analyses; the final sample size is reported in each results table.

Table 1. Distribution of participants by group and condition.

Group N SPTB PD Both Conditions
Inflammation 59 211 26 12
Control 67 0 0 0

N, number of subjects; PD, periodontitis; SPTB, spontaneous preterm birth; ! partial missing data in PD diagnosis
for 10 SPTB cases.

Clinical diagnosis and blood sample collection were carried out up to 72 h postpar-
tum. SPTB was defined as delivery before 37 completed weeks of gestation following
spontaneous labor. Exclusion criteria included multiple pregnancies, preeclampsia, congen-
ital anomalies, and medically indicated PTB. Women with preterm premature rupture of
membranes—PPROM—were eligible only if they delivered spontaneously before 37 weeks.
PD diagnosis was based on a full-mouth clinical examination. All fully erupted teeth,
except for the third molars, dental implants, and retained roots, were evaluated using a
manual periodontal North Carolina probe (Hu-Friedy, Chicago, IL, USA). The number of
missing teeth, plaque index, gingival recession, periodontal probing depth, and bleeding
on probing were recorded at six sites per tooth, and the clinical attachment level was
calculated. Furcation involvement was assessed using a 2N probe (Hu-Friedy; Chicago,
IL, USA) in molars and upper first premolars. PD cases were defined according to the
American Association of Periodontology consensus. Following the exam, a 2 mL EDTA
blood sample was collected, anonymized, and stored at 4 °C (for a maximum of 1 day)
until DNA extraction.

Potential confounding factors (e.g., smoking status, oral hygiene habits, education
level, and other sociodemographic variables) were evaluated, and those showing significant
effects—gestational age and dental floss use—were included as covariates in the logistic
regression analyses.
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2.3. Variant Selection and Genotyping

The initial selection of SNPs was based on an integrative review conducted by our
group, which mapped inflammation-related variants potentially involved in SPTB suscepti-
bility [26]. To support the hypothesis of a shared genetic predisposition to inflammation,
the panel was expanded to include variants previously associated with PD and other
chronic inflammatory or autoimmune conditions. In addition, the STRING database was
used to identify additional candidate variants based on protein—protein interaction net-
works involving known inflammatory-related genes previously associated with SPTB or
PD. This approach enabled the inclusion of SNPs that were not highlighted in the ini-
tial literature search. In total, 73 SNPs in 36 genes were genotyped using iPLEX Gold
technology (Agena Bioscience). In addition to inflammation-related variants, the 73-SNP
panel included polymorphisms in genes involved in other biological pathways potentially
relevant to both SPTB and PD, such as tissue remodeling (MMPs, TIMPs), immune activa-
tion (TLR4, IFNG), and growth and angiogenic regulation (VEGFA, TGFB1, IGF1, IGFIR).
This broader approach allowed us to capture multiple mechanisms that may underlie the
shared susceptibility between these conditions. SNPs were excluded if they deviated from
the Hardy—Weinberg equilibrium (p < 0.05) in controls or had a minor allele frequency
(MAF) < 5%, using PLINK v1.9. Preliminary screening using chi-square and Fisher’s exact
tests in PLINK was performed to explore the potential contribution of the 73-SNP panel to
inflammatory susceptibility. Based on these results and biological plausibility, four SNPs—
IL1RN rs4251961, TLR1 rs5743618, IL6 rs2069827, and IL6R rs4845617—were selected for
detailed analysis.

2.4. Statistical Analysis

Descriptive statistics and group comparisons for sociodemographic and lifestyle
variables were performed using R (v4.2.1). Categorical variables were analyzed using
the chi-square or Fisher’s exact test, and continuous variables using the Student’s t-test.
Genetic association analyses were conducted using SPSS (v29.0) via logistic regression, with
the inflammation phenotype as the outcome. Initial models estimated raw odds ratios (ORs)
under the codominant model. Subsequently, chi-square tests were performed to identify
which sociodemographic and lifestyle variables acted as potential confounders in the
association between SNPs and the inflammation phenotype. Variables showing significant
associations were considered true confounders and included as covariates in the adjusted
logistic regression models. Multiple testing corrections using the Bonferroni, Benjamini—
Hochberg, and Benjamini—Yekutieli methods were applied in significant associations.

Additionally, the observed statistical power and the sample size required to achieve
80% power were calculated using G*Power (v3.1.9.6). Additive, dominant, and recessive
inheritance models were also explored. Finally, to evaluate whether genetic associations per-
sisted independently of the co-occurrence of SPTB and PD, an interaction term (SPTBxPD)
was computed and included as a covariate in a secondary adjusted model. This approach
aimed to isolate variants related to the broader inflammatory phenotype, regardless of the
most severe clinical expression (i.e., women affected by both conditions).

3. Results
3.1. Demographic and Lifestyle Information of the Control Group and the Inflammation Group

Table 2 presents the demographic and lifestyle data of women in the inflammation
group and the control group. The study included 67 controls, aged 31.5 £ 5.53 years, and
59 patients with inflammation, aged 30.9 & 6.02 years. There were no significant differ-
ences in the age parameter between the two groups (p > 0.05). In addition, no significant
differences were observed between groups for ancestry, education level, occupation status,
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marital status, number of children, smoking habits, or dietary patterns. Gestational age at
delivery was significantly lower in the inflammation group compared to control (p < 0.001),
and floss usage also differed significantly between groups (p = 0.02).

Table 2. Demographic and lifestyle characteristics of patients with PD and healthy controls.

Control Inflammation

(N = 67) (N = 59) p-Value
Age
Mean (SD) 31.5 (5.53) 30.9 (6.02) 0.579
Median [Min, Max] 32.0[19.0,43.0] 31.0[18.0,43.0]
European Ancestry
No 11 (16.4%) 7 (11.9%) 0.611
Yes 56 (83.6%) 52 (88.1%)
Education Level
Less than secondary graduation 11 (16.4%) 12 (20.3%) 0.533
Secondary graduation 28 (41.8%) 28 (47.5%)
Higher education 28 (41.8%) 19 (32.2%)
Occupation Status
Unemployed 18 (26.9%) 13 (22.0%) 0.649
Student 1 (1.5%) 2 (3.4%)
Employed 48 (71.6%) 44 (74.6%)
Occupation
No income 12 (17.9%) 7 (11.9%) 0.135
Low income 31 (46.3%) 38 (64.4%)
High income 24 (35.8%) 14 (23.7%)
Marital Status
Unpartnered 25 (37.3%) 29 (49.2%) 0.381
Cohabiting 20 (29.9%) 16 (27.1%)
Married 22 (32.8%) 14 (23.7%)
Gestational Age
<28 0 (0%) 5 (8.5%) <0.001 *
28-31 0 (0%) 6 (10.2%)
32-36 0 (0%) 21 (35.6%)
>37 67 (100%) 27 (45.8%)
Previous PTB
No 63 (94.0%) 52 (88.1%) 0.345
Yes 4 (6.0%) 7 (11.9%)
Smoker
No 61 (91.0%) 47 (79.7%) 0.122
Yes 6 (9.0%) 11 (18.6%)
Missing 0 (0%) 1(1.7%)
Ex-smoker
No 51 (76.1%) 36 (61.0%) 0.119
Yes 16 (23.9%) 22 (37.3%)
Missing 0 (0%) 1(1.7%)
Daily Tooth Brushing Frequency
Once 7 (10.4%) 8 (13.6%) 0.798
Twice 44 (65.7%) 38 (64.4%)
Three or more 16 (23.9%) 12 (20.3%)
Missing 0 (0%) 1 (1.7%)
Floss Usage
Never 15 (22.4%) 19 (32.2%) 0.018 *
Occasionally 2 (3.0%) 8 (13.6%)
One to three times a week 23 (34.3%) 9 (15.3%)
Everyday 27 (40.3%) 22 (37.3%)

Missing 0 (0%) 1(1.7%)
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Control Inflammation Val
(N =67) (N = 59) prvatue
Dairy Consumption
Once a week 1 (1.5%) 4 (6.8%) 0.513
Once a day 18 (26.9%) 13 (22.0%)
Twice a day 34 (50.7%) 29 (49.2%)
Three times a day 14 (20.9%) 13 (22.0%)
Cereals Consumption
Occasionally 2 (3.0%) 3(5.1%) 0.107
Once a week 7 (10.4%) 0 (0%)
Once a day 25 (37.3%) 22 (37.3%)
Twice a day 23 (34.3%) 25 (42.4%)
Three or more times a day 10 (14.9%) 9 (15.3%)
Other Autoimmune/Chronic
Inflammatory Diseases
No 61 (91.0%) 52 (88.1%) 1
Yes 6 (9.0%) 6 (10.2%)
Missing 0 (0%) 1(1.7%)
Family History of Chronic
Diseases—First Degree Relatives
No 47 (70.1%) 44 (74.6%) 0.691
Yes 20 (29.9%) 15 (25.4%)
Early Childhood Feeding
Unknown 3 (4.5%) 5 (8.5%) 0.692
Formula-fed 12 (17.9%) 11 (18.6%)
Breast feeding 52 (77.6%) 43 (72.9%)

N, number of subjects; SD, standard deviation. * Parameter with statistically significant difference between control
and PTB groups (p < 0.05).

3.2. Variant Filtering and Selection

After genotyping, quality control was performed in PLINK: one SNP was excluded
due to genotype failure; three additional SNPs were excluded for deviating from the Hardy-
Weinberg equilibrium (HWE) (p < 0.05) in controls, and 13 variants were excluded due to
an MAF below 5%. From the initial panel, 56 SNPs remained for analysis. A preliminary
analysis of these 56 SNPs was performed using PLINK to screen for nominal associations
(p < 0.05) with the inflammation phenotype. Association test outputs are presented in the
Supplementary Materials (Supplementary Table S1). Based on these results and biological
plausibility, four candidate SNPs—ILIRN rs4251961, TLR1 rs5743618, IL6 rs2069827, and
IL6R rs4845617—were selected for further analysis.

3.3. Genotype Distribution in Inflammation Group and Controls

Genotype distributions and association results under the codominant model for ILIRN
rs4251961, TLR1 rs5743618, IL6 rs2069827, and IL6R rs4845617 are presented below. Table 3
shows the unadjusted logistic regression results, while Table 4 presents the analyses ad-
justed for gestational age and floss usage, identified as confounding variables through
preliminary chi-square analyses of crosstabulations. Secondary exploration analyses un-
der additive, dominant, and recessive inheritance models were also performed and are
summarized in Table 5.
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Table 3. Genotype distributions and logistic regression results for ILIRN rs4251961, TLR1 rs5743618,
IL6 152069827, and IL6R rs4845617 in women with inflammation and controls. Only p-values < 0.05

were considered for multiple testing correction and power estimation.

Control Inflammation . A Samvle Size
SNP Genotype N (%) N (%) OR 9% Cl p-Value p-Value 80%pP0wer
I1RN 1T 31 (45.0) 21 (36.2) 1 (ref)
TC 29 (43.9) 24 (41.4) 1.20 0.50-2.85 0.688
154251961 cC 6(9.0) 13 (22.4) 3.38 099-11.5  0.051!
TLR1 rs5743618 AA 29 (43.9) 20 (34.5) 1 (ref)
AC 29 (43.9) 18 (31.0) 0.84 0.34-2.04 0.693
0.144(B),
0.0721
CcC 8(12.1) 20 (34.5) 3.65 1.24-10.7 0.018 (BH), 180
0.196(BY)
116 152069827 GG 54 (81.8) 55 (94.8) 1 (ref)
GT 11 (16.7) 3(5.2) 0.28 0.07-1.17 0.0811
1T 1(1.5) 0(0.0) NA NA
116R rs4845617 GG 21 (31.8) 27 (46.6) 1 (ref)
GA 34 (51.5) 29 (50.0) 0.66 0.29-1.50 0.323
0.12(B),
0.0721
AA 11 (16.7) 2(3.4) 0.12 0.02-0.66 0.015 (BH), 260
0.326(BY)
Note: N = 124 women (58 with inflammation, 66 controls) included in this analysis after excluding two cases with
missing genotype data. B, Bonferroni correction; BH, Benjamini-Hochberg correction; BY, Benjamini-Yekutieli
correction; CI, confidence interval; N, number of subjects; OR, odds ratio; ref, reference genotype; SNP, single
nucleotide polymorphism; 2 adjusted p-value; ! association at the borderline lack of statistical significance
(0.05 < p < 0.1); the p-value in bold indicates statistical significance.
Table 4. Genotype distributions and logistic regression results for the association between ILIRN
rs4251961, TLR1 rs5743618, IL6 rs2069827, and IL6R rs4845617 with inflammation, adjusted for
confounding factors. Only p-values < 0.05 were considered for multiple testing correction and
power estimation.
Control Inflammation .
SNP Genotype N C) N aOR 95% CI p-Value p-Value
TT 31 (45.0) 20 (35.1) 1 (ref)
IITRN rs4251961 TC 29 (43.9) 24 (42.1) 1.45 0.44-4.78 0.542
0.20(B),
CC 6 (9.0 13 (22.8) 5.53 1.24-24.74 0.025 0.196(BH),
0.679(BY)
TLR1 rs5743618 AA 29 (43.9) 20 (35.1) 1 (ref)
AC 29 (43.9) 18 (31.6) 1.21 0.37-3.99 0.751
0.392(B),
CC 8 (12.1) 19 (33.3) 4.09 1.00-16.69 0.049 0.196(BH),
0.666(BY)
116 152069827 GG 54 (81.8) 54 (94.7) 1 (ref)
GT 11 (16.7) 3(5.3) 0.23 0.02-2.11 0.192
TT 1(1.5) 0 (0.0) NA NA NA
TI6R 154845617 GG 21 (31.8) 26 (45.6) 1 (ref)
GA 34 (51.5) 29 (50.9) 141 0.46-4.34 0.550
AA 11 (16.7) 2 (3.5) 0.20 0.02-1.97 0.167

Note: N = 123 women (57 with inflammation, 66 controls) included in this analysis after excluding cases with
missing data (two genotypes; one covariate). aOR, odds ratio adjusted for gestational age and floss usage;
B, Bonferroni correction; BH, Benjamini-Hochberg correction; BY, Benjamini-Yekutieli correction; CI, confidence
interval; N, number of subjects; ref, reference genotype; SNP, single nucleotide polymorphism; * adjusted p-value;
the p-value in bold indicates statistical significance.
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Table 5. Exploratory analysis of genetic associations in women with inflammation and controls under
additive, dominant, and recessive models, adjusted for confounding factors. Only p-values < 0.05
were considered for multiple testing correction.

SNP Model aOR 95% CI p-Value p-Value ?
Additive 2.02 0.99-4.10 0.053 1
IITRN rs4251961 Dominant 2.32 0.81-6.62 0.118
Recessive 5.09 1.33-19.52 0.018 0.216(B), 0.108(BH), 0.503(BY)
TLR1 rs5743618 Additive 1.82 0.94-3.52 0.0741
Dominant 1.47 0.53-4.13 0.463
Recessive 4.45 1.36-14.58 0.014 0.168(B), 0.108(BH), 0.782(BY)
116 rs2069827 Additive 0.20 0.02-1.66 0.135
Dominant 0.17 0.02-1.43 0.104
Recessive NA NA NA
II6R rs4845617 Additive 0.71 0.33-1.55 0.390
Dominant 1.09 0.38-3.09 0.878
Recessive 0.17 0.02-1.48 0.107

Note: N = 123 women (57 with inflammation, 66 controls) included in this analysis after excluding cases with
missing data (two genotypes; one covariate). aOR, odds ratio adjusted for gestational age and floss usage;
B, Bonferroni correction; BH, Benjamini-Hochberg correction; BY, Benjamini-Yekutieli correction; CI, confidence
interval; SNP, single nucleotide polymorphism; ® adjusted p-value; 1 association at the borderline lack of statistical
significance (0.05 < p < 0.1); the p-value in bold indicates statistical significance.

Logistic regression results without adjustments for confounders (Table 3) showed
that the TLR1 rs5743618/CC genotype was significantly associated with higher odds of
inflammation compared to the AA reference group (OR = 3.65, 95% CI 1.24-10.7, p = 0.018).
For IL6R rs4845617, the AA genotype was associated with reduced odds of inflammation
(OR =0.12, 95% CI 0.02-0.66, p = 0.015). Although neither association remained statistically
significant after correction for multiple comparisons, the BH-adjusted p-value was below
0.1, showing a strong suggestion for this association. Therefore, a sample size estimation
was performed for exploratory purposes, indicating that 260 participants would be required
to confirm this finding with 80% power. The ILIRN rs4251961/CC genotype showed an
association with higher odds of inflammation (OR = 3.38, 95% CI 0.99-11.5), although this
result was borderline statistically significant (p = 0.051). No significant associations were
observed for IL6 rs2069827. After adjusting for gestational age and floss usage (Table 4),
the TLR1 rs5743618/CC genotype remained significantly associated with inflammation
(aOR 4.09, 95% CI 1.00-16.69, p = 0.049), consistent with the findings from the unadjusted
analysis. In contrast, the IL6R variant did not remain statistically linked to inflammation.
Additionally, the ILIRN rs4251961/CC genotype showed significantly increased odds
of inflammation compared with the TT reference group (aOR 5.53, 95% CI 1.24-24.74,
p = 0.025). Exploratory analyses under alternative inheritance models (Table 5) revealed
significant associations under the recessive model for ILIRN rs4251961 (aOR = 5.09, 95% CI
1.33-19.52, p = 0.018) and TLR1 rs5743618 (aOR = 4.45, 95% CI 1.36-14.58, p = 0.014). These
associations did not remain statistically significant after correction for multiple testing.

3.4. Genetic Association with Inflammation-Adjusted Model Including SPTBxPD Interaction

To test whether specific genetic variants remained associated with the inflamma-
tion phenotype independently of the presence of SPTB and PD, we performed a logistic
regression analysis adjusted for the interaction term SPTBxPD (Tables 6 and 7). This
model allowed us to control for the possible confounding effect of the most severe clinical
manifestation—individuals presenting both conditions—and evaluate genetic contributions
to a shared inflammatory susceptibility.
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Table 6. Logistic regression results for the association between ILIRN rs4251961, TLR1 rs5743618, IL6
rs2069827, and IL6R rs4845617 with inflammation, adjusted for the SPTBxPD interaction term. Only
p-values < 0.05 were considered for multiple testing correction.

Control Inflammation
SNP Genotype aOR 95% CI p-Value p-Value ?
N (%) N (%)
TT 31 (47.0) 16 (33.3) 1 (ref)
II1RN 1s4251961 TC 29 (43.9) 21 (43.8) 0.75 0.27-2.06 0.576
CcC 6(9.1) 11 (22.9) 2.89 0.75-11.11 0.122
TLR1 rs5743618 AA 29 (43.9) 16 (33.3) 1 (ref)
AC 29 (43.9) 16 (33.3) 1.20 0.43-3.37 0.723
. 0.152(B), 0.152(BH),
CcC 8 (12.1) 16 (33.3) 4.46 1.28-15.58 0.019 0.465(BY)
116 rs2069827 GG 54 (81.8) 46 (95.8) 1 (ref)
GT 11 (16.7) 2(4.2) 0.38 0.07-1.98 0.251
TT 1(1.5) 0 (0.0) NA NA NA NA
II6R rs4845617 GG 21 (31.8) 22 (45.8) 1 (ref)
GA 34 (51.5) 25 (52.1) 0.86 0.33-2.19 0.746
~ 0.352(B), 0.176(BH),
AA 11 (16.7) 1(2.1) 0.10 0.01-0.95 0.044 0.538(BY)
Note: N = 114 women (48 with inflammation, 66 controls) included in this analysis after excluding cases with
missing data (two genotypes; 10 SPTB cases without PD diagnosis). aOR, odds ratio adjusted for SPTBxPD
interaction term (women with both SPTB and PD); B, Bonferroni correction; BH, Benjamini-Hochberg correction;
BY, Benjamini-Yekutieli correction; CI, confidence interval; N, number of subjects; ref, reference genotype; SNP,
single nucleotide polymorphism; # adjusted p-value; the p-value in bold indicates statistical significance.
Table 7. Exploratory analysis of genetic associations in women with inflammation and controls, under
additive and recessive models, with SPTBxPD as covariate. Only p-values < 0.05 were considered for
multiple testing correction.
SNP Model aOR 95% CI p-Value p-Value ?
Additive 1.38 0.75-2.54 0.304
RN 134251961 R essive 3.74 1.06-13.21 0.041 0.328(B), 0.096 1 (BH), 0.501(BY)
Additive 1.74 0.98-3.10 0.060
TLR1rs5743618  pocessive 4.14 1.40-12.21 0.010 0.08 1 (B), 0.080 ! (BH), 0.245(BY)
Additive 0.27 0.06-1.28 0.098
Ii6 rs2069827 Recessive NA NA NA
Additive 0.50 0.25-1.01 0.054 1
TI6R 154845617 Rcessive 0.12 0.01-1.03 0.053 1

Note: N = 114 women (48 with inflammation, 66 controls) included in this analysis after excluding cases with
missing data (two genotypes; 10 SPTB cases without PD diagnosis). aOR, odds ratio adjusted for SPTBxPD
interaction term (women with both SPTB and PD); B, Bonferroni correction; BH, Benjamini-Hochberg correction;
BY, Benjamini—Yekutieli correction; CI, confidence interval; SNP, single nucleotide polymorphism; ? adjusted
p-value; 1 association at the borderline lack of statistical significance (0.05 < p < 0.1); the p-value in bold indicates
statistical significance.

Table 6 presents the logistic regression results under the codominant model for the
four selected SNPs, with SPTBxPD as the covariate. Two variants showed a significant
correlation with inflammation: The TLR1 rs5743618 CC genotype was significantly asso-
ciated with increased odds of inflammation compared to the AA reference (OR = 4.46,
95% CI11.28-15.58, p = 0.019). The IL6R rs4845617 AA genotype showed a protective effect
(OR = 0.10, 95% CI 0.01-0.95, p = 0.044). No significant associations were observed for
IL1RN 154251961 or IL6 152069827 in the codominant model. Exploratory analysis under
additive and recessive models (Table 7) revealed that TLR1 rs5743618 remained significant
in both the additive (OR = 1.74, 95% CI 0.98-3.10, p = 0.060) and recessive (OR = 4.14,
95% CI 1.40-12.21; p = 0.010) models. ILIRN rs4251961 was also significantly associated
with inflammation under the recessive model (OR = 3.74, 95% CI = 1.06-13.21, p = 0.041).
None of the associations remained significant after multiple testing corrections. These
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results reinforce the possible role of TLR1 and ILIRN variants in predisposing individuals
to a heightened inflammatory state, independent of the simultaneous presence of both
clinical condjitions.

4. Discussion

This study was primarily designed to deepen the understanding of SPTB by exploring
whether it might reflect a broader genetic susceptibility to inflammatory dysregulation.
SPTB is a complex and multifactorial condition influenced by diverse environmental, social,
and biological risk factors. Among the biological correlates, several chronic inflamma-
tory or autoimmune diseases—including PD—have been associated with increased SPTB
risk, fostering the widely held notion that these conditions may act as causal risk factors.
However, this paradigm has been increasingly challenged by different evidence. Instead,
it raises the possibility that SPTB may reflect a broader dysregulation of inflammatory
responses rather than being directly caused by specific comorbidities. Thus, this study
challenges the conventional paradigm, hypothesizing that SPTB, like other chronic in-
flammatory conditions, may represent a distinct clinical manifestation of a shared genetic
predisposition to dysregulated inflammation, or may arise from a shared predisposition to
exaggerated or unresolved inflammation. Rather than setting PD as a causal contributor to
SPTB, we used it here as a representative model of chronic inflammatory disease—due to
its high prevalence, relative ease of diagnosis, and well-documented (albeit inconclusive)
link to SPTB. This integrative approach allowed us to investigate whether common genetic
variants involved in inflammation may underlie both conditions, suggesting a shared
biological pathway rather than a causal relationship.

From the broader panel of SNPs analyzed, four variants were prioritized for inte-
grative analysis based on their statistical significance and biological plausibility—ILIRN
rs4251961, TLR1 rs5743618, IL6 rs2069827, and IL6R rs4845617. The ILIRN rs4251961
and IL6R rs4845617 variants showed weaker and model-dependent associations. ILIRN
rs4251961, a functional SNP that reduces IL1IRN expression, reached significance only under
a recessive model, consistent with previous evidence that low IL-1RA levels may impair
the resolution of inflammation and increase the risk of inflammatory diseases [27,28]. IL6R
rs4845617 was associated with decreased odds of inflammation, suggesting a protective
effect potentially mediated through modulation of IL-6 trans-signaling. However, the
effects of both variants were sensitive to model assumptions and sample size limitations,
underscoring the need for further research. The most robust and consistent association in
our study was observed for TLR1 rs5743618. This nonsynonymous SNP, resulting in the
1602S amino acid substitution, has been shown to modulate the intensity of TLR-1-mediated
immune responses, likely by impairing surface trafficking [29] and /or inducing conforma-
tional changes that attenuate downstream signaling [30]. It also influences the expression
of a broad gene network, including genes involved in inflammatory responses [31]. In
our cohort, the CC genotype (6025 homozygotes) was associated with increased odds
of inflammation under multiple genetic models, with statistically significant results re-
tained even after adjustment for confounders and for the SPTBxPD interaction term. This
final adjustment was crucial in determining whether the observed association could be
attributed to a broader predisposition to inflammation, rather than being solely driven by
the co-occurrence of SPTB and PD. By including the SPTBxPD interaction term in the model,
we aimed to isolate SNPs associated with inflammatory susceptibility per se, independently
of whether both conditions were simultaneously present. The persistence of the TLR1
rs5743618 association after this adjustment strengthens the evidence that this variant may
influence inflammatory imbalance beyond specific disease comorbidity and reinforces the
hypothesis of a shared inflammatory genetic background contributing to SPTB.
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The biological plausibility of these findings is strengthened by the existing evidence
that TLR-1 is a key regulator of immune homeostasis not only through pathogen recognition
but also via modulation of apoptosis, epithelial repair, and tissue remodeling. During
pregnancy, TLRs are highly expressed in fetal membranes and play essential roles in
maintaining maternal-fetal immune tolerance [32]. Dysregulated TLR signaling—whether
due to infection or sterile inflammatory triggers—has been implicated in PTB and other
adverse pregnancy outcomes. Although rs5743618 has not been previously studied in the
context of PTB, its association with other diseases [33] and its demonstrated impact on NfKB
signaling [30] and cell apoptosis [34] support its potential relevance in pregnancy-related
immune regulation.

Moreover, the impact of this variant extends beyond TLR1 alone, as it has been shown
to influence the expression of hundreds of downstream genes and to interact with other
SNPs within the TLR gene family [35,36]. Such gene-gene interaction may amplify its
effect and contribute to a proinflammatory phenotype, particularly in individuals already
predisposed to immune imbalance.

Taken together, these findings suggest that rs5743618 may act as a key modulator of
host susceptibility to chronic inflammation [37]. In the context of our study, this supports
the overarching hypothesis that SPTB may not arise solely from comorbid inflammatory
conditions but instead represent one possible clinical manifestation of a shared predispo-
sition to unresolved immune activation. The association observed with TLR1 rs5743618,
therefore, contributes original evidence toward the understanding of SPTB as a condition
potentially rooted in systemic inflammatory dysregulation.

To our knowledge, this is the first study to examine SNP associations with both SPTB
and PD in the same population, allowing us to explore their potential convergence at the
genetic level. The prior literature has focused mainly on reviews and meta-analyses that rely
on overlapping datasets, with few original studies directly assessing shared predispositions.
By adopting a candidate-gene approach and focusing on functionally relevant variants,
this study addresses a critical gap and proposes a novel framework for understanding
SPTB as part of a broader inflammatory spectrum. Limitations of this study include the
modest sample size, which may limit the power to detect subtle effects. Nonetheless, the
robustness of TLR1 findings across multiple models and adjustments suggests biological
and statistical consistency. Future studies with larger cohorts and functional validation will
be essential to replicate these associations and clarify mechanistic pathways.
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