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Unveiling the association between angiogenic imbalance in the gingival crevicular fluid in maternal periodontitis and spontaneous preterm birth
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Background: Emerging evidence suggests that abnormal angiogenesis and imbalanced angiogenic factors may contribute to the development of spontaneous preterm birth (sPTB). In addition, pregnancy-related angiogenic changes and increased vascular permeability in periodontal tissues could amplify periodontal inflammation under hormonal influence.



Objectives: This study aimed to evaluate the association between gingival crevicular fluid (GCF) levels of placental growth factor (PlGF) and soluble fms-like tyrosine kinase-1 (sFlt-1) and sPTB risk and to assess their correlation with periodontal disease severity during early pregnancy.



Materials and methods: A prospective cohort study was conducted involving 348 pregnant women, with obstetric, clinical, and periodontal parameter assessments performed at 11–14 weeks of gestation, including probing depth (PD), clinical attachment loss (CAL), bleeding on probing (BOP), periodontal inflamed surface area (PISA), and plaque index score (PI). GCF samples were collected, and PlGF and sFlt-1 levels were measured using Magpix-Luminex® multiplex technology.



Results: sPTB occurred in 3.45% (n = 12) of the participants. The women who had a sPTB had a significantly higher GCF PlGF/sFlt-1 ratio (p = 0.017) and lower sFlt-1 levels (p = 0.003) compared to those who had term pregnancies. A multivariate regression model combining the PlGF/sFlt-1 ratio, PI score, and first-trimester arterial blood pressure showed a predictive area under the curve of 0.78 (odds ratio 3.36, p = 0.008) for sPTB risk. Periodontal parameters, including PD sites >3 mm and PISA, were significantly worse in those with sPTB pregnancies (p = 0.032 and p = 0.047, respectively). Both PlGF and sFlt-1 levels were elevated in pregnant women with moderate to severe periodontitis compared to those with gingivitis or a healthy status (p < 0.0001), with significant positive correlations with inflammatory periodontal clinical parameters (p < 0.05).



Conclusion: An early pregnancy imbalance of angiogenic and antiangiogenic factors in the GCF is associated with increased sPTB risk and greater periodontal inflammation. These findings suggest that angiogenic factors in the GCF may serve as promising non-invasive biomarkers for identifying women at elevated risk for sPTB.
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Introduction

Pregnancy is a unique immunological state in which the maternal immune system adapts to tolerate fetal antigens while maintaining sufficient immune defense (1). This balance comes at the cost of increased susceptibility to infections and inflammatory conditions, including periodontal disease (2–4). It is well established that the severity of periodontal disease, particularly gingival inflammation, tends to increase during pregnancy, with rates of pregnancy gingivitis ranging from 30% to 100% (5–8). Clinical signs can escalate from mild inflammation to pronounced hyperplasia, profuse bleeding, an increase in pseudo-periodontal pockets, and further progression, particularly in women with pre-existing periodontitis (5, 7, 8). Hormonal fluctuations during pregnancy—most notably elevated estrogen and progesterone—modify the subgingival microbiome, promote angiogenesis, and enhance vascular permeability, collectively amplifying local inflammatory responses in periodontal tissues (7–9).

Clinically, periodontitis is increasingly recognized not just as a local oral health issue but as a potential contributor to systemic pregnancy complications (4, 9). Recent evidence suggests a modest but consistent association between periodontitis and preterm birth (PTB). A 2024 meta-analysis of over 2.5 million participants reported that periodontitis increases the risk of PTB by approximately odds ratio (OR) 1.87 (10). Large cohort studies also support a dose–response relationship, with greater periodontal severity linked to higher PTB risk (11). Translocation of periodontal bacterial components to the maternal fetal unit, along with the systemic release of inflammatory mediators such as IL-1β, IL-6, TNF-α, and C-reactive protein (CRP), has been implicated in pre-eclampsia, gestational diabetes mellitus, fetal growth restriction, and spontaneous preterm birth (sPTB) (9–15). Gingival crevicular fluid (GCF), which bathes the periodontal sulcus, contains a dynamic mix of host immune factors, microbial byproducts, enzymes, hormones, and placental molecules, making it a promising, non-invasive biofluid for detecting systemic and local molecular changes during pregnancy (16, 17).

At the molecular level, angiogenic imbalance has been identified as a critical factor driving placental dysfunction and sPTB (18). Placental growth factor (PlGF) and its soluble antagonist, sFlt-1, are central regulators of vascular development and endothelial placental health (18, 19). While these molecules are predominantly studied in the context of placental and maternal vascular health (20), their role in peripheral tissues such as the gingiva remains largely unexplored. Angiogenesis is a fundamental component of periodontal tissue maintenance and repair, yet dysregulated angiogenic activity can exacerbate chronic inflammation, impair tissue integrity, and promote periodontal disease progression (21, 22).

The possibility that PlGF and sFlt-1 levels in the GCF reflect both local periodontal status and broader systemic vascular shifts represents an intriguing, underinvestigated avenue of research with clear clinical implications, especially considering their usefulness in the early prediction of perinatal diseases (20, 23, 24). Therefore, this study aimed to bridge the gap between periodontal and obstetric research by (1) evaluating the association between first-trimester gingival crevicular fluid PlGF/sFlt-1 ratios and the risk of sPTB, and (2) exploring the relationship between angiogenic markers in the GCF and periodontal disease severity during pregnancy. By elucidating these connections, this study seeks to support the development of novel, non-invasive oral biomarkers for the early identification of women at risk for adverse pregnancy outcomes, offering opportunities for timely intervention and promoting maternal, oral, and fetal health.



Material and methods


Study design and population

In total, 348 pregnant women were recruited and consecutively enrolled at the Centro de Salud San Bernardo, Universidad de Los Andes, in Santiago, Chile. The inclusion criteria were pregnant women between 11 and 14 weeks of gestation, aged between 18 and 38 years, who agreed to participate in the study. Each woman was examined, and demographic, clinical, physical, obstetric, and medical history were recorded. Patients were excluded if they had any associated chronic autoimmune disorder, active infections, fewer than 20 teeth, or had undergone systemic or topical antimicrobial/anti-inflammatory therapy or previous periodontal treatment for the previous 3 months. Pregnant women were followed from the entry date until baby delivery and sPTB was the outcome variable. Women who were diagnosed with spontaneous preterm birth (spontaneous delivery before 37 weeks) were assigned to the sPTB group. Otherwise, pregnant women were assigned to the term delivery group. After periodontal evaluation and collection of GCF samples, all pregnant women received case-specific periodontal diagnosis, oral hygiene instructions, and professional supragingival scaling. The study protocol was clearly explained to all the participants, who signed an informed consent approved by the Ethics Committee of the Universidad de los Andes (#CEC2021021, April 23, 2021). Registration was made under the Declaration of Helsinki, as amended in 2013.

The main outcome variable was the development of sPTB and its association with the concentrations of angiogenic/antiangiogenic factors in the gingival crevicular fluid samples of pregnant women at 11–14 weeks of gestation. The secondary outcomes included the relationship between the periodontal diagnosis and periodontal clinical parameters and the concentrations of angiogenic/antiangiogenic factors in the gingival crevicular fluid. The studied variables were age, weight, height, body mass index (BMI), periodontal clinical parameters [probing depth (PD), clinical attachment loss (CAL), bleeding on probing (BOP), and periodontal pockets >3 mm], periodontal inflamed surface area (PISA), plaque index score, number of teeth, smoking history, current smoker, systolic blood pressure, diastolic blood pressure, median arterial blood pressure, and sFlt-1 and PlGF concentrations in gingival crevicular fluid.



Definitions

Spontaneous preterm birth was defined based on the WHO definition as babies born alive by spontaneous causes before 37 weeks of pregnancy are completed. Periodontitis was defined as stated by the 2017 World Workshop as interdental CAL detectable in ≥2 non-adjacent teeth, or buccal or oral CAL ≥ 3 mm with pocketing >3 mm detectable in ≥2 teeth (25). Gingivitis was defined as subjects who did not exhibit PD greater than or equal to 3 mm without CAL or patients with CAL (reduced periodontium, non-periodontitis patients), and positive BOP at ≥10% of the probing sites. Gingival health was defined as <10% bleeding at the probing sites with rank ≤ 3 mm (26).



Sample size estimation

This is a secondary analysis of an ongoing cohort involving 348 pregnant women at 11–14 gestation weeks. The estimated sample size for a previous cohort study (not yet published), whose main outcome was preeclampsia development and its association with angiogenic/antiangiogenic markers in gingival crevicular samples, considered a preeclampsia prevalence of 6.4%, a significance level of 5%, and a power of 80% for a two-sided test, and a loss of 10%. A total sample size of 358 pregnant women was estimated for this study.



Periodontal clinical examination

A complete periodontal evaluation was performed by a single calibrated operator at 11–14 weeks' gestation using a North Carolina (Hu-friedy®) periodontal probe. The following measures were recorded at six sites per tooth: PD, CAL, BOP, visible dental plaque accumulation along the gingival margin (recorded as presence or absence), and PISA (27).



GCF samples and elution protocol

GCF samples were obtained by placing paper strips (Periopaper®, ProFlow, Amityville, New York, USA) into the gingival sulcus or pocket for 30 s by a trained periodontist. In each patient, pooled GCF samples from each mouth quadrant were obtained, with one paper strip per quadrant and four per patient. The selection of sampled sites was made based on the periodontal diagnosis. If the pregnant woman had gingivitis, the teeth affected by gingivitis were selected. The same criteria were used to select the healthy and periodontitis sites. The collected GCF was subsequently eluted from the paper strips. Then, 160 μL of elution buffer was added, composed of Tris-HCl 0.5 M pH 7.5 (Tris-HCl ULTROL Grade, Merck, Darmstadt, Germany), NaCl 2 M (Sodium chloride, ReagentPlus ≥99%, Sigma-Aldrich, MO, USA), CaCl2 250 mM (Calcium chloride, anhydrous, powder ≥9, Sigma-Aldrich, MO, USA), and Triton X-100 (25%) (Triton X-100, Sigma-Aldrich, MO, USA), in the presence of an EDTA-free protease inhibitor (cOmplete™, Mini, EDTA-free Protease I, Roche, Basel, Switzerland). The paper strips were vortexed for 30 s at maximum speed. Samples were then incubated for 30 min on ice, centrifuged for 5 min at 12,000 × g at 4°C, and the supernatant was eluted and kept on ice. The samples were transferred into 1.5 mL microcentrifuge tubes and the process was repeated. The new eluate was rescued and mixed with the eluate that was kept on ice. The final 320 μL of the eluted samples were stored at −80°C for further analysis.



Luminex assay

Processed samples were analyzed using a Multiplex Bead Immunoassay (Human Magnetic Luminex Assay®, R&D Systems, Minneapolis, MN, USA) according to the manufacturer's instructions to quantify both the angiogenic markers, sFlt-1 and PlGF. Protein concentrations were measured using a digital platform (Magpix, Millipore, St. Charles, MO, USA) and analyzed using MILLIPLEX AnalystR software® (v5.1, Viagene Tech, Carlisle, MA, USA). All reagents and samples (previously eluted) were at room temperature before analysis. All samples were analyzed in duplicate.



Statistical analysis

The normality of the quantitative data was assessed using the Shapiro–Wilk test. Data with a normal distribution were summarized using the mean and standard deviation (SD), while non-normally distributed data were described using median and interquartile range (IQR). Groups were defined according to the outcome (sPTR or term delivery). Differences between groups were assessed using the Mann–Whitney U-test or the Kruskal–Wallis test. Correlation coefficients were estimated using Spearman's test. Using two multiple logistic regression models, the crude OR with a 95% confidence interval (CI) was determined to assess the likelihood of developing sPTB. The selection of the variables considered the clinical approach, the bivariate analysis, and the performance of the regression models. Therefore, plaque index score and median arterial blood pressure were included in the model because the predictive performance of both biomarkers (PIGF/sFlt-1 ratio) increased significantly when they were added to the regression models. The first model determined the relationship between sFlt-1 concentration in GCF, median arterial blood pressure, and plaque index score and the main outcome. The second model assessed the likelihood of developing sPTB in relation to first-trimester PlGF/sFlt-1 concentrations in GCF, median arterial blood pressure, and plaque index score. Hosmer and Lemeshow’s goodness-of-fit test was performed to evaluate the fit of both models. The discrimination performance of this model was evaluated through the area under the curve (AUC) of the receiver operating characteristic (ROC) curve. The optimal cutoff points were estimated to assess the highest sensitivity and specificity. Statistical significance was defined as p ≤ 0.05. Data were analyzed using STATA v18 software (StataCorp, College Station, TX, USA), and the graphs were created using GraphPad Prism version 10.1.1 for macOS (GraphPad Software, Boston, MA, USA, http://www.graphpad.com) and STATA.




Results


Clinical data and maternal characteristics

Demographic and clinical data are presented in Table 1. A total of 348 pregnant women were enrolled in this cohort study. Of those, 12 women (3.45%) had sPTB. At the first trimester screening, systolic arterial pressure and median arterial pressure were significantly different in those who had sPTB and term delivery pregnancies (p = 0.038 and p = 0.044, respectively). Regarding the participants’ periodontal diagnoses, 8.3% were clinically periodontally healthy, 24.1% had gingivitis, 52.2% had stage I/II periodontitis, and 15.2% had stage III/IV periodontitis. Probing depth, percentage of periodontal pockets >3 mm, and PISA were higher in those who had spontaneous preterm birth pregnancies compared to those who had healthy term deliveries (p = 0.050, p = 0.032, and p = 0.047, respectively) (Table 2).



TABLE 1 Demographic and clinical characteristics of the pregnant women (at 11–14 weeks of gestation) according to the spontaneous preterm birth (sPTB) and healthy term delivery outcomes.



	Variable
	sPTB (n = 12)
	Healthy term delivery (n = 336)
	p-Valuea





	Age (years)
	Mean (SD)
	27.42 (5.05)
	25.71 (5.36)
	0.207



	Median (IQR)
	27.50 (8.00)
	25.00 (9.00)



	Min/max
	19/36
	18/ 38



	Weight (kg)
	Mean (SD)
	73.00 (22.52)
	69.71 (14.28)
	0.979



	Median (IQR)
	64.50 (32.00)
	68.00 (19.00)



	Min/max
	51/128
	40/118



	Height (cm)
	Mean (SD)
	158.58 (5.76)
	157.48 (10.23)
	0.715



	Median (IQR)
	158.50 (6.00)
	158 (7.00)



	Min/max
	148/168
	1.58/175



	BMI
	Mean (SD)
	28.82 (7.57)
	27.81 (5.19)
	0.853



	Median (IQR)
	27.63 (9.50)
	27.00 (7.24)



	Min/max
	20/46
	16.87/49



	Systolic arterial blood pressure (mmHg )
	Mean (SD)
	112.25 (11.20)
	104.54 (11.48)
	0.038



	Median (IQR)
	113.50 (20.00)
	102.00 (10.00)



	Min/max
	90/125
	80/142



	Diastolic arterial blood pressure (mmHg )
	Mean (SD)
	66.83 (7.16)
	63.58 (8.16)
	0.120



	Median (IQR)
	69.00 (11.00)
	60.00 (10.00)



	Min/max
	56/80
	40/92



	Median arterial blood pressure (mmHg )
	Mean (SD)
	88.92 (7.94)
	84.05 (8.62)
	0.044



	Median (IQR)
	91.00/11.00
	84.00 (10.00)



	Min/max
	75/100
	60/113



	Smoking history
	
	n (cell %)
	n (cell %)
	p-Valueb



	Yes
	7 (2.01)
	164 (47.13)
	0.569



	No
	5 (1.44)
	172 (49.43)



	Current smoker
	Yes
	2 (0.57)
	66 (18.97)
	0.100



	No
	10 (2.87)
	270 (77.59)



	Periodontal diagnosis
	Healthy
	3 (0.86)
	26 (7.47)
	0.072



	Gingivitis
	4 (1.15)
	80 (22.99)



	Stage I/II periodontitis
	5 (1.44)
	177 (50.86)



	Stage III/IV periodontitis
	0 (0.00)
	53 (15.23)




	Bold values mean p < 0.05.


	sPTB, spontaneous preterm birth; BMI, body mass index.


	aMann–Whitney test.


	bChi-squared test. Significance level p ≤ 0.05.









TABLE 2 Periodontal clinical variables of the pregnant women (at 11–14 weeks of gestation) according to the spontaneous preterm birth (sPTB) and healthy term delivery outcomes.



	Variable
	sPTB (n = 12)
	Healthy term delivery (n = 336)
	p-Valuea





	Number of teeth
	Mean (SD)
	26.58 (2.32)
	25.67 (4.21)
	0.296



	Median (IQR)
	27.00 (2.00)
	26.50 (1.50)



	Min/max
	16/32
	14/31



	Periodontal pockets >3 mm (%)
	Mean (SD)
	25.31 (21.49)
	13.50 (15.24)
	0.032



	Median (IQR)
	22.00 (28.00)
	8 (17.50)



	Min/max
	0/104
	0/49



	Pocket depth (mm)
	Mean (SD)
	2.63 (0.48)
	2.35 (0.43)
	0.050



	Median (IQR)
	2.60 (0.60)
	2.35 (0.60)



	Min/max
	1.4/4.4
	1.5/3.1



	Clinical attachment loss (mm)
	Mean (SD)
	2.17 (2.22)
	1.87 (0.50)
	0.372



	Median (IQR)
	1.90 (0.70)
	1.90 (0.70)



	Min/max
	0.9/41
	1.2/2.9



	Bleeding on probing (%)
	Mean (SD)
	59.79 (26.04)
	57.92 (21.28)
	0.913



	Median (IQR)
	60.00 (44.00)
	50.00 (32.50)



	Min/max
	60/100
	28/100



	Plaque index score (%)
	Mean (SD)
	62.35 (29.48)
	68.08 (27.22)
	0.498



	Median (IQR)
	67.00 (53.00)
	73.00 (50.00)



	Min/max
	6/100
	30/100



	PISA (mm2)
	Mean (SD)
	900.14 (508.18)
	598.68 (302.12)
	0.047



	Median (IQR)
	839.80 (767.40)
	629.35 (515.25)



	Min/max
	111.8/2,604.3
	161.7/1,048.1




	Bold values mean p < 0.05.


	sPTB, spontaneous preterm birth; PD, probing depth; CAL, clinical attachment loss; BOP, bleeding on probing; PI, plaque index score; PISA, periodontal inflamed surface area.


	aMann–Whitney test, significance level p ≤ 0.05.









First-trimester assessment of GCF angiogenic factors, spontaneous preterm birth, and maternal periodontitis

At 11–14 weeks, the analysis of the PlGF concentration within GCF revealed a median value of 0.62 pg/mL (IQR 0.19) among women who subsequently experienced spontaneous preterm birth, compared to a median value of 0.65 pg/mL (IQR 0.24) in pregnant women who had healthy term deliveries (p = 0.577). Conversely, the levels of GCF-sFlt-1 were decreased in the women who had a sPTB compared to those who had healthy term delivery pregnancies [median value of 136.78 pg/mL (IQR 114.05) vs.183.44 pg/mL (IQR 220.30), respectively, p = 0.032]. Furthermore, the PlGF/sFlt-1 ratio was significantly increased at 11–14 weeks in the pregnant women who later had a sPTB (p = 0.017) (Figure 1).


[image: Violin plots comparing preterm birth and term delivery. (A) sFlt-1 levels show higher median in term delivery with p-value 0.0326. (B) PlGF levels are similar between groups. (C) PlGF/sFlt-1 ratio shows a higher median in preterm birth with p-value 0.0175.]
FIGURE 1
Gingival crevicular fluid concentrations of sFLt-1 and PlGF and their respective ratio in pregnant women at 11–14 weeks gestation in the studied population according to preterm birth development (PTB). (A) sFlt-1 concentration, (B) PlGF concentration, and (C) PlGF/sFlt-1 ratio.


When analyzing the concentrations of both angiogenic factors in GCF according to the periodontal diagnosis, sFlt-1 concentrations were statistically significantly increased in those with periodontitis compared to those with gingivitis and healthy pregnancies (p < 0.0001) (Figure 2). The median concentration of sFlt-1 was nearly three times higher in patients with stage III/IV periodontitis [263.53 pg/mL, (IQR 275.96)] compared to those who were periodontally clinically healthy [91.90 pg/mL, (IQR 48.51)]. PlGF levels were significantly increased in those with periodontitis stages I/II (p = 0.002) and periodontitis stages III/IV (p = 0.044) compared to those with a gingivitis diagnosis (Figure 2). Spearman’s correlation between the clinical inflammatory periodontal parameters and the concentrations of both angiogenic markers was also determined (Figure 3). PlGF levels were positively associated with all periodontal parameters (p ≤ 0.05). The highest correlation was found for PISA and BOP. A moderate association between sFlt-1 and the percentage of sites > 3 mm, PD, and PISA was observed. Detailed correlation results are shown in Figure 3.


[image: Violin plots comparing sFlt-1 and PlGF levels across different health conditions. Plot A shows sFlt-1 levels in pg/ml for healthy, gingivitis, Stage I/II, and Stage III/IV, with significant differences marked by p-values less than 0.0001. Plot B depicts PlGF levels for the same groups, with significant differences showing p-values of 0.0025 and 0.0447. Each plot uses different colors for each group: purple for healthy, yellow for gingivitis, orange for Stage I/II, and maroon for Stage III/IV.]
FIGURE 2
Gingival crevicular fluid concentrations of sFlt-1 and PlGF in pregnant women at 11–14 weeks of pregnancy in the studied population and their respective ratios by periodontal diagnosis status. (A) sFlt-1 concentration and (B) PlGF concentration.



[image: Correlation matrix heatmap displaying relationships between various oral health and biological factors, such as number of teeth, probing depth (PD), and bleeding on probing (BOP). The color gradient indicates correlation strength, with purple for strong positive and red for strong negative correlations. Significance levels are marked by asterisks, with p-values noted below.]
FIGURE 3
Correlation heatplot between gingival crevicular fluid concentrations of sFlt-1 and plGF and their respective ratios at 11–14 weeks of pregnancy and the periodontal clinical inflammatory parameters of the pregnant women in the studied population. PD, probing depth; CAL, clinical attachment loss; BOP, bleeding on probing; PISA, periodontal inflamed surface area.




Diagnostic predictive performance of GCF-derived angiogenic factors

The performance of single and multiparametric models (Table 3) was also explored. Two single logistic regression models (Models A and C) were conducted, one with sFlt-1 and the other with the PlGF/sFlt-1 ratio as variables to predict sPTB. The other two models (B and D) were adjusted by median arterial blood pressure and the plaque index score due to the results of the bivariate analysis, the clinical relevance, and the increased ability to predict the likelihood of sPTB when both biomarkers were included in the models. The multiple logistic regression model that included sFlt-1, plaque index score, and median arterial blood pressure (Table 3, Model B) showed an association between sFlt-1 and the likelihood of sPTB [OR: 0.99 (CI 0.01–0.00), p = 0.049]. The area under the ROC curve observed for this model was 0.78 (95% CI: 0.643–0.920), resulting in a predictive model for spontaneous preterm birth risk with a specificity of 79.4% and a sensitivity of 75%. The model correctly classified 79.25% of the women who had a sPTB and had a Hosmer and Lemeshow's goodness-of-fit test value of p = 0.624 (Figure 4B). In addition, the model that considered PlGF/sFlt-1 ratio, plaque index score and median arterial blood pressure (Table 3, Model D) showed an association between PlGF/sFlt-1ratio and sPTB [OR: 3.36 (CI 1.37–8.26), p = 0.008] and the area under the ROC curve observed was 0.78 (95% CI: 0.624–0.942). This model correctly classified 70.23% of the women who had a sPTB with a specificity of 70.05% and sensitivity of 75% (Figure 4D).



TABLE 3 Logistic regression models for the likelihood of sPTB at 11–14 weeks of pregnancy.



	Regression model
	Odds ratio (OR)
	95% confidence interval
	p-Value





	Model A



	sFlt-1 concentration in GCF
	0.994
	0.989–1.001
	0.073



	Model B



	sFlt-1 concentration in GCF
	0.994
	0.989–0.999
	0.049



	Plaque index score
	1.01
	0.0992–1.034
	0.242



	Median arterial blood pressure
	1.06
	0.998–1.137
	0.058



	Model C



	-PlGF/sFlt-1 ratio in GCF
	3.22
	1.30–7.96
	0.011



	Model D



	PlGF/sFlt-1 ratio in GCF
	3.36
	1.36–8.26
	0.008



	Plaque index score
	1.01
	0.99–1.03
	0.422



	Median arterial pressure
	1.06
	0.99–1.14
	0.102




	Model A: Simple logistic regression analysis including sFlt-1 concentration in GCF. Model B: Multiple logistic regression model including sFlt-1 concentration in GCF, plaque index score, and first-trimester arterial blood pressure. Model C: Simple logistic regression model including the PIGF/sFlt-1 ratio. Model D: Multiple logistic regression model including the PIGF/sFlt-1 ratio, plaque index score, and first-trimester arterial blood pressure.


	Bold values mean p < 0.05.








[image: Four Receiver Operating Characteristic (ROC) curves labeled A, B, C, and D show sensitivity versus one minus specificity. Each plot includes a diagonal line representing the line of no discrimination. Curve A has an area of 0.6803, B has 0.7816, C has 0.7107, and D has 0.7827. Each area is displayed with its confidence interval.]
FIGURE 4
(A) Area under the receiver operating characteristic curve (AUC-ROC) of the simple logistic regression analysis including the sFlt-1 concentration in the GCF. (B) AUC-ROC curve of the model including the sFlt-1 concentration in the GCF, plaque index score, and first-trimester arterial blood pressure. (C) AUC-ROC curve of the model including the PlGF/sFlt-1 ratio. (D) AUC-ROC curve of the model including the PlGF/sFlt-1 ratio, plaque index score, and first-trimester arterial blood pressure for the prediction of sPTB risk.





Discussion

To our knowledge, this is the first study to analyze an imbalance of angiogenic factors in gingival crevicular fluid as early predictors of spontaneous preterm birth risk and their association with periodontal diagnosis during early pregnancy. The main conclusions that may be drawn from this study are as follows: (1) there was an imbalance in gingival crevicular fluid angiogenic factors, particularly sFlt-1, in pregnant women with periodontitis compared to those with gingivitis and those who were periodontally healthy; (2) sFlt-1 was reduced in the pregnant women who developed spontaneous preterm birth since early pregnancy; (3) sFlt-1 and the PlGF/sFlt-1 ratio, when combined with the plaque index score and median arterial blood pressure in multiparametric regression models, have potential utility as oral biomarkers for predicting the risk of preterm birth, with a reasonably AUC-ROC curve (0.78), indicating a potential association between periodontal health status and alterations in angiogenic factor levels during pregnancy.

Pregnancy promotes the expression of a proinflammatory and immunosuppressing phenotype (1–3). It is believed that this immune-inflammatory shift, accompanied by high levels of pregnancy-related hormones and combined with an impaired neutrophil function and a proangiogenic environment, may enhance gingival inflammation and the severity of periodontal disease (22, 28, 29). Furthermore, pregnancy hormones could favor a proangiogenic state by augmenting the amount of angiogenic factors and protecting macrophages from apoptosis, thus prolonging the angiogenic effect in periodontal tissues (29). We propose that sFlt-1 and PlGF are potentially involved in the gingival inflammation observed during pregnancy. In this sense, in the present study, we observed an increased expression of sFlt-1 and PlGF in pregnant women with periodontitis compared to those with gingivitis or healthy pregnant women. Furthermore, a correlation between an increase in both angiogenic factors and periodontal inflammatory clinical parameters, such as probing depth, clinical attachment loss, and bleeding on probing, was also observed.

PlGF is a member of the VEGF family, and it binds to Flt-1, VEGF-R1, or its soluble form (30). PlGF was originally identified in the placenta, contributing to trophoblastic growth and differentiation, but is now known to be expressed by multiple organs, such as the heart, lungs, thyroid, and muscles (31, 32). The PlGF functions described to date include acting as a powerful chemoattractant for monocytes and macrophages and contributing to the growth of vessels and the migration and survival of endothelial and bone marrow progenitor cells (33, 34). The plasma expression of PlGF is low in most healthy tissues but can be significantly increased in inflammatory conditions (33–35). It has also been linked to increased toll-like receptor signaling activity, producing a prolonged proinflammatory state, with the release of various proinflammatory cytokines and acute phase reactants (35). Flt-1 acts as a receptor for PlGF (36), and it has two forms: the transmembrane and its soluble form, which lacks cytoplasmic and transmembrane domains (37). Its main sources are endothelial cells, monocytes, and the placenta, and it prevents angiogenesis (38). Different studies suggest that altered levels of PlGF and sFlt-1 may contribute to impaired placental function, oxidative stress, and endothelial dysfunction, potentially leading to the onset of preterm labor (20, 23). An imbalance between the two angiogenic factors has been associated with various pregnancy complications, including sPTB (39, 40). Previously, we demonstrated that increased PlGF concentration in GCF was associated with the subsequent risk of gestational diabetes mellitus (GDM), where PlGF levels in GCF combined with first-trimester fasting glycemia were a predictor of GDM risk (AUC-ROC: 89%) (41). Moreover, sFlt-1 has also been associated with an increased risk of pre-eclampsia, with increased concentrations of sFlt-1 in the saliva and GCF samples of pre-eclamptic women compared to those who had a term delivery and healthy pregnancies (42).

We speculate that an imbalance in the PlGF/sFlt-1 ratio leads to increased vascular permeability and periodontal inflammation since early pregnancy. As an example, the binding of PlGF to Flt-1 in patients with rheumatoid arthritis stimulated the production of proinflammatory cytokines, including TNF-α and IL-6 in monocytes, enhancing inflammation (43). There is limited evidence regarding the direct role of the two angiogenic factors in pregnant women with periodontal disease. However, it has been described that the Flt-1 gene is highly upregulated in periodontitis-associated fibroblasts (21). In addition, Horton et al. investigated the sFlt-1 levels in maternal plasma in pregnant women before 26 weeks' gestation, but found no differences regarding periodontitis severity (44). Nevertheless, the specific mechanisms by which sFlt-1 and PlGF impact the severity of periodontal disease physiopathology are still being investigated, and the precise implications of the two angiogenic factors in the context of maternal periodontitis during pregnancy and the risk of adverse pregnancy outcomes remain to be fully elucidated.

The relationship between the severity of maternal periodontitis and PTB has been evaluated in previous studies, with the relative risk of PTB ranging from 1.6 to 3.4 (45–53). In this sense, a study conducted in 1,020 pregnant women before the 26th week of gestation found an RR of 1.6 (95% CI: 1.1–3.3) for moderate to severe periodontitis and PTB (45). Another study in over 1,000 pregnant women showed that those with periodontitis and preeclampsia had a higher risk of PTB with a hazard ratio of 4.11 and 11.00, respectively, when they were affected by moderate to severe periodontitis (46). In contrast, other prospective studies have not shown associations between periodontitis and PTB (47, 48). In this study, we did not find a direct association between maternal periodontitis and sPTB. However, we observed an increase in the severity of periodontal clinical parameters, including probing depth, percentage of periodontal pockets, and PISA, with more inflammation since the beginning of pregnancy in the women who subsequently had a sPTB compared to those who had a healthy term delivery.

Regarding their usefulness as early biomarkers for the prediction of PTB, the evidence indicates that plasmatic PlGF and sFlt-1 can be used separately, or the PlGF/sFlt-1 and sFlt-1/PlGF ratios can be used (18–20). Both ratios reflect an imbalance of angiogenic factors and vascular pathology in the placental tissues (39, 40). In the present study, we observed a similar trend, with an increased PlGF/sFlt-1 ratio found in the first-trimester GCF samples from pregnant women who had a sPTB. We propose that assessing the angiogenic vascular status in GCF through liquid biopsies in the first trimester of pregnancy represents a novel and non-invasive approach, furthering our understanding of the association between periodontitis and PTB and of early prediction of sPTB risk. Furthermore, the understanding of the intricate balance between angiogenic factors in periodontal tissues will be crucial for elucidating the relationship between periodontal disease severity and adverse pregnancy outcomes.

A critical limitation of our study is the small number of sPTB cases observed (n = 12, 3.4% of the cohort), which may affect the statistical power, precision of the estimates, and generalizability of the results. Although our multiparametric regression models yielded promising AUC values, the small event number raises the risk of model overfitting and wide confidence intervals. Future studies with larger and more diverse populations are essential to validate the diagnostic performance of GCF angiogenic markers in predicting sPTB. Ideally, a priori or post hoc power calculations should be incorporated in subsequent studies to formally assess whether the sample size provides sufficient power to detect clinically meaningful associations. Importantly, while we report significant associations between GCF angiogenic markers, maternal periodontal status, and sPTB risk, our findings should not be interpreted as evidence of causality. The observed relationships may be influenced by unmeasured confounding factors, and the cross-sectional nature of the early pregnancy sampling limits the ability to infer directionality. Future mechanistic and longitudinal studies are warranted to unravel the causal pathways linking local periodontal angiogenic changes to systemic pregnancy outcomes. Specifically, investigating the biological mechanisms, such as the potential translocation of inflammatory mediators or bacterial products from periodontal tissues to the systemic circulation, or the systemic vascular adaptations that may concurrently affect placental and periodontal microenvironments, would enrich our understanding of how oral health influences pregnancy outcomes.



Conclusions

Angiogenic factors could play a significant role in identifying women at risk of spontaneous preterm birth and may exacerbate periodontal inflammation during pregnancy. These findings should be further validated in subsequent prospective cohort studies that may yield valuable insights into oral biomarkers for the prediction of preterm birth and the pathophysiology of pregnancy periodontal disease and potentially pave the way for novel diagnostic and therapeutic strategies aimed at modulating angiogenic responses and inflammation within the periodontal microenvironment.
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