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Abstract

Objective: To evaluate the accuracy of concentrations of gingival crevicular fluid (GCF) placental alkaline phosphatase (PLAP)

during early pregnancy in identifying women at risk of subsequently developing preeclampsia (PE). Design: Prospective cohort

study. Setting: Hospital Sotero del Ŕıo, Santiago, Chile. Population: Pregnant women recruited at 11-14 weeks of gestation.

Methods: Maternal obstetric and periodontal histories were obtained. GCF samples were collected for PLAP determination

by ELISA assay. Multiple logistic regression models estimated the association between GCF-PLAP concentrations, maternal

variables, and PE development. The accuracy performance of the prediction model was established. Results: 460 women were

recruited into the study, and 412 completed their pregnancy follow–up visit. 18 (4.3%) women developed PE. GCF-PLAP

concentrations and systolic blood pressure measurements were significantly higher in women who developed PE (p=0.015 and

p<0.001, respectively). An association between first-trimester systolic blood pressure, GCF-PLAP, and PE were established. The

predictive model had a sensitivity of 83%, specificity of 72%, a positive predictive value (PPV) of 12%, and a negative predictive

value (NPV) of 99%. The positive and negative likelihood ratios were 2.9 and 0.3, respectively, thus classifying correctly 72% of

women who subsequently developed PE. The area under the receiver operating characteristic curve was 0.77 for PE and 0.85 for

preterm PE. Conclusions: An algorithm that includes PLAP concentrations in GCF and blood pressure during early pregnancy

may aid in the identification of women at risk of developing PE. Funding: FONDEF IDeA: ID16I10452. NICHD/NIH/DHHS:

HHSN275201300006C. Keywords: a cohort study, gestation, hypertension, placental biomarkers, risk prediction model.

1. Introduction

Preeclampsia (PE) is a hypertensive disease that complicates approximately 3-5% of all pregnancies, being
one of the leading causes of maternal morbidity and mortality1–10, as well as adverse perinatal and neo-
natal outcomes11–14. This condition is part of the most important obstetrical syndromes15,16 and multiple
etiologies17–23 have been proposed to play a role in its pathophysiology, including an imbalance of angiogenic
and anti-angiogenic factors24–40, systemic maternal inflammation 41–43, endothelial dysfunction44,45, meta-
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bolic syndrome46–51, vascular disorders of the placenta52–54, abnormal placentation55–58, and utero-placental
ischemia59–61. Indeed, PE is characterized by a systemic maternal vascular dysfunction associated with an
abnormal placentation that is, in part, attributable to abnormal remodeling of the spiral arteries during
early pregnancy62–69. An abnormal placentation is associated with the increased release of cellular debris
from the trophoblast into the maternal circulation that contributes to systemic inflammation, endothelial
dysfunction, and the clinical manifestation of the disease70–75. The only effective treatment of PE is the
delivery of the fetus, thus removing the deleterious effects of the placenta on maternal physiology67,76.

Early identification of women at risk for PE would allow for the development and evaluation of timely
and appropriate intervention strategies to limit short- and long-term adverse outcomes77,78. Given that
interventions such as aspirin administration during the first trimester of pregnancy, have demonstrated a
reduction of its incidence, the development of accurate methods for identifying women at risk of developing
PE is a recognized clinical need79–82. Several multiparametric predictive algorithms have been previously
reported in literature83,84, and are based on several combinations of maternal risk factors, uterine artery
Doppler pulsatility indices, and different blood-borne biomarkers85–87; however, these algorithms have not
been universally adopted and accepted for routine obstetric clinical care78,88–94. The development of more
accurate, inexpensive and effective risk assessment algorithms may increase the adoption of such testing in
clinical care and improve patient management and disease outcome.

Recently, we have identified gingival crevicular fluid (GCF) as a source of surrogate biomarkers of placental
function95–97. GCF is a serum exudate that originates in the gingival sulcus as a result of periodontal inflam-
mation and contains a variety of biological cell types and molecular markers of systemic and local origin98.
Thus, the determination of the concentration of such biomarkers in GCF may serve as a minimally inva-
sive source of biomarkers for the prediction of placenta-originated diseases99,100. Among those biomarkers,
placental alkaline phosphatase (PLAP) has been linked to perinatal diseases such as preterm delivery and
PE101,102. PLAP is a membrane-bound glycoprotein expressed by the maternal microvillous membrane of
the syncytiotrophoblast103–105. The concentration of PLAP in maternal blood increases throughout gestation
in normal pregnancy103, and has been implicated in regulating fetal/maternal metabolism, the transport of
nutrients, and placental differentiation106,107. Moreover, in a recent case-control study, we reported a signi-
ficantly higher concentrations of GCF-PLAP in pregnant women with PE compared to those with a normal
pregnancy, even after adjusting for smoking status, body mass index, and periodontal diagnosis99.

The rationale to utilize GCF for the prediction of PE also relies on the association between periodontal
disease and development of hypertensive disorders of pregnancy108–111. A recent overview of systematic
reviews suggested an association between periodontal disease and PE development (odds ratio [OR] 2.2;
95% confidence interval [CI], 1.4 to 3.4), after the analysis of 15 studies that comprised 5,111 pregnant
women112. In addition, periodontal bacteria, such as Porphyromona gingivalis , Fusobacterium nucleatum ,
and Treponema denticola , have been found to be significantly enriched in the placentae of women affected
by hypertensive disorders compared to those of healthy controls113–115, with increased expression of Toll-like
receptor 2 in the placentae of patients with PE115; this finding suggests that periodontal bacteremia could
stimulate the placental tissue, inducing the systemic release of pro-inflammatory cytokines.

Based on this previous considerations, the aims of the present study are (1) to determine whether GCF-
PLAP concentrations are increased during early pregnancy in patients who will subsequently develop PE and
(2) to assess the diagnostic performance of GCF-PLAP concentrations when combined with other maternal
clinical parameters for the identification of patients who will develop PE.

2. Methods

2.1 Study Design and Participants

A prospective, observational cohort study was performed between January 2017 and March 2018 at a public
tertiary health center (Hospital Sótero del Ŕıo, in Santiago, Chile). Women with a singleton pregnancy
less than 14 weeks of gestation and with confirmed fetal viability were invited to participate in the study.
Patients under the age of 18 or with an intention of delivery at other medical centers were excluded from the
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present research. Patients with incomplete follow-up until delivery or with an unsatisfactory periodontological
evaluation or GCF-PLAP measurements were also excluded from participation. The study was approved by
the Scientific and Ethical Review Boards of the Hospital Sótero del Ŕıo and the Universidad de Los Andes,
and all patients read and signed a written informed consent form prior to sampling and evaluation.

A full periodontal evaluation was scheduled between 11 and 13 6/7 weeks of pregnancy. One dentist, spe-
cially trained for this study, evaluated all participants and recorded a detailed maternal and obstetric his-
tory. Maternal systolic, diastolic, and mean arterial blood pressure, weight, and height were measured with
standardized instruments. A full periodontal diagnostic evaluation was performed, and GCF samples were
collected to assess concentrations of PLAP, using a standardized sampling procedure. A plasma sample was
obtained from 80 randomly selected women to compare to paired plasma and GCF-PLAP concentrations.
Patients, researchers, and health-care providers remained blinded to the results of GCF and plasma PLAP
determinations.

After this initial periodontal evaluation, patients received standard obstetrical care, and cases with subse-
quent obstetrical complications were managed according to local hospital protocols. Patients were followed
until delivery and immediate postpartum, with special emphasis on patients who developed gestational hy-
pertension and PE. Data regarding pregnancy outcomes were recorded shortly after delivery in a pre-specified
database.

2.2 Definitions:

Preeclampsia was defined as a new-onset persistent blood pressure (systolic blood pressure [?] 140 mmHg
or diastolic blood pressure [?] 90 mmHg) and proteinuria (based on a 24-hour urine collection with a total
protein excretion > 300 mg or a urinary spot measurement of protein-to-creatinine ratio > 0.3) after 20
weeks of gestation, according to the clinical guidelines established by the American College of Obstetricians
and Gynecologists90. Preterm PE was defined as those cases of diagnosed PE that required delivery before
37 weeks of gestation. The non-PE group was defined as normotensive pregnant women with a normal
pregnancy who did not develop serious obstetric disease and who delivered a healthy newborn at term.
Periodontitis and its severity were defined according to the classifications established by the 2017 World
Workshop116,117: (1) interdental clinical attachment level (CAL) detectable in [?] 2 non-adjacent teeth or
(2) buccal or oral CAL [?] 3 mm with pocketing > 3 mm detectable in [?] 2 teeth. Gingivitis was defined
in subjects who did not exhibit a periodontal probing depth (PPD) [?] 3 mm, who were without CAL, and
who had positive bleeding upon probing (BOP) in [?] 10% of probe sites. Gingival health was defined as <
10% BOP sites, with a PPD [?] 3 mm116–118.

2.3 Gingival crevicular fluid sample collection and elution protocol:

Oral examination and the collection of GCF samples were performed between 11 0/7 and 13 6/7 weeks of
gestation. After a tooth was isolated with a cotton roll, the supragingival plaque was removed with curettes
but without contacting the gingival margin. The gingival sulcus was then gently dried with an air syringe.
GCF was collected using paper strips. The strips were placed into the sulci/pocket until mild resistance was
sensed and left in place for 30 seconds. Strips contaminated by saliva or blood were excluded from the study.
After GCF collection, the strips were placed into an Eppendorf tube containing 100 μl of phosphate-buffered
saline with 0.05% (v/v) Tween-20. GCF was eluted from the strips by centrifugation (10,000 g for 5 min).
This procedure was repeated twice. GCF samples were obtained from four periodontal sulcus/pockets (1 x
quadrant) at the most affected periodontal site, representative of the periodontal diagnosis of the patient,
and then the strips were pooled to make one sample119.

2.3 Blood samples:

Blood samples were collected by venipuncture into EDTA-containing tubes between 8:00 a.m. and 10:00
a.m. and then were separated by centrifugation at 1000 g for 15 minutes at 4°C. All the samples were frozen
and stored at -80degC until analysis.

2.4 ELISA assays:
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PLAP concentrations in GCF and plasma were quantified using the commercially available Placental Alkaline
Phosphatase ELISA kit (catalog no. MBS701995; MyBiosource, San Diego, CA, USA). The sensitivity
was 0.39 ng/ml, the intra-assay coefficient of variation (CV) was < 8%, and the inter-assay precision CV
was < 10%. The GCF and plasma samples were incubated in a pre-coated microplate according to the
manufacturer’s instructions. The samples were read at a wavelength of 450 nm in an automatic ELISA plate
reader (CM Sunrise 350-700 nm, Tecan US, Inc., AG, Switzerland).

2.5 Sample size calculation

To test the hypothesis that GCF-PLAP concentrations are significantly higher during the first trimester in
pregnancies that will subsequently develop PE, the estimated sample size was calculated based on previously
published data41 and in our previous observations of differences between GCF-PLAP concentrations in
women with PE and normotensive pregnant women (2044 +- 217 and 1880 +- 82 pg/ml; mean +- standard
deviation, respectively)99. To test the hypothesis of mean differences in GCF-PLAP between patients affected
by PE and heathy controls, a minimum cohort size of 406 pregnant women was calculated based on the
following assumptions: a 6.4% prevalence of PE in the entire cohort; a significance level of 5%; a power of
80%; a two-sided test; and a loss-to-follow-up of 5%.

2.6 Statistical analyses:

Shapiro-Wilk tests were used to assess data normality. Maternal GCF-PLAP concentrations were not nor-
mally distributed; therefore, non-parametric tests were used to assess statistical differences. Comparisons
between proportions were performed with a chi-squared or Fisher’s exact test, and the Mann-Whitney U
test was used to compare continuous variables. The association strength was assessed by using a multiple
logistic regression model, which was adjusted by systolic blood pressure and PLAP-GCF concentrations.
Receiver Operating Characteristic (ROC) curves summarized the classification performance of biomarkers.
Goodness of fit and internal validation of the model were assessed using the Bayesian Information Criterion
(BIC) and bootstrapping. The statistical analysis was performed using a commercially available software
package (STATA software, StataCorp version 14.1, Lakeway Drive College Station, TX, USA). A p < 0.05
was considered statistically significant.

3. Results

A study design flowchart is presented in Figure 1. Of the 460-singleton pregnant woman recruited into
this study, 423 (92%) completed the follow-up until delivery. In 11 cases (2.6%), GCF-PLAP samples were
unsatisfactory for analysis and were excluded from the study; therefore, 412 cases (89.6%) were available for
analysis.

The baseline characteristics of the study population are summarized in Table 1. Of the 423 pregnant
women recruited and followed throughout pregnancy, 18 of them subsequently developed PE (4.3%), and
five (1.2%) required delivery before 37 weeks of gestation. Maternal age, maternal weight and height, body
mass index, and smoking status did not differ significantly between patients with PE and controls. Systolic
blood pressure (p<0.001), diastolic blood pressure (p=0.007), and median arterial blood pressure (p=0.006),
measured during early pregnancy, were significantly higher in women who developed PE when compared to
controls. No statistically significant differences in periodontal parameters were identified between patients
who developed PE and controls, and no statistically significant association was identified between periodontal
clinical diagnosis and the subsequent development of PE (p=0.617) (Table 2). The median maternal GCF-
PLAP concentration was 63.7 (interquartile range [IQR]: 88.9) pg/ml in healthy patients, 46.6 (IQR: 47.2)
pg/ml in patients with gingivitis, and 42.4 (IQR: 46.7), 41.1 (IQR: 51.8), 34.7 (IQR: 46.88) pg/ml at
periodontitis stage I, stage II – III and stage IV, respectively, without statistically significant differences
among them (p=0.407).

GCF-PLAP concentrations at 11-14 weeks were compared between patients who subsequently developed PE
and controls. The median maternal GCF-PLAP concentration was significantly higher in the PE group than
that of the controls (77.5 pg/ml (IQR: 41.5) vs. 41.3 pg/ml (IQR: 50.1), p=0.015) (Figure 2A). In addition,
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PLAP concentrations were also measured in paired plasma and GCF samples from 80 women from the same
cohort. The median plasma PLAP concentrations were 24.2 pg/ml (IQR: 2.5) and 24.6 pg/ml (IQR: 7.6) in
the control and PE groups, respectively. In the paired GCF samples, median PLAP concentrations were 66.1
pg/ml (IQR: 4.3) and 99 pg/ml (IQR: 17.8) in the control and PE groups, respectively (p=0.011) (Figure
2B). There was no correlation between plasma and GCF-PLAP concentrations. The observed amount of
PLAP in GCF was 3- to 6-fold higher than in plasma samples.

Multiple logistic regression analysis identified an association between first-trimester systolic blood pressure
(OR: 1.07; 95% CI 1.00-1.015; p=0.004) and GCF-PLAP concentrations (OR: 1.008, 95% CI 1.000-1.015;
p=0.034) (Table 3) in women who subsequently developed PE. The results of the bootstrap analysis were
similar to those observed in the logistic regression model (Table 3). The GCF-PLAP concentration combined
with systolic blood pressure at 11-14 weeks of gestation was found to be a good predictor of PE, with a
specificity of 72%, a sensitivity of 83%, a PPV of 12%, and an NPV of 99%. The positive likelihood ratio
was 2.9, and the negative likelihood ratio was 0.3. The model correctly classified 72% of the women who
developed PE. The AUC for GCF-PLAP concentrations alone at 11-14 weeks of gestation was 0.67; for
systolic blood pressure, 0.74, and for GCF-PLAP concentrations and systolic blood pressure, 0.77 (95% CI:
0.70 – 0.85) (Figure 2C). In the sub-analysis, dividing the PE pregnancies into preterm PE ([?] 37 weeks)
and term PE (> 37 weeks), the observed AUC was 0.85 (95% CI: 0.81 – 0.93) for preterm PE and 0.72 (95%
CI: 0.58 - 0.82) for term PE (Figure 2D and 2D, respectively). All five cases (100%) of preterm PE observed
in the current study were correctly classified by the model.

4. Discussion

Main Findings

The data obtained in the present study support the hypothesis that GCF-PLAP concentrations are sig-
nificantly increased in asymptomatic women who develop PE later in pregnancy. Specifically, GCF-PLAP
concentrations, measured at 11-14 weeks of gestation, were predictive of PE when combined with maternal
systolic blood pressure in a multivariate predictive model. The performance of the predictive model was
satisfactory, with an observed AUC of 0.77 (95% CI: 0.70 – 0.85) for all PE cases, 0.85 (95% CI: 0.81 – 0.93)
for preterm PE, and 0.72 (95% CI: 0.58 - 0.82) for term PE. Bootstrap analysis confirmed the stability of
our results.

Strengths and limitations

To our knowledge, this is the first cohort study evaluating the predictive potential of GCF-PLAP concen-
trations for early-pregnancy risk assessment of PE. These data are consistent with and extend our previous
observations99. PLAP concentrations in GCF were significantly greater than those measured in paired
plasma samples. In women who subsequently developed PE, GCF-PLAP concentrations were 3- to 6-fold
greater than those measured in matched plasma samples. These findings suggest that potential biomarkers
of obstetrical diseases can be concentrated in GCF, highlighting the opportunity to use placental biomarkers
measured in GCF to improve the performance of prediction models.

Currently, there is considerable debate about the use multivariate algorithms for the prediction of PE,
and most obstetric societies do not recommend their use as an screening strategy in routine obstetrical
care78,88–94, arguing the lack of solid evidence of external validation and/or randomization of many of
such existing models84,128,129. In fact, many societies only recommend the use of maternal risk factors to
identify those women who may be at increased risk of PE. Nevertheless, this screening approach based on
identification of clinical risk factors has several limitations, especially considering their limited detection
capabilities. When only clinical assessment of risk factors is used to identify patients at risk of PE, a minor
proportion of PE cases are detected (approximately 30 - 40% of preterm PE and 20 to 35% of late PE
cases)130–133, with very high rates of false-positive screening results. In contrast, uterine artery pulsatility
index with or without the combination of several maternal risk factors, measured at 11 to 14 weeks of,
increases the detection rates of early PE (<34 weeks of gestation) to about 40% to 65% at a fixed false
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positive rate of 5%, and with an overall sensitivity for early PE of nearly 50%134–152. The most recently
developed predictive algorithms, using different combinations of maternal risk factors, biophysical variables
like mean maternal blood pressure, uterine artery pulsatility index, and maternal plasmatic biomarkers
like placental growth factor and/or pregnancy-associated plasma protein A at 11-14 weeks of gestation, have
consistently demonstrated detection rates of preterm PE over nearly 70% at false-positive rates of 10%153–167.
The results obtained in this study further support the use of multiparametric algorithms for improving the
prediction of PE. Future studies are needed to confirm our results and to address the predictive capabilities
of CGF-PLAP concentration alone and/or in combination with more variables and risk factors, such as the
uterine artery Doppler value, to further increase the performance of the algorithm.

Regarding the link between periodontal disease and the risk of PE, our study did not confirm the asso-
ciation between periodontal diagnoses and PE that had been previously described in the literature108–112.
These results, however, should be interpreted with caution given that the present study was powered to
determine the association between GCF-PLAP concentrations and PE but not the association between PE
and periodontal diagnosis. Moreover, this link has not been confirmed in all populations120,121. In fact, in
a cohort study conducted in 1,562 pregnant women from Argentina122, no significant association between
periodontal disease and PE was identified. In addition, in our study, periodontal disease was assessed during
early pregnancy. It is known that periodontal disease usually worsens during pregnancy123–125 and that its
evaluation at a later stage of pregnancy may be more related to the development of PE.

Interpretation

PLAP, a membrane-bound glycosylated enzyme, is highly expressed in the syncytiotrophoblastic membranes
during gestation104,107. PLAP concentrations in maternal plasma are significantly increased in pregnant
women with hypertensive disorders than in those with a normotensive pregnancy101,126,127. Increased PLAP
concentrations associated with PE may be a result of placental dysfunction, and they may also represent an
informative biomarker of the syncytiotrophoblast function66,126. During pregnancy, syncytiotrophoblastic
debris is normally shed into the maternal circulation; however, shedding is significantly increased in pregnan-
cies complicated by PE75,105. Furthermore, replenishment of the syncytiotrophoblast is intense, complicated
by necrosis and aponecrosis with increased liberation into the circulation of syncytiotrophoblast-derived par-
ticles in PE66. In light with our result, syncytiotrophoblast-derived particles, such as PLAP, can reach the
gingival sulcus during early pregnancy, and can be detected in the GCF. Its concentrations are informative of
the risk of developing PE and may be potentially used in future multiparametric algorithm for the prediction
of the disease.

In recent years, systematic reviews and meta-analyses of randomized clinical trials have suggested that low-
dose aspirin administration, particularly in the early stage of pregnancy (<16 weeks of gestation), to women
at high risk for PE is associated with a significant risk reduction in the incidence of this disease79,168–173.
Furthermore, the ASPRE randomized clinical trial80, inclusive of more than 1,600 participants, reported
that administration of aspirin (150 mg /day) between 11 and 14 weeks of gestation in patients screened
for PE risk significantly reduced the risk of preterm PE by 62% compared with placebo [OR: 0.38 (95%
CI: 0.20–0.74)]. This finding has been recently confirmed by a systematic review and meta-analysis81 of
six randomized clinical trials80,174–177. This evidence highlights the importance of implementing effective
predictive models to identify patients at risk of developing PE for whom aspirin administration would be of
clinical benefit. The predictive model reported herein is based on the measurement of a single biomarker
in GCF and systolic blood pressure; therefore, it is non-invasive and inexpensive. Moreover, it displays a
potential clinical utility in identifying women during early pregnancy who are at increased risk for developing
PE, especially preterm PE, and, as such, warrants further clinical evaluation.

5. Conclusions

In summary, the development of more innovative diagnostic tests that allow the early identification of women
at risk for developing PE is a recognized clinical need. The data obtained in this study are consistent with the
hypothesis that the accumulation of placental molecules within GCF during early pregnancy are informative
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of the risk of developing PE and could be surrogate markers of placental function. The practical translation
of these data to the clinical setting requires further validation to determine its clinical implications.
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Figure 1: Flow chart of the study population.
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Figure 2: A: Placental alkaline phosphatase (PLAP) concentrations (pg/ml) in gingival crevicular fluid
(GCF) in pregnancy according to the presence or absence of preeclampsia. B: Plasma and GCF-PLAP
concentrations at 11-14 weeks of gestation in women with and without preeclampsia. GCF, gingival crevicular
fluid; PLAP, placental alkaline phosphatase. C: Area under the receiver operating characteristic (ROC)
curve (AUC) of PLAP-GCF concentration and systolic blood pressure at 11-14 weeks of gestation versus the
development of preeclampsia. D: Area under the receiver operating characteristic (ROC) curve (AUC) of the
concentration of PLAP-GCF and systolic blood pressure versus the development of preterm preeclampsia. E:
Area under the Receiver Operating Characteristic (ROC) curve (ROC-AUC) of the concentration of PLAP-
GCF and systolic blood pressure at 11-14 weeks gestation versus preeclampsia >37 weeks of gestation. GCF,
gingival crevicular fluid; PLAP, placental alkaline phosphatase
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