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Abstract: This study aimed to explore the association between pre-pregnancy BMI and longitudinal
changes in inflammatory markers from the second trimester of pregnancy to 6–8 weeks postpartum
in women with periodontitis. This is a secondary exploratory analysis of 68 women who took part
in a feasibility clinical trial in Rio de Janeiro, Brazil. Inflammatory markers included C-reactive
protein (CRP), interleukin-6 (IL-6), interleukin-10 (IL-10), and matrix metalloproteinase-9 (MMP-9)
blood concentrations at 11–22 (T0) and 30–36 gestational weeks (T1), and 6–8 weeks postpartum (T3).
Longitudinal generalised linear mixed-effects models were used to identify possible associations
between pre-pregnancy BMI and changes in concentrations of inflammatory markers. Pre-pregnancy
excess weight (β = 4.39; 95% CI, 2.12–6.65) was significantly associated with increased CRP levels
from pregnancy to postpartum. There were no significant associations between pre-pregnancy
BMI and longitudinal changes in IL-6, IL-10 and MMP-9. Our findings provide evidence that
a higher pre-pregnancy BMI may lead to increases in CRP levels during pregnancy in women with
periodontitis, irrespective of the severity of clinical periodontal parameters. Further studies need to
investigate if predictors of changes in inflammatory markers can be used as prognostic factors for
gestational outcomes.

Keywords: pre-pregnancy BMI; inflammatory markers; C-reactive protein; interleukins; predictors;
pregnant women; periodontitis

1. Introduction

Periodontitis, a bacterial infection of the gums and dental supporting structures, is
common in women of reproductive age [1]. It tends to worsen during pregnancy due
to physiological hormonal changes [2]. Observational studies have found associations
between periodontitis and adverse pregnancy outcomes, including preterm birth [3],
preeclampsia [4], miscarriage [5], and post-cesarean endometritis [6]. Periodontitis is
also associated with elevated systemic inflammatory biomarkers [7,8]. The bacterial

Int. J. Environ. Res. Public Health 2022, 19, 2705. https://doi.org/10.3390/ijerph19052705 https://www.mdpi.com/journal/ijerph

https://doi.org/10.3390/ijerph19052705
https://doi.org/10.3390/ijerph19052705
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0002-9769-7435
https://orcid.org/0000-0001-8603-9077
https://orcid.org/0000-0002-2645-0187
https://orcid.org/0000-0002-6809-4504
https://orcid.org/0000-0003-2780-0350
https://doi.org/10.3390/ijerph19052705
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/article/10.3390/ijerph19052705?type=check_update&version=3


Int. J. Environ. Res. Public Health 2022, 19, 2705 2 of 14

activity stimulates an immunological cell response with the release of cytokines which
upon entering the bloodstream can reach the uterus and pass through the foetal placental
barrier [9,10] and may directly affect foetal neuronal development, as demonstrated in
animal studies [11].

Changes in C-reactive protein (CRP) are the most commonly investigated inflamma-
tory biomarker during pregnancy, but only a few studies have reported on the longitudi-
nal changes of interleukin-6 (IL-6), interleukin-10 (IL-10), or matrix metalloproteinase 9
(MMP-9). CRP is an acute-phase inflammatory biomarker primarily stimulated by IL-6
as a reaction of tissues to infection or inflammation [12]. The role of IL-6 during chronic
inflammation is still not well understood; however, it is known that in patients with in-
flammation, such as periodontitis, circulating levels of IL-6 are often increased [13]. The
MMP-9 is also involved in the pathological regulation processes, including inflammation
and innate immune defense [14]. It has been demonstrated that circulating MMP-9 levels
are higher in people with diabetes mellitus, cardiovascular diseases and cancer [15]. In
contrast, IL-10 is an anti-inflammatory cytokine with an important role in maternal immune
tolerance of the foetus in normal pregnancy [16,17].

Evidence suggests an association between these pro- and anti-inflammatory markers
and gestational outcomes, including preterm and low birth weight neonates in healthy
pregnant women [18] and among those with periodontitis [19]. In a prospective study
conducted in Brazil, pregnant women in the higher tertile of the CRP trajectory gave birth
to infants with a lower mean birth weight Z-score than pregnant women in the first/second
CRP tertiles [20].

It has been observed that pregnant women with obesity have a more pronounced
increase in CRP concentrations during gestation than pregnant women with normal
weight [21]. Furthermore, pre-pregnancy obesity and several lifestyle factors, includ-
ing a diet rich in meat and processed foods, correlate directly with high concentrations of
circulating inflammatory biomarkers, such as CRP and IL-6 [22,23].

As studies on predictors of changes in inflammatory profile during pregnancy and
early postpartum among women with periodontitis are scarce, and such studies are es-
sential to further our understanding of the relationship between modifiable risk factors
and changes in inflammatory markers and gestational outcomes, we aimed to describe the
inflammatory profile trajectory during pregnancy and early postpartum and explore its
potential association with pre-pregnancy BMI among pregnant/postpartum women with
periodontitis. The exploratory hypothesis was that pre-pregnancy BMI would be indepen-
dently associated with changes during pregnancy and early postpartum in inflammatory
markers (CRP, IL-6, and MMP-9) and anti-inflammatory cytokine (IL-10) concentrations in
pregnant women with periodontitis.

2. Methods and Materials
2.1. Study Design

This study was an offshoot of the main project entitled “Calcium and vitamin D
supplementation and/or periodontal therapy in treating periodontitis among Brazilian
pregnant women (the IMPROVE trial)”. The IMPROVE was a feasibility randomised
controlled trial with a 2 × 2 factorial design and a parallel process evaluation. The current
study consists of a secondary and exploratory analysis of the IMPROVE feasibility trial.
Thus, in this study, we used the data as a cohort study rather than an intervention.

Pregnant women with periodontitis were recruited and randomly allocated into four
groups: (1) fortified milk with vitamin D and calcium plus non-surgical periodontal
treatment (PT) during pregnancy, (2) plain milk plus PT during pregnancy, (3) fortified
milk with vitamin D and calcium plus PT after delivery and (4) plain milk plus PT after
delivery. Pregnant women were allocated into intervention groups by block permutation
randomisation (Sealed Envelope Ltd., https://www.sealedenvelope.com (accessed on
25 February 2019). More details can be found elsewhere [24].

https://www.sealedenvelope.com
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2.2. Recruitment

Participants were recruited from May 2017 to May 2018 with follow-up until February
2019. The research was carried out in Duque de Caxias Municipal Health Center, Rio de
Janeiro/Brazil.

Duque de Caxias is a city situated in a low socioeconomic area in Rio de Janeiro state
with approximately 900,000 inhabitants [25]. In 2012 (last available data), this city presented
a neonatal mortality rate of 12.1 per 1000 live births, 0.7% of maternal deaths, and 20.4% of
families were covered by the family health strategy (FHS) [26]. FHS is targeted at people
living in deprivation and whose nutritional status is impacted by social and economic
factors [27].

In the first prenatal visit, pregnant women were invited to answer a checklist for
eligibility. The inclusion criteria were age ≥ 18 years at the time of recruitment; <20 weeks
of gestation at first prenatal visit; having both the physical and cognitive ability to complete
an interview and oral examination and being willing to take part, which includes providing
blood samples. The exclusion criteria were being diagnosed with psychosis, diabetes
before pregnancy, thyroid disease, or any disorder implicated in vitamin D hypersensitivity
(e.g., sarcoidosis and other lymphomatous disorders); having extensive dental cavities
(crowns of several teeth destroyed by caries), and loss of tooth structure or use of fixed
dental braces.

Those preliminarily eligible and who tested negative for syphilis and HIV were then
invited to book a dental examination. Women who screened positive for periodontitis
(≥1 tooth with at least one site with ≥4 mm of clinical attachment loss (CAL) and the
presence of bleeding on probing (BOP)) were provided with an informed consent form and
were subsequently included in the study. More information about patients’ recruitment
is described elsewhere [24,28]. Of the 767 pregnant women assessed for eligibility, 92 met
the initial eligibility criteria and were diagnosed with periodontitis. Eight removed their
consent, nine did not attend the baseline blood test, two suffered a miscarriage, and three
were diagnosed with hypertension. Of the 70 women randomised, 69 participated in the
first visit, but one withdrew the consent (Figure 1) and one was excluded from the analysis
due to lack of information about pre-pregnancy BMI. The final study population included
68 women.

All study participants were advised not to change their routine physical activity
or consume any other supplements apart from the ones provided by the health centre
(usually 400 µg/d folic acid and 60 mg/d ferrous sulphate). More details can be found in
Adegboye et al. [28].

2.3. Oral Health Examination

Following the initial oral health screening during the recruitment stage, women with
confirmed periodontitis who agreed to participate in the study underwent a full-mouth peri-
odontal examination at baseline (T0—between 11 and 22 gestational weeks) and postpartum
(T2—6 and 8 weeks after delivery), regardless of group allocation. Clinical periodontal
parameters were not collected at the third trimester (T1). Periodontal examination was per-
formed at six sites per tooth, including mesiobuccal, mid-buccal, distobuccal, mesiolingual,
mid-lingual, and distolingual sites, using colour-coded North Carolina periodontal probes
and a dental mirror. No X-ray was taken.

After participants were randomised into four study groups (Figure 1), those in the early
PT group immediately underwent conventional non-surgical PT throughout pregnancy up
to childbirth, consisting of prophylactic dental polishing to remove the bacterial film, scaling
and root planning, as necessary. The number of therapy sessions varied according to disease
severity, with a maximum of five sessions per participant. The treatment was performed by
a trained dentist who was not involved in dental screening. Participants allocated to the
late PT group started the treatment after childbirth as part of the routine dental care in the
health centre. X-rays and anaesthesia were not used during the procedures.
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Figure 1. Study flowchart of enrolment, allocation, and follow-up of the pregnant women. PT:
Periodontal treatment. * Did not start periodontal treatment (n = 1) or milk consumption (n = 1) or
both (n = 1). ** did not start milk consumption (n = 1).

Additionally, bi-monthly maintenance periodontal examinations were performed in
those who had completed the PT during pregnancy. A tailored form was developed to
register the data on gingival BOP (BOP), pocket depth, CAL, and dental mobility. Calibrated
and trained dentists performed oral examinations and PT. The dentists calibrated their
probing force using a scale before all examinations to ensure that an adequate pressure
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of approximately 20 g was applied [29]. The dentist who performed the periodontal
examination was blinded regarding the participants’ group allocation.

2.4. Data Collection

All randomised women were examined and answered questionnaires during the
period between the second (T0—before randomization) and third (T1—30–36 gestational
weeks) trimesters of gestation and early postpartum (T2).

Gestational age (weeks) was calculated based on data from the first ultrasonography
performed before the 20th week of gestation. Maternal blood samples (for analysis of
biochemical markers) were collected in the morning after a 12-h overnight fast in all three-
time points (T0, T1, and T2). The blood samples were centrifuged and stored in a freezer
with a temperature of −80 ◦C until analysis. Fasting glucose levels (serum) were estimated
by the enzymatic colorimetric method and insulin (serum) levels by chemiluminescence.
Both markers were analysed by the Laboratory of Clinical Analysis and Pathology LTDA-
SEPAC (Rio de Janeiro, Brazil).

Pregnant women answered structured questionnaires about sociodemographic char-
acteristics and lifestyle, including age (years), years of education (years), monthly per
capita income (USD), marital status (living with partner/others), self-reported skin colour
(white/others), smoking habits (no/current smoker), alcohol consumption (no/yes), sun
exposure (<30 min/day/>30 min/day) and maternal conditions such as parity. Parity was
used as a binary variable (no previous delivery and one or more previous deliveries) in de-
scriptive analyses and as a continuous variable (number of parturitions) in the longitudinal
models. Gestational weight gain (GWG) (kg) was calculated as the difference between the
weight measured in the third trimester and the self-reported pre-pregnancy weight [30].

Dietary intake was estimated through a validated semi-quantitative food frequency
questionnaire (FFQ) [31] during the first follow-up visit. FFQ items were transformed into
daily portions according to the daily frequency, and portion size intakes using a method
previously described [32]. The Brazilian Food Composition tables [33,34] were used
to determine the composition of foods. The US Department of Agriculture nutrient
database [35] was used for foods lacking the Brazilian food composition database. These
analyses were used to determine the total energy (kcal/d), calcium (mg/d), and vitamin D
(mcg/d) intake.

Furthermore, data from 24 food nutrients (kcal, protein, fiber, saturated fat, monoun-
saturated fat, polyunsaturated fat, cholesterol, iron, thiamine (B1), riboflavin (B2), niacin,
pyridoxine (B6), vitamin A (retinol), beta-carotene (RE), beta-carotene (RAE), folic acid,
vitamin C and D, vitamin E, omega 3 (18:3n-3 (18:3)), omega 6 (18:2n-6 (18:2)), calcium,
zinc and magnesium) were used to calculate the dietary inflammatory index (DII) score,
according to Shivappa et al. [36]. For example, total fat, saturated fat, and cholesterol
contribute negatively to calculating the overall DII score. In contrast, polyunsaturated fat,
fibre, beta-carotene, and other antioxidants contribute positively to calculating the overall
DII score. The main objective of calculating this score was to provide a tool to categorise
diets on a continuum from maximally anti-inflammatory (negative values) to maximally
pro-inflammatory (positive values) [37].

We used the Pregnancy Physical Activity Questionnaire (PPAQ), which was translated
and cross-culturally adapted for the Brazilian population, according to Silva et al. [38]. In
this PPAQ, the type of exercise, intensity, duration and frequency was recorded per day
during the current gestational trimester (i.e., based on activities performed in the last three
months). To compute the average daily energy expenditure, we follow the instructions
described by Silva et al. [38] and thus the pregnant women were classified according to
their intensity level of daily physical activity as sedentary, light or moderate.

2.5. Exposure Variable

Pre-pregnancy weight (kg) was self-reported or extracted from the pregnant woman’s
medical record, referring to the measurement performed in the first trimester. Height (m)
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was measured in duplicate to the nearest 0.1 cm using a portable stadiometer (Seca Ltd.,
Hamburg, Germany) attached to the wall, with a limit of 220 cm. The mean between the two
measures was calculated. Pre-pregnancy BMI (weight (kg)/height (m2)) was subsequently
calculated and women were classified as having excess weight (yes/no) according to the
World Health Organisation BMI cut-off point for excess weight (≥25 kg/m2). In Brazil, self-
reported pre-pregnancy weight can be used to calculate BMI when an early measurement
of weight during pregnancy is not available [39].

2.6. Outcome Variables

The outcomes were changes in CRP (mg/L), IL-6 (pg/mL), IL-10 (ng/mL) and MMP-9
(ng/mL) serum concentrations over pregnancy and early postpartum. CRP levels (serum)
were measured by the immunoturbidimetric method, MMP-9 (serum), IL-6, and IL-10
levels (plasma) were measured by xMap methodology in the Luminex 200 equipment
(software xPonent/Analyst version 4.2, Millipore, St Charles, MO, USA).

2.7. Data Analysis

The sample characteristics were described using medians, interquartile ranges (IQR),
absolute values (n) and relative frequencies (%). The ANOVA test was used to deter-
mine statistical significance between continuous variables and the Chi-square test for
categorical variables.

Bivariate longitudinal linear regressions were performed to investigate the associations
of maternal, sociodemographic, biochemical, and nutritional factors with the inflammatory
biomarkers’ level during pregnancy and postpartum (Supplementary material Table S1).
An alpha of 0.2 was used in bivariate pre-screening of candidate variables to ensure that all
potential explanatory variables were considered. After this exploratory bivariate analysis,
we examined the correlation between variables and selected the co-variates to be considered
in the multivariate model. Pocket depth and CAL were strongly correlated. Therefore,
these two variables were not simultaneously included in the multivariate models.

Multivariate longitudinal generalised linear mixed-effects (LME) were performed
to assess the influence of excess pre-pregnancy BMI (yes/no) on the levels of inflamma-
tory markers throughout pregnancy and postpartum (reported coefficients (β) and their
95% confidence interval (CI)). We explored some transformations (rank, log-rank, etc.) to
deal with data skewness. However, data transformations did not improve the model fit
significantly. Therefore, the results were presented in the original unit of analysis, but
outliers were removed. The gestational age (in weeks) and the women’s identification (ID)
were included in all LME models as random effects ID to adjust for the overall and the
individual variations in the outcomes over time. This means that we modelled the average
effect for each subject as a random factor. The periodontal treatment allocation and the
milk fortification are both directly linked to the study outcomes (changes in inflammatory
markers) and were therefore assessed as possible random effects and included in the final
model regardless of the p-value. This ensure that any observed association between pre-
pregnancy BMI and inflammatory markers was independent of any potential intervention
effect. CAL was also included in the adjusted models. All other variables were considered
as fixed effects only and were retained in the model based on a significance level of 0.05.

The intervention groups were balanced at baseline, demonstrating that the randomisa-
tion strategy was effective (data not shown). Further details can be found elsewhere [40].
Randomisation was stratified according to the baseline smoking habits (yes/no). Therefore,
this variable was not considered as a covariate in the regression models. The only exposure
variables measured over pregnancy and postpartum were the number of acute infection
episodes (urinary, throat, flu, and other) and the use of anti-inflammatory drugs. All other
variables were measured at baseline, only.

Statistical analyses were performed using R version 3.6.1 (R Core Team, Vienna,
Austria) [41] with the “lme4” package to perform LME analyses [42].
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2.8. Ethics

This study was conducted according to the guidelines of the Declaration of Helsinki.
All participants signed informed consent for participation in the study. The IMPROVE
trial protocol was submitted and approved by the Ethics Committee of School Mater-
nity of the Federal University of Rio de Janeiro (Brazil), on 27 April 2016 (nr. 1.516.656).
The trial was registered in the ClinicalTrials.gov database (NCT, NCT03148483. Regis-
tered on 11 May 2017, https://clinicaltrials.gov/ct2/show/NCT03148483 (accessed on
18 January 2019), and the study protocol was published [24].

3. Results

The 68 participants’ median age was 28.5 (IQR = 7.0) years, and gestational age
at baseline was 16.4 (4.1) weeks. The median years of education were 12.0 (3.0) years,
and the monthly per capita income was USD 130.0 (104.1). Eighty-seven per cent (87%)
of pregnant women lived with their partners, 64.7% had at least one previous delivery
and 88.2% declared themselves racially mixed or black. The median value for BMI was
26.3 (9.5) kg/m2. The median values for pocket depth, CAL and the frequency of BOP were
4.2 (0.3) mm, 4.2 (0.3) mm, and 16.0% (21.0%), respectively at baseline. Women with pre-
pregnancy excess weight were older and had higher median values of fasting insulin and
glucose (p < 0.001) compared to women without an excess of weight at baseline (Table 1).

Table 1. Baseline 1 characteristics of pregnant women with periodontitis according to pre-pregnancy
BMI categories.

Maternal
Characteristics Total 2

Pre-Pregnancy BMI Categories
p *No Excess Weight

(≤24.9 kg/m2)
Excess Weight
(≥25 kg/m2)

Age (years) 28.5 (7.0) 25.0 (8.0) 30.0 (8.0) 0.009
Gestational age (weeks) 16.4 (4.1) 17.0 (4.6) 16.4 (3.7) 0.896

Years of education (years) 12.0 (3.0) 12.0 (3.0) 12.0 (3.0) 0.926
Monthly per capita income (US$) 3 130.0 (104.1) 120.0 (78.3) 151.1 (152.3) 0.185

Pre-pregnancy BMI (kg/m2) 26.3 (9.5) 21.4 (2.2) 30.5 (6.2) <0.001
Gestational weight gain (kg) 10.1 (8.7) 11.0 (6.1) 6.9 (12.7) 0.033

Insulin (µU/mL) 7.6 (5.2) 4.9 (3.8) 9.6 (4.9) <0.001
Fasting glucose (mg/dL) 72.5 (9.5) 68.0 (7.0) 75.0 (8.0) 0.001
Energy intake (kcal/d) 4054 (2334) 4216 (2549) 3927 (2458) 0.278
Calcium intake (mg/d) 1037 (636) 953 (478) 1045 (944) 0.867

Vitamin D intake (mcg/d) 5.3 (4.4) 5.6 (4.2) 5.0 (3.2) 0.995
Inflammatory diet index 4 0.8 (2.1) 1.1 (2.0) 0.8 (1.9) 0.724

Pocket depth (mm) 4.2 (0.3) 4.2 (0.2) 4.3 (0.2) 0.406
CAL (mm) 4.2 (0.3) 4.2 (0.3) 4.3 (0.3) 0.360

BOP (%) 16.0 (21.0) 15.0 (21.0) 16.0 (22.0) 0.823

Living with a partner
Yes 59 (86.8) 24 (82.8) 35 (89.7)

0.401No 5 9 (13.2) 5 (17.2) 4 (10.3)
Parity (number of parturitions)

0 24 (35.3) 12 (41.4) 12 (30.8)
0.344≥1 44 (64.7) 17 (58.6) 27 (69.2)

Self-reported skin colour
White 8 (11.8) 4 (13.8) 4 (10.3)

0.654Mixed or black 60 (88.2) 25 (86.2) 35 (89.7)
Current smoking

No 60 (88.2) 27 (93.1) 33 (84.6)
0.283Yes 8 (11.8) 2 (6.9) 6 (15.4)

Alcohol intake
No 57 (83.8) 25 (86.2) 32 (82.0)

0.645Yes 11 (16.2) 4 (13.8) 7 (18.0)
Physical Activity

https://clinicaltrials.gov/ct2/show/NCT03148483
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Table 1. Cont.

Maternal
Characteristics Total 2

Pre-Pregnancy BMI Categories
p *No Excess Weight

(≤24.9 kg/m2)
Excess Weight
(≥25 kg/m2)

Sedentary and light 42 (61.8) 20 (69.0) 22 (56.4)
0.292Moderate 26 (38.2) 9 (31.0) 17 (43.6)

Sun exposure
<30 min/day 48 (81.4) 18 (81.8) 30 (81.1)

0.944>30 min/day 11 (18.6) 4 (18.2) 7 (18.9)
1 Baseline was between gestational weeks 11 and 21. 2 n = 68. 3 Value was originally measured in Brazilian Reais
(BRL) but converted to USA dollars (USD). Exchange rate in February 2019, BRL 3.75 = USD 1. 4 Score classifies
diets on a continuum from maximally anti-inflammatory (negative values) to maximally pro-inflammatory
(positive values). 5 Other = Not living with a partner or do not have a partner. BMI, Body Mass Index. * p-value
refers to the Kruskal–Wallis test between continuous exposure variables and BMI categories and refers to Chi-
square test between categorical exposure variables and BMI categories.

Periodontal parameters tended to improve (negative delta values) in women with
no excess weight compared to those with excess weight; however, this improvement was
not statistically significant (p > 0.05). Overall, periodontal parameters did not change
significantly between the second trimester of pregnancy and early postpartum (Table 2).

Table 2. Change in periodontal health measures (delta) 1 among pregnant women with periodontitis
according to pre-pregnancy BMI categories.

Periodontal Parameters Total 2
Pre-Pregnancy BMI Categories

pNo Excess Weight
(≤24.9kg/m2)

Excess Weight
(≥25 kg/m2)

Median (IQR)

∆ Pocket depth (mm) 1 0.0 (0.3) −0.1 (0.2) 0.0 (0.3) 0.171
∆ CAL (mm) 1 0.0 (0.3) −0.1 (0.2) 0.0 (0.3) 0.139

∆ BOP (%) 1 0.0 (0.2) −0.1 (0.2) 0.0 (0.2) 0.080
1 The difference between T2 and T0. 2 n = 68.

The median CRP levels ranged from 8.6 (9.9) mg/L at baseline to 4.5 (5.9) mg/L in the
postpartum (p < 0.001). IL-6 concentrations varied from 1.2 (0.6) (pg/mL) at baseline to
1.3 (0.6) (pg/mL) in the postpartum period (p = 0.012). IL-10 levels did not change signif-
icantly throughout the study period: 2.9 (2.0) (pg/mL) at baseline and 3.2 (1.9) (pg/mL)
in postpartum (p = 0.074). MMP-9 levels varied from 4.5 (1.6) to 3.0 (2.2) ng/mL in the
postpartum (p < 0.001) (data not shown).

In the bivariate analysis, pre-pregnancy excess weight was associated with CRP levels
at baseline (p < 0.01) (Supplementary material Table S1). However, there were no significant
associations between pre-pregnancy excess weight and IL-6, IL-10 and MMP-9 in the
bivariate analyses.

Longitudinal adjusted models showed that pre-pregnancy excess weight (β = 4.39;
95% CI, 2.12–6.65) was associated with increased CRP levels from pregnancy to postpartum
(Table 3). Pre-pregnancy BMI was not associated with longitudinal changes in IL-6, IL-10
and MMP-9 concentration in the multivariable analysis (data not shown).

Table 3. Adjusted longitudinal linear regression model for excess weight (yes/no) based on pre-pregnancy
BMI and CRP levels from pregnancy to postpartum among pregnant women with periodontitis.

Variables

CRP Change β 95% CI p-Value

Pre-pregnancy excess of weight (no/yes) 1 4.39 2.12–6.65 <0.01
Insulin (µU/mL) 0.35 0.11–0.58 <0.01
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Table 3. Cont.

Variables

CRP Change β 95% CI p-Value

CAL (mm) 3.08 −1.93–8.08 0.23

Restricted Maximum Likelihood Estimation
(REML) at the convergence 1095.4

Variance components Variance SD 95% CI

Woman identifier (ID) 15.37 3.92 0–7.89
Gestational age (wk) 0.003 0.06 0–0.18

Residual 37.36 6.11 5.33–7.00

Lilliefors (Kolmogorov-Smirnov) normality test D p-Value

for residuals of fixed effects 0.12 <0.01
for random effects 0.31 <0.01

β is the angular coefficient. 1 Assessed by pre-pregnancy BMI (Kg/m2). Excess of weight = overweight + obesity.
Categorical variables for which the first category is the reference. Italic: normal distribution an alpha 0.01.
CRP: C-reactive protein; wk: weeks; SD: Standard Deviation; D: Statistical distribution of normality. Variables
were retained in the final model if p-value was <0.05.

4. Discussion

Pre-pregnancy BMI was directly associated with changes in CRP levels, suggesting that
women with a higher BMI early in pregnancy increased their CRP levels from pregnancy
to postpartum more so than women with a healthy weight. There were no significant
associations with changes in IL-6, MMP-9 and IL-10 concentrations over time. To the best
of our knowledge, no previous studies have examined the changes of several inflammatory
biomarkers during pregnancy and postpartum in women with periodontitis from a low
socioeconomic setting. Thus, a direct comparison between our results and findings from
other studies is limited.

It is known that pre-pregnancy obesity and several lifestyle factors, including a diet
rich in meat and processed foods, correlate directly with circulating concentrations of inflam-
matory biomarkers, such as CRP and IL-6 [22,23]. Oliveira et al. [21] studied 115 pregnant
women from Brazil and observed that serum CRP concentrations progressively increased
throughout pregnancy and that pre-pregnancy BMI was directly associated with subse-
quent increases in CRP concentrations. Moreso, McDade et al. [43] conducted a study with
309 young pregnant women and observed that pre-pregnancy BMI was directly associated
with CRP in the third gestational trimester. In pregnant women, there is an overlap of
metabolic and inflammatory pathways [44,45], and a possible explanation for these findings
is that macrophages, that are related to the inflammatory response [43,45] and adipocytes
that under normal conditions store lipids and regulate metabolic homeostasis [43], have
common embryonic origins and might be able, in particular situations as maternal excess
of weight, to produce the same components, including inflammatory markers. How-
ever, little is known about the relationship between BMI and the dynamics of the con-
centrations of other inflammatory biomarkers, such as interleukins and MMP-9 in the
context of pregnancy, and even less is known about these relationships in pregnant women
with periodontitis.

Although markers of systemic inflammation such as CRP raise slightly at the begin-
ning of gestation, indicating appropriate placentation [46], a persistent chronic systemic
inflammatory response with increased cytokines and CRP levels is associated with pla-
cental dysfunction and adverse gestational outcomes [47], including preeclampsia [48],
ruptured membranes complicated by chorioamnionitis [49], and preterm labour [50]. There
is evidence supporting that levels of CRP increase during pregnancy above non-pregnant
levels and then gradually reduce after childbirth [46]. However, the causes of CRP changes
throughout pregnancy are still not fully known [46]. High levels of CRP in the first trimester
have been reported [51], and more recently, it was shown that pregnant women with el-
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evated CRP levels at 9 (±13) weeks were more likely to develop gestational diabetes
mellitus [52] and preeclampsia [53] than pregnant women with lower levels. We found that
excess pre-pregnancy weight is associated with a 4.39 mg/L increase in CRP compared to
normal pre-pregnancy weight. However, the clinical relevance of this finding is not clear.
Nakishbandy & Barawi [54], found that pregnant women with CRP levels above 1 mg/L
were at high risk of preterm delivery, while Dodd’s & Iams [55] observed that the risk of
preterm delivery increased among women with a CRP level of 8 mg/L or greater.

The potential intervention effect of this feasibility trial on periodontal measurements
and other parameters was fully reported in our previous paper [40]. In brief, we found that
mean BOP was significantly reduced in the early periodontal treatment arm. Concomitantly,
this clinical parameter worsened in the late periodontal treatment arm. No significant
differences were observed regarding pocket depth and CAL. Given the above and evidence
from other literature that periodontal treatment can influence inflammatory markers [56],
we explored the associations between the three periodontal parameters (pocket depth, CAL
and BOP) and inflammatory markers in the bivariate analysis (Supplemental Table S1).
All three parameters were directly and significantly associated with changes in CPR from
baseline (p < 0.001) in the bivariate analyses but did not remain significant in the adjusted
models. CAL was forced in adjusted models, but it did not influence the direction or
strength of the associations.

To the best of our knowledge, we did not include any women with aggressive peri-
odontitis. This is because women with aggressive periodontitis were more likely to have
poor overall oral health (e.g., presence of extensive caries) and therefore was not eligible to
be included in the study. Additionally, our study population was relatively young and most
of the eligible women presented with mild chronic periodontitis. Recruiting individuals
with severe chronic periodontitis only, which tends to develop with age, would not be
feasible [28]. Therefore, periodontitis was defined as the presence of one or more teeth with
at least one periodontal site with ≥4 mm of CAL and with the presence of BOP on the same
site. The presence of BOP ensured the existence of local inflammation.

It is important to emphasise the relationship between periodontitis and inflammatory
markers in the context of obesity. There is compelling evidence pointing out the increased
risk of periodontitis in individuals with excessive weight [57]. Although the underlying
mechanism remains unclear, it is suggested that it might be mediated by insulin resistance
due to chronic inflammatory and oxidative stress [57]. However, currently, the available
evidence on the success of periodontal therapy on clinical periodontal parameters and
levels of pro-inflammatory cytokines in obese individuals remains inconclusive [58,59].
Despite the limited evidence on the effectiveness of periodontal therapy on patients with
obesity, oral healthcare professionals need to be aware of the intricate relationship between
obesity and periodontitis, especially in pregnant and early postpartum women and need to
inform them about the importance of maintaining a healthy body weight and having good
oral hygiene practice [59].

Our findings should be interpreted with caution as it was an exploratory secondary
analysis of a feasibility clinical trial. Therefore, the study was limited by the small sample
size and the loss of follow-up. In total, 68 women were evaluated, and 15 (21.7%) did not
complete the follow-up. However, no differences were observed in baseline characteristics
for the women who completed and those who dropped out of the study [28], suggesting
a low probability of selective losses. The use of self-reported pre-pregnancy BMI may be
a limitation of our study. However, Carrilho et al. [39] observed that self-reported pre-
pregnancy weight could be used in a Brazilian population to calculate BMI when an early
measurement of weight during pregnancy is not available. The generalisability of our
findings might be limited. Our results could be potentially generalised to other South
American populations living in a similar environment.

The main strength of this study was the repeated biomarker measures from pregnancy
up to postpartum and the use of longitudinal modelling. The model is robust for corre-
lations between repeated measurements and incomplete follow-up data on the outcome
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variable by considering the common effects of participants in the same group-fixed effects
and specific effects of each participant-random effect [60]. This procedure improved the
accuracy of estimates and required fewer observations, which is advantageous for studies
with small sample sizes. Another strength was the similarity in periodontal status across
group allocation [40].

Some research and clinical implications of our findings should be highlighted. A higher
pre-pregnancy BMI was associated with increased levels of inflammatory biomarkers
throughout pregnancy and postpartum in women with periodontitis. This chronic in-
flammatory profile may lead to adverse pregnancy outcomes [3,18,20]. In this scenario,
maternal excess weight and inflammation are risk factors for adverse pregnancy and birth
outcomes. However, both periodontitis and excess weight are preventable risk factors, and
they should be targeted for early interventions. Finally, it is important to mention that oral
health screening is not offered to all pregnant women in developing and some developed
countries, and oral health, in general, is often neglected [61]. Furthermore, healthcare
professionals should be aware of the health consequences for both mother and offspring
related to periodontitis and secure strategies to minimise the negative health impacts,
particularly among those with other risk factors, including those with excess weight.

5. Conclusions

Pre-pregnancy BMI was significantly associated with increased CRP levels from preg-
nancy to the early postpartum period among pregnant Brazilian women with periodontitis.
More research to investigate if predictors of changes in inflammatory markers can be used
as prognostic factors for gestational outcomes.
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