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ABSTRACT
Objective: It is evident that periodontitis is linked to various adverse pregnancy outcomes. This prospective 
study explored the potential link of maternal periodontal diseases to neonatal adverse outcomes.
Materials and Methods: A total of 193 generally healthy females in their third trimester (34–36 weeks) 
of pregnancy were enrolled. All subjects received full-mouth periodontal assessment, and the peri-
odontal inflamed surface area (PISA) was calculated. Demographic data, lifestyles and anthropomet-
ric measurements of the neonates (e.g., body length and head circumference) were recorded. Herein, 
small-for-gestational age (SGA) referred to gender- and age-adjusted birth weight below the 10th percen-
tile in line with the standard reference. Multivariable logistic regression analysis and restricted cubic spline 
were performed for examining the association of periodontal parameters with SGA. 
Results: There were 8.3% (16/193) of neonates with SGA. Significantly positive correlation existed between 
the percentage of tooth sites with increased probing depth and an elevated risk of SGA (OR: 1.052;  
P < 0.05). Yet, the PISA was positively associated with the risk of SGA (OR: 1.002; P < 0.05) as well. No signifi-
cant link occurred between maternal periodontal status and other neonatal outcome measures.
Conclusion: Within the limitations of this study, the findings suggest that there could be a link between 
maternal periodontal diseases and neonatal adverse outcomes like SGA. Further investigation is required 
to clarify the current findings and potential implications for promoting maternal oral/periodontal health 
and newborn health. 
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Background

It is apparent that periodontal (gum) diseases significantly affect  
oral health and yet have notable associations with COVID-19 
and common noncommunicable diseases (NCDs), such as dia-
betes, cardiovascular disease, inflammatory bowel disease, cer-
tain kinds of cancers, rheumatoid arthritis, Alzheimer’s disease 
and nonalcoholic fatty liver disease [1–7]. The causal connection 
of periodontitis to its systemic comorbidities is substantiated by 
emerging scientific evidence on biologically convincible and 
clinically conceivable mechanisms through which periodontal 
inflammation could affect the systemic status [8, 9]. As such, per-
iodontitis may aggravate common metabolic–inflammatory 
diseases and disorders, through upregulating the systemic level 
of inflammation [4, 8, 10–13]. 

It is noteworthy that periodontal diseases are frequently 
present in pregnant women, and the prevalence of maternal 
periodontitis could go up to 61% [14–16]. The joint consensus 

statement from the American Academy of Periodontology (AAP) 
and the European Federation in Periodontology indicates that 
maternal periodontitis can disturb the healthy condition of 
fetal-maternal interface, and thereby increase the risk of adverse 
pregnancy outcomes (APOs) [17]. Up to now, most of the studies 
in this field address the possible link of periodontal diseases 
with preterm birth/low birth weight (PTB/LBW), small-for-
gestational age (SGA) infants and preeclampsia, as well as the 
potential effects of periodontal interventions on these disorders 
[18–28]. Meanwhile, it has been highlighted that periodontal 
infections and the resultant inflammatory mediators significantly 
account for the underlying biological mechanisms involved in 
these disorders [14, 17, 20, 28]. 

Importantly, SGA neonates are susceptible to various 
adverse consequences with significant implications for neonatal 
mortality and morbidity in both developed and developing 
countries [29]. It has been previously shown that pregnant 
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females with moderate to severe periodontal diseases could 
exhibit an elevated risk for delivering SGA infants, whereas other 
possible infections and/or complications during pregnancy that 
affect fetal growth are not identified and controlled in the study 
[18]. Moreover, although the recent systematic review and 
meta-analysis reveal that periodontal diseases markedly 
increase the risk of PTB and LBW, such notable link of periodontal 
diseases to SGA could not be identified [30]. Additionally, 
maternal infection can be one of the possible causes of fetal 
growth restriction. Taken together, further investigations are 
needed to clarify these points. As such, this prospective study 
attempted to elucidate whether there could be a link between 
maternal periodontal diseases and neonatal adverse outcomes 
like SGA among generally healthy pregnant women.

Methods

Study population 

This prospective study consisted of 193 pregnant females  
(18–35 years at 34–36 gestational weeks), and they were 
recruited from the Division of Obstetrics & Gynecology at the 
Shenzhen Maternity & Child Healthcare Hospital (SZMCH). The 
average follow-up time was 38.0 ± 11.9 days. The participants 
fulfilled the following criteria: i) singleton pregnancy; ii) full reg-
istration with the electronic medical system of SZMCH; iii) nor-
mal pre-pregnancy body mass index (BMI); iv) absence of 
chronic inflammatory diseases; and v) natural pregnancy. The 
following subjects were excluded: current smokers and those 
with systemic diseases prior to and/or during pregnancy as well 
as those receiving periodontal treatments or antibiotics/immu-
nosuppressive agents in the past 6 months (Supplementary 
Figure 1). Approval for the study was granted by the Ethics 
Committee from the SZMCH (SFYLS [2020] 013), and this study 
was conducted according to the guidelines of the Declaration of 
Helsinki [31]. Prior to this clinical study, informed oral and writ-
ten consent was given by all the subjects.

Periodontal assessment

The examination was performed by a calibrated investigator 
within 1 week of subject recruitment, and the intra-examiner reli-
ability was assessed to be strong having a kappa value of 0.887 
[32]. The numbers of tooth loss due to periodontitis and the 
teeth present excluding 3rd molars were counted. The parame-
ters recorded at six sites per tooth included full-mouth plaque 
score (FMPS), bleeding on probing (BOP) and probing depth 
(PD). Moreover, the periodontal inflamed surface area (PISA) was 
calculated for each subject following an established approach 
[33].

Outcome measures of neonates

The primary outcome measure of neonates was small-for-gesta-
tional-age (SGA), and it was defined as gender- and age-adjusted 
birth weight below the 10th percentile following the standard 

references [34]. Similarly, infants were categorized as 
large-for-gestational-age (LGA) or appropriate for their gesta-
tional age (AGA) respectively, when the gender- and age-adjusted 
birth weight was above 90th percentile or between the 10th and 
90th percentile [34]. The essential information (e.g., gender, ges-
tational age and birth weight) was extracted from the electronic 
medical system of SZMCH, and well matched to their mothers. 
Head circumference (cm), birth length (cm) and Apgar score in 5 
min were collected from the electronic system as well.

Statistical analysis

All subjects were categorized into SGA, AGA and LGA groups 
according to the outcome measures of their neonates. 
Continuous variables were shown as mean ± SD or median 
(interquartile ranges) appropriately, while categorical ones were 
presented with counts and percentages. Mann-Whitney U test 
examined the differences in periodontal parameters (continu-
ous variables) between SGA and AGA groups or LGA and AGA 
groups. Whereas Chi-square test was undertaken to assess the 
inter-group differences in socio-demographic characteristics. 

To further explore the association of periodontal parameters 
with the outcome measures of neonates, logistic regression 
models were designed for facilitating the analysis. Various 
potential confounders in the multivariable models were 
adjusted (i.e., maternal age, educational attainment, household 
monthly income, pre-pregnancy BMI and pregnancy history). 
The interconnections of maternal age with periodontal 
parameters were tested as well. Given an a priori hypothesis that 
one percentage of sites with increased BOP% or PD ≥ 4 mm 
might not evenly reflect the exacerbation of periodontal 
conditions, the restricted cubic spline (RCS) were employed to 
further examine the potential non-linear associations of 
periodontal parameters with the incidence of SGA or LGA on the 
basis of the logistic regression models. The 5th, 50th and 95th 
percentiles were kept as the knots to set the median of the total 
population as the reference. The link of maternal periodontal 
parameters with neonatal body length and head circumference 
was assessed as well, by using the models established. Statistical 
analyses and curve fitting were undertaken with the SAS 9.4 
software and R (version 4.0), respectively. A two-side P-value 
< 0.05 was determined to be statistically significant.

Results

Demographics/periodontal conditions of the pregnant 
females and the health conditions of their neonates 

The demographic characteristics and periodontal status of all 
193 pregnant females are presented in Table 1. Overall, 51.8% 
of subjects were 30 years old or below. Majority of them 
obtained university or higher degrees (74.6%), and 47.7% 
earned over 20,000 CNY household income per month. A total 
of 50.8% had never been pregnant, and 29.1% had over one 
miscarriage experience. Regarding periodontal parameters, the 
median (IQR) of FMPS, BOP% and sites% with PD ≥ 4 mm was 
80.0 (65.0, 93.0), 20.8 (9.5, 34.7), and 4.0 (0.0, 11.0), respectively. 
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Only 23 subjects exhibited PD ≥ 6 mm. The median (IQR) of PISA 
was 244.4 (99.8, 517.3) mm2. Most participants had over 28 
teeth and none lost tooth due to periodontitis (data not shown). 
Overall, the median (IQR) of gestational age at delivery was 39.0 
(39.0, 40.0) weeks. Four infants were born prematurely. The 
mean of birth weight was 3,289.5 ± 419.2 g. Of all the newborns, 
two were born below 2,500 g, and 10 were born over 4,000 g. 
Moreover, the median (IQR) of body length and head circumfer-
ence was 50.0 (50.0, 50.0) cm and 34.0 (34.0, 35.0) cm, respec-
tively. Moreover, the median (IQR) of Apgar score at 5 min was 
10.0 (10.0, 10.0). No birth defects were reported. 

Notably, 8.3% (16/193) of the newborns were identified as 
SGA, while 11.4% (22/193) exhibited LGA. Except for pregnant 
history, other characteristics of the mothers were comparable 
between the groups (SGA vs. AGA and LGA vs. AGA). Whereas, 
significant differences occurred in birth weight, birth length and 
head circumference in the groups with different neonatal 
weights (Table 1). 

Periodontal status of pregnant females among the SGA, 
LGA and AGA groups 

The median (IQR) of FMPS, BOP% and sites% with PD ≥ 4 mm 
and PISA in SGA group was 79.5 (62.5, 98.0), 23.4 (8.6, 49.7), 4.0 

Table 1.  Demographic characteristics, periodontal parameters and outcome measures of neonates in 193 pregnant females.
Characteristics Total (N = 193) AGA (n = 155) SGA (n = 16) LGA (n = 22)

Sociodemographic characteristics
Age, years a

≤ 30 100 (51.8) 77 (49.7) 13 (81.3) 10 (45.5)
> 30 93 (48.2) 78 (50.3)  3 (18.8) 12 (54.6)
Education level b

High school or lower 49 (25.4) 33 (21.3) 5 (31.3) 11 (50.0)
University level or higher 144 (74.6) 122 (78.7) 11 (68.8) 11 (50.0)
Household monthly income (CNY)
< 9,000 42 (21.8) 36 (23.2) 1 (6.3) 5 (22.7)
9,000–19,999 59 (30.6) 45 (29.0) 8 (50.0) 6 (27.3)
≥ 20,000 92 (47.7) 74 (47.7) 7 (43.8) 11 (50.0)
Gestational history
No 98 (50.8) 79 (51.0) 11 (68.8) 7 (31.8)
Yes 95 (49.2) 76 (49.0) 5 (31.3) 15 (68.2)
Periodontal parameters
FMPS 80.0 (65.0, 93.0) 80.0 (65.0, 93.0) 79.5 (62.5, 98.0) 81.5 (68.0, 91.0)
BOP, % 20.8 (9.5, 34.7) 19.3 (9.5, 33.3) 23.4 (8.6, 49.7) 25.1 (12.3, 38.1)
PD ≥ 4 mm, sites% 4.0 (0.0, 11.0) 3.0 (0.0, 10.0) 4.0 (0.0, 27.5) 5.0 (0.0, 19.0)
PISA 244.4 (99.8, 517.3) 239.4 (94.9, 451.3) 288.0 (92.1, 776.3) 269.6 (160.0, 590.5)
Outcome measures of neonates
Delivery week 39.0 (39.0, 40.0) 39.0 (38.0, 40.0) 39.0 (39.0, 40.0) 39.0 (38.0, 40.0)
Gender
Male 105 (54.4) 89 (57.4) 6 (37.5) 10 (45.5)
Female 88 (45.6) 66 (42.6) 10 (62.5) 12 (54.6)
Birth weight, g a, b 3289.5 ± 419.2 3244.6 ± 305.9 2706.25 ± 186.5 4029.5 ± 218.5
Birth length, cm a, b 50.0 (50.0, 50.0) 50.0 (50.0, 50.0) 49.0 (48.0, 49.0) 51.0 (51.0, 52.0)
Head circumference, cm a, b 34.0 (34.0, 35.0) 34.0 (34.0, 34.0) 33.0 (33.0, 34.0) 35.0 (35.0, 36.0)
APGAR 5 min score 10.0 (10.0, 10.0) 10.0 (10.0, 10.0) 10.0 (10.0, 10.0) 10.0 (10.0, 10.0)
aP-value < 0.05 for t-test or Chi-square test as appropriate comparing SGA group with AGA group for variables. bP-value < 0.05 for t-test or Chi-square test 
as appropriate comparing LGA group with AGA group for variables.

(0.0, 27.5) and 288.0 (92.1, 1776.3) mm2, respectively; and those 
in LGA were 81.5 (68.0, 91.0), 25.1 (12.3, 38.1), 5.0 (0.0, 19.0) and 
269.6 (160.0, 590.5) mm2, respectively. While the median of 
these parameters in AGA was 80.0 (65.0, 93.0), 19.3 (9.5, 33.3), 3.0 
(0.0, 10.0) and 239.4 (94.9, 451.3) mm2, respectively. Comparing 
with AGA group, both SGA and LGA groups showed no signifi-
cant difference in the periodontal parameters (Table 1 and 
Supplementary Figure 2).

Multivariable logistic regression modelling of maternal 
periodontal parameters to the neonates’ outcome 
measures 

The multivariable logistic regression models revealed that both 
maternal PD ≥ 4 mm (sites%) and PISA were positively corre-
lated with the presence of SGA (P < 0.05) (Table 2). Notably, the 
subjects with a greater number of tooth sites with PD ≥ 4 mm 
and increased PISA exhibited risk ratios of 1.048 (95%CI:1.008, 
1.089; P < 0.05) and 1.001 (95%CI:1.000, 1.003; P < 0.05), respec-
tively for SGA after adjusting for maternal age (Model 1), with 
reference to the counterparts. Such positive correlations 
remained to be significant for PD ≥ 4 mm, after further adjusting 
for potential confounders including educational attainment, 
household monthly income, pre-pregnancy BMI and pregnancy 
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history (Models 2 & 3) as well as for PISA after adjusting all these 
variables (Model 3). Whereas, BOP% was not significantly 
correlated with SGA. No significant interaction existed between 
age and periodontal parameters accounting for SGA. There was 
no significant association of periodontal parameters with the 
prevalence of LGA, with reference to the AGA neonates.

The RCS was used to further curve the models and visualize 
the correlation of periodontal parameters to the delivery of SGA 
or LGA neonates (Figure 1). A marginally positive association 
existed between BOP% and risk of SGA (P value for non-
linearity = 0.055, Figure 1A). There was no detectable non-linear 
relationship between PD ≥ 4 mm (sites%) and SGA (Figure 1B) or 
between PISA and SGA (Figure 1C). Likewise, there was no non-
linear correlation of these two parameters with the risk of 
delivering LGA newborns (Figures 1D–F). Furthermore, the 
associations of periodontal parameters with the quantitative 
measures of newborns (weight, length and head circumference) 
were also assessed using linear regression models. There was no 
significant correlation of BOP, PD ≥ 4 mm and PISA with these 
neonatal outcome measures (Table 3).

Discussion

This prospective study evaluated the potential association of 
maternal periodontal status with neonatal adverse outcomes in 
a cohort of females from a metropolitan city in South China, and 
elaborated on the potential clinical implications. The overall 
findings suggest that existing maternal periodontal condition 
(e.g., presence of multiple sites with BOP, PD ≥ 4 mm and 
increased PISA) may possibly account for fetal growth restric-
tion, and hence increase the likelihood of delivering SGA infants. 

Pregnant females are basically susceptible to detectable 
changes in oral cavity, owing to altered lifestyles and profiles of 
progesterone and estrogen levels during pregnancy. 
Subsequently, the marked increase in sex hormones crucially 
alters the condition of periodontal tissues with amplified 
inflammatory responses. Such resultant change could, to some 
extent, occur even with reasonable oral hygiene practice [35]. 
Notably, pregnancy accounts for an increased level of 
periodontal inflammation, along with accumulated burden of 
dysbiotic biofilms and the resultant dysregulated host responses; 

consequently, it could aggravate untreated existing periodontal 
diseases and the related systemic inflammatory comorbidities 
[36–39]. Conceivably, the risk of gingivitis and periodontitis can 
elevate during pregnancy period [40], particularly in susceptible 
individuals.

The link of oral/periodontal health with various APOs has 
been well documented [24, 41–43], since the first paper in this 
theme was published in 1996 [25]. Indeed, a recent cohort study 
demonstrates that the severity of periodontitis identified 
following the current new classification links to various APOs 
and adverse neonatal outcomes [21]. Currently, two underlying 
pathogenic mechanisms have been proposed for periodontal 
diseases-triggered APOs, namely direct translocation of 
dysbiotic oral microbiomes and/or their virulent components to 
the fetal-placenta unit or indirectly mouth-derived inflammatory 
mediators affecting the unit [9, 20]. In the latter pathway, 
periodontal niches-derived inflammatory mediators significantly 
enhance the expression and production of pro-inflammatory 
cytokines and prostaglandins in the fetal-placenta unit via the 
general circulation, thereby resulting in uterine contraction and 
rupture of fetal membranes [20].

With regard to the birth of SGA infants, maternal health 
conditions are of great importance for fetal growth. Several 
studies have revealed that the delivery of SGA neonates may be 
attributed to maternal pre-pregnancy underweight and some 
socioeconomic factors like poor education level [44, 45]. The 
underlying mechanism of SGA may be related to placenta 
dysfunction and dyslipidemia [46, 47]. Furthermore, it has been 
shown that the risk of SGA infant delivery may increase with the 
upregulation of maternal inflammatory biomarkers in 
periodontitis patients, suggesting that both local and systemic 
inflammation would account for the delivery of SGA infants [18]. 
Notably, this study demonstrates that increased probing depth 
is significantly associated with the delivery of SGA infants, in 
agreement with the previous findings [18]. In addition, it has 
also been documented that periodontal status is significantly 
related to fetal growth parameters, suggesting the fact that 
existing periodontal inflammation contributes to fetal growth 
restriction [48, 49]. As such, in addition to the commonly used 
periodontal parameters, the emerging  variable so called PISA 
has been measured for quantifying the burden of periodontal 

Table 2.  The association of periodontal parameters in pregnant females with their neonates’ presence of SGA or LGA examined via multivariable logistic 
regression models.
Periodontal parameters SGA vs. AGA (n = 171)

Model 1 P-value Model 2 P-value Model 3 P-value P for interaction

BOP, % 1.025 (0.997, 1.054) 0.078 1.025 (0.995, 1.057) 0.104 1.028 (0.996, 1.061) 0.085 0.120 
PD ≥ 4 mm, % 1.048 (1.008, 1.089) 0.016 1.050 (1.006, 1.096) 0.023 1.052 (1.008, 1.100) 0.020 0.206 
PISA 1.001 (1.000, 1.003) 0.038 1.001 (1.000, 1.003) 0.053 1.002 (1.000, 1.003) 0.041 0.170
Periodontal parameters LGA vs. AGA (n = 177)

Model 1 P-value Model 2 P-value Model 3 P-value P for interaction

BOP, % 1.017 (0.989, 1.044) 0.225 1.012 (0.984, 1.041) 0.383 1.010 (0.981, 1.039) 0.495 0.988 
PD ≥ 4 mm, % 1.031 (0.994, 1.066) 0.082 1.024 (0.986, 1.062) 0.209 1.025 (0.987, 1.066) 0.192 0.618 
PISA 1.001 (1.000, 1.002) 0.114 1.001 (0.999, 1.002) 0.289 1.001 (0.999, 1.002) 0.309 0.490

Model 1 adjusted for maternal age.
Model 2 adjusted for maternal age, education level and household monthly income.
Model 3 adjusted for all variables in model 2 with additional added pre-pregnancy BMI and pregnancy history.
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inflammation in the present study [32, 33]. Interestingly, the 
PISA shows a significantly positive correlation with the risk of 
SGA. Collectively, these findings reveal that maternal 
periodontal diseases could potentially increase the  risk of 
neonatal adverse outcomes like SGA. Further longitudinal 
studies are required to clarify the current findings and 
elaborate the clinical implications. 

Oral care is an essential component of comprehensive 
maternity healthcare. It is noteworthy that the AAP has published a 
practical guideline on periodontal healthcare of pregnant 
women, for promoting maternal health and the well-being of 
newborns [50]. Currently, the prevalence of maternal periodontal 
diseases remains to be relatively high in both developed and 
developing countries [51, 52]. Yet, the public is not fully aware of 
oral/periodontal health, and the mothers-to-be often could not 
get access to adequate oral care on a regular basis [52]. Our recent 
work on the considerable link between maternal periodontal 
diseases and systemic disorders further highlights the profound 
importance of integrating oral healthcare into professional 
maternal schemes for the optimal health and well-being of 
pregnant females and their newborn babies [32, 53]. Since 
periodontal diseases are a modifiable risk factor of neonatal 
adverse outcomes, it is strongly suggested that both oral 
healthcare professionals and obstetricians should raise their 
awareness of periodontal health in child-bearing women. 
Meanwhile, appropriate preventive measures and in-time 

periodontal care should be undertaken, along with proactive 
health education and awareness on upholding healthy lifestyles 
in the public community. Herein, our recent work on the proposed 
pregnancy-integrated FDI scoring system could facilitate 
convenient screening of maternal periodontal diseases in daily 
practice [54] for promoting oral/periodontal health of mothers-
to-be and reducing the risk of adverse outcomes of their neonates.

There are certain limitations for this study. Firstly, the exact 
linking profiles of periodontal diseases and neonatal adverse 
outcomes may not be fully reflected in the current cohort of 
pregnant women with relatively young age, self-reported 
healthy condition and low proportion of subjects with PD ≥ 6 
mm. Secondly, a more representative and large-sample cohort 
would be preferred via random selection from various hospitals 
in the area for enriching subject diversities and addressing 
notable variables (e.g., socioeconomic status, educational 
attainment and access to oral/periodontal healthcare). Thirdly, 
as oral radiographic examination was not commonly preferred 
by the participants during pregnancy and past dental records 
were not available for most of them, yet there was relatively low 
prevalence of severe periodontitis in the cohort, the subjects 
were not categorized with the current AAP/EFP classification. 
Further follow-up investigations are required to elaborate the 
translational values in clinical practice. Meanwhile, the 
pathogenic pathways accounting for the underlying linkage of 
maternal periodontal diseases with neonatal adverse outcomes 

Figure 1.  Non-linear associations of maternal periodontal parameters in pregnant females with the risk of delivering SGA and LGA neonates. The y-axis is a 
log scale of odds ratio (OR) in which the red solid line delineates multivariate-adjusted OR and the dashed lines show the 95% CIs. A knot is located at the 5th, 
50th, and 95th percentiles for BOP% (A and D), PD sites% (B and E) or PISA (C and F). All models were adjusted for maternal age, education level, household 
monthly income, pre-pregnancy BMI, and pregnancy history. BOP: bleeding on probing; PD: probing depth; BMI: body mass index; PISA: the periodontal 
inflamed surface area.
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need to be explored and identified, favorably via the combined 
approaches of metagenomics, metabolomics and proteomics.

Conclusions

Within the notable limitations of the present investigation, the 
findings suggest that there could be a link between maternal 
periodontal diseases and the delivery of SGA infants. As such, 
proactive pre-pregnancy oral evaluation and professional 
healthcare need to be undertaken for children-bearing women 
to enhance their maternal wellbeing and newborn health.
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