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Abstract 

 

We report the effect of in-pregnancy periodontal care intensity 

on the risk of preterm low birthweight (PLBW) births, and the 

role of household income in this association. Only a few studies 

have examined the role of socioeconomic status (SES) in the 

relationship between prenatal periodontal care and risk of PLBW 

delivery under universal health care.This study adopted a 

population-based, case-control study using medical claims data in 

Taiwan. Mothers of PLBW and non-PLBW babies with livebirth 

deliveries between 2001 and 2005 (cases, n=20430 and controls, 

n=81573, respectively) were identified using the National Health 

Insurance Research Database (NHIRD) and matched. Periodontal 

disease and disease-specific (gingivitis and periodontitis) dental 

service utilization was calculated during gestational period and 

analyzed for its association with risk for PLBW delivery. 



Household income as proxy for SES was tested for modification 

effect. Prevalence of periodontitis and gingivitis was significantly 

higher in cases than in controls. Women who had these 

inflammatory conditions and sought treatment for either 

condition more frequently in gestation were at significantly 

lower risk for PLBW deliveries (periodontitis AOR: 0.757, 95% 

CI: 0.689-0.832; gingivitis AOR: 0.684, 95% CI: 0.582-0.805). 

Moreover, household income did not appear to be a significant 

effect modifier in the association between in-pregnancy 

periodontal/gingival care and PLBW delivery amongst study 

subjects. We found evidence that the intensity of disease-specific 

dental care during pregnancy acts as independent risk factor for 

PLBW delivery for periodontal and gingival women, and that the 

modification effect by SES was not evident under the context of 

universal health care system. 

 



Keywords: Periodontal diseases, premature birth, 

socioeconomic factors, universal health care. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Introduction 

 

Oral health of mothers has increasingly drawn attention in its 

link to neonatal outcomes. Periodontitis is a common oral 

inflammatory disease caused by poor or incorrect toothbrushing, 

irregular biting, stress and endocrine changes during pubertal or 

pregnancy period (Lai et al, 2008; Teng et al, 2003). This Gram-

negative chronic anaerobic infection of the periodontium in oral 

cavity has been associated with preterm births as a result of an 

inflammatory cascade triggered by pathogenic microorganisms 

inducing physiologic changes in the uterine cavity that promote 

preterm delivery (Buduneli et al, 2005; Fardini et al, 2010; 

McGaw, 2002; Offenbacher et al, 1996).  

 

The 2005 national health statistics in Taiwan revealed that 

roughly 30.6% of population aged between 16-64 years enrolled 



in the country’s National Health Insurance (NHI) system (NHI 

enrollment rate was 98.0% in 2005) had health service 

utilization associated with either gingival or periodontal disease 

(Department of Health, 2005). These inflammatory conditions 

account for dental problems in a vast proportion of adult 

population in the country, and many of its related health 

adversities can be avoided if the diseases are readily identified 

and treated (Lai et al, 2008). Moreover, poor oral health in young 

adults is associated with chronic diseases, which for females, 

could translate intergenerationally to their offspring.  

 

Conversely, there are investigations which failed to detect an 

association between periodontal disease and preterm or low 

birth weight (Buduneli et al, 2005; Vettore et al, 2008). There are 

also results from studies suggesting that periodontal care 

patterns or treatment of the disease during pregnancy is not 



associated with changes in the risk for LBW delivery (Hujoel et al, 

2006; Michalowicz et al, 2006; Oliveira et al, 2011). Recent 

supporting meta-analyses further illustrate that treatment with 

scaling and root planing in this period is not protective 

statistically (Fogacci et al, 2011; Polyzos et al, 2010).  

 

Moreover, income inequality has been associated with poorer 

health through poorer health practice or lacking of resources 

(Lynch et al, 2000). Lopez et al (2006) discovered social gradient 

present in adolescent periodontal disease which is to be linked 

with intermediate actors like toothbrushing and dental visit 

frequency. Patrick et al. (2006) demonstrated the social 

disparities in oral health and differential use of dental services 

via various sociocultural mechanisms, one specifically related to 

SES. Just as other developed countries, Taiwan’s health system, 

since its implementation in 1995, aims to provide adequate and 



efficient health services to the population while controlling 

health spending within acceptable limits. It is intended to 

enhance horizontal equity of healthcare services (which range 

from western medicine, traditional Chinese medicine to dental 

services) for the socioeconomically-disadvantaged groups, and to 

avert their chance of going into financial turmoil due to 

unaffordable health costs.  

 

Only a few studies, however, have looked into the role of SES in 

the association between disease-specific dental utilization in 

pregnancy and preterm low birthweight (PLBW) delivery under 

this context. The purpose of this study is two-fold: first, we will 

examine the relationship between maternal 

periodontitis/gingivitis and PLBW births; second; we aim to 

explore the influence of dental care intensity for periodontal and 

gingival women during pregnancy on PLBW delivery, and 



whether differential household income acts as a moderator in 

this association in a universal health care system.  

 

Methods 

 

Data Source 

 

We adopted a population-based, matched case-control design 

using the medical claims database of Taiwan’s single-payer NHI. 

The National Health Insurance Research Database (NHIRD) was 

our source of data which contains detailed claims and 

reimbursement records of approximately 98% of nation’s 

population and 78% of medical care facilities contracted with the 

NHI in 2005. Numerous studies have been published with NHIRD 

in the areas of pediatrics, obstetrics, and gynecology (Lin et al, 

2004; Liu et al, 2008). These claim-based outpatient and 



inpatient data cover basic dental care such as periodontal 

treatments, which allow for a rare but valid platform to study 

trends in oral health of our population. This voluntary 

periodontal intervention subsidized by the NHI typically includes 

plaque control instructions, scaling, and root planing. To prevent 

excessive service use, a small user-fee is levied upon each dental 

visit, along with copayments charged for each treatment 

component including the pharmaceuticals. Nevertheless, this 

copayment is waived for low income households. 

 

Design 

  

Subject Selection 

 

From 2001-5 outpatient and inpatient medical claims, we 

extracted PLBW babies who had diagnostic codes containing any 



one of International Classification of Diseases, 9th Revision (ICD-9-

CM) codes 764, 765, V21.3 - which are typically inputted by 

physicians after delivery. Babies born in the same period without 

these diagnostic codes were referred to as non-PLBW babies. 

With the claim-based source, we believe that PLBW newborns 

were unlikely to go completely undetected at the time of birth. 

The combined outcome of preterm and low birthweight was 

examined because babies born preterm consequently have a low 

birthweight but not necessarily vice versa.  

Cases (mothers of PLBW babies) and controls (mothers of non-

PLBW babies) were then identified via anonymous trace through 

registry for beneficiaries for their enrollment status and 

premium payment information. Each case was matched with four 

controls by subject age at delivery, baby sex, and baby birth year. 

A final sample consisted of 20,430 cases matched to 81,573 

controls after excluding individuals who were not insurance 



payers of their babies, continuously insured throughout 

observation period, or had incomplete registry data.  

 

Exposure Definition 

 

For cases and controls, we defined treatment groups using ICD-9-

CM codes extracted within 1 year before their delivery: gingivitis 

523.0-523.2, periodontitis 523.3-523.5 (i.e., those identified with 

history of periodontal/gingival treatment prior to pregnancy was 

defined as our periodontitis/gingivitis treatment groups, 

respectively). Primary exposure of interest was subjects’ 

periodontal and gingival care during pregnancy. We realized that 

the reliability of coding could be problematic for administrative-

based databases, especially under the current situation where 

individuals who were not aware of having 

periodontitis/gingivitis or had low income level might not be 



identified. However, we believe that this problem was overcome 

as the NHI subsidizes bi-annual dental check-up with periodontal 

examination (with probing of the sulcus and radiographs) offered 

at dental service providers from primary care clinics to medical 

centers. Also, with copayments (50 New Taiwan Dollars (NTD); 

1USD≈32.8NTD in 2005) waived for low-income individuals and 

NHI’s nearly 100% coverage, we believe the financial barrier was 

removed and the inflammatory conditions should be readily 

identified and diagnosed upon regular check-ups. Details about 

dental service delivery and reimbursement were consulted with 

an experienced periodontologist.  

 

Insurance premiums of the subjects for the year of delivery were 

used as a proxy for household income level, assuming that 

payroll-based premium paid to the NHI was directly 

proportionate to household income. Comorbidities were also 



identified within 1 year before delivery while prenatal care was 

calculated specifically during gestation period (37 weeks for 

cases; 42 for controls). ICD-9-CM codes used to classify each 

disease are listed in Supplementary Table 1. Multiple births were 

defined as more than one live birth given by the same subject 

within a 90-day period.  

 

Statistical Analysis 

 

Subjects’ prenatal periodontal/gingival care was quantified as 

measures of frequency. To account for the variable length of 

observation periods, frequency density (FD) was calculated using 

total number of disease-related dental visits within the gestation 

period and expressed for a person-42 week period. Square-root 

transformation was performed for logistic regression models to 

correct for the positive skewness.  



In the major analyses, we used multivariable unconditional 

logistic regression adjusted for matching factors (age at delivery, 

baby sex, baby birth year), along with multiple gestation, 

comorbidities, prenatal care, geographical area, and household 

insurance premium. To detect if a linear association existed 

between dental attendance and birth risk, FD was entered as a 

linear term. Test for interaction and effect modification by 

household income was conducted by first using an interaction 

term in a joint effect model for which P-values for interaction 

were obtained, followed by a stratified analysis with income 

quintiles. For all statistical analyses, P-value of less than 0.05 was 

considered to be statistically significant. All analyses were 

performed using SAS statistical package version 9.2 (SAS 

Institute, Cary, NC). This study was reviewed and granted ethics 

approval by the Institutional Review Board at the China Medical 

University Hospital. 



Results 

 

Mean age of subjects was 29.4 years for both cases and controls 

of this study (Table 1). Distributions for maternal age, baby’s 

birth year, and baby sex did not differ significantly between the 

study groups due to matching. Of the 20,430 cases and 81,573 

controls, 16.5% (n=3,380) and 1.4% (n=1,169) experienced 

multiple gestation for the latter and former groups, respectively 

(P<0.0001). Household insurance premium was slightly higher 

for mothers of non-PLBW babies (26,835 ± 16,734NTD) than 

those of PLBW babies (25,922 ± 16,249NTD; P<0.0001). Value of 

this difference of over 900NTD per household could be 

equivalent to 8-10 sufficient meals for an individual in 2005. 

Higher prenatal care frequency was also observed for controls 

(P<0.0001).  



Prevalence of comorbidities such as DM, renal disease, 

hypertension, chronic lung disease, genitourinary tract infections, 

inflammatory disease of cervix, vagina and vulva, and smoking, 

alcohol, drug and substance abuse was found to be significantly 

higher in mothers of PLBW babies than mothers of normal babies 

(Table 1). The relative higher proportion of case subjects 

diagnosed with gingivitis (4.9% vs. 4.3%) and periodontitis 

(12.9% vs. 11.5%) compared with their counterparts also 

reached statistical significance. The positive association between 

gingivitis and periodontitis in both crude and adjusted logistic 

regression models was also significant (Table 2). 

 

Table 1: Characteristic Profile of Subjects by Study Group 

(N=102 003) 

 

Please See Table 1 in Full PDF Version 



Supplementary Table1: Delivery Outcomes and Maternal 

Diseases Classification and Associated ICD-9 Codes a 

 

Please See Supplementary Table 1 in Full PDF Version 

 

Subjects’ household insurance premium was classified into 

income quintiles based on control group’s premium distribution 

in Figure 1 (Q5 (top 20%): >=NTD38,200; Q4: NTD25,200-

38,199; Q3: NTD19,200-25,199; Q2: NTD17,280-19,199; Q1 

(bottom 20%): NTD<17,280). In intra-group comparison, higher 

prenatal disease-specific dental care was generally detected in 

lower income groups for both groups; a gradient across income 

quintiles was observed in an inverse relationship between mean 

prenatal dental visit FD and income class.  Between study groups, 

controls had relatively higher gingival and periodontal care in 

pregnancy as compared with cases on average. 



 
 

Mean and median visit FD for gingival care before square-root 

transformation was 0.040 and 0 (range: 4.541) in cases, and 

0.037 and 0 (range: 4.000) in controls, respectively. For 

periodontal care, mean and median FD was 0.121 and 0 (range: 



15.892) in cases, and 0.110 and 0 (range: 9.000) in controls, 

respectively.  

 

Table 2 examines the association between risk for PLBW 

deliveries and the intensity of disease-specific dental care sought 

by the subjects during pregnancy. Women who sought treatment 

for periodontitis or gingivitis more frequently in gestation were 

at significantly lower risk for PLBW deliveries. This was shown in 

both crude and adjusted models. After controlling for multiple 

covariates as indicated in Table 2, higher prenatal periodontal 

care FD was associated with a lower risk for PLBW delivery 

(adjusted odds ratio (AOR): 0.757; 95% confidence interval (CI): 

0.689-0.832, P<0.0001). Same pattern was observed with 

prenatal gingival care (AOR: 0.684; 95% CI: 0.582-0.805, 

P<0.0001). 



Table 2: Periodontal Diseases, Disease-Specific Dental 

Service Utilization in Pregnancy and Relative Risks for 

Preterm Low Birth Weight (PLBW) Delivery 

 

Please See Table 2 in Full PDF Version 

 

Supplementary Table 2: Periodontal Diseases, Disease-

Specific Dental Service Utilization in Pregnancy and Relative 

Risks for Preterm Low Birth Weight (PLBW) Delivery 

(Singleton Births Only) 

  

Please See Supplementary Table 2 in Full PDF Version 

 

 

 

 



Effect Modification  

 

To examine if household income exerted a modification effect, an 

interaction term with household insurance premium and 

prenatal dental care FD was introduced. Household income did 

not appear to be a significant effect modifier in the association 

between in-pregnancy periodontal/gingival care and PLBW 

delivery amongst study subjects (P for interaction: 0.07 (gingival 

care) and 0.76 (periodontal care) (Table 3). This suggests that the 

effect of prenatal disease-specific care on delivery outcome is 

ubiquitously beneficial across income groups. 

 

 

 



Table 3: Modification by Household Income on the Effect of 

Dental Visit Frequency Density in Pregnancy on Preterm 

Low Birth Weight (PLBW) Delivery 

 

Please See Table 3 in Full PDF Version 

 

Supplementary Table 3: Modification by Household Income 

on the Effect of Dental Visit Frequency Density in Pregnancy 

on Preterm Low Birth Weight (PLBW) Delivery (Singleton 

Births Only) 

 

Please See Supplementary Table 3 in Full PDF Version 

 

 

 

 



Discussion 

 

In this population-based case-control study, we found evidence 

that both periodontitis and gingivitis were associated with PLBW 

delivery. We further demonstrated that women with 

periodontitis or gingivitis, in spite of their income class, who 

received more intensive care in terms of frequency for their 

dental conditions during pregnancy had lower risk for PLBW 

delivery compared with women who received less intensive care.  

 

Support for maternal periodontal disease acting as a significant 

risk factor for PLBW births has been established by numerous 

studies (Khader et al, 2009; Offenbacher et al, 1996; Moliterno et 

al, 2005). Currently, markers identified in periodontal women 

presenting with the risk for preterm delivery include 

prostaglandins, inflammatory cytokines, bacterial products like 



endotoxins and fetal adrenal cortisone – combination of which 

can lead to myometrial contraction and cervical ripening 

(Boggess et al, 2005; McGaw, 2002; Vergnes and Sixou, 2007). 

Hormonal change during gestation is also believed to promote 

gum inflammation causing destructive oral diseases like 

gingivitis and periodontitis (Siristatidis et al, 2006).  

 

However, it becomes complicated when considering periodontal 

or gingival care for pregnant women. A general concern by the 

women is the negative effect of treatment such as x-ray and 

anesthesia on gestational outcome (Dinas et al, 2007). Dentists 

typically avoid or postpone surgical periodontal treatments until 

after delivery, except when patients exhibit severe bleeding or 

are incapable of ingesting food. Thus, utilization of dental 

services has generally observed to be low for antenatal mothers 

also for other reasons such as delaying treatment until delivery 



or not having adequate knowledge for oral health problems (Al 

Habashneh et al, 2005). An epidemiological study with a non-

random sample in Taiwan from 2007-8 indicated that increasing 

age, poor toothbrushing knowledge and low socioeconomic 

status (SES) are potential risk factors of the disease (Lai et al, 

2008). In spite of this, advantages of periodontal care during 

pregnancy on birth outcomes have been previously documented 

in clinical trials and intervention studies (Cruz et al, 2010; 

Jeffcoat et al, 2011; Radnai et al, 2009; Tarnnum and Faizuddin, 

2007). Kim et al. (2012) proved reduced risk only for high risk 

pregnant women in a meta-analysis of randomized controlled 

trials on scaling and root planing treatment. 

 

Unfortunately, we could not distinguish if the treatment received 

by our subjects was surgical or non-surgical from the available 

data. Nonetheless, our findings support that therapy to alleviate 



pain should be performed under any circumstance since stress 

symptoms resulting from pain could have a worse impact on the 

mother and fetus than the negative consequences of treatment.  

 

Several aspects of this study design also need to be addressed for 

correct interpretation of results. First, one caveat of using a 

medical claims database was the lack of information on lifestyle 

and environmental risks for PLBW, like marital status, education 

level, smoking and diet. Smoking in women is a critical risk factor 

for PLBW, and lowest SES women in Taiwan have been detected 

with highest smoking prevalence and nicotine level (Chang, 

2006). We attempted to control for this effect by adjusting for 

smoking, alcohol, drug and substance abuse in our analyses. 

Second, although diagnostic codes indicating diseases status 

were available and constituted our exposure measure, we were 

unable to extract individuals who were unaware of their dental 



conditions and did not seek any care despite the free dental 

check-ups. For women who could not afford periodontal care, 

however, we have minimal concern of overlooking them during 

the 1 year observation period since their copayments are waived 

and dental care is readily accessible in the nearly 100% insured 

population.  

 

In this study, we illustrated that the positive influence of 

periodontal/gingival care intensity on time of delivery and 

birthweight is robust for different household-level incomes 

under the current health system. Higher utilization was also 

observed in lower income groups. This outcome is promising as 

the NHI appears to be reducing the utilization gradient as 

suggested by Cheng and Chiang (1997). This is in contrast with 

the results from a study by Grembowski et al (1989) done under 

context of a different health insurance system (i.e.., a gradient 



and a lower utilization in socioeconomically-disadvantaged 

groups). A Chilean study similarly identified a social gradient in 

adolescent periodontal diseases that was largely contributed by 

paternal income and education (López et al, 2006). Patrick and 

colleagues (2006) additionally discussed about bias by dentists 

towards low-income women as well as differential access to oral 

care by numerous factors including disadvantaged economic 

status. In this case, however, we did not see an effect modification 

by income level. Thus, we could interpret such that the quality of 

care is generally standardized for women across different SES 

groups. Since a vast proportion of dental service providers are 

contracted with the NHI and patients are free to choose their 

providers without a referral system in place, we believe that the 

dentists serving poor women are not different from those serving 

rich women in the general context.  

 



To our knowledge, this is the one of the few studies performed 

under a universal health care system in which the role of 

household-level SES has been investigated in the association 

between periodontal care utilization and pregnancy outcome. 

Unlike previous reviews or studies with relatively smaller 

samples, we had in our study a large nationally-representative 

sample of antenatal mothers compiled within a five-year period 

for a clear pinpoint of the causal inference relationship. Potential 

confounders including maternal comorbidities were controlled 

for in the analyses. Reliability of data used should be high due to 

rigorous screening process. The application of large-sample 

NHIRD data should be justified as numerous studies have been 

published with use of the same dataset (Lin et al, 2004; Liu et al, 

2008). 

 



Poor oral health in an expectant mother concerns not only of her 

own health but of her children’s as well. Women should be 

encouraged to seek dental care even during gestation. 

Furthermore, the effect of dental service utilization in pregnancy 

under universal health care is not sensitive to household income 

which suggests removal of financial barrier and easy accessibility 

to dental services are critical measures to ensuring good 

pregnancy outcome. This is particularly relevant in this context 

where everyone is entitled to the same type of services, and has 

the freedom to choose their own providers at times when they 

feel the need of medical attention (i.e. no gatekeeper system). 

Still, examination into the specific types of treatment and their 

relevant timing should be warranted in future investigation. 

 

 

 



Conclusions 

 

In summary, we found evidence that intensity of disease-specific 

dental care in pregnancy acts as independent risk factor to 

preterm low birthweight delivery for periodontal and gingival 

women, and that there was no modification effect by household 

income level. Women with periodontitis or gingivitis are advised 

to seek dental care during pregnancy for routine examination and 

treatment for periodontal diseases. With investigation into dental 

conditions that could intergenerationally translate into life-long 

adversity, Taiwan’s universal health care system appears to be 

performing well in terms of averting disparities in health.  
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