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Background: The aim of this study is to confirm the asso-
ciation among oral health behaviors, periodontitis, and pre-
eclampsia in Korean women.

Methods: This study is designed as a case-control study.
Sixteen women with preeclampsia and 48 without preeclamp-
sia post-delivery were included in this study from November
2007 to January 2010. Information was collected on demo-
graphics, health behaviors, and obstetric and systemic dis-
eases that may influence the periodontal condition and
preeclampsia. Full-mouth periodontal probing was conducted
by one trained examiner (KHB). Localized periodontitis was
defined as periodontal clinical attachment loss (AL) >3.5
mm on two or three sites not on the same tooth. In addition,
generalized periodontitis was defined as clinical AL 23.5 mm
on >4 sites not on the same tooth. Gingival crevicular fluid
was collected using a sterilized paper point for quantitative
analysis of Treponema denticola, Porphyromonas gingivalis,
Prevotella intermedia (Pi), and Tannerella forsythia (previ-
ously T. forsythensis).

Results: After adjusting for confounders, the adjusted odds
ratio (OR) was 4.79 (95% confidence interval [CI]: 1.02 to
29.72) for localized periodontitis and 6.60 (95% CI: 1.25 to
41.61) for generalized periodontitis. In addition, the propor-
tion of floss or interdental brush users in women with pre-
eclampsia was lower than that in women without (adjusted
OR: 0.21; 95% CI: 0.02 to 0.93). Pi was significantly more
prevalent in women with preeclampsia (P=0.028).

Conclusion: These results indicate that preeclampsia could
be associated with the maternal periodontal condition and in-
terdental cleaning. J Periodontol 2011;82:1685-1692.
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reeclampsia is a pregnancy-spe-
Pciﬁc disease characterized by hy-

pertension and proteinuria. This
disease occurs in ~3% of pregnant
women in developing countries and re-
mains one of the major causes of mater-
nal and neonatal mortality and morbidity
throughout the world.!2 Although the
causes of preeclampsia are not fully
understood, infection is considered a
main risk factor.3-6

Periodontal disease may provide a
chronic burden of endotoxin and inflam-
matory cytokines, and the disease is
considered a risk factor of systemic ill-
nesses including cardiovascular disease,
atherosclerosis, and cerebrovascular is-
chemia.””12 Because of the similarity
between placental vascular damage and
atherosclerosis, the potential for chronic
oral infection to affect preeclampsia was
raised.!> Thus, Boggess et al.!3 sug-
gested that women with active periodon-
tal disease during pregnancy may have
the translocation of oral organisms to
the uteroplacental unit, inciting placental
inflammation or oxidative stress early in
pregnancy, which ultimately produces
placental damage and the clinical mani-
festation of preeclampsia.

Several recent epidemiologic stud-
ies14-18 found that periodontal disease
was associated with a higher risk of pre-
eclampsia. One cohort study!3 showed
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that maternal active periodontal disease during preg-
nancy was associated with an increased risk for the
development of preeclampsia. Several case-control
studies'4"17 also revealed that there was a significant
relationship between active periodontitis detected
within 48 hours of delivery or 3 to 28 months postpar-
tum and preeclampsia. In contrast, one case-control
study!? did not identify the association between peri-
odontal disease and preeclampsia. In a meta-analy-
sis, Conde-Agudelo et al.?% reported that women with
evidence of periodontal disease during pregnancy
had a 76% increased risk of preeclampsia compared
to women without periodontal disease. Although the
type of periodontal pathogen, which was more prev-
alent in preeclampsia, was different among stud-
ies,15:17.21 these same microbiologic studies!®17:21
showed that the prevalence of specific periodontal
pathogens was higher in women with preeclampsia
than in women without.

Despite efforts to understand the risk factors
for preeclampsia through epidemiologic and microbi-
ologic research in the past decade, there was no con-
sideration of oral health behaviors which might be
associated with the periodontal condition in most stud-
ies.13-21 There was one study!? about the association
between periodontal disease and preeclampsia in Asia,
even though there can be a difference according to eth-
nic background.

Therefore, the objectives of this study are: 1) eval-
uate the association among periodontal disease, oral
health behavior, and preeclampsia; and 2) compare
the distributions of periodontal pathogens between
preeclampsia and control groups.

MATERIALS AND METHODS

Study Design and Patient Sampling

This study is designed as a hospital-based case-
control study. An examiner (KHB) and interviewer
(JEH) were masked to whether patients had pre-
eclampsia or not for the validity of the examination.
Two obstetricians (KJO and HJY), who were masked
to the oral health information of the patients, were
responsible for the selection and medical history of
patients in the study. The study was conducted in
compliance with the principles of the Helsinki Decla-
ration. Ethical clearance for the study was approved
by the institutional review board of Seoul National
University Hospital, Seoul, Korea (IRB number H-
0709-046-219).

The study sample included inpatients of the De-
partment of Obstetrics and Gynecology, Seoul Na-
tional University Hospital. The following are criteria
for inclusion in the study: 1) women with >20 teeth,
2) aged between 20 to 40 years, and 3) gave birth be-
tween November 2007 and January 2010. Only
mothers with a single birth and preeclampsia were
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included in the case group. Preeclampsia was defined
as blood pressure >140/90 mm Hg on two separate
occasions and >1+ proteinuria on a random sample
of urine.!3 Control mothers without preeclampsia
who gave birth to a full-term, normal weight child
were sampled by matching the following conditions
with preeclampsia cases: 1) age + 3 years of the case
age; and 2) the same delivery mode (such as vaginal
delivery versus a caesarean section). All patients
provided written informed consent before participa-
tion in the study.

The appropriate sample size for this study was cal-
culated using the power and sample-size calculation
program.??2 A dichotomous output of independent
cases and controls with three controls per case was
modeled to estimate the sample size and detect differ-
ences between case and control groups. A type [ error
probability () associated with this test of the null hy-
pothesis was 0.05, and the power (1-B) associated
with correctly rejecting the null hypothesis was 0.8.
The probability of exposure in controls (pg) was 0.3.
The odds ratio (OR) for disease in the exposed pa-
tients relative to the unexposed patients () was 4.5.

We obtained a sample size of 19 cases and 57
controls to be able to reject the null hypothesis.
Seventy-six mothers were enrolled. Among them, 12
patients (three cases and nine controls) were ex-
cluded for systemic conditions such as chronic hy-
pertension, pregestational diabetes, active hepatic
disease, and any infectious disease requiring antibi-
otic treatment. Therefore, the remaining 64 women
(16 cases and 48 controls) were included in the study.

The sample size was not sufficiently large enough to
reject the null hypothesis. Therefore, we calculated
the post hoc power of the study with 16 cases and
48 controls. In general periodontitis, the probability
of exposure among controls was 0.104. The true OR
for disease in exposed patients relative to unexposed
patients was 6.60. When the type | error probability
was 0.05, the post hoc power of the study was
0.797. In localized periodontitis, the probability of ex-
posure among controls was 0.167. The true OR for
disease in exposed patients relative to unexposed pa-
tients was 4.79. When the type | error probability was
0.05, the post hoc power of the study was 0.719.

Demographic and Health Information

A trained interviewer (JEH) asked all patients about
information on demographics; health behaviors such
as smoking, drinking, and weekly exercise; oral
health behaviors such as the experience of scaling
and the regular use of floss or an interdental brush;
medication; diet; and the experience of oral health
treatment before and during pregnancy. Obstetric
information such as the history of a preterm birth,
abortion, number of pregnancies, the experience of
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delivery, the gestational age at delivery, and medical
history including preeclampsia were collected by two
obstetricians (KJO and HJY) from hospital records.

Measurement of Clinical Periodontal Condition

A periodontal examination was performed by one
trained dentist (KHB), who participated four times in
the Korean national oral health survey,23-2 using dental
mirrors, periodontal probes,” and a headset-type flash-
light while the patient rested on a hospital bed within
5 days after delivery. Measurements of periodontal con-
ditions recorded on the full-mouth basis included
bleeding on probing (BOP) and periodontal clinical at-
tachment loss (AL) that were determined at six sites
(mesio-buccal, mid-buccal, disto-buccal, disto-lingual,
mid-lingual, and mesio-lingual surfaces) of all teeth ex-
cept the third molars and distal sites of second molars.
Localized periodontitis was defined as periodontal clini-
cal AL 23.5 mm on two or three sites not on the same
tooth. In addition, generalized periodontitis was defined
as clinical AL>3.5 mm on >4 sites not on the same tooth.
Gingivitis was defined as >25% of sites showing BOP.

Sampling Subgingival Bacteria and Microbial
Analyses

A microbacterial examination was performed on se-
lected patients of the study. All 16 case patients were
included and one of every three controls was ran-
domly selected per case for sampling subgingival bio-
film and gingival crevicular fluid (GCF). At the end of
the clinical periodontal examination, the subgingival
biofilm and GCF samples were collected together
from the mesio-buccal or mesio-lingual gingival sur-
face of two teeth with the deepest probing depths.
After supragingival plaque removal and isolation of
the sample sites using cotton gauze, four sterilized pa-
per points (#20) were inserted in the gingival sulcus
for 20 seconds. The samples were analyzed using
a real-time polymerase chain reaction (PCR) kitl
for the presence of the following periodontal patho-
gens: Porphyromonas gingivalis (Pg), Prevotella interme-
dia (Pi), Treponema denticola (Td), and Tannerella
forsythia (Tf).

DNA (1 pL) was mixed with 10 pL reagent and
200 nM of each primer in a total reaction volume
of 20 pL. The thermal program chosen was 40 cycles
of 95°C for 15 seconds, 58°C for 15 seconds, and
72°C for 33 seconds, with an initial denaturation at
95°C for 1 minute. All data were analyzed using se-
quenced-detection system software.* Sequences of
primers used for real-time PCR were as follows: 5'-
TGG AGC ATG TGG TTT AAT TCG A-3’ and 5'-
TRY GGS ACT TAA SCC RAC A-3’ for eubacteria,
5'-TGC AAC TTG CCT TAC AGA GGG-3' and 5'-
ACT CGT ATC GCC CGT TAT TC-3' for Pg, 5'-AAT
ACC CGA TGT TGT CCA CA-3’ and 5'-TTA GCC
GGT CCT TAT TCG AA-3’ for Pi, 5'-ATT GAA ATG

TAG ACG ACG GAG AGT-3' and 5'-TTA CCT GTT
AGC AAC TGA CAG TCA-3' for Tf, and 5'-TAA
TAC CGA ATG TGC TCA TTT ACA T-3' and 5'-
TCA AAG AAG CAT TCC CTC TTC TTC TTA-3' for
Td. PCR products were subjected to a melting curve
analysis to verify a single amplification product. The
copy number of bacterial DNA was calculated with
plasmid DNA (pGEM-T) that contained 16S ribo-
somal DNA for each bacterium (provided by Dr. J.K.
Kook, Chosun University, Kwangju, Korea). Plasmid
DNA was 10-fold serially diluted from 10° to 108 cop-
ies and subjected toreal-time PCR to create a standard
curve by plotting threshold cycles against the copy
number of the plasmid DNA as previously described.2®
Plasmid standards and subgingival samples were run
twice in duplicates, and average values were used to
calculate the bacterial load. The detection of DNA
<102 cells was regarded as negative. For a specificity
test of primers used, DNA of various oral bacteria
was included for real-time PCR, and non-specific am-
plification was not detected.

Statistical Analyses

The outcome variable was dichotomized into pre-
eclampsia (case group) and non-preeclampsia (con-
trol group). The explanatory variables consisted of
age, obstetric information, health condition, and
health behaviors before and during pregnancy. A
comparison between case and control groups for
explanatory variables was performed by using the
X2 test for categorical variables, independent samples
t test for normally distributed continuous variables,
the Mann-Whitney U test for abnormally distributed
variables, and multivariable logistic regression for
the estimation of ORs and 95% confidence intervals
(Cls).

Interactions between periodontitis and explanatory
variables were assessed before constructing the mul-
tivariable logistic regression model. For the multi-
variable logistic analysis, we used conditional logistic
regression while taking matching into consideration.
To control for confounders, all variables with P <0.50
were selected except matching variables such as age
and delivery mode. The effects of selected confounders
were investigated by a forward and backward proce-
dure for the final model. All confounders included in
the final model were determined to be independent
assessing collinearity. Obstetric information (history
of preterm birth and abortion), oral health conditions
(number of missing teeth), and health behavior
(smoking before pregnancy) were finally considered
confounders in the conditional logistic regression
model. Statistical significance was determined at P
| UNC PCP-15, Hu-Friedy, Chicago, IL.

9 QlAamp DNA mini kit, QIAGEN, Venlo, The Netherlands.
# ABI PRISM 7300, Applied Biosystems, Foster City, CA.
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Table 1.

Comparison Between Preeclampsia and Control Groups for Distributions of Age,
Obstetric Information, and General and Oral Health Conditions (N = 64)

Variables Preeclampsia (n = 16) Control (n = 48) p*
Age (years; mean * SD [range])T 32.69 £ 530 (21 to 40) 32.69 £ 440 (21 to 40) 0.999
Obstetric information
Age at first delivery (years; mean = SD [range])T 31.27 £5.05 (21 to 39) 30.87 £ 4.44 (21 to 38) 0.773
Gestational age at delivery (weeks; mean £ SD 3294 £ 3.19 (26 to 36) 38.60 £ 1.06 (37 to 41) 0.001
[range])"
Number of pregnancies (mean + SD [range])Jr 0.84 = 1.35 (0 to 6) [.19 £ 1.35 (0 to 5) 0.734
Delivery experience (n [%])
Yes 7 (43.8) 25 (52.1) 0.774
No 9 (56.3) 23 (47.9)
History of preterm-birth (n [%])
Yes 7 (43.8) 3 (6.3) 0.001
No 9 (56.3) 45 (93.8)
History of abortion (n [%])
Yes 10 (62.5) 21 (43.8) 0.194
No 6 (37.5) 27 (56.3)
General health conditions
Anemia (n [%])T
Yes 2 (125) 5 (104) 0817
No 14 (87.5) 43 (89.6)

Oral health conditions

Number of missing teeth (mean % SD [range])’ 081 £ 1.17 (O to 3) 041 £0.79 (O to 4) 0221
Periodontal condition (n [%])
Generalized periodontitis (clinical AL 6 (37.5) 5 (10.4) 0.002
235 mm on >4 teeth)
Localized periodontitis (clinical AL 23.5 mm 6 (37.5) 8 (16.7)
on 2 or 3 teeth)
Healthy periodontium 4 (25.0) 35 (72.9)
BOP (n [%])
=225% of total sites (gingivitis) 5 (31.3) 14 (29.2) 0.874
<25% of total sites (healthy gingiva) I'l (68.8) 34 (70.8)
* X2 test.
T t test.

¥ Hemoglobin concentration <11.0 g/dL.

<0.05. All analyses were performed using a statistical
package.**

RESULTS

Table 1 compares demographic, obstetric, general,
and oral health conditions between preeclampsia and
control groups. The gestational age at delivery was sig-
nificantly different between preeclampsia and control
groups (P=0.001). Preeclampsia cases had a signifi-
cantly more frequent history of preterm birth (P =
0.001). Generalized and localized periodontitis were
more prevalent in the preeclampsia group than in the
control group (P=0.002). Among health behaviors be-
fore pregnancy shown in Table 2, scaling in the last 12
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months was higher in controls than in cases (P =
0.034). In the control group, 47.9% of patients used
floss or an interdental brush regularly for their oral hy-
giene, whereas the proportion in the case group was
only 12.5% (P = 0.012). The following adjusting vari-
ables were included in multiple logistic regression anal-
ysis: obstetric information (history of a preterm birth
and abortion), oral health conditions (the number of
missing teeth), and health behavior (smoking before
pregnancy). In the final model after adjusting for these
confounders, generalized periodontitis was signifi-
cantly associated with preeclampsia, with an adjusted

** PASW, Version 18.0, IBM, Chicago, IL,
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Table 2. 0.02 to 0.93) was significantly asso-

ciated with preeclampsia.
Differences in the microbacterial

distribution between preeclampsia

Comparison Between Preeclampsia and Control Groups
(n [%]) for Distributions of General and Oral Health

Behaviors (N = 64) and control groups are presented

in Table 4. Only Pishowed a signifi-

Variables Preeclampsia (n = 16)  Control (n = 48) p* cant difference between case and

Smoking before pregnancy c‘ontrol groups (P=0.028). ln'addi-

Yes 5 (31.3) 7 (146) 010y tion, Pg was more prevalent'm the

No |1 (688) 41 (854) preeclampsia group than in the

control group, but the difference

Drinking before pregnancy was not significant (P = 0.056).
No 9 (563) 30 (62.5) 0.685

The other microbial pathogens Td
and Tf were not significantly differ-
ent in the comparison.

| to 2 times/month 6 (37.5) 17 (35.4)
2| to 2 times/week [ (6.3) I 2.1)

Weekly exercise before pregnancy

No 8 (50.0) 29 (60.4) 0455 DISCUSSION

| to 2 times 3(188) I (229) This case-control study was con-

23 times 5G13) 8 (16.7) ducted to evaluate the association
Scaling within 12 months before pregnancy between periodontal disease and

Yes 2 (12.5) 19 (39.6) 0034 preeclampsia considering the oral

No 14 (87.5) 29 (60.4) health behaviors of patients. Our re-

sults show that periodontal disease

S g CUrnG PIREnGy measured by the presence of peri-

Tes 2(125) 7 (188) 0442 Gdontal clinical AL >3.5 mm on
No 14 (87.5) 39 (81.3) ) )
two or three teeth (as localized peri-

Floss or interdental brush odontitis) or >4 teeth (as general-
Regular use (2 or 3 times/week) 2 (12.5) 23 (47.9) 0.012 ized periodontitis) was associated

No 14 (87.5) 25 (52.1) with an increased risk of pre-

* X test. eclampsia. Patients who had gen-
eralized periodontitis were nearly

six times more likely to have pre-

Table 3. eclampsia, and patients who had
Crude and Adjusted ORs and 95% ClIs of Preeclampsia localized periodontitis were nearly
With Periodontal Condition and Oral Health Behaviors five times more likely to have pre-
eclampsia (Table 3). These results

ek Crude OR (95% Cl) Adjusted OR (95% Cly  are consistent with previous find-
ings. Canakci et al.!4 carried out

Periodontal condition a matched case-control study in
Generalized periodontitis (clinical AL 747 (1.33 to 41.94)  6.60 (1.25 to 41.61) 41 women with preeclampsia and
23.5 mm on 24 teeth) 41 control women who were

Localized periodontitis (clinical AL 545 (1.06 to 2856)  4.79 (1.02 to 29.72)

matched with each other for age,
>3.5 mm on 2 or 3 teeth)

parity, and smoking. The results

Scaling within 12 months before 021 (00410 098) 031 (003 to I.31) of that study'4 showed that peri-
pregnancy (no = 0; yes = 1) odontal disease during pregnancy
Floss or interdental brush (no = 0; 0.15 (003 t0 0.85) 021 (0.02 to 0.93) was associated with preeclampsia
regular use = 1) (adjusted OR: 3.47; 95% CI: 1.07

to 11.95) after adjustment for ma-
Model was adjusted for the history of preterm birth, history of abortion, number of missing teeth, and b iah ial
smoking before pregnancy. ternal body weight, serum triglyc-

eride level, and serum cholesterol

level in the analysis. In addition,
OR of 6.60 and 95% Cl of 1.25t0 41.61 (Table 3). Lo-  Kunnen et al.!” confirmed that women with early
calized periodontitis was also significantly associated  onset preeclampsia had a more severe periodontal
with preeclampsia with an adjusted OR of 4.79 and  condition than did control women, taking into consid-
95% CI of 1.02 to 29.72. The regular use of floss or eration the effects of age, smoking, educational level,
an interdental brush (adjusted OR: 0.21; 95% Cl:  and body mass index (adjusted OR: 7.9). However,
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Table 4.

Differences (colony forming units) in Microbacterial Distribution Between

Preeclampsia and Control Groups (n = 32)

Preeclampsia (n = 16)

Control (n = 16)

Microbacterial Factors 25% 50% 75% 25% 50% 75% p*
Td 0 15,1280 95,375.1 0 2,591.9 85,998.1 0.985
Pg 0 69,190.6 357,3259 0 0 545.7 0.056
Pi 0 35769 295194 0 0 2,123.1 0.028
Tf 0 0 158,481.1 0 0 2267 0.251

* Mann-Whitney { test for non-parametric distribution (25%, 50%, and 75%).

a study by Khader et al.!? in Jordan showed that there
was no significant association between preeclampsia
and periodontal disease after adjustment for potential
confounders such as age at delivery, prepregnancy
body mass index, history of preeclampsia, family his-
tory of cardiovascular disease, and family history of
preeclampsia. Differences among previous stud-
ies1417.19 could have been caused by study designs,
sample sizes, control-matching variables, and, espe-
cially, the definition of periodontal disease.

Nevertheless, Siqueira et al.!8 revealed that the
extent and severity of periodontal parameters were
strongly related to the occurrence of preeclampsia.
Contreras et al.!® also found that mothers with pre-
eclampsia had a higher risk of periodontal destruc-
tion. In our study, the extent of periodontitis (clinical
AL >3.5 mm on two, three, or >4 teeth), was associ-
ated with an increased risk of preeclampsia. The
adjusted OR of generalized periodontitis was higher
than that of localized periodontitis. Thus, the extent
and severity of periodontal disease may significantly
affect the chronic burden of endotoxin and inflamma-
tory cytokines, which serve to initiate and exacerbate
preeclampsia.

Boggess et al. ' ® suggested that women with active
periodontal disease during pregnancy may have the
translocation of periopathogenic bacteria to the ute-
roplacental unit, which ultimately produces placen-
tal damage and preeclampsia. One epidemiologic
study!® revealed that periodontal pathogens such
as Pg and Tf were significantly more prevalent in
the subgingival plaque of a preeclampsia group than
in the control group. Kunnen et al.!” also reported
that Parvimonas micra, which is known as a bacterial
marker of destructive periodontitis, was more preva-
lent in GCF of preeclamptic women. Barak et al.?! re-
vealed that the bacterial counts of Aggregatibacter
actinomycetemcomitans, Fusobacterium nuclea-
tum, Pg, Pi, Tf, and Td, which are considered major
periodontal pathogens, were statistically significantly

]‘13
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higher in placentas of women with preeclampsia than
in the control group. However, among periodontal
pathogens in our study, only Pi showed a significant
difference between case and control groups, and the
prevalence of Pg was higher in the preeclampsia
group than in the control group, but the difference
was not significant (Table 4). Our results are consis-
tent with the study of Raber-Durlacher et al.,%” which
showed that the mean proportion of Pi in the subgin-
gival biofilm increased in experimental gingivitis
during pregnancy. According to our results as well
as previous results,!217:21.27 periodontal pathogens
such as Pi were detected in periodontal and placental
tissues, and there was a potential for the translocation
of periopathogenic bacteria to the uteroplacental unit.

With regard to the association between periodontal
disease/pathogen and preeclampsia, some studies!3:17
suggested that the treatment of periodontal disease
during pregnancy may represent a novel approach to
the prevention of preeclampsia. However, arandomized
controlled trial in Western Australia revealed that there
was no difference between the control and treatment of
periodontitis groups in preeclampsia (OR: 0.82; 95%
Cl: 0.44 to 1.56).28 In the multivariable logistic regres-
sion analysis in our study, the regular use of floss or an
interdental brush showed a significant correlation with
a decreased risk of preeclampsia. Therefore, according
to our results, oral health behaviors before pregnancy
such as interdental plaque control, which can decrease
the level of a periodontal pathogen,?? may be more im-
portant as a new approach to prevent preeclampsia than
the treatment of periodontal disease during pregnancy.

This study may have some limitations. The plaque
status, which can be more of an objective factor than
the variable of interdental cleaning to estimate the level
of plaque-induced periodontal infection, was not in-
vestigated. The socioeconomic status, which may be
associated with the prevalence of periodontal disease
and preeclampsia, was not also considered a con-
founder. Although our study presents the meaningful



) Periodontol * December 201 |

Ha, Oh, Yang, et al.

results without these confounders, there was a mar-
ginal contribution to the understanding of association
between periodontitis and preeclampsia. If unmea-
sured confounders were included in our final model,
the marginal difference may have been changed to in-
significant. There was also another shortcoming: a post
hoc power (0.797 for generalized periodontitis and
0.719 for localized periodontitis) <0.8 because some
patients were later excluded. Therefore, additional ep-
idemiologic research with a large sample including
possible confounders will be needed to confirm the
clear association between the periodontal condition
and onset of preeclampsia. Also, the present study
may have some bias, such as a selection bias, in the
control sampling and a recall bias in interviewing
or questioning as in other case-control studies, even
though it was strengthened by the one examiner—
masked design. Because the selection bias in control
sampling was minimized by matching controls to
cases, the influence on results was not significant.
A recall bias in the questionnaire about health be-
haviors before pregnancy may have occurred. How-
ever, the influence of the recall bias could be
ignored because health behaviors before pregnancy
except smoking were not inserted into the final model
as confounders. Because the experience of smoking
before pregnancy was investigated as a dichot-
omous output (yes or no), there was no recall bias
of smoking.

This study was worthwhile because studies on the
association between the periodontal condition and
preeclampsia with matched cases and controls have
been relatively rare in Asian countries. Because pre-
eclampsia and periodontal disease may share com-
mon risk factors such as socioeconomic status,
genetics, and health behaviors, more comprehensive
cohort studies and randomized controlled clinical tri-
als are needed to determine whether the relationship
between periodontal disease and preeclampsia is
causal or simply associative.

CONCLUSION

These results indicate that preeclampsia may be as-
sociated with the maternal periodontal condition and
interdental cleaning.
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