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Periodontal Health and Adverse
Pregnancy Outcome in 3,576
Turkish Women

H. Uslu Toygar,* G. Seydaoglu,’ S. Kurklu,? E. Guzeldemir,* and N. Arpak$

Background: Preterm low birth weight (PLBW) is a problem
encountered worldwide. The many causes of low birth weight
(LBW) and premature or preterm birth (PTB) vary among de-
veloping/industrialized countries. Few studies have been pub-
lished, in part because of the paucity of subjects and the ethnic
heterogeneity of the populations. Our goals were to correlate
maternal periodontal disease with birth outcomes in a Turkish
population and evaluate maternal periodontal health.

Methods: This study consisted of 3,576 Turkish women who
gave birth within 24 hours of the onset of labor. The adjusted
odds ratio was generated from various logistic regression models.

Results: Codes from the Community Periodontal Index of
Treatment Needs (CPITN) were evaluated according to treat-
ment need (TN). The TN-I rate was 24.2% (N = 866), the
TN-Il rate was 73.5% (N = 2,628), and the TN-Ill rate was
2.3% (N = 82). There were 566 (15.8%) adverse birth out-
comes; the PTB with LBW rate was 4.2%; the PTB with normal
birth weight (NBW) rate was 8.3%; the in term birth with LBW
rate was 3.3%, and the in term birth with NBW rate was
84.2%. The overall PTB rate was 12.5% (N = 447), and the
LBW rate was 7.5% (N=269). The mean birth weight and weeks
of gestation decreased as the CPITN level increased (P<0.001
for both). The LBW rate was 4.6% in the TN-I group, 8.3% in the
TN-II group, and 14.6% in the TN-IIl group. TPTB rates were
10.5%, 12.7%, and 26.8%, respectively, whereas adverse birth
outcome rates were 12.0%, 16.6%, and 30.5%, respectively
(P<0.01 for all). TN-Il and TN-IIl were independent risk factors
for LBW, PTB, and abnormal births in regression analyses.

Conclusion: Maternal periodontal disease may be a risk
factor for an adverse pregnancy outcome. J Periodontol
2007;78:2081-2094.
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dequate birth weight is the most
Aimportant factor for the survival,

growth, and development of a
newborn.! Lifelong health is determined
primarily during intrauterine develop-
ment even if the infant is exposed to
environmental factors after birth. Pre-
term low birth weight (PLBW) is believed
to negatively influence the ability to
thrive. Low birth weight (LBW) is defined
as a birth weight <2,500 g. Preterm or
premature birth (PTB) is defined as de-
livery before 37 weeks’ gestation. PTB
and LBW pose major social and eco-
nomic public health problems and are
the major causes of neonatal mortality.
PLBW infants who survive the neonatal
period face a higher risk for several
neurodevelopmental disorders, health
problems (asthma, upper respiratory
infections, and ear infections), and con-
genital anomalies.?

The increasing incidence of LBW and
PTB has been attributed to many causes,
and risk factors vary among developing
populations and industrialized countries.
Identified risk factors for LBW and PTB in-
clude older or younger maternal age; ra-
cial characteristics; low socioeconomic
status; inadequate prenatal care; drug,
alcohol, or tobacco abuse; hypertension;
genitourinary tract infection; diabetes
mellitus; multiple pregnancies; environ-
mental, genetic, obstetric, maternal, and
fetal factors; infections; and toxic expo-
sure. Periodontal infection is considered
the most important preliminary reason
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for PTB and LBW,3# although some authors® dis-
agree. A low socioeconomic level, difficulty in access-
ing health services, smoking or alcohol consumption,
carbohydrate-rich diets, and inadequate oral hygiene
are some of the causes of periodontal disease.® In
recent years, various periodontal diseases have re-
ceived attention because of their infectious character-
istics and their adverse effects on the outcome of
pregnancy.

It has been postulated that a link between chronic
infection and premature birth develops when micro-
organisms or their products and toxins, such as lipo-
polysaccharides, enter the uterine cavity via an
ascending route in genitourinary tract infections or
via the circulation in women with a non-genital infec-
tion. Those pathogens or their products can stimulate
an inflammatory cascade characterized by the in-
creased production of proinflammatory mediators,
such as interleukin-13 and tumor necrosis factor-
alpha (TNF-«). The production of those mediators
eventually leads to an increase in prostaglandin syn-
thesis, which, in turn, causes uterine muscle contrac-
tion, cervical dilation, and premature rupture of the
membranes.’

Increasing evidence suggests that the molecular
and cellular inflammatory effector pathways that un-
derlie the pathogenesis of PTB also are involved in
growth restriction and developmental problems.?
Most preterm infants usually have a LBW. It is impor-
tant to distinguish between PLBW and intrauterine
growth retardation, which is difficult to diagnose. Of-
fenbacher et al.8 suggested that all mouse fetuses of
dams challenged by Campylobacter rectus were af-
fected by that infection, although in various degrees
of severity, regardless of whether they exhibited fetal
growth restriction.

The development of periodontal infection, LBW,
and PTB are affected by many factors, and large study
populations are essential for accurate statistical anal-
ysis and results. The aims of our study were to exam-
ine the relationship between maternal periodontal
disease and LBW and PTB in a Turkish population
and to investigate the periodontal status of pregnant
women as a marker for future obstetric complications
in infants.

MATERIALS AND METHODS

Study Population

The study population consisted of 3,576 Turkish Cau-
casian women who gave birth within 24 hours of the
onset of labor at Ankara Zekai Tahir Burak Women'’s
Public Health Hospital, Ankara, Turkey between Jan-
uary 1999 and December 2001. The study protocol
was approved by the Ethics Committee. All subjects
were informed about the purpose of the research
and their medical diagnosis, and all subjects provided
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informed consent. The women selected for this study
were those who were present and able to examined
and interviewed in their hospital bed from Monday
to Friday between 10:00 am and 4:00 pm.

Patients with a history of hypertension, diabetes,
gestational diabetes, renal failure, placental or uterine
abnormalities, other systemic or genetic diseases, or
<18 natural teeth were excluded from the study. Only
mothers with a singleton gestation were included in
the study. Before her periodontal evaluation, each pa-
tient was interviewed about her sociocultural back-
ground, including age, economic and professional
status, and level of education. The patients were also
asked about the frequency of their dental and peri-
odontal visits. For each patient, nausea and vomiting
during pregnancy, smoking habits (before and during
pregnancy), and toothbrushing frequency (before
and during pregnancy) were recorded. The study sub-
jects were asked whether they had received routine
prenatal care; based on their answers they were di-
vided into two groups: women who had received pre-
natal care at least two times and women who had not
received prenatal care during pregnancy.

Maternal demographic and obstetric data (gesta-
tional age, number of previous pregnancies, types
of prior deliveries, weights of previously delivered
newborns, marital consanguinity, infections of the
genitourinary tract or other infections during preg-
nancy, and health disorders requiring medication)
were obtained from the patients’ medical records.
Estimated gestational age was based on the date of
the last menstrual period, ultrasound examination, se-
quential physical examinations, and postnatal exam-
ination. Women for whom the gestational age was
absent or questionable in their medical records were
excluded. Each subject confirmed the content of her
medical records.

Periodontal Evaluation

Periodontal examinations were performed in the ma-
ternity ward when the patients were resting after being
positioned at the end of the bed to enable reproducible
examinations. All periodontal examinations were per-
formed by the same dentist, who was calibrated before
each examination. All examinations were performed
in sufficient artificiall light with the use of a dental
mirror and a World Health Organization (WHO) peri-
odontal probe.¥ Periodontal probing depth (PD) was
measured on six surfaces (mesio-buccal, buccal,
disto-buccal, disto-lingual, lingual, and mesio-lingual)
of 10 Ramfjord® teeth using a double-ended WHO
probe according to the Community Periodontal Index
of Treatment Needs (CPITN).!° The highest value of
the six measurements for each tooth was recorded.

| J Morita, Osaka, Japan.
9 J Morita.
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Each sextant was assigned a code number reflecting
the condition of the most severely affected site ac-
cording to the following criteria: O: no signs of disease;
1: gingival bleeding after gentle probing; 2: supra- or
subgingival calculus/overhanging restoration margins;
3: PD 4 or 5 mm deep; and 4: PD 26 mm. The highest
code of the sextant was recorded as the code of the
patient. Then the subjects were grouped into treatment
need (TN) categories according to the highest code
number for any sextant. The definitions used for the
TN categories were as follows: TN-0 = no treatment
needed (code 0); TN-I=improvement in personal oral
hygiene (code 1); TN-Il=TN-I + scaling (codes 2 + 3);
and TN-Ill = TN-I+ TN-Il+ complex treatment (code 4).

Variables

Mothers. The subjects were divided into two groups
by age (17 to 35 years and <17 years or >35 years).
Patients in the latter group were considered to be at
greater risk for complications during pregnancy and
delivery.

The women were classified into three groups accord-
ing to national education system categories: unedu-
cated, low level of education, and high level of education.

Smoking habits were evaluated according to fre-
quency and permanence: smoking during pregnancy
(heavy smokers, >10 cigarettes per day; light smok-
ers, <10 cigarettes per day; and non-smokers) and
smoking before pregnancy (heavy smokers, light
smokers, and non-smokers). Smoking habits also
were evaluated in two main categories: smokers and
non-smokers during and before pregnancy.

Toothbrushing habits were evaluated according
to frequency before and during pregnancy. The first
group (“brushing occasionally”’) consisted of women
who answered “no” or “sometimes,” whereas the sec-
ond group (“brushing regularly”) consisted of women
who answered “yes; one or more times a day.”

Infants. Infants were classified according to the
following characteristics.

Gestational week: PTB was defined as delivery <37
weeks’ gestation.!! In-term birth (ITB) was defined as
delivery 237 weeks’ gestation.

Birth weight: Birth weight was classified as LBW
(<2,500 g) or NBW (>2,500 g).!!

Gestational week and birth weight: Babies were
classified as preterm with NBW (PNBW); in term with
LBW (ILBW); preterm with LBW (PLBW), or in term
with NBW (INBW).

Main outcome: Two outcomes were considered:
abnormal births (AB = PTB + LBW) or normal births
(INBW).

Statistical Analyses

Normality was checked for each continuous variable.
Because the data were not distributed normally, an
appropriate non-parametric test was chosen. Contin-

uous variables between groups were analyzed with the
one-way analysis of variance or the Kruskal-Wallis
test. The x2 test was used for categorical variable ana-
lyses. A trend analysis was performed for CPITN
levels. Three stepwise logistic regression models were
performed for multiple analyses. In model 1, birth
weight (categorized as NBW or LBW) was defined
as a dependent variable. In model 2, gestation week
(categorized as ITB or PTB) was defined as a depen-
dent variable. In model 3, main outcome (categorized
as INBW and total number of ABs) was defined as a
dependent variable. Variables, such as age, level of
education, type of birth, parity, prenatal care, smok-
ing, toothbrushing habits, and CPITN code, which
were found to be risk factors in univariate analyses,
were defined as independent risk factors. A P value
<0.05 was considered significant. Statistical analyses
were performed with a statistical program.*

RESULTS

The demographics and descriptive data of the study
population are presented in Table 1. The age of the
subjects ranged from 14 to 40 years (mean: 25.7
5.4), and 288 mothers (8.1%) were younger than
17 years of age or older than 35 years of age. The
mean number of pregnancies was 2.2 + 1.4 (range,
1 to 9). The mean number of weeks of gestation
was 38.8 £ 2.0 (range, 25 to 44 weeks), and the mean
birth weight of 3,576 infants was 3,219.4 £ 5324 ¢g
(range, 625 to 5,000 g).

Table 2 shows the distribution of newborns accord-
ing to the classifications of birth weight and week of
gestation. There were 566 (15.8%) AB outcomes;
the PTB with LBW rate was 4.2%; the PTB with NBW
rate was 8.3%; the in term birth with LBW or small
for gestational age (SGA) rate was 3.3%, and the in
term birth with NBW rate was 84.2%. The overall
PTB rate was 12.5% (N = 447; 8.3% were preterm
infants weighing >2,500 g, and 4.2% were preterm
infants with a LBW), and the LBW rate was 7.5%
(N =269).

The unadjusted odds ratios (OR) for prematurity
risk factors are defined in Table 3. Only the education
level and toothbrushing frequency were significant
risk factors for LBW, PTB, and AB. However, cesarean
birth may be a risk factor for LBW, PTB, and AB.
Similar results were found when demographic and de-
scriptive data of the pregnant women were compared
to four classification groups of birth outcome (Table 4).

The demographic and descriptive data of the study
subjects according to CPITN scores are presented in
Table 5. The frequency of TN-II was higher in the
at-risk age group, but the frequency of TN-Ill was
higher in the normal age group (P <0.012). CPITN

# Statistical Package for the Social Sciences, version 14.0, SPSS, Chicago, IL.
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Table 1.

Demographic and Descriptive Data of the
Study Population

Table 2.

Classification of Newborns According to
Birth Outcome

Study Subjects
(n [%])

Age group (years) Normal (17 to 35) 3,288 (91.9)

Maternal age at risk 288 (8.1)

(<17 or >35)

Education Uneducated 232 (6.5)
Low level 2,648 (74.0)
High level 696 (19.5)
Consanguineous marriage ~ No 2,931 (82.0)
Yes 645 (18.0)
Pregnancies (parity) (n) I 1,316 (36.8)
2 2,260 (63.2)
Nausea and vomiting No 1,439 (40.2)
Yes 2,137 (59.8)
Type of birth Normal (vaginal) 3,008 (84.1)
Cesarean 568 (15.9)
Prenatal care No 1,588 (44.4)
Yes 1,988 (55.6)
Smoking during pregnancy No 2,924 (81.8)
Light smoker 555 (15.5)

Heavy smoker 97 (2.7)
Smoking prior to pregnancy No 2,765 (77.3)
Light smoker 502 (14.0)

Heavy smoker 309 (8.7)
Toothbrushing Occasionally 594 (16.6)
during pregnancy Regularly 2,982 (834)
Toothbrushing prior to Occasionally 373 (104)
pregnancy Regularly 3,203 (89.6)

levels increased in uneducated women (P <0.0001)
and in women with a low level of education (P <0.05);
in mothers who had more than one pregnancy
(P <0.0001), had no prenatal care (P <0.01), or
brushed their teeth occasionally (P <0.0001); and
in women who gave birth to infants with PNBW
(P<0.028), ILBW (P<0.0005), or PLBW (P <0.003).

The unadjusted ORs for CPITN codes according to
CPITN classifications are shown in Table 6. Although
only CPITN code 4 subjects had risk factors for PTB,
CPITN codes 2 + 3 and CPITN code 4 subjects had risk
factors for LBW and AB. The subjects with CPITN
codes 2 + 3 had a 1.8 (95% confidence interval [CI]:
1.3 to 2.6) times greater risk for LBW than did subjects
with a CPITN code of O or 1. Subjects with CPITN code
4 were at 3.5 (95% CI: 1.7 to 7.0) times greater risk
for LBW than were subjects with a CPITN code of
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Classification Newborns (n [%])

Weeks of gestation

TB 3,129 (87.5)

PTB 447 (12.5)
Birth weight

NBW 3,307 (92.5)

LBW 269 (7.5)
Weeks of gestation and birth weight

INBW 3,010 (84.2)

PNBW 297 (8.3)

ILBW 19 (3.3)

PLBW 150 (4.2)
Main outcome

INBW 3,010 (84.2)

AB 566 (15.8)
Total 3,576 (100.0)

0 or 1. The OR of code 4 for all ABs was 3.2 (95% CI:
1.9 to 5.3).

The adjusted ORs for three multivariate logistic
models for all mothers are shown in Table 7, in which
the results of this study are summarized. TN-Il and TN-
Ill were independent risk factors for LBW, PTB, and
AB after adjusting the factors which are related with
CPITN and LBW, PTB, AB in univariate analyses such
as age, level of education, type of birth, smoking,
toothbrushing, number of pregnancies, and prenatal
care. CPITN codes 2 + 3 (OR = 1.87; 95% CI: 1.31
to 2.66) and code 4 (OR = 3.56; 95% CI: 1.74 to
7.25) were markers for independent risk factors for
LBW. Although CPITN codes 2 + 3 (OR = 1.21; 95%
Cl: 0.95 to 1.56) were not found to be a significant
marker for independent risk factors for PTB, code 4
(OR = 2.96; 95% CI: 1.72 to 5.09) was a significant
marker for independent risk factors for PTB. In model
3, CPITN codes 2 + 3 and code 4 were markers of
independent risk factors for AB (OR = 1.44; 95% CI: 1.14
to 1.81 and OR=3.14;95% Cl: 1.86 to 5.29, respectively).

Similar results were found in separate multivariate
analyses performed for the mothers who had prenatal
care and for those who had no prenatal care (Tables 8
and 9). Only code 4 was not a significant risk factor
for PTB in mothers who had not had prenatal care
(OR=2.1; 95% Cl: 0.8 to 5.2; P<0.114).

Figure 1 shows the relationship between CPITN
score and the birth weight and gestational week.
The CPITN scores increased, whereas the mean num-
ber of weeks of gestation and the birth weight de-
creased (P<0.0001 and P<0.0001, respectively).
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Birth Weight (g)

Gestation (weeks)

Main Outcome

22,500 (n) <2,500 (n [%]) 237 (n) <37 (n [%]) INBW (n) AB (n [%])

Age group (years)

Normal (17 to 35) 3,040 248 (7.5) 2,872 416 (12.7) 2,767 521 (15.8)

At risk (<17 or >35) 267 21 (7.3) 257 31 (10.8) 243 45 (15.6)

OR (95% Cl) 0.9 (0.6 to 1.5) 0.8 (0.5 to 1.2) 09 (0.7 to 1.3)
Education level

Uneducated 211 21 (9.1) 191 41 (17.7) 181 51 (22.0)

Low level 2,439 209 (7.9) 2,321 327 (12.3) 2,228 420 (15.9)

High level (reference) 657 39 (5.6) 617 79 (11.4) 601 95 (13.6)

OR (95% Cl) (for low education) 1.44 (1.0 to 2.9)* [.I (1.8 to 1.4) 1.2 (09 to |.5)

OR (95% Cl) (for uneducated) 1.7 (09 to 3.0) 1.7 (1.1 to 2.6)F 1.8 (1.2 to 27)1
Consanguineous marriage

No 2718 213 (7.3) 2,567 364 (12.4) 2,474 457 (15.6)

Yes 589 56 (8.7) 562 83 (129) 536 109 (16.9)

OR (95% Cl) 1.2 (0.8 to 1.6) 1.0 (0.8 to 1.3) I.I (0.8 to 1.3)
Pregnancy (parity) (n)

| 1,192 124 (9.4) I,144 172 (13.1) 1,089 227 (17.2)

>2 2,115 145 (6.4) 1,985 275 (12.2) 1,921 339 (15.0)

OR (95% Cl) 0.6 (0.5 to 0.8)* 09 (0.7 to I.1) 0.8 (0.7 to 1.0)
Nausea and vomiting

No 1,332 107 (7.4) 1,249 190 (13.2) 1,204 235 (16.3)

Yes 1,975 162 (7.6) 1,880 257 (12.0) 1,806 331 (15.5)

OR (95% Cl) 1.0 (0.7 to 1.3) 09 (0.7 to I.1) 09 (0.7 to I.1)
Prenatal care

No 1,467 121 (7.6) 1,387 201 (12.7) 1,330 258 (16.2)

Yes 1,840 148 (7.4) 1,742 246 (12.4) 1,680 308 (15.5)

OR (95% Cl) 09 (0.7 to 1.2) 09 (0.6 to I.1) 09 (0.7 to I.1)
Type of birth

Normal 2,833 175 (5.8) 2,670 338 (11.2) 2,583 425 (14.1)

Cesarean 474 94 (16.5) 459 109 (19.2) 427 141 (24.8)

OR (95% Cl) 32 (24 to 42)* 1.9 (14 to 2.3)* 20 (1.6 to 24)*
Smoking prior to pregnancy

No 2,567 198 (7.2) 2425 340 (12.3) 2,341 424 (15.3)

Yes 740 71 (8.8) 704 107 (13.2) 669 142 (17.5)

OR (95% Cl) 1.2 (09 to 1.7) [.I (0.8 to 1.4) 12 (09 to 14)
Smoking during pregnancy

No 2,715 209 (7.1) 2,565 359 (12.3) 2,475 449 (154)

Yes 592 60 (9.2) 564 88 (13.5) 535 117 (17.9)

OR (95% Cl) 1.3 (09 to 1.7) [.I (0.8 to 1.4) 1.2 (09 to 1.5)
Toothbrushing prior to pregnancy

Regularly 2978 225 (7.0) 2,823 380 (11.9) 2,719 484 (15.1)

Occasionally 329 44 (11.8) 306 67 (18.0) 291 82 (22.0)

OR (95% Cl) [.7 (1.2 to 2.4)* 1.6 (1.2 to 2.1)* 1.5 (1.2 to 2.0)*
Toothbrushing during pregnancy

Regularly 2,775 207 (6.9) 2,630 352 (11.8) 2,533 449 (15.1)

Occasionally 532 62 (10.4) 499 95 (16.0) 477 117 (19.7)

OR (95% Cl) 1.5 (1.1 to 2.1)* 1.4 (1.1 to 1.8)* .3 (I.I to 1.7)*
Total (N) 3,307 269 3,129 447 3,010 566

* P<0.05.
+ P<0.01.
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Table 4.

Characteristics of Mothers According to Birth Outcome

INBW (n) PNBW (n [%]) ILBW (n [%]) PLBW (n [%])
Age group (years) Normal (17 to 35) 2,767 273 (8.3) 105 (3.2) 143 (4.3)
At risk (<17 or >35) 243 24 (83) 14 (4.9) 7 (24)
Education Uneducated 181 30 (129)* 10 (4.3) 1 (4.7)
Low level 2,228 211 (8.0) 93 (3.5) 16 (4.4)
High level 601 56 (8.0) 16 (2.3) 23 (33)
Consanguineous marriage No 2474 244 (8.3) 93 (3.2) 120 (4.1)
Yes 536 53 (8.2) 26 (4.0) 30 (47)
Pregnancy (parity) (n) I 1,089 103 (7.8) 55 (42) 69 (52)
>) 1,921 194 (8.6) 64 (2.8) 81 (3.6)
Nausea and vomiting No 1,204 128 (8.9) 45 (3.1) 62 (43)
Yes 1,806 169 (7.9) 74 (3.5) 88 (4.1)
Type of birth Normal 2,583 250 (8.3) 87 (2.9) 88 (2.9)
Cesarean 427 47 (8.3) 32 (5.6)° 62 (109)T
Prenatal care No 1,330 137 (8.6) 57 (3.6) 64 (4.0)
Yes 1,680 160 (8.0) 62 (3.1) 86 (4.3)
Smoking prior to pregnancy No 2,341 226 (8.2) 84 (3.0) 14 (4.1)
Yes 669 71 (8.8) 35 (4.3) 36 (44)
Smoking during pregnancy No 2,475 240 (8.2) 90 (3.1) [19 (4.1)
Yes 535 57 (8.7) 29 (44) 31 (48)
Toothbrushing prior to pregnancy Regularly 2,719 259 (8.1) 104 (3.2) 29 (7.8)t
Occasionally 291 38 (10.2) 15 (4.0) 121 (3.8)
Toothbrushing during pregnancy Regularly 2,533 242 (8.1) 97 (3.3) 40 (6.7)1
Occasionally 477 55 (9.3) 22 (37) 110 (3.7)
Total 3010 297 (8.3) 119 (3.3) 150 (4.2)
* P<0.05.

T P<0.01 compared to INBW (each group compared only to INBW).

DISCUSSION

Our results provided strong evidence that maternal
periodontal disease is an independent risk factor for
an adverse outcome of pregnancy. In this study, the
periodontal status of a large and demographically
homogeneous population of Turkish women who re-
cently delivered an infant was evaluated. CPITN codes
were used to evaluate subjects during their immediate
postpartum hospitalization. The major advantages of
CPITN are its simplicity, speed, and international uni-
formity. Its limitations include partial recording, ex-
clusion of some important signs of past periodontal
breakdown (notably attachment loss), and the pres-
ence of any marker of disease activity or susceptibil-
ity.19:12 Miyazaki et al.!3 used CPITN in their study,
which included 1,565 non-pregnant women and 2,424
pregnant women.

One of the principal goals of this study was to de-
scribe the periodontal treatment needs of mothers
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soon after delivery in a Turkish population. With this
information, appropriate oral care services can be
planned for populations and individuals. Identification
of the needs provides an essential basis for promoting
primary health care programs and monitoring their
success in improving the periodontal health of this
population. The results of this study also underscore
the need for periodontal screening before and during
pregnancy.

In our study, ages were classified as 17 to 35 years
(ages at which uncomplicated delivery is the norm)
and <17 or >35 years (ages at which complications
during or immediately after pregnancy are more
common). The mean age of the mothers studied
was 25.7 + 5.4 years. Yalcin et al.!* evaluated 61
Turkish women (mean age, 23.62 + 4.01 years). We
also examined the periodontal status of the at-risk
mothers to evaluate the effects of maternal age on
an adverse outcome of pregnancy. The results of
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Characteristics of Pregnant Women by Treatment Needs and CPITN Code

CPITN (n [%])

TN-I TN-II TN-III
(codes 0 + 1) (codes 2 + 3) (code 4) P

Age (years) Normal (17 to 35) 817 (24.8) 2,394 (72.8) 77 (2.4)

At risk (<17 or >35) 49 (17.0) 234 (81.3) 5 (1.7) 0012
Education Uneducated 44 (19.0) 179 (77.1) 9 (39) 0.0001

Low level 628 (23.7) 1,964 (74.2) 56 (2.1) 0.053

High level 194 (27.9) 485 (69.7) |7 (2.5) Reference
Consanguineous marriage No 697 (23.8) 2,163 (73.8) 71 (24)

Yes 169 (26.2) 465 (72.1) 1 (1.7) 0.125
Pregnancy (parity) (n) I 381 (29.0) 911 (69.2) 24 (1.8)

>2 485 (21.5) 1,717 (76.0) 58 (2.6) 0.0001
Nausea and vomiting No 347 (24.1) 1,050 (73.0) 42 (2.9)

Yes 519 (24.3) 1,578 (73.8) 40 (1.9) 0.442
Type of birth Normal 742 (24.7) 2,199 (73.1) 67 (22)

Cesarean 124 (21.8) 429 (75.5) 15 (2.6) 0.127
Prenatal care No 347 (21.9) 1,209 (76.1) 32 (2.0)

Yes 519 (26.1) 1,419 (71.4) 50 (2.5) 0016
Smoking during pregnancy No 729 (24.9) 2,124 (72.6) 71 (24)

Yes 137 (21.0) 504 (77.3) [T (1.7) 0.1'5
Smoking prior to pregnancy No 696 (25.2) 2,002 (72.4) 67 (24)

Yes 170 (21.0) 626 (77.2) 15 (1.8) 0222
Toothbrushing during pregnancy Occasionally 13 (19.0) 457 (76.9) 24 (4.0)

Regularly 753 (25.3) 2,171 (72.8) 58 (1.9) 0.0001
Toothbrushing prior to pregnancy Occasionally 76 (204) 279 (74.8) 18 (4.8)

Regularly 790 (24.7) 2,349 (73.3) 64 (2.0) 0.005
Weeks of gestation and birth weight INBW 762 (25.3) 2,191 (72.8) 57 (1.9) Reference

PNBW 64 (21.5) 220 (74.1) 13 (44) 0.028

ILBW 13 (10.9) 103 (86.6) 3 (25) 0.0005

PLBW 27 (18.0) I'14 (76.0) 9 (6.0) 0.003
Total 866 (24.2) 2,628 (73.5) 82 (2.3)

our study demonstrated that age is not a risk factor
for adverse outcome of pregnancy in systemically
healthy subjects. Ziadeh and Yahaya!® evaluated
outcomes of pregnancy in older mothers and sug-
gested that the rates of preterm delivery, fetal death,
LBW, and SGA infants among women aged >40 years
were similar to those found in younger controls, re-
gardless of parity. These results support the findings
of our study.

Intrauterine growth restriction affects the risk for
PTB. Impaired growth is associated with maternal
conditions (e.g., hypertension) that lead to medically
indicated PTB, and growth restriction is itself a com-
mon indication for induction before term.!® Common

social and demographic risk factors for PTB differ for
SGA PTBs and non-SGA PTBs. Zeitlin et al.!® sug-
gested that maternal age >35 years, smoking during
pregnancy, and low or high maternal body mass in-
dex are greater risk factors for SGA PTB than for
other types of PTB. Because we were not able to ob-
tain the body mass index of our subjects, we did not
evaluate that factor.

Data on whether multiparity is a risk factor for
negative fetal outcome are inconsistent. Although
some investigators observed a positive relationship
between LBW and high parity, others failed to do
50.17:18 Aliyu et al.!? analyzed data on 22,463,141
mothers who had experienced at least one previous
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oral care and health problems as the
number of their children increased.

A significant association was found
between increased gingival scores and
periodontal probing depth in multipa-

- TNH TN TN rous women.24 The reason for increased
Classification (codes 0 + 1) (codes 2 + 3) (code 4) periodontal diseases in multiparous
Weeks of gestation women may be untreated dental or peri-

[T p— 775 2294 60 odontal disease that developed during
birth (n) their prior pregnancies. As Taani et al.24
PTB (n [%]) 91 (10.5) 334 (12.7) 22 (26.8) also suggested, low socioeconomic sta-
OR (95% Cl) Reference 1.2 (09 to 1.6) 3.1 (I8t0 53)  tus and a lower level of education might
P value 0.08 0.0001 lead to poor oral hygiene in multiparous
Birth weight wormen.
NBW (n) 826 241 70 Studies®=> have evaluated the effect
LBW n (%) 40 (4.6) 217 (8.3) 12 (14.6) of prenatal visits on the outcome of preg-
OR (95% Cl) Reference 1.8 (1.3 to 2.6) 35(1.7t070) nancy. Lopez et al.* suggested that hav-
P value 0.000 0.000 ing fewer than six prenatal visits is an
. important risk factor for PLBW. Bosnjak
Main outcome 25 . .
et al.=? found no relationship between
INBW (n) 762 2,191 57 1 d PTB
AB n (%) 104 (12.0) 437 (16.6) 25 (30.5) prenatal care an :
OR (95% Cl) Reference 14(1.lto 18) 32 (191t053) We also evaluated the effect of prena-
P value 0.00] 0.000| tal visits on pregnancy outcome in the

singleton live birth. They confirmed other reports that
suggest an independent association between parity
and a reduction in birth weight. They found increasing
parity to be a risk factor for LBW, very LBW, PTB, and
very PTB in a dose-dependent pattern.

We analyzed the number of pregnancies (parity)
and found that increasing parity was associated more
with LBW than with PTB (OR=1.77; P<0.000). In their
cross-sectional study, Lunardelli and Peres2? found
no relationship between parity and LBW or PTB. How-
ever, many factors (a short interval between pregnan-
cies, outcomes of prior pregnancies, and the age of
the mother at first pregnancy) link parity with an ad-
verse outcome of pregnancy;?!??2 our data about
mothers and their infants were insufficient to evaluate
these relationships.

The periodontal status of the mothers in our study
worsened with an increasing number of pregnancies
(P <0.0001) (Table 5). That finding was compatible
with the results of the study by Marin et al.23 of 152
pregnant Caucasian women (P <0.01). Those inves-
tigators also suggested that birth weight decreased
with worsening maternal periodontal disease (P =
0.02).

Although vomiting and nausea seemed to be asso-
ciated with higher gingival index scores and PD during
pregnancy,?* we found no relationship between peri-
odontal status and nausea or vomiting. Another rea-
son for poor oral hygiene in pregnant women may
be that the mothers in a lower socioeconomic echelon
had less time or money to devote to their personal
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following two groups of subjects: women
who had at least two prenatal visits
(65.6% of the study population) and women who
had no prenatal visits. We found no relationship be-
tween the frequency of prenatal visits and the out-
come of pregnancy. There are many factors that
cause an abnormal outcome of pregnancy. The aim
of prenatal care is to eliminate the existing risk fac-
tors or to prevent the pregnant woman from encoun-
tering the risk factors that could cause an adverse
outcome of pregnancy. The results of the present
study indicate that the prenatal care provided to this
population is not sufficient to reduce the rate of ad-
verse pregnancy outcomes. However, periodontal
evaluation is not a part of routine prenatal visits at
public hospitals in Turkey.

The actual causes that underlie the statistically sig-
nificant relationship between prenatal care and peri-
odontal health are considered to be confounding
factors, such as education level, toothbrushing, and
parity. Thus, multivariate analysis established that
education level or toothbrushing frequency was sig-
nificant, whereas prenatal care was not.

A lack of education is one of the main reasons for a
low socioeconomic status. We found that mothers
with relatively less education had significantly greater
periodontal treatment needs than did their better ed-
ucated counterparts (CPITN code 4, P<0.0001). That
finding was compatible with the results from several
studies,13:16,23,25,26

The rates of PTB and LBW and the total number of
ABs was statistically significant with respect to cesar-
ean births (OR = 1.84, 3.23, and 1.97, respectively;
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Table 7.

Adjusted ORs for Three Multivariate Logistic Models (N = 3,576)

Dependent Variable

Birth Weight (risk for LBW)

Weeks of Gestation (risk for PTB)

Main Outcome (risk for AB)

Model | Model 2 Model 3
OR 95% Cl P OR 95% Cl P OR 95% Cl P

Age at risk 096 059to 1.56 0.892 0.77 0.52 to I.15 0.215 093 066to .32 0711l
High level of education Ref. Ref. Ref.
Low level of education 54 085to 277 O.I5] .55 1.0l to 2.39 0.046 .65 [.Il to 247 0013
Uneducated 152 1.05t0 2.19 0025 [.10 0.84 to .44 0481 120 094to 1.54 0.140
Cesarean birth 323 246to 426  0.000 .84 1.45 to 2.34 0.000 .97 .58 to 246  0.000
Pregnancy (parity) (n 22) .77  1.36to 231  0.000 [.15 093 to 1.42 0.188 1.30 .07 to 1.57  0.007
No prenatal care 00  077to .30 0982 1.0l 081 to 123 0971 098 08l to 1.18  0.849
Smoking (yes)* 140  1.03to 190 0.032 [.14 0.88 to 1.47 0.305 124 098to I.55  0.064
Toothbrushing occasionally*  1.45 .06 to 1.98  0.019 [.31 1.02 to 1.69 0.036 1.27 [0l to .60 0.044
CPITN

TN-I (codes 0 + |) Ref. Ref. Ref.

TN-Il (codes 2 + 3) .87 131 to 266  0.00I [.21 0.95 to 1.56 0.18 |.44 [.14 to .81 0.002

TN-IlIl (code 4) 356 1.74t0 725 0.000 296 [.72 to 5.09 0.000 3.14 .86 to 529  0.000

Ref. = reference.
* During pregnancy.

P <0.0001). The rate of cesarean deliveries in our
study was 15.9%, a rate similar to that reported by
the WHO (15%).!! We found no relationship between
the type of birth (cesarean or vaginal) and periodontal
status. Silva et al.2” suggested that elective cesarean
section is a risk factor for LBW. Because we had no
data on the reasons for cesarean delivery in our study
population, we did not comment on that factor.
LBW is no longer an indicator of poor health and
lack of socioeconomic development. In our study, the
incidence of LBW was 7.5%. This rate is lower than
that in Brazil®” but higher than that in Finland.??-2°
Although smoking status is recorded in many stud-
ies, it is important to include measures of current and
prior smoking exposure. Smoking during pregnancy
is an important dose-dependent risk factor for an ad-
verse outcome (especially LBW). Maternal smoking
also increases the risk for PTB, although it seems to
affect fetal growth more than the duration of ges-
tation.39 Chiolero et al.3° evaluated the maternal
smoking status in two groups of pregnant women:
non-smokers and ex-smokers. They suggested that
smoking history was not associated with LBW, SGA,
or PTB, but that smoking during pregnancy was asso-

ciated independently with each of those outcomes.
We also found a relationship between smoking habits,
adverse outcome of pregnancy, and periodontal treat-
ment needs. When we compared non-smoking mothers
to those who smoked during pregnancy, the adjusted
OR was 1.3 (95% CI: 0.9 to 1.7). When we compared
non-smoking mothers to ex-smokers, the adjusted
OR was 1.2 (95% CI: 0.9 to 1.7) with respect to
LBW. The adjusted ORs of ex-smokers and smokers
during pregnancy in the PTB group were similar, 1.1
(95% CI: 0.8 to 1.4). These results did not support
the study of Chiolero et al.3% Moliterno et al.3! found
an adjusted OR of 1.16 (95% CI: 0.30 to 3.30) for
LBW in 151 smoking mothers. Our results showed that
smoking history was not associated with the outcome
of pregnancy as much as was smoking during preg-
nancy. We also found that maternal smoking increased
the risk for PTB, although it seemed to affect fetal
growth more than the number of weeks of gestation.
Smoking is undoubtedly one of the greatest and
most prevalent risk factors for chronic periodontitis.32
Most contemporary studies3%33 suggest that smoking
increases the risk for periodontal diseases from two
to six times. In our study, there was no significant
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Table 8.

Adjusted ORs for Three Multivariate Logistic Models in Pregnant Women Without

Prenatal Care (N = 1,588)

Dependent Variable

Birth Weight (risk for LBW)

Weeks of Gestation (risk for PTB)

Main Outcome (risk for AB)

Model | Model 2 Model 3
OR 95% Cl P OR 95% Cl P OR 95% Cl P
Age at risk 0.88 043 to 1.82 0.726 0.56 0.30 to 1.05 0.072 070 042to 120 0.20]
Education
High level Ref. Ref. Ref.
Low level [.19 046 to 3.04 0.722 |.74 0.109 [.55 082 to 29I 0.175
Uneducated [.46 0.72 to 2.99 0.296 [.19 0.68 to 2.05 0.542 [.31 080to 2.5 0292
Cesarean birth 2.52 |.63 to 3.91 0.001 |.84 [.26 to 2.66 0.001 [.72 .22 t0 243 0.002
Pregnancy (parity) (n 22) 065  044t0 096 0031  I.I5 0.88 to 1.60 0396 104 078to 140 079
Smoking (yes)* 159 102t0248 004 084  056to 126 0407 103 073to 150 0863
Toothbrushing occasionally* .59 1.04 to 2.44 0.034 1.22 0.85to 1.74 0.275 122 089to I.70 0221
CPITN
TN-I (codes 0 + I) Ref. Ref. Ref.
TN-II (codes 2 + 3) 2.00 [.14 to 3.51 0016 [.14 0.77 to 1.65 0511 |.47 [.03to 2.10  0.036
TN-III (code 4) 546 191 to 1562 0.002 2.09 0.83 to 5.20 0.114 322 41 to 732 0.005
Ref. = reference.
* During pregnancy.
42.0 4000 smokers.) However,
P = 0.0001 I—0.0061 smoking status often is
self-reported and may
x = .
$ 395 = 2500 be biased.
E ' o The frequency of
2 2 toothbrushing  during
2 270 £ app0 3754 260. 216, 61t and before pregnancy
& 30.1 189 i 0aes also was evaluated. We
ot ' . 38,8 16,6 c 1 investigated the eff
< 378 & gated the effects
2 345 = 2500 of hormonal changes
' during pregnancy on the
accumulation of micro-
bial plaque on gingival
320 T T T T T 2000 T T T T T t- p qd th fgf gt f
o ; 2 3 4 0 1 5 3 4 issue and the effects o
CPITN CPITN vomiting and nausea on
the frequency of tooth-
Figure I. brushing. The results

Distribution of gestation week and birth weight by CPITN code.

difference between smokers and non-smokers in the
need for periodontal treatment. It is important to em-
phasize that our study included few ex-smokers who
smoked heavily or mothers who smoked heavily dur-
ing pregnancy (2.7% of women were heavy smokers
during pregnancy, and 8.7% were former heavy
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showed that pregnancy
did not change the rate
of toothbrushing. Sev-
eral studies?426:34 have established a relationship be-
tween pregnancy and periodontal conditions. Laine3*
suggested that pregnancy does not cause periodontal
disease but may exacerbate a preexisting periodontal
condition. Taani et al.24 showed that periodontal
pockets increased as pregnancy progressed. Many
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Adjusted ORs for Three Multivariate Logistic Models in Pregnant Women With

Prenatal Care (N = 1,988)

Dependent Variable

Birth Weight (risk for LBW)

Weeks of Gestation (risk for PTB)

Main Outcome (risk for AB)

Model | Model 2 Model 3
OR 95% Cl P OR 95% Cl P OR 95% Cl P

Age at risk 05 055t0201 0.883 1.02 06! to .71 0.931 121 0.77 to 190 0420
Education

High level Ref. Ref. Ref.

Low level 208 093to464 0075 1.42 0.73 to 2.76 0.290 2.02 [.13 to 3.61 0018

Uneducated 1.53 .00 to 240  0.052 1.09 0.79 to 1.50 0.579 .18 088to .59  0.259
Cesarean birth 391 27310 560  0.001! 1.80 [.31 to 248 0.001 2.15 .61 t0 286  0.00l
Pregnancy (parity) (n =2) 051 036 t0 0.73  0.00! 0.69 0.52 to 091 0011 0.61 047 to 0.78  0.00
Smoking (yes)* 23 080to 190 0.353 |.44 1.03 to 2.00 0.030 |.44 .06 to 1.97 0019
Toothbrushing occasionally* ~ 1.34  0.85to 2.12 0213 [.42 0.99 to 2.05 0.056 34 096to 1.89  0.092
CPITN

TN-I (codes 0 + |) Ref. Ref. Ref.

TN-Il (codes 2 + 3) 1.79 l.141t0283 0012 1.28 092 to 1.79 0.135 |.44 .06 to 1.95  0.021

TN-IIl (code 4) 247 .0l to 6.60  0.049 374 1.88 to 7.42 0.001 3.1 .57 to 6.15  0.00l

* During pregnancy.

experts agree that periodontal health declines during
pregnancy.>? In our study, we found a close relation-
ship between toothbrushing frequency and the need
for periodontal treatment (P<0.0001 and P<0.005, re-
spectively). Toothbrushing occasionally during preg-
nancy is a greater risk factor for LBW than PTB
(OR=1.45; P<0.019). These results indicate a possible
relationship between PLBW and periodontal diseases.

The most striking result of our study was the signif-
icant interaction between the adverse outcome of
pregnancy and the need for periodontal treatment
(OR=3.14;95% CI: 1.86 to 5.29). Women with a pre-
term or LBW newborn had significantly worse peri-
odontal status than did those who had a newborn
weighing >2,500 g or who delivered their infant at
term. Three multivariate logistic models showed that
the OR for LBW increased from 1.87 to 3.56 as the
need for periodontal treatment increased. Moliterno
et al.3! found a relationship between periodontal dis-
ease and LBW (OR = 3.48; 95% Cl: 1.17 to 10.36).
Lopez et al.* suggested that periodontal disease is
an independent risk factor for PLBW and causes more
than a four-fold increase in the risk for PLBW. In our
study, the OR for PTB was 1.2 for women classified
as TN-Il and 2.9 for those classified as TN-III. Peri-
odontal disease was a more significant risk factor
for LBW than was PTB.

In our study population, 87% of the women had an
INBW newborn, and 12.5% had a preterm newborn. Of
those newborns delivered preterm, 8.3% had NBW
(PNBW group). To the best of our knowledge, the
PNBW group has not been defined in prior studies. Al-
though the risk for morbidity in that group is lower
than that in the PTB group, the mechanism that initi-
ates premature delivery is very similar. We found that
92.5% of the mothers had a newborn in the INBW
group, and 7.5% had a baby in the LBW group. Of
the LBW newborns, 3.3% were ILBW or SGA and
4.2% were PLBW.

Diabetes mellitus is the most frequent metabolic
pregnancy complication associated with an increased
risk for maternal and neonatal morbidities.3® The
Consensus on Diabetes Classification3” established
type 1 and type 2 diabetes as main groups (type 1:
insulin-dependent diabetes; type 2: non-insulin—-
dependent diabetes), and gestational diabetes was
defined as any glucose intolerance detected during
pregnancy.3’ Types 1 and 2 pregestational diabetes
are associated with early and late complications of
pregnancy, including metabolic complications of
the newborn.3® Meanwhile, gestational diabetes is as-
sociated with complications in the second half of the
pregnancy.3? Preeclampsia occurs more frequently
in diabetic mothers and is the major cause of preterm
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delivery. Large for gestational age and macrosomic
newborns are the most common perinatal compli-
cations of pregestational and gestational diabetes,
although they also may occur in association with
maternal obesity and excessive weight increase dur-
ing pregnancy.#?-4! Periodontal disease is one of the
major oral health problems encountered in patients
with diabetes mellitus. Periodontitis may impair the
metabolic control and adequate treatment of the dia-
betic patient.#243 We excluded diabetic patients from
the study because of the metabolic and local effects of
all types of diabetes. In our study population, 44.4% of
women did not receive prenatal care during preg-
nancy. For this group, the possibility of having gesta-
tional diabetes must be considered; 8.3% of ABs were
PNBW babies. However, these evaluations are beyond
the aims of this study.

The frequency of PTB was higher than LBW; how-
ever, periodontal disease is a stronger risk factor for
LBW than is PTB. From a clinical standpoint, it seems
that the assessment of the periodontal status of preg-
nant women during an early obstetric evaluation is an
important indicator of the risk for future obstetric
complications.*4

Many risk factors for PTB have been identified. In-
trauterine growth restriction affects the risk for PTB.
Impaired growth is associated with maternal condi-
tions, such as hypertension, which lead to medically
indicated PTB, and growth restriction is a common in-
dication for induction before term. However, LBW is
one of the results of PTB. In our study, 15% of the births
were by cesarean section. There is some evidence?’
for the possible iatrogenic role of elective cesarean
section in causing LBW.

One of the most important factors implicated in
PTB is acute genitourinary tract infection.** The bac-
teria that cause chronic periodontal inflammation in-
clude Gram-negative rods and anaerobes similar to
those found in women with bacterial vaginosis. Peri-
odontopathic bacteria are a source of endotoxin and
lipopolysaccharides, and inflammatory mediators
(including prostaglandin E; and cytokines) are in-
creased locally. It was hypothesized that systemic in-
creases in inflammatory mediators may lead to
PTB.!3:44-47 Some investigators suggested that in-
creases in levels of prostaglandin E, and TNF-«
seemed to be associated with reduced fetal birth
weight.145-48 We found that LBW and PTB were asso-
ciated closely with periodontal conditions and that
the need for periodontal treatment increased as did
the risk for PTB and LBW. Because we had no micro-
biologic data about the oral and vaginal flora of the
women studied, these interpretations are based on
the results of the recent studies;*>-48 however, there
are other factors that affect fetal growth and the dura-
tion of gestation. In pregnant women of low socioeco-
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nomic status and limited education, other causes of an
adverse outcome of pregnancy may include neglected
body hygiene, poor nutrition, and emotional stress.
This study has limitations with regard to the data
obtained from the subjects’ medical records, such
as maternal weight and paternal health status. Mater-
nal weight and total weight gain during pregnancy are
factors that are important to fetal growth. It was very
difficult to obtain data about the health status of the
father of each newborn in our study, but paternal peri-
odontal or urinary tract infection may be a risk factor
for an adverse outcome of pregnancy because of the
possibility of bacterial transmission to the mother.

CONCLUSIONS

In this study, 3,576 women who had just given birth
were evaluated for their socioeconomic status and
periodontal health. The study population was homo-
geneous and consisted of a large number of subjects.
The results of this clinical study support the relation-
ship between periodontal disease and LBW and
PTB. Nonetheless, such a large study population re-
quires the evaluation of laboratory and clinical data
from pre- and postperiodontal treatment periods to
determine the actual importance and significance of
periodontal diseases in pregnancy.

The effect of periodontal pathogens and the mech-
anism of periodontitis on the outcome of pregnancy
also must be evaluated in a population that is well ed-
ucated and of high socioeconomic status to eliminate
the main sources of other risk factors for PTB and
LBW.
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