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Relationship Among Mothers’ Glycemic
Level, Periodontitis, and Birth Weight
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Background: The aim of this study is to determine the influence of glycemic level on the relationship
between periodontitis and low birth weight (LBW).

Methods: A case-control study was conducted with 372 females divided into cases (109 mothers of
newborns with birth weight <2,500 g) and controls (263 mothers of newborns with birth weight 22,500 g).
The birth weight of children was obtained from medical records, whereas information on sociodemo-
graphic, lifestyle, and health characteristics of the participants was obtained through an interview. Glycated
hemoglobin (HbA1c) levels were measured, and probing depth, clinical attachment levels, and bleeding on
probing were used to determine the periodontal status. Results were analyzed using logistic regression.

Results: The likelihood of having children with LBW among the mothers with periodontitis was six times
greater than that observed among mothers without periodontitis (adjusted odds ratio [ORagjusted] = 6.02,
95% confidence interval [Cl] = 2.47 to 15.17), even after adjustment. There was also a strong, statistically
significant relationship between periodontitis and LBW in both the normal glycemic-level group (HbAlc
levels <5.6%, unadjusted odds ratio [ORnadjustea] = 8.30, 95% Cl = 3.56 to 19.35) and the high glycemic-level
group (HbAlc levels 25.6% and <6.5%, ORnadjustea = 5.73, 95% CI = 1.75 to 18.70). After adjustment for
confounders, the magnitude of the association continued to be strong in the normal glycemic-level group
(ORagjusted = 7.59, 95% Cl = 2.7 to 24.28), an increase of 25% when compared to the main association measure-
ment. In those with high glycemic levels (ORagjustea = 4.03, 95% Cl = 0.81 to 19.96), the OR decreased almost
50%, and the association lost statistical significance.

Conclusion: Periodontitis and glycemic levels appeared to have opposing influences on birth weight, with peri-
odontitis being associated with LBW and the magnitude of the association being altered depending on maternal
blood glucose level. J Periodontol 2016;87:238-247.

KEY WORDS
Epidemiology; hemoglobin A, glycosylated; infant, low birth weight; periodontitis; pregnancy.

Department of Health, Feira de Santana State University, Bahia, Brazil.
Federal University of Reconcavo of Bahia, Santo Antonio de Jesus, Bahia, Brazil.
Department of Medicine, Federal University of Bahia, Salvador, Bahia, Brazil.
Department of Preventive Dentistry, Federal University of Bahia.
Department of Pharmacy, Federal University of Bahia.
Department of Dentistry, Federal University of Maranhao, Maranhé&o, Brazil.
Department of Public Health, Federal University of Bahia.

* Sir John Walsh Research Institute, University of Otago, Dunedin, New Zealand.

* AT UN—H—+ *

doi: 10.1902/jop.2015.150423

238



) Periodontol * March 2016

Gomes-Filho, Pereira, Cruz, et al.

a more precise control of glycemic levels during

pregnancy to prevent perinatal complications. It
is now believed that maternal glycemic levels lower
than those considered indicative of diabetes are also
associated with an increase in gestational complica-
tions.1:34 Moreover, a recent multicenter Japanese
study? has suggested that the glycated hemoglobin
(HbA1lc) reference range during pregnancy should
be less than that currently accepted for the general
population.

Although the HbAlc reference intervals for the
general population are well established, reference
intervals for healthy pregnant females are not defined
clearly. In previous studies, there is no consensus on
the reference range of HbAlc in pregnant females,
and there is controversy as to the ideal HbA1lc level in
females at different gestational ages.! 3

Favorable blood glucose control is an important
factor for ensuring a good perinatal outcome, and poor
dlucose control may cause miscarriage, congenital
malformation, macrosomia, stillbirth, preeclampsia,
high perinatal mortality, and morbidity. Thereby, it is
worth highlighting the importance of hyperglycemia as
a major risk factor for gestational complications. How-
ever, other factors, such as obesity, hypertension, other
metabolic diseases, infections, and inflammation, in-
cluding periodontal diseases, may contribute to the
gestational outcome.3-2

The association between periodontitis and gesta-
tional complications, such as low birth weight (LBW),
has been investigated widely for almost 2 decades,
but there is still no consensus view.%12 The justifica-
tion for this lack of consensus relates to other deter-
minants that affect LBW and hence may camouflage
the relationship with periodontitis. Although glycemic
level is a well-recognized factor for gestational com-
plications, no studies have, as yet, considered the role
of glycemic levels on the relationship between peri-
odontitis and LBW.

The concept that maternal glycemic levels influ-
ence the relationship between periodontitis and LBW is
biologically plausible. The association between high
glucose levels and macrosomia has been widely
documented.!13-16 There is evidence that a direct
relationship between maternal blood glucose levels
during pregnancy and fetal growth and size at birth
exists, even when maternal blood glucose levels are
within a normal range.4 In addition, there is the paradoxic
hypothesis proposing that elevated maternal glycemic
levels may lead to both macrosomia and intrauterine
growth restriction and, consequently, decreased birth
weight.!7-19 Maintaining blood glucose concentra-
tions within normal parameters during pregnancy
may reduce the incidence of an adverse gestational
outcome. Thus, there may be an interaction among

Some studies' 4 have indicated the necessity for

maternal glucose levels, periodontal infection, and birth
weight.

Therefore, in this context, the aim of the present
study is to determine the relationship between the
mothers’ glycemic level, periodontitis, and birth weight.
Maternal glycemic levels lower than those indicative
of diabetes mellitus, gestational diabetes, or hypergly-
cemia were considered, in accordance with the current
knowledge concerning maternal blood glucose level
within acceptable ranges during pregnancy.'** The
hypothesis of the present study is that the mothers’
glycemic level may have an opposing influence on the
birth weight, and this factor may alter the association
between periodontitis and the gestational outcome.

MATERIALS AND METHODS

In a public health institution that provides assistance
to pregnant females (Inacia Pinto da Silva Hospital in
Feira de Santana, Bahia, Brazil), a case-control study
was developed from October 2010 to January 2012,
with mothers (without diabetes [DM]) of live new-
borns. The case group (n = 109) comprised mothers
of children with birth weight <2,500 g, whereas the
control group (n = 263) consisted of mothers of live
newborns with birth weight >2,500 g.2° The mean +
SD age of the participants was 23.86 = 6.6 years, with
a median of 23 years, and minimum limit of 12 years
and maximum of 45 years.

This study was approved by the Research Ethics
Committee of Feira de Santana State University, Bahia,
Brazil (number 152/2008), and all the participants
signed an informed consent form.

Mothers of newborns with birth weight <2,500 g who
were in the institution after delivery, as well as those
who were scheduled to return within 1 week of delivery
for medical monitoring, were invited to take part in the
study. The control group was obtained from the same
source and time, comprising mothers of newborns with
birth weight 22,500 g, selected randomly. For each
case, two controls were selected at the same time.

Although all mothers of newborns hospitalized in
the Inacia Pinto da Silva Hospital, in a period <7 days
after the delivery, were eligible to take part in the
study, the following females were excluded: 1) those
with bleeding disorders; 2) those with diagnosis of
DM; 3) those with multiple pregnancy; 4) those who
had cardiovascular disease or any other systemic
illness that required antibiotic prophylaxis for dental
procedures or who had undergone periodontal treat-
ment during pregnancy; and 5) mothers of newborns
with malformation and chromosomal abnormalities.

Sample Size
The minimum sample size was calculated’’ and esti-
mated to be 103 cases and 206 controls, with a confidence

1 Epi Info program, CDC, Atlanta, GA.
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level of 95% and a study power of 80%. Furthermore,
because there were no previous studies that had in-
vestigated the relationship among glycemic levels,
periodontitis, and birth weight, based on Offenbacher
et al.,% a periodontal disease prevalence of 18% and
4.7% was postulated for the case and control groups,
respectively.

Data-Gathering Procedures

The data regarding newborn weight were obtained
from the hospital records, as was general information
about the participants. All participants, in both the case
and control groups, were invited to answer a question-
naire with the following sections: 1) identification; 2)
socioeconomic-demographic data; 3) gestational his-
tory; 4) life habits; and 5) factors related to oral health.

After each interview, a single, previously trained
dentist (ECP) conducted a full-mouth periodontal
clinical examination.

Last, a blood sample to measure glycemic levels
was obtained by a health professional (MTO) trained
in the collection, processing, and preservation of
blood samples, on the same day of the oral clinical
examination. Females (n = 105) who did not agree to
perform the blood collection were still able to partici-
pate in the study.

Periodontal Clinical Examination

Probing depth (PD) and clinical attachment level were
measured at six sites per tooth for all teeth, except the
third molars, using a manual periodontal probe as
described by Pihlstrom et al.2! Bleeding on probing
(BOP) was determined within 10 seconds after re-
moval of the probe as described by Lang et al.>2 The
presence of visible plaque was evaluated at four sites
(mesial, buccal, distal, and lingual) using the same
probe.

All clinical periodontal measurements were per-
formed by a single examiner (ECP) who, at the time of
the examination, did not know the weight of the
newborn. Reproducibility was determined by periodontal
replicated measurements using an experienced peri-
odontist (ISG-F) as a reference in ~10% of the sample.
The k interexaminer for PD and recession measurements
was, respectively, 0.78 and 0.88. In intraexaminer
agreement, the k index was 0.80 and 0.87 for these
measurements, respectively.

Diagnosis of Periodontitis

Periodontitis was defined as at least four teeth with at
least one site with PD >4 mm, attachment loss >3 mm,
and BOP at the same site.23

Evaluation of the Glycemic Level
High-performance liquid chromatography was used
to determine HbAlc. Three milliliters of blood were
collected in a tube containing EDTA and stored at 2°C
until processing.

240

Participants were further classified depending on
their HbAlc as described by Hiramatsu et al.> and
adapted to this Brazilian sample as described by
Nielsen et al.?* Those with HbAlc >5.6% and <6.5%
were considered to have a high glycemic level, but
less than that defining gestational diabetes, whereas
those with an HbAlc <5.6% were considered to be
within normal range for the gestational period.%24
Females who had levels >6.5% were excluded from
these defined groups.

Evaluation of Birth Weight

Birth weight was obtained from the birth certificate
records or the newborn card. A nurse or nursing as-
sistant took the newborns’ weight in a standardized
way, 1 hour after delivery, using a digital scale to avoid
the interference caused by loss of postnatal weight.

Statistical Analyses
First, descriptive analyzes were conducted for all var-
iables considered in the study in relation to birth weight.
Each variable was categorized according to normal
birth weight or LBW. The following covariables were
considered in the analyzes: 1) age; 2) education level;
3) family income; 4) maternal occupation; 5) hospi-
talization during pregnancy; 6) type of delivery; 7)
primiparity; 8) history of newborn with LBW; 9)
household density; 10) conjugal situation; 11) place of
residence; 12) smoking habit; 13) alcoholic beverage
consumption; 14) race/color; 15) prenatal consulta-
tion; 16) urinary infection; 17) hypertension; 18) DM;
19) pregestational weight; 20) height; 21) prenatal
educational activity; 22) periodontitis; 23) frequency of
brushing teeth; 24) use of dental floss; 25) visits to
dentist; and 26) professional advice about oral hygiene.
The categorization of continuous variables, when re-
quired, was made based on their distribution or ac-
cording to cutoff points identified in the literature. The
simple frequencies and measurements of central ten-
dency were obtained, and statistical differences be-
tween case and control groups were evaluated using
the X2 test for categorical variables and Student ¢ test for
continuous variables, with a significance level of 5%.
The estimation of the influence of the glycemic
level on the relationship between periodontitis and
birth weight was performed with two groups: 1) normal
glycemic level; and 2) high glycemic level. This as-
sociation was obtained by odds ratio (OR) and re-
spective 95% confidence intervals (Cls). In univariate
analysis, the candidates for confounding factors were
selected for modeling. Potential confounding variables
were selected, taking into consideration the influence of
the covariables on both the exposure and the outcome.
Also, the empirical base was used considering a relative
difference as >20% between the measurements set by
the Mantel-Haenszel method for each covariable and
the crude association measurement.
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In logistic regression analysis, the role of the con-
n . . .
5 - = - founding variables was evaluated using the backward
< x = = = strategy in the non-conditional logistic regression
o Y analysis, assuming that the covariable would produce
é a change of at least 20% in the association mea-
3 . surement. In accordance with the knowledge of the
=] g influence of the covariables in both the exposure and
g 5 < = éj\ < g Sn@ the outcome, classic confounders were also retained in
o kj)v = g\aé SR RN the model. The data were analyzed using a statistical
T oPe op IE GE| e
© &'3 o @ = O
~ E - B a RESULTS
% - A total of 372 females took part in the study: 109 in the
- case group and 263 in the control group. Of them, 267
< s agreed to submit a blood sample. After measurement
= h . . . of HbAlc levels, 180 females had levels >5.6% and
0 < SN g X R X <6.5%, whereas 84 had levels <5.6%. Three females
= ¢ E § g ; % E had levels >6.5% and <7.0% and were excluded from
_8 5’ g 55 T these defined groups (Table 1). Thus, a total of 264
% E ° o= -0 females took part in the final sample of the study: 70 in
o = the case group and 194 in the control group. It is worth
S - noting that the decrease in the sample number did not
n 2 influence the statistical significance of the covariables
o °>" * = é e distribution, as seen in Tables 1 and 2.
= -'3 - S S S Table 1 also shows the general characteristics of
g & participants. The comparison between the cases and
<0 controls of the final sample showed that they were
Q 't 3 similar for the majority of the characteristics, except
8 < E o _ S NS age (P <0.001), number of prenatal consultations
= 8 O X 8 sofics Qe (P=0.03), and pregestational body mass index (BMI)
25 81| 82 &@%r  d§|  (p<000D).
= g Jn% £ o o N o o X There was a higher frequency of mothers in the
Q.N = ol - - case group, when compared to mothers from the
g ~ | R . control group, in the age ranges of 12 to 17 years and
oM ] >36 years (52.86% versus 28.35%), the number of
N Il i prenatal consultations <6 (64.52% versus 48.65%),
£ |y Y < X X AR and pregestational BMI <18.5 (21.74% versus 9.72%).
7] 3 o SN © N S o2 . - .
=0 |85 = = sy - Oral health behavioral characteristics are shown in
9 g- =z e S o § Table 2. Both groups were homogeneous for the ma-
go || ~8 82 AR|e jority of parameters. The occurrence of periodontitis
Y i among the mothers from the case group was ~4.5
5 o S 5 greater than that found in the mothers from the control
- S, b 5 group (43.48% versus 9.79%, P <0.001).
© ) o § Overall, the likelihood of having children with LBW
g 3 5 % among the mothers with periodontitis was 4.5 times
é’ © téo E § greater than that observed among mothers without
< E 3 E £ periodontitis (ORunadqusied = 4.51, 95% Cl = 2.63 to
- g g £ E 7.74), and this difference was statistically significant.
T = o 5 % 5 After adjustment of the measurement for the co-
2 go - g = g ¢ variables of age, family income, pregestational BMI,
B 3 2 . > 2 -% - z’ 8 number of prenatal consultations, and primiparity,
S uo 82 > g = 5 g there was an increase in the OR (OR,gjusted = 6.02,
~ E -g s é)m " e E 80 g g 95% Cl =247 to 15.17), showing a strong associ-
o v @ § . go Lo £ g a g o| E€& ation that was also statistically significant.
s > 8|l s>Z gAVIQ o >—Z_§5>‘ﬂ_,‘;
® o G Ol O a [ £Q.0
= o o =« +— %% StataCorp v.9.0, StatCorp, College Station, TX.
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There was a statistically significant re-
= - . o o lationship between periodontitis and LBW in
. & = i s S 2 both the normal glycemic-level group
o v (HbAlc levels <5.6%, ORynadjustea = 8.30,
b= 95% Cl = 3.56 to 19.35) and in the high
8 " glycemic-level group (HbAlc levels >5.6%
= = and <6.5%, ORynadjustea = 5.73, 95% Cl =
c 6| Roe o & KL X 1.75 to 18.70). In the normal glycemic-level
© Ol S8 X8 Sm LR Q[{R - : -
-~ P S & s RS % 3 s group, the increase in the association
= £ c == o b b by measurement was >30% when compared
— ™M . . .
m f’ Rz ZR o~ & B o) S to the main association measurement
— UE: (ORagjusted = 6.02). Conversely, in the high
;E: glycemic-level group, there was a decrease
3 ~ of ~5% (Table 3).
n 2 P~ P~ P~ o~ P~ After adjustment for age, family income,
EL R 0 =S e X B ional BMI ber of I
S = 3 T ol e . QA= S s pregestationa , humber of prenata
Qv = c R oL Ta R S consultations, and primiparity, the mag-
?, 8 | s NS o g v 0 ¥ 0 @ o nitude of the association showed a slight
=3 reduction in the normal glycemic-level
B = group (ORugjusted = 7.59, 95% Cl = 2.7 to
n = 24.28), maintaining a strong association
= O * g g ® = 3 ith istical sianifi In thi
_:1:) Al a = 3 2 hs = with statistical significance. In this group,
=T Y the increase in the adjusted association
£ g measurement was >25% when compared
~al " to the main association measurement
8 ([7’ § (ORadjusted = 602)
8 | é gl ¥ ~x g 88 88 In those with high glycemic levels
S h Sl <2 2 o e e (ORadjustea = 4.03, 95% CI = 0.81 to
E< | £z e S g2 kd 2o 19.96), the OR was decreased almost 50%
g8 [2 o ™o ~ o o ~ 5% in relation to the main adjusted associa-
g- g "_g’ tion measurement (OR,gjusted = 6.02), so
o = the association lost statistical significance
(SR (P>0.05).
[ ST
S = o
<5 3 DISCUSSION
_{:" GBJ I R — og g g °§°\ R The results of the present study confirm the
tg z < E © S § N IR % 7 relationship between periodontitis and LBW
o= % AW =% NS =g RS in this Brazilian population. This relationship
% ‘a ) B = N 25 SN ~ 2 was persistent and appeared to be strength-
(R £ ened after adjusting for age, family income,
L g = pregestational BMI, number of prenatal
TE o 3 consultations, and primiparity. Moreover,
ol g the relationship between periodontitis and
o ﬁ - 3 LBW was overshadowed/camouflaged be-
; 2 = & S cause periodontitis and glycemic levels
9 2 ° = & appear to have opposing influences on birth
© = 8 = € weight, and thus the magnitude of the as-
p— s E g g
o 8 e o 5 sociati ltered dependi t
x 2 2 " < £ sociation was altered depending on mater-
" % 5 B 2 5 nal blood glucose level.
=] f;f r @ g 8 The association was seen in the mothers
:'(Z; ) . 3 £ 2 Q %J S in the defined normal glycemic-level
o » =l 5 E s 2 = £ group, which also remained strong with an
.00 o | E c ° © > 5 g increase of 25%, after adjusting for the
N @ O T [9) S 09 - Y % o = . . .
o’ 8l T ovw Y25 BT ouw Toau 4o anl|l88 abovecovariables. Conversely, in the high
L g O s| &z 9 U'Oé ozL 279 L2 90153 . y g
CE-= 5] & 2 b k3 2 U glycemic-level group, the crude associa-
FOS « + tion decreased ~5% when compared to the
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Table 3.

OR and 95% CI for Influence of Glycemic Level, Measured by HbA1lc Level, on
Relationship Between Periodontitis and LBW (n = 264)

Glycemic Level

Normal* (n = 180) HighT (n = 84)
OR 95% Cl pt OR 95% Cl p¥
Unadjusted 830 356 to 19.35 <0001 573 1.75 to 18.70 <0.001
AdjustedS 7.59 27 to 24.28 <0001 403 081 to 1996 0.08

* Group with normal glycemic level: HbAlc <5.6%
T Group with high glycemic level: HbAlc 25.6% and <6.5%.
F P<0.05.

§ Adjusted for age, family income, pregestational BMI, number of prenatal consultations, and primiparity.

main adjusted association measurement. After ad-
justment, the decrease was ~50%, showing the in-
fluence of the high glycemic level on birth weight.
Nonetheless, in this high glycemic-level group, the
association was lost after adjustment, which may be
attributable to the fact that the study power of this
group was too low to detect this association.

It is well established that high blood glucose levels
during pregnancy may lead to an increase in birth
weight.1,14,15.18,25 There is evidence that there is
a direct relationship between maternal blood glu-
cose levels during pregnancy and fetal growth and
size at birth, even when maternal blood glucose levels
are within a normal range.? In this context, the results
of the present study suggest that a normal glycemic
level (<5.6%) in pregnancy does not interfere in the
association between periodontitis and LBW. Con-
versely, a high glycemic level (25.6% and <6.5%) in
pregnancy may overshadow the influence of peri-
odontitis on the subsequent birth weight of the
baby.

The relationship between periodontitis and LBW
has been debated in many previous studies.?®
Various studies have described a positive associa-
tion,”10:12,27-29 yhereas others have refuted this
possible association.?-39-33 The lack of consensus could
be attributable to methodologic strategies that ig-
nored the participation of previously unidentified
determinants, for example, the maternal glycemic
level, which could influence the relationship between the
periodontal infection and the gestational complication.

However, a limitation of the present study is the level
of HbA1c used to establish normal levels in pregnancy.
In previous studies,'*3 there is no consensus on the
reference range of HbA1c in healthy pregnant females,
although the HbA1c reference intervals for the general
population are well established, and there is even
controversy on the HbA1c range for females at different
gestational ages.

Conversely, HbAlc has its advantages. It can re-
flect the mean blood glucose level for the previous 8
to 10 weeks; it does not depend on accurate glucose
detection, the acute change in blood glucose, or the
interval between previous meal and HbA1c detection.
Additionally, HbA1c detection has good repeatability
and is stable and not influenced by the time of blood
collection, fasting status, or use of insulin. HbAlc
detection is recommended as a gold standard for
evaluating the glucose control.3

The decision to use HbAlc in the present study is
based on Hiramatsu et al.,2 the most recent multi-
center study with Japanese females concerning
glycemic levels during pregnancy, which suggested
an HbAlc reference range from 4.5% to 5.7%, and
adapted to this Brazilian sample as described by
Nielsen et al.,2* who proposed that the normal ref-
erence values for the third trimester are 4.4% to
5.6%. Another limitation is the choice of HbAlc as
a marker of glycemic levels. Again, however, this is
mitigated by the fact that current multicenter studies
for control and prevention of gestational diabetes
also use the level of HbAlc as a test of choice.!™
Despite being recognized that a consensus on the use
of this marker does not exist, as during pregnancy,
HbAlc levels are influenced by other factors: 1) fer-
ritin; 2) folic acid; 3) vitamins B6 and B12 levels; and
4) the amount of bleeding during labor.? Nevertheless,
because HbAlc levels reflect changes in glycemic
control during a period of 2 to 4 months before the
exam, ! this marker was selected in the present study
in an attempt to reflect alterations in glycemic control
in the 2 to 4 months leading up to delivery.

Another limitation of the current study is the sample-
size calculation. Because there were no previous studies
investigating this relationship among the mothers’ gly-
cemic level, periodontitis, and birth weight, the preva-
lence of periodontal disease was used to calculate the
sample size.® Because this study is the first to explore the
influence of maternal glycemic level on the relationship
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between periodontitis and LBW, the subgroup analysis
can reduce the power of the study. Thus, it is possible
that the finding of no statistical significance achieved
in the group with high glycemic levels (HbAlc >5.6
and <6.5%), when adjusted for the potential con-
founders, could be attributable to a reduction in the
power of the study.

Conversely, other features strengthen the method,
lending more quality to the study and granting it in-
ternal validity. The cutoff point established by the
World Health Organization classification was used to
define LBW,20 and the criteria used for the classifi-
cation of periodontal disease has good specificity and
has been used in many other studies linking peri-
odontitis to systemic conditions.?3-28:34-39 |n this con-
text, given the current evidence on reference values for
gestational glycemic levels and the findings of this
study that showed the overshadowing influence of
maternal glycemic level in the relationship between
periodontitis and LBW, mainly in mothers with an
HbA1lc <5.6 but also in those with an HbAlc >5.6 and
<6.5%, it is important to highlight the need for accurate
glycemic levels when studying the oral health status of
females during pregnancy.

Moreover, additional studies are necessary to de-
termine the actual causal pathway(s) by which gly-
cemic levels and periodontal infection influence LBW.
The current findings suggest that, depending on ma-
ternal glycemic level, the effect of periodontitis on birth
weight may be camouflaged.

CONCLUSION

The current study shows that periodontitis and gly-
cemic levels appear to have opposing influences on
birth weight in that periodontitis was associated with
LBW, but this was overshadowed, and the magnitude
of the association was altered depending on maternal
blood glucose level.
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