
Interleukin-6-174 Genotype, Periodontal Disease
and Adverse Pregnancy Outcomes: A Pilot Study

M. Dashash & J. Nugent & P. Baker & D. Tansinda &

F. Blinkhorn

Received: 6 October 2007 /Accepted: 7 December 2007 /Published online: 8 January 2008
# Springer Science + Business Media, LLC 2007

Abstract This study was undertaken to investigate whether
maternal periodontal disease and variant genotypes of IL-6
gene are associated with adverse pregnancy outcomes. A
total of 145 pregnant women were recruited from St Mary’s
Hospital, Manchester, UK. Bleeding on probing (BOP) and
pocket depth indices were recorded on all teeth. Amplifi-
cation refractory mutation system-polymerase chain reac-
tion was used for −174 IL-6 genotyping. Birth weight was
assessed using the individualized birth ratio (IBR) with
intrauterine growth restriction (IUGR) defined as an IBR
below the fifth percentile. The G/G genotype results in
more BOP % sites in Caucasian(P<0.001) and Afro-
Caribbean pregnant women (P=0.035). In addition, a
marginal significant association between the −174 C/C
genotype and IUGR was observed (P=0.06). The −174* C
allele was more frequent in women with IUGR than in
normal women (63 vs 37%, P=0.05). Moreover, the
combination between the carriage of −174C allele and
increased bleeding sites have increased the risk of IUGR (P
=0.006). Future studies, with a larger sample size, are
required to better clarify the relationship between the IL-6
gene polymorphism, periodontal disease, and IUGR.
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Introduction

Recent investigation has shown that, during pregnancy, Gram-
negative pathogens associated with periodontitis produce a
variety of bioactive molecules and pro-inflammatory cyto-
kines, such as interleukin (IL)-1, tumor necrosis factor (TNF)-,
IL-6, and IL-8, that can directly affect the fetus [1, 2]. IL-6 has
been considered as one of the most sensitive markers of the
acute phase response to infections and inflammation. Over-
production of this cytokine has been noticed in the amniotic
fluid during intrauterine infection. An increased level of IL-6
has also been observed in maternal serum, cervix, and
amniotic fluid in preterm labor [2]. Several investigators
have suggested using this cytokine as a diagnostic marker to
predict women at increased risk of having preterm delivery
[3, 4]. Overproduction of IL-6, because of periodontal
infection, has been shown to affect the fetal membranes and
cause preterm uterine contractions [1, 5, 6].

More recent work has shown that pregnant women of
elevated PGE2, IL-6, and IL-8 and with periodontitis are at
high risk for premature birth [7]. Genetic regulation of IL-6
has been demonstrated. The gene polymorphism in the
promoter region of IL-6 at position −174 influences
cytokine production; the G/G genotype of IL-6 gene
polymorphism is associated with increased production of
IL-6, whereas the C/C genotype is associated with
decreased production of the cytokine [8].

To date, no studies have been undertaken to investigate
the association between gene polymorphisms of IL-6,
adverse pregnancy outcomes, and periodontal disease.
Therefore, this study aimed to firstly investigate the
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association between IL-6 gene polymorphisms and peri-
odontal disease; secondly, the association between IL-6
gene polymorphisms and adverse pregnancy outcomes; and
finally, to compare the association between IL-6 gene
polymorphisms and adverse pregnancy outcomes in women
with different levels of periodontal disease.

Materials and Methods

This study was approved by Central Manchester Ethics
Committee. A pilot prospective observational study was
carried out in St. Mary’s Hospital, Manchester, which serves
an area of marked social deprivation, ranked seventh of the
354 most deprived local Authority District in England.

The study was confined to nulliparous patients to limit the
effect of confounding variables (previous poor pregnancy
outcome and parity). Women with a multiple pregnancy or
any maternal disease (e.g., chronic hypertension, diabetes,
renal compromise) were excluded from the study. Patients
using antibiotics or anti-inflammatory drugs during pregnancy
and with diseases that compromise immune system were also
excluded. Other exclusion criteria included multiple pregnan-
cy and fetal anomalies. Non-English speaking subjects were
offered a translation service. Subjects unable to consent were
excluded. Smoking was recorded as yes or no only. All
women seen on these clinics were classed as using alcohol
within acceptable limits. Drug abusers and those with a
serious alcohol problem would be seen on a different clinic,
which was run in conjunction with social services.

One hundred forty-five pregnant women were recruited
at their initial visit, between 12 and 16 weeks gestation, to
the antenatal clinic, St. Mary’s Hospital, Manchester.

Clinical Examination

A full-mouth periodontal examination was performed by
one trained dental hygienist on all teeth using the World
Health Organization probe. The diagnosis of periodontal
disease was based on recording pocket depth and the
presence or absence of bleeding on probing at all sites of
each tooth present (midbuccal, mesiobuccal, distobuccal,
midlingual, mesiolingual, and ditolingual). All the partic-
ipants had mean values of pocket depth of less than
2.5 mm, and all pregnant women had bleeding on probing.
Bleeding on probing BOP has become a standard diagnos-
tic test for identifying sites at risk for disease progression
[9–11]. It was noted that higher percentages of sites with
BOP is associated with increased risk for disease progres-
sion [10]. Therefore, subjects were classified as women
with gingival bleeding present in more than 50% of the
sites assessed or into those who had bleeding gingiva in
less than 50% of the sites examined.

Assessment of Pregnancy Outcome

Pregnancy outcome information was collected; this included
gestational age at delivery, sex, and weight of the baby.
Delivery data was obtained from the St Mary’s Hospital
database (CMiS) or the subjects’ General Practitioner if they
delivered at another unit. Participants’ weight, height, and
ethnicity were also collected to facilitate the calculation of IBR.

Pregnancy outcome was categorized into three groups—
preterm labor <32 weeks, preterm labor <37 weeks, and
intrauterine growth restriction (IUGR) defined as an individ-
ualized birth ratio (IBR) of less than fifth percentile. Preterm
labor is historically defined as less than 37weeks gestation but
with improved neonatal care; those at <32 weeks gestation are
most at risk of perinatal mortality and long-term morbidity.

−174 IL-6 Genotyping

Buccal cells were collected from the cheeks. Genomic
DNA was extracted as previously described [12]. Amplifi-
cation refractory mutation system-polymerase chain reac-
tion (ARMS-PCR) was used to genotype the G → C
nucleotide substitution at position −174 from the transcrip-
tion start site of the IL-6 gene [13]. DNAwas amplified in a
10-μl PCR reaction. The PCR master mix (ABgene, UK)
was prepared with 10 μMof human growth hormone primer-
mix (HGH) primers: sense, 5′gccttcccaacccttccctta-3′, and
anti-sense, 5′tcacggatttctgttgtgtttc-3′.

A volume of 5 μl of DNA plus master mix was aliquoted
into 96-well PCR plate containing 5 μl of either one or the
other specific primer mix (10 μM each). The specific primer
sequences (PCR product size=258 bp) used in the PCR
reactions were as follows: generic primer (5′-gcctcagaga-
catctccagtcc-3′); primer G (sense) (5′-cccctagttgtgtcttgcg-3′);
and primer C (sense) (5′-cccctagttgtgtcttgcc-3′).

Primer design used sequence data for IL-6 alleles from
GenBank (accession number Y00081).The PCR reaction
was carried out using a DNA thermal cycler Programmable
(PTC-100, MJ Research Inc. Technical sales, Edmonton,
Canada). Cycles of ARMS-PCR were as follows: 1 min at
95°C followed by 10 cycles of 15 s at 95°C, 50 s at 65°C,
and 40 s at 72°C followed by 20 cycles of 20 s at 95°C,
50 s at 59°C, and 50 s at 72°C.

The amplified products were visualized on a 2% agarose
gel against a 200-bp DNA ladder and stained with 0.5 μg/ml
of ethidium bromide. Two readings of the gel were taken on
different occasions by one investigator (MD), who was
blinded to the clinical classification.

Statistical Tests

The frequency of gingivitis, alleles, and genotypes was
calculated using SPSS 11.5 (SPSS Inc, Chicago, IL) and
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EPI-ENFO 2002 (Centers for Disease Control and Prevention,
Atlanta, GA). The IBR was calculated using Gestation
Related Optimal Weight software package produced by the
Perinatal Research Monitoring Unit (Nottingham University).
The χ2 tests and Fisher’s exact test were also utilized to
detect any association between BOP sits, IUGR, and IL-6
alleles at position −174. Student’s t test were also used to
determine the difference between healthy subjects and those
with IUGR in terms of the mean values of pocket depth,
bleeding sites, number of teeth examined, and birth weight.
A corrected P value less than 0.05 was considered
statistically significant.

Results

A total of 145 pregnant women aged between 17 and 43 years
old with a mean age of 26.64 years (SD±5.3) were enrolled in
this study. The study population included 84 Caucasians, 37
Asians, 24 Afro-Caribbeans. Clinical characteristics are
presented in Table I. A total of 76(52%) women had bleeding
in less than 50% of the sites examined, whereas 69(48%) had
bleeding in more than 50% of the sites. Three women (2%)
delivered preterm at less than 32 weeks of gestation and a
total of 10 (7%) of women before 37 weeks of gestation.
Sixteen women (11%) had IUGR defined as an IBR less than
fifth percentile.

There was no significant difference between different
ethnic groups (P=0.81) or between smokers and non-

smokers (P=0.58) in the distribution of IUGR In addition,
no significant association was found between IUGR and
maternal age at ≤20 years (P=0.15) or at ≥35 years (p=
0.38). There was no significant association (P=0.97)
between increased bleeding sites and IBR(P=0.81).There
was also no significant association between increased
bleeding sites and preterm delivery at <37 weeks (P=
0.63), or <32 weeks (P=0.46) of gestation.

−174 IL-6 Gene Polymorphism and Periodontal Disease

Table II summarizes the association between −174 IL-6
genotypes, alleles, and the percentages of bleeding sites in
pregnant women with gingivitis. The G/G genotype results in
more BOP % sites (38 vs 9% in C/C genotype positives P<
0.001). In addition, a subgroup analysis according to ethnicity
has shown that the association between IL-6 gene polymor-
phism and periodontal disease remained significant in
Caucasian (P=0.001) and Afro-Caribbean women (P=0.035).

−174 IL-6 Gene Polymorphism and Adverse Pregnancy
Outcomes

Table III details the pregnancy outcomes stratified by −174
IL-6 alleles and genotypes. A marginal significant association
between the −174 C/C genotype and IUGRwas observed (P=
0.06). The −174 C allele positive subjects exhibited higher
occurrence of IUGR than allele C negatives. In addition, the
−174* C allele was more frequent in women with IUGR

Table I Summary of Clinical
Characteristics of Pregnant
Women

a Student’s t test
bχ2 test

All subjects=145 IUGR IBR<5th
percentile (n=16)

Non- IUGR IBR>5th

percentile (n=129)
P value

Maternal age
Age(year±SD) 27.06±4.02 26.94±5.31 0.64a

≤20 years 0(0%) 15 (11.6%) 0.15b

>20 years 16(100%) 114(88.4%)
≥35 years 16 (100%) 121(94%) 0.38b

<35 years 0 (%) 8(6%)
Ethnicity
Caucasians 9(%) 75 (58%) P=0.81b

Asians 5(%) 32(25%)
Blacks 2 (%) 22(17%)
Smoking status
Smokers 2 (13%) 19(15%) P=0. 58b

Non smokers 14 (87%) 110(85%)
Characteristics of gestation
Birth weight (g) Q 3355.446±567.81 P=0.000a

Pre-term (<37 week) 2 (13%) 8(6%) P=0. 3b

Pre-term (<32 week) 1 (6%) 2(2%) P=0.29b

Periodontal examination
BOP >50% 8 (50%) 61 (47%) P=0.52b

Bleeding sites (%) 47.63±0.19 49.03±0.223 P=0.81a

Pocket depth (mm) 0.71±0.33 0.735±0.39 P=0.87a

Number of teeth examined 27.44±2.03 27.56±1.944 P=0.81a
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than in normal women (63 vs 45%, P=0.05). However, no
significant difference was found between IL-6 gene poly-
morphism and preterm delivery at <32 weeks (P=0.42), or
<37 weeks of gestation (P=0.18).

−174 IL-6 Gene Polymorphism, Periodontal Disease,
and IUGR

The findings of −174 IL-6 gene polymorphisms in women
with and without IUGR stratified by percentages of
bleeding sites are presented in Table IV. An increased risk

of having IUGR was observed in Caucasian women who
were Allele C positives (GC/CC) and had increased number
of bleeding sites(P=0.018). In addition, the combination
between the carriage of the −174 C allele and having
increased bleeding sites (>50%) seemed to be risk factor for
IUGR in Caucasian women(70 vs 30% in G positives P=
0.045), whereas the carriage of −174 G allele seemed to be
protective against IUGR women who had increased
percentages of bleeding sites. An increased risk of having
IUGR was also observed in Caucasian smoker women who
were Allele C homozygotes (CC) and had increased

Table III Percentages of IL-16 Alleles and Genotypes at Positions −174 in Pregnant Women with IUGR

Total=145 Caucasian=84 Asians=37 Afro-Caribbeans=24

IBR<5 IBR >5 P value c IBR<5 IBR >5 P value IBR<5 IBR >5 P value IBR<5 IBR >5 P value

−174 IL-6 G/C
GG 1 30 0.066b 0 10 0.27 b 1 13 0.07 b 0 7 0.52 b

6% 23% 0% 13% 20% 41% 0% 29%
GC 10 83 6 53 2 17 2 13

62% 64% 67% 71% 40% 53% 100% 59%
CC 5 16 3 12 2 2 0 2

31% 12% 33% 16% 40% 6% 0% 9%
Total 16 129 9 75 5 32 2 22

100% 100%
G 12 143 0.05a 6 73 0.21a 4 43 0.09a 2 27 0.65b

37% 55% 33% 49% 40% 67% 50% 61%
C 20 115 12 77 6 21 2 17

63% 45% 67% 51% 60% 33% 50% 39%
Total 32 258 18 150 10 64 4 44

aχ2 test
b Fisher’s exact test.
c No significant difference was found between IL-6 gene polymorphism and preterm delivery at <32 weeks (P=0.42), or <37 weeks of gestation
(P=0.18).

Table II Percentages of IL-6 Alleles and Genotypes at −174 in Pregnant Women with Periodontal Disease

Total=145 Caucasian=84 Asians=37 Afro-Caribbeans=24

BOP
<50%

BOP
>50%

P
value

BOP
<50%

BOP
>50%

P
value

BOP
<50%

BOP
>50%

P
value

BOP
<50%

BOP
>50%

P
value

−174 IL-6 G/C
GG 5 26 0.00a 1 9 0.001b 3 11 0.38b 1 6 0.035b

7% 38% 2% 26% 23% 46% 8% 54%
GC 56 37 37 22 8 11 11 4

74% 54% 74% 65% 62% 46% 84% 37%
CC 15 6 12 3 2 2 1 1

20% 9% 24% 9% 15% 8% 8% 9%
Total 76 79 50 34 13 24 13 11
G 66 89 0.00 39 40 0.012a 14 33 0.20a 13 16 0.10a

43% 64% 39% 59% 54% 69% 50% 73%
C 86 49 61 28 12 15 13 6

57% 36% 61% 41% 46% 31% 50% 27%
Total 152 138 100 68 26 48 26 22

a χ 2 test, b Fisher’s exact test.
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number of bleeding sites (Table IV). However, this did not
reach the significance (n=14, P=0.082).

Discussion

IL-6 is an anti-inflammatory cytokine that maintains normal
pregnancy, and it is essential for angiogenesis, development
of ovarian follicles, and formation of the decidua after
embryonic implantation [14]. Previous work has shown that
the production of this cytokine is genetically determined.
Fishman et al [15] have shown that the G/G genotype of IL-
6 gene polymorphism at position −174 is associated with
increased production of IL-6, whereas the C/C genotype is
associated with decreased production of the cytokine.

The aim of this study was to investigate the association
between −174 IL-6 gene polymorphism, periodontal disease,
and adverse pregnancy outcomes including preterm delivery at
less than 32 and less than 37 weeks gestation and IUGR.

In the present study, the implication of the −174 IL-6 G/G
genotype in increasing sites with BOP has been demonstrat-
ed in Caucasian pregnant women(n=84). These findings are
similar to those reported previously in adult Caucasian
Brazilians with periodontitis [16].

Our results are also in agreement with other studies,
which have reported higher levels of IL-6 in sites and
tissues with gingivitis and periodontitis when compared to
healthy controls [17, 18, 19].

IL-6, which has been implicated in periodontitis, was
previously regarded a risk factor for several adverse
pregnancy outcomes. El-Bastawissi et al. [20] have found
the strongest association with preterm labor as a result of
chorioamnionitis. An elevated concentration of this cyto-
kine has also been observed in spontaneous preterm
delivery and some fetal systemic responses such as
periventricular leukomalacia, bronchopulmonary dysplasia,
and composite neonatal morbidity [21]. An increased level
of IL-6 has also been observed in maternal serum, cervix,
and amniotic fluid in preterm labor [3].

In our hypothesis, we tested whether the G/G genotype
of IL-6, which results in increased production of IL-6, is
associated with adverse pregnancy outcomes. There was no
significant association between IL-6 gene polymorphism
and preterm delivery at less than 32 weeks or at less than
37 weeks of gestation. However, the G/G genotype, which
has been identified as risk factor for periodontal disease in
Caucasian and Afro-Caribbean women, has been shown in
this study to be a protective marker against IUGR. A
marginal significant association was observed between
IUGR and the C/C genotype rather than the G/G genotype.
The C/C genotype, which is associated with decreased
production of IL-6, was more frequent in pregnancies
complicated with IUGR than in normal pregnancies (P=

0.06). Moreover, the combination between the −174C/C
genotype and increased bleeding sites have increased the
risk of having IUGR in Caucasian women (P=0.018).

In fact, previous work has shown that IL-6 insufficiency
in the cord serum could affect trophoblast function and can
cause several adverse pregnancy outcomes such as pre-
eclampsia and preterm low birth [14]. This might well
explain our findings. In contrast, our results are in contrary
to previous work, which showed that the carriage of −174 *C
allele is protective against preterm delivery [3] and also with
that which showed a significant association between IL-6
G/G genotype (increased production of IL-6) and preterm
delivery at <37 weeks of gestation [22].

Although IL-6 has anti-inflammatory properties, it is a pro-
inflammatory cytokine. Overexpression of this cytokine has
been implicated in the pathophysiology of abnormal pregnan-
cies [8]. IL-6 has been considered as a major mediator of the
host response to infection and tissue damage, and it can
stimulate the production of C-reactive protein by liver cells,
the acute phase plasma protein response, and activation of T
and natural killer cells [6]. Therefore, it was suggested that
women who produce less IL-6 in response to infection or
inflammation are less likely to have dramatic feed-forward
inflammatory cascade of events such as preterm labor and
delivery [3]. This may well explain the differences between
our study and other studies, which were undertaken on
infants with spontaneous preterm birth [3, 23].

Another explanation for the differences seen in our results
compared to those from other studies may be related to the
methods employed for the assessment of adverse pregnancy
outcomes. Our study is unique because it used the more
accurate assessment of growth restriction, an IBR less than
fifth percentile rather than a birth weight of less than 2.5 kg.

Nugent and Baker have pointed out that using birth weight
for gestational age, <10th centile or <2.5 kg at term, does not
reliably detect babies who are growth restricted. In the present
study, the IBR calculated a baby’s predicted birth weight using
birth weight at delivery, gestation at delivery, baby’s sex and
maternal height, weight, ethnicity, and parity. The baby’s
actual birth weight is divided by the predicted weight and
expressed as a percentage. A baby is growth-restricted if its
IBR is less than the fifth percentile [24, 25].

Our study is also the first to investigate the association
between IL-6 gene polymorphism, periodontal disease, and
pregnancy outcomes. Previous studies have investigated gene
polymorphisms of other pro-inflammatory cytokines such as
IL-1 and TNF [26, 27]. Moore et al. have shown that the
combination between the variant genotype of IL-1ß +3953
and TNF-308 and severe periodontal disease did not
increase the risk of having preterm birth. In the present
study, the combination between −174 CC genotype and
increased bleeding sites (>50%) have increased the risk of
IUGR (P=0.006).
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Further studies including several pro/anti-inflammatory
cytokines are still needed to further clarify the association
between cytokine gene polymorphisms, periodontal dis-
ease, and poor pregnancy outcomes.

Although this pilot study is limited by the small size, we
could show that the G/G genotype, which is associated with
increased production of IL-6 and is implicated in perio-
dontitis, is protective against IUGR in Caucasians. This is
in contrast to previous work by Offenbacher et al. [1] in
1998, which found that overproduction of IL-6, because of
periodontal infection, can affect the fetal membranes
causing preterm uterine contractions. A further study, with
a larger sample size, is required to confirm our results in
different ethnic groups.

In conclusion, this pilot study has shown that the −174
IL-6 G/G genotype could be a risk factor for periodontitis,
but also may be protective against IUGR. Future research
with a larger sample size is needed to better clarify the
exact role of IL-6 gene polymorphism in periodontitis and
adverse pregnancy outcomes in different ethnic groups.
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