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Abstract
Recent findings suggest that the association between inflammation-related genes and preterm
delivery may be stronger in the presence of bacterial vaginosis (BV). Tumor necrosis factor alpha
(TNFα) and interleukin 1 beta (IL-1β) are proinflammatory cytokines capable of inducing preterm
labor in non-human primates. In this study the authors tested associations among two TNFα
promoter polymorphisms (−G308A and −G238A), a single IL-1β polymorphism (+C3954T),
vaginal microbial findings, and risk of preterm delivery. Data were from the Pregnancy Outcomes
and Community Health (POUCH) Study (n=777 term and n=230 preterm deliveries). Vaginal
smears collected at mid-pregnancy (15–27 weeks gestation) were scored according to Nugent’s
criteria. A Nugent score of ≥ 4 was modeled as the cut-point for intermediate and positive BV.
Logistic regression was used to estimate odds ratios for associations among independent
covariates (vaginal flora, genotype) and preterm delivery. Results showed that women with a
Nugent Score of ≥ 4 and the TNFα −238 A/G or A/A were at increased risk of delivering preterm
(race/ethnicity adjusted OR 2.6, 95% CI 1.2, 5.8). The p-value for the genotype and Nugent score
interaction = 0.02. This study points to one more example of a potential gene-environment
interaction in a preterm delivery pathway. Future tests of this finding will determine the robustness
of these results.
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1. Introduction
In the United States, preterm delivery (before completing 37 weeks of gestation) accounts
for 12.7 % of all births and 18.4% of births among African-American women (Hamilton et
al., 2006) The preterm delivery rate has risen more than 30% since 1981. Preterm delivery is
a leading cause of infant mortality and a major contributor to child neuro-developmental
problems (Callaghan et al., 2006). The Institute of Medicine estimated the 2005 societal
economic burden of preterm delivery in the U.S. to be at least $26.2 billion (Behrman et al.,
2006).

The role of inflammation in the etiology of preterm delivery is not clearly understood. Some
but not all studies report elevated levels of proinflammatory cytokines in mid-pregnancy
maternal serum, mid-pregnancy amniotic fluid, and mid-pregnancy cervical samples among
women who have a spontaneous preterm delivery (Goepfert et al., 2001, Genc et al., 2004,
Wenstrom et al., 1998, Gargano et al., 2008). Higher levels of proinflammatory cytokines
were also found in the placental tissues of spontaneous preterm deliveries, and evidence of
histologic chorioamnionitis is more common in placentas of spontaneous preterm deliveries
(El-Shazly et al., 2004, Holzman et al., 2007).

Genetic variants in the tumor necrosis factor-alpha (TNFα) and interleukin 1-beta (IL-1β)
genes have been inconsistently associated with an increased risk for preterm delivery
(Edwards et al., 2006, Menon et al., 2006, Genc et al., 2002). TNFα and IL-1β are
proinflammatory cytokines involved in the innate immune response to microbial products,
and intramniotic infusions of either can stimulate increased synthesis of prostaglandins and
subsequent preterm labor in non-human primates (Sadowsky et al., 2006).

A gene-environment interaction was reported in a study of African-American women where
the strength of the association between a single nucleotide polymorphism within the
promoter of TNFα (−G308A) and spontaneous preterm delivery was increased in the
presence of bacterial vaginosis (BV) (Macones et al., 2004). In a separate publication, this
interaction was replicated in African Americans delivering spontaneously preterm with the
TNFα–G308A polymorphism as well as for women with a polymorphism in the IL-1β
(+C3954T) gene and BV(Engel et al., 2005).

BV is a condition that occurs when the flora in the vaginal tract is altered from one typically
predominated by Lactobacillus to a more polymicrobial community, often including
Gardnerella vaginalis, Mobiluncus, Bacteroides, and Mycoplasma. BV has been associated
with an increased risk for preterm delivery and chorioamnionitis, but antibiotic trials to treat
BV before and during pregnancy have not universally resulted in a lowering of the risk for
preterm delivery (Leitich et al., 2003a, Leitich et al., 2003b, Andrews et al., 2006). Further
investigation into the potentially modifying effects of genetic variation in immune response
to vaginal flora may help elucidate the relationship between BV and preterm delivery.

The purpose of this project was to determine the associations of three proinflammatory
cytokine gene polymorphisms (two TNFα promoter polymorphisms −G308A and −G238A
and a single IL-1β polymorphism +C3954T) with preterm delivery, along with their
potential interaction with vaginal flora in the Pregnancy Outcomes and Community Health
(POUCH) Study. The three candidate polymorphisms were selected based on prior

Jones et al. Page 2

J Reprod Immunol. Author manuscript; available in PMC 2011 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



published evidence that they are associated with altered production of TNFα and IL-1β, and
to attempt a replication of the previously found gene-environment interactions (Genc et al.,
2007, Hajeer and Hutchinson, 2000)

2. Materials and Methods
2.1 Cohort Enrollment

Women were enrolled mid-pregnancy (15–27 weeks gestation, with 86% enrolled by 24
weeks) to participate in a cohort study designed to assess biologic and psychosocial risk
factors for preterm delivery. Detailed methods are described elsewhere (Holzman et al.,
2001a) The POUCH Study enrolled 3,038 women from 52 participating clinics among five
Michigan communities from 1998 to 2004. The eligibility criteria included maternal serum
alpha-fetoprotein (MSAFP) screening at 15–22 weeks of pregnancy, maternal age of at least
15 years, English-speaking, no pre-existing diabetes, no known fetal anomalies or
chromosomal defects, and singleton pregnancy. Women with unexplained high (two or more
multiples of the race-specific median) MSAFP were oversampled (7% of final cohort)
because of an interest in the relation between this biomarker and preterm delivery. At
enrollment, subjects completed questionnaires and provided biologic samples. Nineteen
women were lost to follow up, leaving a cohort sample of 3,019.

Race/Ethnicity-specific characteristics of study participants were compared to birth
certificate data from the five Michigan communities for the year 2000. There were no
significant differences in parity, education level, proportion with Medicaid insurance,
preterm birth rate, rate of previous stillbirth, rate of previous preterm infant, and rate of
previous low birth weight infant. The percentage of African Americans over 30 years of age
was lower in the POUCH Study than in the birth certificate data (14% versus 21%). The
study protocol was approved by the Michigan State University Committee for Research on
Human Subjects, institutional review boards at nine participating hospitals, and the
Michigan Department of Community Health human subjects committee.

2.2 Study Sample
A sub-cohort (N=1,371) was sampled from the cohort for more intensive follow-up (Figure
1). The sub-cohort was designed to maximize statistical power for studying high risk
subgroups while conserving resources. The sub-cohort included all cohort women who
delivered preterm, all cohort women with unexplained high MSAFP, and a stratified random
sample of cohort women who delivered at term and had normal MSAFP, with oversampling
of African Americans with these latter criteria. All analyses incorporated weights based on
the cohort and sub-cohort sampling scheme. In weighted analyses model estimates reflect
the prevalence and odds in the original population, and the effect of oversampling high-risk
subgroups into the sub-cohort is statistically accounted for. All models were stratified by
race/ethnicity (defined for both groups by self-report).

Prenatal and labor and delivery records were abstracted for sub-cohort women, and
polymorphisms were measured on those with available stored DNA samples (N=1,317).
Vaginal fluid smears were collected for 82% of sub-cohort women for whom DNA samples
were available (N=1,084). Racial groups that contained small numbers of women (18 Asian
women, 44 Hispanic women, and 15 Native American women) were excluded for this
analysis. The final study sample of 1,007 women (777 term and 230 preterm deliveries)
included African-American and non-Hispanic white sub-cohort women with both DNA
results and vaginal smear findings.
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2.3 Definition of Preterm Delivery
Gestational age at delivery was calculated from the date of the last menstrual period (LMP).
Gestational age estimates from early ultrasound (before 20 weeks) were given preference if
the ultrasound gestational age differed from the LMP gestational age by at least two weeks
or if the LMP was missing (18% of the cohort). Preterm deliveries were those delivered
before 37 weeks’ gestation.

2.4 Genotyping
Maternal blood was obtained through venipuncture at enrollment. Genomic DNA was
prepared from venous samples using the Gentra Systems (Minneapolis, MN) Puregene™
kit. Single nucleotide polymorphism (SNP) genotyping was performed using TaqMan®
Assays-on-Demand™, which consist of PCR primers and a fluorescently-labeled probe
(Applied Biosystems, Foster City, CA). Three primer/probe sets were used that were
specific to SNPs in IL-β (rs1143634) or TNFα (−308 G>A rs1800629 and −238 G>A
rs361525).

Assays were performed in 384-well plates in 5 µL reactions containing 25 ng of template
DNA or no-template control and 0.25 µL of primer/probe in 1X TaqMan® PCR Universal
Master Mix. Thermal cycling conditions were according to manufacturer guidelines, as
follows: 2 minutes at 50°C, 10 minutes at 95°C, and 40 cycles of 95°C for 15 seconds and
60°C for 1 minute. End-point fluorescent detection was performed on an ABI Prism®
7900HT Sequence Detection System. Genotypes were evaluated using SDS software (v.2.1).
Duplicate genotypes were generated on a random sampling representing ≥ 15% of the
individuals with a concordance rate of 99.9%.

2.5 Vaginal Flora
Dacron swabs were used to obtain vaginal fluid samples at enrollment. Heat-fixed gram-
stained vaginal smears were prepared and bacterial morphotypes were scored according to
Nugent’s criteria(Nugent et al., 1991) A score of 0–3 is considered normal vaginal flora, 4–6
is an intermediate score, and a score of 7 or greater is defined as BV positive.

2.6 Analytic Methods
The goals of this analysis were to examine associations among genotype, vaginal flora, and
preterm delivery. The heterozygote and homozygote rare allele genotypes were grouped
together and compared to the homozygote non-rare allele genotype. The three
polymorphisms were analyzed separately. Women with intermediate and positive BV were
grouped together (Nugent scores ≥ 4) and compared to women with a Nugent score < 4.
Grouping strategies were motivated by a consideration of the biology and a goal of
obtaining more precise confidence intervals for effect size estimates. Analyses were
repeated after removing women with intermediate BV (Nugent score 4–6) to assess the
impact of our grouping strategy on the overall results.

Regression analyses modeled covariates (genotype, vaginal flora) in relation to preterm
delivery. All regression models incorporated inverse probability weights to account for the
POUCH Study sampling scheme (for both the cohort and sub-cohort). This statistical
method removes any potential bias from oversampling of subgroups. Because race/ethnicity
has been consistently linked to variations in vaginal flora (Nugent scores) (Holzman et al.,
2001b) (Ness et al., 2003, Allsworth and Peipert, 2007) and risk of preterm delivery (Zhang
and Savitz, 1992, Savitz et al., 2005, Hitti et al., 2007), we conducted both race/ethnicity-
adjusted and race/ethnicity-stratified analyses.
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Two-way interactions were examined, first between genotype and race/ethnicity in relation
to vaginal flora, and then among three covariates (genotype, vaginal flora, race/ethnicity) in
relation to preterm delivery. The Wald test was used to evaluate the statistical significance
of interactions.

3. Results
Maternal characteristics of the study sample are presented in Table 1. The weighted
estimates reflect the prevalence in the cohort. After incorporating sampling weights, the
prevalence of BV was 7% in Non-Hispanic white women and 20% in African-American
women. There were 149 preterm births in non-Hispanic white women and 81 preterm births
in African-American women. The prevalence of preterm delivery was 9% in non-Hispanic
white women and 14% in African-American women. Unweighted race/ethnicity-specific
allele frequencies for women with normal MSAFP who delivered at term were calculated
and did not differ significantly from Hardy-Weinberg equilibrium (data not shown in table:
TNFα −238A non-Hispanic white = 0.05 and African American = 0.04; TNFα −308A non-
Hispanic white = 0.19 and African American = 0.14; IL-1β +3954T non-Hispanic white =
0.23 and African American = 0.16). The allele frequencies in POUCH Study African-
American and non-Hispanic white women were similar to previous reports (Roberts et al.,
1999,Moore et al., 2004,Engel et al., 2005).

3.1 Genotype and Preterm Delivery
The risk of preterm delivery was not significantly associated with any of the three genotypes
(TNFα −238, IL-1β +3954, or TNFα −308) in race/ethnicity stratified models (Table 2).
There were no statistically significant race/ethnicity by genotype interactions (all p > 0.20)
for preterm delivery.

3.2 Genotype and Vaginal Flora
In both racial/ethnic groups women with the TNFα −238 minor allele were more likely to
have Nugent scores ≥ 4 (OR 1.6), but the confidence intervals for the odds ratios included
one (Table 3). The other two genotypes (IL-1β +3954 or TNFα −308) were unrelated to
vaginal flora. There were no statistically significant race/ethnicity by genotype interactions
(all p > 0.70) for vaginal flora.

3.4 Vaginal Flora and Preterm Delivery
In race/ethnicity-adjusted models and race/ethnicity-stratified models, women who had
Nugent Scores ≥ 4 were not at significantly increased risk for delivering preterm and there
was no significant interaction between race/ethnicity and vaginal flora in relation to preterm
birth risk. The association between Nugent Scores and preterm delivery was not significant
in the race/ethnicity-adjusted model (adjusted OR 1.2, 95% CI 0.8, 1.7), nor the race/
ethnicity stratified model for non-Hispanic Whites (OR 1.3, 95% CI 0.8, 2.2), nor for
African Americans (OR 1.0, 95 % CI 0.6, 1.8; interaction p-value=0.57). After removing
women with intermediate Nugent Scores (4–6) and repeating the analysis, there was no
statistically significant relation between Nugent Score and preterm delivery; although, the
association between BV and preterm delivery in the non-Hispanic white women approached
significance (OR 1.8, 95 % CI 0.9, 3.2; p-value for race/ethnicity interaction = 0.19).

3.5 Genotype, Vaginal Flora, and Preterm Delivery
Compared to women who had a Nugent score < 4 and TNFα −238 G/G, women who had
Nugent Scores ≥ 4 and were TNFα −238 A/G or −238 A/A were at a significantly increased
risk for preterm delivery (adjusted OR 2.6, 95% CI 1.2, 5.8; p-value for interaction=0.02)
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(Table 4). When stratified by race/ethnicity, the effect size was slightly higher among non-
Hispanic White women (TNFα −238 A/G or −238 A/A and Nugent Score ≥ 4: OR 3.1, 95%
CI 1.1, 9.0) than among African Americans (TNFα −238 A/G or −238 A/A and Nugent
Score ≥ 4 OR 2.0, 95% CI 0.6, 6.7), but small samples sizes preclude inferences from these
stratified analyses.

There were no other significant polymorphism - vaginal flora interactions (interaction p
values ranged from 0.41 to 0.75) in relation to preterm delivery. When the analysis was
repeated with the intermediate vaginal flora group removed (Nugent scores 4–6), the
association between TNFα −238 genotype and preterm delivery did not change (adjusted
OR 2.8, 95% CI 1.0, 7.2). However, the estimate was based on a small number of women.
Removal of the women with intermediate BV did not change the null findings for the other
two polymorphisms (i.e., no significant interactions).

4. Discussion
We found a significant interaction between the TNFα −238 polymorphism and vaginal flora
in relation to preterm delivery. The risk of preterm delivery was elevated in women who had
both the minor allele and a Nugent Score ≥ 4, but not in women who had only one or the
other. This association was evident in race/ethnicity adjusted and race/ethnicity stratified
models. We did not detect previously reported interactions between Nugent scores and the
TNFα −308 and IL-1β+3954 polymorphisms (Macones et al., 2004, Engel et al., 2005).
Possible explanations for varied results among studies include: 1) the polymorphisms are not
truly functional but are closely linked to other nearby functional gene changes; 2) there are
gene-gene interactions that complicate reproducibility; 3) the typical approach of
characterizing vaginal flora by using Nugent criteria at one point in time has limitations and
4) other important environmental exposures have not been fully measured and are
inconsistent across study populations

In the history of examining preterm delivery risk, studies have frequently considered BV
(Leitich et al., 2003a) or candidate genes, (Anum et al., 2009) but there are fewer reports on
interactions among these factors. Overall, investigations into associations among TNFα
−308, IL-1β +3954 and preterm delivery have produced inconsistent findings (Menon et al.,
2006, Genc et al., 2002, Moore et al., 2004, Edwards et al., 2006). Recently, a large case-
control study tested over 1400 SNPs in 130 candidate genes including TNFα −308 and
IL-1β +3954 in relation to preterm delivery (Menon et al., 2009). This study did not find
significant associations among these genes and preterm delivery after using a variety of
analytic techniques. While this and other case-control studies have accrued a large number
of preterm delivery cases and have power to test multiple gene associations, they often lack
information on potential effect modifiers during pregnancy such as BV. One value of
smaller cohort studies is that they can more fully explore specific gene-environment
interactions.

The decision to investigate interactions among Nugent score and the three selected
polymorphisms was guided by previous reports on preterm delivery as well as biological
plausibility. While the relation between BV and preterm delivery is not fully understood, the
presence of BV is associated with elevated levels of TNFα and IL-1β in vaginal fluid.
(Sturm-Ramirez et al., 2000, Hedges et al., 2006). Both TNFα and IL-1β are
proinflammatory cytokines capable of inducing the release of prostaglandins and matrix
metalloproteinases in in vitro experiments with decidual and amniotic cells (So et al., 1992,
Rauk and Chiao, 2000, Arechavaleta-Velasco et al., 2002, Romero et al., 1989, Mitchell et
al., 1990, Oner et al., 2008). Elevated levels of either TNFα or IL-1β in connection with the
development of BV could stimulate degradation of membranes or myometrial contractions
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as part of initiation of the process of early labor. The three polymorphisms selected for this
study are hypothesized to alter gene production and maternal response to infection and
therefore impact risk of preterm delivery in the presence of BV (Genc et al., 2007,
Hernandez-Guerrero et al., 2003, Kazzi et al., 2004).

There are several strengths in this study. The sample of women is socioeconomically diverse
and from multiple communities. The assessment of vaginal flora was part of the study
protocol and did not rely on diagnosis from medical records. Our study takes place in a
population with different races and therefore tests the importance of shared genetic
background in relation to shared environment exposures.

There are also some important limitations. We did not measure gene product throughout
pregnancy to determine the functionality of the polymorphisms in this population. Although
we have a large cohort, the frequency of the rare alleles was low, so there was insufficient
power to consider gene-gene interactions or to consider subgroups of early preterm delivery
where infection is more strongly implicated as an underlying mechanism. We combined
both heterozygotes and homozygyotes into a single group and therefore we could not test for
a gene-dose effect. The POUCH Study has adequate power (>0.80) to detect odds ratios
greater than 2.0 for preterm delivery and genotypes with a minor allele prevalence of 15%. It
has much more limited power to detect gene-environment interactions and our non-
significant findings could be the result of type II error. Our measurement of vaginal flora
was limited to a single assessment in mid-pregnancy. In addition we did not assess multiple
polymorphisms within the candidate genes, and this may be necessary to fully describe gene
function. For this study we focused on two candidate genes and therefore are missing
information on the role of other genes or potential gene-gene interactions in the possible
relationship between BV and preterm birth.

Our findings highlight the importance of considering other relevant cofactors when testing
for associations among genes and preterm delivery. In addition to large, genome wide
studies, smaller prospective studies with detailed information on conditions in pregnancy
will help test targeted hypotheses of interactions. Results from these smaller studies can then
be compared to determine the strength and consistency of results across diverse populations.
This process can help elucidate causal mechanisms underlying preterm delivery and
potential interventions.

Abbreviations

TNFα tumor necrosis factor-alpha

IL-1β interleukin 1-beta

BV bacterial vaginosis

POUCH Study Pregnancy Outcomes and Community Health

MSAFP maternal serum alphafetoprotein

LMP last menstrual period

SNP Single nucleotide polymorphism

CI Confidence interval

OR Odds ratio
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Figure 1.
Study sample population
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Table 4

TNF-alpha −G238A, vaginal flora, and preterm delivery

Nugent Score and TNF-α genotype Term Preterm AOR (95% CI)

Nugent Score < 4 and -238 G/G 557 165 Reference

Nugent Score ≥ 4 and -238 G/G 156 42 1.0 (0.6, 1.5)

Nugent Score < 4 and -238 A/G or A/A 46 11 0.7 (0.3, 1.4)

Nugent Score ≥ 4 and -238 A/G or A/A 18 12 2.6 (1.2, 5.8)

AOR= race/ethnicity adjusted odds ratio; CI = confidence interval
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