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BACKGROUND
Despite evidence that genetic factors contribute to the duration of gestation and 
the risk of preterm birth, robust associations with genetic variants have not been 
identified. We used large data sets that included the gestational duration to determine 
possible genetic associations.

METHODS
We performed a genomewide association study in a discovery set of samples obtained 
from 43,568 women of European ancestry using gestational duration as a continuous 
trait and term or preterm (<37 weeks) birth as a dichotomous outcome. We used 
samples from three Nordic data sets (involving a total of 8643 women) to test for 
replication of genomic loci that had significant genomewide association (P<5.0×10�8) 
or an association with suggestive significance (P<1.0×10�6) in the discovery set.

RESULTS
In the discovery and replication data sets, four loci (EBF1, EEFSEC, AGTR2, and WNT4) 
were significantly associated with gestational duration. Functional analysis showed 
that an implicated variant in WNT4 alters the binding of the estrogen receptor. The 
association between variants in ADCY5 and RAP2C and gestational duration had 
suggestive significance in the discovery set and significant evidence of association 
in the replication sets; these variants also showed genomewide significance in a 
joint analysis. Common variants in EBF1, EEFSEC, and AGTR2 showed association 
with preterm birth with genomewide significance. An analysis of mother�infant 
dyads suggested that these variants act at the level of the maternal genome.

CONCLUSIONS
In this genomewide association study, we found that variants at the EBF1, EEFSEC, 
AGTR2, WNT4, ADCY5, and RAP2C loci were associated with gestational duration and 
variants at the EBF1, EEFSEC, and AGTR2 loci with preterm birth. Previously estab-
lished roles of these genes in uterine development, maternal nutrition, and vascular 
control support their mechanistic involvement. (Funded by the March of Dimes and 
others.)
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Preterm birth (defined as birth be-
fore 37 completed weeks of gestation) affects 
9.6% of pregnancies in the United States1 

and more than 15 million pregnancies worldwide 
each year. It is the leading cause of death in neo-
nates and children under the age of 5 years.2,3 The 
majority of preterm births arise by spontaneous, 
idiopathic onset of uterine contractions or rupture 
of fetal membranes.4 A substantial body of evi-
dence has shown genetic influence in the duration 
of gestation and the risk of preterm birth.5 For 
example, twin and family studies suggest that 
30 to 40% of the variation in birth timing and 
in the risk of preterm birth arises from genetic 
factors that largely but not exclusively reside in 
the maternal genome.6-10

Preterm birth, and gestational duration in 
general, is a complicated phenotype that is af-
fected by both maternal and fetal genomes. The 
definition of preterm birth as a dichotomous 
trait on the basis of a somewhat arbitrary cutoff 
of 37 weeks of gestation, rather than time of birth 
for a specified level of fetal maturity or as a 
continuous trait, limits the interpretation of data 
and reduces the statistical power to detect asso-
ciation.11 Therefore, we tested for genetic associa-
tions with gestational duration (a quantitative trait) 
as well as preterm birth (a dichotomous trait). To 
date, individual genomewide association studies 
(see Glossary) of spontaneous preterm birth have 
included approximately 1000 case mothers or in-
fants with control groups of similar size. No rep-
licated loci with genomewide significance have 
been reported.12-14 To overcome sample-size lim-
itations, we conducted genomewide discovery in 
a large cohort of women of European ancestry 
and tested associations that were identified in 
the discovery set for replication in three Nordic 
data sets.

Me thods

Discovery Data Set
We performed a two-stage genomewide associa-
tion study to discover and replicate genetic loci 
associated with gestational duration and the risk 
of preterm birth. Women in the discovery data 
set were participants in the research program of 
23andMe, a personal genomics and biotechnology 
company. All the women provided written in-
formed consent and answered surveys online ac-
cording to a human-subjects protocol approved by 

Ethical and Independent Review Services (www 
. eandireview . com). Unrelated women of European 
ancestry who self-reported the gestational dura-
tion of their first live singleton birth were included 
in the analysis. Women with a medical indication 
for their preterm delivery were excluded; those 
who did not specify a medical indication were 
included to optimize sample size. Preterm-birth 
status was determined on the basis of dichotomi-
zation of gestational duration (preterm, <37 weeks; 
term, �37 weeks).

DNA extraction and genotyping were per-
formed by the National Genetics Institute. We 
restricted analyses to 43,568 women with more 
than 97% European ancestry, as determined by 
means of an analysis of local ancestry.15 Genotype 

1000�Genomes�Project: An international collaboration to produce an exten-
sive public catalogue of human genetic variation. Phase 1 of the project 
described genomes of 1092 samples from 14 populations. The haplo-
types that are inferred from the 1000 Genomes Project data (reference 
haplotypes) can be used to impute genotypes at sites not on the original 
SNP array.

Genomewide�association�study�(GWAS): An approach used in genetics re-
search to look for associations between many (typically hundreds of 
thousands) specific genetic variations (most commonly, single-nucleo-
tide polymorphisms [SNPs]) and particular diseases or traits.

Genomewide�complex�trait�analysis�(GCTA): A computational tool that was 
originally designed to estimate the proportion of phenotypic variance ex-
plained by genomewide or chromosomewide SNPs for complex traits, 
has many other functions to analyze the genetic architecture of complex 
traits.

GTEx: The Genotype�Tissue Expression project collects and analyzes multi-
ple human tissues from donors to assess correlations between genotype 
and tissue-specific levels of gene expression. If the expression levels of 
genes are treated as quantitative traits, variations in gene expression that 
are highly correlated with genetic variation can be identified as expres-
sion quantitative trait loci.

GWAS�Catalog: A quality controlled, manually curated, literature-derived col-
lection of all published genomewide association studies assaying at least 
100,000 SNPs and all SNP-trait associations with P values of less than 
1.0×10�5. The GWAS Catalog is provided jointly by the National Human 
Genome Research Institute and the European Bioinformatics Institute.

Locus: The specific chromosomal location of a gene or other DNA sequence 
of interest.

Phenotype�variance: The proportion of interindividual difference (variance)  
in a phenotypic trait usually combines the genotype variance with the en-
vironmental variance.

RNA�sequencing: RNA sequencing uses next-generation sequencing to detect 
and quantify RNA in a biologic sample to measure transcript abundance.

Single-nucleotide�polymorphism�(SNP): A single-nucleotide variation in a 
 genetic sequence; a common form of variation in the human genome.

Transcript: An RNA sequence resulting from transcription of a DNA se-
quence (often a gene).

Glossary
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data were imputed against the reference haplo-
types of phase 1 of the 1000 Genomes Project.16

We used linear regression to test single-marker 
genetic associations with gestational duration and 
logistic regression to test such associations with 
preterm birth on the basis of imputed allelic dos-
age (i.e., the expected allele count, as reported by 
the imputation program). We included as covari-
ates the maternal age and the top five principal 
components to account for residual population 
structure (i.e., the difference in allele frequencies 
between subpopulations).

We clustered single-nucleotide polymorphisms 
(SNPs) into association regions (or loci) by first 
identifying SNPs with an association of P<1.0×10�4 
and then grouping these SNPs into a region if 
they were adjacent to each other (<250 kb). The 
SNP with the smallest P value within each region 
was chosen as the index SNP. Regions with sug-
gestive significance (P<1.0×10�6) were tested in 
the replication stage.

Tests of Replication
To test for replication, we used data from 8643 
mothers and 4090 infants collected from three 
Nordic birth studies,17 in which samples from pre-
term births were enriched and samples from births 
that were post-term or close to the preterm�term 
boundary (37 to 38 weeks of gestation) were 
excluded (Table S1 and Fig. S2 in the Supplemen-
tary Appendix, available with the full text of this 
article at NEJM.org). Genotyping on samples from 
these studies was conducted with the use of vari-
ous SNP arrays, as described previously.17 Partici-
pants of non-European ancestry were identified 
and excluded with the use of principal compo-
nents analysis. We performed genomewide im-
putation using the reference haplotypes extract-
ed from phase 1 of the 1000 Genomes Project.16

We tested single-marker genetic association 
in each replication data set using methods simi-
lar to those used in the discovery stage. We used 
the fixed-effects inverse-variance method to cal-
culate the replication P values after adjustment 
for the genomic inflation factor (which is used 
to quantify the excess false positive rate) in a 
combined analysis of the three Nordic data sets. 
Among the SNPs that had an association with 
genomewide suggestive significance (P<1.0×10�6) 
in the discovery stage or SNPs in close linkage 
disequilibrium (r2>0.80), those that showed sig-
nificant association (and in the same direction) 
in tests of replication were regarded as statistical 

evidence of replication of a putative locus. The 
significance level of each locus was corrected by 
the effective number of independent SNPs18 that 
were tested in the locus and the total number of 
loci that were tested in the replication data sets 
(Table S6 in the Supplementary Appendix). An 
association was considered to be replicated if the 
P value of the most strongly associated SNP was 
less than the threshold of significance and had 
a combined discovery and replication P value of 
less than 5.0×10�8.

We also performed association tests on sam-
ples obtained from the 4090 infants and joint 
maternal�fetal genetic association analysis in 
3184 mother�infant pairs from the three replica-
tion sets that met the inclusion criteria (see the 
section describing the replication methods in 
the Supplementary Appendix) to evaluate wheth-
er the observed associations were driven by vari-
ants in the maternal genome or by variants in the 
fetal genome.

Statistical Analysis
We used the GWAS Catalog,19 a database of all 
published genomewide association studies that 
is produced by a collaboration between the Na-
tional Human Genome Research Institute and the 
European Bioinformatics Institute, to check wheth-
er the SNPs that were associated with gestational 
duration or preterm birth have been associated 
with other traits previously. In addition, we used 
the GTEx20 database, which stores information on 
genotype and tissue-specific gene-expression levels, 
to determine whether any of the implicated SNPs 
could influence tissue-specific gene expression. 
We examined whether multiple independent vari-
ants at a given locus influenced birth timing by 
means of an approximate conditional and joint 
analysis.21 We estimated the fraction of pheno-
type variance that was explained by all common 
SNPs22 by means of genomewide complex trait 
analysis (GCTA)23 or sets of significant SNPs us-
ing a genetic-score approach.24 A detailed descrip-
tion of these analyses is provided in the section 
describing other statistical and bioinformatics 
analyses in the Supplementary Appendix.

R esult s

Study Data Sets
In the discovery data set, of the 43,568 women who 
had been identified through 23andMe, 37,803 
(86.8%) had delivered at term (37 to 42 weeks), 
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3331 (7.6%) before term (<37 weeks), and 2434 
(5.6%) after term (>42 weeks) (Tables S1 and S2 
and Fig. S1 in the Supplementary Appendix). 
Maternal age was strongly associated with ges-
tational duration (P = 2.3×10�41) (Table S3 in the 
Supplementary Appendix). In the three Nordic 
birth studies,17 the sex of the infant and mater-
nal height were associated with gestational dura-
tion (Table S4 in the Supplementary Appendix).

Discovery-Stage Findings in Mothers
Single-marker association tests were performed 
across 15,635,593 SNPs (see the Methods section 
in the Supplementary Appendix). The summary 

statistical outcomes of the top 10,000 SNPs have 
been deposited in the GeneStation repository 
(www . genestation . org/  analysis/  gwas/  Zhang_2017/ 
 discovery), and summary statistics of the complete 
data set are available on request from 23andMe. 
The corresponding author holds a copy of the sum-
mary statistical outcomes of the full set of SNPs. 
Test results were adjusted for genomic inflation 
factors (Fig. S3 in the Supplementary Appendix).

With respect to gestational duration, 12 loci 
were identified with an association of P<1.0×10�6, 
4 of which had an association of P<5.0×10�8 
(Fig. 1A, and Tables S5 and S6 in the Supplemen-
tary Appendix). With respect to preterm birth,  

Figure�1.�Results�of�the�Discovery-Stage�Genomewide�Association�Study.
Panel A shows the 12 loci that were associated with gestational duration with �suggestive significance� (P<1.0×10�6,  
in orange), 4 of which were associated with �genomewide significance� (P<5.0×10�8, in red). Panel B shows the 5 loci 
that had an association with preterm birth with suggestive significance (in orange), 2 of which had an association  
of genomewide significance (in red). The top 3 loci that were associated with gestational duration (EBF1, EEFSEC, 
and AGTR2) were also associated with preterm birth. The names of the 6 replicated loci are highlighted in bold.
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