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regnancy in eutherian mammals is characterized by tightly
regulated physiological processes to ensure normal fetal
development and delivery after a narrowly de ned period of
gestation1,2. A conundrum rst posed by Sir Peter Medawar3
more than 60 years ago is how the semi-allogeneic fetus is protected from attack by the mother’s immune system. Compared to
many other mammals, humans have a highly invasive placentation process with direct contact with the maternal circulation 1,4,
and the immunological paradox of pregnancy continues to be an
important research topic. It is well-established that successful
gestation depends on numerous mechanisms, some of which
involve in ammatory pathways5. After conception, an in ammatory phase ensures implantation of the blastocyst in the uterine
wall6. This is followed by a long anti-in ammatory phase in
which the maternal adaptive immune response is dampened to
allow the development, growth, and maturation of the fetus.
Eventually, a second in ammatory phase results in gradual
ripening of gestational tissues, followed by parturition6. Many
other pathways are dynamically regulated over the course of a
pregnancy and are required for the successful completion of
pregnancy and timely parturition 7.
Correct timing of parturition is critical for the health of the
newborn. Preterm birth, de ned as birth before 37 completed
weeks of gestation, is not only a major cause of perinatal mortality
and morbidity 8, but is also associated with long-term adverse
health outcomes including neurodevelopmental delay9, cerebral
palsy10, diabetes11, increased blood pressure12, and various psychiatric disorders13. Postterm birth, de ned as birth after a
gestation of 42 completed weeks (hereafter weeks) or more is
associated with increased risks of fetal and neonatal mortality and
morbidity plus increased maternal morbidity 14. Each of these
outcomes affects approximately 5% to 10% of all births in high
income countries15,16 and preterm birth rates are considerably
higher in some low- and middle-income countries 17.
Although timing of parturition is in uenced by many nongenetic risk factors, including parity, maternal stress, smoking,
urogenital infection, educational attainment, and socioeconomic
status, there is compelling evidence for a substantial genetic
impact18,19. For example, twin and family studies have estimated
that the heritability of gestational duration ranges from 25% to
40%20. Several studies have shown that the duration of pregnancy
has both heritable maternal and fetal components 21,22. Estimates
from a Swedish family study analyzing 244,000 births indicated
that fetal genetic factors explained about 10% of the variation in
gestational duration, whereas maternal factors accounted for
about 20%22.
Little is known about speci c fetal and maternal genetic contributions to gestational duration. Most genome-wide association
studies (GWAS) of birth timing have been limited in sample size
and have not identi ed robustly associated genetic loci23–27.
Recently, however, a GWAS based on samples from 43,568
women of European ancestries identi ed maternal genetic variants
at six loci associated with gestational duration atP < 5 10 8 with
replication in three independent data sets 28. Three of these loci
were also associated with preterm birth as a dichotomous
outcome.
In the current study, our goal is to identify fetal genetic variants
associated with timing of parturition. We conduct a GWAS metaanalysis of gestational duration as a quantitative trait and of the
clinically relevant dichotomous outcomes early preterm
(<34 weeks), preterm (<37 weeks), and postterm ( 42 weeks)
birth, in 84,689 infants from cohorts included in the Early
Growth Genetics (EGG) Consortium, the Initiative for Integrative
Psychiatric Research (iPSYCH) study, and the Genomic and
Proteomic Network for Preterm Birth Research (GPN), with
replication analyses in 9291 infants from additional cohorts. Since

a child inherits half of its genetic material from its mother, their
genotypes at a given locus are highly correlated, and it may not be
clear whether a genetic association re ects the effect of the child’s
own genotype on the timing of their delivery, or an effect of their
mother’s genotype on the timing of parturition. For 15,588 of the
infants, maternal genetic data are also available, allowing us to
address whether identi ed genetic effects are of fetal or maternal
origin.

. Characteristics of the 20 studies included in the
discovery stage are presented in Supplementary Data 1. The
discovery data set included information on 84,689 infants, 4775
of whom were born preterm (<37 weeks), with 1139 of these
considered early preterm infants (<34 weeks). A further 60,148
infants were born 39 weeks and <42 weeks of gestation and were
used as term controls. Finally, 7888 infants were born postterm
( 42 weeks). Our study design is illustrated in Supplementary Fig.
1. After imputation using reference data from the Haplotype
Reference Consortium release 1.1 (ref.29) or the integrated phase
III release of the 1000 Genomes Project30, each contributing study
performed GWAS analyses for at least one of the four study traits,
assuming an additive genetic model (see Methods for details).
Final meta-analysis results were obtained for >7.5 million SNPs
for each of gestational duration, early preterm birth, preterm
birth, and postterm birth, with genomic in ation factors <1.05.
Quantile–quantile and Manhattan plots for the four phenotypes
are shown in Supplementary Fig. 2. In the discovery GWAS metaanalysis, one locus (on chromosome 2q13) was associated with
gestational duration and postterm birth at genome-wide signi cance (P < 5 10 8) (Supplementary Fig. 2A, B), and two loci
(on chromosomes 1p33 and 3q28) were signi cantly associated
with early preterm birth (Supplementary Fig. 2C). No locus
reached genome-wide signi cance for preterm birth (Supplementary Fig. 2D). We selected one lead SNP for each of the three
loci reaching genome-wide signi cance for analysis in the
replication stage.
. At the
2q13 locus, rs7594852 was the SNP most signi cantly associated
with gestational duration (P 1.88 10 12; Fig. 1a) and was
selected as the lead SNP for replication stage analysis. For postterm birth, we also selected rs7594852 (P 4.64 10 8, Fig. 1b)
as the lead SNP for the replication analyses from a set of highly
correlated SNPs (r2 > 0.98) with very similar P values. The association of rs7594852 with gestational duration was replicated,
with a P value of 3.69 10 3 in the replication sample and an
overall P value of 3.96 10 14 in the combined discovery and
replication analysis (Table 1). In the combined analysis, each
additional fetal rs7594852-C allele was associated with an additional 0.37 days (95% con dence interval (CI) 0.22 0.51) of
gestational duration. For postterm birth the statistical power to
replicate the association was modest at 40% (Supplementary
Table 1) and the SNP did not reach nominal signi cance in the
replication stage analysis, although the direction of the effect was
consistent with the discovery stage (Table 1). rs7594852 is
intronic in CKAP2L and is located in a linkage disequilibrium
(LD) block that encompasses IL1A, IL1B, and several other genes
encoding proteins in the interleukin 1 cytokine family (Fig.1a, b).
In an additional analysis conditioning on rs7594852, we found no
evidence for multiple independent signals at the locus (Supplementary Fig. 3). Figure2 shows a forest plot of association results
for rs7594852 across all studies. The estimated variance in
gestational duration explained by rs7594852 was 0.066%.

