American Journal of Epidemiology
ª The Author 2009. Published by Oxford University Press on behalf of the Johns Hopkins Bloomberg School of
Public Health. All rights reserved. For permissions, please e-mail: journals.permissions@oxfordjournals.org.

Vol. 170, No. 11
DOI: 10.1093/aje/kwp324
Advance Access publication:
October 23, 2009

Original Contribution
Maternal Contributions to Preterm Delivery

Heather A. Boyd*, Gry Poulsen, Jan Wohlfahrt, Jeffrey C. Murray, Bjarke Feenstra, and
Mads Melbye
* Correspondence to Dr. Heather A. Boyd, Department of Epidemiology Research, Statens Serum Institut, Artillerivej 5, DK-2300
Copenhagen, Denmark (e-mail: hoy@ssi.dk).

Preterm delivery (PTD) is a complex trait with a signiﬁcant familial component. However, no speciﬁc inheritance
patterns have been established. The authors examined the contribution of PTDs in both the woman’s family and
her partner’s family to her risk of PTD. The authors linked birth information from Danish national registers with
pedigree information from the Danish Family Relations Database for 1,107,124 live singleton deliveries occurring
from 1978 to 2004. Risk ratios were estimated comparing women with and without various PTD histories. Women
with previous PTDs were at greatly increased risk of recurrent PTD (risk ratio ¼ 5.6, 95% conﬁdence interval: 5.5,
5.8); however, their PTD risk was unaffected by a partner’s history of preterm children with other women. PTDs to
a woman’s mother, full sisters, or maternal half-sisters also increased her PTD risk (risk ratio ¼ 1.6, 95%
conﬁdence interval: 1.5, 1.6), whereas PTDs in her paternal half-sisters, the female partners of her male relatives,
or members of her partner’s family did not affect her PTD risk. Inheritance patterns were similar for all gestational
ages from very early through late PTD. The substantial portion of PTD risk explained by effects passed through the
female line suggests a role for either imprinting or mitochondrial inheritance.
cohort studies; family; genetics; inheritance patterns; premature birth

Abbreviations: CI, conﬁdence interval; PTD, preterm delivery; RR, risk ratio.

Editor’s note: Related articles appear on pages 1365 and
1373, an invited commentary on the 3 articles is published
on page 1382, and a response by the authors of the second
article to the commentary is on page 1386. In accordance
with Journal policy, the authors of the first and third articles
were asked whether they wanted to respond to the commentary but chose not to do so.

gest established risk factor for PTD is a previous PTD (7), but
women who themselves were born preterm or whose sisters
delivered prematurely have also been shown to be at increased risk of delivering preterm (8–11).
Despite recognition of a familial component to PTD, no
specific mode of inheritance has been posited for PTD attributable to genetic factors, and no common genetic variants have yet been confirmed as contributing to PTD.
However, previous studies do offer some intriguing clues
to likely mechanisms. In a study from 1974, the sisters of
women who delivered preterm appeared to be almost twice
as likely as sisters-in-law to themselves deliver prematurely
(12). In addition, Wilcox et al. (11) found that being born
preterm increased a man’s risk of fathering a preterm child
very little, if at all. Furthermore, Basso et al. (13) found that,
whereas switching female partners reduced a man’s risk of
having a subsequent preterm child, switching male partners
did not affect a woman’s recurrence risk (14).

Preterm delivery (PTD) and its sequelae are responsible for
3 million deaths worldwide annually and, with low birth
weight, contribute to the loss of over 100 million disabilityadjusted life-years (1). Although PTD is etiologically heterogeneous, genetic factors are widely thought to account for
a significant proportion of PTDs (2). Twin studies have shown
that up to 40% of PTDs may have a genetic component (3, 4),
and heritability studies have suggested that gestational length
has heritable maternal and fetal components (5, 6). The stron1358
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With the help of a unique database that allowed us to
construct pedigrees for the entire Danish population, we
systematically examined the contribution of PTDs in both
a woman’s family and her male partner’s family to her risk
of PTD, and we evaluated the contributions of the maternal
and paternal lines to familial clustering of PTD.
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have at least 1 relative who had previously delivered a child
registered with known gestational length. Twin and triplet
deliveries were ignored when defining PTD histories, as the
mechanisms governing the initiation of labor in singleton and
multiple gestations may differ.
Statistical analyses

MATERIALS AND METHODS
Data sources

Study cohorts

By linking data from the Civil Registration System, Medical Birth Register, and Danish Family Relations Database,
we assembled a data set on which all subsequent analyses
were based. First, we identified all women who delivered live
singletons with known gestational length between January 2,
1978, and December 31, 2004, and determined the identity of
each baby’s father. For each parent, we then identified parents, siblings, and half-siblings and determined which
of these family members also had children with known
gestational length born in Denmark in the period 1978–2004.
We defined a PTD as a delivery resulting in a living child
occurring before 37 completed weeks’ gestation. For each
delivery, we assessed whether the mother had 1 or more of
4 possible histories of PTD as follows. 1) A woman had
a personal history of PTD if she had had 1 or more previous
PTDs. 2) A positive partner personal history was assigned if
a woman’s male partner had previously had 1 or more preterm children with another woman. 3) A woman had a family
history of PTD if 1 or more of her female relatives or her male
relatives’ partners had previously had a PTD. 4) A woman
had a partner family history of PTD if 1 or more of her male
partner’s relatives had previously had a preterm child. For
each of the 4 PTD histories, a study cohort was created that
included all women where such a history was possible. The
effect of a given PTD history was then evaluated among the
women within the relevant study cohort. Thus, for example,
to be included in the family history cohort, a woman had to
Am J Epidemiol 2009;170:1358–1364

Ethics approval

This study was approved by the Danish Data Protection
Agency.
RESULTS

Of the 1,799,325 live singleton deliveries that occurred in
Denmark in the period 1978–2004, 1,487,159 (82.7%) had
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Since April 1, 1968, the Danish Civil Registration System
has registered demographic and vital status information on
all persons residing in Denmark, aided by the unique personal identification number assigned to each Danish resident
(15). The personal identification number permits tracking of
individuals in the Danish population over time and accurate
linkage of individual-level information from Denmark’s nationwide population-based registers, including the Medical
Birth Register and the Danish Family Relations Database.
The Medical Birth Register has recorded information on all
livebirths and stillbirths in Denmark since 1973 and is considered close to complete (16). Gestational length, based on
the date of the last menstrual period and corrected for ultrasound measurements where available, has been registered
since 1978. The Danish Family Relations Database is based
on kinship information in the Civil Registration System and
permits identification of all relatives registered in the Civil
Registration System for anyone with a personal identification number.

Using log-linear binomial regression, we estimated risk
ratios comparing the risks of PTD in women with various
PTD histories with those of women with no such histories.
All risk ratios were adjusted for the calendar period. In
additional analyses, we included interaction terms with
sex to assess whether the overall effect of any history of
PTD varied by the sex of the offspring.
We also stratified our analyses by the number of relatives
with livebirths after gestations of known length that could be
identified (3 vs. >3). However, the results were similar in
the 2 strata. This suggests that any bias produced by differences between women in exposure opportunity was negligible and that it was acceptable to analyze data from the
2 strata together.
Women were allowed to contribute multiple deliveries to
each cohort. The potential effect of correlated outcomes
within the same woman was evaluated in additional analyses
by estimating risk ratios with 95% confidence intervals according to family history of PTD using generalized estimating equations. The use of generalized estimating equations
had a negligible effect on the risk ratios and confidence
intervals, suggesting little effect of correlated outcomes
within the same woman.
We also evaluated whether the effect of a family history
of PTD on a woman’s risk of PTD might be influenced by
a positive personal history of PTD, a known strong risk
factor for subsequent PTDs, by including a personal history
of PTD and a history of PTD among a woman’s female
relatives in a model together. Because the personal and family history effects appeared to be unaffected by adjustment
for one another, we opted not to adjust our family history
results for personal history.
In groups where an effect of PTD history (personal or
family) was observed, we examined the effect in closer detail by gestational length. For the gestational length intervals
20–29 weeks, 30–32 weeks, 33–35 weeks, and 36 weeks,
we estimated the risk ratios associated with delivery in
these intervals according to lowest gestational age among
1) a woman’s own previous deliveries or 2) previous deliveries to relevant relatives. The risk ratios for a given interval
were estimated among women at risk, that is, among women
with a gestational length in the interval or in a later interval.
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Table 1. A Woman’s Risk of Delivering Prematurely, by Personal History and Partner’s Personal History of Preterm
Delivery, Denmark, 1978–2004a
Risk of PTD
No History of PTD

History of PTD

History of PTD

%

No. of
PTDs

Total No. of
Deliveries

Same male partnerd

2.9

15,897

547,508

Different male partner

4.8

4,423

91,371

Same female partnerd

2.9

15,897

547,508

17

Different female partner

5.9

5,167

87,732

Risk
Ratiob

95%
Conﬁdence
Interval

No. of
PTDs

Total No. of
Deliveries

17

5,170

30,107

5.9

5.7, 6.1

20

1,499

7,552

4.1

3.9, 4.3

5,170

30,107

5.9

5.7, 6.1

440

6,591

1.1

1.0, 1.2

%

Personal historyc

Partner’s personal historye
6.7

Abbreviation: PTD, preterm delivery.
‘‘Preterm delivery’’ was deﬁned as a delivery resulting in a living child occurring at or before 36 completed weeks’
gestation.
b
Risk ratio comparing the risk of delivering prematurely in women with a history of PTD in the speciﬁed category
with the risk in women with no such history.
c
A woman had a personal history of PTD if she had 1 previous PTDs.
d
The same numbers and risk ratio appear in both places because those women who kept the same male partner
from one delivery to the next are also those whose male partner had not switched women between children.
e
A woman had a partner personal history of PTD if her male partner had previously had 1 preterm children with
another woman.
a

children were also at increased risk of PTD, with risk ratios of
similar magnitude (RRs ¼ 1.6 and 1.4, respectively). Overall,
women with a history of PTD among their mothers, full sisters,
or maternal half-sisters were 55% more likely (95% CI: 49, 61)
to deliver prematurely than women with no such history.
In contrast, a history of PTD among a woman’s paternal
half-sisters or the female partners of her male relatives did
not affect her risk of PTD (Figure 1). The risk ratios given
PTD history in maternal versus paternal half-sisters were
significantly different (P ¼ 0.007), the ratio of risk ratios
being 1.33 (95% CI: 1.08, 1.63). Furthermore, a woman’s
risk of PTD was, in general, unaffected by PTDs among her
male partner’s female relatives or the female partners of his
male relatives (partner family history) (Figure 1). The effects of a history of PTD among a woman’s male and female
siblings and among her male partner’s siblings did not depend on the sex of the coming child (data not shown).
Table 2 examines the relation between a (personal or
family) history of PTD in given gestational intervals and
her risk of delivering preterm at similar and dissimilar time
points. A woman whose lowest gestational age among her
own previous deliveries was in any of the 4 intervals had an
increased risk of PTD in all 4 intervals when compared with
a woman who had previously delivered at term but not earlier. Risk ratios linking a history of early preterm birth with
the risk of similar subsequent preterm births were the largest, ranging from 10 to 18 for women with PTD histories in
weeks 30–32 or 20–29.
Women whose mothers, full sisters, or maternal half-sisters
had a history of preterm birth in any of the 4 gestational
intervals had greater risks of PTD in all 4 intervals compared
with women whose mothers, full sisters, or maternal halfsisters had delivered at term but not earlier (Table 2). The risk
ratios were, however, much more homogeneous across the
table than the personal history risk ratios.
Am J Epidemiol 2009;170:1358–1364
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gestational length recorded in the Medical Birth Register.
Over the period, the proportion of deliveries with known
gestational length increased from 59.7% in 1978, 79.4%
in the 1980s, 87.3% in the 1990s, to 97.4% in 2004;
1,107,124 of these deliveries were included in at least 1
analysis, and 51,223 (4.6%) were preterm. There were
163,346 deliveries to women with some type of history of
PTD; 12,891 (7.9%) of these were PTDs. Overall, women
with any history (personal, partner, family, or partner’s family) of PTD were 92% more likely (95% confidence interval
(CI): 89, 96) than women with no history of PTD to deliver
prematurely; this result did not depend on the sex of the
coming child (data not shown).
Women with a personal history of PTD (1 previous
PTDs) were 5.6 times (95% CI: 5.5, 5.8) more likely than
women who had never delivered prematurely to have another
preterm child. The effect of a personal history of PTD was
substantial in both women delivering children fathered by the
same man as their other children and women who had
changed partners between children (Table 1). In contrast,
there was little effect of personal history of PTD in men
who had changed partners between children (risk ratio
(RR) ¼ 1.1, 95% CI: 1.0, 1.2).
Figure 1 shows risks and risk ratios for delivering prematurely by history of PTD in specific members of a woman’s
own family (family history) and her male partner’s family
(partner family history). Women whose mothers delivered prematurely were at increased risk of having a preterm child,
compared with women whose mothers had no history of
PTD, regardless of whether it was the women themselves, their
full sibling(s), or their maternal half-sibling(s) who had been
born preterm (RR range, 1.4–1.5) (the ratio of the RR for the
woman herself being delivered preterm to the RR for her siblings being delivered preterm was 0.92, 95% CI: 0.72, 1.17).
Women whose full sisters or maternal half-sisters had preterm
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DISCUSSION

The substantial role that PTD plays in infant and maternal
mortality makes identifying causes that might lead to improved prevention of PTD a priority (17). This cohort study,
which was based on more than 25 years of data on the entire
Danish population, confirms that there is a heritable aspect
to PTD, as evidenced by associations between a history of
PTD in various relatives and a woman’s risk of PTD. More
importantly, our study strongly indicates that 1) insofar as
heritable factors underlie PTD, they exert their effects
through the mother, while paternally derived heritable factors play little role, and 2) heritable factors passed through
the female line account for a substantial portion of PTD risk.
When a woman had 1 or more previous PTDs, her risk of
delivering prematurely in subsequent pregnancies remained
high whether or not she had changed partners. Conversely,
there was a minimal effect of personal history of PTD in
men who had changed partners between children. Additionally, the risk of PTD in a man’s female partner was comAm J Epidemiol 2009;170:1358–1364

pletely unaffected by a history of PTD among any of his
family members, female or male. Taken together, these findings indicate that the paternal contribution to the fetal
genotype influences the risk of PTD little, if at all, and it
is either the maternal genotype or the maternal contribution
to the fetal genotype that affects the risk of PTD.
Previous PTDs and a history of PTD among certain
female family members increased a woman’s risk of PTD,
in both the aggregate and for specific gestational intervals.
PTDs to her mother (regardless of whether it was the woman
herself or her full or half-siblings who were born preterm),
full sisters, and maternal half-sisters increased a woman’s
risk of PTD by 30%–60%. However, PTDs to her paternal
half-sisters and to the partners of her male relatives did not
affect her risk of delivering prematurely. These results suggest that genetic variants passed on to a woman from her
mother have important effects on PTD risk and reinforce
that the paternal contribution to PTD is limited (otherwise,
we would expect to see an increased risk of PTD in women
whose male relatives had fathered preterm children).
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Figure 1. A woman’s risk of preterm delivery (PTD), by history of PTD in her own family and in her male partner’s family, Denmark, 1978–2004.
Female members of the woman’s family and her male partner’s family who delivered live children before the woman herself in the period 1978–
2004 after gestations of known length were included in the analyses. A history of PTD was deﬁned as having 1 or more female family members in
the category in question with children born at or before 36 completed weeks’ gestation and before the birth of the woman’s child. The risk ratios
compare the risk of PTD in women with a history of PTD (1 PTD) in the speciﬁed female family members with the risk in women with no such family
history. The open circles identify risk ratios related to a history of PTD in female relatives on the woman’s maternal side. CI, conﬁdence interval.
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Table 2. A Woman’s Risk Ratio of Delivering a Preterm Child in a Given Gestational Interval, According to the
Lowest Gestational Age Among Her Own Previous Deliveries and Among Deliveries to Her Female Relatives,
Denmark, 1978–2004
Gestational Interval
Lowest Previous Gestational Age,
weeksa

20–29 Weeks
Risk
Ratio

95%
Conﬁdence
Interval

30–32 Weeks

33–35 Weeks

36 Weeks

Risk
Ratio

95%
Conﬁdence
Interval

Risk
Ratio

95%
Conﬁdence
Interval

Risk
Ratio

95%
Conﬁdence
Interval

4.0, 5.3

Among own previous deliveries
20–29

18

16, 22

12

10, 14

7.5

6.7, 8.3

4.6

30–32

10

8.4, 12

12

10, 14

8.8

8.0, 9.6

5.2

4.6, 5.8

5.0

4.3, 5.8

6.2

5.6, 7.0

7.0

6.6, 7.4

5.4

5.0, 5.7

36

3.3

2.7, 4.0

3.2

2.8, 3.7

4.3

4.0, 4.6

4.4

4.1, 4.7

37–41 (referent)

1

33–35

1

1

1

Among female relatives’ deliveriesb

b

2.0

1.3, 3.0

1.6

1.1, 2.3

1.8

1.5, 2.2

1.2

0.9, 1.5

30–32

1.7

1.2, 2.5

1.7

1.3, 2.3

1.7

1.4, 1.9

1.6

1.3, 1.8

33–35

1.7

1.4, 2.1

1.5

1.3, 1.8

1.7

1.6, 1.9

1.5

1.3, 1.6

36

1.5

1.2, 1.9

1.4

1.1, 1.6

1.5

1.4, 1.7

1.4

1.3, 1.6

37–41 (referent)

1

1

1

1

Estimates for week 42 or later are not shown.
Woman’s mother, full sisters, and maternal half-sisters.

Complex traits are generally thought to be influenced by
many genetic and environmental factors. We expect this to
be the case for preterm delivery too. We note, however, that
our findings are difficult to reconcile entirely with traditional polygenic inheritance, where alleles derived from
both parents are expressed at each locus. Under such a scenario, we would expect to see an increase in risk linked to
PTDs in paternal half-sisters (as well as in maternal halfsisters). On the other hand, variation in either imprinted
genes or mitochondrial genes is compatible with the pattern
of associations that we observed. Imprinting (epigenetic
modification of DNA and chromatin) results in suppression
of alleles from 1 parent and expression of the corresponding
alleles from the other parent. Numerous studies have shown
that imprinting plays an important role in feto-placental development (18–20). In our study, expression of only maternal alleles in genes governing the initiation of delivery could
conceivably produce risk patterns such as those we observed. Alternatively, variation in mitochondrial genes
could also produce maternal lineage effects consistent with
our findings, because the mitochondrial genome is cytoplasmic and therefore transmitted by mothers (only) to all of
their children.
Theoretically, variation in maternal genes could affect
risk of PTD through effects on either maternal or fetal triggers of parturition (21). In the case of imprinted genes and
polygenic inheritance, our results suggest no substantial role
of fetal genotype in PTD risk. Under typical polygenic inheritance, if the fetal genotype were important, we would
expect to see PTD risk also transmitted through fathers.
Under an imprinting scenario, if the fetal genotype were
important, we would expect a woman’s risk of PTD to be
greater if she herself was born preterm than if her siblings

were delivered prematurely. We did not see such a trend in
our data; the ratio between these risk ratios was 0.92 (95%
CI: 0.72, 1.17). In contrast, our results are consistent with
both fetal and maternal genotype effects under a mitochondrial inheritance scenario. Interestingly, data from assisted
reproductive technology conceptions show that the rates of
PTD are similar whether women use their own eggs or donor
eggs (which retain mitochondria from the donor) (22), suggesting that the maternal genotype, and not the fetal genotype, is important in PTD. Ultimately, data from more
extended pedigrees and comprehensive molecular genetic
studies would be needed to fully characterize the genetic
architecture of PTD risk.
When dividing PTDs into specific gestational intervals,
we found, consistent with previous studies (23–26), that recurrence risks were greatest for women with a personal history of early PTD. We note, however, that the high risk ratio
given a personal or family history of early PTD cannot alone
account for the aggregated results (PTD in weeks 20–36).
For example, women with a personal history of late PTD
(week 36) were 3.3 times more likely to have a very early
PTD (weeks 20–29) than women who had previously delivered in weeks 37–41 but not earlier. Thus, while mechanisms contributing to PTD may be of varying importance at
different time points of gestation, the patterns of inheritance
presented here are apparent in all 4 gestational intervals
from very early to late preterm delivery.
Although our study results are specific to the Danish population, it seems likely that etiologies for PTD will be
shared, although in different proportions, across populations. For example, as in our study, a recent study from
Norway found that, compared with mothers themselves
born at term, mothers born prematurely had an increased
Am J Epidemiol 2009;170:1358–1364
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PTD are a matter of continued discussion. The traditional
distinction between spontaneous and medically indicated
PTDs may not be optimal, since conditions motivating medical intervention often share mechanisms also leading to
spontaneous PTD (34). Furthermore, spontaneous PTD
has been associated with increased risks of both recurrent
spontaneous PTD and medically indicated PTD, and vice
versa (35). A recent study of very early PTD found empirical support for an alternative, biology-based classification
scheme with 2 broad groups. One group was associated with
intrauterine inflammation, while the other was associated
with abnormal placentation (36). PTDs in either group could
be genetically mediated. It remains, however, to be investigated how well this classification scheme works for less
extreme PTDs. Furthermore, application of this method
would necessitate careful chart review and would not be
feasible for studies based on health register data (37). Such
fine level characterization would be much more feasible in,
for example, genome scans with a few thousand cases and
controls.
In conclusion, we showed that, in addition to a history of
PTD in a woman’s own previous deliveries, a history of PTD
in her mother, full sister, or maternal half-sister also significantly increases a woman’s risk of PTD. In contrast, PTDs
in her paternal half-sister, the female partners of her male
relatives, or any member of her partner’s family do not
affect her risk of PTD. We propose that variants in imprinted
genes, mitochondrial genes, or other unrecognized maternal
effects could play a role in producing these patterns and
suggest that the search for genetic variants involved in
PTD should pay special attention to such genes in the maternal genome (e.g., by having a lower threshold for including such variants in the follow-up stages of a genome scan).
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