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The contribution of genetic and environmental factors
to the duration of pregnancy

Timothy P. York, PhD; Lindon J. Eaves, PhD; Michael C. Neale, PhD; Jerome F. Strauss III, MD, PhD

This review describes how improvements in biometric-genetic studies of twin kinships,
half-sibships, and cousinships have now demonstrated a sizeable fetal genetic and
maternal genetic contribution to the spontaneous onset of labor. This is an important
development because previous literature for the most part reports only an influence of the
maternal genome. Current estimates of the percent of variation that is attributable to fetal
genetic factors range from 11—35%; the range for the maternal genetic contribution is
13—20%. These same studies demonstrate an even larger influence of environmental
sources over and above the influence of genetic sources and previously identified
environmental risk factors. With these estimates in hand, a major goal for research on
pregnancy duration is to identify specific allelic variation and environmental risk to ac-
count for this estimated genetic and environmental variation. A review of the current
literature can serve as a guide for future research efforts.
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“Duration of pregnancy and intra-
uterine growth are dark areas in
human biology”'

B irths at <37 completed weeks of
gestation are preterm and account
for most perinatal deaths and mor-
bidity.”” Preterm birth has been shown
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to be associated with adverse outcomes
early in life through adulthood.”'' In
humans, spontaneous preterm labor in
infants without congenital abnormalities
has been described as a culmination of
a series of physiologic and anatomic
changes in both the mother and fetus.'* "
Initial evidence for the identity of these
factors was derived from reports that
preterm birth is correlated among suc-
cessive births of the same mother and
between other familial relationships."'®
The etiologic factors that explain these
correlation patterns could be genetic
factors that are shared among relatives,
environmental factors that are shared
within a family, or both.

Perhaps the most fascinating etiologic
aspect of the duration of pregnancy is
the consideration of both the fetal and
maternal genomes, yet the interplay be-
tween the in utero environmental effect of
the maternal genotype and the develop-
mental effect of the fetal genotype presents
challenges to the understanding of path-
ophysiologic mechanisms. On the other
hand, environmental sources of variation
can be partitioned into familial sources
into those that influence all births of the
same mother (eg, socioeconomic status)
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and those that are unique to individual
pregnancies (eg, infectious disease). Bio-
metric genetic theory and conceptual
models that have been developed over the
past 100 years provide the framework to
test competing hypotheses regarding ge-
netic and environmental contributions to
the duration of pregnancy. Considering
the magnitude of the public health impact
of preterm birth, surprisingly few of these
studies have been conducted to quantify
these sources. Although these studies have
provided compelling evidence for genetic
influence on individual differences in the
duration of pregnancy, many basic ques-
tions remain as to the nature of these
sources that are fundamental to continued
research efforts. In this review, we assess
current genetic epidemiologic findings in
this area to address the following ques-
tions regarding the spontaneous onset of
labor: (1) does the fetal and/or maternal
genome contribute to differences in the
duration of pregnancy? (2) To what extent
do environmental factors contribute dif-
ferences in the duration of pregnancy, and
are these more/less important than genetic
factors? (3) Is there heterogeneity in the
effect of these factors across self-identified
racial/ethnic groups that could account
for known differences in preterm birth
rates?

Genetic epidemiologic research

and the duration of pregnancy

Birth outcomes research provides a
fascinating model of inquiry, potentially
involving direct effects of and interaction
between the fetal and maternal genomes.
Yet, before specific factors underlying the
duration of pregnancy can be examined,
standard practice in genetic epidemio-
logic research is to use a top-down gene
finding approach to first estimate the
overall extent to which genetic factors
influence the phenotype of interest and
whether these are of fetal origin,
maternal origin, or both (Appendix).
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The classic twin design has been applied
widely to estimate the contribution of
genetic and environmental factors that
range from anthropomorphic traits to
psychiatric outcomes.'” For studies of
birth outcomes, these models have
included extended family structures to
avoid the biases inherent in twin births
that restrict generalizability to singleton
births. Including the offspring of twins,
siblings, and half-siblings allows for a
wider array of hypotheses to be tested
and has been shown to increase statistical
power.'® The information necessary to
separate genetic from environmental ef-
fects is contained in the covariances of
relationships that vary in their biologic
relatedness,”” As an example, cousins
who are related through brothers on
average share one-eighth of their genes
and therefore a rough estimate of fetal
genetic influences (because the mothers
of these cousins are unrelated) can be
derived by calculating the correlation
between these collateral relatives.
Although inspection of familial correla-
tions provides a useful summary of
the magnitude of genetic and envi-
ronmental influence, these parameters
typically are estimated across several
biologic relationships simultaneously
with the use of structural equation
modeling techniques.”’

Throughout this review, we adopt
the convention that preterm birth is a
clinically meaningful threshold that is
imposed on the continuum of gesta-
tional age. Other informative thresholds
have been proposed, including very early
preterm birth (births at <32 weeks’
gestation) and postterm birth (births at
>42 weeks’ gestation). Unless otherwise
demonstrated, the choice of threshold
does not necessarily imply anything
fundamental about the underlying ge-
netic mechanisms; it merely reflects a
current judgment about when medical
intervention is likely to be beneficial
and cost-effective. Decisions about
“where to draw the line” change as
medical research obtains better infor-
mation about the long-term conse-
quences of particular trait levels. As
understanding advances so do the stan-
dards of assessment and the criteria for
clinical intervention.

Genetics

Genetic contributions to the duration
of pregnancy

Genetic variance is a function of allele
frequencies and their effect sizes, both
of which can vary across populations.
Similarly, the influence of environmental
factors may differ between populations.
Therefore, it should be cautioned that es-
timates of heritability from one popula-
tion do not necessarily predict heritability
in other populations. Because heritability
is a ratio of variances (Appendix) and
although the amount of genetic variance
could be constant across populations, the
total variance could differ because of
differences in the environmental vari-
ances and result in population-specific
heritability estimates. For example, hu-
man height has been shown to be highly
heritable, with estimates that range from
87—93% across several Western coun-
tries.”’ In poorer countries, the pro-
portion attributable to environmental
sources is larger and results in lower
heritabilities.*”

Heritability estimates for the duration
of pregnancy in European and European
American samples support the influence
of both fetal and maternal genomes
(Table). The contribution of fetal genetic
factors range from 11—35%; the range for
the maternal genetic contribution is
13—20%. The Norwegian” and Swed-
ish'” studies listed are consistent in their
genetic proportions; the US sample™ of
individuals self-described as European
American report a much larger propor-
tion of fetal genetic variance than the
European samples. The interpretation of
genetic proportions across studies is
limited because the total variance of
gestational age can differ between samples
and would require the unstandardized
parameter estimates to be reported on the
same scale for each study. Nevertheless,
these studies importantly demonstrate (1)
the consistency of both fetal and maternal
genetic effects in explaining interindi-
vidual differences in gestational age at
birth and (2) that these estimates are as
large as or larger than environmental in-
fluences shared among births.

The 2 remaining studies that are listed
in the Table partition the variance
of gestational age at birth by dichoto-
mizing the data at clinically meaningful

thresholds. The first study classifies births
as preterm if it occurs at <37 completed
weeks’ gestation,” and the second study
classifies births that have occurred at >41
completed weeks gestation (postterm).”®
The results from these 2 studies differ
considerably in the proportion of fetal
genetic and familial environmental influ-
ence, which suggests that these factors may
vary in their effects across the range of
gestational age. Although the attempt here
is to diagnose different contributions at
particular clinical definitions, it is not clear
that moving the threshold provides addi-
tional information about genetic and
environmental mechanisms under the
assumption of a single underlying con-
tinuum of risk. This approach generally
would lack the modeling framework to
test whether variance components differ
significantly at either end of the gestational
age distribution. We have shown empiri-
cally and by simulation studies that
imposing thresholds in the tails of the
gestational age distribution results in ge-
netic and environmental parameter esti-
mates that vary widely because of a
marked decrease in their precision, espe-
cially for more extreme thresholds."”

In epidemiologic studies, there is a
high price associated with imposing a
threshold on an otherwise continuous
phenotype such as gestational age at birth,
because it provides no gain in informa-
tion and usually results in dramatically
lower statistical power.””** Dichotomi-
zation classifies distinct groups of in-
dividuals on the phenotype of interest
and argues that there exists a natu-
ral boundary between these groups.
Although conceptually attractive, this
position can be difficult to justify empir-
ically, because it eliminates variation
within groups. An alternative viewpoint
suggests that individuals, rather than
belonging to discrete groups, could be a
“mixture” of groups. For instance, it is
possible that the overall distribution of
gestational age at birth is comprised of
2 underlying risk distributions, each
describing a different model of genetic
risk. This might involve an increase in
genetic risk with increasing gestational
age or a multiplicative model of risk.
The point of this discussion is not to
support 1 mechanism or the other, but

MAY 2014 American Journal of Obstetrics & Gynecology 399


http://www.AJOG.org

Download English Version:

https://daneshyari.com/en/article/3433164

Download Persian Version:

https://daneshyari.com/article/3433164

Daneshyari.com


https://daneshyari.com/en/article/3433164
https://daneshyari.com/article/3433164
https://daneshyari.com/

