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ABSTRACT

Background: The number of women who delay childbirth to
their late 30s and beyond has increased significantly over the
past several decades. Studies regarding the relation between
older maternal age and the risk of stillbirth have yielded in-
consistent conclusions. In this systematic review we explored
whether older maternal age is associated with an increased
risk of stillbirth.

Methods: We searched MEDLINE, EMBASE and the Cochrane
Database of Systematic Reviews for all relevant articles (origi-
nal studies and systematic reviews) published up to Dec. 31,
2006. We included all cohort and case—control studies that
measured the association between maternal age and risk of
stillbirth. Two reviewers independently abstracted data from
all included studies using a standardized data abstraction
form. Methodologic and statistical heterogeneities were re-
viewed and tested.

Results: We identified 913 unique citations, of which 31 ret-
rospective cohort and 6 case—control studies met our inclu-
sion criteria. In 24 (77%) of the 31 cohort studies and all 6 of
the case—control studies, we found that greater maternal age
was significantly associated with an increased risk of still-
birth; relative risks varied from 1.20 to 4.53 for older versus
younger women. In the 14 studies that presented adjusted
relative risk, we found no extensive change in the direction
or magnitude of the relative risk after adjustment. We did
not calculate a pooled relative risk because of the extreme
methodologic heterogeneity among the individual studies.

Interpretation: Women with advanced maternal age have an
increased risk of stillbirth. However, the magnitude and
mechanisms of the increased risk are not clear, and prospec-
tive studies are warranted.

Une version frangaise de ce résumé est disponible a I’adresse
www.cmaj.ca/cgi/content/full/r78/2/165/DCr

CMA]J 2008;178(2):165-72

ver the past several decades, economic, technologic
and social changes in the developed world have sig-
nificantly increased the number of women who delay
childbirth to their late 30s and beyond. Between 1980 and 1993
in the European Union, the mean maternal age at first birth
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rose by 1.5 years, from 27.1 to 28.6 years.' Between 1991 and
2001 in the United States, the percentage of first births for
women 35-39 years of age increased by 36% and that for
women 40—44 years of age increased by 70%.>* This huge de-
mographic shift has become an important public health issue,
since numerous studies have indicated that increased mater-
nal age (35 years of age or older) is associated with an in-
creased risk of maternal morbidity, obstetric interventions and
adverse pregnancy outcomes.***

The intention to conceive and the timing of conception are
complex issues influenced by many factors. Understanding
the potential outcomes of pregnancy at an advanced maternal
age may constitute one of these factors. Stillbirth, or late fetal
death, is one of the adverse pregnancy outcomes of most con-
cern, but studies on the relation between increased maternal
age and stillbirth risk have led to inconsistent conclusions.
We therefore conducted a systematic review of observational
studies to explore the association between advanced maternal
age and the risk of stillbirth.

Methods

Literature search

To identify relevant studies, we searched the medical litera-
ture for articles published up to Dec. 31, 2006, using MED-
LINE (from 1966), EMBASE (from 1980) and the Cochrane
Database of Systematic Reviews. The search terms included
“maternal age,” “childbearing,” “fetal death,” “perinatal
mortality” and terms identifying observational studies and
systematic reviews (for search strategies, see online Appendix
1 available at www.cmaj.ca/cgi/content/full/178/2/165/DC2).
We also hand-searched the bibliographies of retrieved articles
to identify additional related studies. We did not attempt to
identify articles from the grey literature (unpublished studies
with limited distribution, e.g., conference proceedings, the-
ses, website archives or newsletters). No language restriction
was imposed.
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Study selection

We included all cohort studies (prospective or retrospective) and
all case—control studies that examined the association between
advanced maternal age and stillbirth risk. To be included in the
systematic review, studies had to cite the odds ratio or relative
risk of stillbirth by maternal age or had to provide sufficient data
to allow us to construct contingency tables detailed enough to
calculate the relative risk of stillbirth by maternal age.

Data abstraction and quality assessment

Two reviewers (L.H. and C.v.W.) independently abstracted data
from all of the included studies. Abstracted data included study
design; type of database used for analysis (population-based or
hospital-based), if any; characteristics of the study subjects, in-
cluding plurality (singletons, multiple births or both) and par-
ity (nullipara, multipara or both); stillbirth definition in terms
of gestational week and birth weight; types of stillbirths in-
cluded; potential confounders or effect modifiers considered;
numbers of live births and stillbirths by maternal age group;
and risk ratio or odds ratio for stillbirth. We assessed the qual-
ity of each study using the Newcastle-Ottawa Scale for nonran-
domized studies in meta-analyses.** Differences in data ab-
straction were resolved by consensus after reference back to the
original article. The interobserver agreement for data abstrac-
tion was measured using weighted kappa statistics.**

Data analysis
We recorded both the crude and (if available) adjusted risk ra-
tio or odds ratio and 95% confidence interval (CI) for still-

Studies identified by database
searches (titles and abstracts)
n =990

—— Excluded n=77
o Duplicates

Y

Studies retained for initial
screening of titles and abstracts
n=913

—— Excluded n =862
o Letters n=1
« Reviews n=9
« Studies not reporting
association n = 852
Y

Studies eligible for inclusion
n = 54*

—— Excluded n=17
« Did not report an effect
measure

Y

Studies included in analysis
n=37

Figure 1: Selection of studies for systematic review. *Includes 3
studies identified through manual search.
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birth risk by maternal age for each individual study. Risk ra-
tios and odds ratios greater than 1.0 indicate an increased risk
of stillbrith among older women. We assessed the hetero-
geneity of the results of the individual studies using the
Cochran Q-test for all studies, for population-based cohort
studies, for hospital-based cohort studies and for case—
control studies.

Results

Through the literature search, we initially identified 913
unique citations (Figure 1). After our detailed review, 37 stud-
ies (31 retrospective cohort studies”*>****** and 6 case—
control studies****") met the inclusion criteria. Of the included
studies, 16 were from Europe, 9 from North America, 5 from
Asia, 4 from Latin America and 3 from Africa. Thirty-two of
the studies were published in English, and the remaining 5
were published in French, Spanish, German or Italian. The
literature search also identified 21 relevant systematic reviews.
However, none of these reviews reported a systematic search
for or analysis of individual studies focusing on the relation
between advanced maternal age and stillbirth risk. Overall,
the studies included in our review were of high quality: all
studies scored 7 or higher on the Newcastle-Ottawa scale
(maximum score g). Of the 37 studies, 20 (54%) scored g, 5
(14%) scored 8, and 12 (32%) scored 7 (Table 1). The kappa
score was 0.92, which indicated very good agreement be-
tween the reviewers with regard to study quality score.*®

The characteristics of the individual studies are summarized
in Appendix 2 (available online at www.cmaj.ca/cgi/content
[full/178/2/165/DC2). Data collection extended from 1959 to as
recently as 2003. Most of the studies were very large, with a me-
dian sample size of 78 453 births or women. In 17 of the stud-
ies, multiple births were included in the analysis. Studies varied
with regard to criteria for defining stillbirth, and some had no
specific gestational age or birth weight criteria for stillbirth. In
16 studies there was no adjustment for any other variables
when the association of maternal age with stillbirth risk was
measured. Studies varied extensively in their definitions of in-
creased maternal age and in terms of the maternal age group
used as the comparator. Fifteen studies excluded births among
women lower than a particular age. Notably, in only 2 of the
studies was maternal age entered into the regression model as
a continuous variable,*»* but these studies did not report a lin-
earity check for the association between maternal age and still-
birth risk. It is important to take into account possible nonlin-
earity when a continuous exposure is included in conventional
logistic regression models, since violation of the assumption of
a linear logit relation between the continuous exposure and
outcome can invalidate analyses.

We found statistical heterogeneity for all included stud-
ies, for the population-based cohort studies and for the hos-
pital-based cohort studies (p < o.oo1 for the 3 tests of het-
erogeneity). The results of the case—control studies were
homogeneous (p = 0.40). Because of the statistical and im-
portant clinical and methodological heterogeneities, we did
not perform meta-analytic combination of the results of
these studies.
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Among the 31 retrospective cohort studies, 24 (77%) had
a statistically significant association between increased ma-
ternal age and stillbirth (Figure 2). In addition, for all 15 pop-

ulation-based studies, there was a sig-
nificant association between increased
maternal age and stillbirth risk. The re-
ported crude relative risk of stillbirth var-
ied from 1.20 to 4.53 for older versus
younger women. The most commonly
used definition of advanced maternal age
in these studies was 35 years or more for
older women, with age less than 35 years
or 20—34 years used as the reference
group (these 2 definitions were used in
10 of the 24 studies). The authors of
these 10 studies reported a stillbirth risk
among older women that was 1.26 to
1.92 times higher than the risk among
women less than 35 years of age. In 7 of
the 31 studies, there was no statistically
significant relation between older mater-
nal age and stillbirth risk. All of these
7 studies were based on hospital-level
databases (Figure 2). In all 6 case—
control studies, there was a significant
relation between advanced maternal age
and stillbirth risk; the crude odds ratios
were similar to those reported for the co-
hort studies (Figure 2).

In 21 (57%) of the studies (15 retro-
spective cohort studies and all 6
case—control studies), the researchers
controlled for potential confounders
when measuring the association be-
tween maternal age and stillbirth risk.
Both crude and adjusted risk ratios or
odds ratios were reported for 14 of these
21 studies (Figure 3). Different con-
founders were adjusted for in each
study, most frequently parity and smok-
ing, followed by education, race, chro-
nic medical problems, prenatal care and
body mass index. After adjustment for
confounders, the risk ratios or odds ra-
tios did not change extensively in either
magnitude or direction. The one excep-
tion was the study by Sheiner and col-
leagues,®® in which the crude relative
risk of 1.48 (95% CI 0.74-2.96) among
women more than 35 years of age in-
creased to 2.10 (95% CI 1.10-3.80) after
adjustment.

Interpretation
The number of women who are experi-

encing childbirth at an older age is in-
creasing dramatically. We identified 37

studies that examined the association between increased
maternal age and stillbirth, more than 80% of which
demonstrated a statistically significant increase in the risk

Table 1: Quality assessment* of 37 individual studies of the association between

advanced maternal age and stillbirth risk that were included in the systematic review

Outcome Total
Study Selection Comparability  or exposure score
Retrospective cohort
studies (n = 31)
Astolfi et al™ * kKK * x * % % 9
Astolfi et al'® * KKK * % * % % 9
Bianco et al'® * Kk Kk * x * % % 9
Canterino et al"” * K Kk * % * % % 9
Cnattingius et al’ * Kk Kk * x * % % 9
Conde-Agudelo et al™® * X Kk * % * K Kk 9
Donoso et al" * Kk Kk x % % 7
Feldman?® x K xx * * % % 8
Feresu et al*! * kK K S e 7
Fretts et al'® x K xx * % * % % 9
Fretts et al? * Kk Kk x % % 7
Gadow et al® * K Kk * kX 7
Glinianaia et al** * k% * * K ok 8
Haglund et al?® * kK K * * * % % 9
Heimann et al? * K Kk * kX 7
Jacobsson et al?’ * k% * * * K ok 9
Jolly et al’ x K xx * % * % % 9
Khandait et al?® * %k Kk x % % 7
Kristensen et al® * K Kk * % * % % 9
Lammer et al*® * Kk Kk x % % 7
Naeye®' * Kk K * % % 7
Nybo Anderson et al* * Kk kK * K % 7
Pugliese et al® * K Kk * kX 7
Rasmussen et al* * k% * * K ok 8
Raymond et al*® * K Kk * % * % % 9
Roman et al* * k% * * K K 8
Seoud et al*’ x K xx * * % % 8
Sheiner et al®® * k% * % * K ok 9
Tough et al* * kK K * K k 7
Viegas et al* * k% * % * K ok 9
Ziadeh*! * kK K * K k 7
Case-control studies (n = 6)
Ferraz et al* x K xx * % * % % 9
Little et al®® * k% * % * K ok 9
Meda et al* * kK Kk * * % * 9
Petridou et al® * Kk Kk * x * % % 9
Smeeton et al* * ok k * * % * 9
Stephansson et al*’ * kKK * % * % % 9

CMAJ

*According to the Newcastle-Ottawa Scale for nonrandomized studies in meta-analyses.'> Maximum score
for selection = 4 stars, maximum score for comparability = 2 stars, maximum score for outcome (for
retrospective cohort studies) or exposure (for case-control studies) = 3 stars, maximum total score = 9.
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of stillbirth among women of advanced maternal age.
However, the absolute increase in risk was relatively small
in studies from developed countries, with crude odds ratios
varying from 1.20 to 2.23 on top of baseline stillbirth rates
varying from 1.55 to 17.89 per 1000 total births. Fourteen
studies adjusted this association for potential confounders,
and 8 of them found less than a 10% difference between
crude and adjusted relative risks or odds ratios. This result
suggests that the association between increased maternal
age and stillbirth risk is probably independent of many
other known factors that could increase with age.

The biological mechanism of the increase in stillbirth risk
with advanced maternal age is uncertain. A direct effect of
maternal aging may exist. This would probably be related to
low uteroplacental perfusion caused by poor uterine vascula-
ture in older women.** The increased risk could also be at-
tributed to the association between older age and certain risk
factors for stillbirths, such as chronic diseases and medical
or obstetric complications. Older women have a higher risk
of experiencing pregnancy-induced hypertension or gesta-
tional diabetes.* Between 50% and 70% of mothers of still-
born infants had medical or pregnancy complications during
their pregnancies.* The relative contributions of advanced
maternal age and chronic conditions that may influence
pregnancy outcomes remain to be fully elucidated. Addi-
tional studies are required to determine the mechanism by
which advanced maternal age increases stillbirth risk.

Maternal age and parity are 2 closely related demographic
factors. They are commonly included in obstetric care records
because of their influences on pregnancy complications and
outcomes. In clinical practice, both older nulliparous and
younger multiparous women are considered to be at in-
creased risk of adverse pregnancy outcomes. Studies have
demonstrated that the association of maternal age with out-
comes, including placenta previa and abruptio placentae*®
and neonatal mortality,”* varies significantly by parity. How-
ever, few researchers have used multivariate regression analy-
sis to address the interaction between parity and maternal age
in terms of its effect on the risk of stillbirths. For example,
only 3 (8%) of the 37 individual studies in our review included
a test for interaction between parity and maternal age. Further
study is required to explore this interaction in more detail.

We did not perform a meta-analysis to determine an over-
all effect measure because of extensive heterogeneity in study
design, measurement and even definition of stillbirth across
the studies. There were several other notable variations
among the studies. First, the definition of “increased mater-
nal age” was variable (see Appendix 2, available online at
www.cmaj.ca/cgi/content/full/178/2/165/DC2). This varia-
tion probably reflects the clinical uncertainty about the ma-
ternal age at which stillbirth risk increases. In 1958 the Inter-
national Federation of Gynecology and Obstetrics defined
pregnant women 35 years or older as “elderly primigravi-
dae.””* In obstetric practice, pregnant women older than 35
years have been regarded as being at higher risk and are con-
sidered for routine genetic screening. However, the 35-year
threshold is not applicable for healthy women who do not
engage in risky behaviours such as smoking, because neona-
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tal outcomes in such women do not change up to the age of
40 years.>® Other researchers have even suggested that, in the
absence of pre-existing medical disorders, pregnancy at 45
to 50 years of age is safe.® Because it is difficult to assign a
risk cut point to a continuous variable such as age, we believe
that future studies should model age as a continuous variable
when its association with stillbirth risk is being considered.

The inclusion or exclusion of multiple births was a second
major source of heterogeneity among the studies, with some
researchers including all deliveries and others excluding
women with multiple births. Complications such as low birth
weight, preterm labour and stillbirth are more likely with
multiple births.**” Older women are 1.5 to 2 times more
likely than younger women to have a multiple birth,*>***° at
least in part because of their greater use of assisted reproduc-
tive technology. Therefore, we recommend that future studies
examining the association between increased maternal age
and stillbirth risk exclude multiple births or carefully consider
their effect.

Study setting was a third major source of heterogeneity. Of
the 16 hospital-based cohort studies, 7 had no statistically
significant increase in the risk of stillbirth with older mater-
nal age. Most of these 7 studies were performed in academic
hospitals or medical centres. Older women with high socio-
economic status may seek obstetric care in academic hospi-
tals, especially when delivering their first baby. At the same
time, many of these hospitals are located in impoverished
neighbourhoods, where young women with low socioeco-
nomic status typically receive their routine obstetric care. An
increased risk of adverse obstetric outcomes for these women
may obscure the association between advanced maternal age
and stillbirth risk.

The association between increased maternal age and still-
birth risk was essentially similar across the studies, despite
the extensive methodologic heterogeneity. In particular, pop-
ulation-based studies with large sample sizes, which ac-
counted for almost half of the studies included in our review,
had consistent results regarding this association. Also, ad-
justment for a wide variety of potential confounders had little
effect on the association between maternal age and stillbirth
(Figure 3). We believe that these observations suggest a stable
and valid association between increased maternal age and
stillbirth risk.

Women should understand that the risks associated with
pregnancy increase as they get older. In this systematic re-
view, we have demonstrated that risk of stillbirth is one of
the risks that increases with advanced maternal age. How-
ever, since the absolute stillbirth rate among older women is
less than 10 per 1000 births in most industrialized countries,
a live birth can be expected in most cases if appropriate med-
ical care is provided. Thus, increased maternal age should
not be considered an absolute barrier to the decision to have
a child, at least in terms of the risk of stillbirth.

Limitations

The limitations of this systematic review stem primarily from
the studies themselves. First, we did not perform a meta-
analysis or meta-regression because of the extreme method-
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