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Objective: The objective of the study was to examine the relationship of maternal age with still-

birth risk throughout gestation.
Study design: A total of 5,458,735 singleton gestations without reported congenital anomalies
from the 2001 to 2002 National Center for Health Statistics perinatal mortality and natality files
were analyzed. Hazard rates (risk) of stillbirth (fetal death 20 weeks or longer) were calculated for

each week of gestation.
Results: The risk of stillbirth at 37 to 41 weeks for women 35 to 39 years old was 1 in 382 ongoing
pregnancies and for women 40 years old or older, 1 in 267 ongoing pregnancies. Compared with

women younger than 35 years old, the relative risk of stillbirth was 1.32 (95% confidence interval
1.22, 1.43) for women 35 to 39 years old and 1.88 (95% confidence interval 1.64, 2.16) for women
40 years old or older at 37 to 41 weeks. This effect of maternal age persisted despite accounting

for medical disease, parity, and race/ethnicity.
Conclusion: Women who are of advanced maternal age are at higher risk of stillbirth throughout
gestation; the peak risk period is 37 to 41 weeks.

� 2006 Mosby, Inc. All rights reserved.
In the United States, approximately 26,000 stillbirths
occur every year.1 The stillbirth rate has decreased
dramatically since the 1950s with the introduction of in-
terventions for diabetes, pre-eclampsia, and Rh isoim-
munization. However, although the infant mortality
rate declined by 34% from 10.6 in 1985 to 7.0 per
1000 live births in 2002, the stillbirth rate declined by
only 18%, from 7.8 to 6.4 deaths per 1000 live births.1

Black women have approximately twice the rate of still-
birth of white women.1 Other risk factors that modify
the risk of stillbirth include maternal age, parity,
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socioeconomic status, medical conditions, and obstetric
complications.2-7

Multiple studies have established maternal age as
a risk factor for stillbirth by comparing the number of
stillbirths to live births or deliveries in that gestational
age window.2-4 One such study by Fretts et al2 found
that women 35 to 39 years old had a nearly 2-fold in-
crease in the rate of stillbirth, compared with women
younger than 30 years old (odds ratio 1.9; 95% confi-
dence interval [CI] 1.3, 2.7) and women 40 years old
or older had a 2.4-fold increased rate (95% CI 1.3, 4.5).

Because gestational age may affect the risk of still-
birth, it is important to analyze risk of stillbirth by a
method that takes gestational age into account. In 1987
Yudkin et al8 proposed defining stillbirth risk as the
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number of stillbirths occurring in a defined period after
each gestational age per 1000 fetuses undelivered at that
gestational age. This approach more closely approxi-
mates the risk of stillbirth at a particular time in gestation.
As a result, this study as well as others comparing the
number of stillbirths in ongoing pregnancies found that
the risk of unexplained stillbirth7,8 as well as overall still-
birth6,8,9,10 increased as gestational age advanced toward
42 weeks, peaking at 41 to 42 weeks. Raymond et al6 used
Swedish Medical Birth Register data from 1983 to 1989
to demonstrate that advanced maternal age increased
the risk of stillbirth throughout gestation by comparing
the number of stillbirths in ongoing pregnancies.

The objective of this study was to examine the
relationship of maternal age to the risk of stillbirth at
each week throughout gestation using a large, recent
U.S. population-based data set. The risk of stillbirth was
defined as the number of stillbirths occurring in a
defined gestational age week for ongoing pregnancies
at that gestational week using life table analysis. The
secondary aims of the study were to examine the effect
of maternal medical disease, parity, and race on the
association of advanced maternal age and the increased
risk of stillbirth.

Material and methods

The sources of data were National Center for Health
Statistics perinatal mortality and natality files for 2001
and 2002 combined. We selected the following 36 states
for analyses because they met the criteria of 80% or
greater complete reporting for the specific data entry
fields on Hispanic origin, method of delivery, and
prenatal care history: Alabama, Arizona, Arkansas,
California, Colorado, Connecticut, Delaware, Idaho,
Illinois, Indiana, Iowa, Kansas, Kentucky, Louisiana,
Maryland, Michigan, Minnesota, Mississippi, Missouri,
Montana, Nebraska, New Hampshire, New Jersey, New
Mexico, North Carolina, North Dakota, Ohio, Oregon,
South Carolina, South Dakota, Tennessee, Texas, Utah,
West Virginia, Wisconsin, and Wyoming.

Stillbirth was defined as fetal death occurring at 20
weeks of gestation or longer. A total of 5,458,735
singleton gestations without congenital anomalies were
evaluated. Maternal age was grouped as follows: youn-
ger than 20 years, 20 to 24 years, 25 to 29 years, 30 to 34
years, 35 to 39 years, and 40 years or older. The hazard
of stillbirth at each gestation week was estimated by the
number of stillbirths occurring during that week divided
by the number of ongoing pregnancies at the beginning
of that week minus half of the live births in that week.
Risk of stillbirth at gestation intervals was calculated
for each maternal age group as the number of stillbirths
occurring during the interval divided by the number of
ongoing pregnancies at the beginning of the interval
minus half of the total live births in that gestation
interval.

The maternal age groups of younger than 20, 20 to
24, 25 to 29, and 30 to 34 years were collapsed into
a single group, women younger than 35 years. Using
women younger than 35 years of age as the comparison
group, the relative risk (RR) of stillbirth at 35 to 39
years and 40 years old or older was calculated as the risk
of stillbirth for 35 to 39 years and 40 years old or older
divided by the risk of stillbirth for younger than 35 years.
The 95% CI of RR for age group 1 versus group 2 was
calculated as (RR � exp [–1.96Ov], RR � exp [1.96Ov]),
where v= variance of (logeRR)= (1 – [group 1 stillbirth
risk])/(group 1 number of stillbirth) C (1 – [group 2
stillbirth risk])/(group 2 number of stillbirth).

To estimate the percentage of stillbirth risk not
related to medical conditions, the risk of stillbirth was
also calculated using singleton gestations from healthy
mothers without reported medical conditions during
pregnancy. Medical conditions included the following
diseases: diabetes, chronic hypertension, pregnancy-
associated hypertension, eclampsia, renal, or cardiac
or lung diseases. The stillbirth risk of mothers without
reported medical conditions was compared with the
stillbirth risk of the total population. A total of 31,881
singleton nonanomalous gestations had missing data for
maternal medical disease (0.58%). These gestations with
missing values were excluded from stratified analyses.
Stratified analyses were done by parity (primipara,
multipara) and by race/ethnicity (non-Hispanic white,
non-Hispanic black, Hispanic, non-Hispanic other).
All data analyses were performed using the statistical
software SAS (version 9, SAS Institute, Cary, NC).

Results

We analyzed 5,458,735 singleton, nonanomalous gesta-
tions from 2001 to 2002. The maternal age distribution
of the total population was 87.4% for younger than 35
years, 10.4% for 35 to 39 years, and 2.2% for older than
40 years. The overall cumulative hazard for stillbirth per
1000 pregnancies through 41 weeks’ gestation was 6.5.

The Figure depicts the hazard (risk) of stillbirth per
1000 ongoing pregnancies for each week of gestation
from 20 to 41 weeks according to maternal age. The cu-
mulative hazards for stillbirth per 1000 pregnancies
through 41 weeks’ gestation for women younger than
35 years, 35 to 39 years, and older than 40 years were
6.2, 7.9, and 12.8, respectively. The extremes of gesta-
tion were associated with the highest hazard of stillbirth
for all women: 41 weeks was the period of highest risk
followed by 20 to 23 weeks. In addition, the largest in-
crease in risk for women 35 years old or older started
at 39 weeks’ gestation and peaked at 41 weeks. Women
40 years old or older had a large increase in risk,
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Figure Hazard (risk) of stillbirth for singleton births without congenital anomalies by gestational age, 2001-2002.
especially at term gestation. For example, women 40
years old or older had a similar stillbirth risk at 39.0
weeks as 25- to 29-year-olds at 41 weeks, and once
they passed 40 weeks, their risk exceeded that of all
women younger than 40 years old at term gestation.

Table I shows the relative risk of stillbirth for women
35 years old or older, compared with those younger
than 35 years throughout gestation. Women in the 35-
to 39-year-old group had an increased risk of stillbirth,
compared with women younger than 35 years at the fol-
lowing gestational age intervals: 20 to 23, 24 to 27, 34 to
36, 37 to 38, 39 to 40, and 41 weeks. Women 40 years
old or older had a significantly increased risk of stillbirth,
compared with women younger than 35 years across all
gestational ages (20 to 41 weeks).

The risk of stillbirth for women 35 to 39 years at 37 to
41 weeks’ gestation was approximately 1 in 382 ongoing
pregnancies, RR being 1.32-fold greater (95% CI 1.22,
1.43) when compared with women younger than 35
years. The risk of stillbirth for women 40 years old or
older at 37 to 41 weeks’ gestation was approximately
1 in 267 ongoing pregnancies, RR being 1.88-fold
greater (95% CI 1.64, 2.16) when compared with women
younger than 35 years. The relative risk was 3-fold
higher for women 40 years old or older than women
younger than 35 years by 41 weeks.
The effect of reported maternal medical disease is
presented in Table I. The overall percentage of women
with reported maternal medical disease during preg-
nancy was 8.1% for women younger than 35 years,
11.2% for women 35 to 39 years old, and 14.4% for
women 40 years old or older. When women without
medical conditions were analyzed, the same stillbirth
trends associated with advanced maternal age status
and gestational age week were observed as in the general
population. The 35- to 39-year-old group had an in-
creased stillbirth risk, compared with women younger
than 35 years at 20 to 23, 24 to 27, 34 to 36, 37 to 38,
39 to 40, and 41 weeks. Women 40 years old or older
demonstrated an increased stillbirth risk across all gesta-
tional ages.

Among women without medical conditions at 37
to 41 weeks, women 35 to 39 years old had 1.28-fold
increased relative risk (95% CI 1.17, 1.41) and women
40 years old or older had 1.79 increased relative risk
(95% CI 1.52, 2.10), compared with women younger
than 35 years. When women with medical conditions
were excluded, there was a decrease in risk of stillbirth at
every gestational age for every maternal age group. For
example, the stillbirth risk for women 40 years old or
older without medical conditions decreased by 15.6%,
compared with all women 40 years old or older at 37 to
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Table I Risk of stillbirth for women younger than 35, 35 to 39, and 40 years or older by medical condition status throughout
pregnancy

GA, wks

Number of stillbirths
Risk of stillbirths per 1000
ongoing pregnancies RR (95% CI)

Younger
than
35 y 35-39 y

40 y or
older

Younger
than
35 y 35-39 y

40 y or
older

Younger
than
35 y 35-39 y 40 y or older

Total population
20-23 6233 916 297 1.31 1.61 2.45 1.00 1.23 (1.15,1.32) 1.87 (1.67, 2.11)
24-27 3321 489 142 0.70 0.87 1.18 1.00 1.24 (1.12, 1.36) 1.68 (1.42, 1.99)
28-31 2701 338 130 0.57 0.60 1.09 1.00 1.05 (0.94, 1.18) 1.90 (1.59, 2.27)
32-33 1463 197 69 0.31 0.36 0.59 1.00 1.13 (0.98, 1.31) 1.87 (1.47, 2.38)
34-36 2655 403 152 0.60 0.76 1.37 1.00 1.28 (1.15, 1.42) 2.30 (1.95, 2.71)
37-38 2239 347 97 0.61 0.82 1.12 1.00 1.34 (1.19, 1.50) 1.82 (1.49, 2.23)
39-40 1898 285 84 0.98 1.36 1.99 1.00 1.39 (1.23, 1.58) 2.04 (1.64, 2.54)
41 450 70 27 0.75 1.29 2.48 1.00 1.73 (1.34, 2.22) 3.30 (2.24, 4.87)

No medical
conditions*

20-23 5417 749 246 1.25 1.50 2.39 1.00 1.20 (1.11, 1.30) 1.92 (1.69, 2.18)
24-27 2724 362 96 0.63 0.73 0.94 1.00 1.15 (1.03, 1.29) 1.49 (1.22, 1.83)
28-31 2137 239 86 0.50 0.48 0.85 1.00 0.97 (0.85, 1.11) 1.70 (1.37, 2.11)
32-33 1135 138 48 0.27 0.28 0.48 1.00 1.06 (0.88, 1.26) 1.79 (1.34, 2.40)
34-36 2111 286 103 0.52 0.61 1.08 1.00 1.18 (1.04, 1.33) 2.09 (1.71, 2.55)
37-38 1795 255 71 0.53 0.67 0.94 1.00 1.26 (1.10, 1.44) 1.76 (1.39, 2.23)
39-40 1570 236 60 0.87 1.24 1.50 1.00 1.43 (1.24, 1.64) 1.85 (1.43, 2.39)
41 386 52 21 0.69 1.05 2.16 1.00 1.53 (1.15, 2.04) 3.13 (2.02, 4.85)

GA, Gestational age.

* Excluded pregnancies with diabetes, chronic hypertension, pregnancy-associated hypertension, eclampsia, and renal, cardiac, or lung diseases at

the beginning of each gestational age interval.
41 weeks’ gestation (data not shown). Among women
40 years old or older who delivered a stillbirth at 37 to
41 weeks, 73% did not have reported maternal medical
disease.

The effect of parity on the relationship of maternal
age to stillbirth risk is presented in Table II. For both
nulliparous and multiparous women, advanced maternal
age was associated with a similar degree of increase in the
risk of stillbirth when compared with women younger
than 35 years. However, primiparous women had a
higher risk of stillbirth than multiparous women for all
maternal age groups. For example, the risk of stillbirth
for primiparous women 40 years old or older was 2.63-
fold greater than multiparous women 40 years old or
older at 37 weeks gestation or longer.

The effect of race on the relationship of maternal age
to stillbirth risk is presented in Table III. The percent-
ages of women 35 years old or older among white, black,
and Hispanic populations were 14.42, 8.88, and 9.30,
respectively. When stratified by race, the stillbirth risk
increased with maternal age for all race/ethnicities. At
all maternal ages, black women had a higher risk of still-
birth at 37 weeks or longer than other race/ethnicities.
Among women 40 years old or older, black women
had a 1.26-fold increase in stillbirth risk at 37 weeks
or longer when compared with white women. The
highest risk group, black women 40 years old or older,
had a 2.45-fold increase in stillbirth risk at 37 weeks
or longer when compared with white women younger
than 35 years (lowest risk group).

Table II Risk of stillbirth at 37 weeks’ gestation or longer for
women younger than 35 years, 35 to 39 years, and 40 years or
older by parity status

Maternal
age

No. of SB
37 wk or
longer

Risk of SB
37 wk or
longer per
1000
ongoing
pregnancies

RR
(95% CI)

Primipara
Younger

than 35 y
3371 3.72 1.0

35-39 y 344 6.41 1.72 (1.54-1.92)
40 y or older 91 8.65 2.32 (1.89-2.86)

Multipara
Younger than

35 y
1578 1.29 1.0

35-39 y 396 1.99 1.54 (1.38-1.72)
40 y or older 138 3.29 2.54 (2.14-3.03)

SB, Stillbirth.
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Table III Risk of stillbirth at 37 weeks’ gestation or longer for women younger than 35 years, 35 to 39 years, and older than 40 years
by race/ethnicity and medical condition status

No. of stillbirths 37 wks
or longer

Risk of stillbirths 37 wks or
longer per 1000 ongoing
pregnancies RR (95% CI)

Younger
than 35 y 35-39 y

40 y or
older

Younger
than 35 y 35-39 y

40 y or
older

Younger
than 35 y 35-39 y 40 y or older

Total population
White 2588 447 143 2.12 2.64 4.13 1.00 1.24 (1.12, 1.37) 1.94 (1.64, 2.30)
Black 984 103 25 3.57 4.93 5.20 1.00 1.38 (1.13, 1.69) 1.46 (0.98, 2.17)
Hispanic 1212 147 44 2.31 3.40 4.87 1.00 1.47 (1.24, 1.74) 2.11 (1.56, 2.85)
Other 252 57 18 2.20 2.91 4.43 1.00 1.32 (0.99, 1.76) 2.02 (1.25, 3.25)

No medical conditions
White 2150 361 113 1.94 2.37 3.73 1.00 1.22 (1.10, 1.37) 1.93 (1.59, 2.33)
Black 769 72 17 3.06 4.04 4.34 1.00 1.32 (1.04, 1.68) 1.42 (0.88, 2.29)
Hispanic 998 109 27 2.02 2.82 3.48 1.00 1.40 (1.14, 1.70) 1.72 (1.18, 2.52)
Other 219 41 12 2.06 2.33 3.43 1.00 1.13 (0.81, 1.58) 1.67 (0.93, 2.97)
These trends by race were not affected when the
analysis was limited to women without medical condi-
tions. The percentage of women 40 years old or older
delivering at 37 weeks or longer with medical conditions
differed by race: 11.9% for whites, 18.3% for blacks,
and 14.1% for Hispanics. Among women 40 years old
or older, the percentage decline in risk of stillbirth at 37
weeks or longer for those without medical conditions
differed by race: 9.7% for whites, 16.5% for blacks, and
28.5% for Hispanic women. The contribution of re-
ported medical conditions to stillbirth risk appears to be
greater for Hispanic women.

Comment

Increasing numbers of women are electing to delay or
continue child-bearing beyond age 35 years in the
United States. The percentage of total births in the
United States to women 35 years old or older increased
from 4.5% in 1978 to 13.8% in 2002.11,12 This study is
the first to provide an estimate of stillbirth risk in ongo-
ing pregnancies throughout gestation in advanced ma-
ternal age women based on U.S. vital statistics data
from 2001 to 2002. This approach provides a clinically
relevant measure of the risk of stillbirth at each point
in gestation. In previous studies that have compared
stillbirths with live births or deliveries, the risk of still-
birth is systematically underestimated as gestation ad-
vances. Instead, in our analysis, the use of ongoing
pregnancies as the comparison group to calculate still-
birth risk provides pregnant women and their physicians
a more clinically relevant estimate of stillbirth risk dur-
ing a specific period. The interval until the pregnant
woman returns for her next prenatal care visit is
1 such important time period. This type of analysis is
crucial for assessing the potential benefits and risks
in instituting a policy of induction or antepartum fetal
testing at a particular gestation to prevent stillbirth.

This study showed that women who are of advanced
maternal age had a consistently higher risk of stillbirth
throughout gestation. There was a gradient of increased
stillbirth risk for women 40 years old or older, compared
with women 35 to 39 years old at every gestational age.
The peak stillbirth risk was at 41 weeks’ gestation for
all maternal age groups. We found that the effect of
advanced maternal age was similar across parity and
racial strata. Nulliparous women were consistently at
higher risk for stillbirth, compared with multiparous
women in every maternal age group. Black women
consistently had a higher risk of stillbirth, compared
with white and Hispanic women, given the same parity
and medical condition strata.

Although advanced maternal age has been linked
with an increased risk of stillbirth, comorbidities such
as hypertension and diabetes that are more common
in women 35 years old or older act as confounders.
Hypertension and diabetes are 2 of the most common
medical conditions complicating pregnancy, 4% to 9%
and 2% to 5%, respectively.13 Both of these conditions
historically have been responsible for a significant pro-
portion of stillbirths. However, optimal management for
these conditions, including preconception counseling,
frequent prenatal visits, and antepartum fetal surveil-
lance, has decreased the risk for stillbirth to a level only
marginally elevated over that of the general population.13

Smaller studies have demonstrated that after control-
ling for these coexisting conditions, advanced maternal
age remains an independent risk factor for stillbirth.
Fretts et al2 reported that advanced maternal age con-
ferred a 2-fold higher risk of fetal death, even after con-
trolling for coexisting maternal medical conditions.
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Jacobsson et al5 performed a similar study examining
the impact on maternal age on perinatal outcome using
the Swedish Birth Registry. All mortality and death data
were expressed as deaths per 1000 deliveries. The in-
creased occurrence of stillbirth in older women could
not be explained by the increased frequency of intercur-
rent illness or pregnancy complications observed in
advanced maternal age women. Raymond et al6 found
that the stillbirth risk in older women persisted, even
when women with hypertension, diabetes, placental com-
plications, or growth restriction were excluded. Our find-
ings based on a large segment of the U.S. population are
similar in that a major portion of the increased risk of
stillbirth related to advanced maternal age in ongoing
pregnancies was not associated with reportable medical
conditions. In the analysis by race/ethnicity, Hispanic
women experienced the largest decrease in stillbirth
risk when medical conditions were excluded. This may
be due to the increased prevalence of diabetes among
Hispanic women.14

Miller et al15 sought to determine whether the re-
ported link between advanced maternal age and still-
birth was explained by an increased incidence of
uteroplacental insufficiency with advancing age. After
excluding women with other indications for antepartum
testing, fetal anomalies, and delivery prior to 34 weeks,
stillbirth was twice as common in women 35 years old or
older as in those younger than 35 years. Among still-
births, the frequency of growth restriction was similar
in the older and younger cohorts. Froen et al16 also
found that although advanced maternal age increases
the risk of unexplained stillbirth for the normal-weight
fetus, advanced maternal age was not associated with
an increased stillbirth risk for unexplained stillbirths
with fetal growth restriction. Therefore, these investiga-
tors concluded that fetal growth restriction is not the
primary mechanism by which advanced maternal age
increases third-trimester stillbirth risk.

Limitations of our study include the reliance on fetal
death and birth certificate data, with underreporting of
certain medical conditions and unreliability of certain
data elements. Few studies have examined birth certif-
icate reporting on medical conditions, compared with
hospital medical records for the same patients. These
studies have found that some important descriptive
and outcome data are reliable, whereas infrequent
events such as pre-existing maternal medical conditions
and complications of pregnancy are underreported.17,18

Lydon Rochelle et al18 found that birth certificate
data agreement with medical records for the presence
of gestational diabetes mellitus (64%), established dia-
betes mellitus (52%), chronic hypertension (47%), and
pregnancy-induced hypertension (49%) was decreased.
Lydon Rochelle et al19 also assessed the accuracy of the
information on perinatal risk factors in 211 fetal death
certificates, compared with medical records. The fetal
death certificate was reliable in reporting established
diabetes (100%) and chronic hypertension (81%).

Antepartum surveillance may be indicated for ad-
vanced maternal age because advanced maternal age
is independently associated with an increased risk of
stillbirth. A common approach to the management of
pregnancies at risk for stillbirth is to perform antepar-
tum fetal surveillance, but this testing is not without
risks. Fretts et al,20 using the McGill Obstetrical Neona-
tal Database to obtain risk estimates, performed a deci-
sion analysis of the risks and benefits of antepartum
testing late in pregnancy for women 35 years old or
older for late unexplained stillbirth. Three strategies
were compared: no testing, testing after the 36th week
with induction for a positive test, and no testing with in-
duction at 41 weeks. Although a strategy of antepartum
testing is predicted to be most successful in reducing the
number of unexplained stillbirths, it was also associated
with the highest induction rate. Antepartum testing is
not without harm. Miller et al21 found that iatrogenic
prematurity resulting from intervention for false-posi-
tive test results occurred in 1.5% of women tested before
37 weeks.

Women 35 years old or older accounted for 13.8%
of all deliveries in the United States in 2002. Our
study provides an estimate of risk of stillbirth in ongoing
pregnancies according to maternal age based on life
table analysis of more than 5 million U.S. pregnancies.
Efforts to better understand the biological mechanisms
of the aging process that are associated with stillbirth
risk are required. Failure of the uterine vasculature in
older women to adapt sufficiently to the increased
hemodynamic demands of pregnancy has been postu-
lated.22 Histological studies of the placenta stratified
by maternal age may provide insight into the role of
‘‘placental aging.’’ Antepartum surveillance may be
indicated because the majority of advanced maternal
age women do not have a traditional indication for
antepartum testing.15 Given the medical importance of
this issue and the increasing number of women at risk,
the effectiveness of fetal assessment should be studied
prospectively.
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