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Objectives. We examined age, period, and cohort (APC) effects on temporal
trends in stillbirths among Black and White women in the United States.

Methods. We conducted a cohort study of Black and White women who deliv-
ered a singleton live-born or stillborn infant during 1981 through 2000. We ana-
lyzed stillbirth rates at 20 or more weeks of gestation within 7 age groups, 4 peri-
ods, and 10 “central” birth cohorts after adjusting for confounders.

Results. In both racial groups, women younger than 20 years or 35 years or older
were at increased risk of stillbirth; risks decreased over successive periods in all
age groups. Birth cohort had no impact on stillbirth trends among Blacks and
only a small, nonsignificant effect among Whites. Analyses of various APC com-
binations showed that Blacks were at a 1.2- to 2.9-fold increased risk for stillbirth
relative to Whites. Attributable fractions for stillbirth because of age, period, and
cohort effects were 16.5%, 24.9%, and 0.1%, respectively, among Black women
and 14.5%, 36.2%, and 2.1%, respectively, among White women.

Conclusions. Strong effects of age and period were observed in stillbirth trends,
but these factors do not explain the persistent stillbirth disparity between Black
and White women. (Am J Public Health. 2005;95:2213–2217. doi:10.2105/AJPH.
2004.043885)
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METHODS

Cohort Composition
We used data available for the period 1981

through 2000 from the US live birth and fetal
death registration files. These files, assembled
by the National Center for Health Statistics,
comprise births that occur in the 50 states and
the District of Columbia.6 Stillbirth is defined
as fetal death at 20 or more completed weeks
of gestation. In 95% of births, gestational age
is based on most recent menstrual period. In
the remainder of births, gestational age is either
replaced with a clinical estimate (also con-
tained in the birth records) or imputed.7 Clini-
cal estimates of gestation are based on birth
attendants’ estimates, and they typically are
calculated via either the Dubowitz8 or Ballard9

technique. The National Center for Health Sta-
tistics calculates imputations and replacements
before public release of the data.6,7

Data Exclusions
Data were abstracted from singleton deliver-

ies in the United States resulting in a live birth
or fetal death between 1981 and 2000. We

excluded the following data file categories: ma-
ternal age younger than 15 years or 50 years
or older (n=218526), because of the low
number of pregnancies involving a stillbirth in
these extremes of the maternal age distribu-
tion; birthweight below 500 g (n=259511);
birthweight data missing (n=127586); and
gestational age less than 20 completed weeks
(n=508577) or missing (n=1768733). Per-
centages of births with missing data on gesta-
tional age declined over time but were gener-
ally higher among Black women than among
White women within each period. After these
exclusions, the final cohort comprised
71037685 singleton live births and stillbirths.

Statistical Analysis
Birth periods were grouped in 5-year inter-

vals (1981–1985, 1986–1990, 1991–1995,
1996–2000), as was maternal age (15–19
years through 45–49 years). A synthetic
birth cohort calculated according to mother’s
year of birth was derived from data on year
(period) of birth and mother’s age (maternal
birth cohort category=period−age). A limita-
tion of our analysis was that combinations of

During the past few decades, rates of stillbirth
at 20 or more weeks of gestation have declined
substantially in Western countries. In the United
States, for instance, the stillbirth rate declined
by 52% between 1970 (14.0 per 1000 total
births) and 1998 (6.7 per 1,000 total births),
with the rate of decline more evident during
earlier than more recent decades.1,2 However,
disparities in rates of stillbirth remain, with
Black women in the United States at an approx-
imately 2-fold greater risk of delivering a still-
born fetus than White women.2

In assessments of stillbirth trends, the goal
of an age, period, and cohort (APC) analysis
is to disentangle the complex associations of
maternal age, historical trends (period effects),
and life course factors (maternal birth cohort
effects). Several studies have shown that risks
of stillbirth increase at the extremes of mater-
nal age3,4 and decrease at successively more
recent time periods.2 However, these studies
have inevitably failed to shed light on how
differences in stillbirth rates vary by maternal
age across generations.

An APC analysis might help provide an un-
derstanding of how age, period, and birth co-
hort have affected temporal trends in stillbirth.
For instance, trends in stillbirths that are
strongly associated with maternal age would
support the hypothesis of a biological effect re-
lated either to aging or to selective fertility.5 A
strong period effect would suggest general im-
provements in maternal health, access to pre-
natal care, antepartum surveillance, or other
aspects of obstetric management, including in-
creases in rates of routine labor induction or
cesarean section. A period effect might also
raise the question of changes in the registration
of stillbirths, particularly at very short lengths
of gestation (20–25 weeks). On the other
hand, the presence of a cohort effect, although
rarely examined, might lead to an understand-
ing of the effects of persistent or cumulative
(maternal) exposure to risk factors during the
fetal period or childhood on stillbirth trends.
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5-year maternal age and 5-year period group-
ings did not correspond to exact 5-year birth
cohorts. In other words, women aged 20 to
24 years who delivered during the 1981 to
1985 period were primarily members of the
1961 through 1965 birth cohort, although
some of these women may have been born as
early as 1957 and some as late as 1965. To
avoid the confusion resulting from this impre-
cision, we denote maternal birth cohort as
central birth year, that is, 1963 in the exam-
ple just cited (although denoting the central
year as 1962 would produce results identical
to using 1963) rather than 1961 to 1965.

We used logistic regression models adjusted
for number of pregnancies (1, 2, or ≥3), ma-
ternal education (<12, 12, 13–15, or ≥16
completed years of school), marital status
(married or single), and prenatal care (defined
as lack of care or initiation of care after the
first trimester) to estimate APC effects on still-
birth trends. We corrected all model-based
variance estimates for overdispersion.10 APC
effects were modeled as categorical covariates;
thus, age contained 6 terms in the regression
model, period contained 3, and cohort con-
tained 9. From this model, we derived still-
birth rates and odds ratios, after adjusting for
confounders, using 25 to 29 years as the ref-
erence category for maternal age, 1996 to
2000 as the reference for period, and 1953
as the reference for central birth cohort.

The outlined model implicitly assumed that
stillbirth rates follow a binomial distribution
and that rates are multiplicative on the logistic
scale. A unique feature of such an analysis is
that any 2 of the effects assessed are sufficient
to derive the third; the exact linear depend-
ency among the 3 effects is unique to any
APC analysis. To overcome this limitation, we
constrained the effect of the 1977 central
birth cohort (i.e., women born in 1975–1979)
to zero in the regression models.11 We tested
the validity of this assumption by replicating
the models after setting the 1933 central birth
cohort (i.e., 1931–1935) to zero. Although the
regression estimates were numerically differ-
ent from those produced by the previous mod-
els, the overall qualitative results remained
unchanged (data not shown).

We examined whether APC effects helped
explain Black–White disparities in stillbirth
trends by assessing changes in the estimate of

the log-odds ratio for race between 2 nested
models, one containing the race term (along
with confounders) and the other including the
race term and APC factors (along with con-
founders). If APC factors account in part for
racial disparities in stillbirth trends, then we
should detect a significant difference in the
log-odds ratio for the race term between
these 2 models.

Finally, we calculated attributable fractions
for stillbirth in relation to maternal age, period,
and maternal birth cohort using the relation

(1) ∑pi (RRi − 1)/[1 + ∑pi (RRi − 1)],

where pi refers to the proportion of the
source population grouped in the ith expo-
sure category and RR is the relative risk of
stillbirth.12 The attributable fraction was inter-
preted as the proportion of stillbirths that
could be attributed to the exposure in ques-
tion (e.g., maternal age). Thus, while odds ra-
tios quantified the strengths and magnitudes
of association between particular exposures
and stillbirth, attributable fractions were mea-
sures of the public health effects of the expo-
sures on outcomes.

RESULTS

Rates of stillbirth at 20 or more weeks of
gestation gradually declined between 1981
and 2000 among both Black and White
women. Rates decreased by 33% (from 9.8
to 6.6 per 1000 births) among Blacks and by
46% (from 5.9 to 3.2 per 1000 births)
among Whites. These patterns were similar
when stillbirth trends were restricted to births
occurring at 28 or more weeks of gestation.

Trends in stillbirth rates (at 20 or more
weeks) according to age, period, and maternal
birth cohort are shown in Table 1. Among
Black women, maternal age had the strongest
influence on stillbirth trends (deviance χ2

6 =
71.2, P<.001), followed by period (deviance
χ2

3 =25.7, P<.001); among White women,
however, period had the strongest influence
on rates (deviance χ2

3 =87.7, P<.001), fol-
lowed by maternal age (deviance χ2

6 =67.8,
P<.001). Maternal birth cohort had virtually
no influence on stillbirth trends among Blacks
and only a small effect of borderline signifi-
cance (P=.055) among Whites.

Figure 1 shows the associations between
maternal age and stillbirth within the 4 peri-
ods. Extremes of maternal age (less than 20
and 35 years or above) were associated with
increased (adjusted) stillbirth rates within
each of the 4 periods, the risk becoming
steeper at 35 years and above among both
Black and White women. Stillbirths consis-
tently declined at increasingly more recent
birth periods within strata of maternal age.

Stillbirth trends according to maternal age
within (central) birth cohort strata are shown
in Figure 2. Stillbirth rates among Black and
White women born between the central birth
cohort years of 1942 and 1957 (i.e., actual
years of birth between 1937 and 1961)
showed a J-shaped relation with maternal age.
Among Black and White women born in the
earlier birth cohorts (1937 or earlier), ad-
justed stillbirth rates declined monotonically
with advancing maternal age.

The associations between maternal age, pe-
riod, and maternal birth cohort and adjusted
stillbirth risk are shown in Figure 3. The ad-
justed stillbirth odds ratio exhibited a J-shaped
pattern for maternal age among both Blacks
and Whites. Relative to women delivering in
the 1996 to 2000 period, adjusted odds ratios
for stillbirth among those delivering in the
1981 to 1985 period were 2.9 (95% confi-
dence interval [CI]=2.7, 3.1) among Whites
and 1.9 (95% CI=1.6, 2.2) among Blacks.
Thereafter, adjusted odds ratios declined at
increasingly more recent periods. White
women born in the earlier birth cohorts (i.e.,
up to 1952–1957, or the 1953 central birth
year) were at increased risk of stillbirth relative
to those born during 1971 to 1975 (the 1973
central birth year), but adjusted odds ratios
were close to 1.0 thereafter. Maternal birth
cohort exhibited virtually no association with
stillbirth risk among Blacks, and the same was
true among Whites in the more recent cohorts.
Attributable fractions for stillbirth because of
maternal age, period, and maternal birth co-
hort effects were 16.5%, 24.9%, and 0.1%,
respectively, among Blacks and 14.5%, 36.2%,
and 2.1%, respectively, among Whites.

We assessed the extent to which APC ef-
fects helped explain Black–White disparities
in stillbirth trends by comparing the log-odds
ratio for the race term between 2 (closely
nested) logistic regression models. In the first
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TABLE 1—Stillbirth Rates (per 1000 Births), by Age, Period, and Central Maternal Birth
Cohort: United States, 1981 to 2000

Maternal Age, y

Period 15–19 20–24 25–29 30–34 35–39 40–44 45–49 Birth Cohort

Black women

31.5 1933

22.4 23.2 1937

14.6 19.8 36.3 1943

10.8 12.6 17.6 27.0 1947

8.8 9.8 12.4 12.9 1953

8.3 8.6 9.9 9.6 1957

8.8 8.2 8.2 7.6 1963

1981–1985 8.1 7.3 6.8 1967

1986–1990 7.7 6.9 1973

1991–1995 6.9 1977

1996–2000

White women

25.8 1933

14.0 19.1 1937

8.3 10.8 14.3 1943

5.6 6.1 8.8 11.3 1947

4.8 4.4 5.5 6.5 1953

5.1 4.0 4.0 4.3 1957

6.1 4.4 3.7 3.2 1963

1981–1985 5.3 4.1 3.1 1967

1986–1990 4.8 3.5 1973

1991–1995 4.3 1977

1996–2000

Note. The arrows on the diagonal, from lower left in the first column to upper right in the last column under “maternal age,”
indicate the period during which when the birth occurred, and the horizontal rows represent the progression of the maternal
birth cohort.

model (containing a race term in addition to
the confounders), the odds ratio for stillbirth
among Black versus White women was 2.4
(95% CI=2.1, 2.7); in the second model
(containing race, age, period, cohort, and the
confounders), the odds ratio was 2.3 (95%
CI=2.1, 2.6). This comparison indicates that
APC factors explained very little of the
Black–White disparity in stillbirth risks.

DISCUSSION

Over the past 3 decades, stillbirth rates have
declined substantially in the United States,2

similar to the declines observed in several
other Western societies.4,13–15 These trends
have been largely attributed to improvements
in general socioeconomic conditions, including
higher maternal education levels, better access

to and improvements in general prenatal and
intrapartum care, declining rates of smoking
and substance use during pregnancy, and im-
provements in medical care.16 The chief find-
ings from our study are the following: (1) an
overall 33% to 44% decline in stillbirth rates;
(2) higher stillbirth rates at the extremes of ma-
ternal age; (3) declining stillbirth rates in suc-
cessive periods; (4) no significant birth cohort
effect; (5) no age, period, or birth cohort ef-
fects on prevailing race disparities in stillbirths;
and (6) large attributable fractions for maternal
age and period of delivery.

Once the general effects of maternal age
and birth cohort (and other confounders)
were adjusted, we found that period of birth
had a strong influence on stillbirth trends.
This finding corroborates previous observa-
tions of a temporal decline in stillbirth rates

in the United States3 as well as in other West-
ern countries.4,13–15 The doubling in labor in-
ductions in the United States in recent years,
from 9.5% to 19.4% between 1990 and
1998,17 may have played an important role
in the declining stillbirth rate.

We observed that, before adjustment for
gravidity, maternal age had the strongest influ-
ence on stillbirth trends among both Blacks
and Whites, followed by birth cohort; period
had virtually no influence.18 The reversal in
the relative contributions of maternal birth co-
hort effects to stillbirth trends before and after
adjustment for number of pregnancies may be
attributable to at least 3 distinct factors. One is
that mothers with previous losses (stillbirths or
infant deaths) may have been overrepresented
among older mothers and those of higher par-
ity,5 thereby leading to distortions in stillbirth
rates in these maternal age–gravida cate-
gories. Another factor that may be partly re-
sponsible for the confounding effect of gravid-
ity is that women born in the earlier birth
cohorts may have had more pregnancies than
those born in the later cohorts. Finally, the
gravidity effect may be partly because of the
association between higher number of preg-
nancies and low socioeconomic status.

This finding of a stronger birth cohort ef-
fect than period effect on stillbirth trends
before adjustment for gravidity was also re-
ported in an APC analysis of stillbirths
(1955–1979) in Italy19 and in Norway over
the span of a century (1866–1975).20 How-
ever, the recent period effects in declining
stillbirths resulting from the recent trends in
labor induction and fetal surveillance were
absent among the older cohorts in these stud-
ies.16 An APC analysis of perinatal mortality
(stillbirths plus neonatal deaths) of Norwegian
births covering a shorter and more recent pe-
riod (1967–1991) than the earlier Norwegian
study20 showed virtually no cohort effects,21

although plausible trends in stillbirths may
have been attenuated given that stillbirths
and neonatal deaths were combined.

Possible Biases and Residual
Confounding

Several limitations of our study merit dis-
cussion. First, a number of determinants of
stillbirth, especially smoking and drug use,
have been declining in the United States.22
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Note. Rates were adjusted for period of delivery, gravidity, maternal education, marital status, and prenatal care.

FIGURE 2—Adjusted maternal age-specific trends in rates of stillbirth at 20 or more weeks
of gestation (per 1000 births), by birth cohort for (a) Black and (b) White women in the
United States, 1981 to 2000.

Note. Rates were adjusted for maternal birth cohort, gravidity, maternal education, marital status, and prenatal care.

FIGURE 1—Adjusted maternal age-specific trends in rates of stillbirth at 20 or more weeks
of gestation (per 1000 births), by period, for (a) Black and (b) White women in the United
States, 1981 to 2000.

Examination of these factors was beyond the
scope of this study. Second, because we ex-
amined stillbirth trends over 2 decades, it is
likely that a small proportion of women con-
tributed more than 1 pregnancy during the
study, and previous studies indicate an in-
creased risk of stillbirth among women with a
prior stillbirth.23 Failure to account for this
“clustering” phenomenon in stillbirth risk may
have biased the variance estimates from our
regression models,24 thus overstating or un-
derstating the relative contributions of APC
effects on stillbirth trends. Finally, the possi-
bility of an intergenerational influence (im-
measurable in our study) of stillbirth risk may
have affected our results to some extent. Still-
births or, more generally, pregnancy losses
tend to cluster within families, suggesting a
genetic contribution.25–27

Public Health Implications
In addition to strong maternal age and pe-

riod effects on stillbirth trends, we noted sub-
stantial attributable fractions for stillbirths.
For instance, attributable fractions associated
with a maternal age of 35 years or above
were 5.1% and 3.0% among Whites and
Blacks, respectively. These attributable frac-
tions translate to 1768 and 301 potentially
preventable stillbirths, respectively, among
White and Black women in the United States.
While these factors cannot be altered, target-
ing advanced maternal age to decrease still-
births may prove beneficial.

One of the overarching goals of Healthy
People 2010 is to reduce health disparities,
including those related to pregnancy out-
comes.28,29 Not only are these goals far
from being met,29 but disparities associated
with some health indicators have actually
widened.30 Although overall rates of stillbirth
have been declining, the rate among women
35 years or older has actually been increas-
ing, more so in the case of Whites than
Blacks. Efforts to better understand the bio-
logical mechanisms of the aging process that
are associated with stillbirth risk may be ben-
eficial. Finally, although both maternal age
and period effects are important in explaining
temporal trends in stillbirth rates among
Black as well as White women, they do not
help explain the persistent Black–White dis-
parity in stillbirths in the United States.
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Note. Odds ratios were adjusted for gravidity, maternal education, marital status, and prenatal care. The reference categories
were 25 to 29 years for maternal age, 1996 to 2000 for period, and 1953 for central birth cohort.

FIGURE 3—Adjusted odds ratios of stillbirths in relation to (a) maternal age, (b) period of
delivery, and (c) maternal birth cohort: Black and White women in the United States, 1981
to 2000.
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