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THE WORLD HEALTH ORGANIZA-
tion defines preterm birth as a
gestational age at birth of less
than 37 completed gestational

weeks.1 Preterm birth is recognized as a
major public health problem by both cli-
nicians and researchers because it is the
leading cause of infant mortality in in-
dustrialized countries and also con-
tributes to substantial neurocognitive,
pulmonary, and ophthalmologic mor-
bidity.2-5 Caring for preterm infants also
incurs large health care expenditures.6

Most studies of morbidity and mortal-
ity among preterm infants have focused
on those born very preterm, ie, at gesta-
tional ages less than 32 weeks.7-17 For in-
fants born at 32 through 36 gestational
weeks, the risks are much lower, espe-
cially with recent advances in neonatal
intensive care.7,16 On the other hand,
from a public health perspective, births
at gestational ages of 32 through 36
weeks are much more common than
those at less than 32 gestational weeks.7,18

Thus it is important to distinguish ab-
solute risk both from relative risk (RR)
and from public health impact (ie, etio-
logic fraction [EF]).

The RR indicates how much more
frequently a given outcome occurs in
persons with vs those without a risk
factor. The EF is the proportion of all

cases of the outcome occurring in a
given population that can be attrib-
uted to exposure to the risk factor; it is
sometimes referred to as the pop-

ulation-attributable risk.19 Because the
EF is a function of both the RR and
the population prevalence of exposure
to the risk factor, common risk factors

Author Affiliations: Departments of Pediatrics and of
Epidemiology and Biostatistics, McGill University, Fac-
ulty of Medicine, Montreal, Quebec (Drs Kramer and
Platt and Mr Yang); Bureau of Reproductive and Child
Health, Laboratory Centre for Disease Control, Health
Canada, Ottawa, Ontario (Dr Demissie); Depart-
ment of Environmental and Community Medicine, Uni-
versity of Medicine and Dentistry of New Jersey, Pis-
cataway (Dr Demissie); Departments of Pediatrics and

Community Medicine, University of Calgary Faculty
of Medicine, Calgary, Alberta (Dr Sauvé); and De-
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Context The World Health Organization defines preterm birth as birth at less than
37 completed gestational weeks, but most studies have focused on very preterm in-
fants (birth at ,32 weeks) because of their high risk of mortality and serious morbid-
ity. However, infants born at 32 through 36 weeks are more common and their public
health impact has not been well studied.

Objective Toassessthequantitativecontributionofmild(birthat34-36gestationalweeks)
and moderate (birth at 32-33 gestational weeks) preterm birth to infant mortality.

Design, Setting, and Participants Population-based cohort study using linked
singleton live birth–infant death cohort files for US birth cohorts for 1985 and 1995
and Canadian birth cohorts (excluding Ontario) for 1985-1987 and 1992-1994.

Main Outcome Measures Relative risks (RRs) and etiologic fractions (EFs) for over-
all and cause-specific early neonatal (age 0-6 days), late neonatal (age 7-27 days),
postneonatal (age 28-364 days), and total infant death among mild and moderate
preterm births vs term births (at $37 gestational weeks).

Results Relative risks for infant death from all causes among singletons born at 32
through 33 gestational weeks were 6.6 (95% confidence interval [CI], 6.1-7.0) in the
United States in 1995 and 15.2 (95% CI, 13.2-17.5) in Canada in 1992-1994; among
singletons born at 34 through 36 gestational weeks, the RRs were 2.9 (95% CI, 2.8-
3.0) and 4.5 (95% CI, 4.0-5.0), respectively. Corresponding EFs were 3.2% and 4.8%,
respectively, at 32 through 33 gestational weeks and 6.3% and 8.0%, respectively, at
34 through 36 gestational weeks; the sum of the EFs for births at 32 through 33 and 34
through 36 gestational weeks exceeded those for births at 28 through 31 gestational
weeks. Substantial RRs were observed overall for the neonatal (eg, for early neonatal
deaths, 14.6 and 33.0 for US and Canadian infants, respectively, born at 32-33 gesta-
tional weeks; EFs, 3.6% and and 6.2% for US and Canadian infants, respectively) and
postneonatal (RRs, 2.1-3.8 and 3.0-7.0 for US and Canadian infants, respectively, born
at 32-36 gestational weeks; EFs, 2.7%-5.8% and 3.0%-7.0% for the same groups, re-
spectively) periods and for death due to asphyxia, infection, sudden infant death syn-
drome, and external causes. Except for a reduction in the RR and EF for neonatal mor-
tality due to infection, the patterns have changed little since 1985 in either country.

Conclusions Mild– and moderate–preterm birth infants are at high RR for death dur-
ing infancy and are responsible for an important fraction of infant deaths.
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account for much higher EFs than do
rare risk factors. For example, an
anomalous coronary artery is associ-
ated with a very high RR of myocar-
dial infarction but (owing to its
extreme rarity) a very low EF. By con-
trast, cigarette smoking, which is
highly prevalent, accounts for an
appreciable portion of myocardial
infarctions despite its modestly
elevated RR.

We hypothesized that mild and
moderate preterm births, which we
define as live births at 34 through 36
and 32 through 33 completed weeks
of gestation, respectively, are associ-
ated with an increased risk of infant
mortality relative to term births. We
further hypothesized that mild and
moderate preterm births account for
an important fraction of infant deaths.
In particular, we suspected that the
increased RRs and substantial EFs for
infant death would be most pro-
nounced for specific groups of causes
(infection, sudden infant death syn-
drome [SIDS], and external causes
such as unintentional injuries and
abuse) and would be concentrated in
the postneonatal rather than the neo-
natal period. Finally, we hypothesized
that these increased risks would be
observed in both the United States
and Canada and would have dimin-
ished only slightly over time.

METHODS
We used 4 data sources for our analy-
sis, all based on linked live birth–infant
death cohort files. For the United States,
we used the 1985 (n = 3619650) and
1995 (n = 3866513) birth cohorts, and
for Canada, we used the files for 1985-
1987 (n = 692 579) and 1992-1994
(n = 726 435) after excluding the prov-
ince of Ontario because of docu-
mented problems with data quality. We
used 3 years for each time period in
Canada to increase the number of deaths
in the file and thus provide more stable
estimates of risk. Data from Newfound-
land were not available for the earlier pe-
riod. For the US file, gestational age is
based on the algorithm used by the Na-
tional Center for Health Statistics, which

is calculated from date of the last men-
strual period unless the last menstrual
period is not reported or birth weight is
incompatible with the reported gesta-
tional age, in which case the clinical es-
timate (as recorded on the birth certifi-
cate) is substituted. For the Canadian
file, gestational age is that recorded on
the birth certificate by the responsible
physician, which, in recent years, ap-
pears to be based primarily on early ul-
trasound dating. For causes of death, we
used the classification proposed by the
International Collaborative Effort on
Perinatal and Infant Mortality, which
groups the International Classification of
Diseases, Ninth Revision (ICD-9) codes
for the underlying cause of death re-
corded on death certificates.20 The In-
ternational Collaborative Effort on Peri-
natal and Infant Mortality grouping
includes congenital conditions, imma-
turity-related conditions, asphyxia-
related conditions, infections, other spe-
cific conditions, SIDS, external causes,
and remaining causes.

For data analysis, we restricted the
study sample to singleton live births and
categorized age at death as early neo-
natal (age 0-6 days), late neonatal (age
7-27 days), or postneonatal (age 28-
364 days). We calculated risks for late
neonatal death based on early neo-
natal survivors and risks for post-
neonatal death based on late neonatal
survivors. Cause-specific mortality risks
are based on all infants at risk of death
for each cause; ie, they include infants
dying of other causes in the denomi-
nator. Effects were expressed as ad-
justed RRs and 95% confidence inter-
vals and EFs based on multiple logistic
regression analyses; term ($37 com-
pleted gestational weeks) births served
as the reference group for these calcu-
lations. Odds ratios were converted to
RRs using the method of Zhang and
Yu.21 The US regression models were
adjusted for maternal age (age ,20, 20-
34, and $35 years), parity (primipa-
rous vs multiparous), race (non-
Hispanic white, non-Hispanic black,
Hispanic, and other), and education
(,12, 12, 13-15, and $16 completed
years of school), while only age and par-

ity were available for adjustment in the
Canadian file. All analyses were per-
formed with SAS-PC version 6.12 (SAS
Institute, Cary, NC).

Etiologic fractions for the poly-
chotomous categories of preterm birth
(birth at ,28, 28-31, 32-33, and
34-36 gestational weeks) were based
on the method of Miettinen19 as fol-
lows:

EF =
Pi (RRi − 1)

SPi (RRi − 1) + 1

where Pi is the prevalence of the ith pre-
term gestational age category (,28, 28-
31, 32-33, or 34-36 weeks), RRi is the
corresponding RR of mortality in that
group relative to term (birth at $37 ges-
tational weeks) infants and S indi-
cates summation over the i preterm
categories.

RESULTS
Infant mortality rates and gestational
age distributions among all live births
are shown in TABLE 1 for both coun-
tries and both time periods. Preterm
birth rates and early neonatal, late neo-
natal, and postneonatal mortality rates
were all lower in Canada than in the
United States for both time periods.
Mild (34-36 gestational weeks) pre-
term births comprised 6.3% and 7.6%
of all US live births in 1985 and 1995,
respectively; the proportions in Canada
were 4.5% in 1985-1987 and 4.9% in
1992-1994. For moderate (32-33 ges-
tational weeks) preterm births, the cor-
responding rates were 1.3% and 1.4%
in the United States and 0.7% and 0.8%
in Canada.

Because the RRs and EFs were simi-
lar for both time periods in both coun-
tries, data are presented only for the
more recent period (1995 in the United
States and 1992-1994 for Canada). For
each category of preterm birth, TABLE 2
shows the crude absolute and ad-
justed RRs and EFs for infant death
from all causes among all singleton live
births. Separate estimates are shown for
total infant mortality and early neona-
tal, late neonatal, and postneonatal mor-
tality. As expected, RRs and EFs were
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highest for births at less than 28 ges-
tational weeks. Infants born at 32
through 33 gestational weeks were at
high RR of infant death in both coun-
tries. To our surprise, the largest RRs
were seen in the neonatal period. For
infants born at 34 through 36 gesta-
tional weeks, the RRs were somewhat
lower but still substantial and statisti-
cally significant. In general, the RRs
were higher in Canada than in the
United States. The EFs ranged from
3.0% to 6.2% for infants born at 32
through 33 gestational weeks and 5.8%
to 9.0% for those born at 34 through
36 gestational weeks and were slightly
higher in Canada. The sum of the EFs
for 32 through 33 and 34 through 36
gestational weeks exceeded those for in-
fants born at 28 through 31 gesta-
tional weeks for all 3 ages at death.

Congenital anomalies may lead to ei-
ther spontaneous or iatrogenic pre-
term delivery, but preterm birth can-
not cause these anomalies (although it
can increase the risk of death among in-
fants with anomalies). TABLE 3 pre-
sents a similar analysis to that shown
in Table 2 after excluding deaths due
to congenital conditions. The RRs and
EFs are only slightly lower than those
shown in Table 2.

Fewer moderately or mildly pre-
term infants died of asphyxia-related
conditions, and this resulted in rather

wide confidence intervals for the RRs.
Nonetheless, the risks were quite el-
evated, especially for infants born at 32
through 33 gestational weeks, as shown
in TABLE 4. As expected for this group
of causes, the excess deaths were con-
centrated in the neonatal period in both
countries. The EFs were substantial for
neonates born at 34 through 36 gesta-
tional weeks.

For deaths due to infection, we had
hypothesized increased risks in the
postneonatal period. As shown in
TABLE 5, this hypothesis was con-
firmed for both mild and moderate
preterm births in both countries,
although we were surprised to ob-
serve even higher RRs of death from in-
fection in the early and late neonatal pe-
riods than those in the postneonatal
period. Etiologic fractions were 4.2% to
5.4% for births at 32 through 33 ges-
tational weeks and ranged from 1.9%
to 10.9% for births at 34 through 36
gestational weeks. Additional adjust-
ment for maternal smoking for the
1995 US cohort had little effect on
RRs. With adjustment for smoking, RR
at 32 through 33 gestational weeks
was 8.0, the same as without adjust-
ment, and at 34 through 36 weeks,
3.0, compared with 3.1 without adjust-
ment. For infants born at 34 through
36 gestational weeks, EFs for early
and late neonatal death due to infec-

tion decreased between the 2 time
periods, eg, in the United States the
EF decreased from 16.0% in 1985 to
10.9% in 1995 for early neonatal
death and from 12.3% to 5.3% for
late neonatal death. These were the
only consistent temporal changes
observed.

TABLE 6 summarizes the results for
postneonatal deaths due to SIDS and
all external causes. The RRs ranged
from 1.7 to 1.9 in the mild preterm
category and 2.4 to 4.4 in the moder-
ate preterm category, and most were
statistically significant; for SIDS and
all external causes, these RRs were
slightly but nonsignificantly higher in
Canada than in the United States. In
both countries, EFs ranged from 1.5%
to 2.0% for births at 32 through 33
gestational weeks but rose to 3.8% to
5.1% for infants born at 34 through
36 gestational weeks. The latter values
exceeded the total EFs for infants
born at less than 28 and 28 through
31 gestational weeks. Additional
adjustment for maternal smoking for
the 1995 US cohort had little effect on
the RRs for SIDS. With adjustment,
the RR at 32 through 33 gestational
weeks was 2.1 vs 2.4 without adjust-
ment, and at 34 through 36 gesta-
tional weeks, 1.6 vs 1.7 without
adjustment.

COMMENT
Most of our hypotheses were sup-
ported by the data. Mildly and moder-
ately preterm infants did indeed have
high RRs and appreciable EFs for
postneonatal deaths due to infection,
SIDS, and external causes, including
abuse and maltreatment. We were
surprised, however, to observe that their
risks were also elevated for neonatal
death, especially neonatal death due
to asphyxia and infection. Our results
highlight the difference between
the clinical and public health per-
spectives, ie, between absolute risk,
on the one hand, and RR and EF, on
the other.

Despite the low absolute risks of
death in these gestational age groups,

Table 1. Infant Mortality and Gestational Age Distribution Among All Live Births,
United States, 1985 and 1995, and Canada, 1985-1987 and 1992-1994*

Age Group

United States Canada

1985 1995 1985-1987 1992-1994

Infant Mortality, per 1000 Births

Early neonatal (age 0-6 d) 5.7 4.0 4.1 3.3

Late neonatal (age 7-27 d) 1.1 1.0 0.9 0.7

Postneonatal (age 28-364 d) 3.6 2.6 2.9 2.2

Total 10.4 7.5 7.8 6.2

Gestational Age, Distribution %

#27 Weeks 0.7 0.7 0.4 0.4

28-31 Weeks 1.1 1.2 0.6 0.6

32-33 Weeks 1.3 1.4 0.7 0.8

34-36 Weeks 6.3 7.6 4.5 4.9

$37 Weeks 86.7 88.2 93.7 92.6

Unknown 3.9 0.9 0.2 0.8

*Canadian data exclude Ontario.

IMPACT OF MILD AND MODERATE PRETERM BIRTH

©2000 American Medical Association. All rights reserved. (Reprinted) JAMA, August 16, 2000—Vol 284, No. 7 845

Downloaded From: https://jamanetwork.com/ on 05/22/2023



Table 2. Risks and Etiologic Fractions for All-Cause Infant Death Among Singleton Live Births at Less Than 37 Gestational Weeks,
United States, 1995, and Canada, 1992-1994*

Mortality by Age

United States, 1995 Canada, 1992-1994

Crude Risk† RR (95% CI)‡ EF, % Crude Risk† RR (95% CI)§ EF, %

,28 Weeks

Early neonatal 330.4 465.5 (449.2-482.0) 59.9 434.0 496.2 (463.1-529.9) 44.6

Late neonatal 59.3 129.7 (119.1-141.2) 27.7 68.2 185.6 (145.4-235.9) 19.3

Postneonatal 60.9 27.0 (25.1-29.1) 7.7 63.2 36.9 (29.2-46.6) 4.7

Total infant 408.5 126.7 (124.0-129.5) 35.7 506.0 170.7 (162.5-178.7) 26.9

28-31 Weeks

Early neonatal 28.1 40.1 (37.3-43.2) 8.6 61.4 70.2 (60.2-81.7) 10.0

Late neonatal 9.3 20.2 (17.9-22.8) 10.0 9.8 26.6 (18.3-38.6) 7.1

Postneonatal 16.8 7.4 (6.8-8.1) 4.9 17.0 9.6 (7.3-12.6) 3.1

Total infant 53.3 16.2 (15.4-17.0) 7.3 86.4 28.8 (25.6-32.4) 7.1

32-33 Weeks (Moderate Preterm Birth)

Early neonatal 10.2 14.6 (13.2-16.2) 3.6 28.8 33.0 (27.3-39.8) 6.2

Late neonatal 2.8 6.3 (5.3-7.6) 3.4 4.8 13.1 (8.4-20.4) 4.6

Postneonatal 8.4 3.8 (3.4-4.3) 2.7 12.0 7.0 (5.3-9.2) 3.0

Total infant 21.2 6.6 (6.1-7.0) 3.2 45.1 15.2 (13.2-17.5) 4.8

34-36 Weeks (Mild Preterm Birth)

Early neonatal 3.6 5.2 (4.8-5.6) 6.3 6.9 7.9 (6.7-9.2) 9.0

Late neonatal 1.3 2.8 (2.5-3.2) 6.8 1.3 3.6 (2.6-5.0) 6.9

Postneonatal 4.3 2.1 (1.9-2.2) 5.8 5.2 3.0 (2.5-3.5) 7.0

Total infant 9.2 2.9 (2.8-3.0) 6.3 13.3 4.5 (4.0-5.0) 8.0

*See footnotes to Table 3.

Table 3. Risks and Etiologic Fractions for Infant Death Due to All Causes Except Congenital Conditions Among Singleton Live Births at Less
Than 37 Gestational Weeks, United States, 1995, and Canada, 1992-1994*

Mortality by Age

United States, 1995 Canada, 1992-1994

Crude Risk† RR (95% CI)‡ EF, % Crude Risk† RR (95% CI)§ EF, %

,28 Weeks

Early neonatal 304.9 1143.2 (1083.1-1205.0) 77.0 394.9 1028.6 (935.6-1124.5) 62.5

Late neonatal 55.5 263.9 (237.6-292.9) 40.4 61.4 415.6 (309.7-554.5) 34.4

Postneonatal 54.7 31.4 (29.1-34.0) 9.0 56.9 46.9 (36.5-60.1) 5.9

Total infant 376.5 185.4 (180.7-190.2) 45.4 459.7 261.6 (247.1-276.2) 37.1

28-31 Weeks

Early neonatal 16.9 64.4 (58.0-71.5) 7.2 34.9 90.4 (72.9-111.9) 8.7

Late neonatal 7.7 36.3 (31.4-41.9) 13.3 7.0 46.7 (29.4-74.1) 10.1

Postneonatal 13.4 7.6 (6.9-8.4) 5.1 13.5 10.6 (7.8-14.4) 3.5

Total infant 37.2 17.6 (16.6-18.7) 6.9 53.9 30.0 (25.7-34.9) 6.6

32-33 Weeks (Moderate Preterm Birth)

Early neonatal 3.5 13.6 (11.4-16.2) 1.7 13.2 34.2 (25.8-45.3) 4.3

Late neonatal 1.4 7.1 (5.5-9.2) 2.8 2.3 15.5 (8.1-29.7) 4.4

Postneonatal 6.0 3.6 (3.1-4.0) 2.4 9.2 7.5 (5.5-10.3) 3.3

Total infant 10.8 5.3 (4.9-5.8) 2.2 24.3 13.7 (11.3-16.6) 3.9

34-36 Weeks (Mild Preterm Birth)

Early neonatal 1.2 4.5 (3.9-5.2) 2.8 2.2 5.6 (4.3-7.4) 4.1

Late neonatal 0.6 2.9 (2.5-3.5) 5.2 0.3 2.0 (1.0-4.0) 2.1

Postneonatal 3.2 2.0 (1.8-2.1) 5.4 3.3 2.6 (2.1-3.2) 5.7

Total infant 4.9 2.5 (2.3-2.6) 4.3 5.7 3.2 (2.7-3.7) 4.5

*RR indicates relative risk; CI, confidence interval; EF, etiologic fraction; early neonatal, age 0-6 days; late neonatal, age 7-27 days; and postneonatal, age 28-364 days. Canadian
data exclude Ontario.

†Crude risk is per 1000 live births.
‡Adjusted for age, parity, race, and education; infants born at 37 gestational weeks or later were used as reference.
§Adjusted for age and parity; infants born at 37 gestational weeks or later were used as reference.
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the RRs are quite elevated and, when
combined with their larger numbers
compared with more extreme pre-
term births, translate into a substan-
tialimpact at the population level. In
fact, the combined impact exceeded
that of infants born at 28 through 31
gestational weeks for all causes and
all 3 ages at death and even that of
infants born at less than 28 gesta-
tional weeks for postneonatal deaths.
These findings do not in any way
diminish the clinical and public
health importance of extremely pre-
term infants. Infants born at 27 ges-
tational weeks or earlier account for
a very large proportion of neonatal
deaths despite their rare occurrence
(0.7% in the United States and 0.4%
in Canada).

Our results were fairly consistent be-
tween the United States and Canada.
The RRs of mortality associated with
mild and moderate preterm birth were

generally higher in Canada. A small part
of these differences in gestational age–
specific mortality was explained by the
lower absolute and relative mortality
risks among US black vs white pre-
term infants, but the RRs for Canada re-
mained substantially higher than those
for the United States even after restrict-
ing the US analysis to non-Hispanic
whites (ie, 8.1 vs 15.2 at 32-33 gesta-
tional weeks and 3.3 vs 4.5 at 34-36 ges-
tational weeks for total infant mortal-
ity among all singleton live births). An
even smaller part of the difference was
the result of the slightly lower abso-
lute risks for term (birth at $37 gesta-
tional weeks) births in Canada (ie, to-
tal infant mortality of 3.0 vs 3.1 per
1000 live births for Canada in 1992-
1994 vs the United States in 1995). We
are currently investigating other po-
tential explanations and particularly
whether the differences might be arti-
facts caused by errors in estimation of

gestational age.22 Regardless of the ex-
planation, however, the prevalence of
births in these gestational age catego-
ries was much lower in Canada than in
the United States, and the EFs were
therefore similar in the 2 countries.

Except for a slight reduction in
neonatal deaths attributable to infec-
t ion among infants born at 34
through 36 gestational weeks, the
patterns we observed have not
changed much over the last 10 years
in either country. In other words,
despite the continued reduction in
gestational age–specific mortality
with improvements in high-risk
obstetric and neonatal care,13,17,23

mild and moderate preterm births
continue to contribute an important
fraction of infant deaths from a vari-
ety of causes. Obstetricians should be
aware of these risks when contem-
plating preterm induction or cesar-
ean delivery, and pediatricians may

Table 4. Risks and Etiologic Fractions for Infant Death Due to Asphyxia-Related Conditions Among Singleton Live Births at Less Than 37
Gestational Weeks, United States, 1995, and Canada, 1992-1994*

Mortality by Age

United States, 1995 Canada, 1992-1994

Crude Risk† RR (95% CI)‡ EF, % Crude Risk† RR (95% CI)§ EF, %

,28 Weeks

Early neonatal 21.2 253.6 (217.7-295.4) 51.4 60.0 295.8 (233.5-373.3) 40.3

Late neonatal 1.8 63.8 (40.5-100.3) 15.8 3.0 93.6 (37.5-233.1) 16.2

Postneonatal 0.6 29.3 (13.0-66.2) 8.5 1.0 78.1 (16.5-369.1) 15.7

Total infant 22.8 180.7 (157.7-206.8) 43.7 63.8 257.9 (206.6-320.9) 37.0

28-31 Weeks

Early neonatal 2.0 21.9 (16.8-28.7) 7.2 7.1 35.1 (22.7-54.1) 7.4

Late neonatal 0.6 22.2 (13.8-35.8) 13.2 0.9 27.3 (8.1-92.1) 7.8

Postneonatal 0.1 5.0 (1.5-16.0) 3.1 0.6 44.8 (9.5-212.3) 15.1

Total infant 2.7 20.1 (16.0-25.3) 7.9 8.6 34.6 (23.3-51.4) 7.8

32-33 Weeks (Moderate Preterm Birth)

Early neonatal 0.6 7.5 (5.1-11.1) 2.7 1.1 5.5 (2.2-13.3) 1.3

Late neonatal 0.1 2.6 (0.8-8.0) 1.2 0.7 20.6 (6.1-69.6) 7.8

Postneonatal 0.02 1.4 (0.2-10.0) 0.4 0.0 0.0 . . .

Total infant 0.7 5.8 (4.0-8.3) 2.4 1.8 7.2 (3.5-14.5) 1.9

34-36 Weeks (Mild Preterm Birth)

Early neonatal 0.3 3.0 (2.3-3.9) 4.7 0.7 3.6 (2.3-5.6) 5.1

Late neonatal 0.1 2.6 (1.5-4.3) 6.9 0.1 3.1 (0.9-10.5) 5.7

Postneonatal 0.04 2.6 (1.3-5.1) 8.6 0.0 0.0 . . .

Total infant 0.4 2.9 (2.3-3.6) 5.3 0.8 3.3 (2.2-5.1) 4.9

*RR indicates relative risk; CI, confidence interval; EF, etiologic fraction; early neonatal, age 0-6 days; late neonatal, age 7-27 days; postneonatal, age 28-364 days; and ellipses,
not applicable. Canadian data excludes Ontario.

†Crude risk is per 1000 live births.
‡Adjusted for age, parity, race, and education; infants born at 37 gestational weeks or later were used as reference.
§Adjusted for age and parity; infants born at 37 gestational weeks or later were used as reference.
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wish to consider closer monitoring of
mildly and moderately preterm
infants after hospital discharge. Peri-
natal researchers should include

births in these gestational age catego-
ries in studies of etiology and pre-
vention. Our findings indicate that
preventing the occurrence of mild

and moderate preterm births and of
death among such births remain
worthy targets for future research
and clinical intervention.

Table 5. Risks and Etiologic Fractions for Infant Death Due to Infection Among Singleton Live Births at Less Than 37 Gestational Weeks,
United States, 1995, and Canada, 1992-1994*

United States, 1995 Canada, 1992-1994

Crude Risk† RR (95% CI)‡ EF, % Crude Risk† RR (95% CI)§ EF, %

,28 Weeks

Early neonatal 6.5 165.0 (128.2-212.4) 35.1 70.0 1500.3 (1038.5-2146.0) 57.8

Late neonatal 13.5 315.2 (250.5-396.4) 42.8 12.8 424.6 (236.2-760.0) 42.9

Postneonatal 17.8 79.6 (68.2-92.8) 18.2 9.9 60.0 (36.9-97.3) 10.8

Total infant 26.8 91.5 (82.0-102.0) 27.1 91.0 376.8 (309.2-457.4) 39.2

28-31 Weeks

Early neonatal 1.4 37.3 (26.9-51.7) 13.2 13.1 280.2 (177.4-441.3) 17.2

Late neonatal 1.8 43.8 (32.5-59.1) 14.3 2.4 80.4 (35.4-182.6) 13.7

Postneonatal 3.7 16.7 (13.8-20.2) 9.4 5.4 32.7 (19.8-53.7) 9.9

Total infant 6.8 23.0 (19.9-26.5) 11.2 20.9 86.0 (65.1-113.4) 14.2

32-33 Weeks (Moderate Preterm Birth)

Early neonatal 0.5 12.3 (7.7-19.6) 4.9 3.1 67.1 (35.7-126.0) 5.4

Late neonatal 0.4 9.9 (6.1-16.2) 3.6 0.7 22.2 (6.6-74.9) 4.9

Postneonatal 1.5 6.7 (5.2-8.7) 4.2 2.2 13.7 (7.2-26.2) 5.4

Total infant 2.4 8.0 (6.5-9.8) 4.3 6.0 25.1 (16.7-37.6) 5.4

34-36 Weeks (Mild Preterm Birth)

Early neonatal 0.2 5.3 (3.9-7.4) 10.9 0.6 12.6 (7.1-22.6) 6.5

Late neonatal 0.1 3.2 (2.2-4.7) 5.3 0.1 2.2 (0.5-9.3) 1.9

Postneonatal 0.5 2.5 (2.1-3.1) 6.6 0.6 3.4 (2.0-5.6) 6.9

Total infant 0.9 3.1 (2.6-3.5) 7.2 1.2 5.0 (3.5-7.2) 6.1

*RR indicates relative risk; CI, confidence interval; EF, etiologic fraction; early neonatal, age 0-6 days; late neonatal, age 7-27 days; and postneonatal, age 28-364 days. Canadian
data exclude Ontario.

†Crude risk is per 1000 live births.
‡Adjusted for age, parity, race, and education; infants born at 37 gestational weeks or later were used as reference.
§Adjusted for age and parity; infants born at 37 gestational weeks or later were used as reference.

Table 6. Risks and Etiologic Fractions for Postneonatal Death Due to SIDS and All External Causes Among Singleton Live Births at Less Than
37 Gestational Weeks, United States, 1995, and Canada, 1992-1994*

Cause of Death

United States, 1995 Canada, 1992-1994

Crude Risk‡ RR (95% CI)‡ EF, % Crude Risk† RR (95% CI)§ EF, %

,28 Weeks

SIDS 4.2 3.6 (2.8-4.7) 0.9 2.9 3.6 (1.6-8.0) 0.7

All external causes 0.7 3.2 (1.7-6.1) 0.8 0.0 0.0 Undefined

28-31 Weeks

SIDS 4.5 4.0 (3.4-4.7) 2.6 1.5 1.8 (0.8-4.4) 0.3

All external causes 0.7 2.9 (1.9-4.4) 1.7 0.0 0.0 Undefined

32-33 Weeks (Moderate Preterm Birth)

SIDS 2.5 2.4 (2.0-2.8) 1.5 3.1 4.0 (2.3-6.8) 1.8

All external causes 0.5 2.6 (1.7-3.9) 1.8 0.4 4.4 (1.1-17.9) 2.0

34-36 Weeks (Mild Preterm Birth)

SIDS 1.7 1.7 (1.5-1.9) 4.4 1.5 1.9 (1.4-2.6) 3.8

All external causes 0.3 1.8 (1.4-2.3) 5.1 0.2 1.9 (0.8-4.4) 3.8

*SIDS indicates sudden infant death syndrome; external causes, causes of death such as unintentional injuries and abuse; RR, relative risk; CI, confidence interval; and EF, etiologic
fraction. Canadian data exclude Ontario.

†Crude risks per 1000 live births.
‡Adjusted for age, parity, race, and education; infants born at 37 gestational weeks or later were used as reference.
§Adjusted for age and parity; infants born at 37 gestational weeks or later were used as reference.
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son, MD, University of Toronto; and Brian McCarthy,
MD, Centers for Disease Control and Prevention.

REFERENCES

1. World Health Organization. The Prevention of Peri-
natal Mortality and Morbidity. Geneva, Switzerland:
WHO Technical Report Series; 1970. Report 457.
2. Rush RW, Keirse MJ, Howat P, Baum JD, Ander-
son AB, Turnbull AC. Contribution of preterm deliv-
ery to perinatal mortality. BMJ. 1976;2:965-968.
3. McCormick MC. The contribution of low birth
weight to infant mortality and childhood morbidity.
N Engl J Med. 1985;312:82-90.
4. Institute of Medicine. Preventing Low Birthweight.
Washington, DC: National Academy Press; 1985.
5. Dollfus C, Paletta M, Siegel E, Cross AW. Infant
mortality: a practical approach to the analysis of the
leading causes of death and risk factors. Pediatrics.
1990;86:176-183.
6. Morrison JC. Preterm birth: a puzzle worth solv-
ing. Obstet Gynecol. 1990;76(suppl):S5-S12.
7. Robertson PA, Sniderman SH, Laros RK Jr, et al.
Neonatal morbidity according to gestational age and
birth weight from five tertiary care centers in the United

States, 1983 through 1986. Am J Obstet Gynecol.
1992;166:1629-1641.
8. Hack M, Taylor HG, Klein N, Eiben R, Schatschneider
C, Mercuri-Minich N. School-age outcomes in chil-
dren with birth weights under 750 g. N Engl J Med.
1994;331:753-759.
9. Lee K-S, Kim BI, Khoshnood B, et al. Outcome of very
low birth weight infants in industrialized countries: 1947-
1987. Am J Epidemiol. 1995;141:1188-1193.
10. Saigal S, Feeny D, Rosenbaum P, Furlong W, Bur-
rows E, Stoskopf B. Self-perceived health status and
health-related quality of life of extremely low-birth-
weight infants at adolescence. JAMA. 1996;276:453-
459.
11. Schendel DE, Stockbauer JW, Hoffman HJ, Her-
man AA, Berg CJ, Schramm WF. Relation between very
low birth weight and developmental delay among pre-
school children without disabilities. Am J Epidemiol.
1997;146:740-749.
12. O’Shea TM, Preisser JS, Klinepeter KL, Dillard RG.
Trends in mortality and cerebral palsy in a geographi-
cally based cohort of very low birth weight neonates
born between 1982 to 1994. Pediatrics. 1998;101:
642-647.
13. Richardson DK, Gray JE, Gortmaker SL, Gold-
mann DA, Pursley DM, McCormick MC. Declining se-
verity adjusted mortality: evidence of improving neo-
natal intensive care. Pediatrics. 1998;102:893-899.
14. KimberlinDF,HauthJC,OwenJ,etal. Indicatedver-
sus spontaneouspretermdelivery: anevaluationofneo-
natal morbidity among infants weighing #1000 grams
at birth. Am J Obstet Gynecol. 1999;180:683-689.

15. Sutton L, Bajuk B, for the New South Wales
Neonatal Intensive Care Unit Study Group. Pop-
ulation-based study of infants born at less than 28
weeks’ gestation in New South Wales, Australia, in
1992-3. Pediatr Perinat Epidemiol. 1999;13:288-
301.
16. Doyle LW, Rogerson S, Chuang S-L, James M,
Bowman ED, Davis PG. Why do preterm infants die
in the 1990s? Med J Aust. 1999;170:528-532.
17. Gould JB, Benitz WE, Liu H. Mortality and time
to death in very low birth weight infants: California,
1987 and 1993. Pediatrics. 2000;105:1-5.
18. Goldenberg RL, Rouse DJ. Prevention of prema-
ture birth. N Engl J Med. 1998;339:313-320.
19. Miettinen OS. Proportion of disease caused or pre-
vented by a given exposure, trait or intervention. Am
J Epidemiol. 1974;99:325-332.
20. Cole S, Hartford RB, Bergsjö P, McCarthy B. In-
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The sciences and arts are not cast in a mold, but are
formed and shaped little by little, by repeated han-
dling and polishing, as the bears lick their cubs into
shape at leisure.

—Michel de Montaigne (1533-1592)
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