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PRETERM BIRTH, DEFINED AS BIRTH

that occurs prior to 37 com-
pleted weeks of gestation, is the
leading cause of perinatal mor-

bidity and mortality in developed coun-
tries.1 Although the early effects of pre-
term birth are well documented,2 less is
known about the longer-term out-
comes in adulthood. These outcomes
have a growing clinical and public health
importance because of the high preva-
lence of preterm birth and improved
early survival. In the past 3 decades, the
prevalence of preterm birth in the United
States has increased to more than 12%,3

similar to the prevalence in Africa and
south Asia,4 compared with 5% to 9%
in Europe.1 In the same period, ad-
vances in neonatal care, with wide-
spread use of antenatal corticosteroids,
surfactant therapy, and high-fre-
quency ventilation, have led to im-
proved survival of preterm infants.2 As
a result, large numbers of individuals
who were born preterm are now surviv-
ing to adulthood. A comprehensive un-
derstanding of their outcomes in adult-
hood is needed to enable earlier
prevention, detection, and treatment of
the long-term health sequelae.

Earlier studies have explored the re-
lationship between preterm birth and
mortality in childhood and adoles-
cence5 or between low birth weight and
mortality in adulthood.6 To our knowl-
edge, no studies to date have reported
the specific contribution of gesta-
tional age at birth on mortality in adult-

hood. The limitations of focusing on
birth weight, which is a function of ges-
tational age and fetal growth, have been
well documented.7,8 The relative influ-
ences of gestational age and fetal growth
are important to disentangle because
they have different underlying mecha-
nisms that may require different pre-
ventive interventions.

We conducted a national cohort
study in Sweden to examine the asso-
ciation between gestational age at birth,
independent of fetal growth, and mor-
tality in young adulthood. A national

cohort of singleton infants born in 1973
through 1979 was followed up into
young adulthood for all-cause and
cause-specific mortality. We hypoth-
esized that low gestational age at birth

Author Affiliations: Department of Medicine, Stan-
ford University, Stanford, California (Dr Crump); Cen-
ter for Primary Health Care Research, Lund Univer-
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Context Preterm birth is the leading cause of infant mortality in developed coun-
tries, but the association between gestational age at birth and mortality in adulthood
remains unknown.

Objective To examine the association between gestational age at birth and mortal-
ity in young adulthood.

Design, Setting, and Participants National cohort study of 674 820 individuals
born as singletons in Sweden in 1973 through 1979 who survived to age 1 year, in-
cluding 27 979 born preterm (gestational age �37 weeks), followed up to 2008 (ages
29-36 years).

Main Outcome Measures All-cause and cause-specific mortality.

Results A total of 7095 deaths occurred in 20.8 million person-years of follow-up.
Among individuals still alive at the beginning of each age range, a strong inverse as-
sociation was found between gestational age at birth and mortality in early childhood
(ages 1-5 years: adjusted hazard ratio [aHR] for each additional week of gestation,
0.92; 95% CI, 0.89-0.94; P� .001), which disappeared in late childhood (ages 6-12
years: aHR, 0.99; 95% CI, 0.95-1.03; P=.61) and adolescence (ages 13-17 years: aHR,
0.99; 95% CI, 0.95-1.03; P=.64) and then reappeared in young adulthood (ages 18-36
years: aHR, 0.96; 95% CI, 0.94-0.97; P� .001). In young adulthood, mortality rates
(per 1000 person-years) by gestational age at birth were 0.94 for 22 to 27 weeks,
0.86 for 28 to 33 weeks, 0.65 for 34 to 36 weeks, 0.46 for 37 to 42 weeks (full-term),
and 0.54 for 43 or more weeks. Preterm birth was associated with increased mortality
in young adulthood even among individuals born late preterm (34-36 weeks, aHR,
1.31; 95% CI, 1.13-1.50; P� .001), relative to those born full-term. In young adult-
hood, gestational age at birth had the strongest inverse association with mortality from
congenital anomalies and respiratory, endocrine, and cardiovascular disorders and was
not associated with mortality from neurological disorders, cancer, or injury.

Conclusion After excluding earlier deaths, low gestational age at birth was indepen-
dently associated with increased mortality in early childhood and young adulthood.
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would be independently associated with
increased mortality in young adult-
hood among individuals who were still
alive at the beginning of this age range.

METHODS
To examine long-term mortality after
infancy, we identified 678 528 indi-
viduals from the Swedish Birth Regis-
try who were born as singletons from
1973 through 1979 and who survived
to age 1 year. We excluded 2756 indi-
viduals (0.4%) who had missing infor-
mation for gestational age at birth and
248 others (�0.1%) who had missing
information for birth weight. To remove
possible coding errors, we excluded 704
individuals (0.1%) who had a reported
birth weight more than 4 SDs above or
below the mean birth weight for ges-
tational age and sex from a Swedish ref-
erence growth curve.9 A total of 674 820
individuals (99.5% of the original co-
hort) remained for inclusion in the
study. This study was approved by the
ethics committee of Lund University in
Malmö, Sweden. Informed consent was
waived as a requirement by the ethics
committee.

Ascertainment of Mortality
and Gestational Age at Birth

The study cohort was followed for all-
cause and cause-specific mortality from
age 1 year to the maximum possible fol-
low-up (ages 29-36 years). Deaths were
identified through December 31, 2008,
using the Swedish Death Registry. This
registry includes information on all
deaths in Sweden with compulsory re-
porting nationwide. Cause of death is
classified according to the Interna-
tional Classification of Diseases (ICD)
(revisions 8, 9, and 10).

The predictor of interest was gesta-
tional age at birth, which was based on
maternal report of last menstrual pe-
riod and identified using prenatal and
birth records in the Swedish Birth Reg-
istry. Gestational age at birth was ana-
lyzed alternatively as a continuous vari-
able (in weeks) and as a categorical
variable in 5 groups (22-27, 28-33, 34-
36, 37-42, and �43 weeks) to allow for
a nonlinear response. Completeness of

the birth and death registries is nearly
100%.

Other Study Variables
Other perinatal and demographic char-
acteristics that may be associated with
preterm birth and mortality were iden-
tified using the Swedish Birth Registry
and national census data, which were
linked using an anonymous personal
identification number. The following
variables were included as model covar-
iates: sex, birth year (as a continuous
variable), maternal age at birth (�20, 20-
24, 25-29, 30-34, or �35 years), and
maternal marital status (married/
cohabiting, never married, divorced/
widowed, or unknown). Education was
also entered in the model separately for
mothers and fathers as one of the fol-
lowing: compulsory high school or less
(�9 years); practical high school or
some theoretical high school (10-11
years); theoretical high school, college,
or both (�12 years); or unknown.

Also included as a model covariate
was fetal growth measured as the num-
ber of standard deviations from the
mean birth weight for gestational age
and sex from a Swedish reference
growth curve9 and categorized into 6
groups (�−2 SD; −2 to �−1 SD; −1 to
�0 SD; 0 to �1 SD; 1 to �2 SD; or �2
SD) to allow for a nonlinear response.
Birth order was included as 1, 2, or 3
or greater because low birth order has
been associated with preterm birth10 and
high birth order may be associated with
increased mortality in adulthood.11

Statistical Analysis

Cox proportional hazards regression
was used to estimate hazard ratios
(HRs) and 95% CIs for the association
between gestational age at birth and
mortality in early childhood (ages 1-5
years), late childhood (ages 6-12 years),
adolescence (ages 13-17 years), and
young adulthood (age 18 years to the
maximum follow-up of 29-36 years).
This association was estimated in each
of these age ranges after excluding ear-
lier deaths, ie, among the total num-
ber of individuals who were still alive
at the beginning of each age range. In-

dividuals were censored at year of emi-
gration (n=36 065; 5.3%), which was
determined by the absence of a Swed-
ish residential address in census data.
Individuals who emigrated had a simi-
lar gestational duration compared with
those who did not emigrate (mean, 40.2
vs 40.4 weeks; P=.72); thus, it is un-
likely that emigration introduced any
substantial bias.

Analyses were conducted first unad-
justed and then adjusted for covari-
ates. Likelihood ratio tests were used
to test for a trend of survival functions
across gestational age at birth (as an or-
dered categorical variable) and to test
for departure from linear trend. The
same analyses were repeated to exam-
ine cause-specific mortality in each age
range for all ICD categories with at least
100 total deaths. The proportional haz-
ards assumption was tested for each
model using the method described by
Grambsch and Therneau.12 First-
order interactions were explored be-
tween gestational age and the model co-
variates with respect to mortality, using
a likelihood ratio test to evaluate for sta-
tistical significance. All statistical tests
were 2-sided and used an � level of .05.

We also performed 3 sensitivity
analyses. First, we assessed the sensi-
tivity of results to congenital malfor-
mations by repeating the main analy-
ses after excluding individuals with
congenital malformations identified in
the birth records or as a cause of death
(n=8641; 1.3%). Second, we assessed
the sensitivity of results to injury deaths
by repeating the analyses after exclud-
ing all 1617 deaths due to injury (ie,
censoring these individuals at the time
of death). Third, we explored for po-
tential bias due to missing data for
gestational age (n=2756; 0.4%) and
birth weight (n=248; �0.1%) by re-
peating the analyses using a standard
multiple imputation procedure for these
missing data.13,14 All analyses were
conducted using Stata version 11.0
(StataCorp, College Station, Texas).13

RESULTS
The total prevalence of preterm birth
in Sweden during 1973-1979 was 5.0%.
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The proportion of infants born pre-
term (�37 weeks) who died in the first
year of life was 8.6%, including 70.7%
of those born at 22 to 27 weeks, 18.4%
of those born at 28 to 33 weeks, and
3.1% of those born at 34 to 36 weeks,
compared with 0.7% of those born full-
term (37-42 weeks) and 1.0% of those
born postterm (�43 weeks).

All subsequent analyses were based
on all 674 820 individuals born as
singletons during 1973-1979 who sur-
vived to age 1 year. Of this number,
27 979 (4.1%) were born preterm (�37
weeks), including 226 (0.03%) born at
22 to 27 weeks, 5163 (0.8%) born at 28
to 33 weeks, and 22 590 (3.3%) born
at 34 to 36 weeks. Preterm infants were
more likely than full-term infants to be
male or first-born; their mothers were
more likely to be either younger than
20 years or 35 years or older at the time
of delivery or to be unmarried; and their
mothers and fathers were more likely
to have low or unknown educational at-
tainment (TABLE 1).

All-Cause Mortality

A total of 7095 deaths occurred in 20.8
million person-years of follow-up from
age 1 year to the maximum attained
ages of 29 to 36 years. The overall mor-
tality rates per 1000 person-years were
0.33 in early childhood (ages 1-5 years),
0.15 in late childhood (ages 6-12 years),
0.25 in adolescence (ages 13-17 years),
and 0.47 in young adulthood (ages
18-36 years).

Among individuals still at risk in each
time period, a strong inverse associa-
tion was observed between gesta-
tional age at birth and mortality in early
childhood (adjusted hazard ratio [aHR]
for each additional week of gestation,
0.92; 95% CI, 0.89-0.94; P� .001), no
association was observed in late child-
hood (aHR, 0.99; 95% CI, 0.95-1.03;
P=.61) or adolescence (aHR, 0.99; 95%
CI, 0.95-1.03; P=.64), and an inverse
association reappeared in young adult-
hood (aHR, 0.96; 95% CI, 0.94-0.97;
P� .001) (TABLE 2). In early child-
hood and young adulthood, the in-
verse association between gestational
age at birth and mortality was consis-

tent with a linear relationship, and tests
for departure from linearity were non-
significant. Adjustment for all or any
subset of covariates had only a modest
effect on any of the risk estimates. These
associations also did not vary by sex in
any age range in stratified models, and
the interaction between gestational age
(modeled as either a continuous or cat-
egorical variable) and sex was nonsig-
nificant; hence, the results are re-
ported unstratified (Table 2).

In early childhood as well as young
adulthood, preterm birth was associ-
ated with increased mortality even
among individuals born late preterm
(34-36 weeks). Mortality rates per 1000

person-years for individuals born late
preterm and full-term, respectively,
were 0.53 and 0.32 in early childhood
and 0.65 and 0.46 in young adult-
hood. Adjusted hazard ratios for the as-
sociation between late preterm birth
(34-36 weeks) and mortality were 1.53
(95% CI, 1.18-2.00; P=.001) in early
childhood and 1.31 (95% CI, 1.13-
1.50; P� .001) in young adulthood,
relative to individuals born full-term.

In contrast, gestational age at birth
was not associated with mortality in late
childhood (ages 6-12 years) or adoles-
cence (ages 13-17 years). The associa-
tion between late preterm birth and
mortality in these age ranges had a mod-

Table 1. Individual Characteristics by Gestational Age at Birth (1973-1979)

No. (%)

Extreme
Preterm:
22-27 wk
(n = 226)

Very
Preterm:
28-33 wk
(n = 5163)

Late
Preterm:
34-36 wk

(n = 22 590)

Full-term:
37-42 wk

(n = 626 723)

Postterm:
�43 wk

(n = 20 118)

Sex
Male 119 (52.7) 2922 (56.6) 12 584 (55.7) 321 049 (51.2) 10 099 (50.2)

Female 107 (47.3) 2241 (43.4) 10 006 (44.3) 305 674 (48.8) 10 019 (49.8)

Birth order
1 111 (49.1) 2518 (48.8) 10 882 (48.2) 274 303 (43.8) 9686 (48.2)

2 61 (27.0) 1617 (31.3) 7311 (32.3) 238 267 (38.0) 6787 (33.7)

�3 54 (23.9) 1028 (19.9) 4397 (19.5) 114 153 (18.2) 3645 (18.1)

Maternal age at birth, y
�20 17 (7.5) 452 (8.7) 1603 (7.1) 28 972 (4.6) 1221 (6.1)

20-24 65 (28.8) 1485 (28.8) 6350 (28.1) 174 664 (27.9) 6579 (32.7)

25-29 71 (31.4) 1641 (31.8) 7659 (33.9) 243 761 (38.9) 7862 (39.1)

30-34 47 (20.8) 1102 (21.3) 4806 (21.3) 135 024 (21.5) 3563 (17.7)

�35 26 (11.5) 483 (9.4) 2172 (9.6) 44 302 (7.1) 893 (4.4)

Maternal marital status
Married/cohabiting 148 (65.5) 3370 (65.3) 15 389 (68.1) 462 714 (73.8) 13 892 (69.1)

Never married 55 (24.3) 1260 (24.4) 5095 (22.6) 119 087 (19.0) 4537 (22.5)

Divorced/widowed 21 (9.3) 468 (9.1) 1790 (7.9) 37 873 (6.1) 1455 (7.2)

Unknown 2 (0.9) 65 (1.2) 316 (1.4) 7049 (1.1) 234 (1.2)

Maternal education
Compulsory HS or less

(�9 y)
87 (38.5) 1772 (34.3) 7417 (32.8) 186 761 (29.8) 6670 (33.2)

Practical or some
theoretical HS (10-11 y)

79 (34.9) 2051 (39.7) 8936 (39.6) 257 359 (41.1) 8131 (40.4)

Theoretical HS and/or
college (�12 y)

42 (18.6) 834 (16.2) 4132 (18.3) 136 782 (21.8) 3811 (18.9)

Unknown 18 (8.0) 506 (9.8) 2105 (9.3) 45 821 (7.3) 1506 (7.5)

Paternal education
Compulsory HS or less

(�9 y)
78 (34.5) 1776 (34.4) 7723 (34.2) 202 813 (32.4) 6884 (34.2)

Practical or some
theoretical HS (10-11 y)

84 (37.2) 1961 (38.0) 8457 (37.4) 242 910 (38.7) 7791 (38.7)

Theoretical HS and/or
college (�12 y)

40 (17.7) 839 (16.2) 3892 (17.2) 127 062 (20.3) 3553 (17.7)

Unknown 24 (10.6) 587 (11.4) 2518 (11.2) 53 938 (8.6) 1890 (9.4)
Abbreviation: HS, high school.
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estly increased point estimate, but it did
not reach statistical significance
(Table 2). Combining these age groups
to improve statistical power did not ap-
preciably alter the risk estimates and
they remained nonsignificant.

Risk estimates for the association be-
tween model covariates and all-cause
mortality in young adulthood (ages
18-36 years) are presented in TABLE 3.
After adjusting for the other variables
included in the model, mortality was
positively associated with male sex,
birth order of 3 or more, and having an
unmarried mother and was inversely as-
sociated with maternal age and mater-
nal and paternal education level. Low
fetal growth (�−2 SD or −2 to �−1 SD
from the reference birth weight for ges-

tational age and sex) was also associ-
ated with increased mortality in young
adulthood after adjusting for gesta-
tional age and the other covariates. The
relationship between fetal growth and
mortality, however, was not linear (P
for departure from linear trend=.006).
We found no first-order interactions be-
tween gestational age at birth and the
covariates, including sex, with respect
to mortality.

Cause-Specific Mortality

Cause-specific mortality is presented in
TABLE 4. In early childhood (1-5 years),
gestational age at birth had the stron-
gest inverse association with mortal-
ity from congenital anomalies (which
were mostly heart defects) (aHR for

each additional week of gestation, 0.83;
95% CI, 0.79-0.87) and endocrine and
respiratory disorders. There were no
significant associations with mortality
from cardiovascular disease, neurologi-
cal disorders, cancer, or injury. In late
childhood (ages 6-12 years) and ado-
lescence (ages 13-17 years), whether
modeled as separate age groups or com-
bined, there were no significant asso-
ciations between gestational age at birth
and any cause-specific mortality.

In young adulthood (ages 18-36
years), gestational age at birth had the
strongest inverse associations with mor-
tality from congenital anomalies (aHR
for each additional week of gestation,
0.80; 95% CI, 0.74-0.86), respiratory
disorders (aHR, 0.85; 95% CI, 0.76-

Table 2. Hazard Ratios for Association Between Gestational Age at Birth (1973-1979) and All-Cause Mortality (Through 2008)

Deaths, No. Person-Years, No. Ratea

HR (95% CI)
P Value

for TrendcUnadjusted Adjustedb

Ages 1-5 y
22-27 wk 2 1120 1.79 5.49 (1.37-22.00) 5.34 (1.33-21.41)

28-33 wk 15 25 662 0.58 1.80 (1.08-3.00) 1.66 (0.99-2.76)

34-36 wk 59 112 094 0.53 1.62 (1.25-2.11) 1.53 (1.18-2.00) �.001d

37-42 wk 1011 3 112 537 0.32 1 [Reference] 1 [Reference]

�43 wk 31 100 008 0.31 0.95 (0.67-1.36) 0.74 (0.52-1.07)

Per week 0.92 (0.90-0.95) 0.92 (0.89-0.94) �.001d

Ages 6-12 y
22-27 wk 1 1554 0.64 4.36 (0.61-31.02) 4.29 (0.60-30.49)

28-33 wk 5 35 548 0.14 0.95 (0.40-2.30) 0.90 (0.37-2.18)

34-36 wk 28 155 032 0.18 1.22 (0.84-1.79) 1.18 (0.81-1.72) .69

37-42 wk 636 4 313 085 0.15 1 [Reference] 1 [Reference]

�43 wk 24 138 812 0.17 1.17 (0.78-1.76) 1.01 (0.67-1.54)

Per week 0.99 (0.95-1.03) 0.99 (0.95-1.03) .61

Ages 13-17 y
22-27 wk 0 1105 0.00 NE NE

28-33 wk 7 25 260 0.28 1.14 (0.54-2.39) 1.03 (0.49-2.18)

34-36 wk 37 110 205 0.34 1.38 (0.99-1.92) 1.28 (0.92-1.79) .45

37-42 wk 748 3 067 628 0.24 1 [Reference] 1 [Reference]

�43 wk 28 98 676 0.28 1.16 (0.80-1.70) 1.07 (0.73-1.57)

Per week 0.99 (0.95-1.02) 0.99 (0.95-1.03) .64

Ages 18-36 y
22-27 wk 3 3182 0.94 2.06 (0.66-6.38) 1.91 (0.62-5.94)

28-33 wk 62 73 391 0.86 1.87 (1.45-2.40) 1.64 (1.28-2.11)

34-36 wk 206 315 134 0.65 1.43 (1.24-1.64) 1.31 (1.13-1.50) �.001

37-42 wk 4035 8 804 972 0.46 1 [Reference] 1 [Reference]

�43 wk 157 290 844 0.54 1.18 (1.00-1.38) 1.06 (0.90-1.24)

Per week 0.95 (0.94-0.97) 0.96 (0.94-0.97) �.001d

Abbreviations: HR, hazard ratio; NE, not estimable.
aMortality rate per 1000 person-years.
bAdjusted for sex, birth year, fetal growth, birth order, maternal age at birth, maternal marital status, and maternal and paternal education.
cLikelihood ratio test for linear trend across gestational age in weeks (when modeled as a continuous variable) or across ordered gestational age groups (when modeled as a

categorical variable).
dA separate likelihood ratio test for departure from linear trend was nonsignificant (P� .05).
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0.94), and endocrine disorders (aHR,
0.88; 95% CI, 0.81-0.97). An inverse as-
sociation with cardiovascular mortal-
ity also emerged in this age range (aHR,
0.93; 95% CI, 0.88-0.99). In contrast,
gestational age at birth (modeled as
either a continuous or categorical vari-
able) was not significantly associated
with mortality from neurological dis-
orders, cancer, or injury in young adult-
hood.

Sensitivity Analyses
Exclusion of individuals with congen-
ital malformations affected the results
only in early childhood (ages 1-5
years). The inverse association
between gestational age at birth and
mortality in this age range was attenu-
ated although it remained significant
(aHR for each additional week of ges-
tation, 0.96; 95% CI, 0.93-0.99;
P = .03). The risk estimates for all

other age ranges remained virtually
identical (eTable 1, available at
http://www.jama.com).

Exclusion of deaths due to injury also
affected the results only in early child-
hood (ages 1-5 years). The inverse as-
sociation between gestational age at
birth and mortality in this age range was
slightly strengthened (aHR for each ad-
ditional week of gestation, 0.88; 95%
CI, 0.85-0.91; P� .001), whereas the

Table 3. Hazard Ratios for Association Between Model Covariates and All-Cause Mortality (Ages 18-36 Years)

Deaths, No. Person-Years, No. Ratea

HR (95% CI)

P ValueUnadjusted Adjustedb

Sex
Male 3196 4 880 830 0.65 2.38 (2.23-2.54) 2.37 (2.22-2.53) �.001

Female 1267 4 605 693 0.28 1 [Reference] 1 [Reference]

Birth year 1.01 (0.99-1.02) 1.01 (0.99-1.02) .38

Fetal growth, SD
�−2 137 190 870 0.72 1.59 (1.33-1.89) 1.52 (1.28-1.82) �.001

−2 to �−1 617 1 164 403 0.53 1.17 (1.07-1.29) 1.18 (1.07-1.30) .001

−1 to �0 1569 3 398 024 0.46 1.02 (0.95-1.10) 1.04 (0.97-1.11) .31

0 to �1 1492 3 308 201 0.45 1 [Reference] 1 [Reference]

1 to �2 518 1 178 988 0.44 0.97 (0.88-1.08) 0.96 (0.87-1.06) .40

�2 130 246 038 0.53 1.17 (0.98-1.40) 1.10 (0.92-1.32) .29

Birth order
1 2023 4 189 253 0.48 1 [Reference] 1 [Reference]

2 1540 3 562 798 0.43 0.90 (0.84-0.96) 1.03 (0.96-1.11) .41

�3 900 1 734 472 0.52 1.08 (0.99-1.16) 1.24 (1.13-1.36) �.001

Maternal age at birth, y
�20 353 458 682 0.77 1 [Reference] 1 [Reference]

20-24 1381 2 665 900 0.52 0.67 (0.60-0.76) 0.77 (0.69-0.87) �.001

25-29 1568 3 687 420 0.43 0.55 (0.49-0.62) 0.69 (0.61-0.78) �.001

30-34 856 2 010 771 0.43 0.55 (0.49-0.63) 0.67 (0.58-0.77) �.001

�35 305 663 750 0.46 0.60 (0.51-0.70) 0.65 (0.55-0.77) �.001

Maternal marital status
Married/cohabiting 2874 7 055 047 0.41 1 [Reference] 1 [Reference]

Never married 1128 1 778 309 0.63 1.56 (1.46-1.68) 1.40 (1.30-1.51) �.001

Divorced/widowed 433 607 324 0.71 1.75 (1.58-1.93) 1.58 (1.42-1.75) �.001

Unknown 28 45 845 0.61 1.50 (1.03-2.17) 1.22 (0.83-1.79) .30

Maternal education level
Compulsory HS or less (�9 y) 1648 2 936 070 0.56 1 [Reference] 1 [Reference]

Practical or some theoretical
HS (10-11 y)

1708 3 958 299 0.43 0.77 (0.72-0.82) 0.83 (0.78-0.89) �.001

Theoretical HS and/or college
(�12 y)

772 2 061 931 0.37 0.67 (0.61-0.73) 0.83 (0.75-0.92) �.001

Unknown 335 530 224 0.63 1.13 (1.01-1.27) 0.99 (0.88-1.12) .90

Paternal education level
Compulsory HS or less (�9 y) 1645 3 165 566 0.52 1 [Reference] 1 [Reference]

Practical or some theoretical
HS (10-11 y)

1653 3 735 445 0.44 0.85 (0.80-0.91) 0.91 (0.85-0.98) .008

Theoretical HS and/or college
(�12 y)

685 1 912 732 0.36 0.69 (0.63-0.75) 0.84 (0.76-0.93) .001

Unknown 480 672 781 0.71 1.38 (1.24-1.52) 1.23 (1.11-1.37) �.001
Abbreviations: HR, hazard ratio; HS, high school.
aMortality rate per 1000 person-years.
bThe adjusted model included gestational age at birth (continuous variable), sex, birth year, fetal growth, birth order, maternal age at birth, maternal marital status, and maternal and

paternal education.
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risk estimates for all other age ranges
remained virtually identical (eTable 2).

Infants with missing data for gesta-
tional age (n=2756; 0.4%) had a mean
birth weight (3339 g) and mortality rate
(0.43/1000 person-years) that were in-
termediate to those of late preterm in-
fants (2743 g; 0.48/1000 person-

years) and full-term infants (3536 g;
0.33/1000 person-years). Using mul-
tiple imputation of these missing
data,13,14 the risk estimates and signifi-
cance levels in all age ranges were neg-
ligibly affected, suggesting that the rela-
tively small amount of missing data did
not introduce any appreciable bias.

COMMENT
We found that low gestational age at
birth was independently associated with
increased mortality in young adult-
hood among individuals born in Swe-
den in 1973-1979. This association was
consistent with a linear relationship and
was independent of fetal growth as well
as other perinatal and socioeconomic
factors. Preterm birth was associated
with increased mortality in young adult-
hood even among those born late pre-
term (34-36 weeks). Across a longer age
range from 1 year to 36 years, a strong
inverse association between gesta-
tional age at birth and mortality was ob-
served in early childhood, which dis-
appeared in late childhood and
adolescence and then reappeared in
young adulthood.

To our knowledge, this is the first
study to report the specific contribu-
tion of gestational age at birth on mor-
tality in adulthood. The results under-
score the persistent long-term health
sequelae of preterm birth. Earlier stud-
ies have explored the association be-
tween low birth weight and mortality
in adulthood without examining the
specific contribution of gestational
age.15-29 A recent meta-analysis of these
studies reported an inverse associa-
tion between birth weight and mortal-
ity in adulthood, with a 6% lower risk
per kilogram of higher birth weight
(aHR, 0.94; 95% CI, 0.92-0.97).6 An-
other study in Norway reported that
preterm birth was associated with in-
creased mortality in early and late child-
hood but not in adolescence.5 That
study, however, did not adjust for fe-
tal growth and did not report mortal-
ity in adulthood. The relative influ-
ences of gestational age and fetal growth
are difficult to disentangle completely
because of correlation, but our find-
ings suggest that preterm birth is an im-
portant independent risk factor for mor-
tality in young adulthood. Furthermore,
although men have increased mortal-
ity rates overall, the association we
found between gestational age at birth
and mortality affected both sexes simi-
larly, without evidence of effect modi-
fication.

Table 4. Hazard Ratios for Association Between Gestational Age at Birth (per Week) and
Cause-Specific Mortality

Cause of Death (ICD Codes)
Deaths,

No.

HR (95% CI)

P ValueUnadjusted Adjusteda

Ages 1-5 y
Congenital anomalies (740-759,

Q00-Q99)
272 0.85 (0.81-0.89) 0.83 (0.79-0.87) �.001b

Respiratory (460-519, J00-J09) 51 0.89 (0.78-1.02) 0.87 (0.77-0.98) .02b

Endocrine (240-279, E00-E09) 43 0.85 (0.75-0.97) 0.85 (0.75-0.97) .01

Cardiovascular (390-459, I00-I09) 21 1.00 (0.78-1.27) 0.99 (0.77-1.26) .92

Neurological (320-389, G00-G09) 101 0.93 (0.84-1.02) 0.92 (0.84-1.02) .13

Cancer (140-239, C00-D48) 207 0.93 (0.87-1.00) 0.94 (0.87-1.01) .07

Injury (800-999, S00-T98) 327 1.03 (0.97-1.10) 1.04 (0.98-1.11) .18

Other or unknown causesc 96 0.90 (0.82-0.99) 0.90 (0.82-0.99) .03

Ages 6-12 y
Congenital anomalies (740-759,

Q00-Q99)
62 0.94 (0.83-1.07) 0.92 (0.81-1.04) .20

Respiratory (460-519, J00-J09) 18 0.89 (0.71-1.11) 0.90 (0.72-1.11) .31

Endocrine (240-279, E00-E09) 19 1.18 (0.89-1.58) 1.08 (0.82-1.41) .60

Cardiovascular (390-459, I00-I09) 34 1.00 (0.83-1.21) 0.97 (0.81-1.17) .76

Neurological (320-389, G00-G09) 48 0.95 (0.82-1.10) 0.93 (0.80-1.08) .34

Cancer (140-239, C00-D48) 182 1.05 (0.97-1.15) 1.07 (0.98-1.17) .15

Injury (800-999, S00-T98) 290 0.96 (0.90-1.02) 0.97 (0.91-1.03) .37

Other or unknown causesc 41 1.14 (0.94-1.38) 1.07 (0.89-1.29) .47

Ages 13-17 y
Congenital anomalies (740-759,

Q00-Q99)
42 1.19 (0.98-1.44) 1.13 (0.94-1.36) .19

Respiratory (460-519, J00-J09) 20 0.90 (0.73-1.12) 0.89 (0.72-1.09) .26

Endocrine (240-279, E00-E09) 19 1.05 (0.80-1.37) 1.08 (0.82-1.44) .58

Cardiovascular (390-459, I00-I09) 50 0.92 (0.80-1.06) 0.96 (0.83-1.11) .55

Neurological (320-389, G00-G09) 52 0.98 (0.84-1.14) 0.96 (0.83-1.12) .62

Cancer (140-239, C00-D48) 115 0.98 (0.89-1.09) 0.99 (0.89-1.10) .85

Injury (800-999, S00-T98) 472 0.99 (0.94-1.04) 1.00 (0.95-1.05) .90

Other or unknown causesc 50 0.94 (0.81-1.08) 0.93 (0.81-1.08) .34

Ages 18-36 y
Congenital anomalies (740-759,

Q00-Q99)
98 0.82 (0.76-0.88) 0.80 (0.74-0.86) �.001

Respiratory (460-519, J00-J09) 66 0.85 (0.76-0.94) 0.85 (0.76-0.94) .002b

Endocrine (240-279, E00-E09) 105 0.88 (0.81-0.96) 0.88 (0.81-0.97) .006b

Cardiovascular (390-459, I00-I09) 274 0.92 (0.87-0.98) 0.93 (0.88-0.99) .02b

Neurological (320-389, G00-G09) 165 0.96 (0.88-1.04) 0.96 (0.89-1.04) .32

Cancer (140-239, C00-D48) 550 0.95 (0.91-1.00) 0.96 (0.92-1.01) .10

Injury (800-999, S00-T98) 528 0.97 (0.92-1.01) 0.97 (0.93-1.02) .21

Other or unknown causesc 2677 0.96 (0.94-0.98) 0.97 (0.95-0.99) .01b

Abbreviations: HR, hazard ratio; ICD, International Classification of Diseases (revisions 8, 9, and 10).
aAdjusted for sex, birth year, fetal growth, birth order, maternal age at birth, maternal marital status, and maternal and pa-

ternal education.
bA separate likelihood ratio test for departure from linear trend was nonsignificant (P� .05).
cSpecific causes in the “other” category had insufficient numbers of deaths for analysis.
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We found multiple causes for this as-
sociation, especially congenital anoma-
lies, respiratory and endocrine disor-
ders, and cardiovascular disorders in
young adulthood. A number of previ-
ous studies have reported an inverse as-
sociation between birth weight and
mortality from cardiovascular dis-
ease,6,20,30 whereas data on gestational
age at birth and other cause-specific
mortality are scarce. Our cause-specific
findings are generally consistent with
associations we previously reported be-
tween low gestational age and various
morbidities in the same cohort, includ-
ing asthma,31 hypertension,32 diabe-
tes,33 and hypothyroidism.34 The un-
derlying mechanisms are still largely
unknown but may involve a complex
interplay of fetal and postnatal nutri-
tional abnormalities35,36; other intra-
uterine exposures, including glucocor-
ticoid and sex hormone alterations37;
and common genetic factors.38

Our findings were not adequately ex-
plained by congenital malformations,
despite their strong association with
preterm birth. Cardiovascular and other
malformations are more than twice as
common among preterm than full-
term infants39-41 and have a high mor-
tality rate.41-43 However, we found that
after excluding congenital malforma-
tions, the inverse association between
gestational age at birth and mortality
was weakened but persisted in early
childhood, and was virtually unaf-
fected in young adulthood.

The prevalence of preterm birth cur-
rently exceeds 12% in the United States,3

more than double the prevalence ob-
served in this earlier Swedish cohort. De-
spite considerable research and public
health efforts, preterm birth has in-
creased in the United States3 and in Eu-
rope4 during the past 3 decades. Much
of the increase is due to rising numbers
of medically indicated preterm births, as
well as increased use of assisted repro-
ductive technologies.44 More than
520 000 births now occur prematurely
every year in the United States,3 cost-
ing more than $26 billion annually in
health care expenditures and lost pro-
ductivity.45 Although most survivors

have a high level of function and self-
reported quality of life in young adult-
hood,2 our previous31-34,46 and current
findings demonstrate the increased long-
term morbidities and mortality that may
also be expected. Clinicians will increas-
ingly encounter the health sequelae of
preterm birth throughout the life course
and will need to be aware of the long-
term effects on the survivors, their fami-
lies, and society.2

The most important strength of the
current study was its ability to examine
the association between gestational age
at birth and mortality in a large na-
tional cohort that was followed up into
young adulthood, using birth and death
registry data that are nearly 100% com-
plete. The results were adjusted for fe-
tal growth as well as other broadly mea-
sured potential confounders.

Limitations included the estima-
tion of gestational age by maternal re-
port of last menstrual period rather than
by ultrasound, which was not yet widely
used at the time these individuals were
born (1973-1979). Statistical power was
limited to detect associations with spe-
cific causes of mortality. Information
was unavailable for mode of delivery,
postnatal growth patterns, and smok-
ing history. Cigarette smoking has a re-
ported prevalence of 26% among
women and 22% among men in Swe-
den,47 is a risk factor for preterm birth,48

and may have disproportionate health
effects among survivors of preterm
birth.49 Finally, preterm infants today
may have different long-term out-
comes from this cohort due to ad-
vances in neonatal care and improved
survival at earlier gestational ages. It is
unclear to what extent our findings are
generalizable to later cohorts, and any
such comparisons should be made with
caution. The relationships between neo-
natal care and preterm birth sequelae
are highly dynamic and will require ad-
ditional follow-up of other large co-
horts in the future.

In summary, among individuals born
in Sweden in 1973-1979, low gesta-
tional age at birth was independently
associated with increased mortality in
early childhood and young adult-

hood. These findings underscore the
need for more effective strategies to pre-
vent preterm birth, better understand-
ing of causal pathways, and increased
awareness of the long-term health se-
quelae throughout the life course.
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