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Abstract
Preterm birth (gestational age < 37 weeks) has a worldwide prevalence of nearly 11%, and >95% of preterm infants who
receive modern neonatal and pediatric care now survive into adulthood. However, improved early survival has been
accompanied by long-term increased risks of various chronic disorders, prompting investigations to determine whether
preterm birth leads to higher mortality risks in adulthood. A systematic review identiﬁed eight studies with a total of
6,594,424 participants that assessed gestational age at birth in relation to all-cause or cause-speciﬁc mortality at any ages ≥18
years. All six studies that included persons born in 1967 or later reported positive associations between preterm birth and allcause mortality in adulthood (attained ages, 18–45 years). Most adjusted relative risks ranged from 1.2 to 1.6 for preterm
birth, 1.1 to 1.2 for early term birth (37–38 weeks), and 1.9 to 4.0 for extremely preterm birth (22–27 weeks), compared with
full-term birth (variably deﬁned but including 39–41 weeks). These ﬁndings appeared independent of sociodemographic,
perinatal, and maternal factors (all studies), and unmeasured shared familial factors in co-sibling analyses (assessed in four
studies). Four of these studies also explored cause-speciﬁc mortality and reported associations with multiple causes,
including respiratory, cardiovascular, endocrine, and neurological. Two smaller studies based on an earlier cohort born in
1915–1929 found no clear association with all-cause mortality but positive associations with selected cause-speciﬁc
mortality. The overall evidence indicates that premature birth during the past 50 years is associated with modestly increased
mortality in early to mid-adulthood.

Introduction
In 2014, preterm birth (gestational age < 37 completed
weeks) had a prevalence of 10.6% worldwide, 9.6% in the
US, and 5 to 9% in most European countries [1]. Because of
treatment advances in the past 50 years [2], over 95% of
preterm infants who receive modern neonatal and pediatric
care now survive into adulthood [3–6]. However, improved
early survival has been accompanied by other long-term
health risks. Preterm birth has been linked with increased
risks of various comorbidities, including cardiometabolic,
respiratory, and neuropsychiatric disorders, that sometimes
track from childhood into adulthood or may ﬁrst manifest in
adulthood [3–7]. These sequelae have prompted investigations to determine whether preterm birth leads to increased

* Casey Crump
casey.crump@mssm.edu
1

Departments of Family Medicine and Community Health and of
Population Health Science and Policy, Icahn School of Medicine
at Mount Sinai, New York, NY, USA

mortality risks in adulthood. Based on global prevalence
and survival data [8, 9], the number of preterm survivors
now reaching adulthood exceeds 10 million per year
worldwide, and hence even modestly increased mortality in
adulthood may have high clinical and public health impacts.
A number of prior studies have established that preterm
birth is associated with higher mortality rates in infancy,
childhood, and adolescence [9–17]. Fewer studies have
explored these associations among adults because of the
inherent challenges of following large birth cohorts for
several decades needed to assess mortality with sufﬁcient
power in adulthood. Linkages of well-established national
registries with birth and death records, especially in the
Nordic countries, have enabled the largest and most comprehensive investigations to date. The current evidence was
assessed by reviewing all studies to date that examined
gestational age at birth in relation to mortality in adulthood.

Methods
A systematic literature review was conducted to identify all
studies that examined: (1) gestational age at birth (or any
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gestational age subgroups) as a predictor, and (2) all-cause or
cause-speciﬁc mortality at any adult ages (≥18 years) as an
outcome. PubMed and CINAHL databases were searched on
1 October, 2019, for all study abstracts and titles using the
following search terms (and related alternatives): (prematurity
or (gestational age) or ((preterm or premature) and birth)) and
(mortality or death) and (adult or adulthood). The search was
limited to studies of human beings, without date or language
restrictions. After screening the original 1281 studies found,
30 were chosen for further in-depth evaluation. The bibliographies of selected studies also were searched. Eight studies
ultimately met the above inclusion criteria.
The eight selected studies were reviewed for design and
analytic methods, including how gestational age was modeled, attained ages during the follow-up period, and
assessment and control for confounding. The reported
ﬁndings were reviewed for all-cause and cause-speciﬁc
mortality risk estimates and potential sex-speciﬁc differences. In addition, a post hoc analysis based on the largest
study to date [5] was performed to estimate absolute mortality differences, attributable fraction in the exposed (AFe),
and population attributable fraction (PAF) for gestational
age subgroups compared with full-term [18].

Results
Table 1 summarizes the study designs for the 8 selected
studies, which were conducted in only three countries (Sweden, Norway, and Australia) and included a total of 6,594,424
unique participants. Each study used an observational retrospective cohort design and Cox proportional hazards regression to compute hazard ratios (HRs) for mortality, with
attained age as the Cox model time axis. However, they had
other methodologic differences, notably in gestational age
ascertainment and modeling, deﬁnition of the reference group,
and adjustment variables. Because of differences in how
gestational age was categorized and modeled, it was not
feasible to perform a meta-analysis using the available published data. Five studies assessed both all-cause and causespeciﬁc mortality [5, 6, 19–21], two assessed only all-cause
mortality [22, 23], and one assessed only cause-speciﬁc
mortality [24]. Six studies included persons born in
1967–2015 [5, 6, 19, 20, 22, 23], thus overlapping with the
modern neonatal care era [2]. These studies will be reviewed
ﬁrst, and then the remaining two studies based on an earlier
cohort born in 1915–1929 [21, 24].

All-cause mortality among persons born in 1967 or
later
Table 2 reports selected ﬁndings for all-cause mortality. The
ﬁrst 3 published studies of gestational age at birth and all-

cause mortality in adulthood were based on overlapping
cohorts in Sweden [6, 19, 22]. The ﬁrst of these was published in 2011 and included 674,820 persons born as singletons in 1973–1979 who were followed up for mortality
through 2008 (maximum age 36 years) [6]. Among those
who survived to age 18 years, each additional week of
gestation was associated with a 4% (95% CI, 3% to 6%)
lower mortality between ages 18 and 36 years (adjusted HR,
0.96; 95% CI, 0.94–0.97; P < 0.001). The adjusted HR for
all-cause mortality in adulthood associated with extremely
preterm birth (22–27 weeks) was 1.91 (95% CI, 0.62–5.94),
with very preterm birth (28–33 weeks) was 1.64
(1.28–2.11), and with late preterm birth (34–36 weeks)
was 1.31 (1.13–1.50), compared with full-term birth
(37–42 weeks).
A subsequent study extended these ﬁndings by examining early term birth (37–38 weeks) in relation to long-term
mortality in nearly the same cohort born in 1973–1979 [19].
In this study, the adjusted HRs for all-cause mortality at
ages 18–36 years associated with preterm (<37 weeks) and
early term birth were 1.40 (95% CI, 1.23–1.58) and 1.14
(1.05–1.24), respectively, compared with full-term birth
(39–42 weeks).
Another Swedish cohort study included all singletons
across additional birth years (1973–2008), which enabled
further assessment of mortality particularly early in life in a
larger sample size (N = 3.3 million) [22]. This study
examined a wide range of psychiatric, educational, and
social outcomes in addition to all-cause mortality. However,
mortality was assessed only in infancy (age < 1 year) and at
ages 1–36 years combined, but not in narrower age intervals
speciﬁcally in adulthood. Adjusted HRs for mortality at
ages 1–36 years associated with gestational ages
23–27 weeks, 28–30 weeks, 31–33 weeks, and
34–36 weeks were 2.9 (95% CI, 2.0–4.1), 2.3 (1.8–2.9), 2.1
(1.8–2.4), and 1.6 (1.5–1.7), respectively, compared with
full-term birth (37–42 weeks). In addition, this was the ﬁrst
study to include a co-sibling design [25, 26] to control for
shared familial (genetic and/or environmental) factors. Cosibling analyses revealed no attenuation of HRs compared
with the primary analyses based on the entire population,
suggesting that the observed associations were independent
of shared familial factors that might predispose to both
preterm birth and mortality.
The most recent and largest study of gestational age at
birth in relation to mortality in adulthood included all singletons born in Sweden during 1973–2015 (N = 4,296,814;
maximum attained age 45 years) [5]. This cohort overlapped with the previously published Swedish studies but
extended the birth years and follow-up time examined.
Mortality in adulthood was assessed separately at ages
20–29 and 30–45 years. Adjusted HRs for mortality associated with preterm or extremely preterm birth were 1.54
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Table 1 Characteristics of studies on gestational age at birth and mortality in adulthood

Cause-speciﬁc

30–35 (ref.) 36–41, ≥42

24–31, 32–34, 35–36,
37–38, 39–41 (Ref.), ≥42

22–33, 34–36, 37–41
(Ref.), ≥42

All-cause

All-cause and
cause-speciﬁc

<37, 37–41 (Ref.), ≥42, and All-cause and
continuous
cause-speciﬁc

All-cause and
cause-speciﬁc

All-cause

All-cause and
cause-speciﬁc

All-cause and
cause-speciﬁc

Mortality
outcomes

22–27, 28–33, 34–36,
37–38, 39–41 (Ref.), ≥42,
and continuous

23–27, 28–30, 31–33,
34–36, 37–42 (Ref.), and
continuous

<37, 37–38, 39–42
(Ref.), ≥43

22–27, 28–33, 34–36,
37–42 (Ref.), ≥43, and
continuous

Gestational ages examined
(weeks)

Sex, birth decade, race, maternal factors (age,
marital status, parity), mode of delivery, type of
labor onset, geographic remoteness, arealevel SES

Sex, birth cohort (10-year groups), multiple
birth, maternal factors (age, parity, education)

Sex, birth year, birth weight, maternal factors
(age, parity, marital status, SES)

Sex, birth period, education, individual and
maternal marital status and SES

Sex, birth year, birth order, maternal factors
(age, education, smoking)

Sex, birth order, maternal and paternal factors
(age, education, history of criminal conviction)

Sex, birth year, birth order, maternal factors
(age, marital status, education), paternal
education

Sex, birth year, fetal growth, birth order,
maternal factors (age, marital status, education),
paternal education

Adjustment variables
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Table 2 Summary of ﬁndings for gestational age at birth and all-cause mortality in adulthood
Country and study

Age intervals that
included adults

Gestational ages examined
(weeks)

Reference group
(weeks)

22–27

37–42

Selected all-cause mortality
HR (95% CI)

Sweden
Crump (2011) [6]

18–36 years

1.64 (1.28–2.11)

34–36

1.31 (1.13–1.50)

Per additional week
Crump (2013) [19]

18–36 years

<37

0.96 (0.94–0.97)
39–42

37–38
D’Onofrio (2013) [22]

Crump (2019) [5]

1–36 years

20–29 years

30–45 years

Juarez (2016) [21]

1.91 (0.62–5.94)

28–33

23–27

1.40 (1.23–1.58)
1.14 (1.05–1.24)

37–42

2.9 (2.0–4.1)a

28–30

2.3 (1.8–2.9)a

31–33

2.1 (1.8–2.4)a

34–36

1.6 (1.5–1.7)a

<37

39–41

Men: 1.32 (1.20–1.46);
Women: 1.54 (1.31–1.82)a

22–27

Men: 1.45 (0.69–3.03);
Women: 4.00 (1.90–8.41)a

28–33

Men: 1.40 (1.13–1.72);
Women: 1.50 (1.04–2.17)a

34–36

Men: 1.30 (1.17–1.46);
Women: 1.50 (1.24–1.81)a

37–38

Men: 1.15 (1.08–1.22);
Women: 1.16 (1.04–1.30)a

Per additional week

Men: 0.97 (0.96–0.98);
Women: 0.95 (0.93–0.97)a

<37

39–41

Men: 1.17 (1.01–1.34);
Women: 1.55 (1.28–1.89)a

22–27

Men: 1.53 (0.49–4.75);
Women: 3.11 (1.00–9.65)a

28–33

Men: 1.15 (0.84–1.57);
Women: 2.31 (1.61–3.29)a

34–36

Men: 1.17 (1.00–1.36);
Women: 1.35 (1.07–1.70)a

37–38

Men: 1.15 (1.06–1.26);
Women: 1.18 (1.04–1.35)a

Per additional week

Men: 0.98 (0.97–1.00);
Women: 0.94 (0.92–0.97)a
37–41

0.88 (0.58–1.34)a

5–29 years

<37

30–44 years

<37

0.88 (0.52–1.48)a

45–59 years

<37

1.12 (0.86–1.47)a

60–69 years

<37

1.19 (0.96–1.48)a

70–79 years

<37

0.88 (0.73–1.06)a

≥80 years

<37

1.17 (1.00–1.38)a

15–45 years

22–33

Norway
Risnes (2016) [20]

37–41

1.27 (1.09–1.47)a
1.11 (1.02–1.20)a

34–36
Australia
Srinivasjois (2017) [23]

6–30 years

24–31

1.3 (0.8–2.3)

32–34

1.4 (1.0–2.0)

35–36

1.1 (0.9–1.4)

37–38

1.0 (0.9–1.1)

HR hazard ratio
a

39–41

All HRs were reported to be similar in co-sibling analyses

Preterm birth and mortality in adulthood: a systematic review

(95% CI, 1.31–1.82) and 4.00 (1.90–8.41) at ages 20–29
years, and 1.55 (1.28–1.89) and 3.11 (1.00–9.65) at ages
30–45 years. In addition, a co-sibling analysis performed in
all 3,562,267 individuals with at least one sibling (82.9% of
the cohort) showed minimal change in risk estimates, suggesting that the observed associations were not due to
shared genetic or environmental factors in families. Sensitivity analyses further showed that exclusion of deaths due
to congenital anomalies, other perinatal conditions, or
external causes had little effect on the overall ﬁndings.
Other studies of gestational age and all-cause mortality
have been conducted in Norway and Australia. A Norwegian
cohort study of 1,562,647 persons born in 1967–1997
examined mortality through 2011 (ages 15–45 years) [20].
The reported adjusted HRs for mortality associated with
gestational ages 22–33 weeks and 34–36 weeks were 1.27
(95% CI, 1.09–1.47) and 1.11 (1.02–1.20), respectively,
compared with full-term birth (37–41 weeks). A co-sibling
analysis yielded similar risk estimates compared with the
primary analyses, consistent with prior co-sibling analyses in
Sweden [5, 22]. An earlier Norwegian study of medical and
social outcomes of preterm birth published survival curves up
to age 36 years for gestational age subgroups, but did not
report mortality risk estimates relative to full-term birth [27].
An Australian cohort study included 722,399 singletons
born in 1980–2010 in Western Australia and examined
mortality in the neonatal period (0–28 days), postneonatal
period (29–364 days), and ages 1–5 and 6–30 years, but not
in narrower age intervals speciﬁcally in adulthood [23].
Adjusted HRs for mortality at ages 6–30 years associated
with gestational ages 24–31 weeks, 32–34 weeks,
35–36 weeks, and 37–38 weeks were 1.3 (95% CI,
0.8–2.3), 1.4 (1.0–2.0) 1.1 (0.9–1.1), and 1.0 (0.9–1.1),
respectively, compared with full-term birth (39–41 weeks).
Figure 1 summarizes the adjusted HRs for all-cause mortality associated with preterm vs. full-term birth in all
cohorts born in 1967 or later.

All-cause mortality among persons born in
1915–1929
Another Swedish study differs from the others by including
a much earlier birth cohort from Uppsala, Sweden [21].
This study included 12,564 persons born as singletons in
1915–1929 who were followed up for mortality through
2009. The attained age intervals examined were ages 5–29
years and additional 10–15 year increments up to ages ≥80
years. No associations between gestational age and mortality were found, except for a borderline-signiﬁcant association at ages ≥80 years (preterm vs. full-term: adjusted
HR, 1.17; 95% CI, 1.00–1.38). Co-sibling analyses also
showed no substantial change in risk estimates compared
with the primary analyses.

Fig. 1 Adjusted hazard ratios and 95% CIs for all-cause mortality
associated with preterm vs. full-term birth in cohorts born in 1967 or
later (total Ns are reported in Table 1). aPooled estimates from reported
preterm subgroups

Sex-speciﬁc differences
Few studies have explored sex-speciﬁc differences in
associations between gestational age at birth and adult
mortality. In the largest Swedish cohort study, preterm birth
was associated with increased mortality in adulthood among
both men and women [5]. The highest mortality rate across
all ages examined (0–45 years) was among preterm-born
males, which was signiﬁcantly higher than among pretermborn females (adjusted HR 1.22, 95% CI 1.17–1.28; P <
0.001). A positive additive interaction was found between
preterm birth and male sex (i.e., the combined effect of
these factors on mortality exceeded the sum of their separate
effects; P < 0.001), indicating that preterm birth accounted
for signiﬁcantly more deaths among males than females. In
adulthood (ages 20–45 years), there was a positive additive
interaction between early term (but not preterm) birth and
male sex in relation to mortality (P = 0.01).
The interaction between gestational age and sex was
formally tested and reported in only two other studies. No
evidence for multiplicative interaction was found in the
Norwegian cohort (P = 0.3) [20], nor in the smaller
Swedish cohort born in 1915–1929 (P > 0.05) [21]. Additive interactions are less commonly examined but potentially more informative about public health impact, by
indicating in which subgroup preterm birth may account for
the most deaths [28, 29].

Cause-speciﬁc mortality
Cause-speciﬁc mortality associated with gestational age at
birth has been explored only in Swedish and Norwegian
cohorts. In the largest Swedish study, gestational age at
birth was inversely associated with all major causes of death
(including respiratory, cardiovascular, endocrine, neurological, cancer, and external causes) across ages 0–45 years
among males and females [5]. Mortality from respiratory
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disorders, congenital anomalies, and other perinatal conditions predominated in infancy and childhood. However,
associations with endocrine, cardiovascular, and neurological mortality were observed in young adulthood (ages
20–29 years), and strong associations with endocrine
(mostly diabetes) and respiratory mortality extended further
into adulthood (adjusted HRs at ages 30–45 years per
additional week of gestation, endocrine: 0.85; 95% CI,
0.79–0.92; P < 0.001; respiratory: 0.87; 95% CI, 0.80–0.95;
P < 0.001).
In the Norwegian cohort, the earliest gestational ages
(<34 weeks) were associated with modestly increased
mortality from external causes (adjusted HR, 1.20; 95% CI,
1.01–1.43), which appeared to involve both accidents/violence and suicide, and with non-signiﬁcantly increased
mortality from cancer (1.30; 0.97–1.93; based on only 25
cases) and cardiovascular disease (1.58; 0.94–2.64; 15
cases) [20]. Other potential causes of death were not
reported.
One other study examined cause-speciﬁc mortality in
11,474 Swedish men and women born in 1915–1929 who
were followed up to a maximum age of 86 years [24]. This
study reported that gestational age at birth was inversely
associated with risk of death from cerebrovascular disease
(P for linear trend = 0.03) and speciﬁcally occlusive stroke
(P = 0.02), but not ischemic heart disease (P = 0.16). Other
potential causes of death were not examined.

Secondary analyses
In post hoc analyses, attributable risks were estimated in
the largest study to date from Sweden [5]. Attributable
risks of mortality at ages 18–45 years associated with
gestational age at birth were estimated in a subcohort of
2,543,599 persons born in 1973–1997 who were still living
in Sweden at age 18 years (Table 3). In this subcohort,
each additional week of gestation was associated with a
4% lower risk of death between ages 18 and 45 years
(adjusted HR, 0.96; 95% CI, 0.96–0.97). Preterm and
extremely preterm birth accounted for an estimated 20.8
(95% CI, 16.4–25.1) and 52.8 (11.2–94.4) additional
deaths per 100,000 person-years, respectively, compared
with full-term birth (Table 3, risk differences). An estimated 29.7 and 51.8% of deaths at ages 18–45 years
among persons born preterm or extremely preterm, and 2.6
and 0.1% of deaths in the entire population, were attributable to preterm or extremely preterm birth, respectively.
For early term birth, the attributable fraction in the exposed
was 13.9%, and the population attributable fraction was
3.0% (Table 3, AFe and PAF). Figure 2 shows the estimated hazard ratios and absolute risk differences for
mortality at ages 18–45 years associated with gestational
age subgroups compared with full-term birth.

Discussion
This systematic review indicates that preterm and early term
birth were associated with modestly increased mortality in
adulthood among persons born in the last ~50 years. Most
relative risks associated with preterm or early term birth
were in the 1.2–1.6 and 1.1–1.2 ranges, respectively,
compared with full-term birth. These associations appeared
independent of sociodemographic, perinatal, and maternal
factors, as well as unmeasured shared genetic and environmental factors in families that were controlled for using
co-sibling analyses. The absolute mortality risks among
adults born preterm were overall low, yet nearly one-third
of their deaths were estimated to be attributable to preterm
birth. These associations were observed among both men
and women, but accounted for signiﬁcantly more deaths
among men [5]. Based on the overall evidence, premature
birth should be considered a chronic condition that is
associated with modestly increased mortality risks in early
to mid-adulthood.
Only one Swedish cohort included persons born in earlier
years (1915–1929) [21, 24]. This cohort was the smallest of
those reviewed (N = ~12,000) but had the unusual opportunity to follow-up the participants into older adulthood
(maximum ages 80s–90s). The ﬁndings differed from those
of other studies in that no clear association between preterm
birth and all-cause mortality in adulthood was observed
(despite a positive association with cerebrovascular disease
mortality) [21, 24]. The null ﬁnding for all-cause mortality
may potentially be related to survivor bias in this much
earlier birth cohort. The most signiﬁcant breakthroughs in
neonatal care, including high-frequency ventilation, antenatal corticosteroids, and surfactant therapy, were introduced
in the 1970s–1980s [2]. Prior to these advances, preterm
infant survival rates were much lower, and the strongest and
healthiest infants who survived may be less susceptible to
chronic disorders than more recent survivors who are now
reaching adulthood in larger numbers.
The current evidence linking premature birth with
increased mortality in adulthood is based on large registrybased studies in only three countries—Sweden, Norway,
and Australia. These countries have birth registries that
were established >40 years ago and are linkable with death
records, thus enabling several decades of follow-up into
adulthood. These registries are extraordinary resources for
elucidating long-term health outcomes relevant to the US
and many other countries where comparable data are not yet
available [30]. Population-based studies based on these
registries help minimize selection biases that potentially
affect convenience sampling of patients. In the Swedish
studies reviewed [5, 6, 19, 21, 22, 24], gestational age at
birth was based on maternal report of last menstrual period
(LMP) before the 1980s, at which time ultrasonographic
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Table 3 Associations between gestational age at birth and all-cause mortality at ages 18–45 years, Sweden, 1973–2017
Deathsa Rateb

Preterm (<37 weeks)

1034

Unadjusted

Adjustedc

HR (95% CI)

HR (95% CI)

Risk differenced (95% CI) AFee

PAFf

P

69.9 1.43 (1.34, 1.53) 1.34 (1.25, 1.43) <0.001 20.8 (16.4, 25.1)

29.7% 2.6%

Extremely preterm
(22–27 weeks)

23

101.9 2.14 (1.42, 3.23) 2.08 (1.38, 3.13) <0.001 52.8 (11.2, 94.4)

51.8% 0.1%

Very preterm (28–33 weeks)

213

74.5 1.53 (1.34, 1.75) 1.40 (1.22, 1.60) <0.001 25.4 (15.4, 35.4)

34.1% 0.7%

Late preterm (34–36 weeks)

798

68.1 1.39 (1.30, 1.50) 1.31 (1.22, 1.41) <0.001 19.0 (14.2, 23.8)

27.9% 1.9%

Early term (37–38 weeks)

2941

57.0 1.17 (1.13, 1.22) 1.15 (1.10, 1.20) <0.001 7.9 (5.7, 10.2)

13.9% 3.0%

Full-term (39–41 weeks)

10,805

49.1 Reference

Post-term (≥42 weeks)

1740

53.1 1.06 (1.01, 1.11) 1.04 (0.98, 1.09) 0.18

Per additional week (trend)
a

Reference

Reference
4.0 (1.4, 6.7)

7.6%

1.1%

0.96 (0.95, 0.97) 0.96 (0.96, 0.97) <0.001

Crump et al. [5]

b

Mortality rate per 100,000 person-years

c

Adjusted for birth year, sex, birth order, maternal age, maternal education, and maternal smoking

d

Mortality rate difference per 100,000 person-years

e
f

Attributable fraction among the exposed

Population attributable fraction

Fig. 2 Hazard ratios and absolute risk differences for all-cause mortality at ages 18–45 years by gestational age at birth compared with
full-term birth, Sweden, 1973–2017

estimation was gradually adopted [31]. Since the early
1990s, all pregnant women in Sweden are offered an
ultrasound in the early second trimester, and >96% accept
[31, 32]. Gestational age was ascertained by LMP in the
Norwegian study [20], and by ultrasound or LMP in the
Australian study [23]. Some evidence has suggested that
gestational age is slightly overestimated by LMP compared
with ultrasound [31], which may cause a slight conservative
bias on risk estimates (i.e., toward the null hypothesis). In
the reviewed studies, individual-level data on sociodemographic, perinatal, and maternal factors enabled
extensive assessment and control for potential confounders.
Family relationship data also have enabled co-sibling
designs to control for unmeasured shared familial (genetic

and/or environmental) factors. As a result of these rich
population-based data, the overall rigor of evidence linking
premature birth with increased mortality in early adulthood
is strong.
The ﬁndings of this review are consistent with prior
evidence linking low birth weight with increased long-term
mortality. Birth weight has been studied more extensively
than gestational age because it is easily measured in the
delivery room and more consistently available in birth
records, without requiring LMP or ultrasound data. However, birth weight is a composite measure determined by
both gestational age and fetal growth rate. The largest metaanalysis to date of birth weight in relation to mortality in
adulthood included 22 studies with 36,834 deaths in
394,062 persons, and reported that each additional 1 kg of
birth weight was associated with a 6% lower all-cause
mortality (adjusted HR, 0.94; 95% CI, 0.92–0.97) [33]. This
ﬁnding was driven primarily by an inverse association with
cardiovascular mortality (adjusted HR, 0.88; 95% CI,
0.85–0.91). In contrast, birth weight had a modest positive
association with cancer mortality, especially among men
(adjusted HR, 1.13; 95% CI, 1.07–1.19) compared with
women (adjusted HR, 1.04; 95% CI, 0.98–1.10). Although
gestational age and fetal growth are correlated and often
difﬁcult to disentangle, studies that have examined both
factors have reported that low gestational age appeared
independently associated with increased mortality in
adulthood, with negligible change in risk estimates after
adjusting for fetal growth [5, 6, 20].
Analyses of cause-speciﬁc mortality in the reviewed
studies suggested multiple contributing causes, including
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congenital anomalies; respiratory, cardiovascular, endocrine,
and neurological disorders; cancer; and external causes
[5, 6, 19–21, 24]. Deaths from congenital anomalies, other
perinatal conditions, and respiratory disorders predominated
in infancy and early childhood. However, increased mortality from respiratory, cardiovascular, endocrine, and neurological disorders were found to persist into adulthood [5].
These diverse ﬁndings are consistent with the known biologic effects of preterm birth on fetal and infant development. Preterm birth interrupts normal growth and maturation
of all fetal organs, with differential effects depending on the
speciﬁc gestational age and critical growth periods for different organ systems, thus increasing susceptibility to various disorders later in life [3, 4, 34–37]. Epigenetic changes
related to intrauterine and early postnatal environment may
also be involved in altering organ structure and metabolism,
resulting in early-life programming for chronic disease [38–
41]. Iatrogenic factors from intensive care, including suboptimal nutrition and adverse effects of medications or
procedures, may further contribute to long-term adverse
sequelae [4]. Prior studies have linked preterm birth with
higher risks of various comorbidities in adulthood, including
chronic pulmonary disease [42–47], hypertension [48–52],
diabetes [53–57], lipid disorders [58, 59], metabolic syndrome [52, 60], infections [61], thyroid disorders [62–64],
chronic kidney disease [65, 66], ischemic heart disease
[67, 68], venous thromboembolism [69], sleep-disordered
breathing [70, 71], epilepsy [72, 73], and neurocognitive and
psychiatric disorders [22, 74–80]. In studies of comorbidities, individuals born prematurely may potentially be more
likely to be diagnosed because of greater contact with the
health care system (i.e., detection bias). However, detection
bias is most likely to affect relatively asymptomatic conditions early in life, and does not affect mortality reporting. As
a result, the overall evidence linking premature birth with
increased adult mortality has high validity and suggests
multiple important underlying causes.
Most people who were born preterm survive into adulthood without major comorbidities [81] and report a high
level of function and quality of life [3, 4, 7]. However, a
signiﬁcant minority are at increased risk of chronic disorders and premature mortality in early to mid-adulthood.
Preterm birth should now be recognized as a chronic condition that requires long-term follow-up for preventive
actions, monitoring, and treatment of potential health
sequelae across the life course [4, 5]. Better awareness of
the potential long-term risks is needed to incorporate current
ﬁndings into clinical practice. Physicians currently seldom
seek perinatal histories from adult patients [82–84]. Medical
records and initial history taking should routinely include
gestational age at birth and other perinatal history to provide
essential early-life context for understanding patients’
health [83–85]. Such information can help trigger early

preventive actions, patient counseling, and anticipatory
screening to reduce long-term risks among patients of all
ages who were born prematurely [4, 83–85].
The reviewed studies have certain limitations that also
indicate priorities for future research. First, they were limited
to only two Scandinavian countries (Sweden and Norway)
and Australia. Studies are needed in other geographic areas,
including low- and middle-income countries, to assess mortality outcomes of preterm birth in other socioeconomic and
health care contexts and explore for potential heterogeneity in
racial or ethnic subgroups. Second, most registries in the
reviewed studies lacked information on types of preterm birth
(e.g., spontaneous or medically indicated) during the earliest
birth years and hence for individuals with sufﬁcient follow-up
into adulthood. Studies with more complete data on preterm
birth types and their underlying causes are a high priority to
further elucidate mechanisms and improve long-term risk
stratiﬁcation. Third, studies with access to data on lifestyle
risk factors later in life (e.g., physical inactivity, poor diet,
obesity, smoking, alcohol use) would be useful to assess their
potential modifying effects on long-term outcomes in persons
born prematurely. Fourth, although co-sibling analyses have
provided valuable assessments of shared familial factors,
extensions of this approach to involve full and half siblings,
adopted siblings, cousins, and potentially twins may be
helpful to further examine the relative contributions of genetic
and environmental factors. Further development of statistical
methods for these designs is also needed. Large cohorts are
essential for providing the requisite sample sizes and statistical power for such analyses. Lastly, because of ongoing
changes in neonatal and pediatric care, it is unclear to what
extent the current ﬁndings are generalizable to later birth
cohorts. Studies of later cohorts as well as additional followup of existing cohorts to older ages will be needed when such
data become available.
In summary, this review of eight published studies found
strong evidence for an association between preterm or early
term birth and modestly increased mortality in adulthood
among persons born in the last ~50 years. Multiple underlying causes are likely, including respiratory, cardiovascular, endocrine, and neurological disorders, consistent with
the known effects of premature birth on the development of
multiple organ systems. Premature birth should be recognized as a chronic condition that requires long-term followup to facilitate preventive actions, timely detection, and
treatment of adverse health sequelae in adulthood. A high
priority for future research is to elucidate protective factors
that promote long-term resilience and well-being in persons
born prematurely, especially those born at the earliest
gestational ages.
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