
Contents lists available at ScienceDirect

Seminars in Fetal and Neonatal Medicine

journal homepage: www.elsevier.com/locate/siny

Adult outcomes of being born late preterm or early term – What do we
know?
Eero Kajantiea,b,c,d,∗, Sonja Strang-Karlssona,c,e, Kari Anne Indredavik Evensend,f, Peija Haaramoa
aNational Institute for Health and Welfare, Public Health Promotion Unit, Helsinki, Oulu, Finland
b PEDEGO Research Unit, MRC Oulu, Oulu University Hospital and University of Oulu, Oulu, Finland
c Children's Hospital, Helsinki University Hospital and University of Helsinki, Helsinki, Finland
dDepartment of Clinical and Molecular Medicine, Norwegian University of Science and Technology, Trondheim, Norway
e Department of Clinical Genetics, HUSLAB, Helsinki University Hospital, Helsinki, Finland
fDepartment of Public Health and Nursing, Norwegian University of Science and Technology, Trondheim, Norway

A R T I C L E I N F O

Keywords:
Preterm
Cardiovascular
Pulmonary
Physical activity
Neurocognitive
Psychiatric
Socio-economic

A B S T R A C T

The literature on adult outcomes of people born late preterm (LPT, 34–36 completed weeks) or early term (ET,
37–38 weeks) was reviewed. In PubMed, 9547 articles were identified; 53 were eligible. Of these, 12 were based
on clinical cohorts, 32 on medical birth register linkages, and nine on historical birth cohorts; 48 out of 53 on
Nordic countries; 50 out of 53 reported on LPT and eight out of 53 reported on ET. LPT plus ET have increased
early (< 45 years) adult all-cause mortality. Despite increased cardiometabolic risk factors and slightly lower
cardiorespiratory fitness in LPT, no studies showed increased risk for coronary heart disease, some showed
increased risk for stroke, and all showed increased risk for type 2 diabetes. Most show increased risk for asthma
and decreased allergic rhinitis. LPT have slightly lower cognitive abilities and higher rates of several mental
disorders; ET have intermediate values. LPT and ET adults have slightly lower education, occupational status,
and income. We recommend that authors report findings of LPT/ET separately from those born more preterm.

1. Introduction

The long-term outcomes of late preterm (LPT; generally defined as
birth between 34 and 36 completed postmenstrual weeks, that is up to
36 weeks and six days) or early term birth (ET; between 37 and 38
completed weeks) have recently raised much interest. This interest
comes from two directions. First, neonatal follow-up programs that
have extended to adult life raise the question whether and to what
extent findings characteristic of adults born smallest and most im-
mature are present in the much larger groups of adults born LPT or ET.
Second, traditional life-course studies have used low birth weight as a
marker of early adversity. From this perspective, it is natural to ask to
what extent the findings are a consequence of preterm or ET birth and
to what extent a consequence of slow fetal growth, both of which can
result in low birth weight.

Neonatal follow-up programs are generally based in high-income
countries and often run by neonatologists and allied clinical profes-
sionals. They originate from the rapid developments in neonatal in-
tensive care from the 1970s onwards, which have substantially in-
creased survival of those born very preterm (VPT;< 32 weeks) or at

very low birth weight (VLBW;< 1500 g). The first infants who ex-
perienced these improvements are soon entering middle age. Research
shows that most of them are healthy and live normal lives, but on
average they are characterized by a number of risk factors. These in-
clude higher levels of risk factors for cardiometabolic disease, lower
pulmonary airflow, lower cognitive abilities, and a behavioral pheno-
type characterized by inattention and difficulties in social relationships.
These findings are summarized in a number of recent reviews [1–8].

Many of the early epidemiological studies on what today is known
as the ‘developmental origins of health and disease theory’ started from
describing the association of birth weight with a range of adult out-
comes [9]. Low birth weight was largely perceived as a proxy of slow
fetal growth. Determination of gestational age by last menstrual period
was originally considered too inaccurate and thus received little at-
tention. This paralleled the longstanding focus of the World Health
Organization on low birth weight as a perinatal indicator, only in the
2000s emphasizing the distinction of preterm birth, small for gesta-
tional age, or a combination thereof [10].

From both perspectives, it is clear that little is known about these
outcomes in adults who were born LPT or ET. While individual risks are
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greater in adults born VPT/VLBW, even lesser risks in the much larger
number of LPT/ET adults may cause a substantial public health burden.

Our aim was to review the current literature on adult outcomes of
LPT/ET infants. We chose to focus on key areas where previous studies
suggest increased risks in VP/VLBW: adult mortality, cardiometabolic
disease and risk factors, pulmonary and atopic outcomes, physical ac-
tivity and fitness, cognitive functioning, mental health, and socio-eco-
nomic outcomes such as education and occupation.

2. Methods

Comprehensive literature searches were carried out by one author
(S.S.K.) in Medline database, using the search engine PubMed, between
April 27th and May 7th, 2018. The search produced 9547 articles.
Searches were performed using combinations of terms describing pre-
term birth and various health and social outcomes (see below).

S.S.K. also conducted the initial screening of the titles, using the
following inclusion criteria: the exposure was gestational age in cate-
gories of late preterm (34–36 completed weeks) and early term (37–38
completed weeks) (also papers including moderately preterm – starting
from 32+0 – were accepted if they could not be separated from the late
preterm group); the outcome was examined among adults (mean age
≥18 years); and the outcome was either mortality, cardiometabolic,
pulmonary, allergy/atopy, physical activity or fitness, cognitive func-
tion, mental health, or socio-economic outcomes. The studies also had
to have used quantitative analysis methods, providing estimates for
(longitudinal) associations between the exposure and outcomes of

interest. No study population size restrictions were applied. Included
studies had to be published as original research articles with full text
available. No language or publication year restrictions were used. If
more than one study reported the same findings on the same cohort,
only the study including the primary publication was included in the
review.

Next, two other authors (E.K. and P.H.) assessed the 113 remaining
articles for eligibility, systematically the abstracts and, if necessary, full
texts against the above criteria. Six articles were also added based on
screening the reference lists of the included articles. In the end, 53
original articles were selected for the final review. The selected studies
were published between 1998 and 2018. For more detail, see the
PRISMA flow chart in Fig. 1.

Key characteristics of the studies selected for the review, as well as
available structured data on outcomes associated with later preterm
and early term birth, were extracted from the studies and entered into
literature tables by two authors (E.K. and P.H.). A qualitative synthesis
of the included studies was performed.

Search terms (asterisk used for truncated terms):

– Exposure: premature birth, premature infant, born premature, pre-
term, early term

– In all searches: adult*
– Outcomes:
– Mortality: adult mortality, adult death, trends in mortality, all-
cause mortality

– Cardiometabolic: cardiovasc*, cardiometab*, stroke, diabetes,

Fig. 1. PRISMA 2009 flow diagram.

E. Kajantie et al. Seminars in Fetal and Neonatal Medicine 24 (2019) 66–83

67



coronary heart disease, metabolic syndrome, hypertension, glu-
cose

– Pulmonary: pulmonar*, lung, asthma, airways
– Allergy/atopy: allergy, allergic, atopy, atopic
– Physical activity and fitness: physical activity, fitness*, exercise
– Cognitive function: IQ, intelligence, learning, executive function,
neurocogn*, attention, memory, processing speed

– Mental health: psychopathology, psychiatric, mental health
– Socio-economic outcomes: education*, occupation*, socio-eco-
nomic*, unemploy*, employ*

3. Results

3.1. Mortality

Four register studies on adult mortality up to 45 years fulfilled the
inclusion criteria (Table 1).

A Western Australian study assessed all-cause mortality between 6
and 30 years of age. Hazard ratios (HRs) were 1.4 (95% confidence
interval (CI): 1.0, 2.0) for those born at 32–34 weeks, 1.1 (0.9, 1.4) for
those born at 35–36 weeks and 1.0 (0.9, 1.1) for those born ET [11].

Two Swedish studies had maximum follow-up until 36 years of age.
One reported HR of 1.43 (1.24, 1.64) for adult all-cause mortality for
LPT compared with those born at 37–41 weeks. Cause-specific mortality
was only assessed with gestational age as continuous variable [12]. The
other study compared ET with those born at 39–41 weeks. HR for all-
cause mortality was 1.20 (1.10, 1.30) with multiple contributing causes
of death [13].

A Norwegian study with maximum follow-up until 45 years showed
a hazard ratio for all-cause mortality of 1.11 (1.02, 1.20) for those born
LPT [14]. In analyses restricted to outcome-discordant maternal sib-
pairs, this association was not sustained. Neither was there any asso-
ciation with cause-specific mortality.

3.2. Cardiometabolic outcomes

Three clinical cohort studies fulfilled inclusion criteria, all based on
the ESTER Study in Northern Finland (Table 2). Young adults born LPT
had 2.5-fold odds for metabolic syndrome and higher odds for obesity,
hypertension and fatty liver biochemical index. Regarding components
of metabolic syndrome, LPT adults had higher body mass index (BMI),
waist circumference, percentage body fat, and higher insulin, transa-
minase and uric acid concentrations, in part mediated through higher
adult BMI [15].

For office and 24 h mean systolic pressures, the differences of 1.7
and 2.7 mmHg did not reach statistical significance [15,16]. No dif-
ference was seen in nutrient intake and healthy nutrition index in adults
born LPT and at term [17].

Eleven studies that assessed outcomes through healthcare registers
fulfilled search criteria (Table 2). Six of them were based on Nordic
Medical Birth Registers on births from 1973 onwards, and five on
Nordic birth cohorts that have retrospectively collected early-life re-
cords of people born between the 1910s and 1940s.

Two of the medical birth register studies assessed hypertension,
based on blood pressure measurements in military conscripts or pur-
chases of antihypertensive medication: both reported odds ratios (ORs)
of 1.2 or 1.3. A further two assessed diabetes (mostly type 1) by pur-
chase of medication, with odds ratios at 1.2 to 1.4 [18–21]. One
Swedish study with maximal follow-up to 38 years assessed cere-
brovascular or ischaemic heart disease as outcomes and showed no
differences in those born at 32–37 weeks and those born at term. An-
other Swedish study showed increased rates of venous thromboembo-
lism, in particular pulmonary embolism [23].

As many cardiometabolic disease end-points occur later in life, birth
cohorts that have retrospectively collected pregnancy records provide
valuable information. The Helsinki Birth Cohort of 20,345 people born

in one of two public delivery hospitals in Helsinki between 1924 and
1944 includes data on last menstrual period; the cohort includes only
survivors (people alive in Finland in 1971), of whom 5.3% were born
LPT and 0.7% before 34 weeks. In that cohort, people born LPT had no
increased risk of coronary heart disease or stroke [29]. In a subset born
between 1934 and 1944, those born before 35 weeks have an increased
risk of type 2 diabetes [24].

A Swedish cohort focused on preterm birth and low birth weight by
including all people born at< 35 weeks or 2100 g (boys) or 2000 g
(girls) in four delivery hospitals and a random sample of all other births
in these hospitals as reference; however, the analyses used the standard
37-week cut-off to define preterm birth, with further subgroupings. In
that cohort, no increased risk for coronary heart disease [25] or hy-
pertension [26] in hospital discharge registers is observed. For diabetes,
those born between 33 and 36 weeks had HR of 1.29 (1.05, 1.58) [27].

The Uppsala 1915–1929 birth cohort includes data on last men-
strual period: compared with those born at term, those born at< 35
weeks were more likely to die from stroke but not from CHD [28].

No study compared adults born early term with the remaining
adults born at term.

3.3. Pulmonary and atopic outcomes

The search produced one clinical cohort study, based on 31-year
assessment of Northern Finland Birth Cohort 1966. That study showed
similar rates of asthma history and lower rates of atopy (skin prick
tests) in those born at< 35 weeks compared with those born at 39–40
weeks [30].

Seven studies based on Nordic Medical Birth Registries fulfilled
search criteria (Table 3). Of these, six assessed asthma. Two studies
using conscript examination showed no increased risk of asthma
[31,35]. Three used purchases of asthma medication as an outcome. A
Norwegian and a Danish study showed ORs or risk ratios of 1.1–1.4,
whereas a Swedish study showed no association, with a narrow 95% CI
of 0.97 (0.90, 1.04) [19,32,36]. Another Norwegian study assessed
basic or attendance benefit, indicating only severe cases. OR for LPT
asthma for the 32–36 weeks group was 1.69 (1.56, 1.82) [34].

As to allergic rhinitis, a Swedish army recruit study found a de-
creased risk for those born at 33–36 weeks and another Swedish study
showed that those born at 35–36 weeks had less purchases of physician-
prescribed nasal corticosteroids [31,33]. For atopic dermatitis, no dif-
ference was seen in the Norwegian attendance benefit or Danish con-
script studies [34,35].

One study from the Swedish 1925–1949 Birth Cohort found that
those born at 33–36 weeks had increased rates of hospital diagnosis of
asthma. This association was due to higher rates among women, who
also had higher rates of any obstructive airways disease diagnosis [37].

No study compared adults born early term with the remaining
adults born at term.

3.4. Physical activity and fitness

Two register studies, both on fitness, fulfilled the inclusion criteria
(Table 4) [42,43]. The largest study was based on Conscript Register
cardiorespiratory fitness measurement for 218,820 men [43,44]. Max-
imal load on cycle ergometer was 302W (standard deviation (SD: 49)
for those born at 32–36 weeks and 307W (SD: 50) for the term-born
group). The difference corresponded to 0.1 SD. The other study in-
cluded 396 participants and used data from a national system for sys-
tematic monitoring of physical growth, exercise capacity and agility
(the SLOfit) [42]. The study reported no significant differences between
those born at 32–37 weeks and full-term group, except that moderately
preterm boys had poorer trunk strength (unadjusted analyses).

Four clinical cohort studies of young adults from two birth cohorts
of Northern Ireland and Northern Finland were identified. In one of the
three studies from the Finnish ESTER Preterm Birth Study, LPT-born
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adults had lower muscular fitness (performed fewer modified push-ups)
than term-born controls, but there were no differences in cardior-
espiratory fitness, measured by submaximal step test [41]. The two
other studies from the same cohort reported no differences in leisure-
time physical activity measured by self-report or objectively measured
physical activity and sedentary time [39,40]. The study from the
Northern Ireland birth cohort assessed cardiorespiratory fitness long-
itudinally from adolescence to young adulthood in 791 term-born
participants [38]. Those born ET had a risk ratio of 1.57 (95% CI:
1.14–2.16) for poor cardiorespiratory fitness compared with individuals
born at 39–42 weeks [38].

3.5. Cognitive function and intellectual disability

The search criteria were fulfilled by two birth cohort studies and
four medical birth register studies (Table 5).

Among young adults of the Arvo Ylppö Longitudinal Study, those
born LPT had 3.71 IQ points (SD: 0.25) lower full IQ estimate. This was
largely due to lower scores among those born LPT small for gestational
age. There was no difference in tests measuring executive functioning,
attention, and memory [45].

A study in the Helsinki 1934–1944 Birth Cohort showed no differ-
ence in a CERAD-NB neuropsychological test among the whole cohort.
However, among those who had attained less than tertiary adult edu-
cation, those born LPT had a 2.7-fold odds for mild cognitive impair-
ment [46].

Studies using military conscript data are based on Swedish data and
partly overlapping cohorts. One study used those born at 39–41 weeks
as controls and reported mean differences (converted from stanine to
SD scores) of 0.15 SD for those born 33–34 weeks, 0.11 SD for those
born 35–36 weeks, and 0.04 SD for those born ET [47]. Another study
compared those born at 32–36 weeks to those born at term; mean dif-
ference corresponded to 0.12 SD, and OR of subnormal performance
(stanine score 1–3) was 1.26 [48]. The third study focused on asso-
ciations between intellectual ability and cardiorespiratory fitness;
however, it reported an OR for above-average score of 0.94 [44].

According to a Norwegian register study, those born late preterm
had a 1.6-fold risk of mental retardation compared with those born at
term [49].

3.6. Mental health

One clinical birth cohort study, nine medical birth register studies,
and one historical cohort study fulfilled the criteria (Table 6).

Young adults of the Arvo Ylppö Longitudinal Study underwent
structured interview (M-CIDI) to assess common mental disorders. Odds
ratio for any common mental disorder in those born LPT was 1.11
(0.67, 1.84) [50].

Three Swedish register studies used hospital discharge register di-
agnoses as a main source in partly overlapping populations. The most
comprehensive of these was based on more than three million people
born in Sweden from 1973 onwards; this population included all par-
ticipants in the two other studies. Those born late preterm had an HR of
∼1.3 for psychotic disorders and, assessed up to 19 years, 1.3 for
autism-spectrum disorders and 1.4 for attention deficit/hyperactivity
disorder (ADHD). These HRs were sustained also in comparisons within
maternal siblings [53].

Lindström et al. also assessed early term birth as an exposure. It was
associated with slightly increased risks of any psychiatric (HR: 1.1),
psychotic (1.2), neuropsychiatric (1.4) and mood disorders (1.1), sui-
cide attempt (1.1), and any addictive disorder. These HRs were lower
than those for preterm birth [51].

A study based on the Danish Central Psychiatric Research Register
showed rate ratios of 1.25 for all psychiatric diseases for those born at
33–34 weeks and 1.19 for those born at 35–36 weeks [54]. A Norwe-
gian study assessed outcomes severely affecting working capacity fromTa
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the National Insurance Scheme and found relative risk of 1.3 (1.0, 1.7)
for schizophrenia but no increased risk for autism spectrum disorders
(0.8; 0.4, 1.4); however, 0.05% of individuals had such a diagnosis
[54].

Four studies assessed medication as an outcome. A Western
Australian retrospective case–control study identified people who used
stimulant medication for ADHD and controls who did not, and linked
data with birth registry data. ORs for stimulant medication for those
born at 33–36 weeks were 1.16 for men and 1.18 for women; for those
born at 37–38 weeks, they were 1.12 and 1.14 [55]. Another study on
entitlement for stimulant treatment was based on Norwegian data.
Those born at 33–36 weeks had a relative risk of 1.4 and those at 37–38
weeks 1.2 [57]. Further, one study based on Swedish and another on
Norwegian prescription database assessed a range of medications
(Table 6) [19,56].

A study in the Helsinki 1934–1944 Birth Cohort found no difference
in inpatient treatment on a range of psychiatric diagnoses between
those born late preterm and those born at term, except that among men
the rate of suicides was two-fold [58].

3.7. Socio-economic outcomes

Two clinical cohort studies, four medical birth registry studies and
one retrospective birth cohort study assessed socio-economic outcomes
(Table 7).

In a Danish birth cohort at 31–32 years, those born between 32 and
37 weeks reported similar education, but they were less likely to have
upper-level socio-economic position. A US birth cohort study included
no numerical LPT–control comparison (Table 7).

The medical birth register studies used varying exposures and out-
comes. A Swedish study compared those born at 33–36 weeks and those
born ET with controls born at 39–41 weeks: percentages of post-sec-
ondary education, assessed at 23–29 years, were 35.5%, 38.2%, and
39.8% and of employment 72.5%, 72.7%, and 74.1%. Both exposure
groups, students excluded, had lower net salary and disposable income
than controls; differences in disposable income were larger, indicating
lower transfer from society [61]. A Norwegian study at 28–37 years
showed approximately five percentage points lower in rates of low or of
graduate education [62]. Another Norwegian study at maximum 36
years compared LPT to term controls. Corresponding differences were
approximately three percentage points [49]. In both studies, adjust-
ment for socio-economic indicators attenuated the result to one-third or
one-half. A study with Swedish data showed similar or slightly smaller
differences; however, most differences attenuated to null when com-
paring preterm-born with maternal siblings [53].

In the Helsinki 1934–1944 Birth Cohort, those born LPT were more
likely to end up in a manual profession, have lower education and less
income. These results obtained despite adjustment for parental socio-
economic position [63].

4. Discussion

Altogether 53 publications fulfilled the criteria of our search. We
have compared the publications outcome by outcome in the results
section. In the discussion, we focus on methodological issues and lim-
itations plus implications of the findings.

Of the 53 reviewed publications, 48 were based on Nordic popula-
tions; the remaining five were from Slovenia, Northern Ireland,
Australia, and USA. No study was from low- or middle-income coun-
tries. The Nordic region, with its 0.35% share of the world's population
and 0.20% share of births, thus has a disproportionate share in the
evidence on adult outcomes of people born LPT or ET.

The dominance of the Nordic region in publication has several
consequences. In a worldwide scale, they represent low preterm birth
frequency countries. Accordingly, among referred register studies using
standard definitions, rates of LPT are 3.3% (singletons alive at 1 year)Ta
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and 3.9% (all alive at 15 years) [12,14]. ET frequency is at 13.8% (of
liveborn singletons) [13]. Nordic countries are high-income societies
characterized by low levels of inequality and universal healthcare in-
cluding free-of-charge antenatal and child healthcare and inclusive
education. These characteristics may be thought to reduce the con-
sequences of LPT or ET births and thus the results may represent con-
servative estimates.

In the evaluation of abstract and full text papers, the most common
reason for exclusion was not meeting the gestational age criteria. Many
of these papers included all infants born preterm in the same exposure
group. This makes it impossible to distinguish to what extent the
findings represent those born LPT or ET. Thus, the findings of these
now-excluded studies could be explained by those born very preterm,
who, in population-based samples, constitute a small group that is
generally expected to have larger effects. Further, some papers used
gestational age as a continuous exposure variable, again leaving the
contribution of those born LPT or ET unknown. In studies reporting on
samples including all degrees or prematurity, power allowing, we re-
commend authors to report findings of individuals born LPT or ET se-
parately from those born more preterm. Findings in these groups may
have grossly different implications than in those born very preterm.

Because of the wide variation in exposure group definitions, we
relaxed our gestational age criteria to include those born moderately
preterm, from 32 weeks onwards, if they could not be separated from
the LPT group; otherwise we would have needed to exclude much es-
sential literature. This also leaves the possibility that the findings could
be attributable to those born at 32–33 weeks rather than those born
LPT. However, comparisons of effect sizes in studies using LPT only and
studies using LPT extended to the 32 weeks group are generally con-
sistent with a linear dose–response relationship between gestational age
at birth and many of the outcomes.

We do not have space to discuss the individual outcomes in detail.
By and large, the results are consistent with what is known of “adult
preterm phenotype” from studies of adults born very preterm or with
very low birth weight. This includes higher all-cause mortality for
several causes of death, higher levels of cardiometabolic risk factors
(although evidence of manifest cardiometabolic disease, with the ex-
ception of type 2 diabetes, remains uncertain), probably higher rates of
asthma and lower rates of atopic disease, lower physical fitness (with
little or no evidence of lower physical activity), lower cognitive abil-
ities, higher rates of several mental health disorders, and slightly lower
educational attainment, occupational status, and income. For many
outcomes, there seems to be a dose–response relationship with earlier
gestational age at birth. Accordingly, in LPT and ET adults, whereas the
increases in risk remain small on an individual level, in these large
groups they may result in relatively high population-attributable frac-
tions. In addition, as discussed above, most studies come from Nordic
welfare societies likely to buffer the effects of LPT/ET birth and may
thus represent conservative estimates. Also of note, because of space
limitations, some relevant outcomes could not be included, such as
starting a family and reproduction.

As to clinical implications, our results highlight the long-term im-
portance of LPT/ET birth on life-course health. Although it may be too
early for concrete implications in pre- and neonatal care, information
on perinatal events such as gestational age or birth weight should be
included when obtaining a full medical history in adult patients.

For future studies it would be important to diversify the populations
studied and especially to study LPT/ET outcomes in low- and middle-
income settings. Many longitudinal studies obtain data on gestational
age so that in many cases an additional analysis of LPT/ET individuals
would be sufficient. However, Nordic countries are overwhelmingly
represented for a reason: the possibility for register linkage in these
countries creates unique possibilities for further study, for example, to
identify additional risk and protective factors. Moreover, differences in
seemingly similar outcome between the Nordic countries, such as those
for all-cause mortality, call for comparisons between Nordic countries.

4.1. Practice points

• Adults born late preterm or early term may be at an increased risk of
common non-communicable and mental health disorders, have on
average lower cognitive abilities, and attain slightly lower socio-
economic position than those born at term.

• Many of the risks are relatively small on an individual level, but
because late preterm and early term birth is common, they may
bring about a significant population-attributable risk.

• For diseases that manifest later in life, such as cardiovascular dis-
ease, evidence is scanty and inconsistent.

• A full medical history of adults should include perinatal factors such
as gestational age at birth.

4.2. Research directions

• Low- and middle-income settings.
• Risk of manifest late-life disorders including cardiometabolic and

other non-communicable disease.
• Risk and protective factors.
• Follow-up studies that include adults born across the range of ge-

stational ages should, power allowing, report separately findings for
the large groups of individuals born late preterm or early term.
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