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Abstract

Background: The effect of being born late preterm (34-36 weeks gestation) on car-
diometabolic outcomes across the life course is unclear.

Objectives: To systematically review the association between being born late preterm
(spontaneous or indicated), compared to the term and cardiometabolic outcomes in
children and adults.

Data sources: EMBASE(Ovid), MEDLINE(Ovid), CINAHL.

Study selection and data extraction: Observational studies up to July 2021 were in-
cluded. Study characteristics, gestational age, cardiometabolic outcomes, risk ratios
(RRs), odds ratios (ORs), hazard ratios (HRs), mean differences and 95% confidence
intervals (Cls) were extracted.

Synthesis: We pooled converted RRs using random-effects meta-analyses for dia-
betes, hypertension, ischemic heart disease (IHD) and body mass index (BMI) with
subgroups for children and adults. The risk of bias was assessed using the Newcastle-
Ottawa scale and certainty of the evidence was assessed using the grading of recom-
mendations, assessment, development and evaluation (GRADE) approach.

Results: Forty-one studies were included (41,203,468 total participants; median:
5.0% late preterm). Late preterm birth was associated with increased diabetes (RR
1.24, 95% Cl 1.17, 1.32; nine studies; n = 6,056,511; incidence 0.9%; I> 51%; low cer-
tainty) and hypertension (RR 1.21, 95% Cl 1.13, 1.30; 11 studies; n = 3,983,141; inci-
dence 3.4%; I? 64%; low certainty) in children and adults combined. Late preterm birth
was associated with decreased BMI z-scores in children (standard mean difference
-0.38; 95% Cl -0.67, -0.09; five studies; n = 32,602; proportion late preterm 8.3%; 12
96%; very low certainty). There was insufficient evidence that late preterm birth was
associated with increased IHD risk in adults (HR 1.20, 95% CIl 0.89, 1.62; four studies;
n = 2,706,806; incidence 0.3%: I° 87%; very low certainty).

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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1 | BACKGROUND

Preterm birth, defined as birth <37 weeks’ gestation, affects 10.6%
of pregnancies globally, such that 14.9 million children are born
preterm annually‘l’2 Late preterm birth, which is generally defined
as birth between 34 and 36 weeks' gestation, has been increasing
steadily since 1990° and accounts for 75% of all preterm births.*
Much of this increase is thought to be due to medically indicated
early delivery as a part of an interventionist approach to pregnancy
management for maternal, foetal and placental complications.””
However, risk factors for spontaneous preterm delivery including
older maternal age, multiple gestation births, maternal obesity and
diabetes and have also been increasing.®’

Early life exposures during both the prenatal and early post-
natal period can impact the predisposition to adult-onset chronic
diseases.'® Most research on early life exposures has focused on
very preterm birth defined as <32 weeks’ gestation or any preterm
birth defined as <37 weeks’ gestation, but there has been com-
paratively little work evaluating the impact of late preterm birth.
Very preterm infants experience a high rate of morbidity and mor-
tality in the first year of life and developmental and cardiovascular
adversity later in life.!'™*3 Systematic reviews have revealed that
overall preterm birth (<37 weeks) is associated with increased
blood pressure'* and diabetes risk'*1”8 in adults, but results
for fat mass or body mass index (BMI)**1>? and cholesterol'**>1?
have been inconsistent or null. Late preterm birth may also confer
negative consequences across the life course,?° but there is lim-
ited evidence from the systematic reviews focused on this group. A
2019 narrative review of 15 studies (all Scandinavian) found some
evidence that late preterm birth was associated with metabolic
syndrome, obesity, hypertension and type 2 diabetes, but there
was insufficient evidence for cardiovascular disease.?! The associ-
ations between late preterm birth and cardiometabolic outcomes
such as diabetes, hypertension and ischemic heart disease (IHD)
have not been systematically reviewed and quantified through a
meta-analysis.

The primary objective of this study was to systematically re-
view and evaluate the certainty of the association between being
born late preterm, compared to full-term birth, and cardiomet-
abolic outcomes across the life course, including childhood and
adult outcomes. We hypothesised that late preterm birth is asso-
ciated with increased cardiometabolic conditions across the life

course.

comparability of studies.

\‘—.‘_).i‘
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Conclusions: Late preterm birth was associated with an increased risk of diabetes and
hypertension. The certainty of the evidence was low or very low. Inconsistencies in

late preterm and term definitions, confounding variables and outcome age limited the

cardiovascular, diabetes, late preterm, meta-analysis, systematic review

Synopsis

Study question

Does being born late preterm (34-36 weeks), compared to
full-term birth (237 weeks), confer greater risk to cardio-

metabolic outcomes across the life course?

What is already known

Late preterm birth is now the largest subset of preterm neo-
nates, but most research on early life exposures has focused
on very preterm birth (<32 weeks) or any preterm birth de-
fined as (<37 weeks). Recent systematic reviews of the long-
term health outcomes of children born preterm have found

consistently worse cardiometabolic outcomes in adulthood.

What this study adds

Late preterm birth was associated with an increased risk of
cardiometabolic outcomes, specifically diabetes and hyper-
tension. These results may support guidelines for managing
medically indicated late preterm deliveries, as well as tar-
geted screening to improve child cardiometabolic health and

minimise cardiometabolic disease in adults born late preterm.

2 | METHODS

We conducted a systematic review and meta-analysis, and
the protocol was registered (PROSPERO registration number:
CRD42020198870). Results of the study were reported following
the Preferred Reporting Items for systematic reviews and meta-
analyses (PRISMA) statement recommendations and guidelines
for meta-analyses and systematic reviews of observational studies

(MOOSE).??? Ethics approval was not required for this study.

2.1 | Literature search

We searched the following electronic databases, EMBASE,
MEDLINE and CINAHL, in June 2020 and updated the search
on 5 July 2021. All databases were searched from the date of
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inception of the database. Health research librarians at McMaster
University were consulted to develop the search strategy. The
search captured two broad concepts: late preterm birth and car-
diometabolic conditions. The following terms were used and re-
vised as appropriate depending on the database: late preterm birth,
premature, prematurity, gestation, gestational age, cardiometabolic
conditions, cardiometabolic, cardiovascular disease, BMI, body mass
index, high blood pressure, hypertension, diabetes mellitus, diabetes,
heart disease, myocardial infarction, heart infarction, obesity, over-
weight, lipids, cholesterol blood level and glucose blood level. The
specific search strategies for EMBASE, MEDLINE and CINAHL can
be found in Tables S1-S3. Reference lists of eligible studies were

hand-searched to identify additional articles.

2.2 | Study selection

We included studies published in any year that assessed the asso-
ciation between late preterm birth and cardiometabolic conditions,
were conducted in human participants, written in English and had
available in full texts. Studies were excluded if they evaluated only
very preterm (<32 weeks) or overall preterm birth without distin-
guishing a late preterm group. Further, studies were excluded if they
evaluated cardiometabolic outcomes in the first year of life only,
or if they evaluated non-cardiometabolic outcomes, evaluated the
maternal risk of preterm birth, included only infants with congenital
anomalies or children born with cardiometabolic diseases. Cross-
sectional studies, case series, qualitative research, review articles,
theses, conference abstracts and brief reports without sufficient
information were also excluded. Following the database searches,
studies were screened by two independent reviewers at both title
and abstract level, and at the full text (pairs of SI, ES, YYM, VD, ATA,
LNA). In the case of conflicts, a third reviewer determined consensus

regarding the eligibility of the study.

2.3 | Data extraction

Data were extracted by two independent abstractors (SI, ES, YYM,
VD, ATA, LNA). The standardised data extraction form included the
following study characteristics: year of publication, study design,
country of publication, sample size, length of follow-up, number
and type of confounders controlled for, and details of the specific
measures regarding the exposure (defined weeks of gestation) and
cardiometabolic outcomes of each study. Effect measures including
unadjusted and adjusted risk ratios (RRs), odds ratios (ORs), hazard
ratios (HRs), mean differences and corresponding 95% confidence
intervals (Cls) were extracted for all outcomes.

2.4 | Quality assessment

Study quality was assessed using the Newcastle-Ottawa Scale
(NOS) where up to 9 stars were awarded based on how well cohort

selection, comparability and ascertainment of the outcome was
implemented.?* For comparability, we awarded one star if authors
controlled for at least one sociodemographic variable, one maternal
variable and one maternal cardiometabolic variable because these
variables are associated with the exposure and outcome and are not
on the causal pathway. Two stars were awarded if authors controlled
for more than the three aforementioned variables and did not con-
trol for variables on the causal pathway (such as birthweight and
child BMl variables). If the authors controlled for variables that were
on the causal pathway and thus did not meet the standard defini-
tion of a confounder (over-adjusted), then a maximum of one star
was awarded. The NOS was chosen due to its applicability for non-
randomised studies, specifically cohort and case-control studies.
Each assessment was conducted independently by two reviewers

and a third reviewer was consulted for any discrepancies (LNA).

2.5 | Statistical analysis

To obtain the summary estimates, we natural log-transformed and
pooled the RRs using the generic inverse variance method with ran-
dom -effects models. We extracted unadjusted and adjusted RRs,
ORs, HRs and mean differences. Maximally adjusted estimates, i.e.
estimates from full models, were preferred if variables on the causal
pathway (such as birthweight, birthweight for gestational age, and
child BMI) were not included in this model. If they were the most-
adjusted model that did not include these variables was selected as
‘maximally adjusted’. For binary data, we converted ORs to RRs using
the equation described in section 15.4.4.4 of the Cochrane handbook
and HRs to RRs using the equation described by Shor et al., 20172>%¢
For continuous data, we extracted data on the z-score standardised
mean differences and calculated the standardised z-score if required.
The Standardised mean estimates were also pooled using the generic
inverse variance method with random-effects models. The I? statistic
was used to assess the heterogeneity of each meta-analysis. If 1? was
50%-74%, we interpreted this as indicating substantial heterogene-
ity, and if I> was 75%-100% we interpreted this as indicating consider-
able heterogenity.?” For the outcomes of diabetes and hypertension,
the subgroup analyses were conducted to determine if outcomes dif-
fered between adults (218) and children (<18) since a sufficient num-
ber of studies were available. If 10 or more cohort comparisons were
available, we investigated publication bias using Egger's regression
test in R version 4.0.5.2% Data were analysed using Review Manager
(RevMan) version 5.4.1. Synthesis without meta-analysis (SWiM) in
systematic reviews reporting guidelines were used to narratively
summarise the outcomes which could not be pooled statistically.29 If
more than one study used data from the same cohort, we reviewed
the study to ensure authors investigated a different outcome.

2.6 | Sensitivity analyses

To assess the potential for the measurement error based on the defi-
nition of the reference group and the potential for confounding by



YOSHIDA-MONTEZUMA ET AL.

»

| @b

Paediatric and

Wi LEYM

indication, sensitivity analyses were conducted where possible (two
or more studies per outcome) by restricting pooled analyses to stud-
ies that used a strict definition of term births (39-40 weeks) and
studies that controlled for maternal cardiometabolic factors.

2.7 Grading of the evidence

|
The grading of recommendations, assessment, development and
evaluations (GRADE) approach was used to assess the certainty
of the evidence.?”° Included observational studies started at low-
certainty evidence by default and then were down or upgraded
dependent on pre-specified criteria. Criteria to downgrade the evi-
dence was determined based on the NOS, inconsistency (wide vari-
ance in point estimates encompassing different magnitudes of risk,
minimal or no overlap in 95% Cls and I? > 75%), indirectness (factors
that reduce the applicability of evidence to the target population,
or not directly measuring either the exposure or outcome of inter-
est), imprecision (95% Cls that include 1.0, and a small sample size
of <4000 participants) and publication bias (based on Egger's test

when 210 studies were available). Criteria to upgrade included any

Perinatal Epidemiology

one of large effect size (RR > 2.0 or RR < 0.5), a dose-response gradi-

ent or attenuation by plausible confounding effects.?”

3 RESULTS

|
A total of 20,910 studies were identified from which 15,329 studies
were screened at the title and abstract level after the removal of
duplicates. The full-text screening was conducted for 312 studies of
which 41 studies were eligible for inclusion into the review. Figure 1
outlines the complete PRISMA flowchart. Figure 2 displays a bubble
plot of included studies.

31 |

Description of studies

A summary of the included articles is provided in Table 1 and the
entire data extraction table is provided in Table S4. Participants
were from 14 countries and had a median age at the outcome of
18.5 years (Interquartile range [IQR] 8-30 years). Cardiometabolic

outcomes assessed were hypertension and blood pressure (32%),

FIGURE 1 PRISMA flow chart
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FIGURE 2 Bubble plot of included studies (n = 41). The colour of the bubble represents the country. The size of the bubble represents
the sample size. The x-axis represents the year published whilst the y-axis represents the Newcastle-Ottawa Scale (NOS) score

diabetes (24%), BMI (17%), IHD (10%) and others (44%).>7* Twenty-
nine studies which could be pooled by the outcome and effect
measure were meta-analysed to create four pooled estimates for
diabetes, hypertension, IHD and BMI.

3.2 | Quality assessment

The number of stars from the NOS for included studies ranged from
4 to 9 with a median of 7. All studies provided a valid ascertainment
of exposure and appropriately assessed the outcome. Some stud-
ies did not provide adequate follow-up or control for appropriate
confounders, reducing the quality of studies and cohort comparabil-
ity. A table describing the confounders in each study is provided in
Table S5. The quality assessment of included studies is provided in
Table Sé.

3.3 | Meta-analysis

There was an increased risk of diabetes, hypertension and IHD for
those born late preterm compared to term. Late preterm birth was
associated with a reduction in mean BMI z-scores compared to the
term birth. For diabetes and hypertension, there was no evidence
of a difference between children and adults (1 = 0%). The associa-
tions between late preterm birth and diabetes, hypertension, IHD
and BMI are in Figures 3-6. Egger's regression test did not show
evidence of publication bias for hypertension. Publication bias was
not assessed for BMI, diabetes or IHD because there were <10
comparisons.

The GRADE summary of findings for pooled studies is provided
in Table S7. The evidence for diabetes and hypertension was rated
low quality, and very low quality for BMI and IHD due to down-
grades for serious inconsistency for both and also serious impreci-
sion for IHD.

3.4 | Sensitivity analyses

When we restricted the meta-analyses for diabetes to only studies
that defined term births as 39-40 weeks, results were slightly atten-
uated and the evidence of heterogeneity increased, but this was only
based on two eligible studies and only possible for the one outcome
(Figure S1). When we restricted the meta-analyses to studies that
controlled for maternal cardiometabolic factors, the associations be-
tween late preterm birth and diabetes, hypertension and IHD were
strengthened but attenuated for BMI (Figure S2-5).

3.5 | Other cardiometabolic outcomes

There were 21 studies with cardiometabolic outcomes

that were not pooled because of outcome heterogene-
ity,33-35,37-39.42:45-4749,51,56,58,59.63-65.67.6871 Eioht studies

gated cardiometabolic outcomes in children, five of which found an

investi-

increased association between late preterm birth and cardiometa-
bolic outcomes.3*4%31:58:65 |5 early childhood, there was generally
no evidence of an association between weight or height with late
preterm birth,38%% but higher waist-hip and waist-height ratio z-score
were found at 14 years.>! Late preterm birth was associated with



YOSHIDA-MONTEZUMA ET AL.

Paediatric and

TABLE 1 Characteristics of included studies reporting
cardiometabolic conditions among children born late preterm (n = 41)

Characteristic n (%)

Country
Sweden 19 (46)
Finland 6(15)
Brazil 3(7)
Australia 2(5)
United Kingdom 2(5)
Other? 9(22)

Year of publication

Median (Q1, Q3) 2015 (2011, 2019)

2000-2004 1(2)
2005-2010 7(17)
2011-2015 15(37)
2016-2021 18 (44)

Study design

Retrospective Cohort 24 (59)
Prospective Cohort 15(37)
Case-Cohort 1(2)
Case-Control 1(2)
Sample size
Median (Q1, Q3) 35,733 (5334, 2,140,493)
<1000 6(15)
1000-10,000 9(22)
10,000-1,000,000 14 (34)
>1,000,000 12(29)
Age at measurement of CMR®
Median (Q1, Q3) 18.5(7.9,30.0)
<18 years 26 (63)
>18 years 24 (59)
Definition of late preterm
34-36 weeks 22 (54)
32-36 weeks 8(20)
33-36 weeks 6 (15)
35-36 weeks 4 (10)
35-37 weeks 1(2)
Definition of full term
>37 weeks 11 (27)
37-42 weeks 9(22)
39-41 weeks 9(22)
37-41 weeks 4(10)
Other® 8(19)
Cardiometabolic outcome*
Blood pressure/hypertension 13(32)
Diabetes 10 (24)
Body Mass Index (BMI) 7 (17)
Ischemic Heart Disease (IHD) 4 (10)
Other® 18 (44)

?Including Canada, China, Denmark, Germany, Israel, Japan, Korea,
Norway and Turkey.

bPercentages do not sum to 100% because some studies included
participants both less than and greater than 18.

‘Including 37-39, 39-40, 39 and undefined weeks of gestation.
dPercentages do not sum to 100% because some studies included
multiple cardiometabolic outcomes.

Including blood lipids, blood glucose, other forms of heart disease,
stroke and cerebrovascular disease, metabolic syndrome, etc.

Wi LEYM
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higher mean systolic blood pressure in children and adolescents.**>8

Results for lipids (total cholesterol, low-density lipoprotein, choles-
terol and triglycerides) as well as insulin and glucose markers were
null or mixed.®>%> The association between late preterm birth and
cardiovascular and cerebrovascular disease in the first three years
of life were increased.*

In adults, five studies investigated cardiometabolic outcomes,
four of which found an association between late preterm birth and
measures of increased cardiometabolic risk.3342°%¢” These included
increased metabolic syndrome, obesity and greater waist circumfer-
ences.®’ Further, late preterm birth was associated with lipid disor-
ders in early to mid-adulthood*? and gestational diabetes in adult
women®® but not BMI differences.®”

Eight studies investigated incident cardiovascular disease out-

39,45-47,56,68,71

comes and mortality,63 of which six studies found late

preterm birth conferred greater risk.3%*>~49371 This included increased

h% and from 0O

risk of heart failure from 1 year until the age of deat
to 43 years,* increased risk of other major cardiovascular disease,*
death from cardiovascular disease®® and risk of venous thromboembo-
lism in adulthood only.”* There was no increased risk of cerebrovascu-

68

lar disease®® among young adults. One study found an increased risk

of stroke® whilst another did not>® among adults born late preterm.

4 | COMMENT

4.1 | Principal findings

This systematic review found low certainty evidence that being
born late preterm is a risk factor for both diabetes and hyper-
tension in children and adults. For the association between late
preterm birth and risk of IHD, the pooled HR was 1.20, possibly
suggestive of increased risk, but the 95% Cl was wide and included
1.0. Evidence was assessed as very low quality for IHD since the
estimate was inconsistent and imprecise. Late preterm birth was
associated with decreased BMI z-scores in children and evidence
was assessed at very low quality since the estimate was incon-
sistent; however, insufficient studies were identified to conduct
a meta-analysis of BMI in adults. Lastly, 5 out of 8 (63%) and 10
out of 13 (77%) narratively synthesised studies found associations
between late preterm birth and other cardiometabolic outcomes
in children and adults, respectively.

4.2 | Strengths of the study

A major strength of our study was that we used a comprehensive
search strategy by working with research librarians to identify avail-
able studies investigating the association between late preterm and
included a broad range of cardiometabolic outcomes, including out-
comes in both children and adults. Additional strengths of our study
were that we performed quantitative synthesis, using meta-analysis
where appropriate and possible, and assessed the certainty of the
evidence using GRADE.
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Number (%) of Outcome

Risk Ratio

Risk Ratio

Study or Subgroup Unexposed Exposed 1V, Random, 95% CI Weight IV, Random, 95% CI
Children (<18 years)
Adar 2017 0.1 0.1 1.14[0.92, 1.41] 6.2% I
Algert 2009 0.1 0.1 1.64 [1.01, 2.66] 1.5% - -
Crump 2020a’ 0.8 1.0 1.30[1.22, 1.38] 18.9% bl
Khashan 2015 N/R N/R 1.18 [1.09, 1.28] 16.7% -
Metsala 2020 5.1 6.3 1.28 [1.14, 1.44] 12.5% =
Waernbaum 2019 4.5 5.7 1.21[1.07, 1.38] 11.8% =
Subtotal (95% CI) 1.25[1.19, 1.31] 67.6% 0
Heterogeneity: Tau? = 0.00; df = 5; I? = 8%
Adults (218 years)
Crump 2011a 1.2 1.5 1.17 [1.04, 1.32] 12.6% =
Crump 2020a’ 0.8 1.0 1.45[1.27, 1.66] 11.2% -
Kaijser 2009 6.7 8.6 1.28 [1.05, 1.56] 7.0% -
Kajantie 2010 5.2 3.6 0.67 [0.42, 1.07] 1.7% - |
Subtotal (95% Cl) 1.20 [0.99, 1.45] 32.4% ‘
Heterogeneity: Tau? = 0.03; df = 3; 12 =77%
Total (95% CI) 1.24 [1.17,1.32] 100.0% ‘
itv: 2 = . =0 |2 = 0, | ! ! |
Heterogeneity: Tau? = 0.00; df = 9; I?=51% '0_2 0{5 ] é 5'

Favours Term Favours Late Preterm

"The number (%) of outcome was not provided by children and adults and was calculated as the overall proportion of

any diabetes in the population aged 0-43 years.

FIGURE 3 Relation between late preterm birth and incidence of diabetes (late preterm birth vs. term birth) in children <18 years and
adults 218 years. Pooled risk estimate is represented by the black diamond. Values of 1> > 50% indicate substantial heterogeneity. Values >1
indicate an adverse association in those born late preterm. Cl, confidence interval; RR, risk ratio

4.3 | Limitations of the data

Despite the inclusion of several large, high-quality cohort studies
with a long duration of follow up, the inability to rule out residual
confounding is an inherent limitation in all observational studies and
the reason that observational studies start at low quality in GRADE.
Further, the lack of adjustment for confounders known to be asso-
ciated with late preterm birth and cardiometabolic risk, especially
maternal cardiometabolic conditions (such as maternal diabetes,
hypertension and obesity) and family medical history was a major
source of bias resulting in confounding by indication. Mothers with
diabetes, hypertension and obesity are more likely to have indicated
preterm delivery.”? Children born to mothers with cardiometabolic
conditions are more likely to have these conditions themselves due
to maternal genetic and lifestyle factors regardless of the term they
are delivered.”® Another major source of bias was over-adjusting
for inappropriate confounders on the causal pathway such as birth-
weight. Models that were not over-adjusted were used for the meta-
analysis when possible, for all but two studies.>*”?

High heterogeneity was observed for all meta-analyses. One
important source of heterogeneity is the reason for preterm deliv-
ery (such as spontaneous versus medically indicated) which was not
distinguished in most studies. Studies that were able to distinguish
between the two, found no difference in diabetes** or stroke risk*’
but a greater risk of hypertension®® and heart failure*® in medically

indicated preterm births. Another source of heterogeneity is varia-
tion in the definition of full term. Some studies defined the term as
>37 weeks, whereas others were more specific and included only
39-42 weeks in the term definition. Including early-term children
who were born at 37-38 weeks may have attenuated effect sizes.
Due to the relatively small number of studies, we were not able to
evaluate the sources of heterogeneity or conduct subgroup analyses
investigating the impact of the type of preterm delivery, term defini-
tion or family medical history.

Lastly, of the 41 reviewed studies, 27 were conducted in
Scandinavian countries, 5 were from upper middle-income countries
(Brazil, China and Turkey), and the remaining nine studies were from
high-income countries (Australia, Canada, Germany, Israel, Japan,
Korean and the United Kingdom). Although it is a strength of the
Scandinavian healthcare system that linked administrative data are
available over long time periods which are necessary for this type of
life-course research study, it should be recognised that our results,
which are primarily from Scandinavian studies, may not be general-
izable globally.

4.4 | Interpretation

Our meta-analysis demonstrated that late preterm birth was as-
sociated with an increased risk of hypertension in adults. This is
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Risk Ratio

Study or Subgroup  Unexposed Exposed IV, Random, 95% Cl  Weight 1V, Random, 95% CI
Children (<18 years)

Berard 2012 N/R N/R 1.03 [0.56, 1.88] 1.3% -
Bergmann 2017 9.9 11.1 1.12[0.97, 1.29] 12.7% ™

Guttier 2019 N/R N/R 1.83[0.93, 3.60] 1.0% T
Park 2019 39.1 26.8 0.69 [0.40, 1.16] 1.6% — 1
Sipola-Leppanen 2014 3.9 6.6 1.68 [0.98, 2.88] 1.6% I
Subtotal (95% Cl) 1.16[0.88,1.52]  18.2% >
Heterogeneity: Tau? = 0.04; df = 4; 1= 47%

Adults (>18 years)

Bonamy 2008 13.1 14.4 1.10[0.96, 1.27] 12.7% ™

Crump 2011b 1.5 1.8 1.24 [1.12, 1.37] 17.3% -

Crump 2020b 14 1.8 128[1.23,1.33]  24.8% n
Johansson 2005 20.2 23.5 1.19 [1.15, 1.24] 24.8% =
Sipola-Leppanen 2015a N/R N/R 4.30[1.92, 9.61] 0.7% -
Sipola-Leppanen 2015b N/R N/R 1.53[0.87, 2.69] 1.5% 7]

Subtotal (95% ClI) 1.23 [1.14, 1.32] 81.8% ¢
Heterogeneity: Tau? = 0.00; df = 5; 12 = 73%

Total (95% CI) 1.21[1.13,1.30]  100.0% ¢

Heterogeneity: Tau? = 0.00; df = 10; 12 = 64%
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FIGURE 4 Relation between late preterm birth and incidence of hypertension (late preterm birth vs. term birth) in children <18 years and
adults 218 years. Pooled risk estimate is represented by the black diamond. Values of I? > 50% indicate substantial heterogeneity. Values >1
indicate an adverse association in those born late preterm. Cl, confidence interval; RR, risk ratio

Number (%) of Outcome

Hazard Ratio

Hazard Ratio

Study or Subgroup Unexposed Exposed IV, Random, 95% Cl  Weight 1V, Random, 95% CI
Crump 2019b 0.1 0.1 1.69[1.39, 2.05] 27.7% —E
Kaijser 2008 10.0 9.6 0.96 [0.80, 1.15] 28.2%
Kajantie 2015 15.6 19.0 0.99[0.86, 1.14] 29.4%
Ueda 2014 0.0 0.0 1.43[0.81, 2.52] 14.7%
Total (95% ClI) 1.20[0.89,1.62] 100.0%
ity- 2 = . =13 |2 = 879 I } T t |
Heterogeneity: Tau? = 0.07; df = 3; 12 =87% 02 05 1 > 5
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FIGURE 5 Relation between late preterm birth and incidence of ischemic heart disease (late preterm birth vs. term birth) for all ages
(15 years and older). Pooled risk estimate is represented by the black diamond. Values of 1> > 50% indicate substantial heterogeneity. Values
>1 indicate an adverse association in those born late preterm. Cl, confidence interval; RR, risk ratio

consistent with reviews in preterm infants of any gestational age'**’

and late preterm infants?! and supported by the proposed biologi-
cal mechanisms. Preterm infants are born whilst nephrogenesis is
still ongoing, leading to abnormal renal development due to acceler-
ated renal maturation.”* Increased arterial stiffness has also been
proposed as a mechanism for the association of preterm birth with
intrauterine growth restriction and hypertension.”” Consequently,
altered kidney function in preterm infants may account for the
observed increased risk for high blood pressure and ultimately for
cardiovascular disease.”® However, late preterm birth was not asso-
ciated with high blood pressure in children, but this was only evalu-
ated in five studies,3#3>:50:62:65

There was insufficient evidence that late preterm birth was as-
sociated with increased IHD risk. There were four studies included

in the meta-analysis for IHD, and the two studies which suggested
no increased risk were both conducted among older adults (with

cohorts born prior to 1950),%%°¢

whilst the two studies which sug-
gested an increased risk of IHD were among younger cohorts born
after 1970.%%77 It is possible that changes in the reason for preterm
birth over the past decade contribute to this heterogeneity in find-
ings, but we do not have sufficient data to fully investigate this hy-
pothesis. However, this is consistent with the research in all preterm
infants, whereby coronary heart disease has been associated with
size at birth, rather than length of gestation.”® Only one study found
an increased risk of stroke among adults born late preterm in nar-
ratively synthesised studies.*” However, after preterm birth, the
arterial tree undergoes altered development which could have im-

plications for stroke and heart disease later in life if vessel size does
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Std. Mean Difference

Std. Mean Difference

Study or Subgroup Std. Mean Difference SE IV, Random, 95% CI Weight IV, Random, 95% CI
Bortolotto 2021 (Boys) -0.6 0.1225 -0.60 [-0.84, -0.36] 14.0% -
Bortolotto 2021 (Girls) -0.32 0.1122 -0.32 [-0.54, -0.10] 14.3% -
Forsum 2019 (Boys) -0.1494 0.15 -0.15[-0.44, 0.14] 13.4% -
Forsum 2019 (Girls) -0.7949 0.176 -0.79 [-1.14, -0.45] 12.7% =
Hui 2015 0.13 0.0765 0.13[-0.02, 0.28] 14.9% Il
Maeyama 2016 -0.707 0.0276 -0.71 [-0.76, -0.65] 15.5% a
Westrupp 2019 -0.2624 0.0641 -0.26 [-0.39, -0.14] 15.1% =
Total (95% CIl) -0.38 [-0.67, -0.09] 100.0% ‘
1 1 1 1

Heterogeneity: Tau? = 0.14; df = 6; 12 = 96%
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FIGURE 6 Relation between late preterm birth and z-score standardised mean difference in BMI (late preterm birth vs. term birth) in
children <18 years. Pooled risk estimate is represented by the black diamond. Values of I? > 50% indicate substantial heterogeneity. Values
>0 indicate an adverse association in those born late preterm. Cl, confidence interval; Std, standardised

not increase in proportion with the rest of the growing body and
arteries continue to narrow.”’ There appeared to be a relation be-
tween late preterm birth and other cardiovascular outcomes includ-
ing heart failure, venous thromboembolism, right ventricular mass
and other major cardiovascular diseases mainly in adults but these
were only investigated by few studies which highlight the need for
more research,3%45:46:5971

Late preterm birth was associated with an increased risk of di-
abetes in children and adults. All six studies identified for children
were consistent with an increased risk. Whereas in the meta-analysis
among adults, one of the four studies observed an association in
the opposite direction, suggesting a decreased risk of diabetes.”®
Several proposed mechanisms may account for the increased risk
of diabetes observed in late preterm children. Preterm birth inter-
rupts the development of pancreatic beta cells which could lead to a
permanent reduction in their number and function.** Physiological
changes following preterm birth may also account for long-term
insulin sensitivity, such as structural changes to organ systems,
changes to endocrine feedback signalling, cellular ageing and epi-
genetic modifications.'® Increased visceral adiposity and insulin re-
sistance may also result from exposure to antenatal corticosteroids
and rapid catch-up growth in infancy.** These biological mecha-
nisms may also explain the increased measures of cardiometabolic
risk found in children and adults born late preterm in narratively syn-
thesised studies.*>°1:6%¢” Mixed findings were observed, however,
for some cardiometabolic risk factors such as triglycerides with no
association for cholesterol and lipoproteins in children.®>¢° This is
consistent with systematic reviews investigating any preterm birth
and cardiometabolic risk where no differences were found between
adolescents born preterm compared to the term for most risk fac-
tors other than blood pressure.*

Late preterm birth was inversely associated with BMI in children
which were not consistent with our hypothesis of increased car-
diometabolic risk across the life course, but this may be explained
by the young age at the outcome for the BMI studies (most were
among children <7 years). It is possible that an association between
late preterm birth and obesity might emerge in later life but we only

identified two studies of adults.®”¢”

5 | CONCLUSIONS

The overall findings of this review indicate that late preterm birth is
associated with an increased risk for cardiometabolic outcomes, spe-
cifically hypertension and diabetes. Additionally, these associations
were observed in both childhood and adulthood, demonstrating an
increased lifelong risk for adverse health consequences following
late preterm birth. Future research is needed to explain the mecha-
nisms underlying the observed associations, including factors that
accelerate or impede foetal organ maturation, as well as other risk
factors that may be experienced in utero that increase the risk for
both late preterm birth and alter cardiometabolic disease outcomes.
Our findings highlight the need for high-quality studies to delineate
medically indicated versus spontaneous preterm, define term birth
as 39-40 weeks' gestation and control for maternal cardiometabolic
factors. Such studies would provide a better understanding of how
late preterm birth contributes to cardiometabolic disease risk, re-
duce residual confounding and rule out confounding by indication,
respectively. The findings from this review will support guidelines
for managing medically indicated late preterm deliveries and future
interventions, as well as targeted screening to improve child car-
diometabolic health and minimise cardiometabolic disease in adults

born late preterm.
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