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Preterm Birth as a Risk Factor for Metabolic Syndrome and Cardiovascular
Disease in Adult Life: A Systematic Review and Meta-Analysis
Panagiota Markopoulou, MD, MSc1, Eleni Papanikolaou, PhD2, Antonis Analytis, PhD3, Emmanouil Zoumakis, PhD1,
and Tania Siahanidou, MD, PhD1
Objective To determine if preterm birth is associated with components of the metabolic syndrome in adult life.
Study design A structured literature search was performed using PubMed. All comparative studies reported
metabolic and cardiovascular outcomes in adults (³18 years of age) born preterm (<37 weeks of gestation)
compared with adults born at term (37-42 weeks of gestation) and published through March 2018 were included.
The major outcomes assessed were body mass index, waist circumference, waist-to-hip ratio, fat mass, systolic
blood pressure (SBP), diastolic blood pressure (DBP), 24-hour SBP, 24-hour DBP, endothelium-dependent brachial
artery flow-mediated dilation, carotid intima-media thickness, pulse wave velocity, fasting glucose and insulin, Homeostasis Model Assessment-Estimated Insulin Resistance Index, and lipid profiles. Quality appraisal was performed using a modified version of the Newcastle-Ottawa scale. A meta-analysis was performed for comparable
studies which reported sufficient data.
Results Forty-three studies were included, including a combined total of 18 295 preterm and 294 063 term-born
adults. Prematurity was associated with significantly higher fat mass (P = .03), SBP (P < .0001), DBP (P < .0001), 24hour SBP (P < .001), and 24-hour DBP (P < .001). Furthermore, preterm-born adults presented higher values of fasting glucose (P = .01), insulin (P = .002), Homeostasis Model Assessment-Estimated Insulin Resistance Index
(P = .05), and total cholesterol levels (P = .05) in comparison with adults born at term, in random effect models.
No statistically significant difference was found between preterm and term-born adults for the other outcomes studied.
Conclusions Preterm birth is strongly associated with a number of components of the metabolic syndrome and
cardiovascular disease in adult life. (J Pediatr 2019;-:1-12).

T

he metabolic syndrome and cardiovascular disease constitute major public health burdens, as leading causes of disability
and death in both the developed and developing world.1 Low birth weight and/or gestational age are classified among
factors influencing the cardiovascular risk, a condition referred to as cardiovascular perinatal programming.1,2 According to the Barker hypothesis, low birth weight is a risk factor for the later development of cardiovascular disease and noninsulindependent diabetes mellitus.3 Evidence is less strong as regards preterm birth and its link with the development of components
of the metabolic syndrome. It has been reported that adults who were born prematurely present elevated arterial blood pressure,4-9 differences in glucose tolerance, serum insulin levels,10-12 and/or lipid profiles,7,13-15 higher total body fat mass (FM),
and increased risk for obesity16,17 in comparison with individuals who were born after a full-term pregnancy. However, other
studies support that there is no association between prematurity and subsequent features of metabolic syndrome.6,17-22 In addition, a small number of studies tried to detect a link between prematurity and endothelial dysfunction in the long term with
conflicting results; reduced endothelium-dependent brachial artery flow-mediated dilation (FMD)23 and pulse wave velocity
(PWV),24 and an increased mean carotid intima-media thickness (cIMT)24,25 have been reported by some of them, whereas
other studies failed to show that any association exists.6,26 Thus, it remains a controversial issue whether prematurity constitutes an independent risk factor for the subsequent development of cardiovascular disease and the metabolic syndrome.
Systematic reviews and meta-analyses have identified a significant association between preterm birth and arterial blood pressure (systolic blood pressure [SBP], diastolic blood pressure [DBP], 24-hour SBP, and 24-hour DBP)6,8; however, they failed to
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find any association with other features of cardiovascular
risk, such as body mass index (BMI), waist-to-hip ratio
(WHR), total body FM, glucose and insulin levels, or lipid
profile. Nevertheless, a number of studies investigating preterm birth as a risk factor for the metabolic syndrome and
cardiovascular disease in adult life have been published since
then.5,13,15,17,24,27-41 Our aim was to conduct a systematic review and meta-analysis to reevaluate the hypothesis that individuals born preterm present with components of the
metabolic syndrome and/or additional indicators of
increased cardiovascular risk in adult life.

Methods
This systematic review and meta-analysis was based on the
guidelines of the PRISMA statement42 and the broader
EQUATOR guidelines.43 A predefined protocol was used.
Literature Search
A systematic research of the PubMed database from inception through March 31, 2018, was conducted by 2 independent authors. The following keywords were used
[(prematurity) OR (premature birth) OR (premature infant)
OR (low birth weight) OR (preterm)] AND [(metabolic syndrome) OR (cardiovascular risk) OR (cardiovascular disease)
OR (metabolic syndrome, components) OR (atherosclerosis)
OR (vascular disease) OR (hypertension) OR (high blood
pressure) OR (insulin resistance) OR (glucose intolerance)
OR (obesity) OR (overweight) OR (fat mass) OR (dyslipidemia) OR (hypercholesterolemia) OR (diagnostic techniques,
cardiovascular). Reference lists of the above research and review articles were also checked for relevant bibliography.
Study Selection
To be included in the systematic review and meta-analysis,
studies had to fulfill the following inclusion criteria: (a) to
be conducted in human participants, (b) to be written in English, (c) to have a full-text source available, (d) to be conducted in any country, (e) to represent a cohort study, a casecontrol study, or a cross-sectional study, (f) to be published
before March 31, 2018, (g) to include adult participants
(³18 years old) born preterm (<37 weeks of gestation) in comparison with adult participants born at term (37-42 weeks of
gestation), and (h) to evaluate components of the metabolic
syndrome and cardiovascular risk factors as outcomes,
including (1) anthropometric measures (BMI [kg/m2], waist
circumference [cm], WHR, and percent of FM), (2) blood
pressure (systolic/SBP [mm Hg], diastolic/DBP [mm Hg],
24-hour ambulatory systolic/24-hour SBP [mm Hg], 24hour ambulatory diastolic/24-hour DBP [mm Hg]), (3) biomarkers of vascular dysfunction (FMD [%], cIMT [mm],
PWV [m/s]), (4) glucose tolerance/insulin sensitivity (fasting
glucose [mmol/L], fasting insulin [mU/L], Homeostasis
Model Assessment-Estimated Insulin Resistance Index
[HOMA-IR]), and (5) lipid profile (fasting total cholesterol
[mmol/L], fasting high-density lipoprotein [HDL; mmol/L],
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fasting low-density lipoprotein [LDL; mmol/L], and fasting
triglycerides [TG; mmol/L]).
Studies in nonhuman participants or those conducted in
children and/or adolescents (<18 years old), systematic
reviews/meta-analyses, case reports, and studies published
from April 1, 2018, and onward, were not eligible for this systematic review and meta-analysis; furthermore, studies
comparing participants with low birth weight (<2500 g) or
very low birth weight (<1500 g) or extremely low birth weight
(<1000 g) with normal birth weight infants, when no information about their gestational age was provided, as well as
studies presenting outcomes different than those mentioned
in the inclusion criteria, were also excluded. For studies with
a mixed children and/or adolescent and adult population
that fulfilled the rest of the inclusion criteria, authors would
be contacted to extract the outcomes mentioned for the adult
population.
Data Extraction
The titles and abstracts of all the articles resulting from the
search were used to assess eligibility and were scanned twice
to exclude irrelevant studies. If the title and abstract contained insufficient information to exclude an article, the
full text was retrieved. Authors were contacted where additional data were required. Where multiple reports of the
same cohort existed, the study reporting the largest sample
number was used (provided that all studies of the same
cohort received identical quality assessment scores). Author
information, study design, study location and year, population characteristics, methods of outcome measurement, potential sources of bias (inclusion and exclusion criteria,
blinding of assessors to gestational age and/or birth weight
when evaluating the outcomes), and the mean and SD of
the outcomes mentioned, for preterm and term adult groups,
were extracted. For inclusion, outcomes were presented unadjusted and measured using the same technique for the preterm and term groups.
Quality Assessment of Studies
A modified version of the Newcastle-Ottawa scale,44 as previously described,6 was implemented to assess the methodological quality of each study included in the meta-analysis. The
Newcastle-Ottawa scale consists of 6 items with 3 subscales:
selection, comparability, and outcome. The total maximum
score for these 3 subsets is 7 stars. In the comparability section, studies examining the low birth weight and/or small
for gestational age as a potential confounder were awarded
1 star.
Meta-Analysis
For the meta-analysis, the Revman (version 5.3; The Cochrane Collaboration, 2011) was applied to examine differences of each outcome between preterm and term groups
using the inverse variance method.45 For inclusion in the
meta-analysis, the SE of change, where applicable, was
conpﬃﬃﬃﬃ
verted to the SD using the equation: SD ¼ SE  N. A
random effect model was applied for the mean difference
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- 2019
of outcomes between groups. Results are shown as pooled
mean difference (95% CI) between the preterm and term
groups and are presented using forest plots.
When a study presented subgroups of preterm and/or term
adults, pooled means and SDs were calculated for the whole
population of preterm or term adults, respectively. Studies
comparing groups by birth weight (ie, low birth weight,
very low birth weight, or extremely low birth weight vs
normal birth weight participants) were included if the
mean gestational age 2 SD did not lie outside 37 weeks
for preterm and 37-42 weeks for term participants.
Fasting glucose and insulin levels, as well as fasting lipid
profile (total cholesterol, HDL, LDL, and TG levels) were
standardized across studies to SI units using established conversion rates.46 When a geometric mean was provided as a
summary measure, it was converted to an arithmetic mean
for inclusion in the meta-analysis.47 Variables were considered to have a skewed distribution if their mean value was
less than twice the SD.48 For skewed outcomes, a metaanalysis of log-transformed data was conducted, as Parkinson
et al performed6; if the log values were not provided, published summary measures (geometric and arithmetic means)
were converted to approximate log values.47 The pooled
mean difference and 95% CIs of the log values were transformed back and represent the percentage difference between
the term and preterm groups.
Outcomes of BMI, WHR, FM, SBP, and DBP were
analyzed separately for men and women.
Study Heterogeneity
An I2 test was used to measure heterogeneity between studies,
and a value of >50% was considered to reflect high heterogeneity.49 Random effect models were used throughout; as previously described,6 if heterogeneity was low (I2 < 50%), a
fixed effect model was carried out to check the sensitivity
of conclusions. Because heterogeneity tests have low power
when study numbers are small, a fixed effect model was not
carried out for analysis with <5 studies.
The sex of participants was examined for causing heterogeneity in Revman (version 5.3; The Cochrane Collaboration,
2011).45 Other potential sources of study heterogeneity,
including the place of origin of the study (a qualitative variable; as the continent where the study was conducted), the
mean age of participants at evaluation, as well as the mean
gestational age of preterm group (quantitative variables),
were examined by meta-regression in STATA 13 (Statacorp,
Houston, Texas).50
To investigate the impact of being born small for gestational age, as a potential confounder, on the association of
prematurity per se and the components of the metabolic syndrome, we extracted the results of studies providing additional comparisons among adults born prematurely and
appropriate for gestational age (preterm AGA), adults born
prematurely and small for gestational age (preterm SGA),
and adults born at term and AGA (control AGA). Specifically, we examined whether the inclusion of the preterm
AGA population only in the meta-analysis, instead of the to-
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tal preterm population of these studies, might lead to changes
in our results.
Publication Bias
The existence of publication bias was investigated by funnel
plots; in the absence of publication bias, the studies distributed symmetrically around the combined effect size. In addition, the Egger test was performed for each mean difference
between preterm and term groups.51 If the P value for the
test was significant (P £ .05), a trim and fill analysis was performed to estimate the pooled effect in the absence of publication bias.52

Results
The systematic search strategy returned 6838 articles, and 23
additional records were identified through bibliographic review (Figure 1; available at www.jpeds.com); 6394 were
excluded based on the screening of titles and abstracts. A
total of 467 records were reviewed in full text, which led to
the exclusion of another 420 records. After applying the
selection criteria, a total of 47 studies were suitable for
systematic review (Table I; available at www.jpeds.com).
Overall, 43 studies were eligible for inclusion in the metaanalysis, and data from 4 studies were excluded.
Specifically, data from Oren at al and Pilgaard et al were
excluded, because they were presented as adjusted for age
and sex.53,54 Data from Evensen et al were also adjusted for
sex,22 and data from Breukhoven et al were not suitable for
inclusion because the outcomes were presented as median
and range.17 Part of the data from 2 studies were not
eligible for inclusion in the meta-analysis; data on plasma
lipids from Cooper et al were excluded because they were
obtained from nonfasting samples and data on cIMT from
Bassareo et al were also excluded because the values were
almost 10-fold higher than those reported in other relevant
studies.23,55 Data on sex-specific analysis of BMI and WHR
from Leeson et al were obtained from Parkinson et al
(Table I).6
Eight studies conducted retrospective analysis of low birth
weight or preterm cohorts16,23,24,27,28,56-58; 29 studies were longitudinal follow-up of low birth weight or preterm cohorts
compared with full-term ones, and 6 studies were population
based.4,26,55,69-71 Concerning the place of origin, 34 studies
were conducted in Europe,4,5,7,15,16,20-29,31-33,40,41,55-59,63-71 5
were conducted in Oceania,36,37,39,61,62 3 in the US,9,38,60 and
1 in Asia.30 For 6 studies, additional information on the population characteristics and the measurement of outcomes was
obtained by authors after personal contact.23,38,55,61,67,68
Overall, a total of 18 295 prematurely born (16 119 males;
2176 females) and 294 063 at term born (284 788 males; 9275
females) adults were included in the meta-analysis. The
mean  SD gestational age of the entire study population
of prematurely born adults was 30.4  3.4 weeks (range,
22.5-34.9 weeks), whereas the mean  SD chronological
age at outcome assessment was 19.4  5.1 years (range,
18-58 years). The results of the meta-analyses for each of
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the outcomes are presented in Table II. The number of
studies and participants varied considerably for each
outcome.
Prematurely born adults demonstrated a higher percentage of FM in both random and fixed effect models (random
mean difference, 1.5%; 95% CI, 0.1-2.8; P = .03, and fixed
mean difference, 1.2%; 95% CI, 0.3-2.1; P = .009) compared
with adults born at term (Figure 2). FM was estimated by
bioelectrical impedance, dual-energy x-ray absorptiometry,
or whole body MRI. No significant differences were
observed between preterm and at term born adults in BMI,
waist circumference, or WHR (Table II).
Furthermore, adults born prematurely showed significantly higher levels of SBP (random mean difference,
4.2 mm Hg; 95% CI, 3.0-5.5; P < .0001; Figure 3, A), DBP
(random mean difference, 2.3 mm Hg; 95% CI, 1.2-3.3;
P < .0001; Figure 3, B), as well as 24-hour SBP (random
mean difference, 4.6 mm Hg; 95% CI, 2.0-7.2; P < .001,
Figure 3, C) and 24-hour DBP (random mean difference,
1.7 mm Hg; 95% CI, 0.9-2.5; P < .001; Figure 3, D).

Volume -

Differences in the diurnal pattern of ambulatory blood
pressure monitoring were also observed between groups;
sleeping SBP (random mean difference, 3.3 mm Hg; 95%
CI, 1.2-5.3; P = .002) and DBP (random mean difference,
1.3 mm Hg; 95% CI, 0.4-2.1; P = .003), as well as awake
SBP (random mean difference, 4.8 mm Hg; 95% CI, 2.57.1; P < .001) and DBP (random mean difference, 1.9 mm
Hg; 95% CI, 1.0-2.7; P < .001) were significantly higher in
adults born prematurely compared with adults born at
term. Sleeping SBP and DBP were significantly lower than
awake SBP and DBP values in both preterm (by 15.9 mm
Hg [95% CI, 14.7-17.2; P < .001] and 14.9 mm Hg [95%
CI, 13.8-16.1; P < .001], respectively) and at term born adults
(by 14.7 mm Hg [95% CI, 13.5-16.0; P < .001] and 14.5 mm
Hg [95% CI, 13.0-16.0; P = .005], respectively).
Prematurely born adults demonstrated increased fasting
levels of glucose in both random (mean difference,
0.07 mmol/L; 95% CI, 0.02-0.1; P = .01) and fixed effect
models (mean difference, 0.06 mmol/L; 95% CI, 0.02-0.1;
P = .008; Figure 4, A) in comparison with adults born at

Table II. Results of meta-analyses of study outcomes: Associations between preterm birth (gestational age of
<37 weeks) and components of the metabolic syndrome/cardiovascular risk factors in adult life
Outcomes
BMI

No. of
studies

No. of
participants

22

P: 16 185
T: 287 296
P: 609
T: 2174
P: 157
T: 181
P: 602
T: 656
P: 16 520
T: 291 446
P: 16 201
T: 291 283
P: 569
T: 458
P: 569
T: 458
P: 448
T: 1180
P: 579
T: 1391
P: 234
T: 281
P: 650
T: 2069
P: 578
T: 2022
P: 178
T: 154
P: 432
T: 740
P: 615
T: 2400
P: 489
T: 1982
P: 890
T: 2568

Waist circumference

7

WHR

4

Percent FM
SBP
DBP
24-Hour SBP

9
20
19
6

24-Hour DBP

6

FMD*

4

cIMT

4

PWV

2

Glucose

10

Insulin*

8

HOMA-IR*

4

Total cholesterol

8

HDL

10

LDL

7

TG*

10

Pooled mean difference (95% CI)

FE/RE
P value

Heterogeneity
(I2 P value)

Egger
test (P value)

RE: 0.04 kg/m2 (0.22 to 0.31)
FE: 0.02 kg/m2 (0.07 to 0.04)
RE: 0.84 cm (0.3 to 1.99)
FE: 0.84 cm (0.3 to 1.99)
RE: 0.01 (0.02 to 0.05)

RE: P = .75
FE: P = .53
RE: P = .15
FE: P = .15
RE: P = .52

RE: 1.46% (0.13 to 2.79)
FE: 1.22% (0.31 to 2.14)
RE: 4.22 mm Hg (2.98 to 5.45)

RE: P = .03
FE: P = .009
RE: P < .0001

I2: 82%; P < .00001

<.001

RE: 2.27 mm Hg (1.22 to 3.31)

RE: P < .0001

I : 86%; P < .00001

.001

RE: 4.62 mm Hg (2.04 to 7.21)

RE: P = .0005

I2: 77%; P < .001

.68

RE: 1.69 mm Hg (0.89 to 2.48)
FE: 1.69 mm Hg (0.89 to 2.48)
RE: 7% (30 to 15)

RE: P < .0001
FE: P < .0001
RE: P = .53

I : 0%; P = .62

.31

I2: 94%; P < .0001

.85

RE: 0.04 mm (0.01 to 0.08)

RE: P = .1

I : 97%; P < .0001

.19

RE: 0.05 m/s (0.12 to 0.22)

RE: P = .56

I2: 0%; P = .33

—

RE: 0.07 mmol/L (0.02 to 0.13)
FE: 0.06 mmol/L (0.02 to 0.1)
RE: 16% (6 to 26)

RE: P = .01
FE: P = .008
RE: P = .002

I : 26%; P = .2

.31

I2: 82%; P < .001

.18

RE: 24% (0 to 47)

RE: P = .05

I : 55%; P = .08

.76

RE: 0.17 mmol/L (0.00 to 0.34)
FE: 0.17 mmol/L (0.04 to 0.29)
RE: 0.03 mmol/L (0.01 to 0.08)
FE: 0.03 mmol/L (0.00 to 0.07)
RE: 0.06 mmol/L (0.04 to 0.16)
FE: 0.06 mmol/L (0.04 to 0.16)
RE: 6% (5 to 17)

RE: P = .05
FE: P = .008
RE: P = .13
FE: P = .07
RE: P = .21
FE: P = .21
RE: P = .26

I2: 40%; P = .11

.89

I : 16%; P = .13

.52

I2: 0%; P = .74

.93

I : 76%; P < .001

.44

I2: 35%; P = .05

.42

I : 0%; P = .86

.32

I2: 85%; P = .0002

.70

I : 45%; P = .07

.23

2

2

2

2

2

2

2

2

2

FE, fixed effect model; P, preterm-born adults; RE, random effect model; T, term-born adults. Statistical significance is defined by P £ .05. Significant results are shown in bold type.
*Skewed variables were logarithm transformed before meta-analysis.

4

Markopoulou et al

- 2019

ORIGINAL ARTICLES

Figure 2. Forest plots showing the unadjusted pooled association between premature birth (gestational age of <37 weeks) and
percent FM (random and fixed effect model). IV, inverse variance.

term. In addition, after logarithm transforming for skewness,
a significant increase in fasting insulin (random mean
difference, 16%; 95% CI, 6%-26%; P = .002; Figure 4, B)
and HOMA-IR (random mean difference, 24%; 95% CI,
0.0-47%; P = .05, Figure 4, C) values were observed in
preterm-born adults.
Significantly increased fasting total cholesterol levels in
both random (mean difference, 0.2 mmol/L; 95% CI, 0.00.3; P = .05) and fixed effect models (mean difference,
0.2 mmol/L; 95% CI, 0.04-0.3; P = .008; Figure 5; available
at www.jpeds.com) were observed in adults born
prematurely, whereas no significant differences were found
in fasting HDL, LDL, and TG levels between groups
(Table II).
Differences in the cIMT, FMD, and PWV between preterm
and at term born participants were not statistically significant
(Table II).
Sex-specific analyses were also performed; no differences
between preterm-born and term-born adults were observed
in BMI, WHR, or FM when these variables were analyzed
separately for men and women (Table III; available at
www.jpeds.com). SBP and DBP were higher in both men
and women born prematurely compared with their
counterparts born at term (men: SBP random mean
difference, 2.0 mm Hg; 95% CI, 0.6-3.4; P = .007; DBP

random mean difference, 1.3 mm Hg; 95% CI, 0.1-2.5;
P = .03; women: SBP random mean difference, 4.9 mm Hg;
95% CI, 3.3-6.6; P < .001; SBP fixed mean difference,
4.2 mm Hg; 95% CI, 3.1-5.3; P < .001; DBP random mean
difference, 2.9 mm Hg; 95% CI, 1.6-4.2; P < .001; DBP
fixed mean difference, 2.6 mm Hg; 95% CI, 1.7-3.4;
P < .001; Table III). Sex-specific analysis revealed
significantly higher 24-hour SBP (random mean difference,
3.5 mm Hg; 95% CI, 1.4-5.6; P = .001) and 24-hour DBP
(random mean difference, 1.6 mm Hg; 95% CI, 0.0-3.1;
P = .04) for women born prematurely compared with
women born at term, but not for men (Table III).
Study Heterogeneity and Metaregression
Sex was examined as a cause of heterogeneity; a significant increase in the preterm–term difference of WHR (random
mean difference, 0.02; 95% CI, 0.0-0.03; P = .05) and percent
FM (random mean difference, 0.9%; 95% CI, 0.1-1.7; P = .03;
fixed mean difference, 0.9%; 95% CI, 0.2-1.6; P = .02) was
observed in men compared with women (Table III). In
contrast, the preterm–term differences for SBP, DBP, and
24-hour SBP were higher in women than in men by
3.5 mm Hg (95% CI, 2.3-4.8; P < .001), 2.1 mm Hg (95%
CI, 1.1-3.1; P < .001), and 3.2 mm Hg (95% CI, 1.0-5.4;
P = .005), respectively (Table III and Figure 6, A-C
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Figure 3. Forest plots showing the unadjusted pooled association between premature birth (gestational age <37 weeks) and A,
SBP, B, DBP, C, 24-hour SBP, and D, 24-hour DBP.
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Figure 4. Forest plots showing the unadjusted pooled association between premature birth (gestational age <37 weeks) and A,
glucose (random and fixed effect model), B, insulin, and C, HOMA-IR.

[available at www.jpeds.com]), whereas no significant
difference, by sex was observed for BMI and 24-hour DBP
(Table III and Figure 6, D [available at www.jpeds.com]).
Metaregression analyses revealed that preterm–term differences in BMI were associated with the mean participants’

age at which BMI was measured (coefficient [SE] = 0.03
[0.01]; 95% CI, 0-0.1; P = .04). Furthermore, preterm–term
differences in SBP were found to correlate with the mean
gestational age of participants born prematurely (coefficient
[SE] = 0.1 [0.04]; 95% CI, 0.02-0.2; P = .02). No significant

Preterm Birth as a Risk Factor for Metabolic Syndrome and Cardiovascular Disease in Adult Life: A Systematic Review
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association was observed between preterm–term differences
for any other outcome studied and either the mean age of
participants or mean gestational age of prematurely born
ones.
When the continent of origin of the included studies was
taking into account, metaregression revealed a statistically significant correlation between preterm–term TG differences and
European origin of studies (coefficient [SE] = 0.5 [0.2]; 95%
CI, 0.9 to 0.06; P = .03), as well as between preterm–term
HDL differences and studies from Oceania (coefficient
[SE] = 0.8 [0.3]; 95% CI, 1.5 to 0.1; P = .02). No significant association was found between preterm–term differences
for any other studied outcome and place of origin of the study.
Seven studies attempted to address the impact of low birth
weight and/or SGA, as a potential confounder, by comparing
preterm AGA adults, preterm SGA adults, or adults born prematurely with intrauterine growth restriction (preterm
IUGR), and control AGA adults.20,21,24,30,31,33,68 When the
preterm AGA population replaced the total preterm population of these studies in the meta-analysis, the significant
preterm–term differences of outcomes assessed retained their
size and statistical significance. Specifically, prematurely born
adults demonstrated higher percentage of FM (random mean
difference, 1.6%; 95% CI, 0.2-3.0; P = .03), higher levels of
SBP (random mean difference, 4.2 mm Hg; 95% CI, 2.95.5; P < .001), DBP (random mean difference, 2.3 mm Hg;
95% CI, 1.3-3.4; P < .001), 24-hour SBP (random mean difference, 4.6 mm Hg; 95% CI, 2.0-7.2; P < .001), and 24-hour
DBP (random mean difference, 1.7 mm Hg; 95% CI, 0.9-2.5;
P < .001) compared with adults born at term. Prematurely
born adults also demonstrated increased fasting levels of
glucose (random mean difference, 0.07 mmol/L; 95% CI,
0.004-0.1; P = .03) and insulin (random mean difference,
15.8%; 95% CI, 5.8%-25.4%; P = .01), HOMA-IR values
(random mean difference, 23.7%; 95% CI, 0.2-47%;
P = .05), and total cholesterol levels (random mean difference, 0.2 mmol/L; 95% CI, 0.0-0.4; P = .05) in comparison
with adults born at term.
Publication Bias
In a pooled analysis of SBP and DBP, funnel plots demonstrated significant asymmetry (Figure 7; available at www.
jpeds.com), and the Egger test was significant for both
outcomes (P < .001 for SBP and P = .001 for DBP;
Table II). The trim and fill method was used to identify
and correct for funnel plot asymmetry arising from
publication bias; for SBP, a slightly reduced pooled effect
was revealed (3.6 mm Hg; 95% CI, 2.4-4.8; P < .001), and a
similar effect was observed for DBP (1.6 mm Hg; 95% CI,
0.6-2.5; P = .001). Funnel plots demonstrated some visual
asymmetry for WHR, percent FM, and total cholesterol,
LDL, and TG; however, the results of the Egger test were
not statistically significant for these outcomes (Table II).
In sex-specific analyses, there was some visual evidence of
asymmetry for all outcomes measured; however, the Egger
test revealed publication bias only in studies of DBP in
men (P = .03; Table III) and of SBP in women (P = .002;
8
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Table III). A trim and fill analysis gave a reduced
difference in SBP in women (3.6 mm Hg; 95% CI, 1.9-5.4;
P < .001), and no difference in DBP in men (P = .9).
Quality Assessment of Studies
In the modified version of the Newcastle-Ottawa scale,44 we
considered a score of 0-2 stars to indicate poor quality of
study, a score of 3-5 stars to indicate acceptable study quality,
and a score of 6-7 stars to indicate a good quality of study.72
Among the 43 studies included in meta-analysis, 8 studies
were scored as of good quality, 34 studies of acceptable quality, and 1 study of poor quality (Table I).

Discussion
In this systematic review and meta-analysis, preterm birth
was found to be associated with significantly higher total
body FM and arterial blood pressure, including the 24hour ambulatory blood pressure, in adult life. Furthermore,
prematurely born adults exhibited higher fasting glucose
and insulin levels, as well as elevated HOMA-IR values and
total cholesterol levels, in comparison with adults born at
term. No difference was found between preterm adults and
those born at term in other outcomes examined, including
BMI, waist circumference, WHR, FMD, cIMT, PWV, HDL,
LDL, and TG.
A previous systematic review and meta-analysis showed
similar results regarding increased arterial blood pressure
(SBP, DBP, 24-hour SBP) in adults born preterm in comparison with adults born after a full-term pregnancy6; however,
no difference was found regarding other outcomes associated
with the metabolic syndrome, such as BMI, WHR, FM, 24hour DBP, cIMT, FMD, PWV, glucose and insulin levels,
or total cholesterol, HDL, and TG levels. A smaller metaanalysis investigating the association between prematurity
and SBP from neonatal to adult life also reported increased
SBP in individuals born preterm.8 Meanwhile, because the
possible association of prematurity with the metabolic syndrome and/or cardiovascular disease is an interesting field
of research, a number of new studies have been published,
although with conflicting results5,13,15,17,24,27-41; thus, a
repeat systematic review and meta-analysis would be useful
to provide up-to-date knowledge. Our systematic review
and meta-analysis indeed showed additional associations between prematurity and outcomes related to the metabolic
syndrome, beyond increased arterial blood pressure; the
greater number of included studies compared with the previous systematic reviews and meta-analyses is the main
strength of our study.
In our meta-analysis, asymmetry of the funnel plots of SBP
and DBP mean difference between preterm- and term-born
adults, as well as the statistically significant results of the Egger test, are suggestive of publication bias. Publication bias
arises from the greater possibility of publication of studies
that found a positive association between prematurity and
increased arterial blood pressure; furthermore, studies with
small populations may conclude in larger effects. Thus, as
Markopoulou et al
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Parkinson et al have reported in their meta-analysis,6 the statistically significant difference of arterial blood pressure between preterm- and term-born adults may have been
overestimated. Nevertheless, a trim and fill analysis used to
identify and correct for funnel plot asymmetry also indicated
a statistically significant mean difference of SBP and DBP between preterm and term adults. Regarding 24-hour ambulatory monitoring of SBP and DBP, and its greater reliability
for assessing blood pressure, the mean differences were significant between groups despite the limited number of
studies. Interestingly, a nocturnal decrease in blood pressure
(dipper pattern) in preterm-born adults is maintained, at
least at this young age; the absence of a dipper pattern in
blood pressure is a well-established cause of cardiovascular
risk.
Endothelial dysfunction plays a role in the development of
cardiovascular disease, because it is considered the initial step
in the process of atherosclerosis.1 However, only a small
number of studies have been conducted so far to detect an association between prematurity and endothelial dysfunction,
with conflicting results.6,23-26 This meta-analysis showed no
association between prematurity and biomarkers of endothelial dysfunction, including FMD, cIMT, and PWV; nevertheless, the number of studies examining this association was
quite small, and differences in the methodology applied
among studies may act as barriers to reveal any significant
correlation with prematurity.
A sex-specific analysis revealed significantly higher 24hour SBP and 24-hour DBP in women born prematurely
compared with women born at term, and by examining sex
as a cause of heterogeneity, the preterm–term differences in
SBP, DBP, and 24-hour SBP were greater in women than
in men. However, it is difficult to reach a firm conclusion
as to whether prematurely born women are at a greater risk
for hypertension compared with prematurely born men;
the number of studies that evaluated the 24-hour SBP and
24-hour DBP is rather small, the total number of women
studied was significantly lower compared with the total number of men, and also information regarding gestational age at
birth, separately for male and female participants, is missing.
Nevertheless, several studies have shown that there is a positive association between catchup growth and arterial blood
pressure73; interestingly, the velocity of weight gain during
childhood and adolescence is higher in women with very
low birth weight compared with very low birth weight men.74
Controversy exists so far whether total FM is increased
in preterm-born individuals. Recent studies have shown
that prematurity is associated with a higher percentage
of body fat, as estimated by bioelectrical impedance,
dual-energy x-ray absorptiometry, and whole body
MRI.16,20,32,36,38,56,57,63,68 In contrast, in other studies, adults
born prematurely exhibit no difference in FM percentage in
comparison with adults born at term; in addition, they are
shorter, and have a lower BMI and total lean mass.12,22,60
We found that prematurity was associated with a higher
percent of total body fat; heterogeneity was low, despite the
use of different methodologies among studies. Although no
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difference was found in BMI between adults born prematurely and those born at term, metaregression revealed a positive correlation between preterm–term differences in BMI
and the mean participants’ age. The average age at assessment
of outcomes in our study population was low. The evaluation
of preterm-born individuals at an older age may reveal a positive association between preterm birth and BMI.
The finding of increased levels of total cholesterol in
adults born prematurely contradicts the results of the previously published meta-analysis showing only higher LDL
levels in this group in comparison with adults born at
term.6 We found that preterm–term differences in TG levels
were lower in individuals participating in European studies
in comparison with those participating in studies conducted
in the US, Asia, or Oceania; the increasing prevalence of
components of the metabolic syndrome recently across Europe may offer an explanation for the small preterm–term
difference of TG levels in European studies.75 Furthermore,
preterm–term HDL level differences were lower in participants in studies conducted in Oceania. Data from the
2011-2012 Australian Health Survey showed that almost
23% of the adult Australian population demonstrated low
HDL levels,76 and several reports described extremely low
HDL levels in Australian indigenous populations, resulting
from a complex interplay of environmental and genetic factors.77
A significant and novel finding of our meta-analysis is the
increased levels of fasting glucose and insulin, and the
elevated HOMA-IR, in adults born prematurely compared
with adults born at term. In contrast with the previous relevant meta-analysis,6 which included 27 studies, our metaanalysis examined 43 studies providing more data on glucose
and insulin levels of preterm born adults compared with
adults born at term.
Being born SGA is a potential confounding factor in the
observed association between prematurity and components
of the metabolic syndrome/cardiovascular disease in adult
life. In our systematic review and meta-analysis, 7 studies
attempted to address this issue by comparing adults born
prematurely and AGA (preterm AGA), adults born prematurely and SGA (preterm SGA) or with IUGR (preterm
IUGR), and adults born at term and AGA (control
AGA).20,21,24,30,31,33,68 No significant difference between
preterm AGA and preterm SGA or IUGR was reported in
any of the outcomes assessed in these studies; only Juonala
et al found a significantly higher SPB in preterm SGA in
comparison with preterm AGA.31 In the majority of the
studies discussed, the significant preterm–term differences
retained their statistical significance when preterm AGA
and control AGA were compared. Furthermore, when
only the preterm AGA population instead of the total preterm population of these studies was included in our
meta-analysis, the significant preterm–term differences of
outcomes assessed remained significant. This fact possibly
indicates that the risk for metabolic syndrome and cardiovascular disease in individuals born preterm is independent
of being born SGA or IUGR.
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Limitations of our systematic review and meta-analysis are
the following. There was a limited number of studies examining waist circumference, WHR, 24-hour SBP, 24-hour
DBP, FMD, cIMT, PWV, and HOMA-IR, thus decreasing
the ability to detect any existing association. Furthermore,
the pooled effects of the outcomes examined were not
adjusted for possible confounding factors, such as age and
sex; nevertheless, metaregression revealed no impact of
several confounding factors on the majority of the outcomes.
Adults participating in studies included in the meta-analysis
were of a young mean age; more studies are needed to evaluate the components of the metabolic syndrome at an older
age (ie, >30-40 years of age) to determine more precisely the
associations between preterm birth and cardiovascular risk
factors.
An early, constant, and prolonged follow-up program, as
well as an intervention plan, for prematurely born individuals, may be useful for the prevention, early detection, and
appropriate treatment of disorders leading to the metabolic
syndrome and cardiovascular disease in later life. n
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Figure 1. Workflow of systematic review and meta-analysis.
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Figure 5. Forest plots showing the unadjusted pooled association between premature birth (gestational age of <37 weeks) and
total cholesterol (random and fixed effect model). IV, inverse variance.
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Figure 6. Forest plots showing the unadjusted pooled association between premature birth (gestational age of <37 weeks) and
A, SBP, B, DBP, C, 24-hour SBP, and D, 24-hour DBP in men and women. (Continues on next page)
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Figure 6. Continued

Figure 7. Funnel plots showing the unadjusted pooled association between premature birth (gestational age of <37 weeks) and
A, SBP and B, DBP in adult life. WMD, weighted mean difference.
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Table III. Results of meta-analyses of study outcomes: Associations between preterm birth (gestational age of
<37 weeks) and components of the metabolic syndrome/cardiovascular risk factors in adult men and women

Outcome
BMI
Men
Women
WHR
Men

No. of
No. of
studies participants
15
16
3

Women

4

Percent FM
Men

6

Women

7

SBP
Men
Women
DBP
Men

12
11
11

Women

10

24-Hour SBP
Men

2

Women

3

24-Hour DBP
Men

2

Women

3

Pooled mean
difference (95% CI)

FE/RE
P value

P: 14 947 RE: 0.07 kg/m2 (0.49 to 0.34) RE: P = .72
T: 281 038
P: 902
RE: 0.04 kg/m2 (0.36 to 0.44) RE: P = .85
T: 5189
FE: 0.04 kg/m2 (0.32 to 0.41) FE: P = .81
P: 69
T: 68
P: 88
T: 113
P: 271
T: 271
P: 285
T: 397

Heterogeneity
(I2, P value)

Egger test
(P value)

I2: 53%; P = .008 RE: 0.03 kg/m2 (0.31 to 0.24); P = .82
FE: 0.02 kg/m2 (0.08 to 0.03); P = .44
I2: 14%; P = .29

RE: 0.02 (0.0 to 0.04)

RE: P = .08

I2: 43%; P = .17

RE: 0.01 (0.02 to 0.04)

RE: P = .4

I : 65%; P = .04

RE: 1.27% (0.38 to 2.93)

RE: P = .13
FE: P = .08
RE: P = .1
FE: P = .1

I2: 53%; P = .06

RE: 0.78% (0.14 to 1.71)
FE: 0.78% (0.14 to 1.71)

Sex-specific pooled
mean difference (95% CI)
and P value

RE: 0.02 (0.0 to 0.03); P = .05

.74
.48
-

2

I2: 0%; P = .57

.5
RE: 0.92% (0.09 to 1.74); P = .03
FE: 0.85% (0.15 to 1.55); P = .02

.12
.67

P: 14 925 RE: 1.98 mm Hg (0.55 to 3.42)
T: 283 000
P: 751
RE: 4.94 mm Hg (3.28 to 6.6)
T: 6995
FE: 4.18 mm Hg (3.09 to 5.27)

RE: P = .007 I2: 59%; P = .005 RE: 3.53 mm Hg (2.3 to 4.75); P < .0001

.18

RE: P < .001 I2: 46%; P = .05
FE: P < .001

.002

P: 14 916 RE: 1.29 mm Hg (0.13 to 2.45)
T: 282 989
P: 741
RE: 2.89 mm Hg (1.61 to 4.16)
T: 6979
FE: 2.57 mm Hg (1.72 to 3.41)

RE: P = .03

.03

P: 122
T: 68
P: 167
T: 107

RE: 2.86 mm Hg (3.7 to 9.43)

RE: P = .39

RE: 3.49 mm Hg (1.38 to 5.6)

RE: P = .001 I : 0%; P = .94

P: 122
T: 68
P: 167
T: 107

RE: 0.05 mm Hg (2.59 to 2.68) RE: P = .97
RE: 1.55 mm Hg (0.04 to 3.05)

I2: 65%; P = .001 RE: 2.13 mm Hg (1.14 to 3.11); P < .0001

RE: P < .001 I2: 45%; P = .06
FE: P < .001
I2: 85%; P = .01

.12
RE: 3.17 mm Hg (0.96 to 5.38); P = .005

2

RE: P = .04

I2: 48%; P = .17

-

RE: 0.94 mm Hg (0.34 to 2.22); P = .15

I : 0%; P = .6
2

-

FE, fixed effect model; P, preterm-born adults; RE, random effect model; T, term-born adults. Statistical significance is defined by P £ 0.05. Significant results are shown in bold type.
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