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Low birthweight or rapid catch-up growth:
which is more associated with cardiovascular
disease and its risk factors in later life?
A systematic review and cryptanalysis

Roya Kelishadi1, Ali Akbar Haghdoost2, Fahimeh Jamshidi1,
Maryam Aliramezany3, Mahmood Moosazadeh4

1Child Growth and Development Research Center, Isfahan University of Medical Sciences, Isfahan, 2Research
Center for Modeling in Health, 3Research Center for Health Services Management, Institute of Futures Studies in
Health, Kerman University of Medical Sciences, 4School of Public Health, Mazandaran University of Medical
Sciences, Sari, Iran

Background: The effects of birthweight (the Barker hypothesis) and growth trajectory in early life on the
incidence of cardiovascular disease (CVD) and its risk factors in later life have been investigated in a
number of studies.
Objective: To undertake a systematic review and cryptanalysis of the association of low birthweight (LBW)
and the postnatal growth trajectory with CVD and its risk factors.
Methods: English-language publications in PubMed, ISI Web of Science and Scopus were searched.
Initially, two independent reviewers identified relevant papers in several steps and the quality of papers
was then determined by a validated quality-appraisal checklist.
Results: By applying maximum sensitivity, 7259 paper were identified, 382 of which were duplicates and
1273 were considered to be relevant to the topic. Then, after title and abstract review, 628 irrelevant papers
were excluded; 26 papers were added after reference-checking. Then, 250 other papers were deleted
after full text review. Finally, 39 relevant papers remained and were entered into the systematic review.
Overall, 79.6% of all CVD risk factors reported in primary studies of the rapid catch-up growth hypothesis
were statistically significant, whereas the corresponding figure was 58.5% for the effects of LBW (Barker
hypothesis).
Conclusions: This systematic review highlights the importance of low birthweight in increasing the risk of
CVD and its risk factors in later life. The results support rapid postnatal catch-up growth of LBW neonates
as a more important factor than LBW alone in CVD and its risk factors.

Keywords: Low birthweight, Cardiovascular disease, Metabolic syndrome, Systematic review

Abbreviations
ACM all-cause mortality;
AGA appropriate for gestational age;

AIR acute insulin response;

b regression co-efficient;
BMI body mass index;

BW birthweight;

CDM circulatory disease mortality;
CHD coronary heart disease;

CM cardiovascular mortality;

CVD cardiovascular disease;
DBP diastolic blood pressure;

FHD family history of diabetes;

HBW high birthweight;

HDL-C high-density lipoprotein-cholesterol;

HR hazard ratio;

IR insulin resistance;

IUGR intra-uterine growth retardation;

LBW low birthweight;

LDL-C low density lipoprotein-cholesterol;

MetS metabolic syndrome;

MS-R metabolic syndrome risk factors;

NAFLD non-alcoholic fatty liver disease;

NCD non-communicable disease;

OB obesity;

OR odds ratio;

OW overweight;

r correlation co-efficient;

SBP systolic blood pressure;

SDS standard deviation score;

SGA small for gestational age;

SW stable weight;
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TC total cholesterol;
TG triglycerides;

WBWR current weight (kg)/birthweight (kg);
WG weight gain;
WF weight fluctuation;

WHR waist-hip ratio;
WL weight loss;
Wt weight

Introduction
Various factors such as lifestyle changes and longer

life expectancy have led to a global increase of non-

communicable diseases (NCDs) as the main causes of

mortality and disease burden.1,2 It has been documen-

ted that the development of some chronic diseases

originate in early life, and that these might be influenced

by early life exposure to various risk factors.3 Accord-

ing to the fetal origin hypothesis, most NCDs are

affected by growth retardation during sensitive periods

of life, such as fetal life and infancy.4,5

There is growing evidence of a strong relationship

between low birthweight (LBW) and chronic disease

in later life.6–11 The usual definition of LBW, i.e. #2

standard deviations (SD) of weight for gestational

age, might not be applicable to all ethnic groups and

races, and some prefer to define LBW as birthweight

less than the tenth percentile for gestational age and

gender.12 While some concepts emphasise intra-uterine

under-nutrition as the main factor, other studies postu-

late the role of postnatal growth trajectory as the

important factor in the development of NCDs, mainly

cardiovascular disease (CVD).13,14

There are two hypotheses regarding the long-term

health consequences of LBW, the ‘Barker hypothesis’

and the ‘rapid catch-up growth hypothesis’. The Barker

hypothesis suggests that intrauterine growth retarda-

tion (IUGR) is closely related to NCDs and their

underlying factors such as the metabolic syndrome

(MetS).13,14 The latter is defined as the co-existence of

three of the five following components: elevated blood

pressure, disturbed glucose metabolism, hypetriglycer-

idaemia, low high-density lipoprotein-cholesterol, and

obesity; disturbed insulin metabolism is considered to

be the underlying factor.7 The second hypothesis

suggests that LBW per se does not increase the risk of

NCDs, but only in small-for-gestational age (SGA)

newborns who experience a rapid catch-up growth

during the first years of life.15–21

Given the importance of primordial/primary preven-

tion of NCDs and conflicting ideas on early life origins

of NCDs and their prenatal and postnatal determi-

nants, this study aimed to systematically review evi-

dence of the association of LBW and postnatal growth

trajectory with CVD and cardiometabolic risk factors.

Methods
This was a systematic review and cryptanalysis of the

association of LBW and rapid postnatal catch-up

growth of LBW newborns with CVDs and cardio-

metabolic risk factors in later life.

Search strategy
The search was undertaken during March–May 2013

and included primary studies published electronically

up to April 2013. PubMed, ISI Web of Science and

Scopus were searched and only articles in English

were retrieved. Main keywords and probable combi-

nations of important words used for the search

included: ‘small for gestational age’ OR ‘intrauterine

growth retardation’ OR ‘low birthweight’ OR ‘infant

size’ OR ‘fetal under-nutrition’ OR ‘growth trajec-

tory’ OR ‘growth velocity’ OR ‘growth spurt’ OR

‘catch up growth’ OR ‘rebound adiposity’ OR ‘fetal

programming’, AND ‘cardiovascular disease’ OR

‘coronary artery disease’ OR ‘atherosclerosis’ OR

‘insulin resistance’ OR ‘metabolic syndrome X’

OR ‘dysmetabolic syndrome’ OR ‘Reaven syndrome’.

In addition, reference lists of published studies were

evaluated to increase the search sensitivity and

select more studies. Search evaluation was undertaken

randomly by two independent researchers and it was

confirmed that no studies were excluded.

Studies selection
Titles and abstracts of papers were screened and

relevant papers selected. The full texts of relevant

papers were then read and their findings re-screened.

Two independent reviewers (MM and FJ) screened

the titles and abstracts of the papers identified by the

literature search for potential relevance or assessed

the full text for inclusion in the review. In the case of

disagreement, the discrepancy was resolved in con-

sultation with a third arbitrating investigator (RK).

Entire texts or a summary of all searched articles,

documents and reports were extracted. After review-

ing and studying the titles, author(s), journal names

and publication years, any duplications were ex-

cluded. To avoid cross-publication bias, the findings

were reviewed to identify and eliminate duplicates.

The full texts of the articles were then carefully

studied by the researchers and relevant articles were

selected and irrelevant ones excluded.

Quality evaluation
Having identified relevant studies in terms of title

and content, a checklist (Appendix 1) was used

to evaluate the quality of the documents. This in-

cluded the study objective, study methods, sample

size, sampling method, data collection tool, variables

evaluation status, studied target group, and analysis

status. These were examined using 12 questions (one

score for every question), the maximum score being

12, and the minimum acceptable score being eight.22

Finally, articles with a score of eight or higher were

selected and the relevant information extracted and

analysed.
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Inclusion eligibility
All studies of acceptable quality examining the

association of either LBW or post-natal catch-up

growth with CVD or cardiometabolic risk factors

were included.

Exclusion eligibility
After reviewing and examining articles or abstracts of

articles and resolving disagreements, the following

studies were excluded: papers, documents and reports

with unclear results, and studies reporting qualitative

results. It was also decided to exclude abstracts with

unavailable full texts, and thus the abstracts of

dissertations, congresses and meetings were excluded.

Data extraction
Data were extracted in terms of article title, first

author, publication year, total sample size, sample

size according to gender, study setting, data source,

data availability, follow-up duration, birth year, age

at follow-up, adjustment of variables regarding BW,

LBW and high BW (HBW). The following cardio-

metabolic risk factors or diseases were identified:

body mass index (BMI), waist circumference (WC),

overweight (OW), obesity (OB), blood pressure (BP),

systolic BP (SBP), diastolic BP (DBP), total choles-

terol (TC), low-density lipoprotein-cholesterol (LDL-

C), high-density lipoprotein-cholesterol (HDL-C),

triglycerides (TG), insulin resistance (IR), insulin,

glucose, impaired glucose tolerance, diabetes, hyper-

tension, MetS, coronary heart disease (CHD), CVD,

and type 2 diabetes. Data were entered into an Excel

spreadsheet. Indicators were extracted from the output

of results of the full model, adjusted or multivariates of

primary studies. Reported indicators were percentage,

mean, correlation coefficient (r), regression coefficient

(b), hazards ratio (HR), odds ratio (OR), and standard

deviation (SD) with significance level or confidence

interval according to the type of data, study design or

researchers’ interest (Tables 1–6).

Results
Using relevant keywords and applying maximum

sensitivity, 7259 papers were identified, 5986 of which

were removed after limiting the search and 382

because of repetition. Then, after reviewing titles

and abstracts, 628 other irrelevant papers were

excluded. We also entered 26 papers after reference

checking. Thereafter, 250 other papers were deleted

after full text review by applying the inclusion and

exclusion criteria and the quality appraisal checklist.

Finally, the 39 remaining relevant papers were selected

for systematic review3,21,23–59 (Appendix 2, Tables 1–6).

Twenty-one of the articles selected for review

investigated the Barker hypothesis, and the other 18

the rapid catch-up hypothesis.

The study design of the articles reviewed comprised

31 cohorts (16 birth cohorts), one nested case–control,

one longitudinal, four cross-sectional, one case-con-

trol and one health survey. There were control groups

in 15 studies (nine on the Barker hypothesis, six on

rapid catch-up growth). In all these studies, small-for-

gestational age (SGA) infants whose weight was less

than the tenth percentile for sex and gestational

age according to local growth standard curves were

compared with appropriate-for-gestational-age (AGA)

infants (Tables 1 and 2). The exceptions were studies

by Nobili et al.,26 Wang et al.,28 Huang et al.29, Reinher

et al.30 and Efstathiou et al.36 which included cases of

non-alcoholic fatty liver disease (NAFLD), MetS,

overweight, MetS and high-risk clusters (BMI, SBP,

TC and glucose at 8 years of age were used as cluster-

ing variables), respectively, and control groups which

included NAFLD, non-MetS, overweight, non-MetS

and low-risk clusters, respectively. Both genders were

included in the studies reviewed, except in the four

following studies: Mericq et al.,25 Ibanez et al.,34

Fagerberg et al.39 and Mori et al.57

Findings related to the Barker hypothesis
Results of the primary studies on the Barker hypoth-

esis are summarised as follows (Tables 3, 5 and 7):

1. BMI during adolescence or later life was reported
in five papers,24,26,31,32,35 two of which reported
that BMI was higher in the SGA than in the AGA
group,24,31 in one of which24 the difference was
significant. However, three papers reported that
BMI was lower in later life in SGA newborns than
in AGA ones,26,32,35 and the difference was statisti-
cally significant in one of them.32 Moreover, one
study indicated that the odds of OW and OB at older
ages was significantly higher in SGA than in AGA
newborns.56

2. Mean SBP was related to BW in six studies;31,32,35,43,49,57

mean SBP of the SGA group was higher than in the
AGA group in three studies,31,32,35 whereas, in three
other studies,43,49,57 it was inversely related to BW.
Five of these studies reported statistically significant
results.31,32,43,49,57

3. In five studies,31,32,35,49,57 mean DBP was related to
BW; in three of them, it was higher in the SGA
group than in the AGA group,31,32,35 and in the
two others it was reversely related to BW.49,57 The
differences were statistically significant in four of
the studies.32,35,49,57

4. In eight studies,24,26,27,28,31,35,49,57 serum insulin
levels in older subjects were related to BW; six of
them24,26,27,28,31,35 reported higher mean serum
insulin in the SGA than in the AGA group, and
two studies.49,57 reported an inverse relationship
between insulin and BW. Except for two studies,35,49

the differences documented were all statistically
significant.

5. In five studies,24,26,31,32,43 glucose levels in older age
were related to BW; four of them24,26,31,32 reported
higher mean glucose levels in the SGA than in the
AGA groups, and in one study43 it was inversely
related to BW; this difference was statistically
significant in one of the studies.32 Moreover, in
one study,35 the glucose level was higher in the
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AGA than in the SGA group, but it was not
statistically significant.

6. In seven studies,23,26,27,28,35,43,49 TC level was related
to BW with two of them26,28 finding statistically
significant differences, and in one study23 TC was
equal in both the SGA and AGA groups.

7. In eight studies,23,26,28,31,32,35,43,57 TG at older ages
was related to BW, and was statistically signifi-
cantly in four of them.26,28,43,57

8. HDL-C in older age was reported in three23,31,49 of
five studies,23,31,32,35,49 and its level was related to BW,
with one of them showing significant difference;31 in
two studies32,35 this relationship was not documented.

9. LDL-C level was reported in five studies.23,27,28,35,49

In four studies,27,28,35,49 LDL-C was related to BW
with significant differences in one of them.28 In one
study, it was equal in the SGA and AGA groups.23

10. In four26,31,52,57 of six studies which reported
IR,26,31,35,38,52,57 IR at older ages was related to
BW and there were statistically significant associa-
tions. IR in the other two studies35,38 was not
related to BW.

11. Of three papers23,32,44 reporting the prevalence of
diabetes, two32,44 found a higher prevalence at
older ages in the SGA than in the AGA group,
which was statistically significant in one of them,44

and the other23 reported that diabetes was more
prevalent in the AGA than in the SGA group,
although this was not statistically significant.

12. Of three papers3,23,35 which reported the prevalence
of hypertension, two3,35 indicated that its preva-
lence was higher in the SGA group than in the
other weight groups; however, none was statisti-
cally significant. The other study23 reported a non-
significant greater prevalence of hypertension in
older age in the AGA than in the SGA group.

13. All seven papers which studied MetS33,35,43,47,50,51,57

indicated that the risk of its incidence was higher in
those born with LBW than in those of normal BW,
and findings in four of them33,43,51,57 were statisti-
cally significant.

14. The only paper which studied the relationship
between all-cause mortality and BW demonstrated
statistically significant results, and found that the
risk of death in those with a BW of 2000–2750 g
was 1.17 times higher than in those of normal
BW.46

15. A study46 which investigated the relationship
between circulatory disease mortality (CDM) and
BW indicated that the risk of death in those with
BWs of 2000–2750 g was 1.21 times higher than in
those of normal BW, and this was statistically
significant.

Summary of the main findings of the Barker
hypothesis
Twenty-one studies fulfilled the inclusion criteria.

Five confirmed the association between LBW and

BMI, and one was statistically significant; with OB

or OW in one study (significant association), with

SBP in six studies (five of them showing significant

association), with DBP in five studies (four of them

significant), with serum insulin in eight studies (six of

them significant), with glucose in six studies (one

significant), with TC in seven studies (two of them

significant), with TG in eight studies (four of them

significant), with HDL in five studies (one of them sig-

nificant), with LDL in five studies (one of them

significant), with IR in six studies (four of them

significant), and with MetS in seven studies(four of

them significant). The association of LBW with other

variables is presented in Table 7.

Findings related to the rapid catch-up growth
hypothesis
Results of the primary studies of the hypothesis

regarding rapid weight gain by LBW neonates are

summarised as follows (Tables 4, 6 & 7):

1. All four studies25,29,34,59 which investigated BW and
weight in later life indicated that later weight gain
was higher in the SGA than in the AGA group, and
in three of them29,34,59 the findings were significant.
Moreover, of eight studies21,25,30,36,39,42,48,55 investi-
gating the relationship between BW and BMI in
adolescence, five25,36,42,48,55 reported that mean BMI
was higher in the SGA than in the AGA group, and
the findings were significant in four of them.36,42,48,55

In three other studies21,30,39 in which mean BMI was
non-significantly lower in the SGA than in the AGA
group, the increase in BMI was more prevalent in
the SGA group.

2. Mean SBP was related to rapid postnatal catch-up
growth in five studies,21,30,36,39,55 significantly so in
three of them.30,36,55

3. Mean DBP was related to BW and rapid catch-up
growth in four studies,30,36,39,55 three of which30,36,39

had statistically significant findings. In one other
study,21 it was equal in cases and controls.

4. Serum insulin was related to rapid catch-up weight
in six studies,21,25,30,34,39,55 with statistically signifi-
cant findings in five of them.21,25,30,34,39

5. In five studies,21,30,34,36,39 a statistically significant
association was documented between TG and BW
and postnatal catch-up growth.

6. Two studies21,30 reported a relationship between
impaired glucose tolerance and catch-up growth,
both of them were statistically significant.

7. HDL-C level was reported in six studies,21,30,34,36,39,55

and five of them showed an inverse association with
postnatal catch-up growth.21,34,36,39,55

8. LDL-C level was reported in three studies,34,36,39 all
of which demonstrated a statistically significant
relationship with rapid catch-up growth.

9. All four studies25,30,34,55 which investigated IR
status in later life indicated that IR was higher in
the SGA than in the AGA group, and three of
them25,34,55 reported a statistically significant rela-
tionship with rapid catch-up growth.

10. In the only study reporting diabetes prevalence,40 it
was higher in those with rapid catch-up growth, but
it was not statistically significant.

11. In the only study which reported the prevalence of
hypertension,30 it was significantly higher in those
with rapid catch-up growth than in others.

12. In all four studies30,37,45,58 which reported on MetS,
the odds of its incidence was statistically higher in
LBW individuals with rapid catch-up growth.
Moreover, one study58 showed that the number of
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MetS components was statistically higher in
children with rapid catch-up growth than in their
counterparts.

13. Two studies53,54 indicated that the risk of CHD
and heart failure in older age was higher in those
of LBW who experienced rapid postnatal catch-
up growth, and the findings were significant. In a
simultaneous regression, chronic heart failure was
associated with low BMI at 2 years of age and
high BMI at 11 years of age (P 5 0.01 and 0.01,
respectively).53

14. The only study41 of the relationship between all-
cause mortality and catch-up growth showed that
the risk of death was higher in those with rapid
weight gain than in the non-obese with normal
catch-up growth, but it was not statistically
significant.

In a study by Ibanez et al.,34 weight catch-up by the

age of 2 years was higher in the SGA group but this

was not significantly different from that of the AGA

group. But mean weight, glucose, insulin, IR, LDL

and TG at the age of 8 years in the SGA group was

significantly higher than in the AGA group, and

mean HDL in the SGA group was significantly lower

than in the AGA group. Another study36 demon-

strated that mean catch-up in BMI at 6–8 years in the

SGA group was significantly higher than in the AGA

group. Also, a study by Huang et al.29 indicated

that mean weight gain from birth to 1 year in the

SGA group was higher than in the AGA group,

although the difference was not statistically significant.

However, mean weight gain in the age groups 1–3, 3–5

and 5–8 years in the SGA group was significantly

greater than in the AGA group (Table 4).

Summary of the main findings of the rapid catch-
up growth hypothesis
Eighteen studies met the inclusion criteria. Rapid catch-

up growth and LBW were associated with BMI in eight

studies (four of them with a statistically significant

association), with OB or OW in four studies (three of

them significant), with SBP in five studies (three of them

significant), with DBP in five studies (three of them

significant), with serum insulin in six studies (five of

them significant), with TG in five studies (all of them

significant), with HDL in six studies (five of them sig-

nificant), with IR in four studies(three of them signi-

ficant), and with MetS in four studies(all of them

significant). Table 7 presents the association of rapid

catch-up growth and LBW with other variables.

Summary of the main findings of both
hypotheses
Of the 18 primary studies related to the catch-up

growth hypothesis, 15 reported a significant differ-

ence for at least one risk factor. On the other hand, 18

of the 21 primary studies of the Barker hypothesis

indicated at least one risk factor with a significant

difference.

The cumulative number of studies of 18 risk factors

for CVDs according to the Barker hypothesis was 77.

The reason for the difference between the cumulative

sum of studies which investigated risk factors and the

number of primary studies is that each of the primary

studies included more than one risk factor. Of 65

(84.4%) studies which reported a relationship with risk

factors, only 38 (58.5%) were statistically significant.

The cumulative number of studies of 18 risk factors for

Table 7 Results of primary studies reporting the existing relationship and level of significance of low birthweight or
rapid catch-up growth with cardiovascular diseases and their risk factors

Components of
MetS and CHD

Association of LBW with components
of MetS and CHD

Association of LBW and rapid catch-up
growth with components of MetS and CHD

No. of studies
which reported
this variable

No. of studies
that confirmed
the relationship

No. of studies
with significant
results

No. of studies
which reported
this variable

No. of studies
that confirmed
the relationship

No. of studies
with significant
results

BMI 5 2 1 8 5 4
OW or OB 1 1 1 4 4 3
SBP 6 6 5 5 5 3
DBP 5 5 4 5 4 3
Serum insulin 8 8 6 6 6 5
Glucose 6 5 1 – – –
TC 7 6 2 – – –
TG 8 8 4 5 5 5
HDL 5 3 1 6 6 5
LDL 5 4 1 3 3 3
IR 6 4 4 4 4 3
Type II diabetes 3 2 1 1 1 0
Hypertension 3 2 1 1 1 1
MetS 7 7 4 4 4 4
ACM 1 1 1 1 1 0
CDM or CM 1 1 1 1 1 0
Impaired glucose
tolerance

– – – 2 2 2

CHD – – – 2 2 2
Total (%) 77 65 (84.4) 38 (58.5) 58 54 (93.1) 43 (79.6)
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CVDs according to the catch-up growth hypothesis

was 58, and 54 (93.1%) of them reported an associa-

tion, 43 (79.6%) of which demonstrated a statistically

significant difference (Table 7).

Discussion
Results of this systematic review demonstrate that

79.6% of risk factors for CVDs and other risk factors

were statistically significant for the catch-up hypoth-

esis, and 58.5% for the Barker hypothesis. Postnatal

rapid catch-up growth is more prevalent in LBW

newborns, which makes them more susceptible later to

chronic diseases. Also, studies conducted at different

stages of life demonstrate that LBW increases the risk

of CVDs and their risk factors in later life. These

findings underscore the importance of regular growth

monitoring of LBW infants, and of counselling parents

on feeding and growth of their children in the first

months of life.

A systematic review60 of the association of LBW

and catch-up-growth with MetS showed that in the

majority of studies of SGA children, adolescents

and adults, insulin resistance might be a prelude to

other metabolic disorders; in later life, both LBW and

catch-up-growth correlated with some aspects of

MetS in later life. However, it was not clear whether

LBW or catch-up growth played the more important

role in the development of MetS. Another systematic

review61 found that a number of studies reported an

inverse relationship between BW and fasting plasma

glucose and insulin concentrations, 2-hour post-load

plasma glucose, the prevalence of type 2 diabetes

mellitus, and levels of insulin resistance and secretion.

Yet another systematic review62 and meta-analysis on

BW, early weight gain and subsequent risk of type I

diabetes analysed 12 studies which included 2,398,150

subjects, and found that 7491 had type I diabetes

associated with BW. LBW per se was associated with

a non-significantly decreased risk of type 1 diabetes

(OR 0.82, 95% CI 0.54–1.23). Each 1000-g increase in

BW was associated with a 7% increase in the risk of

type II diabetes. In all the studies, however, patients

with type II diabetes showed increased weight gain

during the first year of life compared with controls.

The authors concluded that high BW and accelerated

early weight gain were important risk factors for type

II diabetes.

A growing body of evidence suggests that early-life

environment is probably the most important causal

component in the aetiology of many chronic adult

diseases.63,64 It has been proposed that epigenetic re-

arrangements might play an equally essential role in

disease development, particularly at key developmen-

tal stages. Evidence suggests that interaction between

genetic, intra-uterine and environmental factors might

lead to NCDs and related metabolic disorders.63,64

NCDs and their risk factors are a major global

health threat. Given the tracking of cardiometabolic

risk factors from childhood to adulthood, more

attention needs to be directed to primordial and

primary prevention of NCDs and their risk factors.65

The change in the global pattern of diseases from

infectious diseases towards NCDs is of special concern

for developing countries facing an epidemiologic tran-

sition along with rapid lifestyle change and an emerg-

ing epidemic of NCDs in the near future.66

Atherosclerosis, the underlying pathology of CVDs,

originates in early life, even during the fetal period. It

has been well documented that adverse intra-uterine

environment and impaired fetal growth contribute to

the early development of atherosclerosis, with a long

latency period between these and other exposures and

adult CVDs.66

LBW, notably when accompanied by rapid post-

natal catch-up growth, can be considered to be a

modifiable risk factor for CVDs and their risk factors

in later life. BW is not determined only by genetic

variation, but also by the prenatal environment.67–69

Likewise, postnatal growth velocity is strongly depen-

dent on modifiable factors.70–72

It seems that adaptation to prenatal and postnatal

environments establishes patterns of interaction

between various factors which control diverse cellular

and organic functions and enable the survival of early

prenatal and postnatal life, but then have adverse

outcomes much later in life. Furthermore, adaptation

to an inappropriate prenatal environment might put

infants at risk of adult-onset diseases if the postnatal

environment is not matched to that in utero.73,74

Therefore, more attention should be paid to a healthy

lifestyle and environment for women of reproductive

age, particularly during pregnancy. Likewise, growth

monitoring of all children should be emphasised,

especially those of LBW who have a high risk of child-

hood obesity, which is an emerging health problem,

even in low- and middle-income countries in which the

risk is increased by LBW and stunting.75–77

We could not conduct a meta-analysis because of

the large degree of heterogeneity of variables used in

primary studies, variations in the age at which outcomes

have been studied, and large differences in the design of

various studies. A limitation of the study was that the

types of primary studies that were included in our

review were dissimilar and their causal relationships

had large variations. In addition, the sample size of

primary studies ranged from 100 to 70,000 cases and

thus the weight of many studies was not the same, with

higher weight for studies with larger sample sizes.

Moreover, because meta-analysis was not possible, we

were unable to determine any publication bias by

statistical tests (e.g. Egger or Begg) or graphically (e.g.

funnel plot).
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In general, this systematic review highlights the

importance of LBW in increasing the risk of CVDs

and their risk factors in later life. It suggests that

rapid postnatal catch-up growth of LBW neonates

plays an important role in this regard.The study’s

findings provide important pointers for health policy-

makers to pay more attention to improvement of

fetal growth and close monitoring of the growth

trajectory of LBW infants in planning cost-effective

primordial preventive strategies to reduce the burden

of NCDs. Further long-term follow-up studies of

birth cohorts should be conducted to examine out-

come of LBW newborns with a rapid growth

trajectory and risk factors in later life.
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