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Abstract

Purpose of Review Studies have revealed a relation between birth weight (BW) and later risk of cardiovascular diseases (CVDs).
This meta-analysis aimed to report the dose-response relationship between BW and risk of CVDs.

Recent Findings The relation of BW to CVD subtypes was found to be U-shaped as BW below ~2500 g and above ~4000 g
affected positively CVD risk (OR =1.14 =95%CI 1.03—1.27 and OR = 1.08; 95%CI 0.99-1.18, respectively). Regarding CVD
subtypes, low BW was directly linked to greater risk of CHD (OR =1.15; 95%CI 1.02—-1.29) and stroke (OR =1.28; 95% CI
1.05-1.55), while high BW was related to increased risk of arterial fibrillation in adulthood. A U-shaped nonlinear relationship
was specifically demonstrated between BW and overall CVD and its subtypes.

Summary There is a U-shaped association between BW and all CVD subtypes.

Keywords Birth weight - Cardiovascular diseases - Coronary heart disease - Myocardial infarction - Meta-analysis

Introduction

Prenatal and postnatal life can have profound impacts on the
programming of intracellular signals, cell-to-cell interactions,
and metabolic pathways [1]. The “developmental origins of
adult disease” hypothesis, known as “Barker hypothesis,”
claims that adverse influences early in development, especial-
ly during intrauterine life, could lead to permanent changes in
metabolism and physiology, which result in elevated
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susceptibility to adulthood chronic diseases [2]. A baby’s
nourishment before birth and during infancy,” as manifest in
patterns of fetal and infant growth, programs the development
of risk factors involving in the pathophysiology of cardiovas-
cular disease [3]. Strong body of evidences had confirmed that
undernutrition and subsequent slow growth in utero can
change body functions and metabolisms and enhance weight
gain during childhood, which leads to an increased risk of
CVD in later life [4, 5]. Although there is evidence that
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excessive energy supply to the fetus or infant, manifested as
high birth weight (HBW), also has adverse health conse-
quences [6], prior studies have proposed that birth weight
(BW) had an inverse relationship with the risk of myocardial
infarction (MI), [7] ischemic heart disease (IHD), [8] CHD,
type 2 diabetes mellitus, [9] stroke [10], and coronary artery
diseases (CAD) [11] in adulthood. Nonetheless, the findings
of some studies revealed that BW is positively linked to rela-
tively greater risk of CAD in males [12]. On the contrary, other
reports presented that BW was not significantly associated to
the later CHD or CVD mortality and morbidity [13, 14].
Besides, a cohort study on Danish men proposed that abnor-
mal birth weight, whether less or more than normal ranges,
contributed to increased risk of CHD [15]. Recently, a meta-
analysis of prospective cohort studies reported that there was
an remarkable association between risk of CHD and LBW, as
1 kg more birth weight can reduce 10-20% of CHD risk
[16°°].

As exposure to undernutrition or overnutrition during in-
fancy, manifested by birth weight, results in the susceptibility
to metabolic complication in adulthood, some studies have
tried to reveal the relation of BW to CVD risk; however,
previous studies have yielded inconsistent results. Moreover,
the hypothesis of the possibility of nonlinear association be-
tween BW and CVD risk has not yet been described.
Accordingly, this dose-response meta-analysis of all available
observational studies was performed to assess the association
between BW and risk of CVD incidence, including CHD,
stroke, arterial fibrillation (AF), and myocardial infarction
(MI).

Methods
Literature Search Strategy

This meta-analysis was performed and reported according to
recommendations of the MOOSE (Meta-analysis of
Observational Studies in Epidemiology) group. We undertook
a systematic search of EMBASE (http://www.embase.com)
and PubMed (http://www.ncbi.nlm.nih.gov/pubmed) through
February 2018 for studies related to BW and CVD. The
following search terms were entered in the database

searches: birth weight, cardiovascular, coronary artery
disease, coronary heart disease, ischemic heart disease,
myocardial infarction, angina, atrial fibrillation, and stroke.
In addition, Reference lists of all relevant articles and
identified reviews were inspected to identify pertinent
articles that could have been missed in the initial search. The
PICOS (Participants, Intervention/exposure, Comparison,
Outcomes, Study design) criteria used to define the research
question are shown in Table 1.

Study Selection

Studies were included if they met the following criteria: (1) were
observational studies, (2) reported diagnosis criteria for CVDs
(including CHD, M1, AF, and stroke), and (3) reported relative
risk (RR), odds ratio (OR), or hazards ratio (HR) estimates and
95% Cls (or data can be calculated) describing the relationship
between BW and risk of CVDs. Incident CVD was primarily
defined as a confirmed diagnosis of myocardial infarction, coro-
nary heart disease, and stroke. Of note, atrial fibrillation was also
included in the cardiovascular category because the number of
studies with this condition was small and we aimed to compre-
hensively explore the relation of BW to cardiovascular-related
outcomes (in case of availability of data) [17]. We excluded (1)
no original data (editorials, reviews, meta-analyses), (2) studies
that were on twins, (3) studies written in languages other than
English, and (4) studies that investigated mortality instead of
incidence. In the case of multiple reported papers from the same
study, only those with the longest follow-up times or the highest
number of cases were included in the meta-analysis.

Data Extraction and Quality Assessment

Two reviewers independently extracted data from the eligible
studies using a standard form, which included the first au-
thor’s name, publication year, geographical location, sample
size, mean or range of age, study design, source of cohort,
duration of follow-up, source of BW data, cardiovascular out-
comes, and covariates adjusted for in analyses. For informa-
tion that was not reported in the published studies, the corre-
sponding author was directly contacted to get the related data.
Finally, we evaluated study quality by using the nine star
Newcastle—Ottawa Scale (NOS) for observational studies

Table 1 PICOS criteria for

inclusion and exclusion of studies Parameters Description
Participants Adults
Intervention/exposure ~ Low or high birth weight
Comparison Subjects with normal birth weight
Outcomes Risk of cardiovascular disease and its subtypes including coronary heart disease
(CHD), atrial fibrillation (AF), myocardial infraction (MI), and stroke
Study design Cohort and cross-sectional studies
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[18]. It allows evaluating methodological quality in three main
domains: selection, comparability, and exposure/outcome.

Statistical Analysis

For meta-analysis, risk estimates and 95 confidence intervals
(CIs) for dichotomous outcomes from each study were
pooled. Initially, we assessed the relation of LBW (BW <
2500 g vs. BW >2500 g) and HBW (BW >4000 g vs. BW
<4000) to the risk of CVDs and CVD subtypes. Then, we
carried out a dose-response analysis using the nonlinear mod-
el. The mean or median BW in each category was assigned to
the corresponding dose of the BW. The midpoint of the lower
and upper bound was estimated as the dose of each category if
the mean or median BW for each category was not provided.
When the extreme categories were open-ended, the midpoint
of these categories was calculated by assuming the length of
the interval was the same as that of the adjacent interval. To
assess a potential nonlinear dose-response relationship be-
tween BW and the risk of CVD, we used a restricted cubic
spline regression analysis with 3 knots at 10%, 50%, and 90%
percentiles of the distribution [19]. A P value for nonlinearity
was obtained by testing against the null hypothesis that the
coefficient of the second spline was equal to zero [20].
Heterogeneity among studies was evaluated using the Q
statistic (considered significant at P <0.10) and I metric to
quantify the extent of statistical heterogeneity. We considered
values of I* of 50-75% as “moderate heterogeneity” and > 75%

as “high heterogeneity” according to Higgins et al.’s proposal
[21]. A fixed-effects approach was used to calculate the com-
bined risk estimates in the absence of heterogeneity; otherwise,
if there was evidence of significant heterogeneity among stud-
ies, a DerSimonian-Laird random effect model was used [22].
Small-study effects, such as publication bias, were evaluated
using visual inspection of funnel plots and Egger’s and Begg’s
tests. STATA version 12.0 software (College Station, TX,
USA) was used for the analyses. All statistical tests were two
sided with a significance level of 0.05.

Results
Studies Characteristics

Figure 1 displays the process of selection of studies. A total of
7034 nonduplicate records were identified through previously
mentioned literature search strategy. After excluding 6980 pa-
pers on the basis of titles and abstracts, 54 full-text articles
were identified for detailed examination. Of the full texts, 30
were excluded, mainly because they were reviews, duplicated
reports, or did not reported sufficient data for analysis; a total
of 24 articles were finally included in the present meta-analy-
sis. Sixteen studies reported BW only as a categorical variable
and seven articles reported BW as both a continuous variable
[11,14,23-37] and a categorical variable [38—44]. The studies
were mainly derived from Europe (n=16) [11, 23, 24, 26-28,

Fig. 1 Literature search for the
meta-analysis

Potentially relevant articles identified through

electronic database search (n = 7034)

Articles excluded on the basis of title and abstract that

clearly did not fit with the subject matter (n = 6980)

Full text studies reviewed for more details (n= 54)

30 studies excluded based on the inclusion criteria:
Review (n= 8)

Studies that included only twins (n= 3)
Investigated mortality instead of incidence (n=7)
Studies with overlapped population (n=4)

Provided no sufficient data for analysis (n= 8)

Articles included in the meta-analysis (n = 24)
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29ee 31, 320, 37-42, 44e+], followed by North America (n =
5) [25, 309, 33, 34¢¢, 43] and Asia (n=3) [14, 35, 36°°]. All
included studies ascertained CVD by clinical examination and
medical records. According to the Newcastle-Ottawa Quality
Assessment Scale, twenty-two studies received scores of 6 or
higher and were considered to be of high quality. The study
characteristics are summarized in Table 2.

Birth Weight and Cardiovascular Disease Risk

Because sufficient dichotomous data for BW and CVD were
not available for 6 articles, these studies could not be included
in the meta-analysis [32¢, 34+, 38, 40-42]. The remaining 17
articles [11, 14, 23-31, 33, 35, 36¢e, 37, 39+, 43, 44+¢] were
included in the meta-analysis. Sixteen studies [14, 23-31, 33,
35, 36ee, 37, 39, 43, 44e¢] analyzed the risk of CVD in
subjects with LBW (BW <2500 g) compared with that of
subjects with BW > 2500 g. Results from this analysis indi-
cated a positive association between LBW and total CVD
(OR=1.14; 95% CI 1.03-1.27, P=0.02). Data from these
studies were assessed using the random effects model (I =
59.9%, P <0.01) (Fig. 2; Table 3). Pooled analysis of 11 stud-
ies [11, 23, 25, 26, 28, 29¢e, 30¢°, 31, 36, 39+e, 44+¢] showed
that HBW (BW > 4000 g), compared with BW <4000 g, was
marginally associated with increased risk of CVD (OR, 1.08;
95% CI 0.99-1.18, P=0.08), and this effect was observed
using the random effects model (I*=62.7%, P<0.01)
(Fig. 3; Table 3).

The relation between BW and total CVD events was found
to be U-shaped with the use of a restricted cubic model (P
nonlinearity < 0.001) (Fig. 4). At BW below ~2500 g, there
was a higher risk of CVD compared with higher BW. BW
between ~3000 and 4000 g conferred the lowest risk of
CVD. By contrast, at BW above ~4000 g, a higher BW was
progressively associated with a higher risk of CVD.

Visual inspection of funnel plots did not reveal substantial
asymmetry and Egger’s (P=0.216 for studies comparing BW
<2500 g vs. BW>2500 g; P=0.981 for studies comparing
BW >4000 g vs. BW <4000) and Begg’s test (P =0.51 for stud-
ies comparing BW <2500 g vs. BW >2500 g; P =0.93 for stud-
ies comparing BW > 4000 g vs. BW <4000) for publication bias
were not statistically significant for studies investigating the re-
lationship between high and low BW with CVD risk.

Birth Weight and Risk of Cardiovascular Disease
Subtypes

Table 3 shows the meta-analyses of the association between
BW and CVD subtypes, including CHD, AF, MI, and stroke.
LBW (BW <2500 g vs. BW >2500 g) was associated with an
increased risk of CHD (12 studies [14, 23, 24, 27, 28, 31, 33,
35,37, 39, 43, 44]; OR=1.15; 95% CI 1.02-1.29, P=0.02)
and stroke (2 studies [26, 43]; OR =1.28; 95% CI 1.05-1.55,
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P=0.01), but not with AF and MI. Furthermore, HBW
(BW>4000 g vs. BW <4000) was associated with a higher
risk of AF (2 studies [29¢e, 30¢¢]; OR=1.11; 95% CI 1.03—
1.20, P=0.008), while no significant association was ob-
served with CHD, M1, and stroke (Table 3).

Also, there was a significant evidence of a U-shaped asso-
ciation between BW and all investigated CVD subtypes, in-
cluding CHD (16 studies [11, 14, 23, 24, 27, 28, 31, 32¢, 33,
35, 37, 38, 39, 41-43]; P nonlinearity < 0.001), AF (3 stud-
ies [25, 29ee, 30°¢]; P nonlinearity <0.001), MI (3 studies
[32¢, 33, 44e¢]; P nonlinearity =0.01), and stroke (3 studies
[26, 42, 43]; P nonlinearity = 0.002) in nonlinear dose-
response meta-analysis (Fig. 4).

Discussion

Existing empirical and meta-analysis studies have shown that
birth weight influences the risk of CVD during adulthood.
However, there is no study on the dose-response relationship
between birth weight and risk of CVD. Thus, this study was
aimed primarily to investigate the dose-response relationship
between birth weight and CVD in general as well as its spe-
cific forms. We also provided summary estimates on the ex-
tent of association of BW with various forms of CVDs. We
found that LBW is significantly associated with overall CVD,
CHD, and stroke. There were increments of 14%, 15%, and
28% in the odds of overall CVD, CHD, and stroke, respec-
tively, in individuals with a history of LBW, compared with
individuals of no history of LBW. HBW was also associated
with a higher risk of CVD and AF. There were increments of
8% and 11% in the odds of overall CVDs and AF, respective-
ly. We also observed a nonlinear relationship between BW and
overall CVDS. A U-shaped association was specifically dem-
onstrated between BW and all of the conditions assessed, such
that the risk of CVD increases as BW decreases further below
2500 g and also increases further above 4000 g. Individuals
with BW 3000-4000 g demonstrated the least CVD risk. Our
finding that LBW is associated with various CVD conditions
is consistent with previous studies. In their meta-analysis,
Wang et al. [16°¢] reported a higher risk of CHD in individuals
born with BW of <2500 g, compared with individuals born
with BW > 2500 g. The same findings were also reported by
various empirical studies [45, 46]. Our finding of a greater risk
of CVD associated with HBW is in concordance with most of
the existing evidence [45], though in disagreement with the
report of the work by Wang et al. [16¢¢]. They found a lower
risk of CHD in HBW individuals, compared with both LBW
and NBW individuals. Provided both undernutrition and over-
nutrition could result in deranged nutritional metabolism, in-
cluding insulin resistance [47, 48+, 49], we believe our finding
is of a plausible biological rationale. The adverse effects of
LBW are not limited to cardiovascular outcomes, but have
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Fig. 2 Pooled analysis of CVD risk in subjects with LBW (BW <2500 g) compared with subjects with BW > 2500 g

also been linked to a variety of other poor health and nutri-
tional outcomes.

A number of potential mechanisms have been suggested to
explain the link of BW with the risk of CVD in adults [48¢].
The most widely mentioned and highly likely mechanism is
related to the “developmental origins of adult disease’ hypoth-
esis which states adverse influences during early stages of life
could result in irreversible metabolic, physiologic, and struc-
tural changes, some of which become disadvantageous by
increasing the risk of negative health outcomes late in life
[48+, 50-53]. Permanent alteration of postnatal metabolic
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and physiologic states of animals has been demonstrated by
manipulating maternal diet during pregnancy. In these studies,
exposure to global undernutrition or specific nutrient deficien-
cy during early stages of life resulted in impaired glucose
tolerance, high blood pressure, and LBW [48e, 54].
Nutritional stress during pregnancy has also been hypothe-
sized to result in excess production of glucocorticoid; the ex-
posure of it has been associated with a permanently reduced
number of hypothalamic glucocorticoid receptors and subse-
quently impairment in hypothalamic—pituitary—adrenal hor-
monal feedback mechanism [48¢]. Impairment in
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Table 3 Meta-analysis of the

association between birth weight Studies (1) Meta-analysis Heterogeneity
and cardiovascular
OR  95%CI P ? P’
CVD
BW <2500 vs BW >2500 16 1.14 1.03 1.27 0.02 59.9 <0.01
BW >4000 vs BW <4000 11 1.08 0.99 1.18 0.08 62.7 <0.01
CHD
BW <2500 vs BW >2500 12 1.15 1.02 1.29 0.02 46.7% 0.043
BW >4000 vs BW <4000 6 1.04 0.98 1.10 0.16 37.5% 0.156
AF
BW <2500 vs BW >2500 3 1.02 0.77 1.37 0.87 79.8% 0.007
BW >4000 vs BW <4000 2 1.11 1.03 1.20 0.008 0.0% 0.940
MI
BW <2500 vs BW >2500 2 1.59 0.66 3.82 0.30 90.5% 0.001
BW >4000 vs BW <4000 1 0.83 0.58 1.19 0.31 - -
Stroke
BW <2500 vs BW >2500 2 1.28 1.05 1.55 0.01 0.0% 0.612
BW > 4000 vs BW <4000 1 0.92 0.65 1.31 0.65 - -

P*, pvalue for association; P*, p value for heterogeneity; R, random effects; F, fixed-effects; CVD, cardiovascular
disease; CHD; coronary heart disease; AF, atrial fibrillation; M/, myocardial infarction

hypothalamic-hormonal feedback mechanism could lead to
glucose intolerance as well as other adverse health conditions.
Besides these fetal programming and glucocorticoids mecha-
nism, nephrogenic, neurogenic [55], genetic, and epigenetic

Study %
ID OR (95% Cl) Weight
Eriksson (2000) —_— 0.92 (0.65, 1.31) 4.53
Gunnarsdotti (2002) e 1.00 (0.82, 1.22) 9.27
Kaijser (2008) —0——5 0.83 (0.61, 1.13) 5.46

i
Osler (2009) —i—o— 1.22 (0.95, 1.56) 7.26
Andersen (2010) - 1.09 (1.01, 1.17) 16.22
Conen (2010) —— 1.56 (1.29, 1.88) 9.76
Heshmati (2014) —— 0.96 (0.85, 1.08) 13.55
Lawani (2014) —— 1.10 (0.88, 1.37) 8.28
Z2ller (2014) —o—l 0.94 (0.76, 1.15) 8.89

|
Larsson (2015) — 1.11 (1.02, 1.20) 15.80
Tian (2017) E + > 1.70 (0.73, 3.97) 0.97
Overall (I-squared =62.7%, p = 0.003) @ 1.08 (0.99, 1.18) 100.00
NOTE: Weights are from random effects analysis i

.2I52 1 3.57

Fig. 3 Pooled analysis of CVD risk in subjects with HBW (BW > 4000 g) compared with subjects with BW <4000 g

influences [46, 48+, 49] have also been implicated. Despite the
evidence which is not clear on which of the proposed mech-
anism is largely responsible for the link of BW to CVD, it
could, however, be presumed that those born with abnormal

@ Springer



12 Page 10 of 13

Curr Atheroscler Rep (2020) 22: 12

1.60
a p_nonlinearity <0.001
1.40
9 1204
o
%
I
o
E 1.00
3
M
0.80 e
T T T T T . T
1000 2000 3000 4000 5000 6000
Birth weight (gr)
/
C p_nonlinearity <0.001 /
1.60 - /

1.40

Relative Risk of AF
Y
S
!

1.004 ==

0.80 N _

T T T T
1000 2000 3000 4000 5000 6000

Birth weight (gr)

i € p_nonlinearity = 0.02

1.00

Relative Risk of stroke

0.80

T T
2000 3000 4000 5000

1.60

b p_nonlinearity <0.001
1.40 A

1.00

Relative Risk of CHD

0.80 1

T T T T T
1000 2000 3000 4000 5000
Birth weight (gr)
1.60

1.40 A d p_nonlinearity = 0.01

1.204

1.00 4

Relative Risk of MI

0.80

T T T T
2000 3000 4000 5000

Birth weight (gr)

Fig. 4 Nonlinear dose-response association between birth weight and risk of cardiovascular disease (a), coronary heart disease (b), arterial fibrillation

(c), myocardial infarction (d), and stroke (e)

BW would also have impaired metabolism and glucose intol-
erance and hypertension. These conditions, in turn, will in-
crease the risk of CVD events.

Policy and Research Implications

LBW remains a major public health problem, particularly
in developing countries [56]. Evidence shows that chil-
dren born with LBW have low survival and wellbeing.
They have a higher risk for childhood morbidity and mor-
tality and also poor cognitive and motor development
[57]. Thus, the World Health Organization has already
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prioritized LBW as a central global agenda and aimed a
30% reduction in its prevalence over the period 2012—
2025 [56]. While LBW by itself poses a significant bur-
den on the health system, its association with a higher risk
of CVD is more concerning. CVDs are among the top
contributors to health impairment globally, in both devel-
oping and developed nations. Like reducing BW, combat-
ing CVDs is also a global public health agenda [58].
Thus, the promotion of optimal BW in general and the
prevention of LBW, in particular, might have dual bene-
fits, reducing the burden of poor health outcomes during
childhood and cardiovascular diseases during adulthood.
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Thus, the existing LBW prevention programs might be
viewed and emphasized not only to ensure wellbeing dur-
ing childhood, but also to prevent cardiovascular incidents
in adulthood and promote healthy aging.

Studies on the association of LBW with CVD are lim-
ited by geographic area. The existing estimates are based
on studies conducted mainly in western countries where
the prevalence of LBW is low, and child care is better,
compared with some regions of Asia and Africa where the
burden of LBW is high, and child care practices are still
below the acceptable levels. Thus, presuming LBW in-
creases the risk of CVD and other competing risk factors
remain the same, it could be presumed that developing
countries would bear an extract risk of CVDs. Thus, pub-
lic health authorities and policymakers of nations with
high LBW need to note the extra CVD risks and design
mitigation efforts, including health-enhancing lifestyle in-
terventions. Designing a system of early screening CVDs
for individuals with a history of LBW would also stand
worthy of consideration. However, there is no study on
the effectiveness of screening programs in reducing the
extra risk of chronic diseases in LBW adults. Thus, further
studies are warranted to explore strategies to mitigate the
extra CVD risk associated with LBW, including the fea-
sibility of incorporating screening programs into the
existing health system.

Strength and Limitations

Strengths of this meta-analysis include the comprehensive
analyses of different categories or ranges of BW in relation
to various cardiovascular disease outcomes including over-
all CVD, CHD, AF, MI, and stroke; detailed subgroup anal-
ysis, nonlinear dose-response analysis; inclusion of large
number of studies covering a large number of individual
participants; and the high quality of the studies included.
The study also has important limitations worthy of men-
tioning. First, there was a high level of between studies
heterogeneity, most of which could not be avoided even
after subgroup analysis. However, our use of random effect
meta-analysis models could have reduced the problem of
heterogeneity. Second, we compared the risk of HBW in
reference to BW <4000 g. This could be problematic as
BW <4000 includes both NBW and LBW. BW 2500—
4000 as a reference of comparison would have provided a
better estimate. Third, we cannot exclude that our meta-
analysis was underpowered to detect a significant differ-
ence in MI risk by BW because of the small number of
studies included in the BW-MI subgroup analysis. Fourth,
in this study, observational studies were included. Thus,
causal inference could not be made on the relation of BW
with any of the CVD outcomes assessed.

Conclusion

This meta-analysis revealed that LBW is significantly relat-
ed to increased risks of CVD, CHD, and stroke, whereas
HBW is associated with a higher risk of CVD and AF in
adulthood. In nonlinear dose-response analyses, a U-
shaped association was identified between BW and CVD,
CHD, MI, AF, and stroke, such that the risk increased as
BW decreases further below 2500 g and also increases fur-
ther above 4000 g. In order to reach a robust conclusion,
further prospective cohort studies are required to assess the
relation of BW to the risk of the incidence of MI, stroke,
and AF in adulthood.
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