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Abstract

Objective—To conduct a comprehensive review of the literature on childhood risk factors and
their associations with adulthood subclinical and clinical cardiovascular disease (CVD).

Study design—A systematic search was performed using the MEDLINE, EMBASE, PsycINFO,
CINAHL, and Web of Science databases to identify English-language articles published through
June 2018. Articles were included if they were longitudinal studies in community-based
populations, the primary exposure occurred during childhood, and the primary outcome was either
a measure of subclinical CVD or a clinical CVD event occurring in adulthood. Two independent
reviewers screened determined whether eligibility criteria were met.

Results—There were 210 articles that met the predefined criteria. The greatest number of

publications examined associations of clinical risk factors, including childhood adiposity, blood
pressure, and cholesterol, with the development of adult CVD. Few studies examined childhood
lifestyle factors including diet quality, physical activity, and tobacco exposure. Domains of risk
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beyond “traditional” cardiovascular risk factors, such as childhood psychosocial adversity, seemed
to have strong published associations with the development of CVD.

Conclusions—Although the evidence was fairly consistent in direction and magnitude for
exposures such as childhood adiposity, hypertension, and hyperlipidemia, significant gaps remain
in the understanding of how childhood health and behaviors translate to the risk of adulthood
CVD, particularly in lesser studied exposures like glycemic indicators, physical activity, diet
quality, very early life course exposure, and population subgroups.

Methods

Cardiovascular disease (CVD) is the leading cause of death in the US: more than 1 million
adults experience coronary events and more than 800 000 adults experience strokes each
year.1 Although childhood clinical CVD is rare, CVD events that occur in adulthood,
including myocardial infarction and stroke, are the products of the lifelong atherosclerotic
process that begins in youth.2 Thus, the prevention and management of childhood risk
factors and preservation of cardiovascular health across the lifespan are pediatric care
priorities.3

Recognizing the early origins of CVD risk, research studies have begun to address the
complex processes of risk development across the life course.*® Identifying childhood risk
factors that are most strongly linked to the development of adult CVD can provide scientific
evidence for childhood intervention, whereas identifying risk factors for which long-term
data are sparse may guide future investigation.

Our objectives were to provide a comprehensive review of the existing literature on
associations of childhood risk factors with adulthood subclinical and clinical CVD and
identify evidence of emerging disparities in CVD risk as individuals age from childhood into
adulthood, including age, sex, and race/ethnicity. The literature search and review was based
on known adult risk factors for CVD, potential risk factors as stated in pediatric guidelines,
and developmental factors arising at birth that may significantly impact the risk of adult
CVD.36

A literature search was conducted using the MEDLINE, EMBASE, PsycINFO, CINAHL,
and Web of Science databases to identify English-language articles published through June
2018. A research librarian assisted in planning the search and created correct search strings
for the electronic databases. A full list of the search terms appears in Table | (available at
www.jpeds.com). We did not search for unpublished articles nor did we review reference
lists of included articles to identify additional studies. After deduplication, the search
returned 8652 titles and abstracts.

Acrticles were included if they met the following a priori criteria: (1) longitudinal study
design; (2) exposure occurred/characteristic emerged during childhood (infancy through
age 20 years); (3) outcome ascertained in adulthood (ages =20 years); (4) the primary
outcome was either a measure of subclinical CVD or a clinical CVD event; and (5) the
study population was community based, not a clinically defined population (eg, patients
with congenital heart disease). Descriptions of the included clinical and subclinical CVD
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outcomes and their common measurement methods are outlined in Table I1. Articles that
included multiple subtypes of CVD (eg, coronary heart disease [CHD] and stroke) in the
outcome without estimating the association for each subtype of CVD separately were
classified as having a CVD mixed definition outcome and were included in this review.
Studies that only included as the main outcome CVD risk factors, such as hypertension or
diabetes, were not included in this review.

Titles and abstracts were reviewed to assess for the defined eligibility criteria. After review,
full-text was retrieved for 884 articles. Two independent reviewers screened all full-text
articles to ensure all eligibility criteria were met. Inter-rater agreement of this screening was
high (Cohen K = 0.89). A third reviewer resolved discrepancies for the 34 articles that were
left unresolved by the initial review. Ultimately, 210 articles were included in the review
(Figure 1; available at www.jpeds.com).

A listing of all articles included in this review is available in Table I1I (available at
www.jpeds.com). This table includes the basic study characteristics of study cohort, sample
size, exposure, outcome, and main finding; a listing of any subgroup analyses by age, sex,
and race/ethnicity that were reported in the article; and 3 study quality indicators, namely,
self-reported or objective exposure and outcome measurements, and type of outcome
analysis. Figure 2 is the corresponding heat map by childhood risk factor and adulthood
outcome, color coded by number of publications.

We identified 61 studies that examined the association between childhood adiposity and
adulthood subclinical and clinical CVD. Almost all studies used body mass index (BMI)
as the adiposity measure, but there was heterogeneity in whether BMI was analyzed
continuously, categorically using percentile cut-points, or categorically using numeric cut-
points.®

Subclinical CVD Outcomes.—Four articles found no significant association between
childhood adiposity and adulthood arterial stiffness,”19 but 2 other studies found
associations between adiposity and increased arterial stiffness.11:12 One study found an
association between adiposity at age 4 years and adulthood stiffness; however, this
association was not found when examining adiposity at age 2 years.13

In 19 articles, childhood adiposity was associated with greater adult carotid intima-media
thickness (cIMT).7-10.14-28 gex differences in the association were examined in 11 of
these articles, 7 articles found no difference between men and women, 3 articles found

the association held among women only, and 1 article found the association held among
men only.’~10.16.18,21,22,26-28 \n\hen examining the association by exposure age, there was
a stronger association in adolescence (age =12 years) compared with earlier childhood.16:24
One article had a null finding, where overweight in early childhood (ages 2—-11 years) was
not associated with cIMT in older adulthood.2®
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The association between greater childhood adiposity and adverse adulthood left ventricular
(LV) structure and function was significant across 11 articles.1%:39-39 One study examined
the association of BMI in adolescence and presence of adult coronary artery calcification,
finding a positive association.*0

Clinical CVD Outcomes.—Eleven articles examined associations between childhood
adiposity and adult CHD finding higher risk of CHD with each SD increase in BMI
(hazard ratio range per SD, 1.05-1.22).41-51 One article examined the associations by age
group and found more robust associations at age 13 years as compared with age 7 years
between childhood adiposity and a higher risk of adult CHD.#6 Seven articles examined
the associations between childhood adiposity and adulthood stroke; the hazard ratio range
of higher risk of stroke with each SD increase in BMI was 1.15-1.29. Two articles found
significant associations of increased adiposity with risk of adulthood heart failure.42:44.50.52-
57 Last, there were 10 articles that used mixed-type definitions of CVD (eg, includes both
CHD and stroke combined as a single outcome); the hazard ratio range of higher risk of
CVD with each SD increase in BMI was 1.09-1.21 and the hazard ratio range of higher
risk of CVD with childhood obesity was 2.3-3.9.58-67 One article stratified by childhood
age group, finding stronger associations with CVD among children aged 8-14 years as
compared with 2-8 years.52

Low birthweight is also a contributor to the pathogenesis of CVD. We found 28 articles
examining associations of birthweight with adulthood subclinical and clinical CVD, all
adjusted for gestational age. Three articles specifically examined subclinical CVD: 1 article
found low birthweight (<2500 g) to be associated with greater arterial stiffness, and the
other 2 found no association between low birthweight and either arterial stiffness or LV
mass.13:32:68 The associations between lower birthweight and higher risk of clinical CVD
were consistent across 25 studies and multiple CVD outcomes, including CHD, stroke,

and CVD mortality; the hazard ratio range of higher risk of CVD with each SD decrease

in birthweight was 1.11-1.43 and the hazard ratio range of higher risk of CVD with low
birthweight was 2.2—3.6.43:45:49,69-90

Change in Adiposity Across Childhood

We identified 19 articles examining how change in adiposity across childhood may affect
risk of adulthood CVD. Four studies examined the velocity of weight gain during early
childhood, finding that lower levels of weight gain through age 2 years were associated
with higher risk of CVD.79:83.91.92 However, after infancy, faster childhood weight gain
was associated with a greater risk of CVD.4552:53.63,79.93 Fyrther, individuals who had low

birthweight and then gained weight rapidly in childhood were at the greatest risk for adult
CVD .45.79,93,94

Blood Pressure

We identified 29 articles examining childhood blood pressure (BP) and adult CVD
outcomes, and these articles used a mix of continuous BP measurement and dichotomous
elevated/not elevated BP classification. To determine elevated BP, studies applied the
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pediatric hypertension guidelines in effect at the time of analysis; thus, there is heterogeneity
across publication date in how elevated BP is defined.

Subclinical CVD Outcomes.—Ten articles examined childhood BP and the association
with adulthood arterial stiffness. Nine of these studies found that elevated BP was associated
with greater arterial stiffness.”8:11,12,95-100

The association between childhood BP and adult cIMT was measured in 11 articles. In 9
articles, there was an association between elevated BP and thicker cIMT.7:8:16,19-21,96,97,101~
103 Five of these studies stratified the results by sex, but only 1 study found sex-specific
differences with the association, present only among women.” One study stratified by
exposure age, and the association between BP and cIMT was only significant among
adolescents aged 12—18 years.16 The association between childhood BP and adult coronary
artery calcification was examined in 2 articles; both showed an association between elevated
BP and the presence of coronary artery calcification.40:104

Eight articles examined associations between childhood BP and adulthood LV structure and
function. Three articles found positive associations between BP and LV mass,3:102.105 pyt
a fourth article found no association.3? The remaining 4 articles examined adulthood LV
hypertrophy as the outcome; pediatric hypertension was associated with a higher risk of LV
hypertrophy.36.39.96.97

Clinical CVD Outcomes.—Five articles examined childhood BP and adulthood CVD
events.#1:106-109 Elevated BP was associated with greater risk of CVD; the hazard ratio
range of higher risk of CVD with each SD increase in BP was 1.05-1.18 and in the 1

study that examined higher risk of CVD with a dichotomous hypertension cut-off, the hazard
ratio was 1.51. One study stratified risk of CVD by childhood BMI, finding significant
associations between hypertension and CVD across BMI strata that were strongest among
obese children.106

We identified 16 articles using a heterogeneous mix of total cholesterol, low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and/or
triglycerides as the exposure of interest, with several articles comparing the performance
of these lipid measures.

Subclinical CVD Outcomes.—Ten articles established consistent findings between
pediatric hyperlipidemia and adult cIMT, but there were differences by type of lipids.
LDL-C was measured in 8 articles, and higher LDL-C was consistently associated with
thicker cIMT.16.19.20,27,110-113 There was consistently no association between triglyceride
levels and cIMT across 7 studies.16:19-22.111.113 The findings on HDL-C were mixed:

3 studies found lower HDL-C associated with thicker cIMT, whereas 4 studies did not

find any significant associations.16:19.20.22,111-113 Qne article examined total cholesterol,
finding a positive association with thicker cIMT.21 In 2 articles that examined pediatric lipid
levels and coronary artery calcification, the presence of coronary artery calcification was
association with higher LDL-C in 1 article and lower HDL-C in the other article.#0:194 One
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article examined childhood triglyceride levels and LV mass; the association between higher
triglycerides and greater LV mass was significant.105

Two studies of childhood lipid levels and adult cIMT stratified their findings by age

group, and in both, the associations held for adolescents but were not significant in early
childhood.16:21 |n another study, stratified by race and sex, the significant association
between higher childhood LDL-C cholesterol and thicker adult cIMT was present for White
men, White women, and Black women, but not for Black men.111 Several studies tested for
sex differences in the association between pediatric lipid levels and adult cIMT, but none
were found.16.21.22.27

Clinical CVD Outcomes.—Three articles examined childhood triglyceride levels and
adulthood CVD, all showing significant associations between higher triglyceride levels
and a higher incidence of CVD (hazard ratio range, 5.4-6.1).66:114.115 We found no
articles examining other childhood lipid measures and adult CVD outcomes in the general
population.

Glycemic Indicators

We found scant research connecting childhood glycemic indicators to adulthood CVD. One
study examined fasting glucose and found associations with greater cIMT, but did not find
any associations between fasting glucose and adult arterial stiffness.218 In another study,
type 2 diabetes in adolescence was associated with a higher risk of stroke.?®

Tobacco Exposure

Assessment of tobacco exposure includes both self-smoking in adolescence, that is,
personal use of tobacco cigarettes, and secondary exposure to smoking in home- and
community-based environments throughout childhood and adolescence.3 We identified 4
articles examining childhood self-smoking. Cigarette smoking was associated with thicker
adulthood cIMT as well as CVD incidence.16:117.118 Another study, conducted only among
current and former smokers, found a higher risk of developing CVD among those who
initiated smoking before age 17 years as compared with those who started at age 17 years or
after.119 Additionally, 3 articles examined exposure to parental smoking, finding significant
associations with thicker adulthood cIMT and carotid atherosclerotic plaque.120-122 There
was evidence of a dose response; the risk of thicker cIMT was higher if both parents
reported smoking, and the risk of carotid plaque was lower if there was evidence of good
“smoking hygiene” as demonstrated by reported parental smoking without concomitant
detectable levels of serum cotinine in the child.120.122

Physical Activity

We identified 6 articles addressing childhood physical activity and risk of adulthood
subclinical and clinical CVD. All but one of the studies relied on self-reported physical
activity, and all studies used a continuous measure of physical activity.

Associations between childhood physical activity and adult arterial stiffness were mixed. In
1 study, greater childhood physical activity was associated with lower adulthood stiffness

J Pediiatr. Author manuscript; available in PMC 2024 November 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Pool et al.

Diet

Page 7

among men only,123 in 2 studies only vigorous physical activity was associated with lower
stiffness (among both men and women), and in a fourth study both moderate and vigorous
physical activity were associated with lower stiffness.124-126 |n 2 studies, both moderate and
vigorous physical activity during childhood were associated with lower adult cIMT.22.126
Finally, 1 study on adulthood atrial fibrillation among men did not find an association
between physical activity at age 15 years and later incidence of atrial fibrillation.127

Nine articles evaluated various aspects of diet quality; 3 articles focused on overall diet
quality and 6 articles focused on specific food groups, such as fruits and vegetables.

Subclinical CVD Outcomes.—Four studies focused on childhood diet and its potential
impact on adult arterial stiffness. In 1 study, greater intake of fruits and vegetables was
associated with less arterial stiffness, and in another study, greater intake of dietary fiber
was associated with less arterial stiffness.128:129 Two studies examined the Mediterranean
diet score finding an association with greater adherence to the Mediterranean diet and less
arterial stiffness in 1 study and no association with arterial stiffness in the other study,
respectively, 130131

Another 3 studies examined the association between childhood diet and adulthood cIMT

as the outcome of interest. Greater fruit consumption was associated with thinner cIMT, as
was consumption of omega-3 fatty acids.22132 In contrast, greater consumption of saturated,
monounsaturated, and polyunsaturated fat was associated with thicker adulthood cIMT.132
The third study found that adherence to a traditional Finnish diet was associated with a
thicker cIMT among men only, most likely attributable to high consumption of fat and
sodium.133

Clinical CVD Outcomes.—Two studies examined the association between childhood
diet and adulthood CVD events. One study found an association between dairy/calcium
consumption and lower risk of stroke, but found no association with CHD.134 The other
study found that greater vegetable consumption was associated with lower risk of stroke, but
greater fish consumption was associated with higher risk of stroke; importantly, this finding
may be confounded by the dietary patterns of children during the Great Depression.13

Breastfeeding

Six articles examined associations between breastfeeding in infancy and adulthood CVD
outcomes. Two studies examined breastfed infants and adult cIMT in those offspring; in

1 study, there was no association in younger adults (mean age of 31 years) and the other
study found that breastfeeding in infancy was associated with thinner cIMT in older adults
(mean age of 71 years).136:137 One article examining exposure to breastfeeding and adult
arterial stiffness and 1 article examining breastfeeding and endothelial function showed no
association.13:138 |n 3 articles examining breastfeeding and adult CVD events, 1 study found
no association with either CHD or stroke, 1 study found no association with CVVD mortality,
and the third study found a protective association between breastfeeding and CHD.138-140
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Psychosocial Risk Factors

Socioeconomic Status.—We identified 13 articles examining childhood socioeconomic
status (SES) with adult subclinical and clinical CVD. Most articles used the father’s
occupation category as the socioeconomic measure, but childhood household income or
parental educational attainment were also used to classify exposure. Two studies that
examined SES and adult cIMT showed no association, as did the 1 study that examined
SES and endothelial function.141:142 The 1 study examining SES and adult LV structure
and function found an association between lower childhood SES and larger adulthood LV
mass.143 In the 9 studies examining SES and clinical CVD outcomes, lower childhood
SES was associated with higher incidence of clinical CVD (relative risk range, 1.3-1.8),
including CHD, stroke, and CVD mortality.81144-152 These associations were robust to
multivariable adjustment of childhood and adulthood CVD risk factors, such as adiposity,
hyperlipidemia, hypertension, smoking, and family history of CVD.

Psychosocial Adversity.—There were 18 articles examining childhood psychosocial
adversity and adulthood CVVD outcomes. There was little standardization across articles in
the definition of adverse experiences; some studies measured a single adversity, such as
exposure to famine or early life parental death, and other studies used scales with multiple
adversities, such as an adverse childhood experiences scale or a life events scale. Almost all
exposures were assessed retrospectively in adulthood.

Subclinical CVD Outcomes.—Associations between childhood psychosocial adversity
and adulthood subclinical CVD were inconsistent or showed no association. There were

4 studies examining psychosocial adversity and cIMT; 2 studies found no association

with cIMT, a third study found an association with cIMT for childhood sexual abuse

only, and a fourth study found an association with cIMT among White individuals but

not Black individuals.1®3-156 Three studies examined childhood psychosocial adversity
and adulthood arterial stiffness; 2 studies found no association with arterial stiffness, but
the third study found increased childhood exposure to racism was associated with greater
arterial stiffness.153154.157 There was no association observed in the 1 study that assessed
the impact of childhood psychosocial adversity and adult LV mass.># In the 1 study that
examined coronary artery calcification, there was a significant association between greater
childhood psychosocial adversity and adulthood presence of coronary artery calcification.158

Clinical CVD Outcomes.—There were 11 studies examining childhood psychosocial
adversity and adulthood clinical CVD, finding significant positive associations with CHD,
stroke, heart failure, and CVD mortality.1%-169 The magnitude of the association varied by
type of adversity exposure. The hazard ratio range of higher incidence of CVD associated
with greater psychosocial adversity was 1.3-3.6, and each additional adversity conferred a
30%-70% higher risk of CVD.164 These associations were robust to adjustment for CVD
risk factors as well as childhood SES.

Risk Factor Clustering

Metabolic Syndrome.—The metabolic syndrome (MetS) is defined as having at least
3 of the following risk factors: elevated BMI, elevated triglyceride levels, elevated BP,
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elevated fasting blood glucose, and lower HDL-C. We found 9 studies examined childhood
MetS and adulthood CVD risk. Five studies reported that MetS was associated with greater
cIMT.25170-173 | 1 study, MetS was associated with greater arterial stiffness.1’4 In 3
studies, MetS was associated with greater CVD incidence.1”>-177 In the 1 study that
examined the associations with adult cIMT by childhood age group, the association was
only significant for adolescents aged 11-18 years.171

Other Risk Factor Combinations.—Seven additional studies examined traditional CVD
risk factors, including lipids, BMI, BP, diabetes, smoking, diet, and physical activity in
different childhood exposure combinations and examined their additive associations with
adulthood subclinical CVD; all reported positive associations. Six studies found the number
of CVD risk factors was associated with greater cIMT, 2 studies found the number of

risk factors was associated with increased arterial stiffness, and 1 study demonstrated
associations with presence of coronary artery calcification,12:16:21,22,110,178,179 Tyyq studies
that examined associations by age group found that the number of childhood risk factors and
adulthood cIMT were only significant for ages 9-18 years.16:21

Other Risk Factors

The 36 remaining articles examined a heterogeneous mix of childhood exposures and

the association with adulthood subclinical and clinical CVD. These articles fell into

2 broad categories: maternal and perinatal exposures, an emerging area of interest for
cardiometabolic health, and other childhood characteristics and experiences.180-216 A ful|
list of the articles is available in Table IV (available at www.jpeds.com).

Discussion

In this review of 210 articles examining childhood exposures and the development of
subclinical and clinical CVD among adults, robust evidence linked increased pediatric
adiposity with subclinical and clinical CVD; robust evidence linked pediatric hypertension,
hyperlipidemia, and risk factor clustering with subclinical CVD, but limited evidence to date
linked these factors with adult clinical CVD. Robust evidence linked low birthweight, worse
SES, and psychosocial adversity with clinical CVD, but limited evidence was available

for subclinical CVD. Breastfeeding, poor glycemic control, tobacco exposure, less physical
activity, and worse diet quality during childhood all had limited numbers of studies across
heterogeneous populations, and more research is necessary to determine whether those
factors are consistently associated with subclinical and clinical CVD among adults. One
promising new study to address some of the existing gaps in the research is the International
Childhood Cardiovascular Cohort Consortium Outcomes Study (i3C Outcomes), in which
detailed biological, physical, and socioeconomic measures collected in childhood are being
harmonized across 7 existing longitudinal cohorts, and connected with self-reported incident
CVD endpoints, medical records to adjudicate these endpoints, and national death records
to explore CVD-related mortality.21” We found no consistent evidence for major sex
differences in risk of subclinical or clinical CVD for childhood risk factors. Most studies
that examined sex differences found similar associations for men and women with null
interaction terms. In contrast, few studies examined potential differences by race and/or
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ethnicity; most cohorts had samples that were homogenous in race/ethnicity, and therefore
did not permit analyses of this nature. Furthermore, the majority of cohorts were based in
the US or Europe, with majority White populations. Few studies in this review were from
cohorts based in Africa, Latin America, or Asia. New recruitment of diverse cohorts is
needed to adequately understand any complex racial/ethnic differences in the associations
between childhood risk factors and adulthood CVD, and special consideration should be
given to global cohorts that have been underrepresented in previous research.

The majority of systematic reviews and meta-analyses linking childhood exposures

and adult outcomes have focused on the development of risk factors in adulthood,

such as hypertension or dyslipidemia. However, several have examined subsets of this
comprehensive review. A systematic review published in 2014 relating either early life BP,
BMI, and/or glycemic control to future cardiac structure and/or function found all 3 risk
factors to be associated with worse future diastolic function.?18 The age of exposure criteria
differed, in that articles with young adults over age 20 years were included, but nevertheless,
conclusions were similar to those we observed for childhood BMI and BP and LV structure
and function. In another systematic review of childhood socioeconomic circumstances and
CVD risk in adulthood published in 2006, the authors concluded that childhood SES was a
robust predictor of adulthood CVD risk, as we have concluded in this review.21°

There are multiple life course models (Figure 3) that may reflect contributory pathways
from childhood exposure to adulthood CVD. Articles that have more robust associations
with CVD as the exposure is measured in adolescence as compared with early childhood
or in adulthood as compared with childhood may support a chain-of-risk life course model.
This finding demonstrates that childhood risk factors may increase the likelihood of having
adulthood risk factors, but the adulthood risk factor status primarily affects the outcome,
which represents an encouraging pediatric model because childhood risk status may be
modifiable, with favorable long-term consequences.®

Articles that find the highest risk of adulthood CVD among those with persistent exposures
in childhood and adulthood may represent an accumulation-of-risk model, whereby
exposures at each point in the life course further increase likelihood of CVD development.
Furthermore, in a sensitive period model, exposure at a certain point in the life course
confers increased risk that is less harmful at a different time point. Both the accumulation-
of-risk and sensitive periods models highlight the necessity of prevention in early childhood
and the prenatal period, to decrease the likelihood of having the exposure and thus
developing CVD in adulthood. Several complexities of longitudinal research emerged in
this literature review.* A prospective cohort with decades of follow-up requires a substantial
investment of resources; consequently, a limited number of unique cohorts exist. There were
multiple articles using the same cohort data, perhaps oversaturating findings that are specific
to the sample population. Childhood exposures were frequently assessed retrospectively,
leading to broad measures that are subject to recall bias. Other cohorts used medical and
other administrative records to collect childhood exposures and/or adult CVD events. The
increased use of electronic medical records may be a novel method to facilitate research on
childhood exposures, but some risk factors are not routinely collected in clinical encounters,
such as lifestyle behaviors.

J Pediiatr. Author manuscript; available in PMC 2024 November 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Pool et al.

Page 11

Although many of the cohorts followed participants for decades, often the adulthood
exposure assessments were conducted around ages 30-40 years. Although population-level
subclinical atherosclerotic differences may be present by those ages, CVD events are rare.
The studies that did use a prospective cohort design were, therefore, mostly examining
“premature” CVD. It is likely that findings would shift with additional years of data
collection and thus continued resources to encourage follow-up of these cohorts is necessary
to capture the natural history of CVD. Further, few articles directly accounted for differential
loss to follow-up in which healthier individuals are more likely to continue participating in
the study and less likely to have a severe competing risk (such as non-CVD-related death),
resulting in survivor bias toward the null.

Incomplete adjustment for confounding was major source of threat to internal validity.
Retrospective studies often had only a few questions about childhood, limiting the
adjustment for contextual factors that could influence the outcome and the exposure. For
example, studies on birthweight and adulthood CVD often lacked data on maternal health,
which could include family history of CVD risk. Prospective studies tended to have a greater
range of childhood risk factors measured, but often lacked behavioral and lifestyle factors
that could inform clinical risk factors in childhood, continuing into adulthood. External
validity to contemporary prevention settings was limited by exposures that have had
significant secular change over the course of follow-up. For example, dietary patterns and
tobacco exposure—particularly secondhand tobacco exposure in children—have shifted over
time. Findings must, therefore, be placed into context before applying them to preventive
strategies.

Last, there are limitations in how the literature review was conducted and the results
reported. This review was intended to broadly cover childhood exposure to known CVD
risk factors and the relationship to adulthood subclinical and clinical CVD. We created
search terms based on the extant knowledge of major CVD risk factors, and studies focused
on emerging areas of research, such as the prenatal environment or neurodevelopment
health, may not be not be fully captured in our systematic search. Further, with the known
publication bias in the biomedical literature whereby articles with statistically significant
findings are more likely to be submitted and accepted, analyses with null findings are
likely underrepresented within our study and may bias our results toward significant
findings. Given the breadth of the topic, we were unable to give detailed assessment of

the quality of each of the included studies, and there may be differences in methodology,
for example, sample size, sampling frame, adjustment for potential confounders, potential
for measurement error, that impact the relative strength of the evidence. If the findings of
a study were counter to the other included studies for a similar exposure and outcome,

we did attempt to provide additional details to understand the divergent findings. Finally,
the heterogeneous nature of the exposure measurements, outcome ascertainment, duration
of follow-up, and background environment of the studies, as well as the potential for
oversaturation from specific study cohorts precluded reliable quantification of associations
through meta-analysis.

In conclusion, an examination of childhood risk factors and their associations with
adulthood subclinical and clinical CVD reveals a large and varied body of evidence in which

J Pediiatr. Author manuscript; available in PMC 2024 November 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Pool et al.

Page 12

some areas of consistency can be discerned. As robust evidence emerges demonstrating that
risk of CVD-related morbidity and mortality have origins in childhood, pediatric clinicians
can continue to be encouraged to address major risk factors in their practice, understanding
that they may alter life-long health trajectories and improve outcomes across decades for
their patients. Likewise, the public health implications of intervening on childhood risks
factors such as obesity or pediatric hypertension can amount huge improvements in the
population-level incidence of CVD, as well as improvements in the long-term sequalae

of chronic disease: years of potential life lost, disability adjusted life years, and overall
spending on healthcare.

Nevertheless, major gaps remain in the research and in understanding how childhood health
behaviors translate to risk of CVD later in life. This review is intended to update the

current data to guide future research not only towards to addressing gaps, but also toward
developing novel risk factor trajectories, cardiovascular health growth curves, and a priori
exploration of maternal and intergenerational risk transmission. It may also point the way to
future interventional studies designed to decrease the long-term incidence of subclinical and
clinical CVD.
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Figure 1.
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The CONSORT diagram illustrates the review search and extraction process, from the initial
database search to the studies included in the final qualitative analysis.
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Figure 2.

Heat map of identified articles examining childhood exposures and adulthood CVD. Each
box lists the number of articles corresponding the exposure and CVD outcome pair. Yellow
indicates that only null associations have been observed between the exposure and outcome.
Colors deepen from light orange to red with an increasing number of articles indicating

the exposure may be associated with higher CVD outcome risk. Colors deepen from light
green to dark green with an increasing number of articles indicating the exposure may be
associated with lower CVD outcome risk. Gray indicates that no articles examining the
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exposure and outcome pair were identified in this review. Articles that included multiple
subtypes of CVD (eg, CHD and stroke) in the outcome without estimating the association
for each subtype of CVD separately were classified as “CVD Mixed Definition”.
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Figure 3.
Life course models for CVD development. The 3 hypothesized life course models for the

development of CVD: chain of risk, where childhood risk is entirely mediated through
adulthood risk; accumulation of risk, where risk factors present at each life stage further
increase adulthood risk; and the critical/sensitive period, where exposure at a certain point in
the life course confers more risk as compared with other life course stages.
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