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Abstract

Background: Overweight and obesity is a major public health concern that includes associations with the

development of cardiovascular disease (CVD) risk factors during childhood and adolescence as well as premature

mortality in adults. Despite the high prevalence of childhood and adolescent obesity as well as adult CVD,

individual studies as well as previous systematic reviews examining the relationship between childhood obesity and

adult CVD have yielded conflicting results. The purpose of this study was to use the aggregate data meta-analytic

approach to address this gap.

Methods: Studies were included if they met the following criteria: (1) longitudinal and cohort studies (including

case-cohort), (2) childhood exposure and adult outcomes collected on the same individual over time, (3) childhood

obesity, as defined by the original study authors, (4) English-language articles, (5) studies published up to June,

2015, (6) one or more of the following CVD risk factors [systolic blood pressure (SBP), diastolic blood pressure (DBP),

total cholesterol (TC), high-density lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol (LDL), non-

high-density lipoprotein cholesterol (non-HDL), and triglycerides (TG)], (7) outcome(s) not self-reported, and (8)

exposure measurements (child’s adiposity) assessed by health professionals, trained investigators, or self-reported.

Studies were retrieved by searching three electronic databases as well as citation tracking. Fisher’s r to z score was

calculated for each study for each outcome. Pooled effect sizes were calculated using random-effects models while

risk of bias was assessed using the STROBE instrument. In order to try and identify sources of heterogeneity,

random-effects meta-regression was also performed.

Results: Of the 4840 citations reviewed, a total of 23 studies were included in the systematic review and 21 in the

meta-analysis. The findings suggested that childhood obesity is significantly and positively associated with adult

SBP (Zr = 0.11; 95% CI: 0.07, 0.14), DBP (Zr = 0.11; 95% CI: 0.07, 0.14), and TG (Zr =0.08; 95% CI: 0.03, 0.13), and

significantly and inversely associated with adult HDL (Zr = −0.06; 95% CI: -0.10, −0.02). For those studies that

adjusted for adult body mass index (BMI), associations were reversed, suggesting that adult BMI may be a potential

mediator. Nine studies had more than 33% of items that placed them at an increased risk for bias.

Conclusions: The results of this study suggest that childhood obesity may be a risk factor for selected adult CVD risk

factors. However, a need exists for additional, higher-quality studies that include, but are not limited to, both

unadjusted and adjusted measures such as BMI before any definitive conclusions can be reached.
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Background
Overweight and obesity during childhood and adoles-

cence is a major public health problem. One of the im-

portant health implications of childhood and adolescent

obesity includes the development of cardiovascular dis-

ease (CVD) risk factors during childhood and adoles-

cence [1–4]. Cardiovascular disease is the leading cause

of global mortality [5] accounting for 17.5 million deaths

in 2005, and is projected to rise to 23.6 million deaths

by 2030 [6]. Several well-established adult CVD risk fac-

tors have been identified during childhood. These in-

clude, but are not necessarily limited to, high blood

pressure (BP), poor lipid profile, impaired glucose toler-

ance, and metabolic syndrome [7–9]. Importantly, data

shows that these risk factors are amplified in the pres-

ence of pediatric obesity, referred to by Ford et al. as

‘obesity-associated risk factors for CVD’ [8, 9]. Most not-

ably, a population-based study estimated that 70% of

obese children and adolescents between the ages of 5 to

17 have at least one risk factor for CVD [1]. Despite the

high prevalence of both childhood and adolescent obes-

ity and adult CVD, studies examining the relationship

between childhood obesity and adult CVD have yielded

conflicting results [8, 10–13]. This is important given that

adult adiposity is an established risk factor for developing

adult CVD [14, 15] and there is evidence to suggest that

overweight adolescents have a 40%–80% chance of be-

coming overweight or obese adults [16–18]. Unfortu-

nately, it remains unclear whether childhood obesity is an

independent risk factor for adult CVD risk factors or

whether childhood obesity persists as adult obesity and in-

directly increases the risk of adult CVD [19, 20].

Recent systematic reviews suggest that the relationship

between childhood obesity and adult high BP or poor

lipid profile is weak, possibly because the results are

confounded by adult obesity [13, 21]. In an effort to find

previously published systematic reviews and meta-

analyses on this topic, a systematic literature search was

performed in PubMed on February 2, 2015 (search strat-

egy available in Additional file 1). The search revealed

four systematic reviews and one meta-analysis con-

ducted on the relationship between childhood obesity

and adult CVD risk factors [13, 21–24] (Additional file

2a). The four systematic reviews published on this topic

from 2010 to 2012 provided qualitative evidence but did

not provide any quantitative evidence on the association

between childhood obesity and adult CVD risk factors

(BP and lipid profile). While one meta-analysis was con-

ducted four years ago on this topic, it was limited to a

select four cohorts only [24], thereby possibly biasing re-

sults. Moreover, this meta-analysis did not calculate the

association between childhood obesity and adult total

cholesterol (TC) as well as between childhood obesity

and adult non-high-density lipoprotein cholesterol (non-

HDL) levels. This is important since non-HDL has been

shown to be better marker of risk for coronary artery

disease and stroke compared to LDL [25, 26]. Of the

four systematic reviews, two included hypertension (HT)

as one of the main outcomes [22, 23], the third system-

atic review reported results for resting systolic blood

pressure (SBP) and resting diastolic blood pressure

(DBP) [21], and the fourth systematic review focused on

the lipid profile as the main outcome of interest [13].

With respect to years covered for those studies that in-

cluded hypertension, Park et al., included studies pub-

lished between 1980 and 2011 [22], Reilly et al. included

studies from January 2002 to mid-June 2010 [23], while

Lloyd et al., searched online electronic databases, i.e.,

PubMed (MEDLINE) and ISI Web of Science from their

inception up to July 2008 for the systematic review with

hypertension as the outcome [21], and up to July 2010

for their systematic review with serum cholesterol levels

as the outcome [13]. In addition, all previous systematic

reviews included data where adiposity was measured

using BMI for both children and adults [13, 21–24].

However, research has shown that BMI is not an ideal

marker for adiposity [27, 28] and including other defini-

tions or classifications of adiposity may help in identify-

ing other potentially eligible studies that have looked at

this association. Finally, it appears that the methodo-

logical quality of these previous systematic reviews could

have been better [13, 21–24]. Using the Assessment of

Multiple Systematic Reviews (AMSTAR) Instrument

[29], we assessed the methodological quality of the four

systematic reviews and one meta-analysis. The overall

score for each study ranged from 40% to 80% while

scores for each question ranged from 0% to 100% (Add-

itional file 2b). The questions with the three lowest

scores included 1) status of publication, 2) including a

list of both published and unpublished studies, and 3)

assessment for the likelihood of publication bias. These

findings provide support for an updated systematic re-

view with meta-analysis on the relationship between

childhood obesity and selected adult CVD risk factors,

i.e., BP, lipids, and lipoproteins.

Systematic reviews with meta-analysis occupy the

highest levels of evidence in the hierarchy of study de-

signs [30]. This structured and standardized approach

has been used to make health care decisions and inform

policy makers by analyzing prior findings as well as sum-

marizing, synthesizing and critically appraising evidence

on a specific topic in the literature [31]. While several

systematic reviews [13, 21–23] and one meta-analysis

[24] have examined the association between childhood

obesity and adult CVD, the investigative team is not

aware of any current and thorough systematic review

with meta-analysis on this topic. Furthermore, given that

childhood obesity as an independent risk factor for CVD
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in adults is not well-established, the aim of this study

was to conduct a systematic review and meta-analysis to

critically evaluate the available evidence regarding the

association between childhood obesity and select adult

CVD risk factors: (1) resting SBP, (2) resting DBP, (3)

TC, (4) HDL, (5) LDL, (6) non-HDL, and (7) TG. A sec-

ondary aim of the study was to examine whether this as-

sociation persists after adjusting for adult obesity.

Methods
This study was conducted and reported according to the

Cochrane Collaboration’s recommendations and guidelines

for conducting systematic reviews and meta-analyses for

observational studies [32, 33] as well as the Preferred

Reporting Items for Systematic reviews and Meta-Analyses’

(PRISMA) [34, 35] statement. The study was registered in

PROSPERO, an international registry for systematic reviews

(Protocol number: PROSPERO 2015:CRD42015019763)

[36]. A PRISMA checklist indicating where all items are re-

ported in this study can be found in Additional file 3.

Study eligibility criteria

The a priori inclusion criteria for this meta-analysis in-

cluded: (1) longitudinal and cohort studies (including

case-cohort), (2) childhood exposure and adult outcomes

collected on the same individual over time, (3) main ex-

posure variable of the child’s overweight and obesity status

(BMI age-and sex-specific percentiles, percent body fat,

fat mass, waist circumference (WC), waist-to-hip ratio,

visceral adipose tissue, skin fold thickness, body weight,

BMI z-score, BMI or other measures used to assess over-

weight and obesity in populations) [37], (4) studies avail-

able in English-language, (5) studies published up to June,

2015, (6) one or more of the following CVD risk factors as

the primary outcome measure: (SBP, DBP, TC, LDL, HDL,

non-HDL, and TG), (7) outcome measurements taken by

health professionals or trained investigators but not based

on self-report data, (8) exposure measurements (child’s

adiposity) assessed by health professionals, trained investi-

gators, or self-reported. Exclusion criteria included the fol-

lowing: (1) review articles, (2) cross-sectional study

designs, (3) case-control study designs, (4) case reports,

(5) comments, (6) letters, (7) animal studies, (8) studies

published in non-English language sources, (9) presenta-

tions from conference meetings, (10) unpublished studies

(abstracts, master theses, dissertations, etc.), and (11)

studies in which the outcome(s) were self-reported. Due

to limited resources, we did not search the grey literature

(unpublished reports, conference abstracts, theses and dis-

sertations, articles in obscure journals, reports, rejected or

un-submitted manuscripts) [38] or for studies published

in languages other than English. However, we did examine

for potential small-study effects (publication bias, etc.)

[39, 40]. With respect to meta-analyses that restrict

studies to the English language, previous research has

shown an overestimation in outcome effects of only 2%

[41]. In addition, the percentage of non-English studies

traditionally included in meta-analyses is very small [41].

Data sources

Studies were retrieved using three electronic databases:

(1) PubMed (MEDLINE), (2) Web of Science, and (3)

Scopus. In addition, cross-referencing from the bibliog-

raphies of all retrieved articles (citation tracking) was

conducted. An information retrieval specialist (Health

Sciences librarian, JS) assisted in the planning of the lit-

erature search and in identifying and creating correct

Boolean operators and search strings for the different

electronic database searches [42]. The PubMed search

string used was as follows:

“(obesity OR obese OR overweight OR fat OR adipos*

OR “body mass index” OR BMI) AND (child* or

adolesc*) AND (“blood pressure” OR hypertension OR

cholesterol OR lipid OR lipids OR lipoprotein OR

lipoproteins OR cardiovascular) AND (observational

OR cohort OR longitudinal) AND adult* AND

(human OR humans)”.

Each search was conducted separately and then down-

loaded as a separate file using Endnote X7 [43]. The first

author (AU) conducted all electronic searches and re-

moved all duplicates electronically and then manually. In

addition to electronic database searches, cross-referencing

from retrieved articles was also performed. A list of all

search strategies can be found in Additional file 4.

Study selection

In order to minimize selection bias, two researchers (AU

and CL) independently screened studies for eligibility by

reviewing the titles and abstracts of articles based on the

pre-defined eligibility criteria. If the inclusion or exclu-

sion criteria could not be decided based on the title and

abstract, full-text articles were retrieved and the decision

was made accordingly. After independent study selection

was performed, the two reviewers met and reviewed

every selection for agreement and discrepancies were re-

solved by consensus. Using Cohen’s kappa statistic, the

overall agreement rate prior to correcting discrepancies

was 0.75 [44]. If a decision could not be achieved, a con-

tent area and meta-analysis expert (GK) resolved any

disagreement(s). Multiple publication bias was addressed

by including the most recent/relevant study from mul-

tiple studies using data from the same cohort.

Data abstraction

Prior to data abstraction, a detailed codebook that could

hold up to 200 items per study was developed by the
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research team in Microsoft Excel (version 2011) [45].

The codebook included continuous variables, categorical

variables, and free text information. The codebook de-

veloped was pilot-tested and revised by the investigative

team. In order to avoid data abstraction bias, two au-

thors (AU and CL) extracted data from each selected

article independently. The researchers then compared

every data point for accuracy and consistency until 100%

agreement was reached. If agreement could not be

reached, a content area and meta-analysis expert (GK)

resolved any disagreement(s).

Risk of bias assessment

Risk of bias was assessed using the Strengthening the

Reporting of Observational Studies in Epidemiology

(STROBE) instrument [46]. The STROBE instrument

consists of a checklist of 22 items that provides guidance

on the reporting of observational studies to facilitate

critical assessment and interpretation of results [46].

This checklist facilitates assessing the risk of potential

bias in the title and abstract, introduction, methods, re-

sults, and discussion sections of articles. Each item was

classified as “yes” (low risk), “no” (high risk), or “un-

clear”. An item that was not relevant to an individual

study was labeled as “Not Applicable (NA)”. Total scores

for each study were adjusted for the NA response. The

total number of “yes” (low risk), “no” (high risk), or “un-

clear” was added and divided by the total number of

items for each study and multiplied by 100 in order to

report the results in percentages. Based on previous re-

search, no study was excluded based on STROBE scores

given the lack of empirical evidence for all currently

available instruments, including STROBE, to support

such [32, 47–51]. Two researchers (AU and CL) con-

ducted all assessments independent of each other and

then examined the results at the study level as well as

for each item. The data was then compared for accuracy

and consistency. Any disagreements were discussed and

resolved until 100% agreement was reached. Using

Cohen’s kappa statistic, the overall agreement rate prior

to correcting discrepancies was 0.89.

Statistical analysis

We conducted an aggregate data meta-analysis for all

seven outcomes: (1) SBP, (2) DBP, (3) TC, (4) HDL, (5)

LDL, (6) non-HDL and (7) TG. Seven separate Microsoft

Excel sheets were generated for all seven outcomes. Any

outcome with only one study was excluded from the

meta-analysis. Each outcome was further analyzed separ-

ately if it was adjusted for adult adiposity.

Calculation of effect sizes (ES) from each study

The primary outcome for this study was the correlation

between childhood adiposity and adult CVD risk factors.

The correlation coefficient ‘r’ was transformed using

Fishers r to z transformation. The a priori plan was to

use risk ratio (RR) as our ES in order to examine the as-

sociation between childhood obesity and selected adult

CVD risk factors. However, because most studies re-

ported a correlation between two continuous variables, a

post hoc decision was made to use correlation statistics

(Fishers r to z score) instead of RR to serve as the main

ES index [52]. All other ESs (odds ratio (OR), mean dif-

ferences) were converted to correlation statistics using

Comprehensive Meta-Analysis (version 3.0) [53].

Standardized beta coefficients from individual studies

were used as correlation statistics based on previous re-

search showing that the correlation between a beta coeffi-

cient and correlation coefficient is linear, having a

correlation of 0.84 if the coefficients reside in the inter-

val ± 0.50 [54]. Studies that presented unstandardized beta-

coefficients were first converted to standardized regression

coefficients by multiplying the unstandardized coefficient

by the ratio of the standard deviations of the independent

variable and the dependent variable. Studies where unstan-

dardized regression coefficients could not be converted to

standardized regression coefficients and no other ES was

provided were excluded from the meta-analysis.

Pooling of ES’s

Results for the association between childhood obesity

and selected CVD risk factors (SBP, DBP, TC, HDL,

LDL, non-HDL, and TG) were pooled separately using

random-effects, method-of-moments models [55]. The

correlation metric was converted to Fisher’s z scale

(Fisher’s r-to-z transformation), and all analyses were

performed using the transformed values [52]. These re-

sults included an overall effect estimate as well as 95%

CI [55]. If the 95% CI did not include zero, we consid-

ered our results to be statistically significant. Forest plots

were used to visually display the estimated ES from each

study and their corresponding 95% CI’s. In addition, an

overall pooled effect as well as 95% CI’s was generated.

Furthermore, 95% prediction intervals (PI’s) for statisti-

cally significant results were also calculated.

Stability and validity of changes in ES’s

Heterogeneity was examined using the Q statistic while

inconsistency was assessed using I2 [56, 57]. Statistical

significance for Q was set at an alpha level of ≤0.10

while I2 was classified as trivial (0%–25%), low (25.1%–

50%), moderate (50.1%–75%), or high (75.1%–100%)

[57]. Results were also interpreted with respect to the

clinical implications of the degree of inconsistency as

well as the magnitude and direction across studies, in-

cluding the strength of evidence for heterogeneity [57].

Small-study effects (e.g. publication bias) was examined

qualitatively using the funnel plot and quantitatively using
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Egger’s linear regression test [58]. As recommended by

Sterne et al., the test for funnel plot asymmetry was not

used when there were fewer than 10 ES [59]. The Egger

regression test is a regression of the standardized effect

estimates against their precision (inverse standard error)

and quantifies funnel plot asymmetry by determining

whether the intercept deviates significantly from zero. If

the intercept was not significantly different from zero, it

was assumed that there was no evidence of funnel plot

asymmetry [58, 60, 61]. Influence analysis with each study

deleted from the model once was conducted in order to

examine the effects of each study on the overall results

[62]. Cumulative meta-analysis, ranked by the year the

study started, was used to examine the accumulation of

findings over time [63]. A sensitivity analysis was also per-

formed by pooling the ESs from studies that only used

childhood BMI as the exposure. This was performed in

order to determine if any differences existed in the pooled

results that included any definition for childhood expos-

ure, including BMI.

Meta-regression

Because of missing data for different predictor variables

from different studies, simple weighted least squares

meta-regression (random-effects, method of moments

approach) was used to examine the relationship between

each outcome and selected covariates. Meta-regression

is analogous to individual study regression except that

the outcome variable is the effect estimate, i.e., unit of

analysis is the study, rather than individual participant

scores [40]. The slope of the regression coefficients

along with their 95% confidence intervals (CI) were also

calculated. Confidence intervals that did not cross zero

were considered statistically significant. Planned covari-

ates to examine a priori included: (1) country in which

the study was conducted (USA, other), (2) bias due to

loss to follow up, (3) type of analysis, (4) type of defini-

tions used for adiposity, (5) exposure measure (self-re-

port or not), (6) subject characteristics (sex, race/

ethnicity), (7) studies that examined the association be-

tween childhood obesity and CVD risk factors while

controlling or not controlling for adult adiposity, (8)

time to follow up, (9) age categories of adults, (10) age

categories of children, (11) comorbid conditions for both

the child and the adult (diabetes, metabolic syndrome,

etc.), (12) lipid lowering medication, (13) hypertensive

medication, (14) family history of CVD, (15) smoking

status/alcohol or drug use of both the child and the

adult, (16) socio-economic status related variables, (17)

diet, (18) physical activity, (19) fasting vs. non-fasting

lipid profile, (20) child’s pubertal status, (21) perinatal

risk factors, and (22) study design. Post-hoc analysis in-

cluded year of study onset and risk of bias assessment

for low-risk studies using the STROBE instrument.

When there was insufficient data for potential predictor

variables (fewer than 3 results per group), we performed

a sensitivity analysis without the predictor to see if it

had an effect on our overall findings. For categorical var-

iables, less than three results for any one category were

used as the cut-off for analysis. All meta-regression re-

sults were considered observational and exploratory, de-

signed to generate hypotheses about potential sources of

heterogeneity to be tested in future original studies [40].

Results

Study characteristics

A general description of the characteristics of each study is

shown in Table 1. Of the 4840 citations reviewed, a total of

23 were included in the systematic review [4, 64–85] and

21 in the meta-analysis [4, 64–69, 71–79, 81–85]. A de-

scription of the search process, including the reasons for

excluded studies, is shown in Fig. 1. A reference list of all

excluded studies and reasons for exclusion, by study, are

shown in Additional file 5. The year that each study started

varied considerably, ranging from 1923 to 1989 while the

year that studies were published ranged from 1971 to 2014.

Studies were conducted in eleven different countries; six in

the U.S. [4, 64, 66, 67, 73, 75], three in United Kingdom

(England, Wales, Scotland and Newcastle) [76, 83, 85],

three in Finland [65, 68, 81], two in Australia [77, 82], and

one in either Sweden [69], India [71], Lithuania [72], Poland

[74], the Republic of Seychelles [78], Japan [79], or the

Solomon Islands [84]. Most studies used a prospective

longitudinal study design except for two studies that used a

retrospective study design [65, 73]. None of the studies

used a case-cohort study design.

The length of follow-up for the studies ranged from 4.5

to 60 years. As most of the studies were prospective longi-

tudinal studies, the number of subjects at baseline was

often greater than the number of participants at follow-up

due to loss at follow-up. Seven studies included informa-

tion on loss to follow-up [4, 68, 69, 71, 72, 77, 82]. Reasons

for ‘lost to follow-up’ included the following: (1) refused

to participate, (2) inability to locate, (3) did not respond to

contact, (4) participants out of country or town at time of

follow-up, (5) death, (6) difficult to contact married girls

in India who left their native village, (7) social disadvan-

tage (less well educated and having lower family income).

Two studies specified that participants who were lost to

follow-up did not have significantly different childhood

BMI’s when compared to those who were available at

follow-up in adulthood [4, 85].

With respect to exposure variable measurements, none

were self-reported. Most studies used BMI as a measure

of adiposity in addition to other measures used [4, 65–69,

71, 72, 74–79, 81–85]. However, two studies used relative

overweight [64] and sub-scapular skinfold thickness mea-

sures only [73]. Most studies did not use a cut-off point to
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define childhood obesity, but rather, used childhood BMI

as a continuous variable.

Sixteen studies examined the association between child-

hood obesity and adult SBP [4, 64, 66–69, 71–73, 75–79,

82, 85], 14 examined the association between childhood

obesity and adult DBP [4, 64, 67–69, 71, 72, 75–79, 82, 85],

8 examined the association between childhood obesity and

adult TC [4, 64, 67, 79, 81, 83–85], 5 examined the associ-

ation between childhood obesity and adult LDL [4, 78, 81,

83, 85], 8 examined the association between childhood

obesity and adult HDL [4, 67, 68, 78, 81–83, 85], and 9 ex-

amined the association between childhood obesity and

adult TG [4, 67, 68, 71, 78, 81, 82, 84, 85]. However, data

from one study that assessed TG could not be used for

meta-analysis because the study’s main outcome was blood

pressure and there was not enough information provided

for TGs to calculate an ES [71]. One study by Pereira et al.,

included data for the association between childhood adi-

posity and adult non-HDL cholesterol [80]. However, this

study was excluded from the meta-analysis due to a lack of

data to calculate the standardized regression coefficients

based on the information provided. Another study by Hol-

land and colleagues was excluded from the meta-analysis

for the same reason [70]. Of the 21 studies, only six (28.6%)

included data on the association between childhood obesity

and adult CVD risk factors while adjusting for adult BMI

[4, 65, 74, 76, 78, 85]. Two of these six studies reported ad-

justed associations only [65, 74].

Participant characteristics

As previously stated, a description of the participant char-

acteristics is shown in Table 1. The majority of studies in-

cluded information on both males and females [66, 69,

72–75, 78, 79, 81, 84, 85]; two were limited to men only

[64, 71] while 9 included combined data for both men and

women [4, 65, 67, 68, 76–78, 82, 83]. No study was limited

to women. One study included combined results as well

as results according to sex [78]. However, for the current

meta-analysis, we used the results reported according to

sex [78]. Moreover, while one study had data on both

males and females, data for only males was used for the

current meta-analysis because the regression model for fe-

males included change of BMI over time i.e., from child-

hood to adulthood [66].

The participants’ ages at baseline when the exposure

was measured ranged from 2 to 18 years. The age at

follow-up when the outcome was measured also varied

substantially between studies, ranging from 19 to

62 years. Some studies used one childhood age or an

average of a range of childhood ages as their exposure,

while other studies categorized children based on differ-

ent age groups. Furthermore, some studies used longitu-

dinal data for the same children over time.

Most studies provided some level of information on co-

morbid conditions as adults. These included hypertension

[64], arteriosclerotic heart disease [64], CV renal disease

[64], coronary heart disease [65], diabetes, insulin or glucose

Fig. 1 Flow diagram for the selection of studies. Legend: Note: non-HDL was not analyzed because there were less than 3 studies to pool
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levels [4, 68, 78], metabolic syndrome [69], medication for

heart diseases [76], medication for hypertension [68, 76] [74]

and uric acid level [78]. One study excluded participants

who were on hypertensive (HT) medication [73], whereas

one study found no difference in any of the analyses after

performing sensitivity analysis and excluding those subjects

who were taking cholesterol-lowering drugs [83]. For

women, additional information on the use of oral contracep-

tives, menstruation, menopausal status, and use of hormonal

replacement therapy was provided by five studies [74–76,

81, 83]. Family history of CVD or CVD risk factors was

available in 2 studies [73, 75]. Information on smoking, alco-

hol and drug use was provided by six studies [69, 71, 75, 76,

81, 82]. Perinatal risk factors such as birth weight and/or

gestational age were presented in approximately one third of

the studies [66, 68, 76, 77, 79, 83, 85]. Information on diet

and physical activity was provided by four studies [69, 76,

81, 82], while information on the child’s pubertal status was

provided by one study [72]. It is important to note that these

variables were not necessarily adjusted for in the analyses

performed by the individual studies.

Risk of bias assessment

Overall study-level risk of bias results are shown in Fig. 2

while results for each item from each study are shown in

Additional file 6. More than 50% of the studies did not

provide an adequate description of participant characteris-

tics while almost 70% did not describe any efforts to ad-

dress potential sources of bias, explain how loss to follow-

up was addressed, or provide reasons for non-participation

at each stage. More than 80% did not explain how missing

data was addressed. At the study level, nine studies had

more than one third of items that were at an increased risk

of bias [64, 66, 70, 71, 73–75, 81, 85].

Primary outcomes

The results of the random-effects meta-analysis for the as-

sociation between childhood obesity and adult CVD risk

factors are presented in Tables 2 and 3 while forest plots

displaying the effect estimates along with the 95% CI for

each outcome are shown in Figs. 3, 4, 5, 6, 7, 8, 9, 10, 11,

12, 13 and 14. The forest plots for influence analyses,

cumulative meta-analysis, and funnel plots are shown in

Additional file 7. Exploratory random-effects meta-

regression analyses for the association between childhood

obesity and adult CVD risk factors and selected covariates

(categorical and continuous) in which adequate data were

available are shown in Additional file 8.

Systolic blood pressure (unadjusted for adult adiposity)

Overall, there was a statistically significant and positive

association between childhood adiposity and adult SBP

Fig. 2 Risk of bias assessment using STROBE instrument for each study. Legend: STROBE-Strengthening the Reporting of Observational Studies in

Epidemiology (STROBE) instrument is a checklist of 22 items related to the title, abstract, introduction, methods, results and discussion sections of

the articles. Each study was assessed for the 22 items. The total number of “yes” (low risk), “no” (high risk), or “unclear” items were added and di-

vided by the total number of items for each study and multiplied by 100 in order to report the results in percentages. Scores were adjusted for

NA responses. The STROBE checklist is available at: http://strobe-statement.org/index.php?id=available-checklists
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(Table 2 and Fig. 3). Heterogeneity was also statistically

significant and large. However, 95% PIs were non-

significant. Funnel plot results for small-study effects

showed a lack of asymmetry and were reinforced by a

lack of statistical significance based on Egger et al.’s re-

gression intercept test (p = 0.42). With each study de-

leted from the model once, results remained statistically

significant across all deletions, ranging from 0.10 to

0.11. Cumulative meta-analysis, ranked by the year the

study started, demonstrated that results have been statis-

tically significant since examining the birth cohort of

1958. Random-effects meta-regression revealed statisti-

cally significant evidence for an association between

pooled ES (Fisher’s r to z score for the association be-

tween childhood obesity and adult SBP) and baseline age

(β = 0.01, p = 0.01; I2 reduced from 91% to 88%) only.

Systolic blood pressure (adjusted for adult adiposity)

When examining studies that adjusted for adult BMI, a

statistically significant and negative association was ob-

served between childhood adiposity and adult SBP

(Table 2 and Fig. 4). Heterogeneity was also statistically

significant and considered large. However, 95% PIs were

non-significant. Because there were less than 10 studies,

small-study effects were not assessed. With each study

deleted from the model once, results remained statisti-

cally significant across all deletions. The associations

ranged from approximately −0.10 to −0.15. Cumulative

meta-analysis, ranked by the year the studies started,

demonstrated that results have been statistically signifi-

cant since the first study was conducted in 1934.

Random-effects meta-regression revealed statistically

significant evidence for an association between pooled

Table 2 Changes in primary outcomes using any definition for adiposity

Variable Studies (#) Participants (#) Zr (95% CI) Q (p) I2 (%) 95% PI

SBP 16 27,487 0.11 (0.07, 0.14)* 162.44 (<0.001)** 90.77 −0.03, 0.23

SBP (adjusted) 6 15,156 −0.13 (−0.18, −0.07)* 43.05 (<0.001)** 88.39 −0.31, 0.02

DBP 14 27,153 0.11 (0.07, 0.14)* 135.95 (<0.001)** 90.44 −0.01, 0.23

DBP (adjusted) 5 13,356 −0.11 (−0.17, −0.04)* 51.75 (<0.001)** 92.27 −0.37, 0.06

TC 8 10,420 0.01 (−0.05, 0.06) 79.69 (<0.001)** 91.22 −0.16, 0.18

TC (adjusted) 4 7272 −0.06 (−0.12, 0.01) 21.72 (<0.001)** 86.19 −0.32, 0.19

LDL 5 5462 0.02 (−0.06, 0.10) 63.07 (<0.001)** 93.66 −0.25, 0.27

LDL (adjusted) 3 3365 −0.08 (−0.12, −0.05)* 0.31 (0.855) 0 −0.29, 0.12

HDL 8 7915 −0.06 (−0.10, −0.02)* 51.65 (<0.001)** 86.44 −0.18, 0.06

HDL (adjusted) 4 5854 0.04 (−0.08, 0.15) 50.40 (<0.001)** 94.05 −0.47, 0.47

TG 8 5919 0.08 (0.03, 0.13)* 42.0 (<0.001)** 83.33 −0.05, 0.25

TG (adjusted) 5 5854 −0.08 (−0.19, 0.02) 76.20 (<0.001)** 94.75 −0.40, 0.31

SBP systolic blood pressure; DBP diastolic blood pressure; TC total cholesterol; LDL low-density lipoprotein cholesterol; HDL high-density lipoprotein cholesterol; TG

triglycerides; Adjusted, adjusted for adult body mass index (BMI); Zr, Fisher’s z scale (Correlation coefficient ‘r’ transformed using Fisher’s z transformation to

achieve normal sampling distribution; Q, Cochran’s Q statistic; I2, I-squared, calculated as 100% × (Q - df)/Q, where df is degrees of freedom; I2 classified as trivial

(0%–25%), low (25.1%–50%), moderate (50.1%–75%), or high (75.1%–100%) [57]; PI, prediction intervals; boldfaced items are statistically significant

*statistically significant (non-overlapping 95% CI)

**statistically significant at p < 0.10

Table 3 Changes in primary outcomes limited to BMI for childhood exposure

Variable Studies (#) Zr (95% CI) Q (P) I2 (%) 95% PI

SBP 14 0.10 (0.06, 0.13)* 97.56 (<0.001)** 86.68 0, 0.23

DBP 13 0.11 (0.07, 0.14)* 100.19 (<0.001)** 88.02 0, 0.24

TC 7 0.01 (−0.05, 0.07) 54.28 (<0.001)** 88.95 −0.17, 0.16

LDL 5 0.02 (−0.06, 0.10) 63.07 (<0.001)** 93.66 −0.28, 0.28

HDL 8 −0.06 (−0.11, −0.01)* 39.61 (<0.001)** 82.33 −0.20, 0.09

TG 7 0.10 (0.02, 0.17)* 42.0 (<0.001)** 83.33 −0.13, 0.34

SBP systolic blood pressure; DBP diastolic blood pressure; TC total cholesterol; LDL low-density lipoprotein cholesterol; HDL high-density lipoprotein cholesterol; TG

triglycerides; All studies adjusted for adult body mass index (BMI) and limited to BMI as the exposure; Zr, Fisher’s z scale (Correlation coefficient ‘r’ is transformed

using Fisher’s z transformation to achieve normal sampling distribution; Q, Cochran’s Q statistic; I2, I-squared, calculated as 100% × (Q - df)/Q, where df is degrees

of freedom; I2 classified as trivial (0%–25%), low (25.1%–50%), moderate (50.1%–75%), or high (75.1%–100%) [57]; PI, prediction intervals; boldfaced items are

statistically significant

*statistically significant (non-overlapping 95% CI)

**statistically significant at p < 0.10
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ES (Fisher’s r to z score for the association between

childhood obesity and adult SBP for studies that ad-

justed for adult BMI) and follow-up age (β = −0.005,

p = 0.002; I2 reduced from 89% to 69%) as well as length

of follow-up (follow-up age – baseline age) (β = −0.004,

p = 0.008; I2 reduced from 89% to 76%).

Diastolic blood pressure (unadjusted for adult adiposity)

Overall, there was a statistically significant and positive as-

sociation between childhood adiposity and adult DBP

(Table 2 and Fig. 5). Heterogeneity was also statistically

significant and large. However, 95% PIs were non-

significant. Funnel plot results for small-study effects

showed a lack of asymmetry and were reinforced by a lack

of statistical significance based on Egger et al.’s regression

intercept test (p = 0.37). With each study deleted from the

model once, results remained statistically significant

across all deletions. The associations ranged from 0.09 to

0.11. Cumulative meta-analysis, ranked by the year the

study started, demonstrated that results have been signifi-

cant since examining the birth cohort of 1966. Random-

effects meta-regression revealed statistically significant

Fig. 3 Forest plot for the association between childhood obesity and adult SBP. Legend: The common metric for the effect size for each study is

the Fisher’s r to z transformation of the correlation statistics. The vertical lines in the middle of each straight line represent the mean of Fisher’s Z

while the left and right extremes of the vertical lines represent the corresponding 95% CI. The middle of the black diamond represents the

overall mean for Fishers Z while the left and right extremes of the diamond represent the corresponding 95% CI. Combined measures represent

those studies in which males and females were combined, different age cohorts from each study were combined, multiple readings from the

same cohort were combined, or one study using more than one exposure definition was combined

Fig. 4 Forest plot for the association between childhood obesity and adult SBP (adjusted for adult BMI). Legend: The common metric for the

effect size for each study is the Fisher’s r to z transformation of the correlation statistics. The common metric for the effect size for each study is

the Fisher’s r to z transformation of the correlation statistics. The vertical lines in the middle of each straight line represent the mean of Fisher’s Z

while the left and right extremes of the vertical lines represent the corresponding 95% CI. The middle of the black diamond represents the

overall mean for Fishers Z while the left and right extremes of the diamond represent the corresponding 95% CI. Combined measures represent

those studies in which males and females were combined, different age cohorts from each study were combined, multiple readings from the

same cohort were combined, or one study using more than one exposure definition
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evidence for an association between pooled ES (Fisher’s r

to z score) for the association between childhood obesity

and adult DBP and baseline age (β = 0.01, p = 0.01; I2 re-

duced from 90% to 87%).

Diastolic blood pressure (adjusted for adult adiposity)

When examining studies that adjusted for adult BMI, a

statistically significant and negative association was ob-

served between childhood adiposity and adult DBP (Table

2 and Fig. 6). Heterogeneity was also statistically signifi-

cant and considered large. However, 95% PIs were non-

significant. Because there were less than 10 studies, small-

study effects were not assessed. The results of the influ-

ence analysis showed that when two studies (Koziel et al.,

2011 [74] and Li et al., 2007 [76]) were deleted separately

from the model, results were slightly non-significant. The

results remained statistically significant when deleting the

rest of the studies individually. The associations ranged

from approximately −0.08 to −0.13. Cumulative meta-

analysis, ranked by the year the studies started, demon-

strated that results have been statistically significant since

the first study was conducted in 1947. Random-effects

meta-regression revealed statistically significant evidence

for an association between pooled ES (Fisher’s r to z score

Fig. 5 Forest plot for the association between childhood obesity and adult DBP. Legend: The common metric for the effect size for each study is

the Fisher’s r to z transformation of the correlation statistics. The vertical lines in the middle of each straight line represent the mean of Fisher’s Z

while the left and right extremes of the vertical lines represent the corresponding 95% CI. The middle of the black diamond represents the

overall mean for Fishers Z while the left and right extremes of the diamond represent the corresponding 95% CI. Combined measures represent

those studies in which males and females were combined, different age cohorts from each study were combined, multiple readings from the

same cohort were combined, or one study using more than one exposure definition

Fig. 6 Forest plot for the association between childhood obesity and adult DBP (adjusted for adult BMI). Legend: The common metric for the

effect size for each study is the Fisher’s r to z transformation of the correlation statistics. The vertical lines in the middle of each straight line

represent the mean of Fisher’s Z while the left and right extremes of the vertical lines represent the corresponding 95% CI. The middle of the

black diamond represents the overall mean for Fishers Z while the left and right extremes of the diamond represent the corresponding 95% CI.

Combined measures represent those studies in which males and females were combined, different age cohorts from each study were combined,

multiple readings from the same cohort were combined, or one study using more than one exposure definition
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for the association between childhood obesity and adult

DBP for studies that adjusted for adult BMI) and follow-

up age (β = −0.006, p < 0.0001; I2 reduced 92% to 58%),

length of follow-up (β = −0.006, p < 0.0001; I2 reduced

from 92% to 56%) as well as year of study onset

(β = 0.0047, p = 0.0122; I2 reduced from 92% to 82%).

Total cholesterol (unadjusted for adult adiposity)

Overall, there was a positive association between childhood

adiposity and adult TC (Table 2 and Fig. 7). However, the as-

sociation was not statistically significant. The 95% PIs were

also non-significant. Heterogeneity was statistically significant

and large. Because there were less than 10 studies, small-

study effects were not assessed. With each study deleted from

the model once, results remained statistically non-significant

across all deletions. The associations ranged from approxi-

mately −0.01 to 0.02. Cumulative meta-analysis, ranked by

the year the study started, demonstrated that results have

been negative since the start of the first study in 1923 up to

the sixth study that started in 1970 after which the cumula-

tive results showed a positive association. Random-effects

meta-regression revealed statistically significant evidence for

an association between pooled ES (Fisher’s r to z score for

the association between childhood obesity and adult TC) and

follow-up age (β = −0.004, p = 0.04; I2 reduced from 91% to

76%), length of follow-up (β = −0.004, p = 0.01; I2 reduced

from 91% to 67%), as well as the year of study onset

(β = 0.003, p = 0.0045; I2 reduced from 91% to 58%).

Fig. 7 Forest plot for the association between childhood obesity and adult TC. Legend: The common metric for the effect size for each study is

the Fisher’s r to z transformation of the correlation statistics. The vertical lines in the middle of each straight line represent the mean of Fisher’s Z

while the left and right extremes of the vertical lines represent the corresponding 95% CI. The middle of the black diamond represents the

overall mean for Fishers Z while the left and right extremes of the diamond represent the corresponding 95% CI. Combined measures represent

those studies in which males and females were combined, different age cohorts from each study were combined, multiple readings from the

same cohort were combined, or one study using more than one exposure definition

Fig. 8 Forest plot for the association between childhood obesity and adult TC (adjusted for adult BMI). Legend: The common metric for the

effect size for each study is the Fisher’s r to z transformation of the correlation statistics. The vertical lines in the middle of each straight line

represent the mean of Fisher’s Z while the left and right extremes of the vertical lines represent the corresponding 95% CI. The middle of the

black diamond represents the overall mean for Fishers Z while the left and right extremes of the diamond represent the corresponding 95% CI.

Combined measures represent those studies in which males and females were combined, different age cohorts from each study were combined,

multiple readings from the same cohort were combined, or one study using more than one exposure definition
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Total cholesterol (adjusted for adult adiposity)

When examining studies that adjusted for adult BMI, a nega-

tive and non-significant association was observed between

childhood adiposity and adult TC (Table 2 and Fig. 8). The

95% PIs were non-significant as well. Heterogeneity was sta-

tistically significant and considered large. Because there were

less than 10 studies, small-study effects were not assessed.

With each study deleted from the model once, results

remained statistically non-significant across all deletions ex-

cept when one study by Barker et al., 2005 was deleted,

resulting in a statistically significant and negative association

[65]. The associations ranged from approximately −0.04 to

−0.09. Cumulative meta-analysis, ranked by the year the stud-

ies started, demonstrated that results have been negative

since examining the birth cohort of 1947. Random-effects

meta-regression revealed statistically significant evidence for

an association between pooled ES (Fisher’s r to z score for

the association between childhood obesity and adult TC for

studies that adjusted for adult BMI) and baseline age

(β = −0.01, p < 0.0001; I2 reduced from 86% to 0%) and sex

(β = −0.32, p < 0.0001; I2 reduced from 77% to 35%).

Low-density lipoprotein (unadjusted for adult adiposity)

Overall, there was a positive association between child-

hood adiposity and adult LDL (Table 2 and Fig. 9). How-

ever, the results were not statistically significant. The 95%

PIs were non-significant as well. Heterogeneity was statis-

tically significant and large. Because there were less than

Fig. 9 Forest plot for the association between childhood obesity and adult LDL. Legend: The common metric for the effect size for each study is

the Fisher’s r to z transformation of the correlation statistics. The vertical lines in the middle of each straight line represent the mean of Fisher’s Z

while the left and right extremes of the vertical lines represent the corresponding 95% CI. The middle of the black diamond represents the

overall mean for Fishers Z while the left and right extremes of the diamond represent the corresponding 95% CI. Combined measures represent

those studies in which males and females were combined, different age cohorts from each study were combined, multiple readings from the

same cohort were combined, or one study using more than one exposure definition

Fig. 10 Forest plot for the association between childhood obesity and adult LDL (adjusted for adult BMI). Legend: The common metric for the

effect size for each study is the Fisher’s r to z transformation of the correlation statistics. The vertical lines in the middle of each straight line

represent the mean of Fisher’s Z while the left and right extremes of the vertical lines represent the corresponding 95% CI. The middle of the

black diamond represents the overall mean for Fishers Z while the left and right extremes of the diamond represent the corresponding 95% CI.

Combined measures represent those studies in which males and females were combined, different age cohorts from each study were combined,

multiple readings from the same cohort were combined, or one study using more than one exposure definition
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10 studies, small-study effects were not assessed. With

each study deleted from the model once, results remained

statistically non-significant across all deletions. The associ-

ations ranged from approximately −0.004 to 0.049. Cumu-

lative meta-analysis, ranked by the year the study started,

demonstrated that results have been statistically non-

significant since examining the birth cohort of 1947. The

results were negative with the first three studies added

and became positive after the fourth and fifth studies were

included. Random-effects meta-regression revealed statis-

tically significant evidence for an association between

pooled ES (Fisher’s r to z score for the association between

childhood obesity and adult LDL) and follow-up age

(β = −0.005, p = 0.0001; I2 reduced from 94% to 39%),

length of follow-up (β = −0.004, p = 0.005; I2 reduced

from 94% to 59%), and the year of study onset (β = 0.004,

p = 0.0007; I2 reduced from 94% to 51%).

Low-density lipoprotein (adjusted for adult adiposity)

When examining the three studies that adjusted for adult

BMI, a statistically significant and negative association was

observed between childhood adiposity and adult LDL

(Table 2 and Fig. 10). Heterogeneity was non-significant

and 0% based on I2. In addition, 95% PIs were non-

significant. Because there were less than 10 studies, small-

study effects were not assessed. With each study deleted

from the model once, results remained statistically signifi-

cant across all deletions. The associations ranged from ap-

proximately −0.07 to −0.09. Cumulative meta-analysis,

ranked by the year the studies started, demonstrated that

Fig. 11 Forest plot for the association between childhood obesity and adult HDL. Legend: The common metric for the effect size for each study

is the Fisher’s r to z transformation of the correlation statistics. The vertical lines in the middle of each straight line represent the mean of Fisher’s

Z while the left and right extremes of the vertical lines represent the corresponding 95% CI. The middle of the black diamond represents the

overall mean for Fishers Z while the left and right extremes of the diamond represent the corresponding 95% CI. Combined measures represent

those studies in which males and females were combined, different age cohorts from each study were combined, multiple readings from the

same cohort were combined, or one study using more than one exposure definition

Fig. 12 Forest plot for the association between childhood obesity and adult HDL (adjusted for adult BMI). Legend: The common metric for the

effect size for each study is the Fisher’s r to z transformation of the correlation statistics. The vertical lines in the middle of each straight line

represent the mean of Fisher’s Z while the left and right extremes of the vertical lines represent the corresponding 95% CI. The middle of the

black diamond represents the overall mean for Fishers Z while the left and right extremes of the diamond represent the corresponding 95% CI.

Combined measures represent those studies in which males and females were combined, different age cohorts from each study were combined,

multiple readings from the same cohort were combined, or one study using more than one exposure definition
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results have been statistically significant since the first study

was conducted in 1947. Random-effects meta-regression

revealed no statistically significant evidence for an associ-

ation between pooled ES (Fisher’s r to z score for the asso-

ciation between childhood obesity and adult LDL for

studies that adjusted for adult BMI) and sex. Because of in-

sufficient data, none of the other variables were examined.

High-density lipoprotein (unadjusted for adult adiposity)

Overall, there was a statistically significant and negative

association between childhood adiposity and adult HDL

(Table 2 and Fig. 11). Heterogeneity was also statistically

significant and large. However, 95% PIs were non-

significant. Because there were less than 10 studies, small-

study effects were not assessed. With each study deleted

from the model once, results remained statistically signifi-

cant across all deletions except when one study by

Schmidt et al., 2011 was deleted [82]. Deleting this study

resulted in a negative non-significant association. The

associations ranged from approximately −0.04 to −0.07.

Cumulative meta-analysis, ranked by the year the study

started, demonstrated that results have been statistically

significant since examining the birth cohort of 1985.

Random-effects meta-regression revealed no statistically

Fig. 13 Forest plot for the association between childhood obesity and adult TG. Legend: The common metric for the effect size for each study is

the Fisher’s r to z transformation of the correlation statistics. The vertical lines in the middle of each straight line represent the mean of Fisher’s Z

while the left and right extremes of the vertical lines represent the corresponding 95% CI. The middle of the black diamond represents the

overall mean for Fishers Z while the left and right extremes of the diamond represent the corresponding 95% CI. Combined measures represent

those studies in which males and females were combined, different age cohorts from each study were combined, multiple readings from the

same cohort were combined, or one study using more than one exposure definition

Fig. 14 Forest plot for the association between childhood obesity and adult TG (adjusted for adult BMI). Legend: The common metric for the

effect size for each study is the Fisher’s r to z transformation of the correlation statistics. The vertical lines in the middle of each straight line

represent the mean of Fisher’s Z while the left and right extremes of the vertical lines represent the corresponding 95% CI. The middle of the

black diamond represents the overall mean for Fishers Z while the left and right extremes of the diamond represent the corresponding 95% CI.

Combined measures represent those studies in which males and females were combined, different age cohorts from each study were combined,

multiple readings from the same cohort were combined, or one study using more than one exposure definition
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significant evidence for an association between pooled ES

(Fisher’s r to z score for the association between childhood

obesity and adult HDL) and all the covariates examined.

High-density lipoprotein (adjusted for adult adiposity)

When examining studies that adjusted for adult BMI, a

positive but non-significant association was observed be-

tween childhood adiposity and adult HDL (Table 2 and Fig.

12). Heterogeneity was statistically significant and consid-

ered large. However, 95% PIs were non-significant. Because

there were less than 10 studies, small-study effects were not

assessed. With each study deleted from the model once, re-

sults remained statistically non-significant across all dele-

tions. The associations ranged from approximately −0.01 to

0.08. Cumulative meta-analysis, ranked by the year the

studies started, demonstrated that results have been statisti-

cally non-significant since the first study was conducted in

1947. However, it is important to note that these results are

based on only four studies and the direction of association

changed from positive to negative and then positive over

time. Random-effects meta-regression revealed statistically

significant evidence for an association between pooled ES

(Fisher’s r to z score for the association between childhood

obesity and adult HDL for studies that adjusted for adult

BMI) and follow-up age (β = −0.007, p = 0.004; I2 reduced

from 94% to 74%), length of follow-up (β = −0.007,

p = 0.004; I2 reduced from 94% to 76%), sex (males vs. fe-

male, β = −0.13, p = 0.01; I2 reduced from 66% to 59%),

and risk of bias assessment for low risk (β = 0.0068,

p = 0.0002; I2 reduced from 94% to 56%).

Triglycerides (unadjusted for adult adiposity)

Overall, there was a statistically significant and positive as-

sociation between childhood adiposity and adult TG

(Table 2 and Fig. 13). Heterogeneity was also statistically

significant and large. However, 95% PIs were non-

significant. Because there were less than 10 studies, small-

study effects were not assessed. With each study deleted

from the model once, results remained statistically signifi-

cant across all deletions except when Freedman et al.,

2001 and Schmidt et al., 2011 were deleted [4, 82]. The as-

sociations ranged from approximately 0.07 to 0.11. Cumu-

lative meta-analysis, ranked by the year the study started,

demonstrated that results have been statistically signifi-

cant since examining the birth cohort of 1985. Random-

effects meta-regression revealed statistically significant

evidence for an association between pooled ES (Fisher’s r

to z score for the association between childhood obesity

and adult TG) and follow-up age (β = −0.009, p < 0.0001;

I2 reduced from 83% to 5%), length of follow-up

(β = −0.007, p = 0.0001; I2 reduced from 83% to 50%), and

risk of bias assessment for low risk (β = 0.007, p = 0.0122;

I2 reduced from 83% to 75%).

Triglycerides (adjusted for adult adiposity)

When examining studies that adjusted for adult BMI, a

negative association was observed between childhood adi-

posity and adult TG (Table 2 and Fig. 14). However, the

association was not statistically significant. The 95% PIs

were non-significant as well. Heterogeneity was statisti-

cally significant and considered large. Because there were

less than 10 studies, small-study effects were not assessed.

With each study deleted from the model once, results

remained statistically non-significant across all deletions.

The associations ranged from approximately −0.05 to

−0.13. Cumulative meta-analysis, ranked by the year the

studies started, demonstrated that results have been statis-

tically non-significant since examining the cohort of 1947.

Random-effects meta-regression revealed statistically sig-

nificant evidence for an association between pooled ES

(Fisher’s r to z score for the association between childhood

obesity and adult TG for studies that adjusted for adult

BMI) and follow-up age (β = 0.006, p = 0.05; I2 reduced

from 95% to 92%), length of follow-up (β = 0.005,

p = 0.02; I2 reduced from 95% to 90%) and sex (male vs.

females, β = 0.14, p = 0.002; I2 reduced from 60% to 45%).

Non-high-density lipoprotein

Insufficient data were available to analyze non-HDL.

Sensitivity analysis

The results of our sensitivity analysis for those outcomes

using only BMI as the exposure showed similar findings

(Table 3). The findings suggest that childhood obesity is

significantly and positively associated with adult SBP

(Zr = 0.10; 95% CI: 0.06, 0.13), DBP (Zr = 0.11; 95% CI:

0.07, 0.14), and TG (Zr = 0.10; 95% CI: 0.02, 0.17), and

significantly and inversely associated with adult HDL

(Zr = −0.06; 95% CI: -0.11, −0.01).

Discussion
Overall findings

The purpose of this study was to conduct a systematic re-

view and meta-analysis of studies that have examined the

association between childhood obesity and adult CVD risk

factors (SBP, DBP, TC, HDL, LDL, non-HDL, and TG). The

overall unadjusted findings suggest that childhood obesity

is significantly and positively associated with adult SBP,

DBP and TG and significantly and negatively associated

with adult HDL. This interpretation is supported by: (1)

95% CI for overall results that do not include the null, (2)

consistency of overall results when each study was deleted

from the model once (influence analysis), (3) significance of

results over a long time period in which the included stud-

ies were conducted (cumulative meta-analysis), and (4)

non-significant small study effects.

When examining studies that adjusted for adult obes-

ity, the overall findings suggest that the association was
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significant and negative for SBP, DBP, and LDL while the

associations between childhood obesity and adult HDL

and TG became non-significant when adult BMI was

accounted for. However, it is important to point out that

less than one third of studies adjusted for adult adiposity

measures [4, 65, 74, 76, 78, 85]. For the studies that ad-

justed for adult BMI, the associations became reversed,

suggesting that the association between childhood adi-

posity and adult CVD risk factors is potentially mediated

by adult adiposity. The correlation coefficient for child-

hood adiposity from childhood to adulthood ranged

from 0.3 to 0.8 (mean = 0.6, SD = 0.1), demonstrating a

medium to strong tracking of adiposity across the life-

span. This is also consistent with previous research sug-

gesting that children who are obese have a 40%–80%

chance of becoming overweight or obese adults [16–18].

Several factors need to be considered when examining

the results of this study. First, we used random-effects

models that incorporate heterogeneity into the analysis.

However, based on the fixed-effect model, we observed a

moderate to large amount of heterogeneity in the vast ma-

jority of outcomes assessed. While a random-effects

model incorporates heterogeneity into the analysis, it does

not explain the sources of heterogeneity. Second, the 95%

PIs were not statistically significant as they overlapped the

null (0) and thus, give us less confidence in the overall re-

sults of the study based on 95% PI’s [86, 87]. Third, many

studies were considered to be at an increased risk of bias

based on several items from the STROBE instrument (Fig.

2 and Additional file 6). However, while the study used

the term ‘risk of bias’, the STROBE instrument provides

more information about the quality of reporting versus

the quality of the study. More specifically, nearly 70% of

the studies were considered to be at a high risk of bias for

the following elements: (1) describing any efforts to ad-

dress potential sources of bias, (2) explaining how missing

data were addressed, (3) explaining how loss to follow-up

was addressed, (4) describing any sensitivity analyses, (5)

providing reasons for non-participation at each stage, (6)

considering the use of a flow diagram, (7) considering

translating estimates of relative risk into absolute risk for a

meaningful time period, (8) reporting and other analyses

performed (analyses of subgroups and interactions, sensi-

tivity analyses), and (9) not providing adequate informa-

tion on participants characteristics. Loss to follow-up is

one of the main sources of bias in longitudinal studies

[88], with research suggesting that more than a 20% loss

to follow-up as a potential threat to the internal validity of

a study [89]. Only seven studies included information on

loss to follow-up [4, 68, 69, 71, 72, 77, 82]. Lastly, some of

the associations observed in our meta-regression analyses

suggest that some factors may potentially effect the overall

conclusions. These include different factors for different

outcomes. The significant factors included: (1) baseline

age for adult SBP and DBP, (2) follow up age for TC, LDL,

and TG (3), length of follow-up for TC, LDL and TG, (4)

the year of study onset for TC and LDL, and (5) risk of

bias assessment for low risk for TG. For those studies that

adjusted for adult BMI, factors included (1) baseline age

for TC, (2) follow up age for SBP, DBP, HDL, and TG (3)

length of follow-up for SBP, DBP, HDL, and TG (4) sex for

TC, HDL, and TG (5) the year of study onset for DBP, and

(6) the risk of bias assessment for low risk for HDL.

More specifically, results from our meta-regression ana-

lyses revealed that the association between childhood

obesity and adult SBP and DBP increases as the baseline

age increases. For TC, HDL, and LDL the association de-

creases as the follow-up age and length of follow-up in-

creases and for TC and LDL the association increases as

the year of study onset increases. For TG, only the associ-

ation increased as the percent of low risk of bias in-

creased. For studies that adjusted for adult BMI, the

association between childhood obesity and adult TC in-

creased as baseline age increased. For SBP, DBP, and HDL

the association decreased as the follow-up age and length

of follow-up increased and for HDL the association in-

creased as the year of study onset increased. The associ-

ation was lower in males compared to females for TC and

HDL, and higher in males compared to females for TGs.

For HDL, only the association increased as the percent of

low risk of bias increased. However, one unusual finding

was the association between childhood obesity and adult

TG (adjusted for adult BMI) that increased with the in-

crease in the follow-up age/length of follow-up. We

hypothesize that this odd finding may be due to the play

of chance given all the tests that were conducted. How-

ever, the results of the meta-regression tests should be

interpreted with caution since they are considered obser-

vational inquiries to generate hypotheses about potential

sources of heterogeneity [40] i.e. to explore which factors,

if any, best account for changes in outcomes. Thus, these

would need to be tested and confirmed in original studies.

Evaluation of results compared to previous systematic

reviews

As previously discussed, four systematic reviews [13, 21–

23] published on this topic from 2010 to 2012 provided evi-

dence on the association between childhood obesity and

adult CVD risk factors (BP and lipid profile). While one

study conducted quantitative analyses, it was limited to a

select four cohorts only and thus, was not considered a true

systematic review with meta-analysis [24]. The systematic

review by Lloyd and colleagues [21] found little evidence

that childhood obesity is an independent risk factor for

adult SBP and DBP. Their study concluded that the rela-

tionships observed were dependent on the tracking of BMI

from childhood to adulthood. They found that the positive

association between childhood BMI and adult blood
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pressure was attenuated or became negative when taking

adult BMI into account. The results of our study are in

congruence with these findings. A second systematic review

by Lloyd and colleagues [13] also found little evidence that

childhood obesity is an independent risk factor adult TC,

LDL, HDL, and TG. They found that the association be-

tween childhood BMI and adult lipid levels was attenuated

or inversed when taking into account adult BMI. The re-

sults of our study are also consistent with the findings of

this systematic review. The systematic review by Reilly and

colleagues [23] reported a significant and positive associ-

ation between childhood adiposity and adult HT. However,

this systematic review did not report if the studies included

in the review adjusted for adult adiposity. Park and col-

leagues [22] also found a significant and positive association

between childhood adiposity and adult HT in their system-

atic review. Two out of five studies that adjusted for adult

BMI and which were described in this systematic review

[22] found no association. However Park and colleagues

[22] examined HT while we examined SBP and DBP. Park

and colleagues also suggested that since adult BMI is on

the causal pathway for the association between childhood

obesity and adult disease, adjusting for adult BMI has

methodological limitations. One of the main limitations

suggested was that adjustment for variables on the casual

pathway can lead to spurious associations (over-adjustment

biases) that can draw estimates towards the null. They also

provided information from a previous study which showed

a true positive association between birth weight and adult

BP that was diminished after adjusting for current adult

weight status, something that could be reversed if the

correlation between birth weight and current weight was

increased [90]. As childhood adiposity and adult adiposity

are strongly correlated, this can be a potential problem.

However, this debate has been both criticized by other re-

searchers as well as supported [91–93]. Some of the main

differences of our study from these earlier systematic re-

views include: (1) combining the ESs of the included studies

using the meta-analytic approach, (2) using SBP and DBP

instead of HT [22, 23], (3) performing meta-analyses by sys-

tematically finding eligible studies for multiple risk factors,

(4) including additional studies published up to June, 2015,

(5) utilizing numerous definitions for childhood adiposity

(exposure), (6) excluding studies that examined change of

exposure from childhood to adulthood [13, 21], (7) exclud-

ing special populations [13, 21], (8) excluding gestational

hypertension [23] and, (9) excluding studies that used self-

reported outcomes [23].

A quantitative analysis by Juonala et al., [24] used data

from four cohorts: the Bogalusa Heart Study (BHS) the

Muscatine Study (MS), the Childhood Determinants of

Adult Health (CDAH) study, and the Cardiovascular Risk

in Young Finns Study (YFS). The results from this pooled,

random-effects analysis showed a significant association

between childhood obesity in predicting the following

adult CVD outcomes using risk ratios: HT = 2.1 (95% CI:

1.8, 2.5), LDL = 1.6 (95% CI: 1.3, 2.0), high risk HDL = 1.7

(95% CI: 1.5, 1.9), and TG = 1.8 (95% CI: 1.5, 2.2). The dir-

ection of effect for the association between childhood

obesity and adult CVD risk factors in the current meta-

analysis is consistent with the previous work by Juonala et

al. [24]. They also found a statistically significant associ-

ation with HT even after adjustment for adult obesity

(relative risk, 1.5; 95% CI: 1.1, 2.1; P = 0.009) [24]. For dys-

lipidemias, the effect of childhood adiposity was reduced

and became non-significant when adult obesity was taken

into account. The results of our meta-analysis are consist-

ent with the pooled results for dyslipidemias. However,

this previous study was not a true systematic review with

meta-analysis [24]. Some of the main differences in our

study compared to this previous investigation include: (1)

using a systematic approach to find studies published until

June 2015 that have examined these selected associations,

(2) using SBP and DBP instead of HT, (3) examining the

association for TC, (4) finding a positive but non-

significant association for LDL, (5) performing a meta-

analysis for numerous risk factors (SBP, DBP, TC, HDL

LDL and TG), (6) performing a meta-analysis that ad-

justed for BMI, and (7) utilization of numerous definitions

for childhood adiposity (exposure).

Implications for research

The result of the current systematic review with meta-

analysis has several implications for reporting and con-

ducting future longitudinal studies. First, based on the

STROBE instrument, it is recommended that future lon-

gitudinal studies improve their reporting with respect to

several potential sources of bias. These include: (1) de-

scribing any efforts to address potential sources of bias,

(2) explaining how missing data were addressed, (3)

explaining how loss to follow-up was addressed, (4) de-

scribing any sensitivity analyses conducted, (4) reporting

the numbers of individuals at each stage of the study, (5)

providing reasons for non-participation at each stage, (6)

considering the use of a flow diagram, (7) describing the

characteristics of study participants, (8) considering

translating estimates of relative risk into absolute risk

for a meaningful time period, and (9) reporting any

other analyses conducted (subgroups, interactions, and

sensitivity analyses). Because longitudinal studies have a

criterion for initially selecting participants that choose to

participate or not, have varied response rates, different

numbers of participants at baseline and follow-up, as

well as varied participation and response rates at follow-

up time point(s), it is important to provide this informa-

tion using a flow diagram. However, only one study used

a flow diagram. Therefore, it is suggested that future

longitudinal studies include a flow diagram to clearly
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demonstrate their study design, participation and re-

sponse rates. Second, complete information on the

population characteristics should be presented, usually

in Table 1, of most articles. Unfortunately, more than

50% of the studies did not provide adequate information

on the population characteristics. Third, as loss to

follow-up is a potential threat to the internal validity of

a study [89], this information should be provided. Unfor-

tunately, only seven studies included information on loss

to follow-up. Fourth, only one study reported on the as-

sociation between childhood obesity and adult non-

HDL. This is important since non-HDL has been shown

to be better predictor than LDL for coronary artery dis-

ease and stroke [25, 26]. Therefore, it is suggested that

future studies collect and report this information. Fifth,

only one third of the studies adjusted for adult adiposity.

Given the former, it would appear prudent to suggest

that future studies collect this information and present

both crude and adjusted associations. Sixth, some stud-

ies presented results with unstandardized regression co-

efficients only. Among those studies that only provided

unstandardized regression coefficients, this study was

able to calculate standardized regression coefficients

using the standard deviations of the exposure and the

outcome. However, there were some studies where the

standard deviations were not provided. As a result, we

were unable to use data from these studies for our meta-

analysis. Given this finding, it would appear prudent to

suggest that future studies provide information for both

standardized and unstandardized regression coefficients.

Seventh, while the majority of studies included informa-

tion on both males and females [66, 69, 72–75, 78, 79,

81, 84, 85], two were limited to men only [64, 71] while

9 combined data for both men and women [4, 65, 67,

68, 76–78, 82, 83]. Given biological differences between

men and women, it would appear plausible to suggest

that future studies include separate as well as combined

results for both men and women. Eighth, although a

wide range of confounders were accounted for in ad-

justed models, only four studies mentioned physical ac-

tivity and energy intake during childhood and adulthood

[69, 76, 81, 82] and only one study provided information

on the pubertal status of children [72]. From our per-

spective, it is important to adjust for these variables as

well as socio-demographic variables given previous re-

search suggesting an association between pubertal tim-

ing and adult cardio-metabolic risk factors [94] as well

as an association between energy intake, energy expend-

iture and adult CVD [95]. Ninth, most studies included

in our study used BMI as a measure of adiposity in

childhood [4, 65–69, 71, 72, 74–79, 81–85]. However,

prior research has shown that BMI is not an ideal

marker for adiposity [27, 28]. Therefore, it is suggested

that future studies collect information on additional

markers for adiposity, for example percent body fat, in

addition to BMI. Additional use of an obesity index

using age- and sex-specific thresholds might also provide

more valid information regarding the effects of obesity

on adult CVD. Tenth, the negative associations in the

adjusted analysis for all outcomes, and a positive associ-

ation for HDL provides the basis for future research to

explore whether children at the lower end of BMI during

childhood are at a higher risk for developing CVD risk

factors compared to children at the higher end of the

BMI spectrum during childhood and after adjusting for

adult BMI. Lastly, while we may have been underpow-

ered for some of our analyses, this should hopefully mo-

tivate researchers to include such information and/or

analyses in their future studies. This is one of the very

and often overlooked aspects of meta-analysis, that is, to

provide direction for future research.

Implications for practice

The result of the current systematic review with meta-

analysis has relevant implications for practice. Overall, it

appears that childhood obesity is positively associated

with adult SBP, DBP, and TG and negatively associated

with adult HDL. Although we did not evaluate the likeli-

hood of a causal association using Hill’s criteria, several

of these criteria (i.e. temporality, biological plausibility,

coherence, experimental evidence, and analogy) suggest

childhood obesity as a plausible risk factor for adult

CVD risk factors [96]. Given the former, prevention of

childhood obesity should remain a priority for public

health interventions for preventing negative health out-

comes during childhood as well as reducing the burden

of adult obesity. Furthermore, this study provides im-

portant information to support the notion that obese

children who become normal weight adults are probably

not at any higher risk of CVD risk factor development if

they become non-obese in adulthood. However, these

findings need to be interpreted with caution given that

only one third of the studies adjusted for adult BMI.

Strengths of the current study

To the best of our knowledge, this is the most recent

and complete study that has systematically appraised

studies examining the associations included in this sys-

tematic review with meta-analysis. It is based on a

greater number of studies (published up to June 2015)

that included both crude associations as well as studies

that adjusted for adult adiposity. This work also included

any definition of adiposity and measure that was utilized

for the exposure. This may be particularly relevant since

it has been suggested that BMI is not an ideal marker

for adiposity [27, 28]. From our perspective, including

other definitions or classifications of adiposity helped us
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in identifying other potentially eligible studies that have

looked at this association.

Although we performed the main meta-analysis

using studies that utilized varied childhood adiposity

measures, the results of our sensitivity analysis using

only BMI as the exposure showed similar findings

(Table 3). In addition, we also used SBP and DBP in-

stead of HT to examine for independent associations

between childhood obesity and components of HT

(i.e. SBP and DBP). Lastly, we performed meta-

regression analysis on covariates that may potentially

impact this association and to inform future research

on these factors.

Potential limitations of the current study

The results of the current meta-analysis should be

viewed with respect to the following potential limita-

tions: (1) only one third of the included studies adjusted

for adult BMI, (2) some of the pre-planned analyses to

identify sources of heterogeneity were not performed

due to lack of data, (3) the sample sizes for some of the

analyses may have been underpowered to find a true ef-

fect, suggesting that future original studies may want to

include such information, (4) due to the small sample

sizes for some analyses, small-study effects (e.g. potential

publication bias) were not conducted, (5) meta-analysis

inherits the limitations of the original studies included,

(6) a lack of empirical evidence, including assessment

tools, for assessing study quality, especially given the dif-

ficulty in differentiating between quality of reporting and

quality in the conduct of a study [32, 47–51] and (7) the

inclusion of cohorts that ranged from 1923 to 1989 and

the subsequent inability to assess if the relationship be-

tween childhood adiposity and adult cardiovascular risk

might have changed over time as a result of changes in

the treatment, management, and early identification of

CVD risk over time. In addition, to retrieve information

on missing data, we contacted the corresponding au-

thors of the original studies via email. While 30% of the

corresponding authors replied, no author provided any

additional information. Furthermore, we excluded stud-

ies that were not published in the English language, and

thus, may have introduced language bias. However, we

do not believe that this was a major problem since previ-

ous research has shown that meta-analyses that restrict

studies by language overestimate the effect of the out-

comes by only 2% [41]. Also, like any systematic review,

literature search bias is a potential problem where some

relevant literature is not identified during the search

process. However, we performed an exhaustive search

according to pre-defined criteria, examining nearly 5000

citations. Thus, we expect any such bias to be minimal.

Lastly, given the large number of analyses conducted,

one or more of the study findings may have been due to

the play of chance. However, no adjustment for multiple

tests were made given that we did not want to miss po-

tentially important findings that could be tested in future

original studies [97].

Conclusion

The results of this study suggest that childhood obesity may

be a risk factor for selected adult cardiovascular disease risk

factors. However, a need exists for additional, well-designed

studies that include both unadjusted and adjusted data

before any definitive conclusions can be reached.
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