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Abstract
Objectives To describe the association and its magnitude between body
mass index category, sex, and cardiovascular disease risk parameters
in school aged children in highly developed countries.
Design Systematic review and meta-analysis. Quality of included studies
assessed by an adapted version of the Cochrane Collaboration’s risk of
bias assessment tool. Results of included studies in meta-analysis were
pooled and analysed by Review Manager version 5.1.
Data sources Embase, PubMed, EBSCOHost’s cumulative index to
nursing and allied health literature, and the Web of Science databases
for papers published between January 2000 and December 2011.
Review methods Healthy children aged 5 to 15 in highly developed
countries enrolled in studies done after 1990 and using prospective or
retrospective cohort, cross sectional, case-control, or randomised clinical
trial designs in school, outpatient, or community settings. Included studies
had to report an objective measure of weight and at least one
prespecified risk parameter for cardiovascular disease.
Results We included 63 studies of 49 220 children. Studies reported a
worsening of risk parameters for cardiovascular disease in overweight
and obese participants. Compared with normal weight children, systolic
blood pressure was higher by 4.54 mm Hg (99% confidence interval
2.44 to 6.64; n=12 169, eight studies) in overweight children, and by
7.49 mm Hg (3.36 to 11.62; n=8074, 15 studies) in obese children. We
found similar associations between groups in diastolic and 24 h
ambulatory systolic blood pressure. Obesity adversely affected
concentrations of all blood lipids; total cholesterol and triglycerides were
0.15 mmol/L (0.04 to 0.25, n=5072) and 0.26 mmol/L (0.13 to 0.39,
n=5138) higher in obese children, respectively. Fasting insulin and insulin
resistance were significantly higher in obese participants but not in
overweight participants. Obese children had a significant increase in left
ventricular mass of 19.12 g (12.66 to 25.59, n=223), compared with
normal weight children.

Conclusion Having a body mass index outside the normal range
significantly worsens risk parameters for cardiovascular disease in school
aged children. This effect, already substantial in overweight children,
increases in obesity and could be larger than previously thought. There
is a need to establish whether acceptable parameter cut-off levels not
considering weight are a valid measure of risk in modern children and
whether methods used in their study and reporting should be
standardised.

Background
Two thirds of the world’s population live in countries where
obesity related illness is a significant cause of death.1 As well
as a considerable increase in adult obesity, there is good
evidence that more children are also becoming obese. Over a
30 year period, the worldwide prevalence of obesity in childhood
has increased substantially, with the greatest weight increase in
those most obese.2 3 Globally in 2010, just under 43 million
children younger than five years were overweight.1

Being overweight in adulthood is well known to increase the
risk of cardiovascular disease.4 However, the effect of obesity
on children is currently less well understood, in terms of the
age at which risk parameters for cardiovascular disease begin
to be affected and the magnitude of the effect. Nevertheless, a
growing body of evidence suggests a similar association. In a
2009 study of children aged one to 17 years, being overweight
increased the odds ratio for prehypertension by 50% and doubled
or tripled the odds of hypertension, compared with normal
weight children.5
Atherosclerosis has also been shown to begin as early as nine
years of age; the cross sectional area of the common carotid
artery wall and the mean intima media thickness of the internal
carotid artery increases considerably from lean to obese
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children.6-8 Childhood obesity has been linked to a 12 fold
increase in fasting insulin concentration in obese children aged
five to 17 years.9 In addition, amounts of triglycerides, total
cholesterol, low density lipoprotein cholesterol (LDL
cholesterol), and high density lipoprotein-cholesterol (HDL
cholesterol) are all more likely to be abnormal in overweight
children than in normal weight children.9 Risk parameters for
cardiovascular disease in childhood such as body mass index,
cholesterol, blood pressure, and triglyceride concentrations have
shown to be significantly correlated with adult levels over long
term follow-up.10-14 Furthermore, raised risk of cardiovascular
disease has been found13-16 as well as increased coronary heart
disease events over a five million person year follow-up.13
Therefore, childhood health could greatly affect the risk of
cardiovascular disease in adulthood.

Studies that have focused on interventions to prevent or treat
overweight children have had mixed success, with initial positive
effects regressing back to and in some cases exceeding
baseline.17-20 Therefore, it may be better to understand the effect
of body mass index on cardiovascular disease risk parameters
in school aged children and direct interventions to the most
important risk parameters to reduce risk. However, to our
knowledge, there has been no systematic examination of the
magnitude of the relationship between body mass index
categories and sex on risk parameters for cardiovascular disease
in school aged children.

In view of increasing obesity, combined with the rates at which
lifestyle changes have occurred in recent years, studies published
as little as 15 years ago may no longer be relevant to modern
children. For example, reports have been made on a 12% decline
in 1991-97 in the number of high school students participating
in daily physical education classes,21 a downward trend in the
number of children walking or cycling to school,22 and an
increase in sedentary behaviours such as computer use.23
Therefore, as a primary outcome we aimed to systematically
review the evidence to examine the magnitude of the association
between body mass index and risk parameters for cardiovascular
disease in children. As a secondary outcome, if sufficient data
were available, we aimed to examine whether the association
between body mass index and cardiovascular disease risk is
mediated by sex.

Methods

Review search strategy
To investigate the effect of body mass index on cardiovascular
disease risk parameters in childhood, we searched the following
databases: Embase, PubMed, EBSCOHost’s cumulative index
to nursing and allied health literature, and the Web of Science.
We combined the 18 search terms relating to overweight and
obesity with 33 cardiovascular and metabolic outcomes,
truncated with wildcard characters if necessary (web appendix
1). Search terms not covered under the MeSH tree were searched
as keywords. Finally, we hand searched reference lists of the
identified articles for further studies. To understand the current
association between body mass index and cardiovascular disease
for children, the search was limited to studies conducted after
1990 and published between January 2000 and December 2011.
The search was not limited by language of publication.
We searched for studies in healthy children aged 5 to 15 years,
those studies which included participants that fell outside this
age range were excluded. We included studies from the 42
highly developed countries as defined by the United Nations’
human development index.24 We only included papers conducted
in highly developed countries, to increase the comparability of
No commercial reuse: See rights and reprints http://www.bmj.com/permissions

the children in the studies since they would be more likely to
have similar lifestyles.

Eligible studies included an objective measure of weight and
one or more of the following cardiovascular disease risk
parameters: systolic or diastolic blood pressure, HDL
cholesterol, LDL cholesterol or total cholesterol, triglyceride,
fasting glucose, fasting insulin, Homeostasis Model Assessment
of Insulin Resistance, carotid intima media thickness, and left
ventricular mass. These parameters are risk factors for either
atherosclerosis (such as carotid intima media thickness) or
cardiovascular disease (such as blood pressure and cholesterol).
Left ventricular mass and carotid intima media thickness were
chosen as the physiological parameters of interest because they
both provide evidence for the development of atherosclerosis
in adolescents aged 12-18 years and have been correlated with
other risk factors for coronary heart disease.25 Furthermore, we
chose left ventricular mass over, for example, left ventricular
hypertrophy, because it is more commonly assessed in child
samples and has been found to be correlated to a predisposition
for future hypertension in children, adolescents, and young
adults.26
We included studies with a prospective or retrospective cohort,
cross sectional, case-control, or randomised controlled trial
design administered in school, outpatient, or community settings.
We specified a minimum sample size of 20 participants for cross
sectional or cohort studies and 20 participants per study arm in
intervention studies, to limit potential small study effects in the
meta-analysis. We excluded studies if the children had been
diagnosed with another chronic physical or mental medical
condition, or another condition associated with overweight (such
as psychosocial problems, asthma, or sleep disordered breathing)
was the primary outcome. We also excluded studies in inpatient
settings, that used a pharmacological treatment, or that were a
protocol or pilot study.
After the removal of duplicates, titles were reviewed by one
author (CF), and studies that clearly did not meet the inclusion
criteria were excluded. Two reviewers (CF and KM)
independently reviewed the abstracts of the remaining papers
and removed any that did not meet the inclusion criteria. Two
reviewers (CF and KM) read the full texts of the papers and
extracted the data from the papers that met the inclusion criteria.
We resolved any disagreements regarding the inclusion or
exclusion of papers through discussion with a third reviewer
(CH). Web appendix 1 contains the full list of search terms and
limits placed on the search. No further review protocol is
available.

Data analysis
We analysed data descriptively and through a meta-analysis.
Studies were included in the meta-analysis if they reported data
for at least one unhealthy category of body mass index as well
as the normal category of body mass index, at a level of detail
sufficient for the pooled analysis. Those studies not included
in the meta-analysis were analysed descriptively; web appendix
2.1 contains the full list of reasons for exclusion from the
meta-analysis. The descriptive data for each risk parameter from
published papers was extracted independently by two reviewers
(CF and KM) and summarised using mean and standard
deviation where possible. If the included paper reported on a
prospective or retrospective study or randomised controlled
trial, the baseline data for the whole sample was extracted. We
used conversion factors (table 1⇓) to convert reported values to
standard international units and a standard formula for
combining subgroup means.27
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Analysis of cardiovascular disease risk parameters was
performed in four categories of body mass index: underweight,
normal weight, overweight, and obese. We classified these
categories according to the international age and sex specific
curves passing through body mass index values 17, 25, and 30
at age 18 years, as defined by Cole and colleagues.28 29 Using
these definitions, children who were underweight, normal
weight, overweight, and obese were each defined as having a
body mass index of 17 or less, 17 to 25, more than 25 to 30,
and more than 30, respectively. If studies reported the mean
weight of their sample rather than the mean body mass index,
or the definitions of the cut-off points used did not match those
used in this review, we reclassified the data according to the
cut-off points of Cole and colleagues.

We used Review Manager (version 5.1) to analyse the mean
differences in the cardiovascular disease risk parameters for
each body mass index category compared with normal weight
children, and where possible stratified by sex. We used random
effects models rather than fixed effects models to allow for
variation in study effects, owing to a real dispersion in the effect
sizes across studies (expected from varying factors such as ages,
ethnicities, and methods). In addition, a random effects model
is more appropriate for balancing weights across large and small
studies.27 30 Heterogeneity was measured by I2, which indicates
the amount of variability in the data that is due to heterogeneity
rather than error.31 32 We also calculated the effect sizes for each
risk parameter comparison between normal with overweight or
obese children.

Owing to the high number of risk parameters for cardiovascular
disease used, we reported results with 99% confidence intervals
as a more stringent measure of significance. We did subgroup
analyses based on sex where possible, but because of insufficient
data, we were unable to perform subgroup analyses on different
age categories.

Quality assessment
Since no standard tool existed for quality assessment that could
be applied to all our included studies,33 we based quality
assessment on the Cochrane risk of bias tool (Review Manager
version 5.1, Cochrane Collaboration). We rated risk of bias in
the three areas that were relevant to all types of study: blinding
of outcome assessment, incomplete outcome data, and selective
reporting. We added two further categories: measurement
methods that were not suitable or precise, and use of an
unrepresentative sample.33 34 Papers were assigned as moderate
risk for bias if the level of bias was unclear from the paper or
if their rate of participation was between 60% and 80%. To
assess the influence of low quality studies (as identified in the
quality assessment) on our results, we did a sensitivity analysis
excluding them from the pooled analysis.

Results

Study characteristics and quality
Of 6996 papers, we included 63 of 49 220 children in 23
countries (web appendix 2). Figure 1⇓ shows the number of
papers excluded at each stage of review. The number of children
in included studies varied between 38 and 7589 (age range 5-15
years). Three countries contributed 25 (40%) included studies:
United States (11 studies), Italy (eight), and Denmark (six). The
remaining papers were conducted in: Sweden, Cyprus, Israel,
Belgium, Japan, Greece, and Iceland (one study each); Hong
Kong, Hungary, South Korea, Norway, and France (two); Spain,
Germany, United Kingdom, and Australia (three); Switzerland,
Estonia, and Canada (four); and Portugal (five). We included
No commercial reuse: See rights and reprints http://www.bmj.com/permissions

42 cross sectional studies, 19 randomised controlled trials, one
cohort study, and one case-control study. Most studies were
performed in school (34 studies) or clinical outpatient (23)
settings, with fewer in community settings (five) and one
multicentre study. Of the 63 included papers, 24 supplied data
for the meta-analysis (web appendix 3). Two papers included
in the meta-analysis reported geometric means or least mean
squares rather than arithmetic means,35 36 but because sensitivity
analysis excluding these studies found no difference in
significance or heterogeneity, they were included in the final
analyses.

Quality assessment
Figures 2⇓ and 3⇓ show the results of the risk of bias assessment.
Only two studies scored low risk in all five bias categories,37 38
57 were described as moderate risk scoring low risk in two to
four of the categories, and four were described as high risk
scoring a low risk for bias in one or fewer of the categories.35 39-41
The most common source of bias was a lack of blinding of the
outcome assessors, that is, the researchers analysing the risk
parameter levels were frequently not blinded to the body mass
index of the child. The risk of bias from unsuitable or imprecise
measurement methods was generally small, with only five
studies judged to be at high risk—most frequently because of
failure to repeat and take the average of measurements carried
out by hand, and the use of assessment tools that may not have
been applicable to the study sample. Sensitivity analysis
excluding the one low quality study in the meta-analysis found
little effect on most measures, with the exception of diastolic
blood pressure in overweight compared with normal weight
girls, in which the test for overall effect became insignificant.
No studies were excluded due to low quality.

Descriptive analysis
Thirty nine studies did not provide data for the meta-analysis,
and we included them as a descriptive analysis. In these papers,
we found that general risk parameters for cardiovascular disease
were worsened by high body mass index. Body mass index was
positively associated with systolic blood pressure in five
studies,40 42-45 diastolic blood pressure in four studies,42-45 total
cholesterol in one study,46 LDL cholesterol in three studies,43 45 46
triglycerides in three studies,43 45 46 and left ventricular mass in
one study,47 and inversely associated with HDL cholesterol in
two studies.45 46 Body mass index was also associated with
cardiovascular disease risk parameter clustering,43 44 48-51 and one
study found the metabolic syndrome to be present in a
statistically significant number of its overweight sample.48
No studies reported cardiovascular disease risk associated with
underweight as defined by the cut-off values for body mass
index used in this review. In the study reporting the risk
parameter levels in very lean children, lipids, insulin resistance,
intima media thickness, and blood pressure levels were similar
to those in overweight children.52 Web appendices 3.1 and 3.2
provide a more detailed description of the main findings of
interest to our review.

Meta-analysis
Systolic, diastolic, and ambulatory measures of blood pressure
were significantly higher in overweight and obese participants
compared with normal weight participants (table 2⇓). Resting
systolic blood pressure was higher in overweight children by
4.54 mm Hg (99% confidence interval 2.44 to 6.64, P<0.001;
eight studies, 12 169 children) and in obese children by 7.49
mm Hg (3.36 to 11.62, P<0.001; 15, 8074). Systolic blood
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pressure increased to a greater degree in girls than boys in both
overweight and obese categories (P<0.001). Diastolic blood
pressure was increased by 2.57 mm Hg (1.55 to 3.58, P<0.001;
seven, 11 529) and by 4.06 mm Hg (2.05 to 6.08, P<0.001; 16,
8140) in overweight and obese children, respectively. As with
systolic blood pressure, girls showed a greater increase than
boys in diastolic blood pressure (P<0.001; table 2). Ambulatory
systolic blood pressure over 24 h was increased in obese children
by 11.55 mm Hg (1.26 to 21.84, P=0.004; five, 823) compared
with normal weight, but with a wide confidence interval.

Total cholesterol was significantly higher in all obese children
by 0.15 mmol/L (99% confidence interval 0.04 to 0.25, P<0.001;
nine studies, 5072 children) and in obese girls by 0.31 mmol/L
(0.08 to 0.54, P<0.001; three, 2213), but no significant effect
was found in overweight children. Compared with normal
weight children, HDL cholesterol was significantly lower in
overweight children by 0.17 mmol/L (−0.22 to −0.13, P<0.001;
five, 5752), in obese children by 0.22 mmol/L (−0.39 to −0.06,
P<0.001; eight, 4915), and in obese boys by 0.29 mmol/L (−0.34
to −0.24, P=0.55; two, 2470) but not in obese girls. Compared
with normal weight children, triglycerides were higher in
overweight children by 0.21 mmol/L (0.14 to 0.27, P<0.001;
five, 6515), obese children by 0.26 mmol/L (0.13 to 0.39,
P<0.001; 10, 5138), obese girls by 0.28 mmol/L (0.04 to 0.51,
P=0.002; three, 2213), and obese boys by 0.30 mmol/L (0.19
to 0.41, P<0.001; three, 2557; table 3⇓).
Fasting glucose, insulin, and insulin resistance were significantly
raised only in obese children (table 4⇓). Obese boys had
significantly higher levels of fasting glucose than normal weight
boys by 0.29 mmol/L (99% confidence interval 0.12 to 0.46,
P<0.001; two studies, 345 children). Fasting insulin levels were
significantly higher in obese girls by 70.90 pmol/L (49.52 to
92.28, P<0.001; two, 221) and obese boys by 77.03 pmol/L
(41.70 to 112.36, P<0.001; two, 345) when compared with
normal weight girls and boys.
Finally, for physiological parameters, obesity was associated
with an increase in left ventricular mass of 19.12 g (99%
confidence interval 12.66 to 25.59, P<0.001; three studies, 223
children); this effect was still significant after adjusting for
height (increase 11.29 g/m, 6.49 to 16.10, P<0.001; five, 918;
table 5⇓).

Approximations had to be made of the number of participants
per group for two papers in the meta-analysis. For Aguilar and
colleagues,53 the number reported for each body mass index
category was halved to approximate the numbers in the
intervention and control groups. For Falaschetti and colleagues,35
the proportion of the total participants in each measurement was
calculated, and the number for each measure under each body
mass index category was that proportion of the total number of
children in each category. Analyses were conducted without
these papers but this did not significantly affect the results and
so they were included.
Half the studies in the meta-analysis adjusted for confounders
including age, sex, birth weight, physical activity, parental
overweight or education, baseline measures, or the various risk
parameters for cardiovascular disease. Such adjustments were
made when the study went on to further analyse the data to
answer a research question. Since this review used only baseline
data in the meta-analysis, all data were unadjusted with the
exception of left ventricular mass adjusted for height.
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Discussion

Main findings
We found that obesity was associated with significantly worse
risk parameters for cardiovascular disease in school aged
children. This association was also true for overweight children,
although the effect was not as strong as for obese children. The
effect sizes found were substantial and are concerning, in view
their potential effect on the risk of future cardiovascular disease.
As an example of the gradient effect of increased body mass
index on risk parameters for cardiovascular disease, the mean
difference in systolic blood pressure between normal weight
and obese children was 40% higher than the difference between
normal and overweight children. Additionally, concentrations
of total cholesterol and LDL cholesterol were 7.5 times (0.15 v
0.02 mmol/L) and nine times (0.18 v 0.02 mmol/L) higher,
respectively, in the obese versus normal weight comparison
than in the overweight versus normal weight comparison. The
increase in mean difference in the body mass index from the
normal versus overweight comparison to the normal versus
obese comparison was about five points for both the total
cholesterol and LDL cholesterol analyses. This difference
translates to an increase of 0.026 mmol/L in total cholesterol
and 0.036 mmol/L in LDL cholesterol for each body mass index
point gained in our analyses.

Comparison with other studies
A 2011 review undertaken by an expert panel and funded by
the National Institutes of Health suggested that in the next 25
years, obesity will increase the incidence of coronary heart
disease in adults by 5% to 16%,6 based on the National Health
and Nutrition Examination Survey data for obese adolescents
in 2000. This prediction may still be an underestimate since the
data used were a decade old at the time the simulation was
performed, and were based on obese adolescents. As such, these
data did not take into account the effect that being overweight
might also have, as found in our review.

Raised concentration of fasting insulin has been linked to a
twofold increase in the future incidence of type 2 diabetes
mellitus.54 and this review found fasting insulin to be 2.2 times
higher in obese versus normal weight comparisons than in
overweight versus normal weight comparisons. Furthermore,
raised triglyceride levels are an independent risk factor for type
2 diabetes in men.55 Raised concentrations of triglycerides
increase the incidence of coronary heart disease in men 3.6-fold
to 4.7-fold,56 and double the relative risk of myocardial infarction
in women.57 We found that lipid levels were significantly more
abnormal in overweight and obese children. Levels of HDL
cholesterol in obese children were lowered to such an extent
that an equivalent reduction from the acceptable level (as defined
by expert panels from the National Heart, Lung, and Blood
Institute and the National Cholesterol Education Program) would
result in a child falling into the lowest percentile for HDL
cholesterol concentration.6 58 This result suggests that these
children will enter the abnormal lipid levels as an adult earlier
and may have the associated atherosclerotic damage and illness
end points at a younger age.

We found left ventricular mass and left ventricular mass adjusted
for height to be significantly raised in obese children. In
children, height adjusted left ventricular mass has been
correlated to both body mass index and systolic blood pressure,59
and has been suggested to be an indicator for the need for
pharmacological treatment of paediatric hypertension.6 What is
clear from our findings and the work of previous researchers is
weight, and especially obesity, has a significant effect on the
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risk parameters for cardiovascular disease that are present in
children from age five years. This effect could give them a head
start on their normal and even overweight classmates for future
cardiovascular disease, diabetes, and stoke.

Two factors relate to the potential implication of the elevations
we identified in risk parameters for cardiovascular disease in
overweight and obese children on cardiovascular related
outcomes in adulthood. Firstly, the extent to which these
elevated levels continue into adulthood. Evidence indicates that
risk factors can track into adulthood,6 10 11 60 and these increase
the risk of many conditions in addition to coronary heart
disease—for example, type 2 diabetes, and musculoskeletal,
pulmonary, and psychosocial complications.2 In particular, it
has been reported that tracking occurs for elevated blood
pressure (that is, elevated blood pressure in childhood is likely
to persist into adulthood), although correlation coefficients are
moderate and related to baseline blood pressure, age, and method
of measurement.11 61

Secondly, in view of the evidence that tracking occurs, it is
unclear whether the magnitude of difference in cardiovascular
disease risk parameters between normal, overweight, and obese
children continues unchanged into adulthood. If the magnitudes
between the differences do continue, the effect of excess weight
on cardiovascular disease risk, as we have noted particularly in
obese children, will probably have a profound effect in
adulthood. For instance, adults with a 10 mm Hg reduction in
systolic blood pressure or a 5 mm Hg reduction in diastolic
blood pressure has been linked to a 30-40% reduction in stroke
mortality risk and a 30% reduction in mortality from ischaemic
heart disease.62 63 Even a reduction of 2 mm Hg in systolic blood
pressure was associated with a 10% reduction in stroke and a
7% reduction in ischemic heart disease risk.62 This association
in adulthood was linear at all levels of blood pressure, true at
all ages and unaffected by sex. In our review, obese children
had higher systolic and diastolic blood pressure than normal
weight children, by 7.5 mm Hg and 4.1 mm Hg, respectively.
In this obese group, ambulatory systolic blood pressure at 24 h
was also significantly increased by 11.55mm Hg, and previous
research has shown this measurement method to be more
accurate than both clinic and home measures of blood pressure.64
Therefore, if these pressures are allowed to track unchecked
into adulthood, obese children could already be at a 30-40%
higher risk of future stroke and ischaemic heart disease than
their normal weight counterparts. Indeed, the effect of obesity
on future health, particularly cardiovascular health, could be far
greater than previously suggested.

Limitations of the review
Several limitations to this review are worth noting. Firstly, we
saw a high level of heterogeneity between studies in some risk
parameters. Although we defined inclusion criteria carefully to
ensure that the participants of included studies were as similar
as possible, factors such as ethnicity, pubertal status, and age
still varied. We also placed few restrictions on the type of study
that could be included, and thus, influencing factors such as
setting and measurement methods could have added to the
heterogeneity. Additionally, although the large sample in this
review meant that random variation should have had little effect
on the estimates of difference, reporting methods frequently
varied between studies (such as for units of measurement,
summary statistics, and cut-off points).
Secondly, we were unable to assess the influence of age and
pubertal status because too few papers reported data at the
required level of detail. This lack of detail suggests a need for
No commercial reuse: See rights and reprints http://www.bmj.com/permissions

more primary research into the effect of weight on
cardiovascular disease risk in different age groups. Thirdly, our
review was limited by missing data either from potentially
eligible studies that were missed, or by data that were not
reported in the included studies. However, we believe that our
search strategy was robust and unlikely to have missed eligible
studies, and that there was a low risk of selective reporting
because most of the included studies were scored as low risk
for reporting bias.

Fourthly, the conclusions from our review only provide a picture
of the cardiovascular disease risk of children at the time they
were measured. Therefore, our review cannot establish the
relation between risk parameters for cardiovascular disease and
the ongoing changes in weight in the same child, nor can it
determine how the disease risk in those children might progress
into adulthood. Finally, a potential source of error was that two
papers in the meta-analysis included children who fell close to
or on the cut-off point for a body mass index category, or who
had a body mass index category that needed reclassification in
our analysis.65 66 This was because of discrepancies between the
definitions of the category boundaries used by each study and
those used in our review (web appendix 4). Although this
introduces a risk of misclassification, it was necessary in order
to pool and analyse the data. However, we believe that any
misclassification would not have led to any significant errors
in the analyses since these two papers contributed small samples
compared with the total number of children in the analysis, and
only one study’s sample was reclassified as overweight, although
it grouped all overweight and obese children together.66

Recommendations and conclusions
The current study has shown that overweight and obese children
have raised risk parameters for cardiovascular disease compared
with normal weight children; however, the exact ages at which
changes in a child’s risk parameters begin need to be established.
Risk parameters could then be targeted before abnormal levels
are reached and treatment could be preventative. In addition,
the continuous association between body mass index and risk
parameters for cardiovascular disease is an area of interest for
future research, particularly if the change in risk parameters per
unit increase of body mass index can be established.

Since we only included studies done in highly developed
countries, the findings may not be generalisable to children in
low and middle developed countries. This review could therefore
be expanded to examine these settings. Future work could also
clarify the link between childhood body mass index, risk
parameters, and morbidity and mortality related to
cardiovascular disease in adults. Although excess weight in
childhood has been linked to adverse health outcomes in
adulthood,67 a 2010 review reported little evidence to suggest
that childhood body mass index was an independent risk factor.68
The interaction between body mass index and risk parameters
could contribute to adulthood disease rather than the individual
effects of each factor, but this theory needs to be confirmed.
Currently, studies in this area are limited by the lack of
consensus on cut-off points and standardisation in measurement
methods. For example, when defining categories by body mass
index, studies in this systematic review used 11 different sets
of cut-off values ranging in publication dates from 1986 to 2006.
We examined the differences in the 90th, 95th, and 97th centile
cut-off points in the three most frequently cited papers28 69 70 and
found that they differed by as much as five points at some
thresholds of body mass index (web appendix 5). These
differences may arise from the different populations that form
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the basis for the cut-off points. This weakness has been tackled
by creation of thresholds based on international samples,
although their generalisability to populations worldwide is still
unknown. Moreover, differences in cut-off points used to
identify children at risk for cardiovascular disease has
considerable implications for the numbers categorised as at
higher risk, and for subsequent therapeutic decisions such as
drug treatments or lifestyle changes. Therefore, the most
appropriate cut-offs and methods should be established to
improve the quality and comparability of studies undertaken.

Finally, existing definitions of “normal” levels of risk parameters
for cardiovascular disease should be re-examined and take into
account the weight of the child as well as their age and height.
Blood pressure and lipid tables such as those published by the
National Heart, Lung, and Blood Institute (NHLBI) claim to
provide a more precise definition of childhood blood pressure
centiles by incorporating height or age into their calculations,
but fail to take into account the weight of the child.71 72 For
instance, an increase of 7.49 mm Hg found in obese children in
this review would result in all children being diagnosed as
hypertensive unless their blood pressure based on their age and
height was lower than the 25th centile according to these tables.
Likewise, the obese children assessed in our review had an
overall mean triglyceride level of 1.1 mmol/L, which would
place them in the borderline to high category according to
screening recommendations from the National Heart, Lung, and
Blood Institute.

This review suggests that we may not fully appreciate the extent
of the association between body mass index and cardiovascular
disease risk in children. It also highlights that without
standardising the definitions and methods of measurement of
risk parameters and ensuring that all acceptable levels of these
are calculated, taking weight into account, further research could
be hindered by error and poor comparability between studies.
In conclusion, this review aimed to investigate the association,
and the magnitude of that association, between body mass index
and cardiovascular disease risk parameters in children. We found
that overweight and obesity have a significant effect on blood
pressure, lipids, insulin levels and resistance, and left ventricular
mass. This effect on risk parameters for cardiovascular disease
is greatest in obese children and the implications for their future
health may be greater than has been previously suggested.
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Increased weight is associated with raised risk of an abnormal blood pressure and lipid profile, and could contribute to early changes
in risk parameters for cardiovascular disease in children
The magnitude of the association between weight and these risk parameters among children in different categories body mass index
has not been systematically established

What this study adds
Compared with normal weight children, obese children (body mass index ≥30) have raised systolic and diastolic blood pressure by 7.49
mm Hg and 4.45 mm Hg, respectively, and increased concentrations of total cholesterol by 0.15 mmol/L
All parameters measured had similar increases, showing a gradient effect with lesser increases in overweight children compared with
normal weight children
Being overweight or obese in childhood may have a larger effect on risk parameters for cardiovascular disease and on future health
than previously thought. Existing definitions of “normal” levels of risk parameters should be re-examined to take into account the child’s
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Tables
Table 1| Conversion factors used for conventional to standard international units
Risk parameter for cardiovascular disease Conventional unit Conversion factor SI unit
Total, HDL, and LDL cholesterol

mg/dL

0.0259

mmol/L

Glucose

mg/dL

0.0555

mmol/L

Insulin

μIU/mL

6.945

pmol/L

Triglyceride

mg/dL

0.0113

mmol/L

No commercial reuse: See rights and reprints http://www.bmj.com/permissions

Subscribe: http://www.bmj.com/subscribe

BMJ 2012;345:e4759 doi: 10.1136/bmj.e4759 (Published 25 September 2012)

Page 10 of 16

RESEARCH

Table 2| Mean differences in blood pressure
Parameter

No of studies No of participants Mean difference (99% CI), random effects model Test for heterogeneity* Test for overall effect

Resting systolic blood pressure (mm Hg)
Obese v normal weight
All

15

8074

7.49 (3.36 to 11.62)

χ2=188.82, I2=93

Z=4.67, P<0.001

Girls

4

4739

12.72 (7.08 to 18.37)

χ2=38.77, I2=92

Z=5.80, P<0.001

Boys

4

5013

10.81 (7.75 to 13.86)

χ2=11.72, I2=74

Z=9.11, P<0.001

Overweight v normal weight
All

8

12 169

4.54 (2.44 to 6.64)

χ2=50.26, I2=86

Z=5.57, P<0.001

Girls

3

5160

6.03 (4.61 to 7.46)

χ2=3.07, I2=35

Z=10.90, P<0.001

Boys

3

5160

5.67 (3.32 to 8.03)

χ2=7.28, I2=73

Z=6.20, P<0.001

Resting diastolic blood pressure (mm Hg)
Obese v normal weight
All

16

8140

4.06 (2.05 to 6.08)

χ2=104.36, I2=86

Z=5.19, P<0.001

Girls

4

4723

7.40 (3.85 to 10.95)

χ2=34.39, I2=91

Z=5.37, P<0.001

Boys

4

5013

6.09 (3.78 to 8.40)

χ2=16.04, I2=81

Z=6.80, P<0.001

Overweight v normal weight
All

7

11 529

2.57 (1.55 to 3.58)

χ2=17.96, I2=67

Z=6.49, P<0.001

Girls

3

5160

2.66 (1.20 to 4.13)

χ2=5.39, I2=63

Z=4.68, P<0.001

Boys

3

5160

2.36 (1.74 to 2.98)

χ2=1.35, I2=0

Z=9.80, P<0.001

24 h ambulatory blood pressure (mm Hg)
Overweight v normal weight
Systolic, all

5

823

11.55 (1.26 to 21.84)

χ2=114.62, I2=97

Z=2.89, P=0.004

Diastolic, all

5

823

6.09 (−0.11 to 12.29)

χ =135.72, I =97

Z=2.53, P=0.01

2

2

2

*Data for I values are percentages.
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Table 3| Mean differences in lipid concentrations
Parameter No of studies No of participants Mean difference (99% CI), random effects model Test for heterogeneity* Test for overall effect
Total cholesterol (mmol/L)
Obese v normal weight
All

9

5072

0.15 (0.04 to 0.25)

χ2=8.31, I2=4

Z=3.67, P<0.001

Girls

3

2213

0.31 (0.08 to 0.54)

χ2=3.65, I2=45

Z=3.44, P<0.001

Boys

3

2557

0.14 (−0.11 to 0.39)

χ2=5.95, I2=66

Z=1.49, P=0.14

5949

0.02 (−0.21 to 0.17)

χ2=17.16, I2=77

Z=0.29, P=0.77

4773

0.18 (0.09 to 0.26)

χ2=5.62, I2=0

Z=5.27, P<0.001

5036

−0.02 (−0.41 to 0.37)

χ2=18.55, I2=89

Z=0.12, P=0.91

Overweight v normal weight
All

5

LDL cholesterol (mmol/L)
Obese v normal weight
All

7

Overweight v normal weight
All

3

HDL cholesterol (mmol/L)
Obese v normal weight
All

8

4915

−0.22 (−0.39 to −0.06)

χ2=61.82, I2=89

Z=3.60, P<0.001

Girls

2

2153

−0.10 (−0.66 to 0.47)

χ =29.07, I =97

Z=0.44, P=0.66

Boys

2

2470

−0.29 (−0.34 to −0.24)

χ2=25, I2=96

Z=0.60, P=0.55

5752

−0.17 (−0.22 to −0.13)

χ2=4.68, I2=15

Z=10.63, P<0.001

2

2

Overweight v normal weight
All

5

Triglycerides (mmol/L)
Obese v normal weight
All

10

5138

0.26 (0.13 to 0.39)

χ2=42.25, I2=79

Z=5.08, P<0.001

Girls

3

2213

0.28 (0.04 to 0.51)

χ2=15.12, I2=87

Z=3.06, P=0.002

Boys

3

2557

0.30 (0.19 to 0.41)

χ2=3.06, I2=35

Z=7.03, P<0.001

6515

0.21 (0.14 to 0.27)

χ2=10.50, I2=62

Z=8.01, P<0.001

Overweight v normal weight
All

5
2

*Data for I values are percentages.
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Table 4| Mean differences in fasting insulin, glucose, and insulin resistance
Parameter No of studies No of participants Mean difference (99% CI), random effects model Test for heterogeneity* Test for overall effect
Fasting glucose (mmol/L)
Obese v normal weight
All

8

771

0.10 (−0.03 to 0.23)

χ2=17.05, I2=59

Girls

2

221

0.15 (−0.03 to 0.33)

χ2=0.37, I2=0

Z=1.96, P=0.05
Z=2.20, P=0.03

Boys

2

345

0.29 (0.12 to 0.46)

χ2=0.18, I2=0

Z=4.48, P<0.001

348

0.13 (−0.04 to 0.31)

χ2=3.99, I2=50

Z=1.99, P=0.05

779

1.32 (0.83 to 1.82)

χ2=26.89, I2=78

Z=6.89, P<0.001

760

0.88 (−0.08 to 1.85)

χ2=16.53, I2=94

Z=2.36, P=0.02

Overweight v normal weight
All

3

Homeostasis model assessment of insulin resistance
Obese v normal weight
All

7

Overweight v normal weight
All

2

Fasting insulin (pmol/L)
Obese v normal weight
All

6

629

48.47 (31.96 to 64.97)

χ2=18.98, I2=74

Z=7.56, P<0.001

Girls

2

221

70.90 (49.52 to 92.28)

χ =2.10, I =52

Z=8.54, P<0.001

Boys

2

345

77.03 (41.70 to 112.36)

χ2=3.45, I2=71

Z=5.62, P<0.001

924

21.82 (−1.44 to 45.08)

χ2=23.28, I2=91

Z=2.42, P=0.02

2

2

Overweight v normal weight
All

3
2

*Data for I values are percentages.
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Table 5| Mean differences in intima media thickness, left ventricular mass, and left ventricular mass indexed for height
Parameter No of studies No of participants Mean difference (99% CI), random effects model Test for heterogeneity* Test for overall effect
Intima media thickness (mm)
Obese v normal weight
All

5

592

0.03 (0.00 to 0.06)

χ2=34.07, I2=88

Z=2.61, P=0.009

223

19.12 (12.66 to 25.59)

χ2=0.27, I2=0

Z=7.62, P<0.001

11.29 (6.49 to 16.10)

χ2=39.50, I2=90

Z=6.06, P<0.001

Left ventricular mass (g)
Obese v normal weight
All

3

Left ventricular mass adjusted for height (g/m)
Obese v normal weight
All

5

918

2

*Data for I values are percentages.
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Figures

Fig 1 Progression of papers through the review process
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Fig 2 Outcome of risk of bias assessment by paper. Studies labelled a and b refer to different papers by the same authors
published in the same year

No commercial reuse: See rights and reprints http://www.bmj.com/permissions

Subscribe: http://www.bmj.com/subscribe

BMJ 2012;345:e4759 doi: 10.1136/bmj.e4759 (Published 25 September 2012)

Page 16 of 16

RESEARCH

Fig 3 Outcome of risk of bias assessment by type of bias
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