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Summary
Background: Cardiometabolic risk (CMR) in young children has been
measured using various approaches, including a continuous summary score that
incorporates components such as adiposity, lipids, metabolic factors and blood
pressure.
Objectives: The objective of this study was to comprehensively review definitions
of continuous CMR scores in children <10 years of age.
Methods: A scoping review was conducted using a systematic search of four sci-
entific databases up to June 2016. Inclusion criteria were children <10 years of age
and report of a continuous CMR score.
Results: Ninety-one articles were included. Most studies were published from
2007 to 2016 (96%). Nearly all continuous CMR scores (90%) were calculated
using the sum or the mean of z-scores, and many articles age-standardized and
sex-standardized components within their own population. The mean number of
variables included in the risk scores was 5 with a range of 3–11. The most com-
monly included score components were waist circumference (52%), triglycerides
(87%), high-density lipoprotein cholesterol (67%), glucose (43%) and systolic
blood pressure (52%).
Importance: Continuous CMR scores are emerging frequently in the child health
literature and are calculated using numerous methods with diverse components.
This heterogeneity limits comparability across studies. A harmonized definition of
CMR in childhood is needed.
Keywords: Cardiovascular diseases, metabolic syndrome, child, paediatric obesity.

Abbreviations: BMI, Body mass index; cMetS, Continuous metabolic syndrome
score; CMR, Cardiometabolic risk; CVD, Cardiovascular disease; DBP, Diastolic
blood pressure; HDL-C, High-density lipoprotein cholesterol; HOMA-IR, Homeo-
stasis model assessment-insulin resistance; LDL-C, Low-density lipoprotein choles-
terol; MAP, Mean arterial pressure; MetS, Metabolic syndrome; PCA, Principal
component analysis; SBP, Systolic blood pressure; TC, Total cholesterol; TG, Tri-
glyceride; WC, Waist circumference.

Introduction

The prevalence of child overweight and obesity has in-
creased substantially in recent decades, and worldwide
estimates now exceed 20% (1). Children with obesity are
at increased risk of obesity throughout the life course

(2,3) as well as diabetes and cardiovascular disease
(CVD) in adulthood (4–6), However, it is recognized that
obesity alone is not the only predictor of cardiometabolic
health in children (7). Measures of cardiovascular and
metabolic risk, including obesity, dyslipidaemia, elevated
glucose and blood pressure, cluster together in young
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children (8–12). Emerging evidence suggests that cardio-
metabolic risk (CMR) is initiated in early life, tracks from
childhood into adulthood and may predict future diabetes
and CVD (13–15).

The metabolic syndrome (MetS) is a dichotomous
measure that strongly predicts diabetes and CVD in adults
(16). Metabolic syndrome is defined as the presence of at
least 3 of the following physical or blood measures:
abdominal obesity, elevated plasma triglycerides, elevated
fasting blood glucose, elevated blood pressure and
decreased HDL cholesterol (17). Harmonized definitions
of MetS with cut-points are defined for adults, including
adolescents age >16 years, and for children 10 to 15 years
of age (7). A dichotomous measure of MetS is not
recommended for children less than 10 years of age
because single high-risk cut-off points cannot be used
across all ages (7). Paediatric cut-points for blood pressure,
waist circumference and triglycerides are age-specific
(18,19). In children continuous measures (or cluster scores)
that include measures of adiposity, lipids, metabolism and
blood pressure are better predictors of cardiovascular
disease in young adulthood than dichotomous measures
(13). Cardiometabolic risk, measured as a continuous
summary score, in childhood may be an important
intermediate outcome or preclinical outcome that can be
measured before adult disease onset and provide
opportunities for prevention (20,21).

There is no validated or harmonized consensus definition
for CMR in childhood, and several continuous CMR scores
have been reported in the literature as described in previous
narrative reviews (20,21). However, to the best of our
knowledge, no systematic reviews have comprehensively
evaluated the existing definitions that have been used for a
continuous CMR score in childhood. The objective of our
study was to systematically identify the scope of the
continuous CMR score definitions that have been reported
for children less than 10 years of age.

Methods

Study design

A scoping review was conducted between May 2016 and
August 2016 to identify definitions of CMR in childhood,
following the guidelines proposed by Peters et al. (22) to
summarize a range of heterogeneous evidence and to iden-
tify gaps in the literature (23). Using formal methods, we
systematically searched the available literature, identified
and screened relevant articles and abstracted data.

Search strategy

The search strategy was developed by two of the authors
(MK, LNA) and reviewed and refined by a librarian at
McMaster University, Hamilton, Ontario. The search was
implemented in June 2016. Key search terms were identified
based on a review of the key words used in relevant litera-
ture. Key terms included the different designations of the
clustered CMR score (such as summary score, risk score,
z-score and composite score), the population of interest
(children) and the variables included in the score (such as
adiposity, lipids, blood pressure and metabolic measures)
(Table 1). Articles in languages other than English and du-
plicates were excluded. The following four electronic data-
bases were searched: MEDLINE, Embase, PsychINFO and
CINAHL. The complete search strategies are provided in
Appendix S1. Additionally, article reference lists were
scanned to identify other relevant articles that were not
identified by the search strategy.

Article screening

Articles were screened in two stages using Covidence (24):
(i) title and abstract review and (ii) full-text review. Two re-
viewers (MK and LNA) independently screened the titles

Table 1 Keyword search strategy

Cardiometabolic Cluster score* Diabetes Cholesterol* BMI Blood
pressure

Child*

Metabolic Metabolic syndrome (MetS)
score

Insulin Lipid* Obes* Systolic Pediatric* OR
Paediatric*

Cardiovascular Risk score Glucose Triglyceride* Adiposity Diastolic Infan*
z-score HOMA-IR OR insulin

resistance
LDL Skinfold* Mean

arterial
Child preschool

Summary score HDL Weight for height
(WFH)

Hypertensi* Prepubert*

Composite score Waist
circumference

Girl*

Growth Boy*
Anthropometr*
Overweight
Body fat

*is part of the search strategy. It is a wildcard that is used to broaden a search by performing a multiple character search.
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and abstracts of all articles and excluded any articles that
did not meet the inclusion criteria. All studies that met the
inclusion criteria based on title and abstract were included
in the full-text review. If eligibility could not be determined
from the title and abstract, then the full text was retrieved
for review. The full-text reviews were conducted indepen-
dently by two reviewers (MK and LNA). Conflicts were
resolved through discussions between reviewers, and in the
case of any disagreements, the other authors were
consulted.

Inclusion and exclusion criteria

Inclusion and exclusion criteria were identified a priori. In-
clusion criteria were children <10 years of age, any obser-
vational or experimental study design (excluding reviews
and commentaries) and description of a continuous cluster
score that described some combination of cardiometabolic,
diabetes or cardiovascular risk that included measures such
as adiposity, lipids, blood pressure or other metabolic mea-
sures (non-continuous scores defined using high-risk cut-
points were not included because there are no established
cut-offs for young children). Multiple studies describing
the same cohorts were eligible for inclusion, as they may
have used different approaches to creating the CMR score

and represented a unique contribution to the literature.
Studies with children over the age of 10 were included if
the score was measured before age 10 with follow-up at
later age or if the age range captured children under 10 years
of age. Children <10 years of age were the focus of this re-
view because harmonized definitions of MetS currently exist
for children 10 years of age and older. Exclusion criteria
were articles where the score calculated was non-
continuous, and articles where the score was measured only
in children ≥10 years of age or adults were excluded. Dupli-
cates, non-primary studies and abstracts with insufficient
information were also excluded.

Data abstraction

One reviewer extracted data into a spreadsheet (MK)
which was verified for completeness and accuracy by a
second reviewer (LNA or BTS). Any differences were re-
solved through discussion by all reviewers. A data abstrac-
tion form was developed using an excel spreadsheet to
capture study and participant characteristics, and detailed
information about the components and methods of the
cardiometabolic risk score. Data collected in the abstrac-
tion forms included publication information, study design,
sample characteristics (e.g. year, country, child age, sex),

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flow diagram showing the number of studies identified and
selected for inclusion in the systematic scoping review.
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variables included in the score, variables used for stan-
dardization, if any, method of score calculation and
whether or not the variables used to calculate the score
were weighed equally.

Ethics

Institutional research ethics board review was not required
for this review of published literature.

Results

Results of the literature search and screening process are de-
scribed in Fig. 1. A total of 1996 articles were identified
through the databases searched, and an additional 16
articles were identified through the references of relevant
articles. After the exclusion of duplicates, the titles and
abstracts of 1383 studies were screened. Based on the title
and abstract screening, articles that did not meet the inclu-
sion criteria were excluded (n = 1177). The full text of the
remaining 206 articles was assessed for eligibility. Dupli-
cates (n = 22), non-primary studies (e.g. review articles
and commentaries) (n = 12) and abstracts (n = 15) were
excluded. Additionally, articles where the score calculated
was non-continuous (n = 8) and articles where the score
was measured at adolescence or adulthood (n = 58) were
excluded. A total of 91 articles met the review criteria and
were included in the data extraction (25–115).

Supplemental Table 1 includes a full description of all 91
articles that were included in this review including a descrip-
tion of the study population (age, gender, sample size), the
continuous CMR score name, score components and the
methods of score calculation. The identified studies repre-
sented 51 unique study populations. Several studies were
from the European Youth Heart Study (EYHS) (n = 12),
The Physical Activity and Nutrition in Children (PANIC)
study (n = 5), The Early Bird Study (n = 4), Identification
and prevention of Dietary-and lifestyle-induced health
Effects In Children and infants study (IDEFICS) (n = 5)
and Copenhagen School Child Intervention Study (CoSCIS)
(n = 4) cohorts. None of the cohorts that reported a CMR
score in multiple studies calculated it exactly the same
across all studies (i.e. there were different methods reported
for calculation of the CMR score within cohorts).

Description of studies

A summary of the included articles is provided in Table 2.
Of the 91 studies identified, 52 (57%) were conducted in
Europe; 21 (23%) in the USA or Canada; 10 (11%) in
China, Korea or Japan; 3 (3%) in Australia; and only 5
studies (6%) were from other countries. Most of the studies
(50%) were published between 2013 and 2016, and the
oldest article was published in 1994. Study designs included

cross-sectional (75%), cohort (21%) and RCT or quasi-
experimental studies (4%). In terms of sample size, 33%
of the articles had a sample size greater than 1000, 20%
were between 500 and 1000 and 47% of studies had a
sample size less than 500 study participants. Most studies
(83%) included children 6–9 years of age.

Calculation of cardiometabolic risk score

Different methods were used to calculate the continuous
CMR score (Table 3). The most commonly used methods
were the total sum of the z-scores for all variables included

Table 2 Characteristics of all identified studies reporting
cardiometabolic risk cluster scores among children less than 10 years of
age (n = 91)

Characteristic n (%)

Country
Europe 52 (57%)
USA and Canada 21 (23%)
China, Korea and Japan 10 (11%)
Australia 3 (3%)
Other‡ 5 (6%)

Year of publication
1994 1 (1%)
2001–2006 4 (4%)
2007–2012 41 (45%)
2013–2016 45 (50%)

Study design
Cross-sectional study 68 (75%)
Cohort study 19 (21%)
Randomized controlled trial or quasi-experimental 4 (4%)

Sample size
<500 43 (47%)
500–1000 18 (20%)
>1000 30 (33%)

Age at measurement of CMR score*
<2 years 1 (1%)
2–6 years 19 (19%)
6–9 years 78 (83%)

Sex
Male only 1 (1%)
Female only 2 (2%)
Both 88 (97%)

‡Including the Kuwait, India, Chile, Mexico and Mozambique.
*Percentages do not sum to 100% because some studies included chil-
dren within multiple age groups. There were 59 studies that also included
children >10 years of age and 13 studies that did not clearly specify the
age range.

Table 3 Methods of composite risk score calculation (n = 91)

Method* n (%)

Sum of z-scores 64 (70%)
Mean of z-scores 21 (23%)
PCA or factor analysis 3 (3%)
Other 4 (4%)

*Numbers add to 92 because one study included two methods.
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(70% of studies) or the mean of the total z-scores (23% of
studies). Only 3% of studies used a statistical approach such
as principal component analysis (PCA), and 4% of studies
used other methods, such as the sum or mean of ranks.

Components of the cardiometabolic risk score

All scores computed included some measure of adiposity,
lipids, metabolism and/or blood pressure (Table 4). More
than 45 different combinations of variables were reported
in the summary scores. The mean number of variables
included in the CMR summary score was 5 with a range
from 3 to 11 variables.

The most commonly used measures of adiposity were
waist circumference (53% of studies), followed by skinfold
thickness (19%) and body mass index BMI (11%). Other
reported measures of adiposity included body fat percentage
and waist-to-height ratio. Fourteen (15%) articles did not
include any measure of adiposity within the CMR score,
and four studies included more than one measure of adipos-
ity within the CMR score.

Nearly all studies included some measure of blood pres-
sure in their CMR score; only two studies did not include
any measure of blood pressure. The most commonly used

measure of blood pressure was systolic blood pressure
(SBP) (68% of studies), followed by diastolic blood pressure
(DBP) (34%) and mean arterial pressure (MAP) (32%).
The vast majority of studies (97%) included at least one

lipid measure. The following lipid measures were used:
triglyceride (TG) (86% of studies), high-density lipoprotein
cholesterol (HDL-C) (66%), total cholesterol (TC)/HDL-C
ratio (25%), total cholesterol (4%), low-density lipoprotein
cholesterol (4%), TG/HDL-C ratio (4%) and non-HDL-C
(3%). Nearly all studies included more than one lipid mea-
sure, and there were only 8 identified studies that included
only one lipid measure; 57 studies included TG and HDL,
and an additional 19 studies included TG and the
TC/HDL ratio.
Metabolic measures were included in all but 11 (12%) of

studies. Metabolic measures that were included in the iden-
tified cluster scores were glucose (43%, of studies), homeo-
stasis model assessment-insulin resistance (HOMA-IR)
(42%) and insulin (23%). There were 18 studies that in-
cluded two of the metabolic measures, and approximately
60% of studies had analysed fasted blood samples.

Validity of the score

Few articles discussed the validity and/or reliability of their
CMR score (70,94,111). Eisenmann et al. examined the
construct validity of their continuous continuous metabolic
syndrome score (‘cMetS’) score by comparing with a dichot-
omous definition of MetS with age-modified cut-points in
children 7–9 years of age and found high agreement (70).
Whereas, Pandit et al. (94) examined the efficacy of a cMetS
score for predicting arterial stiffness in children 6–17 years
of age and to define a high-risk cut-off based on the risk
of atherosclerosis, including pulse wave velocity and carotid
intima media thickness, in children (94). Lastly, Viitasalo
et al. used confirmatory factor analysis to validate the
‘MetS’ score in children 6–8 years old and concluded that
a continuous MetS score can be used as a tool to evaluate
CMR not only in children but also at different stages of
adulthood (111).

Risk factors evaluated in relation to cardiometabolic
risk score

Table 5 summarizes the range of variables evaluated as ex-
posure or outcome variables in relation to the CMR score
variables. The most commonly evaluated risk factors were
physical activity (n = 28 studies), aerobic or cardiorespira-
tory fitness (n = 20) and sedentary behaviour including
screen time (n = 12). Several studies evaluated the continu-
ous CMR scores in relation to a dichotomous measure of
the metabolic syndrome or other cardiometabolic risk
factors (n = 8) or cytokines and inflammatory markers
(n = 5). Fifteen studies evaluated the associations between

Table 4 Variables included in CMR score calculation (n = 91)

Variable* n (%)

Adiposity
Waist circumference 48 (53%)
Skinfold thickness 17 (19%)
BMI 10 (11%)
Other‡ 6 (7%)
None 14 (15%)

Lipids
TG 78 (86%)
HDL 60 (66%)
TC/HDL 23 (25%)
TC 4 (4%)
LDL 4 (4%)
Non-HDL 3 (3%)
TG/HDL 4 (4%)
None 3 (3%)

Metabolism
Glucose 39 (43%)
Homa-IR 38 (42%)
Insulin 21 (23%)
None 11 (12%)

Blood pressure
SBP 62 (68%)
DBP 31 (34%)
MAP 29 (32%)
None 2 (2%)

Median number of variables included in risk score (min, max) 5 (3, 11)

*Not mutually exclusive; some scores included more than one variable
from the same category.
‡Other anthropometric measures such as waist-to-height ratio, percent
body fat, abdominal fat mass and body fat distribution.

Cardiometabolic risk definitions M. Kamel et al. 5obesity reviews

© 2018 World Obesity Federation Obesity Reviews



CMR score and child body fatness, adiposity or BMI, and
an additional 4 studies evaluated parent BMI or cardiomet-
abolic risk in relation to child’s CMR score. Studies of
dietary factors (n = 8), sleep (n = 3), stress (n = 3), or
neighbourhood characteristics including socioeconomic
status (n = 2). Very few studies evaluated risk factors during
pregnancy, early infancy, or preconception.

Discussion

The results of our scoping review suggest that continuous
CMR scores are increasingly being reported in the literature
on young children (<10 years), and this trend has mostly
emerged within the past decade. There was no consistent
definition of a CMR score. However, several similarities
were identified among the commonly used definitions. Most
studies used a z-score approach, included at least one mea-
sure of adiposity, lipids, metabolism and/or blood pressure,
and on average included 5 components. The most com-
monly used score components included waist circumference
(WC), MAP, HOMA, HDL and TG. Names of the score
also varied, but the term ‘metabolic syndrome (MetS) score’
was the most frequently used, despite heterogeneity of
included components.

To the best of our knowledge, this is the first compre-
hensive scoping review that systematically describes all
previous research. However, previous commentaries and
review papers have summarized some of these issues.

Sovio et al. reviewed 8 of the studies and concluded that
several algorithms exist for calculating a childhood CMR
score and proposed an approach to using the CMR score
to predict the risk of future cardiometabolic disease in
overweight children (20). A review by Eisenmann aimed
to provide an overview of the utility of a continuous
CMR score in research and concluded by recommending
the inclusion of five key components in the calculation of
the score, including a measure of central obesity, HDL,
TG, BP and glucose metabolism (21). Further recommen-
dations were also that the individual components should
be age-standardized to account for the effect of age on
cardiometabolic risk factor development (21). Our scoping
review has identified that not all reported scores meet
these recommendations.

Components included in the scores that we identified
varied substantially. Of the 91 scores that we identified,
61 studies (67%) met the recommendations of Eisenmann
et al. (21) and included measures of all 5 recommended
components: central adiposity, HDL, TG, BP and glucose
metabolism. Waist circumference was the most frequently
reported measure of central adiposity (48 studies), and three
studies used the waist-to-height ratio which may be prefera-
ble in older children, but there is limited research in young
children (116). Most studies included both HDL and TG
(n = 57) or the ratio of TG/HDL (n = 4) in their CMR
scores, although other lipid measures including TC/HDL ra-
tio and non-HDL were also occasionally included. Glucose

Table 5 Details of exposure and outcome variables evaluated in relation to CMR scores

Exposure or outcome variables Number
of studies

References

Physical activity 28 (25,27,30,31,38,44,48,52,56–58,64–66,73,74,78–
81,83,84,91,95,98,108,109,115)

Aerobic, cardiorespiratory or muscular fitness 20 (30,33,50,51,64,68,69,71,72,74,84,87,90,97–
99,101,102,107,114)

Sedentary behaviour (including screen time) 12 (38,51,53,54,59,61,73,100,103,105,109,115)
Metabolic syndrome and other cardiometabolic outcomes or risk factors for
cardiovascular disease

8 (32,41,49,70,93,94,104,111,112)

Dietary factors 8 (26,39,54,55,62,75,86,115)
Cytokines and inflammatory markers 5 (37,42,46,50,106)
Sleep 3 (35,38,115)
Parent BMI or cardiometabolic risk 4 (29,45,77,89)
Child body fat/adiposity 9 (51,56,71,76,91,92,102,114,125)
Child BMI or obesity 6 (32–34,60,68,92)
Fatty acids 2 (37,110)
Stress or cortisol 3 (66,67,79)
Autonomic nervous system 2 (85,113)
Neighbourhood characteristics 2 (47,88)
Mood 1 (40)
Size for gestational age 1 (36)
Pubertal stage 1 (60)
Persistent organic pollutant exposure 1 (43)
Acanthosis nigricans 1 (82)
Undercarboxylated osteocalcin 1 (96)
Liver enzymes 1 (112)
Health promotion program 1 (28)
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(39 studies), HOMA-IR (38 studies) and insulin (21 studies)
were each reported with similar frequency (17 studies
included both insulin and glucose). Fasting status varied
among the reported scores, and even though recent evidence
suggests that fasting may not be necessary for lipids in chil-
dren, the use of non-fasted insulin and HOMA-IR may not
be appropriate (117,118). Systolic blood pressure alone (45
studies) was included most frequently in the summary
scores, although diastolic BP was also frequently included
as were MAP or the average of SBP and DBP. The majority
of studies calculated the CMR score as the sum or the mean
(total divided by the number of components) of the z-scores,
with each component of the score standardized within the
study population. Studies have shown that using a continu-
ous CMR score has several advantages compared with a
dichotomous CMR score, and statistically, a continuous
variable is preferred for many reasons (20,70,94). However,
when combining components to create a continuous CMR
score, it may not be appropriate to assume that all the vari-
ables included in the score contribute equally to the risk of
developing diabetes or CVD (63). Although the total sum
of z-scores and the mean of z-scores are directly scalable,
the inconsistent use of both limits comparability between
studies. Further, the properties of the z-score distribution
are lost when multiple z-scores are added (the mean and
standard deviation are no longer 0 and 1, respectively),
and to compute the mean of the z-score, the square root of
the number of components should be used instead of the total
number to preserve the z-score distribution. None of the
identified studies clearly indicated if they used the square root
of the number of components to calculate the mean z-score.
Further, few identified articles commented on how missing
data were handled, and this may be important if data are
missing on selected components only. It was unclear how
the summary score was calculated if there were missing data.

Other methods that were used to calculate the CMR score
were PCA or factor analysis. These methods weight the
variables differently based on the proportion of variance
they produce in the data (39,119). However, these weights
would be unique to the study population where the PCA
was conducted, and it may not be appropriate to apply the
weight to other populations, which may limit the applicabil-
ity of a PCA approach when considering the development of
a harmonized consensus definition. Further, within the cal-
culation of scores, some authors chose to weight measures
of diastolic and systolic blood pressure (by calculating the
average or using MAP), or use the ratios of lipids instead
of including each component separately. These weighting
techniques would change the overall contribution of each
component and may be important to consider when com-
paring across studies or developing a standard measure.

An additional limitation to all studies that calculated a
continuous CMR score is the issue of standardization.
Unlike adults, because children are still growing, age and

sex-specific reference standards are routinely used for
growth measures such as BMI. But international reference
standards do not exist for other measures of child adiposity
such as waist circumference. Age-specific and sex-specific
reference standards for WC from the US National Health
and Nutrition Survey, cycle III have been published only
for children age 5–19 (120). Further, blood pressure is also
dependent on child height, and this was not taken into
account in most of the scores. Where standardization did
occur, it was most often only by age and sex and
standardized within each study population, based on the
study samples themselves, and therefore, the scores are not
comparable across populations (20,70). A few studies
standardized by ethnicity, and further work is needed to de-
termine if this is necessary. These differences in standardiza-
tion of components limit the comparability of continuous
CMR scores across study populations.
Only 3 of the identified studies examined the validity of a

CMR score. One of the challenges with evaluating the valid-
ity of such a score is the lack of gold standard. Ideally, we
would like to know if CMR in childhood is associated with
diabetes and CVD diagnosis in adulthood. However, with-
out very long follow-up studies, this is not feasible. The
few studies that did evaluate validity compared with dichot-
omous measures of MetS or non-invasive measures, such as
cIMT (70,94,111).
Adiposity was commonly included in the CMR scores,

usually as waist circumference, but sometimes BMI. Al-
though it is hypothesized that adiposity is an important com-
ponent of cardiometabolic risk in children, it is important to
note that adiposity alone does not determine metabolic
health. It is not expected that all children with high CMR
scores will be obese or that all obese children will have high
CMR. A substantial proportion of children with obesity
have been identified as ‘metabolically healthy obese’. A
review of the literature identified that the prevalence of
metabolically healthy obesity ranged from 4 to 68% among
children and youth with overweight and obesity (121). Else-
where, the prevalence of metabolically healthy obesity has
ranged from 7 to 74% depending on definition (122). A
standardized definition of cardiometabolic risk in children
may be helpful in defining and further understanding meta-
bolically healthy versus unhealthy overweight and obesity.
There are a wide range of potentially important risk

factors for CMR, and a detailed review of these risk factors
is beyond the scope of this review. Most of the studies iden-
tified in this review evaluated CMR as an outcome in rela-
tion to a range of risk factors. The most common were
studies of physical activity and aerobic or cardiorespiratory
fitness. No studies were identified that evaluated other
potentially important topics such as maternal over and
under nutrition during pregnancy; however, recent studies
of maternal dietary patterns during pregnancy and
offspring cardiometabolic risk factors have identified some
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associations (123), but this has not been found in all studies
(124). Further, none of the reviewed studies considered
other potentially important CMR risk factors such as
oxidative stress or passive smoking. A few studies evaluated
family history in relation to CMR scores, but none of the
studies included genetic markers in the CMR score.

Strengths and limitations

To date, this study is the most comprehensive review con-
ducted on the definitions of CMR scores. A systematic
search strategy was conducted across several databases with
the help of an expert librarian to minimize potential bias,
resulting in the inclusion of a large number of studies in
our review. Three databases were used to capture the
greatest amount of results, and abstract screening was con-
ducted by two reviewers. Our study had several limitations;
despite conducting a systematic search, it is possible that
some articles were missed, especially if the score was not de-
scribed in the abstract, or if different terminology was used
to describe the concept of a cluster or summary score. Only
English language studies were included. Additionally, given
the very diverse nature of the research conducted thus far in
terms of exposures, outcomes and study designs, we did not
assess the quality of included studies.

Recommendations and future steps

This scoping review identified a large number of studies
reporting continuous CMR scores in young children and
wide variation in the methods used for measurement of
the scores. We strongly recommend the development of a
standard and validated definition of CMR in young chil-
dren. The measurement of CMR in early childhood may
contribute to understanding of disease trajectories and pro-
vide opportunities for early intervention, with the ultimate
goal of contributing to the prevention of diabetes and
CVD. A harmonized definition would facilitate compari-
sons across study populations and improve the interpreta-
tion of conclusions. Future research could include a Delphi
survey and expert panel to review definitions, meta-analyses
comparing different CMR scores in relation to health out-
comes and prospective validation studies.

Conclusion

This study explored the research conducted on CMR scores
in children less than 10 years of age to map the different
definitions of CMR scores, the variables included and the
method of score computation. The findings of this study
highlight the wide range of CMR definitions that have
recently emerged in early childhood. More work is needed
to standardize the method of score calculation in order to
compare populations and draw meaningful conclusions.
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