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Abstract Aims: Clustering of cardiometabolic risk factors (CMRFs) indicates cardiometabolic
risk (CMR), a key driver of cardiovascular disease. Early detection and treatment of CMR are
important to decrease this risk. To facilitate the identiﬁcation of individuals at risk, CMRFs are
commonly combined into a CMR Score. This scoping review aims to identify CMRFs and methods
used to calculate adolescent CMR Scores.
Data synthesis: Systematic searches were executed in Child Development and Adolescent Studies,
Ovid MEDLINE, Ovid EMBASE, Ovid PsycINFO, EBSCO CINAHL, Scopus Elsevier, Cochrane CENTRAL, and Nursing and Allied Health. No limits were placed on publication date or geographic
location. Studies were included if participants were 10e19 years and the study reported CMRFs
in a composite score. Key extracted information included participant characteristics, CMRFs
comprising the scores, and methods of score calculation. CMRFs were categorized and data were
reported as frequencies. This study identiﬁed 170 studies representing 189 CMR Scores. The most
common CMRF categories were related to lipids, blood pressure, and adiposity. The most
frequent CMRFs were triglyceride z-score, systolic blood pressure z-score, and inverse highdensity lipoproteins z-score. Scores were mostly calculated by summing CMRF z-scores without
weighting.
Conclusions: The range of CMRFs and Scores identiﬁed in adolescent CMR literature limits their
use and interpretation. Published CMR Scores commonly contain two main limitations: (a) use of
an internal cohort as the z-score reference population, and (b) Scores relying on adiposity measures. We highlight the need for a standard set of CMRFs and a consensus for a CMR Score for
adolescents.
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University. Published by Elsevier B.V. All rights reserved.

Abbreviations: CMRFs, Cardiometabolic Risk Factors; CMR, Cardiometabolic Risk; FRS, Framingham Risk Score; CVD, Cardiovascular Disease; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; HDL, High-Density Lipoproteins; MetS, Metabolic Syndrome; cMetS,
Continuous Metabolic Syndrome Score; BD, Bipolar Disorders; MDD, Major Depression Disorder; AHA, American Heart Association;
Pathological Determinations of Atherosclerosis in Youth Risk Score, PDAY Risk Score.
* Corresponding author. 1145 Burton Wing, Department of Psychiatry, Hospital for Sick Children, 555 University Avenue, Toronto, Ontario, Canada
M5G 1X8.
E-mail addresses: rq5@st-andrews.ac.uk (R.C. Quinn), susan.campisi@sickkds.ca (S.C. Campisi), brian.mccrindle@sickkids.ca (B.W. McCrindle),
daphne.korczak@sickkids.ca (D.J. Korczak).
https://doi.org/10.1016/j.numecd.2022.08.022
0939-4753/ª 2022 The Italian Diabetes Society, the Italian Society for the Study of Atherosclerosis, the Italian Society of Human Nutrition and the Department of Clinical
Medicine and Surgery, Federico II University. Published by Elsevier B.V. All rights reserved.

2670

1. Introduction
Accumulation of cardiometabolic risk factors (CMRFs)
contributes to cardiometabolic risk (CMR) and increases
the risk of cardiometabolic disease and future cardiovascular events such as ischemic heart disease, myocardial
infarction, and valvular disease. Cardiometabolic risk encompasses the chance of cardiovascular events and diabetes mellitus occurring [1]. Therefore, early detection and
treatment of CMR in adolescence are important to future
adult health. To date, extensive research has been conducted in adults uncovering CMR and related mechanisms
[2]. In adults, the Framingham Risk Score (FRS) is a
commonly used scoring system used to detect the 10-year
risk of Cardiovascular Disease (CVD) and is used as an early
indicator of CMR [3]. The FRS is comprised of systolic blood
pressure (SBP), diastolic blood pressure (DBP), total
cholesterol, high-density lipoproteins (HDL), diabetes
mellitus, treatment for hypertension, and smoking [3]. FRS
is calculated by summing points assigned to each risk
factor [3]. Cardiometabolic diseases and related events
largely manifest in adulthood, however, atherosclerotic
processes can begin in childhood [4,5].
Early identiﬁcation of CMR in children and adolescents
is critical to prevent the onset and development of cardiometabolic disease. Yet, research regarding CMR in
children and adolescents is scant and no standard CMR
Score exists. There is currently no ofﬁcial deﬁnition for
Metabolic Syndrome (MetS) in adolescents [6]. The
Continuous Metabolic Syndrome Score (cMetS) has been
used to detect children and adolescents with elevated CMR
in their cohort [7]. As there is no ofﬁcial score, a wide
spectrum of scoring methods has been designed to assess
CMR in children and adolescents.
Many factors increase an individual’s CMR. For
example, there is a signiﬁcant relationship between diet
and CVD that begins in youth [8]. Diet is also related to
atherosclerosis and hypertension, two conditions
contributing to CVD [8]. A healthy diet is a key to preventing CVD, the American Heart Association’s (AHA)
recommendations for diet include consuming an overall
healthy diet, eating the recommended levels of lowdensity lipoproteins, HDLs and TGs, and aiming for
normal blood glucose levels [9]. Detecting unhealthy diets
among youth could provide a preventative window where
diets could be modiﬁed, decreasing the risk of future CVD.
In addition, psychiatric disorders in childhood and
adolescence such as attention deﬁcit hyperactivity disorder, autism spectrum disorder, anxiety disorders,
depression, and bipolar disorders (BD) are linked to
greater CMR in adulthood independent of body weight or
the presence of metabolic syndrome [10]. Youth onset
Major Depression Disorder (MDD) and BD have been
identiﬁed as tier two moderate-risk conditions predisposing youth to premature CVD [11]. A tier two moderaterisk condition is deﬁned by the AHA as a disease with
“pathophysiological evidence for arterial dysfunction
indicative of accelerate atherosclerosis before 30 years of
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age” [12]. AHA Guidelines suggest that adolescents should
be considered tier one or high-risk when assessment
uncovers two or more adverse risk factors. Treatment
goals include lifestyle changes, and drug therapy dependent on the tier of risk [13]. A Swiss study among female
high school students reported that approximately 71% of
the adolescents diagnosed with a psychiatric disorder
were normal weight [14]. Additionally, elevated CMRFs
have been reported in adolescents who are of normal
weight but have excess body fat [15]. Obesity tracks to
adulthood and contributes to CMR [16], however, CMR
exists in adolescents with psychiatric conditions, and
adolescents of normal weight but with excess body fat,
regardless of weight status. Thus, a pediatric CMR Score
that relies on measures of adiposity could be less effective
in detecting CMR in these populations.
This review aims to identify CMRFs most frequently
used in composite CMR Scores for adolescents and to
determine, when possible, the association of adolescent
composite CMR Scores with future cardiovascular health.
2. Methods
This study was a scoping review aimed at synthesizing the
literature regarding the adolescent assessment of CMR.
Systematic searches were executed in Child Development
and Adolescent Studies (EBSCOhost), Ovid MEDLINE
(1946-present including Epub ahead of print, in-process,
and other unindexed citations), Ovid EMBASE (1947present), Ovid PsycINFO (1806-present), EBSCO CINAHL
Plus with Full Text (1981-present), Scopus (Elsevier),
Cochrane CENTRAL and Nursing and Allied Health (ProQuest) on July 23rd, 2021. No date or language limits were
imposed. The search strategy (Supplementary Table 1) was
developed by RQ and peer-reviewed by an academic
health sciences librarian at SickKids Hospital following
Peer Review of Electronic Search Strategies (PRESS) for
systematic review guidelines [17]. The scoping review
protocol is available at https://osf.io/4txdp [18].
2.1. Inclusion and exclusion criteria
This review considered peer-reviewed observational, analytic cross-sectional studies, retrospective and prospective
cohort studies, case-control studies, randomized control
trials, and quasi-experimental studies of adolescent samples with a mean age of 10e19 for inclusion in order to
capture all studies using composite CMR Scores during
adolescence, as deﬁned by the World Health Organization
(WHO). Ecological studies, proportional mortality studies,
case-crossover studies, narrative, and systematic reviews
were excluded. All settings and geographic regions were
included. Due to limited capacity within the study for a
translator, only English studies were included. The
outcome was CMRFs used in composite scores calculated
by any method. Studies that reported CMRFs without a
composite score were not eligible for inclusion.
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2.2. Screening and selection of studies
All references generated by the systematic searches were
screened using Covidence online software in duplicate by
RQ and SCC, ﬁrst by abstract and title, followed by full-text
review [19]. Upon disagreement, two reviewers discussed
reasons for inclusion and exclusion to determine if the
study should be included or excluded until consensus was
reached.
2.3. Data extraction
Data were extracted by one reviewer (RQ) onto a data
extraction form designed a priori using Microsoft Ofﬁce
Excel [20]. A second reviewer (SCC) extracted and matched
10% of the studies, the remaining studies were veriﬁed as
part of the data extraction process. Extracted data included
study sample characteristics, mean age (when mean age
was not reported, median age), sample size, country,
measures of obesity, CMRFs included in the CMR Score, the
reason for the inclusion of CMRFs, and the analytic method
used to calculate the CMR Score. When the CMR Score in
adolescence and later was reported, this information was
extracted to determine the predictability of the CMR
Scores.
2.4. Data Synthesis
CMRFs were categorized into 13 categories as follows:
adiposity (i.e. body weight, waist circumference), lipids
(i.e. HDL, TG), blood pressure (i.e. SBP, diastolic blood
pressure), metabolism (i.e. fasting glucose, fasting insulin),
cardiorespiratory ﬁtness (i.e. maximal oxygen consumption, Andersen Running Test), adipocytokines and cytokines (i.e. tumor necrosis factor-alpha, c-reactive protein),
demographics (i.e. age, sex), endothelial function (i.e. ﬂowmediated dilation, ﬂow-mediated dilation percentage),
autonomic function (i.e. resting heart rate, heart rate recovery time), markers of insulin production (i.e. c-peptide,
homeostatic model assessment for insulin resistance),
markers of liver cell injury (i.e. log aspartate aminotransferase, log alanine aminotransferase), clotting factors (i.e.
ﬁbrinogen, ﬁbrinogen z-score), and risk behaviors (i.e.
smoking, diet). All data are reported as frequencies.
3. Results
After applying the inclusion criteria, 170 studies representing 189 CMR Scores were included in this scoping
review as outlined in the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) ﬂowchart (Fig. 1). Among the 189 CMR Scores, 123 scores
contained unique combinations of CMRFs. A summary
table of included studies can be found in Supplementary
Table 2. The approximate mean age of participants across
all studies was 13.7 years (54% female). The sample size
ranged from 20 to 29,734 participants. Geographically,
52.9% studies were from Europe (n Z 90), 28.2% were from
North America (n Z 48), 11.2% were from South America
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(n Z 19), 4.1% were from Asia (n Z 7), 1.8% were from
Australia (n Z 3), 0.6% were from Africa (n Z 1), 0.6% used
cohorts from Europe and Africa (n Z 1), and 0.6% used
cohorts from Europe, Australia, North America, and South
America (n Z 1) (see Fig. 2).
Approximately 74% of studies were cross-sectional
studies (n Z 125), 15% were longitudinal studies
(n Z 26), and 7% were prospective cohort studies (n Z 11).
The remaining types of included studies can be found in
Supplementary Table 3.
This study identiﬁed 126 unique CMRFs, grouped into
13 CMRF categories. Approximately 82% (869/1056) of the
included CMRFs belonged to four CMRF categories: lipids
(n Z 387, 37%), blood pressure (n Z 213, 20%), adiposity
(n Z 150, 14%), and metabolism (n Z 119, 11%). See
Supplementary Table 4 for the ranking of all CMRF categories and Supplementary Tables 6e18 for CMRF ranking
for each CMRF category. See Supplementary Table 19 for
the ranking of included adiposity measures.
Among all 13 CMRF categories, the most reported individual CMRF was TG z-score (n Z 109), belonging to the
lipids category, and making up 10% of the reported CMRFs.
The next most reported CMRFs were SBP z-score (n Z 92)
belonging to the blood pressure category, and ( 1) HDL zscore (n Z 74) also belonging to the lipids category. A full
list of the reported CMRFs and their rankings can be found
in Supplementary Table 5.
Most CMR Scores included six CMRFs; however, the
number of included CMRFs ranged from three to 14.
Certain scores were used more than once, for example, the
Pathological Determinants of Atherosclerosis in Youth
(PDAY) Risk Score and cMetS score were used in more than
one study.
The rationale for CMR selection was reported in 84%
(n Z 158) of scores. The most common reason for CMRF
selection, used in 61% of studies, was that other studies
recommended the use of the CMRFs to assess CMR
(n Z 116), followed by the inclusion of MetS components
reported in 11% of studies (n Z 21). See Supplementary
Table 20 for a complete list of reported rationales.
3.1. Methodological considerations
Various CMR Scores weighted CMRFs differently. Approximately 94% (n Z 177) of CMR Scores weighted each CMRF
equally, while 6% (n Z 12) of risk scores weighted CMRFs
unequally in the calculation of CMR. For example, the
PDAY Risk Score [21e27], assigned different weights to
CMRFs in the calculation of CMR to reﬂect their association
with arterial pathology. Weighting was based on the outcomes of 10-year cardiovascular risk and the risk of
atherosclerotic lesions.
Studies used a variety of methods to calculate adolescent CMR Scores from the measured CMRFs. The most
common method reported was the summation of z-scores
used in 55% (n Z 104) of scores, followed by summing the
average z-scores in 29% (n Z 55) of scores, both weighted
CMRFs equally. Summing the CMRF z-scores yields a value
representative of the individual’s cumulative CMR,
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Identification
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Records identified through database
searching
(n = 9226)

Screening

Duplicates removed
(n=3469)

Non-duplicate records screened by title and
abstract
(n = 5757)

Eligibility

Records excluded
(n = 5390)

Full-text articles assessed for eligibility
(n = 367)

Included

Studies included
(n = 170)

Full-text articles excluded,
with reasons
(n = 197)
46 age above inclusion criteria
38 abstract only study
32 wrong outcomes
26 age below inclusion criteria
16 wrong patient population
11 wrong study design
10 review paper
6 CMR not assessed using a CMR Score
6 duplicate
2 no age listed
2 protocol paper
1 not able to access full-text
1 non-English language

CMR Scores Included
(n = 189)

Figure 1 PRISMA ﬂow chart.

whereas averaging the CMRF z-scores gives a value
indicative of the person’s average CMRF score. Sum scores
are beneﬁcial as they indicate the total CMR. Average
scores are beneﬁcial as they indicate if on average an individual’s CMRFs are outside the healthy range, however
they do not indicate total risk. The summation of points
assigned to speciﬁc risk factors was used in 8% of scores
(n Z 15) which sometimes weighted the CMRFs unequally.
See Supplementary Table 21 for the full list of methods
used to calculate CMR. Z-scores were mostly standardized
using the study’s cohort. Z-scores were internally derived
in 84% (n Z 135) of scores and used a reference population
in 11% (n Z 18) of scores. See Supplementary Table 22 for
the full list of methods used to calculate z-scores.
Other examples of CMR Score algorithms included
mathematical transformations of risk factors i.e., reverse
coding of variables when the risk factor is understood to
have an inverse relationship with CMR in 10% of CMRFs
(n Z 108), logarithmically in 8% of CMRFs (n Z 82), or
with a natural logarithm in 2% of CMRFs (n Z 17).
On average CMR Scores used six CMRFs. The most
common CMRFs were TG z-score, SBP z-score, inverse HDL
z-score, waist circumference z-score, fasting glucose zscore, and homeostatic model assessment for insulin
resistance z-score. Most often, z-scores were calculated

using the study cohort as a reference population, weighted
equally, and summed to create a total CMR score.
3.2. Association of CMR scores with future
cardiometabolic health
Six studies assessed CMR in adolescence with a follow-up
later in life using CMR Scores [24,28e32]. Two studies did
not report CMR Score at follow-up, though one of these
studies, with two years between baseline and follow-up,
indicated there had been no change in CMR Score [33].
Within each study, the same CMRFs and CMR Score
calculation method were done at baseline and at follow-up.
Since different CMRFs, variable number of CMRFs and
methods for calculating CMR we were unable to do a metaanalysis among the remaining 4 studies. Other factors of
heterogeneity precluding the ability to meta-analyze the
studies were the follow-up duration which ranged from 2
to 15.0 years and mean age at follow-up which ranged from
15.7 years to 33 years. Among the four studies that did
report CMR Score at follow-up, two studies found that
scores increased [24,34], and two studies found that scores
increased in some groups of participants and decreased in
other groups of participants from the sample population
[29,30] (Supplementary Table 23).
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Figure 2 CMRF Categories used in CMR Scores. CMRFs in each CMRF category per (colour of individual cells represent the number of times a CMRF
was included from the CMRF category). (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the Web version
of this article.)

4. Discussion
This scoping review synthesized research reporting
adolescent CMR Scores and found 189 CMR Scores in 170
studies. The majority of studies were from Europe and
were cross-sectional studies. On average, adolescent CMR
Scores included six CMRFs. The most common CMRF

categories included in CMR Scores were lipids, blood
pressure, and adiposity, with lipids being the most reported. More than three-quarters of CMR Scores included a
measure of adiposity. The most frequently reported individual CMRFs across all 13 categories were TG z-score, SBP
z-score, and ( 1) HDL z-score. Adolescent CMR Scores
were predominately calculated by summing equally
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weighted CMRF z-scores derived using the study’s cohort
as the reference population.
A recent scoping review investigating CMR assessment
in early childhood (<10 years of age) reported the top
CMRF category used was lipids, followed by measures of
blood pressure, metabolism, and adiposity [35]. This is
consistent with the current adolescent scoping review’s
ﬁndings, as we identiﬁed lipids were most often incorporated in CMR Scores, followed by measures of blood
pressure, adiposity, and measures of metabolism. In both
reviews, the same four CMRF categories were used most
often, the only difference was that in the childhood review
metabolic measures ranked third while in the current review it ranked fourth. Both reviews also found the summation of z-scores to be the most common method for the
calculation of CMR.
Among adults, the gold standard FRS used in the
assessment of 10-year cardiovascular risk has been veriﬁed
among those 30 and 74 years of age [3]. The CMRFs in the
FRS belong to the following categories: demographics,
lipids, blood pressure, and risk behaviours. These categories are consistent with those summarized in the current scoping review with the exception of metabolic
measures reported in 11% of CMR Scores.
One limitation in this body of work is the use of an
internal reference to calculate z-scores rather than a
standard reference population. Z-scores constructed in this
way are poor indications of adolescent CMR because they
only show the adolescent’s CMR within the study’s cohort.
It is not an accurate reﬂection of their CMR compared to
the broader adolescent population and impedes the ability
to compare z-scores against other studies and adolescent
groups [36]. Standardizing z-scores to a standard reference
population is important so that data can be compared
across studies to data collected among different groups of
individuals [37]. As well, this increases the ability to
compare trends of adolescent CMR [37]. However, there
are currently no widely accepted reference values for
cardiometabolic risk factors in adolescents, only suggested
reference values exist [38]. In the current scoping review
only 11% of CMR Scores used suggested reference values.
Our review identiﬁed six studies that measured CMR
Scores in adolescence with a later follow-up, without an
intervention. Although the calculated CMR Scores changed
between baseline and follow-up, no cardiovascular
outcome was reported at this follow-up time. Additionally,
the maximum follow-up duration was 15 years, when
participants were a mean of 33 years of age; at this age, it
remains unlikely that participants manifest the cumulative
negative effects of high CMR Scores to a clinically relevant
level [4]. One study reported that a change in PDAY risk
score early in life is an important predictor of atherosclerosis in later life by predicting carotid artery intima-media
thickness [24]. Another study stated that in their study, the
best predictor of follow-up Multiple Risk Index Score was
the baseline Multiple Risk Index Score [28].
While obesity, a known CMRF, tracks through to
adulthood [16], adolescents with mood disorders are at
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increased CMR despite their non-obese status [39,40]. The
majority of CMR Scores identiﬁed in this review included
a measure of adiposity and typically scores included six
CMRFs meaning that adiposity measures weigh heavily
into the total CMR Score. Therefore, CMR Scores including
adiposity measures are possibly unable to readily detect
CMR in non-overweight adolescents. Although adiposity
from adolescence is a key driver of CMR [41], not all adolescents at elevated CMR are overweight such as individuals with MDD. Early detection of risk and
intervention is key to preventing the development of
cardiometabolic diseases. ”Having a CMR Score that
weighs heavily on adiposity may not enable detection of
elevated CMR in individuals of healthy body weight, such
as in depressed individuals.” Thus, a CMR score sensitive
to non-obese adolescents could increase a potential preventative window of intervention for youth with MDD
and BD.
A healthy diet decreases the risk of developing CVD [9].
For example, a diet high in number-6 polyunsaturated
fatty acids lowers the risk of atherosclerosis-related CVD
[8]. Low-density lipoprotein concentration is most linked
with CVD risk, and HDL concentration is inversely linked
with CVD risk [42]. Many of the identiﬁed CMR Scores
included CMRFs related to diet, such as HDL levels. Using
standardized CMRFs and a standard CMR Score could
detect adolescents with unhealthy diets, and provide an
opportunity for adolescents to modify their diet. A healthy
diet in youth is important as atherogenesis begins early in
life and is closely related to diet [8].
Current clinical guidelines for cardiovascular health risk
reduction in children and adolescents at elevated risk
focus on the assessment of individual risk factors using
tier-speciﬁc cut-points [43]. The current study presents a
myriad of CMR Scores reported in the literature to identify
adolescents at high risk. A standardized CMR Score with a
core set of CMRFs would be clinically beneﬁcial to detect
adolescents at increased CMR, and not just at increased
CMR compared with their cohort. As well, a uniform and
standard score would allow for results from different
studies to be compared and give CMR Scores merit beyond
the context of the speciﬁc study it was used in. Without a
validated CMR Score, it is unknown if the various CMR
Scores being used in the literature give an accurate score
that represents the individual’s CMR. The development of
a standardized CMR Score should be sensitive to nonobese adolescents. Future research might consider developing a standard CMR Score and developing standard
reference values for CMRFs using pooled data across
multiple cohorts. We recommend using Standard references to calculate z-scores, when possible, for example,
WHO growth standards for height, weight, and BMI. The
development of a standard set of CMRFs identiﬁed using
the Delphi Method by international experts would achieve
this goal [44]. Once a standard set of CMRFs and methods
for CMR Scores are proposed, validation of its predictability using longitudinal cohorts would help inform
future prevention interventions.
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4.1. Strengths and limitations

Declaration of competing interest

The main strength of the review lies in the rigor applied to
the scoping review methodology. As we were interested in
CMRFs and CMR Score methods and not a direct comparison of data across studies, we were able to include a large
number of studies addressing a wide spectrum of research.
This study also had limitations. As scoping reviews do not
assess the risk of bias; bias may exist. Therefore, existing
bias in any of the included studies could inﬂuence the
validity of the extracted data. Consequently, only a summary of the literature is provided without meta-analyses
and the overall effect cannot be estimated.

No potential conﬂict of interest was reported by the
author(s).
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