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Introduction

Summary

Background: Individuals with abdominal obesity have a higher cardiovascular
risk, regardless of the degree of global overweight.

Objective: To estimate the accuracy of the Waist/height ratio (WtHR) as a risk
marker for metabolic syndrome (MS) in children or adolescents.

Methods: Published cohort or cross-sectional studies (Pubmed, Embase-
SCOPUS and CINAHL) were searched, with no limits of time. Studies providing
Waist/height ratio and clustered criteria of metabolic syndrome were included.

Results: Thirty-one studies (66,912 subjects) were selected. Overall, a high WiHR
(>0.5) was associated with a four-fold increased risk of clustered criteria of MS (odds
ratio [OR] 4.15, 95% confidence interval [95% CI]: 2.69 to 6.42) and two-fold
increased risk when adjusted by general obesity (adjusted OR 2.26, 95% ClI: 1.29
to 3.98). The WtHR, as a quantitative measure, showed a pooled area under the
curve of 0.76 (95% CI. 0.71 to 0.80) and, as a dichotomous measure, with a cut-
off point close to 0.5, a sensitivity of 60% (95% Cl: 50% to 68.8%) and a specificity
of 79% (95% ClI: 71.6% to 83.9%).

Conclusions: Measuring WtHR may be considered in regular health checks of
children and adolescents, as it can measure cardiovascular risk regardless of the
degree of general obesity.

Keywords: cardiovascular risk, metabolic syndrome, obesity, sensitivity and spec-
ificity, waist-to-height ratio.

obesity (waist circumference [WC] above the 90th
percentile for age and sex) (9) and not the body mass

Cardiovascular diseases are one of the leading
causes of morbidity and mortality and have a signifi-
cant impact on quality of life and health expenditure.
It has been estimated that about 40% of children have
overweight or obesity (1). We also know that obesity is
associated, since childhood, with cardiovascular risk
factors (2,3). In addition, obesity in childhood is asso-
ciated with obesity and cardiovascular disease in
adulthood, whether or not there is obesity in later ages
(3,4).

General and abdominal obesity can have different
consequences and trends in the paediatric population
(5). It is known that, regardless of the degree of global
overweight, individuals with abdominal obesity have a
higher cardiovascular risk (6-8). In fact, abdominal
obesity is more related to these factors than general
obesity. Among the diagnostic criteria of Metabolic
Syndrome (MS), we usually find an index of abdominal

index (BMI). Much of the evidence comes from stud-
ies in adults, although there is sufficient evidence that
the same happens in childhood (10).

There is still no consensus about which factors and
levels of risk should be used to identify MS in child-
hood. In fact, there have been recommendations to
restrict this term to children older than 10 years (9).
The most commonly used criteria are those of the In-
ternational Diabetes Federation (IDF) (9), which re-
quire the presence of abdominal obesity (WC at
<16 years >90th percentile) and at least two of the
following criteria: high blood glucose (>100 mg/dl),
low HDL cholesterol (> 40 mg/dl; <50 mg/dl for
women >16 years), high triglycerides (>150 mg/dl)
or high blood pressure (systolic >135 mmHg and/or
diastolic >85 mmHg).

Although there are WC reference curves for age and
sex, measurement and relative assessment require a
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time, which is not always available in clinical practice.
In addition, this measurement does not allow us to
adjust the waist size to the degree of growth of the
evaluated child. For this reason, the use of the
waist/height ratio (WtHR), has been extended, with a
relatively stable reference risk value, applicable to
different ethnic, age and sex groups. Computing a
simple ratio is less time consuming than searching
for age-sex reference values. For adulthood, the
WtHR threshold above 0.5 has been generalized as
an alternative risk criterion for WC (6).

There is heterogeneous information that, also in
childhood and adolescence, WtHR is associated with
cardiovascular risk factors, both separately and
clustered (11), but its predictive capacity, or a specific
reference threshold, has not been systematically
established.

Methods

Systematic review of published studies on the accu-
racy of WtHR as a marker for clustered criteria of
MS in childhood (review registered in PROSPERO
2017: CRD42017054428; available at http://www.
crd.york.ac.uk/PROSPERO/display_record.asp?ID=
CRD42017054428). The recommendations of the
MOQOSE guidelines were followed.

Types of studies

Observational cohort studies, prospective or retro-
spective, and cross-sectional studies.

Types of participants

Children and adolescents under 18 years of age who
had simultaneous or serial measurements of WtHR
(using standard measurement procedures carried
out by trained people) and other MS criteria (blood
pressure, fasting blood glucose, insulin, triglycerides,
total cholesterol and/or HDL and/or LDL fractions).
We excluded studies that did not analyse the simulta-
neous presence of at least two of the MS criteria and
those in which people without obesity were excluded.

Exposure and comparison evaluated

W1tHR as a continuous or dichotomous variable.

Outcome measures

Clustered criteria of MS (two or more MS criteria apart
from WC); Risk scores of MS (sum of the values of the
standardized MS criteria); Prevalences, prevalence
ratios, relative risks, odds ratios [OR], and accuracy
indicators (sensitivity, specificity, area under the curve
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[AUC] of the receiver operating characteristic [ROC]).
Our primary objective was to estimate the accuracy
of a high WtHR (> 0.5) as a risk marker of MS. As sec-
ondary objectives we aim to compare the accuracy of
alternative WtHR thresholds and to estimate the risk
of having a high WtHR, adjusting by global obesity,
age and sex.

Search strategy for the identification of
studies

We searched in Pubmed, Embase (via SCOPUS) and
CINAHL, for articles published in English, Spanish,
French, German, Portuguese and Italian, with no limit
of time. The search strategy used in Pubmed was:
(“W-HtR” or “WC/height” or “WHtR” or “waist:height
ratio” or “waist-to-height ratio” or “waist to height ra-
tio” or “wthr” or “Waist-Height Ratio”[Mesh] or
“Waist-to-height” or “waist to height” or “waist height”
or “waist circumference to height”) AND (“Risk”[Mesh]
or “Metabolic Syndrome X'[Mesh] or “Cholesterol,
HDL”[Mesh] or “Triglycerides”[Mesh] or “Insulin
Resistance”[Mesh] or “Hyperlipidemias”’[Mesh] or
“Hyperglycemia”[Mesh] or “Hypertension”[Mesh] or
“Blood Pressure’[Mesh] or “Insulin resistance” or
“Dyslipidemia” or “Hyperlipidemia” or “Hypertension”
or “hyperglycemia”) AND (“infant’[MeSH Terms] or
“child’[MeSH Terms] or “adolescent”’[MeSH Terms]
or infant or child or adolescent). In the other data-
bases, we used adapted searches with filters to ex-
clude Pubmed references. The search was
completed by reviewing bibliographic references of
articles examined in full text.

Review of papers

Two reviewers (COS and JOB) read the titles and
summaries to discard non-related articles and the fulll
text of the related articles in order to select studies. Al
disagreement was solved by consensus.

Evaluation of the quality of the studies

Newcastle-Ottawa scales for observational studies
were used (available at http://www.ohri.ca/pro-
grams/clinical_epidemiology/oxford.asp).

Data extraction

Two reviewers (COS and JOB) extracted the data: au-
thors, inclusion/exclusion criteria, sampling method,
sample size, WtHR cut-off points, MS criteria, missing
data, prevalence of MS, correlation coefficients, accu-
racy estimators, risk estimates and differences of
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means, with their confidence intervals or standard
errors.

Statistical analysis

Descriptive summary estimates were made of all out-
come measures, common to at least three studies,
provided that they were methodologically homoge-
neous. Meta-analyses were performed using:
RevMan 5.3 (OR), Meta-XL (LFK index), MADA pack-
age of R (bivariate model for sensitivity and specificity
estimation) and MedCalc (AUC ROC). Heterogeneity
between studies was estimated using forest plots
and the I statistic. Publication bias was assessed
using funnel plots and LFK index (Meta-XL). The re-
sults were expressed following random effects
models. When available data allowed, subgroup anal-
yses were performed by sex, age, cut-off point and
risk of bias.

Results:

Thirty-one studies (search flow diagram in Fig. S1 and
excluded studies in Table S1 in the Supporting Infor-
mation) were selected for qualitative synthesis.
Table 1 presents their methodological characteristics.
The studies were published between 2002 and 2016,
with 66,912 patients examined between 1993 and
2014, 12 in Europe, eight in Asia, six in South
America, three in North America and two in Africa.
Most were cross-sectional studies, only two cohort
studies. Sample sizes ranged from 79 to 16,914 sub-
jects (median 1100, interquartile range 2830), aged
between 3 and 18 years (14 studies included children
younger than 10 years, but only two exclusively).
WtHR cut-off points had been a priori established in
16 studies, usually above 0.5 (interval 0.45 to 0.55).
Other variables of exposure were: BMI, WC,
waist/hip index, skin folds, bioimpedanciometry and
ergometry.

MS risk scores or scales were elaborated in eight
studies, in six of which the sum of standardized values
of the risk factors was computed. Scores above 1
standard deviation (SD) or the 90th percentile were
considered as high risk in seven studies. The four
IDF criteria (9) were evaluated in 14 studies. In ten of
them, other risk factors were included (LDL and total
cholesterol and insulin). The WC was included as a
MS criteria in seven studies and the percentage of
overweight in one.

The quality assessment of the selected studies is
summarized in Table 1 (detailed data in Table S2 and
Table S3 in the Supporting Information), which ranges
from 3 to 7 points for cross-sectional studies (maxi-
mum 8 points) and between 7 and 8 points for cohort
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studies (maximum 9 points). Only six cross-sectional
studies justified the response rate in the study popula-
tion. Eighteen studies had a sample size large enough
to provide accurate estimates. Adjustments for age
and sex were made in all the studies. Adjustments
for anthropometric measures (BMI and/or WC) were
only made in seven.

The outcome measurement criteria were very
heterogeneous. The accuracy of WtHR above the
cut-off point to identify the clustering of MS criteria
was evaluated in 13 studies, with estimates of sensi-
tivity and specificity (12—24) . The AUC of the progres-
sive increasing measurements of the WtHR to classify
MS was estimated in 18 studies (12-20,22-30). The
correlation coefficient between the WtHR values and
a quantitative MS scale was measured in three stud-
ies (20,31,32). The OR of a high WtHR for MS was
reported in 12 studies (2,14,15,21,24,29,31,33-37),
and the OR adjusted for another measure of obesity
in six (2,31,33,35,38,39). Finally, the increase in risk
(OR) associated with each unit of increase in WtHR
was given in two studies (40,41). The prevalence of
clustering MS criteria was around 10%.

Fig. 1 shows the meta-analysis of the risk of MS for
a high WtHR, with subgroup analysis by sex. In gen-
eral, high-level WtHR (> 0.5) is associated with a
four-fold increased risk of MS (OR 4.15; 95% confi-
dence interval [95% CI] 2.69 to 6.42; 19 subgroups
of 12 studies with 24,149 subjects; I° 94%). Table 2
summarizes the results and analyses by subgroups,
which do not show statistically significant differences.
In studies where risk was measured simultaneously
for other measures (BMI or WC) there were no signif-
icant differences (data not shown). Meta-analysis of
adjusted risk estimates for other measures (mainly
BMI) showed an adjusted OR of 2.26 (95% CI 1.29
to 3.98; 8 subgroups of 6 studies with 13,168 sub-
jects; 12 85%). The graphical evaluation of publication
bias showed a low risk for crude OR (LFK index
1.52, funnel plot not shown) and high risk for adjusted
OR (LFKindex 3.17).

Fig. S2 in the Supporting Information shows the
meta-analysis of the AUC ROC. WtHR showed a
pooled AUC of 0.76 (95% CI 0.71 to 0.80; 29 sub-
groups from 18 studies with 43,753 subjects; I 98%).

Fig. S3 in the Supporting Information shows the
meta-analysis of the sensitivity and specificity of a high
WtHR (>0.5) for MS. Fig. S4 in the Supporting Infor-
mation shows the bivariate grouped analysis that al-
lows the estimation of a sensitivity of 60% (1C95%
50% to 68.8%) and a specificity of 79% (95% Cl:
71.6% 10 83.9%). Table 2 shows the subgroup analy-
ses by sex, age, cut-off point and risk of bias (WC in-
clusion among MS criteria).
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Table 1 (Continued)
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(WC

{SBP + DBPx2}/3;
Criteria

Effect
>1 SD sum of Z scores (TC/HDL-C

ratio, TG; HOMA, SBP)
TG;

Cook
included>Per90; HDL-C < 40 mg/d|,

>1 SD sum of Z scores (HDL-C

reversed,
HOMA)
>3

TG >110 mg/dl, glucose >100 mg/dl

and SBP and/or DBP > Per90)

Exposure®
WtHR (F/M 0.48/0.47); BMI, WC
WtHR (F/M 0.44/0.44); BMI, WC
WtHR (0.43 {0.05}); BMI, WC

(>) and percentage (%)

N (age)?

517 (15-18 y.; F/M 297/220)
4255 (8-17 y.; F/M 2191/2064)
16914 (7-17 v.; F/M 8071/8843)

Design'
CS (6/8)
CS (7/8)
CS (5/8)

Denmark,
BIM, bicimpedanciometry; BMI, body mass index; CE, cohort study; CS, cross-sectional study; DBP, diastolic blood pressure; F, female; G, group; HDL-C, HDL cholesterol; HOMA, homeostatic model assessment (glucose x

insulin/22.5); IDF, International Diabetes Federation; M, male; SBP, systolic blood pressure; SD, standard deviation; Per, percentile; TC, total cholesterol; TG, triglycerides; y, years; WC, waist circumference; WtHR, waist to

height ratio

3Means or medians {standard deviation (SD) or interquartile range (IQR)} o cut-off point

"Design and quality score (Newcastle-Otawa scale); points/maximum.
2N global simple size global and by subgroups (i.e.: Male/Female).

Portugal 1998-2009

Author / Countries/
Zhou 2014
China 2010

Years
Sardinha 2016

Moreira 2011
Estonia,

Portugal

Discussion:

This systematic review shows that WtHR is associ-
ated with an increased risk of clustering of MS criteria
(two or more MS criteria apart from WC). A high level
of WIHR represents a risk that is at least four times
greater, when only WtHR is considered, and two-fold
increased, when the risk was adjusted by general
obesity (BMI). The diagnostic utility of the WtHR is sat-
isfactory considering its quantitative value (AUC 0.76);
as the WtHR rises progressively the risk increases.

However, neither in the results of the individual
studies, nor in the pooled analyses of this review,
has it been possible to find a WtHR cut-off value that
optimizes MS detection. The ROC curves of the indi-
vidual studies show a progressive slope with no inflec-
tion points that maximize sensitivity without loss of
specificity or vice versa. In the analysis of diagnostic
accuracy for cut-off points near WtHR >0.5, we found
moderate value of sensitivity (60%) and good value of
specificity (79%). The use of lower cut-off points pre-
sents a slight improvement in sensitivity, which does
not compensate for the loss of specificity. In any case,
the differences are not statistically significant. There-
fore, whatever the cut-off point we choose, high to
maximize specificity (avoid false positives) or low to
maximize sensitivity (avoid false negatives), will lead
to misclassification.

If we use WtHR as a risk marker, we can assume
that children or adolescents with high WtHR (greater
than or equal to 0.5) are likely to have a clustering of
other MS criteria of approximately 25% (for a preva-
lence of 10%), while in those with normal-low WtHR
that probability would be approximately 5%. In
addition, the higher the WtHR, the higher the risk. De-
pending on the prevalence in the population group
where we are going to explore cardiovascular risk, it
is advisable to use alternative cut-off points, although
always accepting that none will be optimal. Therefore,
it should be a public health decision to use one or an-
other cut-off point, depending on the cost and accep-
tance of the studies and preventive interventions to be
implemented.

A recent systematic review has evaluated the pre-
dictive capacity of anthropometric measures, BMI,
WtHR and WG, in childhood and adolescence, for
the different cardiovascular risk factors, separately
and grouped (11). This review concluded that WtHR
can be used as a marker of cardiovascular risk, with
no differences with other anthropometric measures.
However, this review only analysed AUC data, not
other accuracy (sensitivity or specificity) or risk (OR)
estimates, nor did it detail the results by sex or age
groups. In addition, only ten studies analysed MS risk,
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
111 FM
Bailey 2013 1.717 0.511 4.5% 5.57 [2.05, 15.16]
Buchan 2016 0.688 0.372 5.1% 1.99[0.96, 4.13]
Chung 2016 1.058 0.123  5.8% 2.88[2.26, 3.67] -
Garnett 2008 2434 0534 4.4% 11.40 [4.00, 32.48]
Haas 2011 0.531 0.199 5.7% 1.70 [1.15, 2.51] -
Mirmiran 2014 1.338 0.342 5.2% 3.81[1.95, 7.45] -
Mokha 2010 4165 0.394  5.0% 64.39[29.75, 139.38] —
Subtotal (95% CI) 35.8% 5.24 [2.45, 11.21] e
Heterogeneity: Tau? = 0.92; Chi? = 77.59, df = 6 (P < 0.00001); I* = 92%
Test for overall effect: Z = 4.26 (P < 0.0001)
11.2F
Agirbasli 2011f 0.932 0.445 4.8% 2.54[1.06, 6.08] —
Agredo-Zuniga 2015f 0.438 0.148 5.8% 1.55[1.16, 2.07] -
Buchan 2017f 1.099 0.399 5.0% 3.00 [1.37, 6.56] I
Graves 2014af 047 0.438 4.8% 1.60 [0.68, 3.78] T
Graves 2014bf 1.335 0.257 55% 3.80[2.30, 6.29] -
Sardinha 2016f 2653 0.192 57% 14.20 [9.74, 20.68] -
Subtotal (95% CI) 31.6% 3.23 [1.34, 7.80] P
Heterogeneity: Tau? = 1.11; Chi? = 87.25, df = 5 (P < 0.00001); I* = 94%
Test for overall effect: Z =2.61 (P = 0.009)
113 M
Agirbasli 2011m 1.491 0.334 52% 4.44[2.31, 8.55] I
Agredo-Zuniga 2015m 0.344 0.155 5.8% 1.41[1.04, 1.91] —
Buchan 2017m 047 0.418 4.9% 1.60[0.71, 3.63] T
Graves 2014am 1526 029 54% 4.60[2.61,8.12] I
Graves 2014bm 1.917 0224 5.6% 6.80 [4.38, 10.55] -
Sardinha 2016m 2.633 0.173 57% 13.92[9.91, 19.53] -
Subtotal (95% Cl) 32.7% 4.10 [1.72,9.78] -
Heterogeneity: Tau? = 1.11; Chi? = 107.58, df = 5 (P < 0.00001); I> = 95%
Test for overall effect: Z=3.18 (P = 0.001)
Total (95% CI) 100.0% 4.15[2.69, 6.42] 2
Heterogeneity: Tau? = 0.83; Chi? = 277.38, df = 18 (P < 0.00001); |2 = 94% 1 1’0 100’

Test for overall effect: Z = 6.41 (P < 0.00001)
Test for subgroup differences: Chi? = 0.67, df =2 (P =0.72), I? = 0%

WtHR low WtHR high

9

Figure 1 Meta-analysis of the risk (OR) of clustered criteria of MS for a high WtHR. Subgroup analysis (F female; M male;

FM grouped).

some of which excluded people without obesity or did
not take into account the inclusion of WC as a refer-
ence criterion, which could bias the results.

We know that there is a good correlation between
abdominal perimeter and other methods of estimation
of body fat, such as the measurement of skin folds,
dual photon x-ray absorptiometry, air displacement
plethysmography or bioelectrical impedance, much
more laborious or inaccessible (42).

The use of WtHR has advantages over WC use, a
measure included among the most accepted criteria
of MS (9). WtHR is easy to measure and its value is rel-
atively stable in different ethnic, age and sex groups.
Consultation of reference values by age and sex re-
quires a time (43), not always available, and the avail-
able reference values are not adjusted to the individual
degree of pubertal development and growth, a factor
that is reflected in the height.

Here it is important to point out that all our
estimations are referred to clustering of MS criteria
(at least two), not MS itself. There is no consensus

about its meaning for children under the age of
ten, and we know little about its predictive utility
for those above this age (9). Therefore, the
attributable risk of having MS in childhood can only
be established by performing wide and long
cohort studies, with cardiovascular events as
clinical outcomes.

This systematic review has some limitations that
are, mainly, related to the heterogeneity of the sam-
ples studied and to differences in the criteria of mea-
surement of exposure and effect between studies. It
is therefore not surprising to find significant statistical
heterogeneity in all pooled estimates. We analysed
the possible factors involved in this heterogeneity,
making estimates of subgroups and excluding stud-
ies, without correcting it. One of the factors controlled
in our analyses was the inclusion of WC as a MS risk
criteria; when we excluded studies with this criterion,
accuracy decreased slightly, but non-significantly.
On the other hand, the existence of publication biases
does not seem to be expected due to the nature of

© 2018 World Obesity Federation
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Table 2 Summary of meta-analyses of risk and diagnostic accuracy of MS for a high WtHR, with subgroup analyses

Subgroups Studies (subgroups) N  Estimator 95% CI
MS risk OR I?
Global 12( 24149 4.15 (2.691t06.42) 94%
Excluding WC 10( 20924 3.58 (2.34t05.48) 93%
Female sex 5(6 6877 3.23 (1.34t07.80) 94%
Male sex 5(6 6503 4.10 (1.72t09.78)  95%
< 10 years 6(9 14475 3.14 (2.12t04.63) 85%
>10 years 7(1 9674 5.41 (2.53t011.54) 94%
MS adjusted risk aOR 2
Global adjusted 6(8) 13168 2.26 (1.29t03.98) 85%
Excluding WC 5(7) 10077 1.62 (1.05t0252) 74%
MS diagnostic accuracy
Continuous value AUC 12
Global 18(29) 43753 0.76 (0.71t00.80) 98%
Excluding WC 13(22) 25784 0.71 (0.66t00.75) 97%
Female sex 12(12) 17185 0.75 (0.68t00.83) 98%
Male sex 12(12) 17385 0.74 (0.67t00.82) 97%
< 10 years 8(13 27562 0.74 (0.67t00.80) 97%
> 10 years 10(16) 16191 0.78 (0.71t00.84) 98%
Dichotomous value of cut-off point close to 0.5 Se AUC
Sp
Global 13(24) 23665 60.0% (50.5t0 68.8%) 0.755
78.4% (71.6 to 83.9%)
Excluding WC 11(21) 22470 56.7%  (47.7 10 65.2%) 0.754
80.3% (74.5t0 85.1%)
Cut-off point 0.5 7(13) 11208 60.0% (41.2t0 76.9%) 0.793
80.9% (70.8 to 88.1%)
Cut-off point <0.5 5(9) 6063 62.9% (61.5t0 73.1%) 0.733
73.5% (63.2 to 81.7%)
Female sex 9(10) 7659 55.8% (43.3t0 67.6%) 0.741
78.0% (70.6 to 84.0%)
Male sex 9(10) 6957 58.5% (41.7 t0 73.5%) 0.822
84.5% (77.9 10 89.4%)
< 10 years 7(11) 10669 57.0% (40.31t0 72.2%) 0.719
76.3% (61.6 to 86.6%)
> 10 years 7(13) 12996 53.4% (62.1t0 73.4%) 0.794
80.0% (73.9 to 85.0%)

aOR, adjusted OR; AUC, area under the ROC curve; OR, odds ratio; Se, sensitivity; Sp, specificity

the phenomenon studied. Therefore, we believe that
our results are sufficiently valid.

We can conclude by saying that measuring WtHR
may be considered in regular health checks of chil-
dren and adolescents, as it measures cardiovascular
risk regardless of the degree of general obesity. We
must consider that a child with a WtHR >0.5 has a
fourfold higher risk of clustered criteria for MS and that
this risk justifies the initiation of preventive interven-
tions. There is no optimal WtHR threshold that maxi-
mizes diagnostic performance, so alternative cut-off

points can be chosen, taking into account the cost
and social acceptance of the interventions to be
taken.

We consider that there is enough evidence about
the cardiovascular risk of having a high WtHR to
implement its estimation into our clinical practice.
Children, adolescents and their families have to be
informed of this risk and become familiar with its
measurement. We must spread this message to in-
volve society in the common goal of reducing cardio-
vascular disease, from childhood.
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