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Abstract 

 
The present systematic review with meta-analysis sought to estimate the accuracy of different 

waist-to-height ratio (WHtR) cut-off ranges as risk indicators for cardiometabolic health in 

different populations of children and adolescents. Systematic searches were undertaken to identify 

studies in apparently healthy participants aged 3-18 years that conducted receiver operating 

characteristic curve analysis and reported area under the receiver operating characteristic curves 

for WHtR with any cardiometabolic biomarker. Forty-one cross-sectional studies were included 

in the meta-analysis, including 138,561 young individuals (50% girls). Higher area under summary 

receiver operating characteristic (AUSROC) values were observed in cut-offs between 0.46 to 0.50 

(AUSROC=0.83, 95%CI: 0.80-0.86) and ≥0.51 (AUSROC=0.87, 95%CI: 0.84-0.90) (p<0.001 in 

comparison to cut-offs 0.41 to 0.45), with similar results in both sexes. The AUSROC value 

increased in the East and Southeast Asian regions using a WHtR cut-off of 0.46 (AUSROC=0.90, 

95%CI: 0.87 to 0.92). A cut-off of ≥0.54 was optimal for the Latin American region 

(AUSROC=0.96, 95%CI: 0.94-0.97). Our meta-analysis identified optimal cut-off values of 

WHtR for use in children and adolescents from different regions. Despite the widely accepted 

WHtR cut-off of 0.50, the present study indicated that a single cut-off value of WHtR may be 

inappropriate. 
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Abbreviations 
 
 
AUSROC – Area under summary receiver operating characteristic  
 
BP – Blood pressure 
 
FBG – Fasting blood glucose 
 
HDL-C – High-density lipoprotein cholesterol 
 
LDL-C – Low-density lipoprotein cholesterol 
 
TC – Total cholesterol 
 
TG – Triglyceride 
 
WC – Waist circumference 
 
WHtR – Waist to height ratio 
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Introduction 

Paediatric obesity is a growing public health concern worldwide and is often associated with 

cardiometabolic abnormalities, including insulin resistance, high blood pressure and/or 

dyslipidemia.1 The cluster of these cardiometabolic risk factors is associated with an increased 

risk for type 2 diabetes, cardiovascular disease and all-cause mortality during adulthood.2–4 

Because these factors usually stem from childhood and adolescence and persist into young 

adulthood,5 early identification of cardiometabolic risk factors during youth is critically 

important. 

In clinical settings and epidemiologic studies, the evaluation of obesity in children and 

adolescents is generally based on anthropometric measurements (i.e., body mass index, waist 

circumference [WC] and waist-to-height ratio [WHtR]). The WHtR, which is calculated as WC 

divided by height, has recently gained attention as an anthropometric index for central adiposity 

due to its performance to identify cardiometabolic risk in youth and adults.6 In fact, although a 

universal cut-off of 0.50 has been widely applied in children and adolescents,7 the optimal cut-

off for detecting cardiometabolic risk may vary depending on the geographical region of the 

individual, and there is a need for ethnicity-, gender- and/or age-dependent cut-offs for WHtR to 

achieve accurate discrimination of cardiometabolic risk.8 

Previous meta-analyses on this topic have documented the universal accuracy and 

performance of WHtR;9,10 however, much uncertainty still exists about WHtR cut-offs with 

higher sensitivity and specificity according to different geographical regions.11 The identification 
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of regional-based, optimal WHtR cut-off values for detecting cardiometabolic risk factors may 

enhance the epidemiological utility of this marker and ultimately inform future clinical practice 

in different geographical regions. 

Thus, our meta-analysis aimed to evaluate and identify the optimal WHtR cut-offs in the 

detection of cardiometabolic risk in children and adolescents from different geographical 

regions. 

 

2. Materials and Methods 

2.1. Protocol and registration 

The present study was registered in the International Prospective Register of Systematic Reviews 

(PROSPERO) (Registration number: blinded for review purpose) and conducted according to the 

Preferred Reporting Items for Systematic Review and Meta-analysis of Diagnostic Test 

Accuracy (PRISMA-DTA) statement.12 Two researchers (Y. E. and A. G.-H.) independently 

performed the entire process from the literature selection to data extraction. Disagreements were 

resolved through consultation with a third author (R. R.-V.). 

 

2.2. Eligibility criteria 

Studies were required to meet the following PECOS criteria: (1) participants, apparently healthy 

preschoolers, children and adolescents aged 3 to 18 years (or mean age lower than 18 years) or 

studies of the general population that provide data on a subgroup of children and adolescents; (2)  

This article is protected by copyright. All rights reserved.
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exposure, studies that contain data on WHtR measurement; (3) outcome, at least one biomarker 

or a cluster of them as the primary outcome related with metabolic syndrome (elevated fasting 

blood glucose [FBG], elevated blood pressure [BP], dyslipidaemia, elevated total cholesterol 

[TC], elevated triglyceride [TG], low high-density lipoprotein cholesterol [HDL-C], elevated 

low-density lipoprotein cholesterol [LDL-C], and clustered cardiometabolic risk [metabolic 

syndrome or the sum of risk factors]); and (4) study design, observational cohort studies (i.e., 

prospective or retrospective, and cross-sectional studies). Searching was restricted to articles in 

English language in peer-reviewed journals. 

The exclusion criteria were as follows: (1) studies conducted only in overweight or 

populations with obesity or in populations with a diagnosis of physical or mental disorders; (2) 

studies that did not calculate the optimal WHtR cut-off associated with a cardiometabolic risk 

factor (i.e., the aforementioned risk factors); (3) studies that did not report the prevalence of each 

cardiometabolic risk factor; (4) studies based on data from the same surveys/studies to avoid 

duplicate data; and (5) grey literature (e.g., protocol studies, editorials and abstracts or congress 

communications). 

 

2.3 Information sources and search strategy 

A systematic literature search was conducted in the MEDLINE (via PubMed), EMBASE, Web 

of Science, Proquest and Scopus databases from their inception to June 2021. The search strategy 
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is described in detail in Method S1. The reference lists of related studies and previous reviews 

were also screened for eligible studies to ensure that no eligible study was missed. 

 

2.4. Selection process 

After identifying the studies in the five databases, Zotero reference manager (version 5.0, George 

Mason University, Fairfax, VA, USA) was used to remove duplicate studies. 

 

2.5. Data collection process 

We extracted the following data from each study: (1) study characteristics (first author’s name, 

publication year, study location, sample size and study design); (2) participant information (sex 

and age); (3) prevalence of cardiometabolic risk for each parameter (e.g., dyslipidaemia, elevated 

blood pressure and metabolic syndrome); (4) accuracy indicators (i.e., sensitivity and 

specificity); and (5) the optimal WHtR cut-off identified. 

 

2.6. Data items 

A table of standardised data items was organised according to age group (i.e., children, 

adolescents and both [i.e., studies that included both children and adolescents]) and sex. We 

extracted the reported diagnostic accuracy parameters to calculate the values of true positives, 

false positives, true negatives and false negatives. 
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2.7. Study risk of bias assessment 

To evaluate methodologic quality of the included studies, the Quality Assessment of Diagnostic 

Accuracy Studies-2 (QUADAS-2) tool was used independently by two authors. This tool 

assesses risk of bias and applicability of studies of diagnostic accuracy, and includes four 

domains: patient selection, index test, reference standard, and flow and timing.13  

 

2.8. Synthesis methods 

All analyses were conducted by predefined ranges of WHtR cut-offs adapted from a previous 

study (i.e., 0.40 to 0.45, 0.46 to 0.50 and ≥ 0.51)14 and using Stata version 17 (StataCorp, 

College Station, TX, USA). When a study reported on several cardiometabolic risk factors and 

reported the same optimal WHtR cut-off for all of them, we included only results for that 

particular cut-off only once from each study using the following hierarchy to avoid duplication: 

(1) metabolic syndrome or the sum of risk factors (i.e., cardio metabolic risk score); and (2) the 

individual biomarker that reported higher values of sensitivity and specificity. 

 

2.9. Meta-analysis 

Based on the number of true-positive (tp), false-positive (fp), true-negative (tn) and false-

negative (fn) cases in each study and using a random effects method, summary sensitivities, 

specificities, positive likelihood ratios (LR+), negative likelihood ratios (LR-) diagnostic odds 

ratios (dOR) and corresponding 95% confidence intervals (CI) were used to examine the 
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accuracy of WHtR in diagnosing cardiometabolic risk for each range. The LR+ is the ratio of a 

positive test result among diseased to the same result in the “healthy”. In contrast, the LR- is the 

ratio of a negative test result among diseased to the same result in the “healthy”. The higher the 

value, the more likely the youth has the condition (i.e., cardiometabolic risk). The dOR is the 

ratio of the odds of disease in test positives relative to the odds of disease in test negatives. The 

value of a dOR ranges from 0 to infinity, with higher values indicating better discriminatory test 

performance 15. 

Forest plots were used to display the sensitivity and specificity in the reviewed studies. 

We used the hierarchical summary receiver operating characteristic curves (HSROC) method to 

summarize the overall test performance, which is a model that compares the sensitivity, 

specificity, heterogeneity and threshold effects and can plot the estimated area under summary 

receiver operating characteristic (AUSROC), signal the summary point and circle the confidence 

regions 16. The ideal test would have an AUSROC of 1.0, whereas a random guess would have 

an AUROC of 0.5. 

The heterogeneity of the results across the studies was estimated by the Q-I2 statistic. I2 

was calculated using the following formula: 100%*(Q − df)/Q. A large I2 value was considered 

to reflect significant heterogeneity 17.  

The AUSROC and its standard error were compared to determine if there differences 

between them according to cut-offs, geographical region, sex, and age 18. 
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2.10. Additional analyses 

Subgroup analysis was performed by sex, age (children [3-11 years old] and adolescents [12-18 

years old]), geographical region (i.e., East Asia, Southeast Asia, Europe, and Latin America), 

studies using only metabolic syndrome or the sum of risk factors (i.e., cardiometabolic risk 

score) and the most predominant cut-off for each range. 

Publication bias was visually assessed by Deeks’ funnel plot and statistically assessed by 

Deeks’ asymmetry test 19. 

 

3. Results 

3.1. Study selection 

The electronic search retrieved 1809 articles. After removing duplicates and assessing titles and 

abstracts, 85 studies were assessed for eligibility based on full text; and among these, 44 articles 

were excluded, resulting in 41 studies included in the systematic review and meta-analysis. A 

PRISMA flow diagram illustrating the number of studies at each stage of the study is shown in 

Figure 1. The reference list of excluded studies and reasons for exclusion are provided in Method 

S2 in the Supplementary Materials. 

 

3.2. Study characteristics 

Forty-one cross-sectional studies were included in the present study, including 138,561 children 

and adolescents (50% girls) aged between 3 and 19 years. The studies were conducted in the 
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following countries: 11 studies were conducted in countries from the European region (Denmark, 

Estonia, Portugal, Spain, Scotland, Wales, Finland, Sweden, UK, Greece, Italy, Hungary, 

Belgium, France, Germany and Austria);20–30 10 studies were conducted in countries from the 

Latin American region (Chile, Brazil, Mexico and Venezuela);31–40 11 studies were conducted in 

East and Southeast Asian countries (Malaysia, South Korea, China, Taiwan and Vietnam);41–51 3 

studies were conducted in the USA;52–54 1 study was conducted in Algeria;55 1 study was 

conducted in India; 56 1 study was conducted in Iran; 57 and 3 studies were conducted in South 

Africa.58–60 Sample sizes ranged from 15235 to 32,03649 participants. WHtR cut-offs ranged 

between 0.4120 and 0.5935 as follows: 10 studies reported cut offs of 0.41 to 0.45;20,22,24–

26,32,42,48,58,60 23 studies reported cut offs of 0.46 to 0.50;23–30,32–34,36,43–47,51,53–55,57,59 and 12 studies 

reported cut offs ≥ 0.51.21,30,31,33,35,37–39,48,52,54,55 The general characteristics of the studies are 

depicted in Table 1. 

 

3.3. Risk of bias and applicability 

Regarding patient selection, most studies presented low risk of bias, whereas four studies had a 

high risk of bias for patient selection, 23,24,45,60 mainly due to not using a consecutive or random 

sample of patients enrolled. The risk of bias regarding the index test was low in 21 studies, as 

these studies used the Youden index for calculating optimal thresholds. However, 20 studies did 

not use any index test and were assigned as having high risk of bias. The risk of bias concerning 

the reference standard was considered low in all studies. Risk of bias regarding flow and timing 
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was high in only one study 28 because it did not include all patients in the final analysis. The 

results of the assessment of risk of bias and applicability of diagnostic accuracy of the included 

studies are detailed in Table S1 (Online Supporting Information). 

 

3.4. Results of individual studies 

Characteristics of the studies, optimal cut-offs and number of tp, fp, tn and fn cases are shown in 

Table S2 in the Online Supporting Information. 

 

3.5. Synthesis of results and additional analysis 

Overall, the AUSROC was higher for cut-offs between 0.46 and 0.50 and ≥ 0.51 in comparison 

with cut-offs between 0.41 and 0.45 (both p <0.001) (Table S3 in the Online Supporting 

Information). 

Regarding cut-offs between 0.41 and 0.45, the pooled sensitivity, specificity and 

AUSROC value were 0.67 (95%CI: 0.64 to 0.70), 0.63 (95%CI: 0.60 to 0.67) and 0.70 (95%CI: 

0.66 to 0.74), respectively (Figure 2). Substantial heterogeneity was found only in specificity 

(I2=88%) but not in sensitivity (I2=5.84%) (Figure S1 in the Online Supporting Information). 

Additionally, the dOR was 3.55 (95%CI: 2.96 to 4.27) (Table 2). Deek’s funnel plot displayed a 

symmetric distribution of the points corresponding to each study (coefficient=0.09, 95%CI -8.35 

to 8.54, p=0.981) (Figure S2 in the Online Supporting Information). Subgroup analyses revealed 

similar results according to sex and age group. Also, in comparison with overall results, no 

This article is protected by copyright. All rights reserved.



 13 

differences was observed by region or in studies using only metabolic syndrome or the sum of 

risk factors (i.e., cardiometabolic risk score) (Table S3 in the Online Supporting Information). 

No publication bias was found (Table 2). 

Concerning cut-offs between 0.46 and 0.50, the pooled sensitivity, specificity and 

AUSROC value were 0.75 (95%CI: 0.67 to 0.81), 0.78 (95%CI: 0.75 to 0.82) and 0.83 (95%CI: 

0.80 to 0.86), respectively (Figure 3). Substantial heterogeneity was found among studies for 

sensitivity and specificity with I2 higher than 75%, and the Q statistics were significant (p<0.001; 

Figure S3 in the Online Supporting Information). The dOR was 10.90 (95%CI: 7.08 to 16.78) 

(Table 2). Deek’s funnel plot displayed a symmetric distribution of the points corresponding to 

each study (coefficient=13.49, 95%CI: -4.39 to 31.36, p=0.135) (Figure S4 in the Online 

Supporting Information). Subgroup analyses revealed similar results according to sex and age 

group. No differences in AUSROC were also observed by region or in studies using only 

metabolic syndrome or the sum of risk factors. However, the AUSROC value and dOR increased 

in participants from East and Southeast Asia, mainly using a WHtR cut-off of 0.46 (AUSROC, 

0.90, 95% CI: 0.87 to 0.92; and dOR, 24.29, 95%CI: 12.36 to 47.74) (z=3.53; p<0.001) (Table 

S3 in the Online Supporting Information).  

As far as the cut-offs of ≥ 0.51 is concerned, the pooled sensitivity, specificity and 

AUSROC value were 0.76 (95%CI: 0.68 to 0.83), 0.84 (95%CI: 0.78 to 0.89) and 0.87 (95% CI: 

0.84 to 0.90), respectively (Figure 4). High heterogeneity was observed in both sensitivity 

(I2=95.89%) and specificity (I2=99.57%) (Figure S5 in the Online Supporting Information). The 
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dOR was 17.38 (95%CI: 8.79 to 34.37) (Table 2), and Deek’s funnel plot displayed an 

asymmetric distribution, showing publication bias (coefficient=22.76, 95% CI: 8.51 to 37.01, 

p=0.003) (Figure S6 in the Online Supporting Information). Concerning subgroup analyses, 

studies from the Latin American region showed slightly higher AUSROC and dOR values 

(AUSROC, 0.92, 95% CI: 0.90 to 0.94; and dOR, 34.05, 95%CI: 8.16 to 142.04) (z=2.77; 

p=0.006), mainly with a cut-off of ≥0.54 (AUSROC, 0.96, 95%CI: 0.94 to 0.97; and dOR, 82.88, 

95%CI: 10.22 to 671.77) (z=5.29; p<0.001), but lower in studies from East and southeast Asia 

region (z=6.00; p<0.001). Similar results were observed according to sex but with poorer values 

among children compared to adolescents (z=6.31; p<0.001) (Table S3 in the Online Supporting 

Information). 

 

4. Discussion 

The present meta-analysis showed that a WHtR cut-off of 0.46 in the East Asian and Southeast 

Asian regions as well as a WHtR cut-off of 0.54 in the Latin American region enhance the 

accuracy of WHtR as a screening tool for the prediction of cardiometabolic risk clusters in 

children and adolescents. The diagnostic utility of these cut-offs is satisfactory considering its 

quantitative value (AUSROC ≥0.85) independent of sex. Therefore, the proposed cut-offs by 

region are more accurate in discriminating cardiometabolic risk in children and adolescents than 

the widely recommended cut-off of 0.50 14. However, the findings should be interpreted while 

keeping in mind that several studies were judged “at risk of bias” in 1 or more domains. 13 
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Although WHtR is a simple measure of adiposity in children and adolescents,14 the use of 

the universal cut-off value of 0.50 to identify cardiometabolic risk remains controversial.61 To 

date, previous meta-analyses have consistently shown the clinical utility of this cut-off for 

identifying cardiometabolic risk and metabolic syndrome in the young population9,10,62. The most 

recent study has suggested a good performance of WHtR in identifying children and adolescents 

with cardiometabolic risk, and the results are robust compared to other factors, including 

ethnicity 9. Another review article summarizes recent publications on the usefulness of using 

WHtR especially when compared to BMI and WC as a screening tool for cardiometabolic risks, 

and recommends the use of WHtR in clinical practice for cardiometabolic risks screening in 

children and adolescents.61 Together, these findings suggest that WHtR is a useful tool in 

identifying children and adolescents at cardiometabolic risk. However, Sangrador et al.10 

demonstrated a lower accuracy using a WHtR cut-off <0.50 compared to 0.50 or higher values. 

This result is in agreement with our observations, which showed major differences between cut-

off ranges in terms of accuracy and performance. 

 

As mentioned above, several meta-analyses have provided evidence demonstrating the 

usefulness of WHtR in the identification of children and adolescents at risk. However, the WHtR 

cut-offs to identify cardiometabolic risk are not universal. The differences in age, sex and region 

of the study participants enrolled in the different study settings may introduce bias that may 
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affect the cut-off accuracy.59 Our results showed that different cut-offs of WHtR are required to 

achieve satisfactory discriminating performance across different populations. More specifically, 

we demonstrated that the accuracy of using a cut-off of 0.46 to define cardio metabolic risk was 

higher than 85% in East Asian, Southeast Asian individuals. A previous study has shown that the 

cut-off of 0.50 is a practical but rough cut-off for Chinese children and adolescents,51 showing 

poor performance in identifying metabolic syndrome with a sensitivity of 0.53 and 0.74 in girls 

and boys, respectively. Similarly, in children and adolescents from Hong Kong and Poland, 

Nawarycz et al.11 suggested the use of a WHtR cut off <0.50 as it is a more accurate risk marker 

for cardiometabolic health. Therefore, these results provide further evidence that a WHtR cut off 

of 0.50 may not be appropriate to predict cardiometabolic risk in children and adolescents of 

different populations as was also shown in the present meta-analysis. 

 

Regarding the Latin American region, the optimal cut off of WHtR was ≥ 0.54, indicating 

that Latin American individuals may be more susceptible to cardio metabolic risk when their WC 

is greater than half of their height. Our results supported previous findings in Mexican–Hispanic 

children that show that a cut-off of 0.50 in this population group may not be appropriate, 

resulting in an extremely poor specificity of 0.22, indicating that the use of this cut-off should 

not be recommended for identifying metabolic syndrome for this ethnic group.35 A possible 

explanation for these results may be the high prevalence of childhood obesity in Latin American 

countries, mainly in Mexico and Brazil, being among the highest in the world.1 Therefore, a 
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higher WHtR cut-off could be useful in high-risk populations (e.g., children and adolescents with 

obesity) to identify individuals with even higher cardiometabolic risk as suggested by several 

publications.63–65 

 

The explicit mechanism that might explain the present results remains elusive. However, 

there are several putative explanations, including theories based on body composition and 

ectopic fat accumulation in critical organs (e.g., the liver), which may support ethnic variation in 

cardiometabolic health when the WHtR is controlled. Exposure to different regimens of physical 

activity and diet may also account for the observed differences.66 Additionally, different growth 

patterns and fat accumulation in children and adolescents from different populations may 

contribute to our findings.11,67,68 For example, it has been demonstrated that Mexican-American 

adolescents have, on average, a higher percentage of body fat for a given BMI than non-Hispanic 

white and non-Hispanic black adolescents.69 

 

The present study had several limitations. First, we found heterogeneity among the 

samples regarding age, ethnicity, and criteria to determine cardiometabolic risk factors. Second, 

several studies estimated the optimal cut-off using a balance between sensitivity and specificity, 

while others used the Youden Index.21–23,27,29,33,38,39,41,42,44,45,47–51,54,57,59 Because the Youden 

Index maximises correct classification rates and minimizes incorrect ones, the cut-off produced 

by this method generates a low frequency of false positives and false negatives.70 Third, the 
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different WC measurement techniques may cause bias and variability among the included 

studies, which may be related to the heterogeneity in our pooled analyses.71 It is essential to 

standardise the methodology to decrease measurement error, and acceptable intra- and 

interobserver agreement can be achieved by training the participating staff.72 Fourth, further 

limitation is the cross-sectional nature of the studies, which limits the ability to draw conclusions 

related to the temporality of the associations (i.e., reverse causality). Fifth, we included studies 

from a few regions; therefore, the performance of WHtR in other populations needs more 

evidence to accurately generalise to these populations. Sixth, limited number of studies do not 

allow subgroup analysis in other regions such as Middle East and Africa. Finally, some studies 

were not included in the meta-analysis because insufficient data were provided (i.e., optimal cut-

off, sensitivity, or specificity values). 

 

Conclusion 

Our meta-analysis identified optimal cut-off values of WHtR for use in children and adolescents 

from East Asia, Southeast Asia and Latin America region. Despite the widely accepted WHtR 

cut-off of 0.50, the present study indicated that a single cut-off value of WHtR may be 

inappropriate. Additional large-scale prospective studies are needed to confirm the clinical utility 

of the WHtR cut-off values identified in the present study for predicting cardiometabolic risk 

clusters in children and adolescents from different regions in the world. 
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Figure legends 

Figure 1. PRISMA flow diagram of literature search and study selection.  

Figure 2. Hierarchical summary receiver operating characteristic graph of waist-to-height ratio 

cut-offs between 0.41 and 0.45 regarding sensitivity and specificity for diagnosing cardio 

metabolic risk. 

Figure 3. Hierarchical summary receiver operating characteristic graph of waist-to-height ratio 

cut-offs between 0.46 and 0.50 regarding sensitivity and specificity for diagnosing cardio 

metabolic risk. 

Figure 4. Hierarchical summary receiver operating characteristic graph of waist-to-height ratio 

cutoffs ≥ 0.51 regarding sensitivity and specificity for diagnosing cardio metabolic risk. 
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Table 1. Summary of included studies 

First Author 
(Year) and Data 

Source 
Location Sample size 

(girls) Sex Age (years) Outcome Definition of Cardio 
metabolic risk Prevalence of cardio metabolic risk 

Adegboye et al. 
(2010) 

 
European Youth 

Heart Study 
(EYHS) 

Denmark, 
Estonia and 

Portugal 

2,835 
(1,456) 

Boys and 
girls 8.2-17.3 Metabolic 

syndrome 

≥ 3 risk factors were 
present: high levels of TC, 
TG, glucose, insulin, BP 
and low levels of aerobic 

fitness and HDL-C 

12.6% (in children aged 8.2-11.3 years) 
18.6% (in adolescents aged 14-17.3 

years) 

Arellano-Ruiz et 
al. (2020) Spain 848 (440) Boys and 

girls 8-11 Cardio metabolic 
risk score 

TG, HDL-C (inverted, 
iHDL-C), BP, and insulin 

were used to derive a 
composite cardio 

metabolic risk score as 
follows:  

Composite z-score = zTG 
+ ziHDL-C + (zadjSBP + 
zadjDBP x2)/3 + zInsulin 

33.3% had metabolic syndrome 
(>+1SD) 

Arnaiz et al. 2010 Chile 209 (104) Boys and 
girls 11.5 Metabolic 

syndrome 

Presence of ≥2 of the 
following conditions: 

HDL-C; LDL-C; TG; and 
systolic and/or diastolic 

BP 

11.5% 

Bauer et al. 
(2014) 

 
HEALTHY study 

USA 6,097 
(3,195) 

Boys and 
girls 10-13 Metabolic 

syndrome 

Presence of ≥3: elevated 
glucose, TC, LDL, BP, 

TG and HDL 
≥1 (45.8%), ≥2 (18.7%) and ≥3 (6.6%) 

Beck et al. (2010) 
 

Risk factors for 
atherosclerosis in 

adolescents 

Brazil 660 (343) Boys and 
girls 14-19 High BP 

High BP was considered 
in: pre-hypertension SBP 
and/or DBP > percentile 

90 and < 95 and 
hypertension SBP and/or 

DBP between the 
percentiles 95 and 99 

2.8% in boys and 0.9% in girls 
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Benmohammed et 
al. (2015) Algeria 1,100 (506) Boys and 

girls 12-18 Metabolic 
syndrome 

(Cook, de Ferranti, Viner 
or IDF definition) 

2.6% for boys and 0.6% for girls by the 
Cook definition; 4.0% for boys and 

2.0% for girls by the De Ferranti 
definition; 0.7% for boys and 0% for 

girls by the Viner definition; and 1.3% 
for boys and 0.5% for girls by the 2007 

IDF definition 

Buchan et al. 
(2017) 

Scotland and 
Wales 547 (261) Boys and 

girls 
13.6 (10 to 

18) 
Cardio metabolic 

risk score 

A continuous cardio 
metabolic risk score was 

constructed using the 
following variables: TG, 

HDL-C (inverted), 
glucose and systolic BP 

8% in boys and 7% in girls 

Campagnolo et al. 
(2010) Brazil 315 Boys and 

girls 3-4 Metabolic 
syndrome 

Presence of ≥2 of the 
following conditions: 

HDL-C; LDL-C; TG; and 
systolic and/or diastolic 

BP 

12.4% total (11.2% boys and 13.9% 
girls) 

Cheah et al. 
(2018) Malaysia 2,461 

(1,428) 
Boys and 

girls 12-17 High BP 

Classification of 
hypertension was based on 
the Fourth Report on the 
Diagnosis, Evaluation, 

and Treatment of High BP 
in Children and 

Adolescents 2004 

22.5% in boys and 12.9% in girls 

Choi et al. (2017) 
 

Korean National 
Health and 
Nutrition 

Examination 
Surveys 

(KNHANES 
2010-2014) 

South Korea 3,057 
(1,432) 

Boys and 
girls 10-19 Metabolic 

syndrome 

Presence of ≥3 of the 
following conditions: 

abdominal obesity; high 
TG; low HDL-C; high BP; 

high fasting plasma 
glucose 

6.2% (boys, 7.0%; girls, 5.2%) 

Dou et al. (2020) 
 China 8,130 

(3,805) 
Boys and 

girls 7-18 Metabolic 
syndrome 

Presence of ≥3 factors: 
Elevated BP, 6.1% 
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China Child and 
Adolescent 

Cardiovascular 
Health Study 

dyslipidaemia, elevated 
fasting blood glucose and 

central obesity 

de Oliveira and 
Guedes (2018) Brazil 586 (320) Boys and 

girls 12-15 Metabolic 
syndrome IDF criteria 5.2% in boys and 3.9% in girls 

Elizondo-
Montemayor et 

al. (2011) 
Mexico 152 (134) Boys and 

girls 9.74 Metabolic 
syndrome 

Presence of ≥3 of the 
following conditions: 

abdominal obesity; high 
TG; low HDL-C; high BP; 

high fasting plasma 
glucose 

23% 

Freedman et al. 
(2007) 

 
Bogalusa Heart 

Study 

USA 2,498 
(1,565) 

Boys and 
girls 5-17 Metabolic 

syndrome 

Risk factor sum (TG, 
LDL-C, HDL-C, fasting 

insulin, systolic and 
diastolic BP) 

? 

Hsu et al. (2020) 
  Taiwan 340 (177) Boys and 

girls 7-12 High BP 

Paediatric hypertension 
was defined as average 

clinic Systolic BP and/or 
Diastolic BP ≥95th 

percentile on the basis of 
age, sex and height 

percentiles 

30% 

Gomes et al. 
(2018) 

 
The Oporto 

Mixed-
Longitudinal 

Growth, Health 
and Performance 

Study; The 
Portuguese 

Sibling Study on 
Growth, Fitness, 

Portugal 1,324 (701) Boys and 
girls 10-17 Cardio metabolic 

risk score 

A standardised metabolic 
risk score (zMR) was 

computed by summing of 
standardised values for 

fasting glucose, TG, HDL-
C, and mean arterial BP 

18.6% 
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Lifestyle and 
Health; Active 

Vouzela 

Gonçalves et al. 
(2015) Brazil 290 (132) Boys and 

girls 6-10 Metabolic 
syndrome 

Clustering was considered 
when three of these 

factors were present: high 
systolic or diastolic BP, 
LDL-C, high TG, high 
plasma glucose, high 

insulin concentrations and 
low HDL-C 

28.79% boys and 23.42% girls 

Gracia-Marco et 
al. (2016) 

 
HELENA-CSS 

Sweden, 
Greece, Italy, 

Spain, 
Hungary, 
Belgium, 
France, 

Germany and 
Austria 

1,089 (580) Boys and 
girls 

12.5-17.49 
(mean 

age=14.8 
years) 

Cardio metabolic 
risk score 

We summed the age- and 
sex-specific z scores of 

the individual risk factors 
(Systolic BP, VO2max, 
HOMA-IR, C-Reactive 
protein, TC/HDLc and 
TG). We considered 
individuals with a 

cardiovascular disease risk 
score higher than 1SD at 
risk and individuals with 

≤1SD as having a 
healthier cardiovascular 

disease risk score 

15% in boys and 17% in girls 

Graves et al. 
(2013) 

 
Avon 

Longitudinal 
Study of Parents 

and Children 

UK 5568 
(2,875) 

Boys and 
girls 15.5 Metabolic 

syndrome 

Presence of ≥3 of the 
following conditions: TG, 
LDL-C, HDL-C, insulin, 

glucose, and BP at 15 
years of age 

7.6% boys and 4.3% girls 

Jiang et al. (2018) China 3,556 
(1,789) 

Boys and 
girls 7-18 Metabolic 

syndrome  

Subjects with at least 3 of 
the following 

abnormalities – 
hypertension, 

dyslipidaemia, elevated 

The prevalence of CMRF 1 and CMRF 
2 were 2.45% and 11.56%, respectively 
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fasting blood glucose and 
central obesity – were 

defined as CMRF 1 and 
children with at least 2 

were defined as CRMF 2 

Kajale et al. 
(2014) India 6,380 

(2,879) 
Boys and 

girls 6-18 High BP 

Systolic BP and/or 
Diastolic BP >90th 

percentile and <95th 
percentile was considered 
as pre- hypertension; and 

systolic BP and/or 
Diastolic BP >95th 

percentile were classified 
as hypertension 

6.7% in boys and 4.2% in girls 

Kruger et al. 
(2012) South Africa 178 (109) Boys and 

girls 14-18 Metabolic 
syndrome 

Fasting plasma glucose 
level higher than 5.6 

mmol/L [4]; systolic BP 
higher than the 90th 

percentile and/ or diastolic 
BP higher than the 90th 
percentile for age, sex, 
and height; serum high 
sensitivity-C-reactive 
protein higher than 1 

mg/L; and a HOMA-IR 
higher than 3.4 

 
10% (18 of 184) of the participants had 
a HOMA-IR higher than 3.4, and 21 of 

184 (11.4%) had hypertension 

Kuba et al. (2013) Brazil 175 (77) Boys and 
girls 6-10 Metabolic 

syndrome 

BP: Values over 90th 
percentile (p90) were 
considered abnormal. 

The cut-off value for the 
HOMA-IR was ≥ 2.5. 

Lipid levels were 
considered normal when 
TC < 150 mg/dl, LDL < 

100 mg/dl, TG < 100 
mg/dl and HDL ≥ 45 

mg/dl 

Hypertension 33.7%; High LDL 
43.4%; High TG 35.4%; Low HDL 

46.8% 
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Liu et al. (2015) China 3,136 
(1,535) 

Boys and 
girls 13-17 Dyslipidaemia 

The hypertriglyceridemia 
phenotype was defined as 

serum triacylglycerol 
concentrations ≥ 1.47 

mmol/L and WC ≥ 90th 
percentile for age and 

gender 

3.3% 

Mai et al. (2020)  
 

Survey of 
Nutritional Status 
Among School-

aged 
Children 

Vietnam 10,949 
(5,408) 

Boys and 
girls 6-18 Metabolic 

syndrome 

The presence of ≥3 
combined cardiovascular 

risk factors: Obesity, 
elevated BP and 
dyslipidaemia 

12.3% in boys and 12.1% in girls 

Matsha et al. 
(2013) South Africa 1,272 (776) Boys and 

girls 10-16 Metabolic 
syndrome 

IDF criteria (abdominal 
adiposity and 2 other 

criteria: waist 
circumference ≥90th 

percentile, elevated fasting 
blood glucose, high BP, 

dyslipidaemia). Metabolic 
syndrome was defined as 

any 2 components 
excluding WC 

12.7% in boys and 5.4% in girls 

Morales et al. 
(2017) Venezuela 798 (394) Boys and 

girls 15-18 Insulin resistance HOMA-IR 20.9% 

Moreira et al. 
(2011) Portugal 517 (297) Boys and 

girls 15-18 Cardio metabolic 
risk score 

TC/HDL-C ratio, TG, 
HOMA, and systolic BP. 

For each of these 
variables, a Z-score was 

computed by age and sex. 
Then, a score was 

obtained by summing the 
Z-scores of all individual 
risk factors. High risk was 

considered when the 

13.5% boys and 12.6% girls 
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individual had ≥1SD of 
this score. 

Moschonis et al. 
(2018)  

 
The Healthy 
Grow Study 

Greece 1,315 (653) Boys and 
girls 9-13 High BP 

BP (systolic BP or 
diastolic BP) above the 
95th percentile plus 5 

mmHg for gender, age, 
and height was considered 

as “hypertension” 

5.1% boys and 9.3% girls 

Motswagole et al. 
(2011) 

 
Transition and 
Health during 

Urbanisation of 
South Africans 

(THUSA BANA)  

South Africa 919 Boys and 
girls 9-15 High BP 

BP (systolic BP or 
diastolic BP) > 95th 

percentile for age, sex and 
height 

13.08% in boys and 20.4% in girls 

Perona et al. 
(2008) Spain 981 (525) Boys and 

girls 13.2  Metabolic 
syndrome 

IDF criteria: a WC ≥94 
cm in boys and ≥80 cm in 

girls, together with two 
more of the following risk 

factors: fasting blood 
glucose levels 100‐125 

mg/ dL, serum TG levels 
≥150 mg/dL, HDL-C 

levels <40 mg/dL in boys 
and < than 50 mg/dL in 

girls, and BP ≥130/85 mm 
Hg 

7% boys and 6.1% girls 

Silva et al. (2019) 
 

Cardiovascular 
Risk in 

Adolescents 
Study 

Brazil 1,069 (570) Boys and 
girls 12-17 Metabolic 

syndrome IDF criteria 2.5% 

Tee et al. (2020) Malaysia 513 (302) Boys and 
girls 12-16 High BP Normal BP was classified 

as (<90th percentile), 2.4% in boys and 4.3% in girls 
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prehypertension (≥90th to 
<95th percentile), 

stage 1 (95th to 99th 
percentile) and stage 2 

hypertension 
(>99th percentile) 

Tompuri et al. 
(2019)  

 
Physical Activity 
and Nutrition in 

Children 
(PANIC) study 

Finland 470 (237) Boys and 
girls 6-8 Metabolic 

Syndrome 

We defined children 
having paediatric 

metabolic syndrome if 
they had at least 3 of its 4 

components (1. 
hypertension, 2. impaired 
glucose control: increased 
fasting plasma glucose or 

HOMA-IR, 3. 
dyslipidaemia: decreased 

plasma HDL-C or 
increased plasma TG, 4. 

abdominal obesity: 
increased WC) 

4.01% in boys and 2.71% in girls  

Vaquero-Álvarez 
et al. (2020) 

 
Spain 265 (121) Boys and 

girls 6-17 High BP 

Percentiles of Systolic BP 
and Diastolic BP for sex, 

age and size: 
Normotension (<P90), 
pre-high BP (pre-HBP) 

(≥P90 − <P95) and High 
BP (≥P95) [18]. 

Additionally, these criteria 
were dichotomized into 
No High BP (<P95) and 

High BP (≥P95) 

6.8% 

Vasquez et al. 
(2019) Chile 678 (324) Boys and 

girls 16-17 High BP 

Metabolic Syndrome was 
diagnosed with the joint 

IDF/AHA/NHLBI 
phenotype, which includes 

having three of five risk 
factors using the following 

8.5% boys and 8.8% girls 
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definitions: abdominal 
obesity (WC≥80 and ≥90 
cm in females and males, 

respectively); high BP 
(Systolic BP ≥130 mmHg 
and/or Diastolic BP ≥85 

mmHg); 
hypertriglyceridemia (TG 

≥150 mg/dl); low HDL 
(HDL≤50 and ≤40 mg/dl 

in females and males, 
respectively); and fasting 

hyperglycaemia (≥100 
mg/dl) 

Xu et al. (2017) China 32,036 
(16,764) 

Boys and 
girls 10-17 Metabolic 

Syndrome 

According to the National 
Cholesterol Education 

Program Adult Treatment 
Panel III (NCEP ATP III), 

adolescents meeting at 
least 3 of the following 5 
criteria qualify as having 

metabolic syndrome: 
Elevated blood glucose: 

fasting blood glucose 
≥110 mg/dL or diagnosed 
diabetes; 2) Elevated BP: 

elevated BP (systolic BP ≥ 
90th percentile and/or 

diastolic BP ≥ 90th 
percentile by age and sex) 
or history of hypertension; 

2) Low HDL-C: serum 
HDL-C concentration < 
40 mg/dL; 3) Elevated 

TG: serum TG 
concentration ≥ 110 

mg/dL; 4) Abdominal 

9.29% boys and 11.58% girls 
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obesity: a WC ≥ 90th 
percentile by age and sex. 
5) The 90th percentiles of 

WC and BP came from 
the age- and sex-specific 
reference data established 

by the survey among 
Chinese adolescents 

Yazdi et al. 
(2020) 

 
CASPIAN-IV 

Iran 14,008 
(6,917) 

Boys and 
girls 7-18 High BP 

Normal BP levels were 
defined as Systolic BP 

and/or Diastolic BP ≤ 90th 
percentile, elevated BP 
((EBP) as Systolic BP 

and/or Diastolic BP > 90th 
and ≤ 95th percentile or 

120-129/<80 mm Hg 
(whichever was lower) 

and hypertension as 
Systolic BP and/or DBP 

95th percentile or ≥ 
130/89 mm Hg 

(whichever was lower). 

10.9% 

Zhao et al. (2016) 
 

NHANES 1999–
2012 

USA 3,621 
(1,753) 

Boys and 
girls 12-17 Metabolic 

Syndrome IDF criteria 5.4% in boys and 2.9% in girls  

Zheng et al. 
(2016) China 773 (374) Boys and 

girls 9.3 Dyslipidaemia 

The cut-off of each type of 
dyslipidaemia was defined 

as follows: TC ≥ 200 
mg/dL, LDL-C ≥ 130 

mg/dL, TG ≥ 150 mg/dL, 
and HDL-C ≤ 35 mg/dL 

10.9% 

Zhou et al. (2014) China 16,914 
(8,071) 

Boys and 
girls 7-17 Metabolic 

Syndrome Cook criteria 3.8% 
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Abbreviations: BP, Blood pressure; BMI, Body mass index; CMRF, Cardio metabolic risk factors; HDL-C, High-density lipoprotein cholesterol; HOMA-IR, Homeostatic 
Model Assessment of Insulin Resistance; IDF, International Diabetes Federation; SD, Standard deviation; LDL-C, Low-density lipoprotein cholesterol; SD, Standard deviation: 

TC, Total cholesterol; TG, Triglycerides; VO2 max, Maximal oxygen consumption; WC, Waist circumference. 
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Table 2. Summary accuracy and the post-test probabilities of waist-to-height ratio screening for cardio metabolic risk in children and adolescents 
 

Cut-off values Studies 
(n) 

Sensitivity Specificity AUSROC LR+ LR- dOR Publication 
bias 

(p-value)  
Cut-offs 0.41 to 0.45          
  Overall  24 0.67 (0.64 to 0.70) 0.63 (0.60 to 

0.67) 
0.70 (0.66 to 

0.74) 
1.84 (1.67 to 2.02) 0.52 (0.47 to 

0.57) 
3.55 (2.96 to 4.27) 0.981 

  Boys  10 0.67 (0.62 to 0.72) 0.59 (0.55 to 
0.63) 

0.68 (0.63 to 
0.72) 

1.63 (1.48 to 1.80) 0.56 (0.48 to 
0.65) 

2.92 (2.32 to 3.69) 0.153 

  Girls  13 0.67 (0.64 to 0.71) 0.67 (0.63 to 
0.71) 

0.71 (0.66 to 
0.74) 

2.06 (1.77 to 2.38) 0.48 (0.42 to 
0.55) 

4.25 (3.26 to 5.52) 0.468 

  Children 6 0.64 (0.57 to 0.70) 0.65 (0.58 to 
0.72) 

0.67 (0.62 to 
0.72) 

1.84 (1.45 to 2.35) 0.55 (0.44 to 
0.69) 

3.33 (2.12 to 5.25) 0.517 

  Adolescents 15 0.68 (0.64 to 0.71) 0.65 (0.62 to 
0.68) 

0.71 (0.67 to 
0.74) 

1.94 (1.75 to 2.15) 0.49 (0.44 to 
0.55) 

3.92 (3.20 to 4.80) 0.736 

  MetS or CMR score 18 0.67 (0.64 to 0.71) 0.65 (0.61to 
0.68) 

0.71 (0.67 to 
0.75) 

1.91 (1.71 to 2.13) 0.50 (0.45 to 
0.56) 

3.78 (3.12 to 4.60) 0.676 

  East and southeast Asia 
region 

5 0.70 (0.66 to 0.74) 0.63 (0.61 to 
0.66) 

0.72 (0.68 to 
0.76) 

1.91 (1.77 to 2.07) 0.47 (0.41 to 
0.54) 

4.03 (3.30 to 4.92) 0.031 

  European region 13 0.64 (0.59 to 0.68) 0.65 (0.61 to 
0.69) 

0.68 (0.64 to 
0.72) 

1.83 (1.56 to 2.15) 0.56 (0.47 to 
0.65) 

3.29 (2.40 to 4.50) 0.155 

Cut-offs 0.46 to 0.50          
  Overall  42 0.75 (0.67 to 0.81) 0.78 (0.75 to 

0.82) 
0.83 (0.80 to 

0.86) 
3.49 (2.91 to 4.18) 0.32 (0.24 to 

0.43) 
10.90 (7.08 to 16.78) 0.135 

  Boys  20 0.78 (0.66 to 0.87) 0.78 (0.72 to 
0.83) 

0.84 (0.81 to 
0.87) 

3.60 (2.73 to 4.74) 0.28 (0.17 to 
0.45) 

12.94 (6.54 to 25.58) 0.224 

  Girls  15 0.74 (0.60 to 0.84) 0.78 (0.73 to 
0.82) 

0.83 (0.79 to 
0.86) 

3.38 (2.55 to 4.47) 0.33 (0.20 to 
0.54) 

10.16 (4.95 to 20.86) 0.196 

  Children 10 0.72 (0.57 to 0.83) 0.77 (0.72 to 
0.82) 

0.81 (0.78 to 
0.84) 

3.15 (2.49 to 4.00) 0.36 (0.23 to 
0.57) 

8.65 (4.61 to 16.22) 0.433 

  Adolescents 23 0.77 (0.65 to 0.86) 0.78 (0.73 to 
0.82) 

0.84 (0.80 to 
0.82) 

3.55 (2.77 to 4.55) 0.29 (0.18 to 
0.47) 

12.23 (6.30 to 23.76) 0.273 

  MetS or CMR score 32 0.74 (0.65 to 0.82) 0.80 (0.76 to 
0.83) 

0.84 (0.81 to 
0.87) 

3.65 (3.02 to 4.42) 0.32 (0.23 to 
0.44) 

11.37 (7.39 to 17.52) 0.965 

  East and southeast Asia 
region 

16 0.81 (0.66 to 0.90) 0.83 (0.80 to 
0.86) 

0.87 (0.83 to 
0.89) 

4.68 (3.82 to 5.74) 0.23 (0.13 to 
0.43) 

20.16 (9.54 to 42.61) 0.244 

    Proposed cut-off of 0.46 6 0.84 (0.75 to 0.89) 0.83 (0.78 to 
0.86) 

0.90 (0.87 to 
0.92) 

4.82 (3.66 to 6.36) 0.20 (0.13 to 
0.31) 

24.29 (12.36 to 47.74) 0.084 

  European region 14 0.75 (0.65 to 0.83) 0.76 (0.69 to 
0.83) 

0.83 (0.79 to 
0.86) 

3.21 (2.36 to 4.35) 0.32 (0.22 to 
0.47) 

9.93 (5.55 to 17.75) 0.196 
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    Proposed cut-off of 0.46 5 0.85 (0.68 to 0.94) 0.76 (0.67 to 
0.83) 

0.85 (0.82 to 
0.88) 

3.49 (2.22 to 5.49) 0.20 (0.08 to 
0.49) 

17.78 (4.66 to 67.80) 0.545 

  Latin American region 6 0.73 (0.51 to 0.88) 0.71 (0.63 to 
0.78) 

0.77 (0.73 to 
0.81) 

2.52 (1.63 to 3.91) 0.38 (0.17 to 
0.81) 

6.70 (2.05 to 21.87) 0.021 

Cut-offs ≥ 0.51          
  Overall  21 0.76 (0.68 to 0.83) 0.84 (0.78 to 

0.89) 
0.87 (0.84 to 

0.90) 
4.89 (3.24 to 7.38)  0.28 (0.20 to 

0.39) 
17.38 (8.79 to 34.37) 0.003 

  Boys  7 0.84 (0.68 to 0.92) 0.86 (0.76 to 
0.92) 

0.90 (0.89 to 
0.94) 

6.09 (3.08 to 12.07) 0.19 (0.08 to 
0.42) 

32.08 (7.54 to 136.40) 0.082 

  Girls  8 0.77 (0.61 to 0.87) 0.84 (0.68 to 
0.93) 

0.87 (0.83 to 
0.89) 

4.85 (2.13 to 11.06) 0.27 (0.15 to 
0.46) 

18.19 (5.08 to 65.16) 0.105 

  Children 6 0.68 (0.60 to 0.75) 0.74 (0.67 to 
0.80) 

0.77 (0.73 to 
0.80) 

2.60 (1.92 to 3.52) 0.43 (0.33 to 
0.57) 

5.98 (3.45 to 10.39) 0.196 

  Adolescents 15 0.80 (0.68 to 0.88) 0.88 (0.80 to 
0.93) 

0.91 (0.88 to 
0.93) 

6.45 (3.77 to 11.05) 0.23 (0.14 to 
0.38) 

28.12 (11.18 to 70.70) 0.019 

  MetS or CMR score 12 0.80 (0.66 to 0.89) 0.89 (0.81 to 
0.94) 

0.90 (0.89 to 
0.94) 

7.33 (3.81 to 14.11) 0.23 (0.12 to 
0.41) 

32.46 (10.49 to 100.48) 0.024 

  East and southeast Asia 
region 

6 0.71 (0.67 to 0.75) 0.61 (0.55 to 
0.66) 

0.72 (0.68 to 
0.76) 

1.82 (1.62 to 2.04) 0.47 (0.42 to 
0.53) 

3.83 (3.13 to 4.69) 0.063 

  Latin American region 10 0.79 (0.59 to 0.90) 0.90 (0.81 to 
0.95) 

0.92 (0.90 to 
0.94) 

8.10 (3.66 to 17.90) 0.24 (0.11 to 
0.52) 

34.05 (8.16 to 142.04) 0.037 

    Proposed cut-off of ≥0.54 7 0.85 (0.56 to 0.96) 0.93 (0.85 to 
0.97) 

0.96 (0.94 to 
0.97) 

13.00 (4.84 to 
34.91) 

0.16 (0.04 to 
0.60) 

82.88 (10.22 to 671.77) 0.054 

AUSROC, area under summary receiver operating characteristic; CMR, cardio metabolic risk; dOR, diagnostic odds ratio; LR+, Positive Likelihood Ratio; LR-, Negative Likelihood Ratio; MetS, 
metabolic syndrome. 
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