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Abbreviations: MS, metabolic syndrome; CV, cardiovascular; 
WC, waist circumference; HDLC, HDL cholesterol levels; CVD, car-
diovascular disease; LDLC, LDL cholesterol; LR, likelihood ratio

Introduction
The epidemic of obesity in children and adolescents is a global 

concern. This is an increasing problem in Chile, where the current 
prevalence of obesity in first year primary school children is around 
21%1 This scenario is expected to lead to an increasing prevalence of 
the metabolic syndrome (MS) in the coming years, with consequent 
escalating risk of type 2 diabetes and cardiovascular (CV) diseases in 
adulthood.2,3 Data from the USA report a 4 to 9% prevalence of MS 
among adolescents in the general population rising to between 38 to 
50% among obese adolescents.4 Similar figures have been reported 
in Chile.5,6 Most studies examining the presence of the MS among 
children and adolescents use the definition of Cook et al.,7 which 
considers the presence of three or more of the following components: 
increased waist circumference (WC), arterial blood pressure (BP), 
triglyceride levels (TG) and glucose levels, and decreased HDL 
cholesterol levels (HDLC). According to this definition, if a child 
has only two components, he/she does not have MS. Importantly, 
each of MS components has a continuous association with long-term 

cardiovascular disease (CVD) risk and risk increases in line with the 
number of abnormal MS variables. Thus, a dichotomous “yes-no” 
definition of MS cannot provide adequate discrimination of those with 
and without risk and consequently may not provide a sufficient alert 
to ongoing lifetime risk if the diagnostic threshold is not quite met, 
which is fundamental when considering the pediatric population.

Several anthropometric parameters have been used in order to 
predict the risk of MS and type 2 diabetes. Many studies have shown 
an increased prevalence of MS and its components with increasing 
body mass index (BMI).8,9 Epidemiological studies in both adults and 
children have evaluated and validated waist circumference (WC) as 
an important predictor not only of cardiovascular risk factors, but also 
of type 2 diabetes and atherosclerosis.10-16 BMI and WC in children 
require the use of percentiles according to sex and age, which can 
be time-consuming and impractical. Furthermore, more muscular 
children often have BMIs in the higher centile range and taller, larger-
framed children may have waist circumferences in the higher centile 
range in the absence of excess adiposity. Therefore, anthropometric 
measurements, which incorporate waist circumference in relation 
to the body shape, as does the waist to stature (height) ratio (WSR), 
could have a greater utility for the prediction of risk factors related to 
obesity and the distribution of body fat in both children and adults.17-21 
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Abstract

Obesity in children and adolescents is associated with increased risk of presenting metabolic 
syndrome (MS) and cardiovascular risk in the long term. Waist to stature (height) ratio 
(WSR) is a good marker of MS in adults and children and may become a simple parameter 
to predict the clustering of MS components in subjects at risk.

Aim: To determine whether higher values of WSR are associated with the progressive ag-
gregation of MS components among Chilean school-aged children.

Methods and Results: Cross-sectional study in 618 children from urban Santiago. Weight, 
height, waist circumference, systolic and diastolic blood pressure, and fasting lipid profile 
and glycemia were determined. Diagnosis of MS was based on the presence of 3 or more 
out of 5 components of MS defined by Cook et al. (increased waist circumference and blood 
pressure, hypertriglyceridemia, low HDL cholesterol and hyperglycemia). ROC curves and 
proportional odds were used to analyze the relationships between WSR and MS and its 
components.

Mean age of the children was 11± 2 years old, 52% female. MS prevalence was 15%. Mean 
WSR was 0.53 ± 0.1. The best WSR cutoff to diagnose MS was 0.55 (72% sensitivity and 
70% specificity). Using a proportional odds model, for each 0.01 increment in WSR, the 
OR of increasing one or more component of the MS was 1.27 (IC 95%: 1.22-1.32). 

Conclusion: The increase in WSR predicts the progressive clustering of MS components in 
children and adolescents. WSR determination is simple and fast and could become a useful 
marker to identify children and adolescents at risk of developing MS.
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WSR can be easily and rapidly calculated in daily practice in that it 
does not require comparison to percentile tables. A study in Chilean 
adults has recently shown that WSR is a more precise predictor of 
general mortality than BMI.22

Because the current definition of MS does not fully quantify the 
full extent of cardiometabolic risk among children, the present study 
sought to examine whether increased WSR values are associated with 
the progressive accumulation of MS components and the strength of 
any such relationships. Therefore, we determined the proportional 
risk of aggregation of these components in relation to the increase in 
WSR among a pediatric population. 

Methods
This cross-sectional study was carried out between October 

and December 2005 in 618 school children from middle, low-
middle and low social-economic level from community schools in 
urban Santiago and children and adolescents seen by primary care 
providers within the Catholic University Health Network, because 
of being overweight or obese. These last children had comparable 
social-economic characteristics to the others, and were included to 
reach a sample size with enough power to test the hypothesis. We 
included subjects between 6 and 16 years old and excluded those 
with personal and/or family history of metabolic disorders such as 
diabetes, genetic dyslipidemias, and other genetic metabolic diseases. 
We also excluded children with history of hypothyroidism and those 
receiving pharmacological therapy. Their responsible adult signed 
an informed consent form approved by the Ethics Committee of the 
School of Medicine.

Clinical evaluation

A team of fully trained pediatricians and nurses determined 
weight, height; WC and BP. Weight and height were measured with 
a balance scale and a SECA® stadiometer, with the child shoeless 
and wearing light clothing. Recorded values were the average of three 
measurements. BMI was calculated and expressed in percentiles as 
weight (in kg) divided by height (in m) squared. Obesity was defined 
as BMI ≥ 95th centile, overweight as 85-94th centile 85-94th, eutrophia 
as 10-84th centile and underweight as <10th centile (CDC-NCHS, year 
2000).23 WC was measured with an inextensible metric tape, over 
the laterosuperior edge of the right iliac crest, at the end of exhaling. 
Recorded values were the average of three measurements.24 The waist 
to height ratio (WSR) was calculated by dividing waist circumference 
by height (both in m). Arterial blood pressure was measured according 
to international guidelines.25 We considered pre-hypertension and 
hypertension with a systolic blood pressure (SBP) and/or diastolic 
blood pressure (DBP) of ≥ 90 to 94th and ≥ 95th centile, respectively, 
according to sex, age and height.25

Blood tests

Blood samples were obtained after a 12-hour fasting. Blood glucose 
was measured using enzymatic methods (Hexokinase-Hitachi Modular 
P-Roche); total cholesterol (TC) was measured by colorimetric 
enzymatic methods-CHOD-PAP (Hitachi Modular P-Roche); HDL 
cholesterol (HDLC) was determined by the homogenous colorimetric 
enzymatic method (Hitachi Modular P-Roche) and triglycerides (TG) 
by the colorimetric enzymatic method with white-glycerol (Hitachi 
Modular P-Roche). LDL cholesterol (LDLC) was calculated using the 
Friedewald formula.

Definition of metabolic syndrome 

The recommendation of Cook et al.,7 Was used for defining MS 
in children and adolescents. This definition was based on the ATP III 
criteria for adults, which considers the presence of at least three out 
of five of the following components: WC ≥ 90th of the pattern used 
(age-sex and ethnicity specific percentiles),24 HDLC ≤40 mg/dl (in 
boys and girls) TG ≥ 110 mg/dl,26 glucose ≥100 mg/dl and SBP and/
or DBP ≥pc 90.25

Statistical analysis

Based on the described prevalence of obesity and MS of 20%, 
with 95% confidence and an estimated error not greater than 3.5%, the 
needed sample size calculated to find the necessary number of children 
with clustering of MS components was 502 children. Here, we are 
reporting on 618 children. We used mean and standard deviations of 
the mean (SD) for the descriptive analysis and student t-test for the 
continuous variables. ANOVA was used to compare means and chi-
square test and Fisher’s exact test were used for comparing categorical 
variables.

MS was modeled as a function of z score WSR and z score 
Waist, through logistical regression models (z score was used here 
in order to transform WSR and Waist values in continuous variables, 
standardized by age and sex). The discriminatory capacity of the model 
was evaluated using the area below the ROC curve, with the Youden 
index as the cutoff (sensitivity and specificity of the model), verified 
by the post-test probability ratio or Likelihood Ratio (LR). The risk 
of (co) existence of one or more, two or more and three or more MS 
components was calculated using logistical regression models under 
the assumption of proportional odds. MQL Fisher scoring was used 
for estimation. The statistical significance was established at 5%, CI 
95%. 

Results
The mean age of the children was 11 ± 2 years old; 52 % of them 

were female. The prevalence of MS in the entire cohort was 15% and 
was similar in boys and girls. Age, anthropometric characteristics, 
including WSR, and the values of the individual MS components 
were similar in boys and girls. SBP and glucose were higher in boys, 
although levels were within normal ranges. Mean WSR was 0.52 
(Table 1). WC, SBP, TG, glucose and WSR, were significantly higher 
and HDL cholesterol was lower in obese compared with eutrophic 
children of both genders. DBP was higher only in obese girls 
compared to eutrophic, but without reaching statistical significance 
(Table 2). Mean levels of the MS components BP, TG, glucose and 
WC as well as WSR increased with the aggregation of increasing 
numbers of MS components. Mean HDLC levels fell as the number 
of MS components increased (Table 3).

Using ROC curves, the optimal WSR cutoff point to predict MS 
turned out to be 0.55 for both sexes, with 72% sensitivity and 70% 
specificity. The positive and negative predictive values were 30 and 
94% respectively. The LR (post-test probability ratio) was 2.5. The 
area below the ROC curve was 0.766.

Figure 1A shows the risk of aggregation of MS components (risk 
of aggregation of 1 or more, 2 or more or 3 or more risk factors), using 
a proportional odds model. For each 0.01 increment in WSR, the OR 
of increasing one or more component of the MS was 1.27 (IC 95%: 
1.22-1.32). As an example, if a boy has a WSR of 0.60, which is above 
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the 0.55 cutoff points, he would approximately have 95% probability 
of having 1 or more MS components, 60% of having 2 or more, and 
almost 28% of having 3 or more MS components. The strength of 
the relationship between WSR and clustering of MS variables did 
not change after adjustment by age and gender). Using the same 
proportional odds model, Figure 1B shows the risk of aggregation of 
1 or more, 2 or more or 3 or more MS components using the WC (but 
excluding WC as an MS component). For each 1 centimeter increment 
in WC, the OR of increasing one or more component of the MS was 

1.04 (IC 95%: 1.03-1.06). Adjustment by age and gender did not 
change the results.

Given that WC is included as one of the components in the 
definition of the MS, we proceeded to examine the effect of WSR 
as a predictor of the clustering of the four non-anthropometric MS 
variables, having excluded WC from the model (Figure 2). In this 
case, for every 0.01 increment in WSR, the OR of increasing one 
component or more of MS was 1.10 (IC 95%: 1.07-1.14).

Table 1 Anthropometric and metabolic characteristics

Variable
Boys (N=299) Girls (N=319) Total (N=618)

Mean SD Mean SD Mean SD

Age (Years) 11 2 11 2 11 2

Height (cm) 146 13 146 11 146 12

WC (cm) 78 12 78 12 78 12

WSR 0.5 0.1 0.53 0.1 0.52 0.1

SBP (mmHg)* 108 12 105 12 107 12

DBP (mmHg) 68 10 67 9 67 10

HDLC (mg/dl) 49 13 49 11 49 12

TG (mg/dl 93 59 91 42 92 51

Glucose (mg/dl)* 90 7 87 7 89 7

Abbreviations: WC, waist circumference; WSR, waist to height ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDLC, high-density lipoprotein 
cholesterol; TG, triglycerides; *p<0.05 boys versus girls.

Table 2 Components of metabolic syndrome and WSR according to sex and nutritional state

Variable

Boys Girls

Eutrophic(N=91) Overweight(N=83) Obese(N=124) Eutrophic(N=97) Overweight(N=95) Obese(N=128)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

WC (cm) 68 8 76 9 86 11* 67 7 77 7 86 10*

SBP 
(mmHg) 105 11 106 11 112 12* 102 10 104 11 108 12*

DBP 
(mmHg)

65 13 66 9 70 10* 65 8 66 10 69 10

HDLC
 (mg/dL)

56 13 49 12 45 11* 54 12 49 11 45 8*

TG 
(mg/dL) 66 36 86 44 118 71* 75 36 94 37 101 48*

G lucose 
(mg/dL) 87 6 91 7 92 7* 86 6 88 6 87 8*

WSR 0.5 0 0.5 0 0.6 0* 0.5 0 0.5 0 0.6 0*

Abbreviations: WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDLC, high density lipoprotein cholesterol; TG, 
triglycerides; WSR, waist height ratio; *p<0.05 (ANOVA, eutrophic versus overweight versus obese).
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Table 3 Mean values of individual MS components and WSR according to the clustering of MS components.

Components of 
MS

0 1 2 3 4 5

P for TrendN (%) N (%) N (%) N (%) N (%) N (%)

204 (33) 199 (32) 120 (19) 69 (11) 22 (4) 4 (1)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

WC (cm) 70 7 75 8 81 9 84 10 90 8 92 17 *

SBP (mmHg) 102 9 106 11 108 12 114 12 121 8 124 13 *

DBP (mmHg) 63 7 66 10 70 9 71 11 74 9 74 15 *

HDLC (mg/dL) 56 10 50 11 45 10 39 8 36 8 34 5 *

TG (mg/dL) 63 22 82 35 111 45 142 64 172.9 84 190 44 *

Glucose (mg/dL) 86 6 89 6 90 8 91 7 91.1 7 105 4 *

WSR 0.48 0.04 0.52 0.05 0.56 0.05 0.57 0.06 0.6 0.05 0.63 0.04 *

Abbreviations: WC, waist circumference; SBP, systolic arterial pressure; DBP, diastolic arterial pressure; HDLC, high density lipoprotein cholesterol; TG, 
triglycerides; WSR, waist height ratio; *p<0.05

Figure 1 Risk of presenting 1 or more, 2 or more or 3 or more MS components of the Metabolic Syndrome using z score Waist to Stature Ratio (panel A) and 
z score Waist Circumference (panel B).
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Figure 2 Risk of presenting 1 or more, 2 or more or 3 or more MS components of the Metabolic Syndrome using z score Waist to Height Ratio (WSR), but 
excluding WC as an MS component.

Discussion
Our results demonstrate that the increase in WSR predicts the 

progressive clustering of MS components in children and adolescents. 
WSR can be assessed quickly and easily. This has the potential to 
become a practical and useful anthropometric marker to identify 
children and adolescents most likely to developing an aggregation 
of cardiometabolic risk factors that place them at a higher risk of 
developing not only diabetes but also premature atherosclerotic 
disease later in their lives.3,27

Our results also emphasize the concept of the accumulation of 
MS components might be more relevant, from a long-term risk-
prediction perspective, than the contemporary dichotomous (“yes-
no”) definition applied today with MS.7 In pediatrics, this vision of 
the cardiometabolic risk is very important, considering most children 
in our cohort (84%) did not present with 3 or more components and 
obtain a diagnosis of MS. Indeed, over half of our cohort had 1 or 2 
components (51%) and are almost certainly already at risk making 
them candidates for intensive lifestyle intervention in an attempt 
to reverse the frequent progression to more advanced metabolic 
dysfunction and premature CVD.

The epidemic of overweight and obesity in childhood, with its 
important influence on metabolism and the circulatory system, has 
encouraged investigators to look for novel biochemical, anthropometric 
and imaging risk markers that could be used in children as well as in 
adults to predict later cardiovascular or diabetes risk [28-31]. For this 
reason, it would be very useful to establish the utility of the more 
promising of these new markers in children. The key requirements 

of such a marker are that they should be easy and fast to measure, 
standardisable and with good repeatability and reproducibility. The 
principle current markers are BMI and WC which have proven ability 
to predict MS in children.20,21,32 However, WSR has the “unique” 
ability to standardize the waist circumference of the child against their 
height taking into account the overall size of the child in a way that the 
centile charts, which have to be selected by age and gender, cannot. 
This may also be a more appropriate way than the traditional centile-
based approach to account for the ethnic origin of the child.17 Indeed, 
the Bogalusa Study investigators have found a similar predictive 
ability of BMI-for-age and WSR to identify children with adverse 
risk factors, concluding that WSR would be the preferred marker for 
its simplicity.20 They also found, in a follow-up study conducted two 
years later, that among overweight children, WSR values were more 
strongly associated with adverse risk-factor levels than levels of BMI-
for-age or skinfold thickness.32 Clearly, additional information will be 
needed to demonstrate the relationship between childhood WSR and 
onset of clinical disease in adulthood.32 However, the potential value 
of such an approach has been demonstrated in a recent Chilean study, 
which found that WSR is a better predictor of all-cause mortality than 
BMI or waist-to-hip ratio in adults.22

Our study emphasizes the importance of identifying children with 
aggregation of 1 or 2 risk factors in association with central adiposity. 
These individuals are already at higher risk of developing the MS and 
are likely to benefit from timely intervention with intensive diet and 
exercise programs to revert this tendency rather than waiting for them 
to develop the more advanced diagnosis of MS with 3 or more risk 
factors as defined by Cook et al [7]. By proposing a dynamic instead 
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of a static model (Figure 1). We are able to demonstrate a child’s risk 
of having 1 or “more” or 2 or “more” and 3 or “more” risk factors 
according to their WSR. We believe that this is a novel and important 
consideration to improve the identification of children at increased 
long-term cardiometabolic risk. We therefore believe that WSR can be 
considered a functional “bedside” marker, being easy to apply in the 
ambulatory setting and simple to calculate without the need for use of 
tables and percentiles, as with BMI and WC.

Our study has limitations 

Firstly, in the model we have used for MS prediction WSR 
incorporates the WC in the calculation of the ratio which introduces 
potential bias as WC is a component of MS. However, we have also 
clearly demonstrated in a further model that WSR was also predictive 
of the non-anthropometric cardio-metabolic risk factors that comprise 
the MS (Figure 2). Secondly, ours is a cross-sectional study that 
has estimated associations between variables and has not examined 
these relationships prospectively, which would likely provide more 
robust causal inferences. Nonetheless, the long-term impact of 
cardiometabolic risk factors in childhood and adulthood is becoming 
increasingly well understood and it is likely that anthropometric 
measures that improve identification of young individuals with these 
risk factors, such as WSR, will be useful for long-term risk prediction 
and management. Likewise, our sample presented a relatively narrow 
age range predominantly between 10-14 years and was conducted in 
an urban population of Chilean children. Further work will be required 
to examine these relationships in other age groups and in other distinct 
populations of children before the results can be applied more widely 
in management of cardiometabolic risk in childhood. Finally, we did 
not adjust the results by pubertal stage which might also influence the 
model.

In conclusion, increasing WSR predicts the progressive aggregation 
of MS components among children. Measurement of WSR is simple, 
quick and practical and has the potential to enhance identification 
and follow-up of children with increased cardio-metabolic risk in 
susceptible populations.
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