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Resumen
Introducción: en la actualidad, el índice de cintura-talla (ICT) ha emergido como un indicador práctico y útil en la detección del riesgo cardio-
metabólico en población infantil y adolescente. 

Objetivo: evaluar la asociación entre el índice de cintura-talla y los factores de riesgo cardiometabólicos (FRCM) en una cohorte de niños de 
Bucaramanga, Colombia.

Metodología: estudio de corte transversal analítico anidado en una cohorte poblacional. Población infantil entre 6-10 años de Bucaramanga  
(n = 1.282). Variables dependientes: hipertensión arterial, pre-hipertensión arterial, sobrepeso/obesidad, glucosa alterada, resistencia a la 
insulina, y dislipidemia. Principal variable independiente: índice cintura-talla. La asociación entre variables dependientes y las independientes 
fue evaluada mediante modelos de regresión binomial. 

Resultados: el 9,77% de los niños presentó un índice cintura-talla de riesgo (IC 95%: 8,19% a 11,52%). Al ajustar por edad, sexo, nivel socio 
económico y actividad física, el índice cintura-talla de riesgo resultó asociado significativamente con menores niveles de HDL y mayores niveles 
de triglicéridos, resistencia a la insulina, hipertensión arterial y prehipertensión (RP = 2,46 IC 95%: 1,70 a 3,55, p = 0,000, RP = 2,24 IC 95%: 
1,50 a 3,35, p = 0,000, RP = 9,39 IC 95%: 5,40 a 16,30, p = 0,000, RP = 8,03 IC 95%: 2,01 a 32,07, p = 0,003 y RP = 2,67 IC 95%: 1,60 
a 4,47, p = 0,000, respectivamente).

Conclusión: los niños con un índice de cintura-talla de riesgo presentaron mayor probabilidad de desarrollar niveles elevados de presión arterial 
y triglicéridos, resistencia a la insulina y menores niveles de HDL. 

Abstract
Background: Currently, the waist-to-height ratio (WHtR) has emerged as a practical and useful indicator for identifying cardiometabolic risk in 
child and adolescent population. 

Objective: To evaluate the association between the WHtR and cardiometabolic risk factors (CMRFs) in a cohort of children in Bucaramanga, 
Colombia. 

Methods: Analytical cross-sectional study. Child population between 6-10 years old from Bucaramanga (n = 1,282). Dependent variables: 
hypertension, pre-hypertension, overweight/obesity, impaired glucose, insulin resistance and dyslipidemia. Main independent variable: waist-to-
height ratio. The association between dependent and independent variables was evaluated using binomial regression models. 

Results: 9.77% of the children presented a WHtR of risk (95% CI: 8.19% to 11.52%). After adjustment for age, sex, socioeconomic status and 
physical activity, the WHtR of risk was significantly associated with lower HDL levels and higher levels of triglycerides, insulin resistance, hyper-
tension and pre-hypertension (PR = 2.46 95% CI :1.70 a 3.55, p = 0.000, PR = 2.24 95% CI: 1.50 a 3.35, p = 0.000, PR = 9.39 95% CI: 5.40 
a 16.30, p = 0.000, PR = 8.03 95% CI: 2.01 a 32.07, p = 0.003 y PR = 2.67 95% CI: 1.60 a 4.47, p = 0.000, respectively).

Conclusion: Children with WHtR of risk were more likely to develop high levels of blood pressure and triglycerides, insulin resistance and lower 
levels of HDL. 
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INTRODUCTION

Preliminary studies applied to a young and adult population, 
support the clinical utility of the waist-to-Height Ratio (WHtR) in the 
early characterization of cardiometabolic risk. This anthropometric 
index is practical, simple to calculate and its results interpretation 
do not require age or sex specifications. In children populations, 
the body mass index (BMI) is widely used as an anthropometric 
index, commonly known for its sensitivity and moderate specificity 
when detecting the adiposity excess in children, as well as its 
variability, fastened to this population’s development and annual 
growth change patterns (1,2).

The WHtR arises as an indicator with multiple advantages, 
some of which can be useful for clinical use; its application has a 
simple results interpretation, thus WHtR values are not correlated 
with the characteristic development and growth constant chang-
es on infant and adolescent population (3,4), which strengthens 
its utility by early detections of obesity and cardiometabolic risk. 
Additionally, the WHtR indicates the regional body fat distribu-
tion through central adiposity or intra-abdominal measurement, 
which is broadly recognized as an important factor associated to 
metabolic comorbidity and cardiovascular complications, such as 
hypertension, dyslipidemia, disorders of glucose metabolism and 
insulin resistance (5-7). Some authors suggest that children and 
adolescents with a WHtR ≥ 0.5 increase the probability of having 
more than two cardiometabolic risk factors (8,9), leading to the 
development of cardiovascular diseases during adulthood. 

Overall, the cardiometabolic profile alterations are known as 
metabolic syndrome (MS), whose diagnostic criteria are widely 
used in children and adolescent studies, introduced by Cook et 
al., which establishes the relation between three or more criteria 
by age and sex for MS (fasting glucose levels, triglycerides, HDL-c, 
systolic/diastolic blood pressure and waist circumference). Never-
theless, standardization and consensus of cardiometabolic marker 
cut-off points for this population remains a challenge that requires 
further exploration, which, to be clarified, will provide an adequate 
representative MS patterns characterization in early stages of life.

Regarding the proposed interpretation of metabolic and car-
diovascular risk given by the WHtR cut-off point, nowadays, the 
international scientific community accepts a ≥ 0.5 value as an 
indicator of an increased risk, however, this result in the child and 
adolescent population is still in discussion. Some studies support 
the cut-off point established before (5,8-13), while other authors 
report different values in children and adolescents of diverse pop-
ulations (1,14-16,18), whose values are slightly below or above 
to the previously described. 

Therefore, the present study aims to determine the association 
between the WHtR and the cardiometabolic risk factors (CMRFs) 
in children between 6 to 10 years old in Bucaramanga, Colombia. 

METHODS

Design: analytical cross-sectional study sheltered in a cohort 
of population type.

Population and sample: the study population includes 1282 
children aged from 6 to 10 years’ old who reside in XXX. They 
belong to a population cohort study that evaluates the prevalence 
of MS and its related factors. Currently, this population is being 
analyzed by the original study, which is looking for new relations 
between MS diagnostic criteria and the early onset cardiometa-
bolic dysfunction in the youth population.

Study variables: this study’s main dependent variables related 
to cardiometabolic factors are defined as follows: hypertension: 
(systolic blood pressure (SBP) or diastolic (DBP) ≥ 95 percentile for 
age, gender and size measured 3 or more times). Pre-hyperten-
sion: SBP or DBP ≥ 90 percentile < 95 percentile for age, gender 
and height (19). Overweight or obesity: overweight: BMI for age 
between percentile 85% and 95%. Obesity: ≥ 95 percentile BMI 
for age (20). Impaired fasting glucose: ≥ 100, diabetes: ≥ 126 
mg/dL (21). HOMA-IR: was obtained from the mathematical model 
using the next formula: (22.5/[IF*GF]), where IF stands for the 
insulin fasting levels in UL/L and GF for the glucose fasting levels. 
HOMA-IR cut-off point was ≥ 3.2 (22). Dyslipidemia: a) impaired 
triglycerides: 0-9 years: ≥ 100 mg/dL HDL cholesterol alterations: 
< 40 mg/dL; and b) LDL cholesterol alterations: ≥ 130 mg/dL (23).

This study’s main independent variable is WHtR, which it’s 
been calculated from the height measurement and waist circum-
ference in centimeters. Additionally, the following criteria will be 
considered variables such as: Sociodemographic variables: sex, 
age, socioeconomic level and breastfeeding length. Anthropo-
metric variables: sex, height, BMI, waist circumference, hip cir-
cumference, moderate-intensity physical activity, screen time and 
breastfeeding length. 

Data collection: this process was conducted for 16 months 
(from July 2006 to October 2007), where a home visit to collect 
information was held, regarding sociodemographic, nutritional and 
physical activity variables, and a second visit for a full clinical 
assessment and a laboratory sample taking by Fundación Cardio-
vascular de Colombia. Physical activity was assessed by using the 
International Physical Activity Questionnaire (IPAQ) (24,25) asking 
the time (hours per day) the children spent doing several activities 
such as sleeping, studying, doing moderate physical activity, vig-
orous physical activities and spending in front of screens during 
one day of the week and the weekend. 

The data collection activity was carried out by health profes-
sionals previously trained by the study investigators.

Data quality: the data quality was revisited to ensure that the 
information was complete. The data input by duplicate was made 
in Excel (Microsoft Corp., Redmond, Wash.) and were compared 
using the Epi-Info 2000. All discrepancies in the two databases 
were corrected using the original formats of data capture.

Statistical analysis: a descriptive analysis was made in which 
categorical variables were presented as proportions and the con-
tinuous variables as mean and standard deviation, or median and 
interquartile range, according to the distribution shown. If the con-
tinuous variables had a normal distribution, the differences were 
determined using the Student t test; otherwise, the Mann Whitney 
U test. The independent variable association from this study and 
the dependent variables were assessed using binomial regression 
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models. In multivariate models, the variables obtained a p < 0.20 
in the bivariate analysis. All p values were considered two-tailed, 
considering statistical significance at a p < 0.05. All data were 
analyzed in the statistical program Stata, version 12.0 (College 
Station, TX: Stata Corporation).

Ethical considerations: this study was designed in compliance 
with the Helsinki declaration and approved by the Ethical Commit-
tee in Research from Fundación Cardiovascular de Colombia. A 
full consent was given from the participant parents or caregivers. 
In addition, all children gave their verbal assent. 

For a more detailed methodology review, may refer to the pub-
lished cohort study protocol (26). 

RESULTS

The analytical sample was taken from a population of 1282 
children, most of them belonging to mid and low socioeconomic 
levels (Table I). According to risk factors related with the behaviors, 
6.81% is not engaged in a moderate physical activity and 62.64% 
does not performs high intensity activities, fact that contrasts with 
41.58% of the children who spend 8 or more hours a week in 
front of screens (such as TV, videogames and tablets). In addition, 
1.56% (n = 20) acclaimed to have smoked at least once -average 
starting age: 9 years old, standard deviation (SD) 1.41 years old- 
and 49.34% said they had consumed alcohol in the previous years.

Table I. Description of sociodemographic, anthropometric and physical activity  
of children (n = 1,282)

Characteristics
All

Women
n = 627

Men
n = 655 p

n (%) n (%) n (%)

Socioeconomically level

 Low 678 (52.93) 334 (53.35) 344 (52.52) 0.956†

 Mid 587 (45.82) 284 (45.37) 303 (46.26)

 High 16 (1.25) 8 (1.28) 8 (1.22)

Breastfed at least once

 No 52 (4.17) 20 (3.27) 32 (5.03) 0.119‡

 Yes 1196 (95.83) 592 (96.73) 604 (94.97)

Nutritional status according BMI/A

 Low weight (<-2 S.D BMI/A) 17 (5.56) 18 (2.88) 18 (2.76) 0.000‡

 Normal weight (-2 a 0.99 S.D BMI/A) 208 (67.97) 482 (77.00) 467 (71.63)

 Overweight (1 a 1.99 S.D BMI/A) 62 (20.26) 101 (16.13) 97 (14.88)

 Obesity (≥ 2 S.D BMI/A) 19 (6.21) 25 (3.99) 70 (10.74)

Waist-height ratio risk

 No 1155 (90.23) 586 (93.61) 569 (87.00) 0.000‡

 Yes 125 (9.77) 40 (6.39) 85 (13.00)

Characteristics  
Median

(IR)
Median

(IR)
Median

(IR)
p

Age (y/o) 8.47 (0.60) 8.41(2.39) 8.54 (2.51) 0.338‡

Height (cm) 127.00 (14.00) 126.85 (14.3) 127.2 (13.6) 0.617‡

Weight (kg) 25.90 (8.90) 25.5 (9.3) 26.1 (8.7) 0.407‡

Waist circumference (cm) 55.06 (8.03) 54.75 (8.00) 55.5 (8.25) 0.001‡

Hip circumference (cm) 63.97 (9.56) 64. 62 (9.52) 63.45 (10.02) 0.028‡

Hip-to-height ratio 0.86 (0.07) 0.85 (0.06) 0.87 (0.06) 0.000‡

Waist-to-height ratio 0.43 (0.05) 0.43 (0.04) 0.43 (0.04) 0.000‡

Body mass index/A (Z) 0.04 (0.2) 0.03 (0.17) 0.045 (0.25) 0.409‡

Physical activity (hours/week) 10.00 (5.00) 10.00 (5.00) 10.00 (6.00) 0.341‡

Screen time (hours/week) 7.00 (4.00) 7.00 (4.00) 7.00 (4.5) 0.083‡

Breastfeeding length (months) 12.00 (18.00) 12 (18.00) 12.00 (17.00) 0.122

BMI/A: body mass index according with to age; *Determined by International Physical Activity Questionnaire (IPAQ); IR: interquartile range. †p value determined by 
Fisher’s exact test; ‡p value determined by Chi2 test; ¥p value determined by U Mann Whitney test. 
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In respect to the CMRFs, the overweight or obesity prevalence was 
26.47% (95% CI 23.22% to 27.84%). Concerning dyslipidemia, it 
shows upper levels of LDL cholesterol in a 17.24% (95% CI 15.20% 
to 19.41%) and low HDL cholesterol in 11.31% (95% CI 9.62% to 
13.17%), high triglycerides levels in a 10.37% (95 %CI 8.75% to 
12.17%). As for the blood pressure component, 0.70% of the sample 
presented hypertension (95% CI: 0.32% to 1.30%) and 6.13% (95% 
CI 4.87% to 7.58%) pre-hypertension. Likewise, it was found out a 
prevalence of 1.01% (95% CI 0.54% to 1.72%) in impaired fasting 
glucose and 2.74% (95% CI 1.91% to 3.79%) of insulin resistance.

The prevalence of CMRFs, according to the sex, is shown in 
figure 1. Male children had higher fasting glucose levels, HDL-c 
and systolic blood pressure (p = 0.000, p = 0.040, p = 0.000, 
respectively), while female children had higher triglycerides, LDL-c 
and insulin resistance levels (p = 0.01, p = 0.028, p = 0.000, 
respectively) (Table II).

Concerning the WHtR, 9.77% of the sample, exposed a WHtR 
≥ 0.5 (95% IC: 8.19% 11.52%). The WHtR median was 0.43, 
Interquartile range (0.05).

After adjusting by age, sex, socioeconomic level and physical 
activity, WHtR ≥ 0.5 was mainly associated with lower HDL-c lev-
els and higher triglycerides levels, insulin resistance, hypertension 
and pre-hypertension in the population study (Table III).

DISCUSSION

This analytical cross-sectional study, nested in a population 
cohort study, shows that WHtR uses as an anthropometric marker 

associated with CMRFs: lower HDL-c levels, higher levels of tri-
glycerides, insulin resistance, hypertension and pre-hypertension, 
in the study population. These findings are consistent with pre-
liminary and recent studies performed by the pediatric population 
around the world (12,27).

Overweight and obesity were identified in this study as the 
CMRFs with greater prevalence in children (26.47%), which is 
consistent with Suarez et al., with 18% prevalence in a 5-9-years-
old population (17). The abdominal and general obesity represents 
an increase of cardiometabolic risk profile in infant population, 
which directly implies the cardiovascular happenings and diabetes 
mellitus type II in adulthood (8,9,28). Currently, this condition is 
widely recognized as a major issue in public health matters, which 
has been in increasing in the child population in recent decades, 
with figures ranging from 8.1% to 12.9% in male children and 
from 8.4% to 13.4% in female children by 2013 in developing 
countries (29). 

Regarding to WHtR in this study, 9.7% of the analyzed children 
displayed a cut-off point ≥ 0.5 for the anthropometric index. This 
value is consistent with Mokha et al., who reported a prevalence 
of 9.2% in children with normal weight versus a 19.8% of children 
with overweight/obesity, whose WHtR cut-off point was ≥ 0.5. 
Likewise, after adjusting by age, sex, socioeconomic level and 
physical activity, the findings in this research suggest the increase 
of 9 times the risk of suffering insulin resistance and 8 times of 
contracting hypertension among the presence of a WHtR ≥ 0.5. 

In relation with the last aspect, preliminary studies suggest 
the insulin resistance occurs as one of the early age alterations 
that benefit the hypertension development in infant population 
(12,30-32). According to Correia-Costa et al., insulin resistance 
had an important mediating effect in arterial pressure increase 
at expense of systolic pressure, with greater visibility in female 
subjects, attributed by the authors to the composition changes 
and body fat distribution occurred before women puberty, as well 
as some pathophysiological mechanisms such as hyperleptin-
emia and leptin resistance (31). Understanding the relationship 
between insulin resistance and hypertension requires a deeper 
study of these mechanisms involving other cardiometabolic risk 
profile variables in this population. Unlike to these associations, 
glucose levels did not represent a strong correlation in relation 
with WHtR in this study, which is similar to what reported Kuba et 
al., attributing to this situation the incipient manifestation of insulin 
resistance in 6-10-year-olds (12).

With respect to the lipid profile alterations, the results evi-
denced in this population demonstrated a significant correlation 
between WHtR and higher levels of triglycerides and lower levels 
of HDL-c, with an increased risk between 2.60 and 2.95 times, 
respectively. Similar results have been reported by other authors 
in pediatric populations. Mokha et al., identified an increased risk 
of 1.47 and 1.66 times to have significantly elevated levels in 
triglycerides and LDL-c, as well of 2.01 times to have significantly 
lower levels in HDL-c in children with WHtR ≥ 0.5 (8). In contrast 
to the associations mentioned above, this study did not identify a 
significant relationship between the LDL-c levels and WHtR, which 
is also part of the findings of a recent study in a Latin-American 

Figure 1. 

Prevalence of cardiometabolic risk factors, by sex, in children from Bucaramanga, 
Colombia (TGC: high triglycerides levels (≥ 130 mg/dL); HDL: low HDL-c (< 40 mg/
dL); LDL: high LDL-c (≥ 130 mg/dL); Glucose: impaired fasting glucose (≥ 100 mg/
dL); HOMA: insulin resistance (22.5/[IF*GF]; IF: insulin fasting levels; GF: glucose 
fasting levels; HTN: hypertension -systolic blood pressure (SBP) or diastolic (DBP) 
≥ 95 percentile for age, genre and size measured 3 or more times-; Pre HTN: 
SBP or DBP ≥ 90 percentile < 95 percentile for age, genre and height; OW_OB: 
overweight or obesity: overweight: BMI for age between percentile 85% and 95%. 
Obesity: ≥ 95 percentile BMI for age).
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child population where LDL-c showed a weak correlation with 
WHtR, even in the unfixed analysis (33).

In comparison with the studies in adolescents, the association 
between WHtR and CMRFs are maintained for this population. 
In this sense, Graves et al., reported a prospective association 
between the WHtR ≥ 0.5 observed in childhood and increased 
chances of getting 3 or 4 CMRFs during adolescence, with an 
increase of 4.6 times in men (95% IC: 2.6 to 8) and 1.6 (95% 
IC: 0.7 to 3.9) in women (9). Likewise, Nambiar et al. reported a 
positive correlation between WHtR and insulin resistance observed 
in female adolescents (32), in the same way as in Mexican ado-
lescent population (1), whose results showed a strong correlation 
between WHtR and higher pressure levels and insulin resistance 
in females.

With regard to the WHtR cut-off point interpretation for early 
detection of cardiometabolic risk profile in children population, a 
WHtR cut-off point ≥ 0.5 has been proposed as a cardiovascular 
and metabolic disorders risk predictor, which does not depend of 

other variables for the result interpretation in different populations. 
However, some authors have questioned the applicability of this 
cut-off point as a universal indicator of CMRFs, arguing some 
significant differences observed amongst sex, races and ages 
(1,14,15,34). On the contrary, other studies have not found signif-
icant differences in their populations (8-13), attributing this char-
acteristic to the division between waist circumference and height, 
which minimizes these differences (5). For this study purposes, the 
proposed cut-off point was the most used and accepted by the 
scientific community, with which the associations described above 
were obtained, demonstrating their predictive value detection in 
cardiometabolic risk profile at early ages. 

Finally, in relation with risk factors behavior, our study identi-
fied a high prevalence (69.45%) of children who do not exercise, 
compared to 41.58% of children who spend their time in front 
of screens. As reported by the third National Health and Nutrition 
Examination Survey (NHANES) (35), children who spend more than 
4 hours in front of the TV screen have higher levels of adiposity. 

Table II. Cardiometabolic risk factors in the study population (n = 1,282)

Characteristics
Girls Boys

pMean /
median

SD/IR
Mean

/Median
SD/IR

Total cholesterol (mg/dL)** 172.00 39.00 169.00 42.00 0.024‡

LDL cholesterol (mg/dL)* 104.36 28.00 100.88 28.73 0.028†

HDL cholesterol (mg/dL)** 52.00 17.00 54.00 17.00 0.040‡

Triglycerides (mg/dL)** 63.00 40.00 58.00 40.00 0.001‡

Fasting glucose (mg/dL)* 79.72 8.08 82.29 7.87 0.000†

HOMA (uUI/mL)** 1.09 0.95 0.91 0.81 0.000‡

Systolic blood pressure (mmHg)** 96.66 11.33 98.66 11.00 0.000‡

Diastolic blood pressure (mmHg) ** 58.66 8.33 59.33 8.33 0.384‡

Z values BMI/A** 0.03 0.17 0.04 0.42 0.409‡

SD: standard deviation; IR: interquartile range; LDL: low density lipoproteins; HDL: high density lipoproteins; HOMA: homeostasis model assessment. *Mean and SD 
(standard deviation). **Median y interquartile range; ‡p value established by U Mann Whitney test; †p value established by Student t test.

Table III. Association between cardiometabolic risk factors and waist-to-height ratio  
in children from Bucaramanga, Colombia

Characteristics
Model 1 Model 2

PR 95%CI p PR 95%CI p

High LDL-c (mg/dL) 1.41 0.27-1.85 0.066 1.41 0.99-2.00 0.050

Low HDL-c 2.42 1.51-3.86 0.000 2.46 1.17-3.55 0.000

High triglycerides levels 2.44 1.51-3.96 0.000 2.24 1.50-3.35 0.000

Impaired fasting glucose 1.03 0.26-2.33 0.120 2.04 0.56-7.40 0.277

Insulin resistance 2.05 1.35-2.74 0.000 9.39 5.40-16.30 0.000

Hypertension 2.48 1.15-3.81 0.000 8.03 2.01-32.07 0.003

Pre-hypertension 1.08 0.50-1.65 0.000 2.67 1.60-4.47 0.000

Model 1: raw model; Model 2: fixed model (age, sex, socioeconomic level, physical activity, maternal history); PR: prevalence ratio; 95% CI: confidence interval; LDL-c: 
low density lipoproteins; HDL-c: high density lipoproteins.
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Also, this sedentary behavior has been considered one of the 
main factors that contribute to infant and adolescent obesity in 
the first-world population (36,37). Accessibility to new technology 
tools amongst children, could eventually become a contributing 
factor of sedentarism in these children and the development of 
risk factors such as obesity and metabolic disorders. 

The limitations of this study concern the nature of its cross-sec-
tional type design which prevents the inference of temporality. 
Although significant associations were found between values of 
WHtR ≥ 0.5 and some CMRFs. These findings do not suggest 
any causality.

As strengths of this study, it’s important to highlight the rig-
orous data collection process with properly trained professionals 
as well as data quality through double fingering, supervision and 
validation of errors.

Overall, the findings identified in this study support the rela-
tionship between WHtR ≥ 0.5 and low levels of HDL-c, high tri-
glycerides levels, insulin resistance and hypertension/pre-hyper-
tension. In addition, the measurement of WHtR has proven to be 
a low cost and easy tool to use and whose benefits can bring 
significant changes in the cardiovascular diseases management 
and its mortality impact. Therefore, the evidence from this study 
suggest the usefulness of this indicator in children as a predictor 
of CMRFs and early intervention, as well as building strategies in 
public health oriented by sex, and aimed to prevent cardiovascular 
events in adulthood.

CONCLUSION

Children with a waist-to-height ratio ≥ 0.5 presented a high-
er probability of developing upper levels in arterial pressure and 
triglycerides, insulin resistance and lower levels of HDL. It is nec-
essary to implement cardiometabolic risk prevention strategies 
addressed to the child and adolescent population. 
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