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Obesity parameters as predictors of early development 
of cardiometabolic risk factors

Parâmetros de obesidade como preditores de desenvolvimento 
precoce de fatores de risco cardiometabólicos

Resumo  O objetivo deste estudo foi verificar as-
sociação entre diferentes parâmetros de sobrepeso 
e obesidade com o perfil de risco metabólico em es-
colares. O estudo transversal randomizado incluiu 
1.254 crianças e adolescentes, com idades entre 
7 e 17 anos, de uma cidade do sul do Brasil. O 
índice de massa corporal (IMC), a circunferência 
da cintura (CC) e o percentual de gordura (PG), 
avaliado através das medidas das dobras cutâneas 
tricipital e subescapular, foram usados como pa-
râmetros para avaliar sobrepeso/obesidade. Pres-
são arterial sistólica (PAS), colesterol total, lipo-
proteína de alta densidade (HDL), lipoproteína 
de baixa densidade (LDL) e triglicerídeos também 
foram mensurados. O perfil de risco metabólico foi 
calculado com base no somatório do escore z das 
variáveis metabólicas ajustadas por idade. Três 
modelos de regressão de Poisson foram utlizados 
para verificar a associação entre IMC, CC e PG 
com o perfil de risco metabólico. Os dados demos-
tram que o IMC foi o parâmetro que apresentou a 
maior associação com o desenvolvimento de risco 
metabólico, em comparação com CC (sobrepeso - 
RP: 1,63 e obesidade - RP: 3,87) e PG (sobrepeso 
- RP: 1,62 e obesidade - RP: 2,92). Conclui-se que 
o IMC parece ser um melhor parâmetro de sobre-
peso/obesidade do que CC e PG, na avaliação do 
risco metabólico em escolares.
Palavras-chave  Obesidade, Fatores de risco, 
Criança, Adolescente

Abstract  The scope of this study was to verify 
the association between different overweight and 
obesity parameters and the metabolic risk pro-
file among school-age students. The randomized 
cross-sectional study included 1254 children and 
adolescents, aged 7 to 17, from a city in southern 
Brazil. Body mass index (BMI), waist circumfer-
ence (WC) and percentage of fat (PF), measured 
at the triceps and based on subscapular skinfold 
thickness, were used as the parameters to evaluate 
overweight/obesity status. Systolic blood pressure 
(SBP), total cholesterol, high-density lipoprotein 
cholesterol (HDL), low-density protein cholesterol 
(LDL) and triglycerides were also measured. The 
metabolic risk profile was calculated based on the 
sum of the z score of the metabolic variables ad-
justed by age. A three-model Poisson analysis was 
used to verify the association between BMI, WC 
and PF with metabolic risk profile. BMI showed 
the highest probability for developing metabolic 
risk compared with WC (overweight - PR: 1.63 
and obesity – PR: 3.87) and PF (overweight – PR: 
1.62 and obesity – PR: 2.92). In conclusion, BMI 
seems to be a better parameter of overweight/obe-
sity than WC and PF in the assessment of meta-
bolic risk among youths. 
Key words  Obesity, Risk factors, Child, Adoles-
cent
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Introduction

Currently, overweight and obesity are becoming 
an emergent public health problem, even in the 
young population1,2. Obesity has been considered 
one of the main risk factors for the early devel-
opment of several comorbidities, such as type II 
diabetes, high blood pressure, certain types of 
cancer and other health problems3-5. In Brazil6, 
as in other developed countries7, approximately 
30% of youngsters are classified as overweight or 
obese.

Consequently, as in the USA and other coun-
tries with similar prevalence rates of overweight 
and obesity, cardiovascular risk factors have be-
come a new health problem among the youth 
population. In this context, several studies have 
reported high prevalence rates of type 2 diabe-
tes, hypertension, insulin resistance and dyslip-
idemias along with an increasing prevalence of 
metabolic syndrome8-11. Evidence from American 
National Survey has revealed that approximately 
10% of the youth population exhibits clustering 
of cardiometabolic abnormalities12. Thus, some 
common adult diseases are already being diag-
nosed in children and adolescents. These diseases 
are typically stable from childhood until adult-
hood and are associated with an elevated risk of 
cardiovascular events later in adult life13,14. 

In addition, it is essential to understand the 
relationships between various parameters used 
to evaluate overweight/obesity and cardiovascu-
lar risk factors and how each parameter can indi-
cate the early development of cardiovascular risk 
factors in youth15, particularly Brazilian youth16. 

Therefore, our study was based on the neces-
sity of determining a simple parameter for indi-
cating obesity among schoolchildren and adoles-
cents and the consequences of such a parameter. 
In addition to better measurement techniques, 
several reports have described the use of body 
mass index (BMI), waist circumference (WC) 
and percentage of fat (PF) based on skinfolds 
for adiposity measurements15,17,18. However, if 
any of these parameters showed a strong correla-
tion with the metabolic profile, it could be used 
to identify early development of cardiovascular 
disease (CVD) among the young15. Thus, the 
purpose of this study was to verify the associa-
tion between different parameters of overweight/
obesity and cardiometabolic risk factors and to 
estimate the early incidence of cardiometabolic 
risk factors among the youth population. 

Materials and methods

This research is a part of the Schoolchildren’s 
Health Project, which is aimed at studying the 
prevalence and incidence rates of youth over-
weight and obesity and their causes and conse-
quences. The population consisted of school-
children and adolescents from Santa Cruz do 
Sul in southern Brazil. The study of this longi-
tudinal cohort was started in 2004, and data 
from this study comprised the third phase. Thus, 
the sample included 1254 children and adoles-
cents, both boys and girls, aged 7-17 years, who 
were randomly selected from 18 schools (14 in 
the urban area, and 4 in the rural area) around 
the city. This project was approved by the Eth-
ics Committee on Research on Human Beings 
of the University of Santa Cruz do Sul, and was 
performed in accordance with the Declaration of 
Helsinki. Schools approved the study protocol, 
and all parents signed an informed consent form. 
The students were apparently healthy and free of 
medical treatment.

BMI was used to assess overweight/obesity, 
and the students were later classified as normal or 
overweight/obese according to international cut 
off points19. Weight and height were measured 
without shoes immediately after the student 
awoke in the morning before breakfast. WC was 
measured (using a metric tape [cm]) with the in-
dividual standing in an upright position, with the 
hands hanging down close to the body. The WC 
was measured at the narrower part of the trunk, 
between the ribs and the outer edge of the upper 
iliac bone and the hip at the greater trochanter 
level. The students were defined as overweight if 
their values were > 80th percentile and obese if 
their values were > 90th percentile20. 

PF was evaluated using the triceps and sub-
scapular skinfold thicknesses, as measured using 
a Lange compass. Subsequently, the equation 
described by Slaugther et al.21 was used, and the 
PF was classified according to Lohman22; at-risk 
children and adolescents were classified as mod-
erately high (overweight), high and very high risk 
(obese). 

Blood pressure was measured according to 
the VI Brazilian Guidelines on Hypertension23 us-
ing a sphygmomanometer and stethoscope; mea-
surement were taken on the student’s right arm 
with the student in a sitting position after 10 min 
of rest. One of three size cuffs was used based on 
the student’s arm circumference. Two measure-
ments were performed prior to breakfast. If there 
was a large difference between these two measure-
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ments, a third measurement was performed. An 
average of the measurements was used. 

Cardiorespiratory fitness was evaluated with 
a nine-minute walk/run test on students wearing 
proper clothing and sneakers in the same athletic 
track. The results obtained (in meters traveled) 
were assessed using Tables recommended by 
PROESP-BR24, according to age and gender, and 
subsequently classified into fit (healthy levels of 
cardiorespiratory fitness) and unfit (low levels of 
cardiorespiratory fitness). 

Cardiometabolic risk profile 

Biochemical parameters (glucose, total cho-
lesterol, high-density lipoprotein cholesterol 
[HDL-C] and triglycerides) were assessed using 
serum samples, which were analyzed using Miura 
One automated equipment (I.S.E., Rome, Italy) 
and a commercial DiaSys kit (DiaSys Diagnos-
tic Systems, Germany). Low-density lipoprotein 
cholesterol (LDL-C) was calculated according the 
Friedewald equation25. For sample characteriza-
tion, lipid profile was classified according to Na-
tional Heart, Lung, and Blood Institute26.

Similar to what has been proposed by An-
dersen et al.27 and recently used by Mota et al.28, 
the cardiometabolic variables were computed 
as a continuous risk score based on the follow-
ing: glucose; total cholesterol (TC); triglycerides 
(TG); HDL-C; LDL-C and systolic blood pres-
sure (SBP). For each of these variables, a Z-score 
was computed to indicate higher CVD risk. The 
HDL-C Z-score was multiplied by -1 to indicate 
higher CVD risk with increasing value. Then, a 
Metabolic Risk Score (MRS) was determined by 
summing the Z-scores of all of the individual risk 
factors adjusted by age. A lower MRS is indica-
tive of a better overall CVD risk factor profile. 
To calculate the odds ratio, metabolic risk was 
dichotomized at the cut-off value plus 1 SD, thus 
identifying children with cluster risk. High met-
abolic risk was considered when the individual 
had a score that was greater than or equal to 1 SD 
of this score.

Statistical analysis 

Data analyses were performed using SPSS 
20.0 for Windows (IBM, Chicago, USA). The 
frequencies of youth overweight/obese based 
on BMI, WC and PF analyses were determined. 
The kappa coefficient was used to verify the con-
cordance analyses between BMI, WC and PF. A 
three-model Poisson analysis was used to verify 

the association between BMI, WC and PF mass 
based on the metabolic risk profile as a depen-
dent variable. The results are shown as 95% con-
fidence intervals (CIs) and prevalence ratio (PR) 
values considering a significance level of 5%. 

Results

The sample characteristics are summarized in 
Table 1. Our sample consisted of boys (55.5% 
from urban areas and 44.5% from rural areas) 
and girls (60.8% from urban areas and 39.2% 
from rural areas) aged between 7 to 17 years 
(boys: 11.73 ± 3.04 and girls: 12.00 ± 3.01).  Dif-
ferences between boys and girls in terms of mean 
cardiorespiratory fitness, WC, PF, TC, TG, LDL-C 
and SBP were observed (p < 0.05). Boys generally 
showed better cardiometabolic risk factor values 
compared with the girls: cardiorespiratory fit-
ness (boys: 1415.54 ± 301.29 vs. girls: 1190.87 ± 
570.76), TC (boys: 178.02 ± 38.26 vs. girls: 183.86 
± 37.56), TG (boys: 62.34 ± 29.50 vs. girls: 71.33 
± 33.19) and LDL-C (boys: 104.49 ± 37.75 vs. 
girls: 109.60 ± 36.51). Girls showed higher mean 
values for WC (girls: 67.45 ± 10.16 vs. boys: 65.47 
± 9.17) and PF (girls: 25.02 ± 6.28 vs. boys: 20.93 
± 8.59). 

Considering the three parameters used to in-
dicate overweight and obesity, as shown in Fig-
ure 1, our results showed a similar prevalence of 
youth with overweight/obesity. However, con-
cordance analyses revealed a higher association 
between BMI and WC (kappa = 0.657; p = 0.02) 
than between PF and BMI (kappa = 0.490; p = 
0.02) or WC (kappa = 0.362; p = 0.02). 

In Figure 2, the data indicated that approxi-
mately 45% of obese youth were classified based 
on their metabolic risk profiles. Nevertheless, 
if considering the PF, only 28% of youth in the 
metabolic risk profile group were classified. 

Table 2 illustrates three different models of 
Poisson regression, including BMI, WC and PF, 
categorized as normal and overweight/obese. In 
all models, gender, residential zone (rural and 
urban areas) and cardiorespiratory fitness were 
classified at low and high levels for health. Boys 
compared with girls (PR: 1.48; CI: 1.15-1.91) and 
rural compared with urban areas (PR: 1.60; CI: 
1.25-2.04) showed increased PRs for cardiomet-
abolic profile risk. These results were observed 
in models 1, 2 and 3. However, cardiorespiratory 
fitness was not statistically significant. 

In addition, youth categorized as overweight/
obese based on BMI (PR: 2.88; CI: 2.25-3.68), 
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WC (PR: 2.26; CI: 2.26-3.70) and PF (PR: 2.18; 
CI: 1.65-2.86) showed similar prevalence ratios 
to the cardiometabolic profile risk.

Conversely, in Table 3, when we analyzed 
BMI, WC and PF categorized in both obese and 
overweight groups, our data revealed a higher PR 
of youth with a cardiometabolic profile risk based 
on BMI (PR: 4.48; CI: 3.38-5.95) obesity catego-

ries compared with WC obesity categories (90th 
percentile) (PR: 3.87; CI: 2.92-5.13) and PF (PR: 
2.91; CI: 2.16-3.92). The overweight or obese cat-
egories for PF showed similar prevalence ratios 
for cardiometabolic profile risk; however, for 
both BMI and WC, obese youth exhibited higher 
PRs than youth categorized as overweight and, 
consequently, those categorized based on PF. 

Residence Area
    Urban
    Rural
Age (years)*

BMI (kg/m²)*

    Normal
    Overweight/obesity
WC (cm)*

    Normal
    Obesity
PF (%)*

    Normal
    Overweight/obesity
CRF (meters)*

    Fit
    Unfit
Total cholesterol (mg/dL)*

    Acceptable 
    Borderline
    High
HDL-C (mg/dL)*

    Acceptable 
    Borderline
    Low
LDL-C (mg/dL)*

    Acceptable 
    Borderline
    High
Triglycerides (mg/dL)*

    Acceptable
    Borderline
    High
SBP (mmHg)*
    Normotensive
    Borderline
    Hypertension 
Cardiometabolic risk
    No 
    Yes

Table 1. Sample characteristics of the students stratified by gender. Santa Cruz do Sul, RS, 2012.

Female  (N = 686; 54.7%)
n (%)

417 (60.8)
269 (39.2)

12.00 (3.01)
20.01 (3.89)

510 (74.3)
176 (25.7)

65.47 (9.17)
566 (82.5)
120 (17.5)

25.02 (6.28)
354 (51.6)
332 (48.4)

1190.78 (570.76)
311 (45.3)
375 (54.7)

183.86 (37.56)
255 (37.2)
227 (33.1)
204 (29.7)

56.26 (11.28)
572 (83.4)

75 (10.9)
39 (5.7)

109.65 (36.51)
374 (54.5)
128 (18.7)
184 (26.8)

71.33 (33.19)
510 (74.3)
129 (18.8)

47 (6.9)
102.32 (11.97)

612 (89.2)
44 (6.4)
30 (4.4)

560 (81.6)
126 (18.4)

Male  (N = 568; 45.3%)
n (%)

315 (55.5)
253 (44.5)

11.73 (3.04)
20.02 (3.81)

379 (66.7)
189 (33.3)

67.46 (10.16)
448 (78.9)
120 (21.1)

20.93 (8.59)
299 (52.6)
269 (47.4)

1415.54 (301.29)
306 (53.9)
262 (46.1)

178.02 (38.26)
252 (44.4)
176 (31.0)
140 (24.6)

56.50 (11.86)
465 (81.9)

66 (11.6)
37 (6.5)

104.49 (37.75)
348 (61.2)
118 (20.8)
102 (18.0)

62.34 (29.50)
477 (84.0)

65 (11.4)
26 (4.6)

105.08 (13.62)
466 (82.0)

67 (11.8)
35 (6.2)

492 (86.6)
76 (13.4)

p§

0.032

0.108
0.986
0.002

<0.001
0.060

<0.001
0.379

<0.001
0.002

0.007

0.025

0.718

0.752

0.014

0.001

<0.001

<0.001

<0.001
0.001

0.010

* Data expressed as mean (SD); SD: standard deviation; BMI: body mass index; WC: waist circumference; PF: percentage of fat; 
CRF: cardiorespiratory fitness; HDL-C: HDL cholesterol; LDL-C: LDL cholesterol. SBP: systolic blood pressure; § independent t test 
for means and qui-square or Fisher exact test for categorical variables. 
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Discussion

The results of our study have provided relevant 
considerations about the early development of 
cardiometabolic risk factors among a represen-
tative sample of youth. Firstly, there is evidence 
that a significant number of youth develop over-
weight and obesity early. If overweight and obesi-
ty are analyzed together, their occurrence ranges 
from 19.1% based on WC to 47.9% based on PF 
as determined from two skinfold measurements. 
As a consequence, this early risk might be asso-
ciated with an elevated number of youth with 
metabolic risk profiles: approximately 45% of 
youth in the obese category. Finally, our study 
showed that for Brazilian children, BMI is pos-
sibly the main predictive parameter associated 
with cardiometabolic risk, and obese compared 
with overweight youth showed a higher risk of 
developing metabolic profiles early. Further, 
more boys than girls and children who live in ru-

ral areas exhibited increased PRs for developing 
cardiometabolic risk profiles. 

Therefore, our data seems to be consistent 
with other studies that showed approximately 
30% of children and adolescents were classified 
as overweight and obese1,6,29. The results are more 
alarming when based on the data on PF, which 
indicated that approximately 47.9% of youth are 

Model 1
BMI

Normal
Overweight/obesity

Zone
Urban
Rural

Gender
Male
Female

Cardiorespiratory fitness
Fit
Unfit

Model 2
Waist circumference

Normal
Obesity

Zone
Urban
Rural

Gender
Male
Female

Cardiorespiratory fitness
Fit
Unfit

Model 3
Percentage of fat

Normal
Overweight/obesity

Zone
Urban
Rural

Gender
Male
Female

Cardiorespiratory fitness
Fit
Unfit

p

< 0.001

< 0.001

0.002

0.858

< 0.001

0.002

0.003

0.949

< 0.001

< 0.001

0.013

0.704

PR (95% CI)

1
2.88 (2.25-3.68)

1
1.60 (1.26-2.05)

1
1.48 (1.15-1.91)

1
1.02 (0.80-1.32)

1
2.90 (2.27-3.70)

1
1.49 (1.16-1.90)

1
1.46 (1.14-1.88)

1
0.99 (0.77-1.28)

1
2.18 (1.66-2.87)

1
1.58 (1.23-2.02)

1
1.39 (1.07-1.80)

1
1.05 (0.81-1.36)

Table 2. Relationships between parameters in normal 
vs. overweight/obese youth with cardiometabolic risk 
factor profiles. Santa Cruz do Sul, RS, 2012.

PR: prevalence ratio; BMI: body mass index; FIT: healthy 
levels of cardiorespiratory  fitness; UNFIT: low levels of 
cardiorespiratory fitness. 

Figure 1.  Occurence of youth overweight/obesity 
stratified by BMI, PF and WC.
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Figure 2. Ocurrence of youth with cardiometabolic 
risk profile stratified by indicators of overweight/
obesity.
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overweight/obese; these results may have been 
influenced by the method used to evaluate PF – 
two skinfold measurements, which may overesti-
mate the PF in children who have thick skinfold 
thicknesses30. In fact, based on the kappa concor-
dance test, PF showed a lower kappa coefficient 
compared with BMI and WC. In our data, PF 

indicated a larger number of youth in the obese 
group, approximately three times more than that 
with BMI and WC, but a weaker relationship 
with BMI and WC. 

Several studies around the world have indi-
cated prevalence rates similar to those detected 
in our BMI and WC data: recently, a trends study 
that included youth from different states in Brazil 
showed that since 2003, the prevalence rates of 
overweight and obesity in youth have been stable, 
with approximately 30% of youth being classi-
fied as overweight and obese6. Ogden et al.1 per-
formed a trends study and reported similar re-
sults, indicating a high prevalence of overweight 
and obesity among the American youth popu-
lation; however, a study by Flores et al.6 showed 
that the prevalence has stabilized.

As a consequence, cardiometabolic risk fac-
tors are prevalent among the youth3,5,15,31. In our 
data, approximately 45% of the youth exhibited 
metabolic risk profiles. These results have led to 
several concerns described by public health re-
searchers, such as the necessity for understanding 
the main factors that are associated with this new 
public health threat. Nevertheless, if obesity is the 
main risk factor, what is the best way to measure 
overweight and obesity among the youth when 
we consider the relationship of various parame-
ters with the cardiometabolic profile?

Therefore, different predictors could be asso-
ciated with the development of cardiometabol-
ic risk factors15,18. Nevertheless, consequences of 
lifestyle are evidenced as a main risk factor asso-
ciated with this high occurrence of cardiovascu-
lar risk factors among the youth population31,32; 
thus, high levels of physical activity and healthy 
eating habits seem to be a good approach for pre-
venting and treating these youth disorders33. 

From a public health perspective, our data 
indicated a higher association between BMI and 
cardiometabolic risk profile among the youth, 
with a moderate to strong correlation with WC. 
These results could be considered in public health 
policies aimed at preventing the early develop-
ment of CVD risk factors. These results are con-
sistent with several published studies on European 
and American youth15,18. Jago et al.15 showed that 
routine monitoring of BMI should be performed 
by health professionals; however, additional in-
formation on disease risk may be provided by 
assessing WC. These results are consistent with 
our data, as the relationship between WC and the 
cardiometabolic risk profile was also strong. Law-
lor et al.18 produced similar results; however, as 
a conclusion, they suggest that the measurement 

Model 1
BMI

Normal
Overweight/obesity

Zone
Urban
Rural

Gender
Male
Female

Cardiorespiratory fitness
Fit
Unfit

Model 2
Waist circumference

Normal
Obesity

Zone
Urban
Rural

Gender
Male
Female

Cardiorespiratory fitness
Fit
Unfit

Model 3
Percentage of fat

Normal
Overweight/obesity

Zone
Urban
Rural

Gender
Male
Female

Cardiorespiratory fitness
Fit
Unfit

p

< 0.001
< 0.001

< 0.001

0.001

0.740

0.004
< 0.001

0.013

0.001

0.776

0.005
< 0.001

< 0.001

0.002

0.933

PR (95% CI)

1
2.24 (1.67-3.01)
4.49 (3.38-5.96)

1
1.56 (1.22-1.98)

1
1.53 (1.19-1.96)

1
0.96 (0.74-1.23)

1
1.63 (1.17-2.28)
3.87 (2.92-5.13)

1
1.37 (1.07-1.76)

1
1.56 (1.21-2.00)

1
0.96 (0.74-1.25)

1
1.62 (1.16-2.26)
2.92 (2.17-3.93)

1
1.62 (1.26-2.08)

1
1.50 (1.16-1.94)

1
1.01 (0.78-1.31)

Table 3. Relationships between various parameters 
of normal vs. overweight and obese youths with 
cardiometabolic risk factor profiles. Santa Cruz do 
Sul, RS, 2012. 

PR: prevalence ratio; BMI: body mass index; Fit: healthy 
levels of cardiorespiratory fitness; Unfit: low levels of 
cardiorespiratory fitness.
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of WC or direct assessments of fat mass during 
childhood do not seem to be associated with car-
diovascular risk factors in adolescence any more 
than BMI. Nevertheless, we did not find similar 
studies with similar results in Brazilian youth. 

In contrast with several studies31,34, our re-
sults did not show a significant association be-
tween cardiorespiratory fitness and cardiomet-
abolic risk factors, possibly because BMI could 
be a moderate variable in the relationship be-
tween cardiorespiratory fitness and cardiomet-
abolic risk profile or because we did not treat 
overweight and obesity separately from normal 
youth. Furthermore, our data indicated a high-
er risk of developing cardiometabolic risk pro-
files early for boys and youth who live in rural 
areas. These results indicated that youth lead 
industrialized lives in rural areas. In Santa Cruz 
do Sul, rural areas show a higher prevalence of 
low income, and large numbers of parents do not 
complete more than the first few years of school. 
Therefore, low income levels could be considered 
a risk factor for obesity among Brazilian youth. 
These results are in contrast with results reported 
several years ago, which showed that low income 
levels were associated with being underweight. 

Despite several limitations of the current 
study, we were able to verify a relationship be-
tween cardiovascular profile risk with three dif-
ferent indicators of overweight and obesity in 
a representative sample of children and adoles-
cents. There are a considerable number of obese 
youth, and many of them display cardiometa-
bolic risk profiles. Furthermore, overweight and 
obese youth exhibited different risks for develop-
ing cardiometabolic risk factors; the BMI mea-
surement seems to be the best way of identifying 
youth with metabolic risk profiles.

In conclusion, our study showed that high 
BMIs (youth categorized as obese), rural area 
and male gender are the main predictors of car-
diometabolic risk profiles. In addition, our data 
indicate a high prevalence of overweight and 
obese youth; this group has a higher risk of de-
veloping a cardiometabolic risk profile early in 
life. Therefore, our results suggest that BMI mea-
surement could be a valuable method of identi-
fying youth with cardiometabolic risk based on 
epidemiologic studies and could be an important 
approach for health professionals aimed at pre-
venting the early development of cardiometabol-
ic risk factors.
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