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ABSTRACT

To assess the prevalence and clustering patterns of cardiometabolic risk factors among
low-income, female adolescents. Cross-sectional study involving 196 stu-
dents of public schools (11-19 years old). The following risk factors were considered in the analysis:
excess weight, central obesity, dyslipidemia, high blood pressure, and high fasting glucose. The ra-
tio between observed and expected prevalence and its confidence interval were used to identify
clustering of risk factors that exceeded expected prevalence in the population. The most
prevalent risk factors were dyslipidemia (70.9%), and central obesity (39.8%), followed by excess
weight (29.6%), and high blood pressure (12.8%). A total of 42.9% of adolescents had two or more risk
factors, and 24% had three or more. Excess weight, central obesity, and dyslipidemia were common
risk factors in the clustering patterns that showed higher-than-expected prevalence.

Clustering of risk factors (> two factors) among the adolescents showed considerable prevalence,
and there was a non-casual coexistence of excess weight, central obesity, and dyslipidemia (mainly
low HDL-cholesterol). Arch Endocrinol Metab. 2016;60(3):205-10
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In Brazil, the prevalence of risk factors among female
adolescents have increased significantly in the last deca-
des. According to the Familiar Budget Research (POF)
(14), the prevalence of overweight and obesity in 10 to
19-year-olds in 2008-2009 was 19.4 in the population,
and 4.0% among females. In 1974-1975, according
to the Nacional Study on Family Expenses (ENDEF)
(15), these indices were 7.6 and 0.7%, a difference that
demonstrates an important growth in excess weight in
this population.

Although the last decades showed an increase in the

iological (1,2) and behavioral (3,4) risk factors are
B associated with the development of cardiometabolic
diseases. Although isolated risk factors have a specific im-
pact on health, they are more frequently clustered in in-
dividuals (5). The clustering pattern of these risk factors
have been investigated, including in adolescents (6-10),
and this kind of analysis may subsidize the identification
of risk factor clustering phenotypes in given populations
(5,11), making clinical management easier by the use of
specific preventive or therapeutic approaches.

It is important to emphasize that the atherosclero-
tic process may begin in childhood, and its severity is
related with the number of simultaneous risk factors
(7,12). Therefore, early morbimortality is related with
the number of risk factors and their magnitude (13).
Besides, there seems to be a synergistic, not simply
an additive, relationship between risk factors (5,13).

number of studies on the prevalence of cardiometabolic
risk factors (6-10), little is known about the simulta-
neous occurrence of these factors, or about their cluste-

ring pattern, especially in females. Therefore, the inves-
tigation of these aspects in female adolescents, specially :
in low-income populations that are seck attention at the
Sistema Unico de Satide (SUS), may contribute to spe-
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cific preventive and /or therapeutic strategies. Thus, the
objective of the present study was to analyze the preva-
lence and clustering pattern of risk factors for cardio-
metabolic diseases in low-income, female adolescents.

MATERIALS AND METHODS

This is an observational, transversal study. Female stu-
dents (between 11 and 19 years of age) from public
schools of a low-income region at the east region of the
city of Natal/RN were analyzed. The neighborhood
that was studied had mean nominal monthly earnings of
0.78 minimum wages; 80% of the private households in
the neighborhood have per capita nominal monthly ear-
nings of up to one minimum wage (Natal-RN: 45%) (16).
There are 50,195 inhabitants in this neighborhood,
from which 10,754 are between 10 and 19 years old.
From these, approximately 50% (5,377) are females. In
the present study, 196 pubescent adolescent students
between 11 and 19 years of age that did not make use
hormonal contraceptives were analyzed.

Data were collected from two Family Health Units
between August 2010 and October 2012, after an invi-
tation to take part in the study was sent to the parents
or guardians of the adolescents of the two major public
health schools (a municipal and a state school) in this
neighborhood. Before that, the study was approved by
the Ethics Committee of Universidade Federal do Rio
Grande do Norte (UFRN; protocol no. 402/09). Pa-
rents or guardians of all volunteers signed an informed
consent form before enrolling in the study, according
to Resolution 196,/96 from the Brazilian National He-
alth Council.

The following inclusion criteria were used: i) age
between 11 and 19 years old; ii) menarche having oc-
curred at least one year before; iii) no use of hormonal
contraceptives; iv) no continuous use of any medica-
tion; v) not being pregnant; vi) no physical problems
that prevented anthropometric measurements; vii) per
capita mean earnings of up to half minimum wage or
family monthly earning of up to three minimum wages.

A multi-professional team that included physicians,
a physical educator, a laboratory technician and a phar-
macist-biochemist was responsible for the evaluations.
Evaluations were carried out in the following order: i)
anamnesis and clinical evaluation; ii) anthropometric
measurements; iii) blood collection. The procedures
are detailed below.
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Anamnesis and clinical evaluation

In this stage, the adolescents answered questions, in
the presence of their parents or guardians, about their
life habits, eating habits, previous and current disea-
ses, vaccination and familiar disease background. In
the clinical examination, timing of puberty (Tanner
staging) was determined; thyroid evaluation, analysis
of the presence of edema in lower limbs, cardiac and
lung auscultation, and superficial and deep palpation of
the abdomen were carried out. Blood pressure and car-
diac rate at rest were also assessed. Blood pressure was
carried out according to the VI Brazilian Guidelines
on Hypertension (17), using an Onrom® HEM-742
blood pressure monitor (oscillatory measurement) that
was previously validated in Brazilian adolescents (18),
with a cuff of adequate size.

Anthropometric measurements

The following anthropometric measurements were car-
ried out: body mass (kg), height (m) and waist circum-
ference (cm). Body mass index (BMI, kg/m?) was cal-
culated as the ratio between body mass (kg) and height
squared (m?). For BMI stratification, the cutoft points
proposed by the World Health Organization were used
(19): “low weight” (Z score < -2), “eutrophic” (Z sco-
re > -2 and < +1), “overweigh” (Z score > +1 and < +2)
and “obese” (Z score > +2). Waist circumference was
measured in the mid-point between the iliac crest and
the lowest rib at the end of a normal expiration, with
a flexible but inelastic measuring tape (Sanny®, Brazil).

Blood collection

Samples of venous blood (8 mL) were collected between
8 am and 10 am after a 12-hour fast. Serum glucose was
measured using the glucose oxidase method. Total cho-
lesterol, HDL-cholesterol and triglycerides were deter-
mined by a colorimetric assay (BioSystems®, Barcelona,
Spain). LDL-cholesterol was calculated using the Frie-
dewald equation (total cholesterol — [HDL-cholesterol
+ triglycerides/5]). All analyses were carried out by the
Laboratorio Integrado de Andlises Clinicas (LIAC) at
the Pharmacy School at Universidade Federal do Rio
Grande do Norte.

Risk factors and cutoff points

The following risk factors were considered in the analy-
sis: 1) excess weight: “overweight” or “obese” classifica-
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tion according to the World Health Organization (19);
ii) central obesity: waist circumference > 90 percentile
for ages between 10 and 16 years old and > 80 ¢cm abo-
ve 16 years of age, according to the International Dia-
betes Federation (20); iii) dyslipidemia: total choles-
terol 2 170 mg/dL, or LDL-cholesterol > 130 mg/dL,
or HDL-cholesterol < 45 mg/dL, or triglycerides >
130 mg/dL, according to the V Brazilian Guidelines
on Dyslipidemias and Atherosclerosis Prevention (21)
for children and adolescents; iv) high blood pressure:
systolic blood pressure > 130 mmHg and/or diastolic
blood pressure > 85 mmHg (20); v) altered fasting glu-
cose: blood glucose =2 100 mg/dL (20).

Statistical analysis

The sample was characterized using means + standard
deviation. The initial analysis included the description
of prevalence and the respective confidence intervals
(CI95%) for the risk factors, either isolated or in combi-
nation. For the analysis of the clustering pattern of the
risk factors, the ratio between observed and expected
prevalence (O/E) for each of the possible combinations
was calculated. Expected prevalence of an specific risk
factor clustering pattern was calculated based on the in-
dividual probability of each risk factor according to its
occurrence in the sample. For example, expected pre-
valence of the clustering between central obesity (OC),
high BP, dyslipidemia (DISL), absence of altered blood
glucose (GL) and excess weight (EP) was calculated as
follows: pOC x pPA x pDISL x (1 — pGL) x (1 — pEDP),
where p is the probability (prevalence /100) of the fac-
tor in the studied sample (5,22). Therefore, it was pos-
sible to investigate which combinations were higher or
lower than expected values, assuming that risk factors
occur independently in the studied population. A statis-
tically significant ratio is one that does not include the
null value in its confidence interval. All analyzes were
carried out in Stata 9.0 (STATA Corp., USA), at a 5%
significance level.

RESULTS

Table 1 shows the characteristics of the sample. Except
for mean HDL-cholesterol, which was below the re-
commended value (= 45 mg/dL), all other biochemi-
cal, hemodynamic, and anthropometric variables were
inside the normal range.
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Table 1. Characteristics of the studied sample (n = 196)

Variables Mean Standard deviation
Age (years) 14.9 1.8
Age at menarche (years) 1.7 1.2
Body mass (kg) 54.3 1.2
Height (m) 1.57 0.06
Body mass index (kg/m?) 22.0 4.0
Waist circumference (cm) 78.6 9.4
Fasting glucose (mg/dL) 721 8.1
Total cholesterol (mg/dL) 134.2 24.6
HDL-cholesterol (mg/dL) 424 94
LDL-cholesterol (mg/dL) 77.4 23.2
Triglycerides (mg/dL) 721 29.0
Blood pressure (mmHg)

Systolic blood pressure 114.8 11.8
Diastolic blood pressure 67.7 8.0

As for the economic status of the household, 166
adolescents (84.5%) presented household income be-
tween one to three minimum wages, and 30 (15.5%) of
them, less than one minimum wage. In relation to pa-
rental education level, the father and /or mother of 158
(80.5%) adolescents completed primary education, and
34 (17.5%) had parents with complete or incomplete
secondary education.

Table 2 shows the prevalence for the cardiometabo-
lic risk factors analyzed in the present study. The most
prevalent factors were dyslipidemia (70.9%) and central
obesity (39.8%), followed by excess weight (29.6%),
and high blood pressure (12.8%). None of the ado-
lescents showed high fasting glucose. Specifically in
relation to the dyslipidemia pattern, 67.3% (n = 132)
presented low HDL-cholesterol, 4.1% (n = 8) showed
hypertriglyceridemia, 1.5% (n = 3) had hypercholeste-
rolemia, and 1.5% (n = 3) had high LDL-cholesterol.

Table 2. Prevalence of risk factors for cardiometabolic diseases in female
adolescents in the study

Risk factors n % (C195%)

Excess weight 58 29.6 (23.2-36.0)
Central obesity 78 39.8 (32.9-46.6)
Dyslipidemia 139 70.9 (64.5-77.3)
High blood pressure 25 12.8 (8.1-17.5)

Excess weight (18) = overweight or obesity, based on the body mass index; central obesity (19)

= waist circumference > 90™ percentile (10-16 years old) or > 80 cm (= 16 years old); high <

fasting glucose (19) = > 100 mg/dL; Dyslipidemia (20) = at least one altered result for the
following markers: total cholesterol (> 170 mg/dL), LDL-cholesterol (> 130 mg/dL), HDL- =

cholesterol (< 45 mg/dL) or triglycerides (> 130 mg/dL); high blood pressure (19) = systolic =
blood pressure > 130 mmHg and/or diastolic blood pressure > 85 mmHg; Cl95% = 95%

confidnce interval.
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In relation to simultaneous risk factors, 42.9% of the
adolescents showed two or more risk factors, and 24%
showed three or more factors (Table 3).

Table 3. Clustering of risk factors for cardiometabolic diseases in female
adolescents in the study

Risk factors n % (C195%)
0 36 18.4 (13.0-23.8)
1 76 38.8 (32.0-45.6)
2 37 18.9 (13.4-24.4)
3 38 19.4 (13.9-24.9)
4 09 4.6 (1.7-7.5)
5 o

Table 4 shows observed and expected prevalence for
each of the combinations of cardiometabolic risk fac-
tors analyzed. Two clustering patterns stood out: they
include excess weight, central obesity, dyslipidemia,
and high blood pressure (pattern 1); and excess weight,
central obesity, and dyslipidemia (pattern 2). These pat-
terns were more prevalent than expected if factors were
independent from each other (if random). The other
clustering patterns did not show higher-than-expected
prevalence.

DISCUSSION

The objective of the present study was to analyze the
prevalence and clustering pattern of risk factors for
cardiometabolic diseases in low-income, female ado-
lescents. The main findings were: i) dyslipidemia and
central obesity were the most prevalent risk factors,

followed by excess weight and high blood pressure; ii)
about 25% of the adolescents analyzed presented three
or four simultaneous cardiometabolic risk factors; iii)
two clustering patterns (from nine that were observed)
for the cardiometabolic risk factors were above expec-
ted prevalence, with excess weight, central obesity, and
dyslipidemia as the most common factors.

Although knowledge about simultaneous risk fac-
tors is important, analyzing how these factors are com-
bined seems more interesting, given the fact that kno-
wledge on the existence of more prevalent phenotypes
may support more specific preventive or therapeutic
actions (23). From the 26 possible clustering patterns
that included at least two of the risk factors analyzed,
nine were observed in this study, and two showed pre-
valence higher than expected if risk factors were inde-
pendent from each other (if they were random, see Ta-
ble 4). This finding reinforces the idea that risk factors
may occur simultaneously and in a dependent manner,
increasing the risk of cardiovascular and/or metabolic
disease. It is important to emphasize that this clustering
pattern may be established early in life, as occurred in
the adolescents analyzed in this study.

Previous studies demonstrated that clustering of
cardiometabolic risk factors may occur in children, as
well as in adolescents (6,7,9). It is important to empha-
size the association between excess weight and the pre-
sence of clusters of cardiometabolic risk factors. Camhi
and Katzmarzyk (9), analyzing data from the National
Health and Nutrition Examination Survey (NHNES;
2,457 adolescents between 12-18 years old), observed
a relationship between excess weight and clustering of
risk factors. Using the BMI as a categorical variable, the

Table 4. Clustering pattern of the risk factors for cardiometabolic diseases in female adolescents in the study

"‘f’égtfo’ri:k EW co HFG DISL HBP n 0 E O/E (C195%)
4 + + - + + 09 4.6 1.1 4.3(2.8-5.8)*
3 + + - + 33 16.8 7.3 23(1.7-2.9"
3 + + - - + 01 05 0.4 11 (1.7-4.0)
3 + - + + 04 20 25 0.8 (05-2.1)
2 + + - 09 46 30 15(0.5-2.6)
2 + . - 3 163 1.0 150514
2 + . + - 15 77 173 0.4(01-1.0)
2 + - + 01 05 10 05(19-29)
2 + + 07 36 38 09(0.1-19)

+ = presence of the risk factor; - = absence of the risk factor; EW = excess weight; CO = central obesity; HFG = high fasting glucose; DISL = dyslipidemia; HBP = high blood pressure; O = observed

if the occurrence of the risk factors was independent.
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* prevalence (%); E = expected prevalence (%); O/E = ratio between observed and expected prevalence; C195% = 95% confidence interval; * = combinations that showed higher-than-expected ratios
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authors demonstrated that 9%, 21% and 35% normal
weight, overweight and obese adolescents, respectively,
show clustering of two or more risk factors.

The presence of a cluster of risk factors may be an
important risk predictor from the clinical practice stan-
dpoint. Shah and cols. (8) showed that adolescents and
young adults (between 11-23 years old) with at least
two simultaneous cardiovascular risk factors present
early indicators of atherosclerosis, such as thicker and
more rigid vessels, when compared with groups with
less than two risk factors. The authors point out to the
importance of early screening of cardiovascular risk fac-
tors in clinical practice in order to set up interventions
in individuals at high risk for the development of athe-
rosclerotic disease, that is, those that show two or more
simultaneous risk factors. Considering this finding, it is
important to emphasize that 42.9% of the adolescents
evaluated in the present study showed the prevalence of
two or more factors. Therefore, even though previous
studies (23-26) have evidenced that the prevalence of
overweight and obesity, which may seem to the trig-
ger for several cardiovascular and metabolic changes, is
greater in private schools and in better socioeconomic
conditions, data of the present study show that low-in-
come female adolescents also have an important cardio-
metabolic risk profile.

From the standpoint of the biological risk factors
clustering phenotype in adolescents, the identification
of common patterns at this age may aid clinical deci-
sion-making (therapy and prevention). Hong and cols.
(6) evaluated the prevalence of metabolic syndrome
and the clustering of risk factors in Vietnam adolescents
(between 13-16 years old). These authors observed
that overweight and obese adolescents showed greater
prevalence of metabolic syndrome, no matter the diag-
nostic criterion. Similarly, in our study, the most com-
mon risk factor was plasma lipids changes (triglyceri-
des and HDL-cholesterol), and the least prevalent one
was altered fasting glucose. Main component analysis
showed that obesity, hypertension, dyslipidemia, and
hyperglycemia in females are responsible for 73.6% of
the variance observed in metabolic syndrome.

In a multicentric study carried out in Iran (CASPIAN
Study; n = 4,811) on the clustering of risk factors rela-
ted to metabolic syndrome in children and adolescents
(6-18 years old), Kelishadi and cols. (7) demonstrated
that three risk factors were found in all age groups, no
matter the sex, and were responsible for 87.4-90.8%
of the metabolic syndrome variance in the population
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studied. They were: dyslipidemia, adiposity, and high
blood pressure. Besides, the authors observed that
waist circumference was a central and common factor
in dyslipidemia and excess weight, reinforcing the role
of central obesity in cardiometabolic changes. Once
more, the clustering phenotype involving these three
factors (obesity, dyslipidemia, and high blood pressu-
re) was observed, as well as in the study by Hong and
cols. (6). Similarly, we observed higher-than-expected
prevalence for the phenotype involving excess weight,
central obesity, dyslipidemia, and high blood pressure,
which points out to a non-causal coexistence of these
risk factors, as suggested by previous studies (6,7).

Aizawa and cols. (5) observed, in a large sample of
Japanese patients over 40 years of age (41,819 men and
77,593 women), that almost all clustering of risk fac-
tors that had at least three of the five components used
in the diagnosis of metabolic syndrome occurred above
expected levels, indicating a non-causal clustering of
risk factors. These authors reinforced the fundamental
role that central obesity seems to have in integrating
the different cardiometabolic changes and, as a conse-
quence, in the clustering of these factors. Our data are
in agreement with this hypothesis, as central obesity
was a common factor in the two clustering patterns that
occurred in higher-than-expected rates in the adoles-
cents of the present study.

It is important to emphasize that the present stu-
dy analyzed only adolescents that did not make use of
hormonal contraceptives. From the clinical standpoint,
there is evidence that the use of hormonal contracepti-
ves leads to gain of body mass, although the definitive
relationship between these factors has not been com-
pletely elucidated (27). In this sense, it is plausible to
infer that low-income adolescents that make use of hor-
monal contraceptives may show even greater prevalen-
ce of cardiometabolic risk factors, as well as clustering
of these factors.

Recently, da Silva and cols. (10), by means of transver-
sal study in schools (n = 1,675; between 11-17 years old),
evidenced clustering phenotypes related to behavioral
and biological risk factors. In females, it was observed
that the clustering phenotype involving waist circumfe-
rence, high blood pressure, and low cardiorespiratory
aptitude (biological factors) show higher-than-expected
prevalence. In relation to behavioral factors, clustering

phenotypes in which higher-than-expected prevalence :

was observed have smoking and alcohol consumption

as common aspects. Besides, considering biological and .
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behavioral risk factors, the authors demonstrated that
62% of the adolescents (male and females) have at least
two risk factors for chronic non-transmissible diseases.
These findings point out to the importance not limiting
clinical screening of risk factors to biological factors alo-
ne, and to include behavioral factors, as well.

In summary, the most prevalent risk factors in
low-income adolescents analyzed were dyslipidemia,
central obesity, excess weight, and high blood pressure.
About 40% of them presented two or more risk factors,
and about 25% of them, three or four factors. In this
population, the risk factor clustering phenotypes with
higher-than-expected prevalence included excess wei-
ght, central obesity and dyslipidemia. From the clini-
cal practice standpoint, it is important to consider risk
factor clustering phenotypes in order to prevent early
incidence in adults life of cardiometabolic diseases, such
as systemic hypertension and type 2 diabetes. Besides,
there is a need for investing in educational actions in-
volving parents, adolescents, and schools on the impor-
tance of healthy habits, such as physical activity, ade-
quate nutrition, and less sedentary behavior.
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