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Background & aims: Overweight children and adolescents are more likely to evolve with high cholesterol,
be obese adults and develop cardiovascular disease. The objective of this study was to identify the in-
fluence of anthropometric status on the changes in the lipid profile of children and adolescents during an
18-month follow-up period.
Methods: A cohort study involving 540 boys and girls from 7 to 15 years of age was conducted over 18
months' follow-up. The outcome variables were the lipid indicators and the principal exposure variable
was anthropometric status, measured by different indicators. A generalized estimating equation (GEE)
approach was used to identify the associations of interest.
Results: Irrespective of age, sex, socio-economic status, physical activity and diet, for each gain of 1 cm in the
waist circumference (WC) mean in the adjusted model, triglyceride levels increased by a mean of 0.5 mg/dl
(p < 0.000) and there was an increase of 0.21 mg/dL in the total cholesterol after the 18-month period. The
increase of 0.1 in the mean body mass index (BMI) Z-score promoted a gain of 2.7 mg/dL in the triglycerides
mean levels (p < 0.000) and an increase of 1.5 mg/dL in the total cholesterol mean levels (p¼ 0.014) after the
follow-up period. Regarding the waist-to-height ratio (WHtR) and conicity index (CI), an increment of
40.6 mg/dL (p ¼ 0.02) and of 30.1 mg/dL (p ¼ 0.01) was observed in the triglycerides' mean when the par-
ticipants increased 0.1 in the WHtR mean and CI mean, and the same was observed in the total cholesterol
mean, with an increase of 45.4,g/dL (p ¼ 0.02) and 19.3 mg/dL (p ¼ 0.03), for each indicator, respectively.
Changes of the traditional anthropometric indicators (WC and BMI) did not promote variations in the mean
levels of LDL-cholesterol. HDL-cholesterolwas not influencedby the changes in the anthropometric indicators.
Conclusions: At the baseline, a higher triglyceride mean and lower levels of HDL-c were observed in
children and adolescents with altered anthropometric status for all measures. Mean triglyceride and total
cholesterol levels are influenced by changes in the anthropometric status, regardless of the measure, after
18 months of follow-up. However, for LDL-cholesterol, it was observed that changes in the traditional
anthropometric indicators (WC and BMI) did not promote variations in the mean levels of this biochemical
variable, while HDL-c was not influenced by changes in any of the anthropometric indicators.
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1. Introduction

Obesity in adolescence has acquired epidemic proportions
throughout the world, leading to a situation of health risk and
increased morbidity and mortality [1]. In developed countries,
23.8% of boys and 22.6% of girls were overweight in 2013. In
developing countries, rates went from 8.1% to 12.9% for males and
8.4%e13.4% for females between 1980 and 2013 [2]. Recent evi-
dence still indicates a significant increase in the prevalence of
abdominal obesity in adolescents of both sexes [3e5].

As well as the excess weight, the prevalence rates of dyslipi-
daemia among children and adolescents are increasing over the
years, ranging from 3% to 40% [6e9]. The rising rates of childhood
overweight may result in a higher prevalence of dyslipidaemia in
childhood and adulthood, once studies have identified a strong and
positive association between these morbidities [10]. The Bogalusa
Heart Study group showed that children who are overweight are
more likely to be obese adults and to evolve with elevated
cholesterol levels and cardiovascular disease (CVD) [11]. Studies
have also demonstrated that increased body fat is associated with
unfavourable lipid and lipoprotein profiles in children and adoles-
cents [12], since the inadequate expansion of subcutaneous adipose
tissue is an important cause of lipid overflow into the visceral and
non-adipose tissues, an event called lipotoxicity, which can pro-
mote cardiometabolic consequences [13].

However, longitudinal studies evaluating the influence of
anthropometric status on changes in the lipid profile in children and
adolescents are scarce. Identifying lipid alterations in the paediatric
population according to changes in the body composition is
important as the epidemiology of obesity evolves. Taking this into
consideration, the present study seeks to consolidate information
about these associations through the use of a robust epidemiolog-
ical design aiming to identify the influence of anthropometric status
on changes in the lipid profile of children and adolescents during an
18-month follow-up period.

2. Materials and methods

2.1. Study design, population and sample size

This is a cohort study undertaken over an 18-month period. The
sample included 540 boys and girls aged 7 to 15. The selection of
pupils was conducted using a simple random sampling. The
Municipal Education Department of a municipality of Bahia, Brazil
provided a list of all registered elementary school children. Ten
public, urban and part-time schools were selected, and 54 pupils
from each school were assessed in 2006. The main study was
conducted with the aim of evaluating risk factors for cardiovascular
disease in children and adolescents. Pitangueiras et al. [14]
described the baseline results of the primary study.

The present sample size had a power of 95% for detecting a
change of 10% in total cholesterol over 18 months of follow-up,
considering mean cholesterol levels of 158.0 mg/dl (SD 30.4). For
detecting a 10% change in LDL-cholesterol (LDL-c), the power was
94%, considering a mean of 91.4 mg/dl (SD ± 25.9), while for HDL-c
the power was 99%, considering amean of 47.5 mg/dl (SD ± 10.5). In
the case of triglycerides, the study had a power of 96% for detecting
a change of 10% over 18 months, taking into consideration a mean
of 92.1 mg/dl (SD 10.5) [15].

2.2. Criteria for non-inclusion

The following criteria for non-inclusionwere established for this
study: children or adolescents being treated with anticonvulsants,
thiazides, diuretics and corticosteroids, or any medications for
Please cite this article as: Costa PRdF et al., Anthropometric status and lip
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chronic renal failure, diabetes mellitus, liver disease or hyperthy-
roidism or that are capable of altering LDL-c, HDL-c, triglycerides or
total cholesterol levels [16]. Also defined as criteria for non-
inclusion were pregnancy, breastfeeding and showing any
physical handicaps that would make it difficult for an anthropo-
metric assessment to take place. However, none of the children or
adolescents showed any of these conditions.

2.3. Data collection and definition of variables

Socio-demographic, clinical and anthropometric data was
measured by trained nutritionists. The samples of blood were
collected by a laboratory technician qualified in collecting blood
from children and adolescents. The main exposure variables (Body
Mass Index,Waist Circumference,Waist-to-height ratio andConicity
index), the co-variables and the outcome variables of the studywere
all measured at baseline and after 18 months of follow-up.

2.4. Anthropometric data

According the parameters of Lohman, Roche andMartorell, 1988
[17], the height was measured using a stadiometer (Leicester
Height Measure, SECA, Hamburg, Germany) and the weight was
evaluated by a portable digital scale (Filizola, S~ao Paulo, Brazil). The
measure of the waist circumference (WC) was evaluated by an in-
elastic tape of fibreglass with scale in centimetres. All measures
were performed in duplicate and the mean between the two values
was adopted as the final score. The body mass index (BMI)-for-age
was evaluated using guidelines from World Health Organization
growth reference data for a population of 5e19 years of age [18].
The BMI-for-age was rated as healthy weight (<percentile 85) and
excess weight (>percentile 85), for statistical analysis.

The waist-to-height ratio (WHtR) [19] was assessed by WC (cen-
timetres) and height (centimetres). The measures of body weight,
height and WC were used to provide the conicity index (CI), using as
reference the mathematical equation of Valdez [20]. The values for
this index vary from 1.0 to 1.73. Values close to 1.00 represent a
morphological profile similar to that of a perfect cylinder, predicting
low risk for the onset of cardiovascular and metabolic diseases, and
values close to 1.73 suggest a body shape similar to a double cone,
indicating high risk for cardiovascular morbidities [20]. However,
there is a lack of consensus about the cut-off point of WC [21], WHtR
and CI in children and adolescents, sowe adopted the 90th percentile
value of the sample from this study to estimate abdominal fat.

2.5. Demographic, socio-economic, clinical and lifestyle-related
data

A structured questionnaire was applied to obtain other infor-
mation. The demographic data included the child or adolescent's
sex and age. Maternal education was evaluated separately of the
socio-economic index. The score of socio-economic index included
the sum of the number of rooms in the house, the main form of
lighting, how many individuals were living in the house, and also
the occupation of the head of the family. Furthermore, data such as
the water supply to the home, the source of drinking water and
how rubbish and household waste were disposed of were used to
calculate the environmental index. For these two indexes, the an-
swers were awarded scores that ranged from 0 to 4, with 0 repre-
senting poorest conditions and 4 the best. To classify the socio-
economic and environmental indexes we established a range
from a minimum of 0 to a maximum of 16 points. The results were
defined into tertiles. The participant who scored on the first or
second tertile was defined as being in the risk category and the
third tertile placed them in the protected category.
id profile among children and adolescents: Changes after 18-month
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A structured questionnaire to measure the physical fitness level
was evaluated using the frequency of physical activity during the
week. The questionnaire did not include the once-a-week exercise
performed at school as part of the governmental curriculum.
Classification was divided into active, predominantly inactive or
sedentary.

2.6. Dietary information

The assessment of dietary intake was evaluated using a food fre-
quency questionnaire (FFQ) adapted from an instrument previously
validated in children and adolescents in the same town [22]. The FFQ
showed 96 food items with 8 possible responses about intake: daily,
once a week, 2, 3, 4, 5 and 6 times a week and rarely/never. The
methodology suggested by Monteiro, Riether and Burini (2004) [23]
was used to identify the overall dietary intake of each food item. Then,
the scorewas obtained for every foodgroupbymultiplying theweekly
frequency of intake by the number ofweeks in amonth and dividing it
by the number of days in a month. Scores varied from 1 (daily intake)
to zero (rarely or never consumed) and were classified as tertiles.

Two dietary groups were separated after the scores had been
calculated, based on the composition of the food items, as follows:
a) group of food items characterized with food with high saturate
fat foods, sodium chloride and simple sugars (the first and second
tertiles were the risk category); b) group of food items that are
sources of fibre, complex B vitamins andminerals, meats, fish, dark-
green vegetables, whole and enriched grain products, legumes and
citrus fruits (as protection category, the third tertile was adopted).

2.7. Biochemical assessment

After fasting for at least 12 h,10ml of sample bloodwere collected
in the morning by venous puncture into a sterile, disposable Vacu-
tainer (BD®) with no anticoagulant. The serum used for the
biochemical tests were separated by means of the centrifugation of
the blood samples at 3000 rpm for 10 min. Following the tests, ali-
quots of serum were stored in Eppendorf tubes at �20 �C.

Triglycerides, low-density lipoprotein cholesterol (LDL-c), high-
density lipoprotein cholesterol (HDL-c), and total cholesterol (TC)
levels in the serum from the blood samples were assessed using the
enzymaticmethod via a Hitachi analyser 704. Specific details on the
assessment of these cholesterol parameters are discussed thor-
oughly in a previous publication [24].

The evaluation of LDL-c serum levels followed the Friedewald
formula, using the following levels of total cholesterol (TC), tri-
glycerides (TG), and high-density lipoprotein cholesterol (HDL-c):
LDL-c (mg/dL) ¼ TC (mg/dL) - HDL-c (mg/dL) - TG (mg/dL)/5. The
analyses of the biochemical parameters were made by trained
technicians. The assessment was performed at the municipal
reference laboratory, which was made available to the researchers
by the Municipal Health Department.

2.8. Identification of the variables

The outcome variables of this study were total cholesterol,
LDL-c, HDL-c and triglycerides. The measurements of these vari-
ables occurred at the baseline and after 18-months of follow-up. For
the descriptive data analysis, these variables were used categori-
cally. Given that there is evidence that mean total cholesterol,
LDL-c, HDL-c and triglyceride serum levels change significantly as a
function of age and sex [25], age and sex were taken into account
for their classification. Then, we adopted the cut-off points of those
variables suggested by Jolliffe and Janssen (2006) for adolescents
from 12 to 19 years of age (percentile by sex and gender) [26]. For
schoolchildren under 12 years of age, for whom age standardized
Please cite this article as: Costa PRdF et al., Anthropometric status and lip
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cut-off points are as yet unavailable, the recommendation of the
National Health and Nutrition Examination Survey (NHANES) was
used to classify HDL-c (less than 40 mg/dL), while the definitions
proposed by the National Cholesterol Education Programme (NCEP)
were used to classify TC (�200 mg/dL), LDL-c (�130 mg/dL) and
triglycerides (�100 mg/dL).

2.9. Statistical analysis

The cross-sectional analysis was conducted using data from the
baseline of the study and the longitudinal analysis was performed
using data from the baseline,12thmonth and 18thmonth of follow-
up.

Prevalence rates were used to describe the distribution of the
outcome variables (serum lipids) and principal exposure variables
(anthropometric indicators) in the study population. All the vari-
ables were compared according to the sex using Pearson's chi-
square test for categorical variables. The baseline mean levels of
serum lipids were compared according to the anthropometric in-
dicators using the mean comparison test.

To evaluate the influence of anthropometric status, according to
different indicators, on the changes in lipid profile over the 18-
month follow-up period, generalized estimating equations (GEE)
models were constructed. These are considered as appropriate
models for continuous response variables and repeated measures,
reflecting the association between the response and the indepen-
dent variables, considering the correlation and interdependency
between the measurements at each moment in time [27].

The corrected quasi-likelihood under independence model cri-
terion (QICc) was used to evaluate the fit of the model to the data.
The QICc criterion is an adaptation of Akaike's Information Criterion
(AIC) used for the GEE analyses. The QICc is calculated based on the
comparison of the quasi-likelihood of the model of independence
with the complete model. The lower the QICc, the better the fit of
the model [28].

A GEE model was constructed for each outcome variable (total
cholesterol, LDL-c, HDL-c and triglycerides) continuously and as a
function of time, according to each principal exposure variable
(waist circumference, WHtR, CI and BMI). Initially, a univariate
analysis was conducted and the variables with a p-value < 20%
were selected. These variables and others identified as potential
confounders in the bivariate analysis were included in the model.
Variables associated either with the exposure and the outcome
variable, as expressed by a change of 10% or more in the measure of
association compared to the measure in the reduced model, were
considered potential confounders [27]. The variables that were
significant at 5% remained in the final model.

The analyses were performed using the statistical software
package Stata/IC for Mac, version 12.0 (StataCorp, College Station,
TX, USA).

2.10. Ethical aspects

The study protocol was approved by a committee of the School
of Nutrition, Federal University of Bahia, in accordance with Bra-
zilian regulations. The reference number of the project authoriza-
tion is 03/06. First, the parents and/or guardians received a written
authorization with the study aims. After receiving the appropriate
information about the study, the parents or guardians signed the
term allowing participation in the study.

3. Results

The socio-economic, anthropometric and biochemical character-
istics of the population in the beginning of the study are shown in
id profile among children and adolescents: Changes after 18-month
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Table 1. The proportion of lowmaternal education differed according
to sex, being greater in female children and adolescents (61.5%;
p ¼ 0.01). Prevalence rates of 18.9%, 17% and 16.9% were found for
abdominal fat, considering different indicators (WC, WHtR and CI,
respectively). The prevalence rates of altered serum lipid levels varied
from 18.7% (for low HDL-c level) to 25.6% (for hypertriglyceridaemia).
For the high TC levels the prevalence was greater in female children
and adolescents (p< 0.01). Furthermore, the prevalence of lowHDL-c
levels differed according to sex,with a rate of 23.4%being recorded for
the boys compared to 15.3% for the girls (p ¼ 0.02) (Table 1).

The baseline lipid mean levels of this study population accord-
ing to the anthropometric indicators are described in Table 2. A
greater mean level of TC was found in children and adolescents
without excess weight, considering the BMI (p < 0.00). Lower mean
levels of HDL-c were found in children and adolescents with altered
anthropometric status for all the measurements. In addition,
greater mean levels of triglycerides were found for all the altered
status of the anthropometric measures evaluated in the study. No
other statistically significant differences were found.

Table 3 shows the crude and adjusted results of the GEE analysis
for the changes in the lipid profile. For all models, the adjustment
was made for the block of socio-demographic (sex, age, maternal
education), physical activity and diet-related variables. Changes in
the levels of triglycerides, TC, LDL-c and HDL-c over the 18-month
follow-up period are described as follows.
3.1. Changes in triglycerides

For each increase of 1 cm in the WC mean of children and ad-
olescents, there was an increment of 0.4 mg/dL in the triglycerides
mean levels after 18 months of follow-up. After the adjustment of
the model, this increment rose to 0.5 mg/dL (p < 0.000). The same
relationship was observed for the BMI. An increase of 0.1 in the BMI
Z-scoremean promoted a gain of 2.7mg/dL in the triglyceridemean
levels after adjustments (p < 0.000).

With regard to theWHtR, an increment of 40.6 mg/dL (p¼ 0.02)
was observed in the triglyceride mean levels when the participants
increased 0.1 in the WHtR mean, after the follow-up period. We
must consider that this variation is related to the characteristic of
this variable, which, as a ratio (WC/Height), requires a very signif-
icant increase in the numerator (WC) to promote an increase of 0.1
in the ratio.

In the case of the CI, it was observed that for each increase of 0.1
in this index mean there was an increment of 30.1 mg/dL (p ¼ 0.01)
in the triglyceride mean levels after 18 months' follow-up. This
outstanding change is also related to the nature of this variable,
which requires an important increase in the WC (numerator) to
promote an elevation of 0.1 in its mean.
Table 1
Baseline socioeconomic, anthropometric and biochemical characteristics of children and

Overall N (%)

Age � 12 years old 211 (42.9)
Maternal Education < 6 years 248 (56.5)
Socioeconomic Index <3rd tercile 322 (70.7)
Waist circumference � P90 93 (18.9)
Waist-to-height Ratio � P90 84 (17.0)
Conicity Index � P90 83 (16.9)
BMI excess weight 100 (20.3)
High total cholesterol levels 108 (21.9)
High LDL-c levels 96 (19.5)
Low HDL-c levels 92 (18.7)
High triglyceride levels 126 (25.6)

N ¼ 492 HDL: high-density lipoprotein; LDL: low-density lipoprotein.
a Significant p-value for Pearson's Qui-squared test.

Please cite this article as: Costa PRdF et al., Anthropometric status and lip
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The fit of the models was good, as evaluated by the QICc, with a
reduction in this indicator in the final models compared to the
crude models (Table 3).

3.2. Changes in total cholesterol (TC)

The anthropometric changes, according to different indicators,
also promoted important variations in the TC mean levels of the
children and adolescents, after the follow-up period. For the WC
indicator, therewas an increase of 0.21mg/dL in the total cholesterol
for each gain of 1 cm in the WC mean in the adjusted model, after
the 18-month follow-up period (p ¼ 0.02). Considering the BMI,
an increment of 0.1 in its Z-score mean promoted an increase
of 1.5 mg/dL in the TC mean levels (p ¼ 0.014) after the sequence
period.

For the WHtR and CI it was observed that an increment of 0.1 in
themean of these variables was followed by an increase of 45.4 g/dL
(p ¼ 0.02) and 19.3 mg/dL (p ¼ 0.03) in the TC mean, respectively.

All the models were well fitted considering the reduction of the
QICc in the final models, compared to the crude models (Table 3).

3.3. Changes in LDL-cholesterol

For the LDL-cholesterol, it was observed that the changes of the
traditional anthropometric indicators (WC and BMI) did not pro-
mote variations in the mean levels of this biochemical variable.
However, the changes in the WHtR and CI variables prompted
negative variations in the LDL-cholesterol after the follow-up
period, as shown in Table 3.

In the final models, each increase of 0.1 in the mean of WHtR
and CI promoted an increment of 34.8 mg/dL (p ¼ 0.015) and
19.4 mg/dL (p ¼ 0.02) in the LDL-cholesterol mean levels,
respectively.

The fits of both models were good, considering the reduction of
the QICc in the final models, compared to the crude models.

3.4. Changes in HDL-cholesterol

This biochemical variable was not influenced by the changes in
the anthropometric indicators, as shown in Table 3.

4. Discussion

In this study we investigated the prevalence of excess weight,
abdominal obesity, lipid alterations and the influence of anthro-
pometric status on the changes of the lipid profile in children and
adolescents after an 18-month follow-up period.

Our results indicated high prevalence of abdominal obesity in-
dependent of the anthropometric index used and are in agreement
adolescents according to sex. Municipality of Bahia, Brazil, 2006.

Female N (%) Male N (%) P-valuea

124 (43.2) 87 (42.4) 0.87
155 (61.5) 93 (49.7) 0.01
191 (72.1) 131 (68.9) 0.47
56 (19.5) 37 (18.0) 0.68
52 (18.1) 32 (15.6) 0.47
46 (16.1) 37 (18.0) 0.55
58 (20.2) 42 (20.5) 0.94
80 (27.9) 28 (13.7) <0.01
60 (20.9) 36 (17.6) 0.35
44 (15.3) 48 (23.4) 0.02
82 (28.6) 44 (21.4) 0.07

id profile among children and adolescents: Changes after 18-month
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Table 2
Mean comparison test of baseline lipid variables in children and adolescents according to anthropometric indicators. Municipality of Bahia, Brazil, 2006.

Variable Total cholesterol (mg/dl) P-value LDL-c (mg/dl) P-value HDL-c (mg/dl) P-value Triglycerides (mg/dl) P-value

WCa 0.18 0.33 <0.00 <0.00
�P90 167.3 97.2 50.7 113.1
<P90 170.8 95.7 53.2 96.1
BMIb <0.00 0.20 <0.00 <0.00
Altered 165.5 96.4 49.9 95.4
Normal 177.4 99.1 56.2 113.0
WHtRc 0.13 0.35 0.03 <0.00
�P90 167.2 97.2 50.9 117.2
<P90 171.3 95.8 52.8 95.2
CId 0.29 0.22 0.04 <0.00
�P90 167.5 97.4 50.8 113.3
<P90 169.6 94.7 52.7 96.0

Sample size: 492; HDL: high-density lipoprotein; LDL: low-density lipoprotein.
a Waist circumference.
b Body Mass Index.
c Waist-to-height ratio.
d Conicity Index.

Table 3
Generalized estimating equation models for the relationship between anthropometric status, evaluated according to waist circumference (WC), body mass index (BMI), waist-
to-height ratio (WHtR) and CI, and serum lipids changes over 18 months of follow-up. Municipality of Bahia, Brazil, 2006e2008.

Triglycerides
Coef (95% CI); pa value

Total cholesterol
Coef (95% CI); pa value

LDL-c
Coef (95% CI); pa value

HDL-c
Coef (95% CI); pa value

WC
Crude model 0.40 (0.20e0.55); <0.000 0.17 (0.3e0.6); 0.01 0.10 (�0.03e0.2); 0.139 0.01 (�0.03e0.07); 0.428
QICc

b 125.449 918.912 746.138 127.319
Final modelc 0.51 (0.32e0.70); <0.000 0.21 (0.2e0.36); 0.02 0.07 (�0.1e0.53); 0.328 0.03 (�0.03e0.09); 0.340
QICc

b 117.850 907.938 740.102 124.545
BMI
Crude model 2.93 (1.53e4.32); <0.000 1.6 (0.4e2.8); 0.009 0.63 (�0.4e1.7); 0.247 0.52 (0.07e0.96); 0.02
QICc

b 125.607 918.031 746.576 126.884
Final modelc 2,70 (1.32e4.06); <0.000 1.5 (0.3e2.7); 0.014 0.56 (�0.5e1.67); 0.305 0.4 (0.06e0.83); 0.109
QICc

b 117.394 903.906 740.051 116.641
WHtR
Crude model 35.1 (�1.30e71.4); 0.06 54.0 (25.6e82.4); <0.000 40.3 (13.0e67.7); 0.004 10.6 (1.67e19.5); 0.06
QICc

b 126.217 913.271 74.328 126.921
Final modelc 40.6 (5.3e75.9); 0.02 45.4 (14.9e75.8); 0.02 34.8 (6.7e62.8); 0.015 7.9 (�0.99e16.1); 0.09
QICc 56.585 902.212 73.781 58.060
CI
Crude model 17.6 (�4.8e40.1); 0.123 17.6 (�1.5e36.7); 0.07 18.3 (1.1e35.5); 0.03 �0.87 (�7.9e6.23); 0.809
QICc

b 127.013 920.412 744.986 127.328
Final modelc 30.1 (7.0e53.1); 0.01 19.3 (1.3e37.3); 0.03 19.4 (2.0e36.8); 0.02 �2.66 (�10.0e4.7); 0.478
QICc

b 122.145 910.903 740.130 124.596

Sample Size: 492 WC: Waist circumference; BMI: Body Mass Index; WHtR: Waist-to-height ratio; CI: Conicity Index; HDL: high-density lipoprotein; LDL: low-density
lipoprotein.

a Generalized Estimating Equations e GEE.
b Adjusted by sex, age, sociodemographic, physical activity and dietetic variables.
c QICC: corrected quasi-likelihood under independence model criterion for GEE.
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with the findings of other investigations [29e31]. Moreover, it was
possible to identify that the elevation in triglyceride levels was the
most prevalent form of alteration of the lipid profile in the studied
population. At the baseline, higher mean triglycerides and lower
levels of HDL-c were observed in children and adolescents with
altered anthropometric status for all measures.

The study developed by Lozano et al. (2016) [32], evaluating the
screening for dyslipidaemia in a paediatric population from two
large U.S. studies, identified a higher prevalence of this morbidity in
overweight (11.5%) and obese (16%) children and adolescents. Also,
they detected that fifty per cent of children and adolescents with
dyslipidaemia will have dyslipidaemia as adults, which highlights
the importance of routinely screening children and adolescents for
dyslipidaemia and excess weight.

Considering the longitudinal influence of anthropometric
measurements on the lipid profile, the increase of adiposity, inde-
pendent of the index used, elevated triglycerides and TC mean
levels after the 18-month follow-up. However, for the LDL-c, it was
Please cite this article as: Costa PRdF et al., Anthropometric status and lip
follow-up, Clinical Nutrition ESPEN, https://doi.org/10.1016/j.clnesp.2019
observed that changes in the traditional anthropometric indicators
(WC and BMI) did not promote variations in the mean levels of this
biochemical variable. Only the increase in the WHtR and in the CI
elevated their levels after the follow-up period. And, the HDL-c was
not influenced by changes on any anthropometric index evaluated
during the follow-up.

The use of anthropometric indicators for the evaluation of
abdominal obesity is important because they are likely to be useful
in the early detection of risk factors for cardiovascular diseases
[33,34]. Despite being a good indicator of overall obesity, BMI alone
may not be a good predictor of cardiovascular risk in children and
adolescents, because it does not seem to adequately reflect the
changes in body composition during adolescence [35].

Abdominal adiposity, especially visceral fat, may be involved in
changes in lipid variables, since this type of fat has been strongly
associated with cardiometabolic alterations, such as: hyper-
triglyceridaemia, increased availability of free fatty acids, reduction
of clearance of triglyceride-rich lipoproteins, increased synthesis
id profile among children and adolescents: Changes after 18-month
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and secretion of VLDL from the liver, release of proinflammatory
cytokines by adipose tissue, insulin resistance and inflammation of
the liver, presence of small and dense LDL-c particles and reduced
levels of HDL-c [36].

Abdominal fat has low levels of mono and polyunsaturated fatty
acids and high concentrations of trans and saturated fatty acids. In
situations of excess visceral adipose tissue there is stimulation of
lipolysis resulting in excess free fatty acids in the liver. There is,
therefore, greater hepatic glucose production in addition to an in-
crease in circulating levels of triglycerides and a reduction in HDL-c
levels [37,38].

Cross-sectional studies have identified the association between
the presence of excess adipose tissue in the abdominal region and
high levels of total cholesterol and triglycerides in children and
adolescents [33,39,40]. However, longitudinal studies evaluating
the influence of anthropometric status on changes in the lipid
profiles of children and adolescents are scarce, and the only lon-
gitudinal study identified in the databases consulted, evaluating
male adolescents, showed that half of the boys had HDL-c levels
above the values recommended for this parameter, but these values
showed a decline with the increase of the BMI and advance of the
pubertal stage [40]. The result of the cited study differs from that
found in the present study, thus requiring further investigation of
this lipid variable over time in this population. Confirmatory
studies are required to provide sufficient scientific evidence to
clarify the association between excess body weight and high levels
of serum lipids in children and adolescents. The findings of the
present study contribute to this and highlight the importance of
anthropometric parameters in predicting early dyslipidaemias.

The possible limitation of this study is the follow-up period (18
months) that may not be adequate to identify the adiposity variation
during the entire puberty period. However, the data from this study
are reliable, since they come from a research with a robust method-
ological design, a cohort study, whose structure andmonitoring were
well defined, besides having insignificant number of losses. Appro-
priate statistical methods were also used for in-depth data analysis.
Therefore, the findings found in this study corroborate the results of
other authors, although the majority are cross-sectional, confirming
the importance of studying the influence of overweight on changes in
the lipid profile in children and adolescents over the time.

In this regard, these conclusions highlight the clinical and
epidemiological importance of excess weight in the paediatric age
group and support the recommendation of the implementation of
prevention and control actions of weight gain, and consequently,
dyslipidaemias, since they are important risk factors for cardio-
vascular diseases and other chronic diseases.
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