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Abstract

Objective: To evaluate the association between adiponectin concentrations and metabolic syndrome (MetS) risk
and to investigate if this association is independent of weight status in adolescents.

Methods: Adiponectin concentrations and MetS risk were assessed in 4546 Brazilian adolescents (12-17 years old)
enrolled in The Study of Cardiovascular Risks in Adolescents (“ERICA”), a cross-sectional multicenter study in Brazil. For
analyses, adiponectin was categorized in sex and age-specific quartiles and MetS risk was expressed as a continu-
ous score, calculated as the average of the standardized values (z-score) of the five MetS components. Multiple linear
regression models were used to investigate the association between the quartiles of adiponectin and MetS risk.

Results: Adiponectin was inversely associated with waist circumference and log-transformed triglycerides, and
positively associated with HDL-c. We also observed an inverse association between adiponectin concentrations

and MetS risk. After adjustment for sociodemographic variables, physical activity, skipping breakfast and body mass
index (BMI), higher quartiles of adiponectin remained inversely associated with waist circumference and MetS risk. A
direct association between adiponectin and HDL-c was also observed. In further analysis, the sample was stratified
by weight status and an inverse association between quartiles of adiponectin and MetS risk was observed in both
normal weight and overweight/obese adolescents.

Conclusion: Higher adiponectin concentrations were independently and inverse associated with MetS risk in Brazil-
ian adolescents, even after adjusting for BMI. These results were similar in normal weight and overweight/obese
adolescents, suggesting that adiponectin may play a role in early development of MetS.
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Introduction

Metabolic syndrome (MetS) is a constellation of classi-
cal cardio-metabolic risk factors, including abdominal
obesity, hypertension, dyslipidemia and hyperglycemia
[1, 2]. The prevalence of MetS in the pediatric popula-
tion has increased considerably in recent years and it
has been associated with an increased risk for develop-
ment of cardiovascular diseases during life [3, 4].

The etiology of MetS is complex and still not com-
pletely elucidated, thus different mechanisms remain
under investigation [5]. In this context, adipokines have
been studied as potential factors that play a role in the
development of MetS [6, 7]. One of the most studied
adipokines is adiponectin, which is produced in abun-
dance by adipose tissue and is responsible for modula-
tion of several metabolic processes, such as glucosec
homeostasis and oxidation of fatty acids. In addition,
adiponectin also has anti-inflammatory properties [8,
9].

In a previous publication, we described the adiponec-
tin distribution and showed that lower levels of this
adipokine were associated with general and abdominal
obesity among Brazilian adolescents [10]. In metaboli-
cally unhealthy subjects, especially in the presence of
obesity, circulating adiponectin is also reduced [11-13].
In adolescents, lower concentrations of adiponectin were
observed in the presence of MetS [11, 14], as well as an
inverse association with most of MetS components [15,
16]. However, the majority of the studies that investigated
the association between adiponectin concentrations
and MetS were performed in small and homogeneous
samples (i.e. overweight/obese adolescents) [17, 18].
Therefore, studies addressing the relationship between
adiponectin and MetS in a representative population of
adolescents are scarce, especially those aiming to inves-
tigate if that association is independent of weight status
[19].

Thus, in order to better understand this interaction, we
developed a study based on data from the Study of Car-
diovascular Risk in Adolescents (“ERICA”) to evaluate
the association between adiponectin concentrations and
MetS risk in a large sample of Brazilian adolescents and
also to investigate if this association is independent of
weight status.

Methods

Design and sample

ERICA is a national, school-based, cross-sectional, mul-
ticenter study conducted from 2013 to 2014, which eval-
uated the prevalence of cardiovascular risk factors in
Brazilian adolescents (12 to 17 years old) who lived in cit-
ies with more than 100,000 inhabitants.
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Sample size calculation and the sampling process have
been fully described previously [20]. Briefly, the sample
was divided into 32 strata, comprised of 27 capitals of
Brazilian states and five more strata composed by other
cities with more than 100,000 inhabitants from each of
the five geographic macroregions of Brazil. Stratification
was done according to three categories: schools (public
or private), grade (seventh, eighth and ninth grade of Ele-
mentary and first, second and third grade of High School)
and shift (morning or afternoon) of the classrooms. All
adolescents from sampled classrooms were eligible to
enter in the study. Sampling weight was calculated by the
products of the inverse probabilities of inclusion in each
selection stage and was calibrated by age and sex, consid-
ering the estimated number of adolescents from schools
located in the geographic strata included in the study.

In this study, the sample consists of 4546 adolescents
who attended school at morning classes in four Brazil-
ian capitals: Brasilia, Fortaleza, Porto Alegre and Rio de
Janeiro. These cities are located in four of the five Brazil-
ian macroregions, and the sample was representative at a
municipality level. A full description of the study design,
data collection and blood sampling is available elsewhere
[21, 22].

ERICA’s protocol was approved by Research Ethics
Committees in all 27 Federation units in Brazil. Adoles-
cents were invited at schools to participate in the study,
and all those enrolled agreed in writing before the data
collection. In addition, we collected a written informed
consent signed by the parent or legal guardian of the
participant.

Adiponectin measurement

Serum total adiponectin concentrations (pug/ml) were
measured by enzyme-linked immunosorbent assay
(ELISA) kit from Invitrogen® (KHP0041) with a sensi-
tivity of 0.001 pg/ml. Intra and inter-assay coefficients of
variation were <5%, following the manufacturer instruc-
tions. Laboratory analyses were performed by a single
laboratory using frozen serum (—80 °C) and following a
standardized protocol [21]. Thereafter, for data analyses,
adiponectin concentrations were categorized into sex
and age-specific quartiles (Additional file 1: Table S1).

MetS components

Waist circumference was measured using an inelastic
measuring tape. The measurement was done horizon-
tally, at half the distance between the iliac crest and the
lower costal margin. Systolic and diastolic blood pres-
sure were measured using an automatic oscillometric
device (Omron® 705-IT), previously validated for use in
youth [20]. Three consecutive measures were taken in the
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student’s right arm after 5 min sitting in a quiet position,
and with an interval of at least 3 min between each meas-
ure. The second and third blood pressure readings were
averaged and used in the analyses.

All participants were asked to refrain from food for
10-12 h before blood sampling. Compliance with the
overnight fasting was determined by questionnaire
before venipuncture. Fasting blood samples were col-
lected for measurements of glucose, high-density lipo-
protein cholesterol (HDL-c) and triglycerides. All blood
samples were analyzed by a single laboratory following a
standardized protocol [21].

MetsS risk z-score

Before data analyses, all MetS components were stand-
ardized to the mean (z-score) by gender and age. Broadly
based on the definition proposed by the International
Diabetes Federation (IDF) [23], we constructed a contin-
uously distributed MetS risk z-score (MetS-z), approach
which was widely reported in the literature [24—26]. This
variable was derived by standardizing and then summing
the following continuously distributed MetS compo-
nents: waist circumference, high blood pressure (average
of systolic blood pressure and diastolic blood pressure),
hyperglycemia (fasting plasma glucose) and dyslipidem-
ias (inverted fasting HDL-c, and log-transformed triglyc-
erides). Higher values on the MetS-z were indicative of a
poorer metabolic profile and higher risk for development
of MetS [24, 26].

Covariates

The following variables were examined as covariates:
study centers (Rio de Janeiro, Porto Alegre, Fortaleza and
Brasilia), sex, age groups (12—-13, 14—15 and 1617 years),
skin color (white, black and mixed/yellow/native), and
type of school (public or private). An economic index,
similar to which was used in Brazilian demographic cen-
sus, was used to assess economic status [27]; it consid-
ered possession of certain goods and the presence of a
housekeeper at home. Thereafter, the index was catego-
rized in tertiles.

Skipping breakfast (always/very often) was self-reported
and considered an indicator of unhealthy eating habits.
Time spent in moderate-to-vigorous physical activity
was assessed using an adapted version of the Self-Admin-
istered Physical Activity Checklist Questionnaire [28],
cross-culturally adapted and validated for Brazilian ado-
lescents [29]. To determine the weekly amount of time
spent in physical activity, we multiplied self-reported
duration and frequency for each activity listed and then
dichotomized it in <300 or > 300 min/week.
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Trained researchers measured the clinical variables.
Height was measured twice using a portable stadiom-
eter with a 0.1 variation, and the mean of the two values
obtained was considered in the analyses. Weight was
measured using a digital scale in light clothing. Body
mass index (BMI) was calculated using the standardized
formula [BMI=weight (kg)/height?(m?)]. The World
Health Organization reference curves were used to clas-
sify adolescents with normal weight (BMI z-score <1),
overweight (BMI z-score>1 and <2) and obesity (BMI
z-score >2) [30]. Overweight and obesity were then com-
bined into one category.

Statistical analysis

Fasting triglycerides were logarithmically transformed
owing to their skewed distributions (geometric mean and
95% confidence intervals (95% CI) are presented in the
results). Adiponectin concentrations were described by
median values and 95% CI. Thereafter, this variable was
categorized according to sex and age-specific quartiles
(Additional file 1: Table S1).

Initially, we assessed the distribution of investigated
cardio-metabolic risk factors according to the quartiles
of adiponectin, and the linear trends were evaluated by
Wald’s test. Associations between quartiles of adiponec-
tin and MetS-z and MetS components were investi-
gated by multiple linear regressions. Our first model
was adjusted for sex, age, skin color and socioeconomic
status. These variables were kept in the second model in
addition to physical activity and skipping breakfast. In
the final adjusted model, BMI was included as a potential
confounder (adiposity-adjustment).

The global adjustment of the models was evaluated.
We did not find evidence of multicollinearity into the
models, even when BMI was included. The adiponec-
tin and sex interaction for the association with MetS-z
and MetS components was tested using a multiplicative
approach. In further analyses, we investigated the asso-
ciation between quartiles of adiponectin and MetS-z
after stratifying the sample for weight status, considering
the possibility that this association could be modified in
the presence of overweight/obesity. We also calculated
a MetS-z score without the adiposity component (i.e.,
waist circumference) to examine whether the association
between the main exposure and MetS-z is mediated by
adiposity.

To obtain population-representative findings, analyses
were conducted using sample weights for ERICA, which
accounted for the complex survey design [20]. All tests
were two-tailed. The analyses were performed using Stata
version 14 (StataCorp, College Station, TX, USA).
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Characteristics

Weighted mean

or frequency (95%
Cl)

Study centers, %

Fortaleza 244 (23.1,25.6)

Rio de Janeiro 32.8(314,34.1)

Porto Alegre 18.1(314,34.1)

Brasilia 24.7 (23.5,26.0)
Female sex, % 61.2 (59.8,62.6)
Age, years 14.9(14.8,14.9)
Skin color, %

White 39.9(36.5,434)

Black 9.2(7.5,113)

Others (mixed, native or yellow) 50.9 (48.2,53.5)
Public School, % 66.5 (55.9,75.6)
Socioeconomic status (tertile), %

First (poorest) 36.9 (33.1,40.9)

Second 276 (25.3,30.1)

Third 35.5(30.6,40.7)
Skip breakfast, % 51.0 (48.2,53.9)
Physical inactivity, % 475 (44.8,50.3)
Body mass index, kg/m? 21.7(214,21.9)
Waist circumference, cm 72.8(72.1,73.6)
Systolic BP, mmHg 110.8(110.1,111.5)
Diastolic B, mmHg 65.8 (65.3, 66.3)
Mean BP, mmHg 80.8 (80.2, 81.3)
HDL-c, mg/dl 477 (47.2,483)
Triglycerides (log)?, mg/dl 70.3 (69.0,71.5)
Fasting plasma glucose, mg/d| 86.9 (86.5,87.4)
Metabolic syndrome, z-score —0.05(—=0.22,0.13)
Adiponectin®, ug/ml 134 (12.8,14.00)

BP, blood pressure; HDL-c, high density lipoprotein cholesterol

2 Triglycerides were log transformed and reported as geometric mean and 95%
(@]

b Adiponectin was reported as median and 95% Cl

Results

The analysed sample was composed of 4546 adolescents.
Table 1 shows the main characteristics of the sample.
Most adolescents were female and students from pub-
lic schools. The mean age was 14.9 (SD=1.5) years old.
Overall, 19.1% and 9.1% of the adolescents were catego-
rized as overweight and obese, respectively. According
to the IDF criteria for youth, the prevalence of metabolic
syndrome in this sample was 2.0% (95% CI 1.6%, 2.5%),
similar in boys and girls.

The median of adiponectin was lower in those with
overweight/obesity (11.6 pg/ml; 95% CI 10.6, 12.6) com-
pared to those with normal weight (14.3 ug/ml, 95% CI
13.6, 15.0). The means of MetS-z were —1.1 (95% CI
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—1.2, —0.9) and 2.3 (95% CI 2.0, 2.6) in adolescents with
normal weight and overweight/obesity, respectively.

We did not find any indicative of interaction between
sex and adiponectin concentrations for the association
with MetS-z (p value for interaction >0.8) or MetS com-
ponents (p-value for interaction>0.5), thus all analyses
were performed for the overall sample. The values of sex
and age-specific quartiles of adiponectin are presented
in the Additional file 1: Table S1. The cut-off points for
those in the reference group (1st quartile) were lower
among boys compared with girls and decreased with age
in both sexes.

Table 2 shows the means of the MetS-z and MetS com-
ponents according to the quartiles of adiponectin. Lower
values of waist circumference, triglycerides and MetS-z,
as well as increased HDL-c concentrations were observed
in the upper quartiles of adiponectin. However, no varia-
tions in blood pressure or fasting plasma glucose values
were observed across quartiles of adiponectin.

Table 3 shows the associations between adiponectin lev-
els, MetS-z and MetS components. In the first (sociodemo-
graphic-adjusted) and second (behavior-adjusted) models,
adiponectin concentrations were inversely associated with
waist circumference, triglycerides and MetS-z. In addition,
HDL-c concentrations increased through the quartiles of
adiponectin. After including BMI in the model (adiposity-
adjusted) and despite a reduction in the strength of the
associations, the coefficients remained significant for HDL-
¢, waist circumference and MetS-z for those adolescents in
the top quartile of adiponectin. In sensitivity analysis, waist
circumference was removed from the outcome to inves-
tigate the possibility that obesity may drive the observed
association. The associations were somewhat attenuated,
but results were materially unchanged.

The associations between quartiles of adiponectin and
the MetS-z according to weight status are presented in
Fig. 1. The MetS-z was reduced in higher quartiles of adi-
ponectin, in both normal weight and overweight/obese
adolescents. However, the association observed seems
to be slightly more pronounced among adolescents with
overweight/obesity (Panel b) when compared with nor-
mal weight youth (Panel a).

Discussion

In this study, we aimed to evaluate the association
between adiponectin concentrations and MetS-z. Our
findings showed a significant and inverse association
between higher levels of adiponectin and MetS-z inde-
pendently of potential confounders, including BMI, in
Brazilian adolescents. Additionally, after splitting the
sample by weight status, the association between adi-
ponectin and MetS-z remained unchanged in both nor-
mal weight and overweight/obese adolescents.
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Table 2 Mean and 95% Cl of metabolic syndrome risk score and its individual components according to quartiles

of adiponectin, ERICA 2013-2014

Quartiles of adiponectin p for trends

First (n=1092) Second (n=1101) Third (n=1112) Fourth® (n=1241)
Waist circumference, cm 74.7 (73.8,75.6) 73.5(734,756) 72.2(71.2,73.3) 70.9(70.1,71.7) <0.001
Systolic BP, mmHg 3(110.2,1124) .8 (109.6,112.1) 111.0(109.8,112.2) (1091 111.1) 0.157
Diastolic BR, mmHg 65.8 (65.0, 66.6) 65.9 (65.1,66.7 65.9 (65.1,66.7) 65.5 (64.9, 66.2) 0.622
Mean BP, mmHg .0(80.1,81.8) 80.9 (80.0,81.8 80.9 (80.0,81.8) 804 (79.6,81.1) 0334
Triglycerides® (log), mg/dl 719 (69 5,74.3) 72.1 (694,749 70.1(67.7,72.6) 67.1(65.1,69.1) 0.004
HDL-c, mg/dl 46.6 (45.9,47.3) 463 (45.5,47.1 48.1 (47.2,49.1) 50.0 (48 9,50.9) <0.001
Fasting plasma glucose, mg/dl 87.2 (86.4,88.0) 87.1(86.4,87.8) 86.9 (86.2,87.6) 86.5(85.9,87.2) 0222
MetS-z, z-score 035(014 0.57) 024( 0.04,0.53) —0.12(—041,0.18) —0.66 (—0.89, —043) <0.001
MetS-z without waist circumfer- 5(—=0.03,034) 8(—0.06,042) —0.06 (—0.28,0.16) —046 (0.64,—0.28) <0.001

ence, z-score

BP, blood pressure; HDL-c, high density lipoprotein cholesterol; MetS-z, metabolic syndrome risk z-score

2 Triglycerides was log transformed and reported as geometric mean and 95% Cl
b Highest values

The role of adiponectin in the pathogenesis of MetS
remains controversial. Other authors have hypothesized
that adiponectin concentrations are influenced by several
traditional risk factors for Mets (i.e. sex, age, diet, physi-
cal activity, etc.), and that those risk factors may induce
adiponectin resistance. Abnormal concentrations of adi-
ponectin are related to low grade inflammation, which
represents a key factor in the development of MetS,
and it is directly associated with insulin resistance and
regulation of adipose tissue distribution [7].

Regarding each individual component of MetS, in
our models adjusted for sociodemographic and behav-
ioral characteristics, adiponectin concentrations were
positively associated with HDL-c and inversely associ-
ated with waist circumference and triglycerides. After
adjusting for BMI, only the association with triglycerides
overlapped the reference value. In accordance to the lit-
erature, adiponectin seems to act on reduction of tri-
glycerides concentrations, increasing glucose uptake by
the skeletal muscle and thus increasing HDL-c through
hepatic lipase activity [31]. Previous study with adoles-
cents also showed correlations between adiponectin and
HDL-c, triglycerides and blood pressure [14, 32, 33].

In this study the concentrations of adiponectin were
inversely associated with MetS-z even after adjustment
for BMI, although not without attenuation in strength
of the association. To use of MetS-z instead of dichoto-
mous criteria can be powerful, however it is difficult to
interpret whether changes in P coefficients are clinically
meaningful. However, if we consider that all cardio-
metabolic risk factors involved in MetS-z are continu-
ously associated with cardiovascular risk and that a
good health is expected in this age group, it is possible to

consider that any significant change in  coefficients are
relevant in terms of public health.

The association between adiponectin concentrations
and MetS has been described before, especially in over-
weight populations (24-26), but only a few studies have
investigated whether this association is independent or
not of adiposity [32, 34]. In a Mediterranean pediatric
cohort (n=1138), adiponectin was no longer significantly
associated with higher number of MetS components after
adjustment for BMI, although the prevalence of MetS in
this study was very low (0.7%) and was only observed in
youth with obesity [32]. On the Identification and pre-
vention of Dietary and lifestyle induced health Effects In
Children and infants study (IDEFICS), after inclusion of
BMI in the model, the association between adiponectin
and MetS was no longer observed, suggesting that this
relation may be mediated by adiposity [11]. Finally, other
authors observed that low concentrations of adiponectin
were prospectively associated with a poor cardiometa-
bolic profile, but only among overweight youth [35].

On the other hand, adiponectin was associated with
MetS in Chinese adolescents [15] and with several MetS
components in a sample of Puerto Rican youth [36], and,
in both studies, these results were independent of adipos-
ity. These data are in line with our results, suggesting that
adiponectin may play a role in the prevention of MetS.
Our study extends these previous observations while
including a large and representative sample of a multi-
ethnic population of adolescents. In sensitivity analysis,
waist circumference was removed from the outcome
to investigate the possibility that obesity may drive the
observed association; however, it was only partially con-
firmed because the association was attenuated but did
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individual

Clinical outcomes

Quartiles of adiponectin

First (n=1092) Second (n=1101)

Third (n=1112)

Fourth (n=1241)°

p for trends

B (95% Cl)

Model 1: adjusted for sex, age, skin color and socioeconomic status
Waist circumference, cm Ref —165 (=298, —031) —3.04 (— —156) —3.83 (—520,—246) <0.001
Systolic BR, mmHg Ref —1.04 (—229,021) —0.75 (=2.05,0.55) —1.16 (—=270,037) 0.220
Diastolic BR, mmHg Ref —007 (097,084 —010 (—1.08,088)  —031 (—133,071) 0.586
Mean BP, mmHg Ref —039 (—1.33,0.55) —032 (—=1.35,0.71) —060 (—1.72,053) 0.381
Triglycerides (log)?, mg/dl Ref 0.001 (—=0.05005  —003 (—007002  —007 (=0.12,—002) 0.002
HDL-c, mg/dl Ref —043 (=157,071) 134 (0.15,2.53) 305 (1.83, 426) <0.001
Fasting plasma glucose, mg/dl Ref 0.16  (—0.65,0.97) —0.10 (—084,064) —043 (—146,059) 0.308
MetS-z, z-score Ref —0.16 (—045,0.14) —055 (—086,—024) —098 (—127,—069) <0.001
MetS-z without waist circumference,  Ref 022 (—=0.25,0.29) —0.22 (—=049,0.05) —057 (=082, —-032) <0.001

z-score

Model 2: adjusted for variables in model 1 plus physical activity and skipping breakfast
Waist circumference, cm Ref —194 (—=336,—053) —328 (—484,—173) —407 (—=556,—258) <0.001
Systolic BR, mmHg Ref —1.20 (—247,007) —086 (—222,051) —139 (—=3.02,024) 0.165
Diastolic BR, mmHg Ref —017 (=1.13,079 —009 (—=109,091) —048 (—1.56,0.60) 0472
Mean BP, mmHg Ref —051 (=149,047) —035 (=141,072) —078 (—1.98,041) 0.293
Triglycerides (log)?, mg/dl Ref —001 (—=0.06,0.04) —0.04 (—=0.09,60071) —0.08 (=0.12,—0.0-73) 0.001
HDL-c, mg/dl Ref —023 (—140,095) 1.87 (0.59,3.15) 3.02 (1 77,4.27) <0.001
Fasting plasma glucose, mg/dl Ref —005 (—=0.92,082) —044 (—1.28,039) —062 (—165,041) 0.143
MetS-z, z-score Ref —029 (=060,002 —071 (=106,—037) —107 (—138,—0.75) <0.001
MetS-z without waist circumference,  Ref —0.08 (—0.36,0.19) —036 (=065 —007) —063 (—0.88 —0.38) <0.001

z-score

Model 3: adjusted for variables in models 2 plus body mass index
Waist circumference, cm Ref —042 (=097,0.14) —0.27 (—0.86,0.31) —0.81 (=152,—0.11) 0.030
Systolic BR, mmHg Ref —028 (—058,1.01) 096 (—0.28,2.20) 059 (—0.78,1.95) 0218
Diastolic B, mmHg Ref 023 (—072,1. 17) 068 (— ,1.57) 037 (—0.62,137) 0373
Mean BP, mmHg Ref 005 (—092,1.02) 0.78 (=0.15,1.71) 044 (—=061,150) 0275
Triglycerides (log)?, mg/dl Ref 0.001 (—0.50,0. OS) —0.01 (=0.06,0.04) —0.04 (—0.09,0.001) 0.049
HDL-c, mg/dl Ref —060 (—1.79,0.60) 111 (—0.24,246) 222 (098,347) <0.001
Fasting plasma glucose, mg/dl Ref 003 (—0.85,091) —0.28 (—=1.13,058) —043 (=149,063) 0318
MetS-z, z-score© Ref 0.02 (—0.25,0.30) —0.10 (—0.38,0.18) —040 (—0.66,—0.14) 0.005
MetS-z without waist circumference,  Ref 0.10 (—=0.20,0.39) —0.04 (—=0.33,025) —028 (—=0.53,—-0.03) 0.031

Z-score©

BP, blood pressure; HDL-c, high density lipoprotein cholesterol; MetS-z, metabolic syndrome risk z-score

2 Triglycerides was log transformed
b Highest values

¢ Mean of MetS-z: — 0.05 (SE 0.09); mean of MetS-z without waist circumference: — 0.04 (SE 0.06), p for heterogeneity <0.001

not disappear. The ERICA sample size also allowed us to
stratify the sample by weight status, and after that, results
regarding the association between adiponectin and
MetS-z were materially unchanged.

Our work has some particular observations. We cal-
culated the quartiles of adiponectin adjusted by age and
sex, in part because there is not a well-established cut-
off point for unhealthy concentrations of adiponectin.

To our knowledge, only two previous studies suggested
an optimal cutoff point of adiponectin to detect MetS
in adolescents, however both samples were composed
of only obese adolescents [16, 37]. We also calcu-
lated sex and age-specific continuous MetS z-scored
like others [25, 26, 38], because this increases statis-
tical power. It is a concern in studies with apparently
healthy adolescents since the prevalence of MetS is very
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Fig. 1 Associations between adiponectin concentration and
metabolic syndrome z-scored in normal weight (a) and overweight/
obesity (b) adolescents. ERICA 2013-2014

low, considering dichotomized definitions, and MetS
z-scored uses full information from the cardio-meta-
bolic risk factors evaluated [39].

Potential limitations of a cross-sectional study
include temporal bias. Some of the covariates investi-
gated were self-reported, which can introduce infor-
mation bias. Furthermore, our analyses were based on
a single evaluation of serum adiponectin concentra-
tions, which may increase random measurement error
and, consequently, underestimate the observed associa-
tion. Also, high-molecular weight adiponectin has been
suggested to be a better predictor of cardio-metabolic
parameters than total adiponectin [40, 41], which could
have contributed for more conservative results in this
study. Finally, adiponectin is one of many biochemical
variables related with pro- and anti-inflammatory pro-
cesses that are produced by adipocytes, and it is not
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produced equally in all adipose tissues. Furthermore,
fat distribution can also interfere in the association of
adiponectin with cardio-metabolic outcomes [42, 43].

However, although having some limitations, we
believe that our study has several strengths. Most nota-
bly, it includes a large, representative and multiethnic
sample of adolescents from a developing country. We
corrected all analyses for the complex sampling design
and adjusted it for a number of potentially important
confounding factors, including BMI. In addition, the
sample size allowed us to stratify the analyses by weight
status. Finally, all biochemical variables, including
serum adiponectin concentrations and MetS compo-
nents, were analyzed using standardized procedures in
one central laboratory.

In conclusion, the present results suggests that
increased adiposity mediates the association between
adiponectin and MetS during adolescence, and this asso-
ciation is attenuated after adjustments for BMI. However,
we extended this knowledge using data from a well-
developed and designed study, which shows that higher
adiponectin concentrations are independently associated
with MetS risk in Brazilian adolescents, even after adjust-
ing for BMI. These results were similar in normal weight
and overweight/obese adolescents, suggesting that adi-
ponectin may play a role in early development of MetS
independently of adiposity.

Additional file

Additional file 1: Table S1. Values of sex and age-specific quartiles of
adiponectin. ERICA 2013-2014 (n =4546).
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