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ABSTRACT

Objective: To describe the frequen-
cy of albuminuria in overweight and
obese children and adolescents and
to relate it to the severity of obesity,
pubertal staging, associated morbidi-
ties and the glomerular filtration rate.
Method: Cross-sectional study inclu-
ding 64 overweight and obese children
and adolescents between 5 and 19 years
of age. Data collected: weight, height,
waist circumference and systemic ar-
terial pressure. Laboratory tests: lipid
profile; glycemia and insulin, used to
calculate the Homeostasis Model As-
sessment (HOMA-IR); C-reactive pro-
tein; glutamic-pyruvic transaminase
and albuminuria in an isolated urine
sample (cutoff < 30 mg/g). Creatini-
ne was used to calculate the estimated
glomerular filtration rate (eGFR, mL/
min/1.73 m2). Results: The mean age
was 11.6 = 3.4 years, 32 (50%) and 29
(45.3%) were male and prepubertal.
Forty-six (71.9%) had severe obesity.
The frequency and median (min/max)
of the observed values for albuminuria
(> 30 mg/g) were 14 (21.9%) and 9.4
mg/g (0.70, -300.7 mg/g). The mean
eGFR was 122.9 = 24.7 mL/min/1.73
m2, There was no significant correla-
tion between body mass index, puber-
tal staging, insulin and HOMA-IR with
albuminuria values and neither with
eGFR. Children with albuminuria ten-
ded to have higher values of diastolic
blood pressure (75.0 = 12.2 vs. 68.1
= 12.4, p = 0.071). Conclusion: Albu-
minuria, although frequent in children
and adolescents with obesity, was not
associated with other morbidities and
the glomerular filtration rate in these
patients.

Keywords: Albuminuria; Glomerular
Filtration Rate; Obesity; Child; Teen-
ager.

Resumo

Objetivo: Descrever a frequéncia de al-
bumindria em criancas e adolescentes
com sobrepeso e obesidade e relaciona-la
com a gravidade da obesidade, estadia-
mento puberal, morbidades associadas e
com a taxa de filtragio glomerular. Mé-
todo: Estudo transversal incluindo 64
criangas e adolescentes com sobrepeso
e obesidade entre 5 e 19 anos de idade.
Dados coletados: peso, estatura, circunfer-
éncia abdominal e pressao arterial sistémi-
ca. Exames laboratoriais: perfil lipidico;
glicemia e insulina, utilizados para cal-
culo do Homeostasis Model Assessment
(HOMA-IR); proteina C reativa; trans-
aminase glutdmico-pirdvica e albumindria
em amostra isolada de urina (ponto de
corte < 30 mg/g). A creatinina foi utilizada
para o calculo da taxa de filtragao glomer-
ular estimada (eTFG, mL/min/1,73m?2).
Resultados: A média de idade foi 11,6 =
3,4 anos, 32 (50%) e 29 (45,3%) eram
do género masculino e pré-puberes.
Quarenta e seis (71,9%) apresentavam
obesidade grave. A frequéncia e a medi-
ana (min/max) dos valores observados
para albumindria (> 30 mg/g) foram 14
(21,9%) e 9,4 mg/g (0,70; -300,7 mg/g).
A média da eTFG foi 122,9 = 24,7 mL/
min/1,73 m2. Nio houve correlacdo sig-
nificante entre o indice de massa corporal,
estadiamento puberal, insulina e HOMA-
IR com os valores de albumintria e nem
com a e€TFG. Criancas com albuminiria
tiveram tendéncia a valores mais elevados
de pressdo arterial diastdlica (75,0 = 12,2
vs 68,1 = 12,4, p = 0,071). Conclusao: A
albuminduria, apesar de frequente em cri-
ancas e adolescentes com obesidade, nao
se associou com outras morbidades e nem
com a taxa de filtracao glomerular nesses
pacientes.

Palavras-chave: Albumintiria; Taxa de Fil-
tracio Glomerular; Obesidade; Crianca;
Adolescente.
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INTRODUCTION

Obesity in the pediatric age group has become a worl-
dwide epidemic in recent decades.! In Brazil, the pre-
valence of overweight obesity has quadrupled in this
age group of 5 to 9 years, in the last 30 years. Among
adolescents, the prevalence of overweight increased
six and three times in males and females, respectively.?

It is known that childhood weight gain is related
to a progressive decline in renal function throughout
life.? In adults, the presence of albuminuria in an iso-
lated urine sample (30-300 mg/g creatinine) is asso-
ciated with a greater risk of developing type 2 diabe-
tes, hypertension and coronary disease.*

The prevalence of albuminuria ranges from 0.3%
t0 23.9% in children and is influenced by gender, eth-
nicity and age. Insulin resistance, which accompanies
overweight, is also involved in the pathophysiology of
albuminuria.’

Although there is no consensus regarding the de-
finition of metabolic syndrome in the pediatric po-
pulation, it is known that the greater the number of
metabolic factors altered, the greater the risk of future
cardiovascular problem.® Albuminuria has come to be
postulated as one of the components of the metabolic
syndrome; however, due to conflicting results from
publications, it has been removed from the most re-
cent classification proposals.”

The objective of this study was to describe the
frequency of albuminuria in overweight and obese
children and adolescents, to determine the severity
of obesity, associated morbidity, pubertal staging and
glomerular filtration rate.

MEeTHOD

A cross-sectional study evaluated 64 overweight and
obese children and adolescents of both genders, aged
5 to 19 years, in an outpatient clinic from August
2014 to May 2015. The research protocol was appro-
ved by the Ethics Committee.

Patients with genetic or hormonal obesity were
excluded; also those with other associated chronic
diseases, such as urinary infection and/or hematuria;
who were born less with than 37 weeks of gestation
(preterm), weighing less than 2500 grams and/or were
small for gestational age (SGA); (losartan, captopril,
thiazide diuretics, statins, corticosteroids, and metfor-
min). Patients using drugs that could interfere with
urinary protein excretion, renal function, lipid profile
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and glucose tolerance were taken off the study. Thus,
of the 80 patients who attended the outpatient clinic
in the period, 64 (80%) were included.

In order to collect data, those responsible for chil-
dren and adolescents answered a standardized ques-
tionnaire containing information on: obesity and its
morbidities, socioeconomic status, personal history
and family history of cardiovascular risk.

The evaluation of pubertal staging was performed
by a physician according to the criteria proposed by
Tanner & Marshall,® taking into account the develop-
ment of breasts for girls and testicles for boys.

Weight and height measures in the form of the Z
score for body mass index (ZBMI) and height-for-age
(ZHA) z scores, calculated with the support of the
WHO ANTHRO 3.2.2 software of the World Health
Organization (WHO), were used for anthropometric
classification. Overweight, obesity and severe obesity
were considered when +1 <ZBMI < +2, +2 <ZBMI <
+ 3 and ZBMI> +3; respectively.’

Abdominal circumference was measured at the
midpoint between the last fixed rib and the superior
border of the iliac crest. The waist-to-height ratio
(WHR) above 0.5 was classified as increased, charac-
terizing abdominal obesity.!°

Systemic blood pressure (BP) was measured at the
time of the interview, according to the Task Force’s
recommendation.'” PA values were classified accor-
ding to gender, age (younger and older than 13 years)
and height percentile in normal BP, high BP, arterial
hypertension (AH) stage 1 and AH stage 2."

All measurements of BP, weight and circumference
were performed by trained personnel, using calibra-
ted equipment and periodically reviewed.

A 10 mL sample of peripheral blood was obtained
after 12 hours of fasting to determine total cholesterol
(TC), LDL-c, HDL-c, non-HDL cholesterol (HDL-C)
and triglycerides (TG) (colorimetric method); glyce-
mia (colorimetric method) and insulin (immunoenzy-
matic method), from which the Homeostasis Model
Assessment (HOMA-IR) was calculated; urea and
creatinine (Jaffé Modified Colorimetric Method,
Roche Kit); (CRP, immunoenzymatic method) and
glutamic-pyruvic transaminase (TGP, colorimetric
method). The tests were performed by the Laboratory
of Clinical Analyzes of the FMABC. For the lipid pro-
file, the cut-off points recommended by the American
Academy of Pediatrics were adopted; 12 for TGP we-
re considered inadequate values above 40 U/L.



Plasma creatinine was used to calculate estimated
creatinine clearance or estimated glomerular filtra-
tion rate (eGFR) according to the Schwartz equation
eGFR (mL/min/1.73 m2?) = 0.413 x stature (cm)/plas-
ma creatinine (mg/dL))].

A separate urine sample (first morning, 20 mL)
was also collected for albuminuria and creatinuria
[albumin (mg)/creatinine (g)], urine I and urine cultu-
re. Albuminuria was defined as the albumin/creatini-
ne ratio, values between: > 30 mg/g to < 300 mg/g."

For statistical analysis, we used the SPSS 24.0 sof-
tware (IBM®). The categorical variables were presen-
ted in absolute number and percentage, compared by
means of the chi-square test. The continuums were
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evaluated for their normality. Those following the nor-
mal distribution were presented as mean = standard
deviation and those that did not (microalbuminuria,
CRP, HOMA-IR and insulin) underwent log transfor-
mation for the analyses. Student’s t-test and ANOVA
were used for comparison. The Pearson test was used
to analyze the correlations. The significance level of
5% was adopted to rule out the null hypothesis.

ResuLts

The general characteristics of the patients studied are
presented in Table 1. The mean age was 11.6 = 3.4
years, 32 (50%) and 29 (45.3%) were male and pre-
pubertal, respectively.

TABLE 1 CHARACTERISTICS OF THE STUDY POPULATION
Variables N =64 %
Age 5-10 years 24 375
> 10 years 40 62.5
Gender Males 32 50.0
Females 32 50.0
Pubertal staging Pre-pubertal 29 45.3
Pubertal 35 54.6
Family history Obesity 24 375
High blood pressure 32 50.0
Diabetes 22 34.4
Dyslipidemia i 172
Early cardiovascular event 25 39.1
Blood pressure Normal 37 578
High BP 5 7.8
Stage 1 HBP 10 15.6
Stage 2 HBP 12 18.8
Lipid profile Total cholesterol > 200 mg/dL 18 28.6
LDL-c > 130 mg/dL 20 31.2
HDL-c < 40 mg/dL 17 26.5
Triglycerides > 100 mg/dL 23 35.9
No HDLc > 145 mg/dL 22 34.3
Fasting glucose > 100 mg/dL 3 4.6
Glutamic-pyruvic transaminase > 40 U/L 5 78
Albuminuria > 30 mg/g creatinine 14 21.8
N (%)
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Mean ZBMI and waist-to-height ratio were The most frequent obesity-related morbidities
2.9 = 1.1 and 0.61 = 0.08; respectively. Forty-six were increased waist/height ratio: 60 (93.7%), hi-
(71.9%) of the sixty-four patients had severe obesity pertrigliceridemia: 23 (35.9%), SAH: 22 (34.4%),

(ZIMC> +3), with no difference between groups with high LDL- 31.2%); and low HDL-c: 17 (26.5%)

and without albuminuria. (Table 2).
TABLE 2 FACTORS ASSOCIATED WITH ALBUMINURIA IN OBESE AND OVERWEIGHT CHILDREN AND ADOLESCENTS
Variables Albuminuria
> 30 mg/g
(n=14) Albuminuria
<30 mg/g
(n = 50) p-value
Age months 129.3 + 53.8 142.4 + 377 0.303"
Gender Males 6 (42.8%) 23 (46.0%) 0.7632
Puberty Pre-pubertal 6 (42.8%) 23 (46.0%) 0.8832
Tanner 2 and 3 6 (42.8%) 18 (36.0%)
Tanner 4 and 5 2 (14.3%) 9 (18.0%)
Body mass index Z-score 28+09 29+12 0.6621
Wiaist/height cm/cm 0.61 + 0.06 0.60 + 0.09 0.9521
Systolic BP mmHg 116.4 + 16.9 109.1 + 145 0.1147
Diastolic BP mmHg 75.0 £12.2 68.1 £12.4 0.071"
Total cholesterol mg/dL 185.1 + 22.5 183.5 + 34.7 0.877"
LDL-c mg/dL 115.4 + 23.2 116.4 + 26.8 0.9071
HDL-c mg/dL 527 +12.4 479 +14.0 0.253!
Triglycerides mg/dL 84.5+50.4 105.3 = 576 0.226"
No HDL-c mg/dL 132.3 £ 26.5 135.6 + 33.4 0.738!
Fasting glucose mg/dL 83.5 +50.3 871 +8.9 0.178
logHOMA-IR 1.19 £ 0.25 1.27 + 0.37 0.535!
loglnsulin uU/mL 1.88 +0.24 1.94+0.36 0.441
TGP u/L 211 +54 23.8 +11.3 0.404"
logPCR-us mg/dL 1.19 + 0.60 141 + 0.66 0.2731
GFR mL/min/m? 121.2 + 278 123.4 + 23.8 0.773"

1 Student ttest level of significance.

2 Chi-square test level of significance.
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Only 3 (4.7%) patients had glycemia above 100
mg/dL and none of them were diabetic. The median
(min/max) insulin and HOMA-IR were 8.5 (2.0; 37.3
uU/mL) and 1.75 (0.37, 10.02), respectively.

The frequency and median values observed for albu-
minuria (> 30 mg/g) were 14 (21.9%) and 9.4 mg/g (0.70,
300.7 mg/g). Only one adolescent with overweight and
high BP had an albumin value in the isolated urine sample
above 300 mg/g, compatible with macroalbuminuria.

The mean glomerular filtration rate (eGFR) was
122.9 £ 24.7 mL/min/1.73 m2 (minimum and maximum:
78.9 and 192.1 mL/min/1.73 m2). Four patients (6.2%)
presented an eGFR lower than 90 mL/min/1.73m2. Of
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these, three were adolescents, all obese, and one had as-
sociated albuminuria. There was no significant correla-
tion between ZBMI, insulin and HOMA-IR with albu-
minuria values and neither with eGFR (Graph 1).

When comparing patients with and without albu-
minuria, no difference was found in relation to de-
mographic, anthropometric and laboratory variables
(Table 2). Children with albuminuria showed a trend
towards higher values of diastolic BP (75.0 = 12.2 vs.
68.1 +12.4,p =0.071).

There was no difference in the values of albumi-
nuria, insulin and HOMA-IR in relation to pubertal
staging in boys and girls (Graph 2).

Graph 1. Correlation of albuminuria and glomerular filtration rate (eGFR) with z-score of body mass index (ZBMI), insulin and HOMA-IR.
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Discussion

The present study showed that one in five overweight
children and adolescents had albuminuria; which was
not associated with glomerular hyperfiltration, obesi-
ty severity, or overweight-related morbidities.

It is known that overweight individuals in early
stages of life or who developed obesity during puberty
are at higher risk of developing chronic kidney dise-
ase between 60 and 64 years.'® Mechanisms related
to this progression are not fully elucidated, but stu-
dies suggest participation of factors such as: insulin
resistance, systemic arterial hypertension, reduction
of leptin concentrations, hyperaldosteronism and glo-
merular hyperfiltration.!”

The presence of albuminuria is considered a good
marker of renal disease and future cardiovascular
risk. A recent meta-analysis, including 8 studies wi-
th adults (n = 114,105), described albuminuria as
an independent predictor for cardiovascular (RR =
1.69; 95% CI 1.41-2.02) and coronary artery disease
(RR =1.41;95% CI 1.17-1.69).*

In our study, the frequency of albuminuria
(21.9%) was higher than that reported by other au-
thors who evaluated overweight children and ado-
lescents: Radhakishunna Holanda (2.7%),'® Lurbe
in Spain (2.4%);" Burgert in the USA (10.1%)% and
Sanad in Egypt (14.7%).%' Only Okpere?? in Nigeria
(35.4%) found values higher than ours.

The severity of children and adolescents’ obesity
evaluated by us and the high percentage of albuminuria
found are worth mentioning. This can be explained by
the fact that the outpatient clinic in which the study was
performed is a reference in the Greater ABC region, for
more severe cases of obesity (intensity, duration and as-
sociated morbidities) in the pediatric age group.

A type of segmental and focal glomerulosclero-
sis is described in severely obese adults with massive
proteinuria and rapid loss of renal function.?? Studies
that sequentially evaluate albuminuria in children and
adolescents with severe obesity may help in the early
diagnosis of associated renal damage to increase the
body mass index.

Regarding obesity-associated morbidities, insulin
resistance is the one most commonly associated with
albuminuria. Studies have also described the associa-
tion of albuminuria with hypertriglyceridemia and
systemic arterial hypertension.?* In turn, publications
with a larger sample size, such as those performed by
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Radhakishun,'® with 408 obese patients between 2
and 18 years old, and Nguyen,? with 2515 adoles-
cents, showed divergent results. The latter, in addition
to finding no association between albuminuria and
cardiometabolic alterations, showed an inverse rela-
tionship between albuminuria and body mass index.

In this study, there was no association between
albuminuria and the presence of morbidities associa-
ted with obesity, except for a trend towards diastolic
HBP. The number of patients included and the me-
thod we used to assess glucose intolerance (HOMA
alone, glucose and fasting insulin) may have influen-
ced the outcome. A publication that more widely
evaluated the glucose metabolism in a group of obese
adolescents (mean age 13 years and ZBMI 2.5) found
an association between the presence of albuminuria
with higher glucose values at 120 minutes (in the oral
tolerance test) and the area under the glycemic curve;
and lower area values under the insulin curve and
total insulin sensitivity (WBIS-index).?” There was no
relationship with HOMA-IR, glycemia and fasting
insulin. Although more expensive and difficult to per-
form, more specific laboratory methods for evalua-
ting insulin resistance may be useful to better clarify
the relationship between albuminuria and insulin re-
sistance in obese children and adolescents.?®?

Obesity alone can influence eGFR. In a population
study in Turkey, with a prevalence of obesity lower
than ours (9.3%), they found that obese children and
adolescents (5 to 18 years old) presented lower eGFR
values (6.7 mL/min/1.73 m?) to those with normal
BMI.*® Bonito et al.?® did not find any association
between eGFR and BMI. However, risk factors for
cardiovascular diseases, such as elevated triglyceri-
des, fasting glucose, blood pressure, albuminuria fre-
quency, as well as left ventricular hypertrophy, were
reported more frequently in children and adolescents
who had GFR values of less than 97 mL/min/1.73 m?
or higher than 120 mL/min/1.73 m2.

The natural history of renal disease can be coun-
ted through the eGFR; and values <90 mL/min/1.73
m2 are considered inadequate. In our study, four pa-
tients had values considered inadequate, and it was
not possible to identify any common features that
could justify this finding. On the other hand, hyper-
filtration is also an important mechanism of kidney
damage associated with obesity; however, there is no
defined cut-off point for this age group.’



The inclusion of patients with severe obesity and
the high frequency of associated morbidities may be
considered strengths of this study. It should be noted
that individuals with low birth weight were not inclu-
ded, and that the evaluation of pubertal staging was
performed by pediatricians.

Some limitations of the study may be considered
as the absence of a control group for comparison of
albuminuria and eGFR values in a similar population
without obesity. We also included patients at different
stages of obesity treatment, and the limitation of the
markers used to assess glucose metabolism.

It is possible to conclude that in our study albumi-
nuria, which was frequent in obese children and ado-
lescents, cannot be considered a marker of cardiovas-
cular risk nor of renal injury, since it was not associated
with the severity of obesity, with cardiometabolic risk
factors and neither with the glomerular filtration rate.

In our study, albuminuria was frequent in obese chil-
dren and adolescents. However, at this time, albuminu-
ria was not associated with the severity of obesity, with
classic cardiometabolic risk factors or with glomerular
filtration rate. We believe that it is important to follow
these patients, considering that factors such as age, pu-
berty and worsening obesity may modify these findings.
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