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Abstract Several epidemiologic studies have clearly
demonstrated that obesity increases the risk of kidney
diseases. We have attempted to evaluate the association
of obesity with albuminuria, an early marker of kidney
disease, among obese children and its relation to
metabolic syndrome. This study included 150 obese
children. Blood pressure, fasting blood glucose, plasma
insulin and the lipid profile were assessed. The homeo-
stasis model assessment of insulin resistance (HOMA-IR)
was used to calculate in vivo insulin resistance. Urinary
albumin and creatinine were estimated. Microalbuminuria
was detected in 22 (14.7%) of the obese children. Waist
circumference, blood pressure, triglyceride, low-density
lipoprotein (LDL), insulin resistance and fasting blood
glucose were significantly higher in obese children with
microalbuminuria than in those with normoalbuminuria
and showed significant positive correlations with micro-
albuminuria. High-density lipoprotein (HDL) was signif-
icantly lower in obese children with microalbuminuria
than in those with normoalbuminuria, with a significant
negative correlation with microalbuminuria. We found
that body mass index, abdominal obesity, hypertension,
impaired fasting glucose level and insulin resistance
significantly increased the odds of microalbuminuria in
the obese children enrolled in this study. Moreover, high
triglyceride, high LDL and low HDL were significantly
associated with microalbuminuria. In our patient group,

childhood obesity was a risk factor for the development
of microalbuminuria, which in turn was significantly
associated with metabolic syndrome and its different
constituents.
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Introduction

Childhood obesity is fast becoming a worldwide epidemic
[1] and has reached an average prevalence of approximately
10% in a large number of developing countries. Several
epidemiologic studies have clearly demonstrated that
obesity increases the risk of kidney diseases [2], as well
as its progression among diagnosed kidney disease patients
[2, 3]. Obesity is strongly associated with the two most
common causes of end-stage renal disease (ESRD), namely
diabetes and hypertension; moreover, the metabolic syn-
drome (MS), a major consequence of obesity, also seems to
be an independent risk factor for both chronic kidney
disease (CKD) and ESRD [4]. Reduced insulin sensitivity
and hyperinsulinemia are among the most important factors
of MS contributing to renal injury [5]. The first association
between massive obesity and nephrotic-range proteinuria
was reported in 1974 [6, 7]. One year later, Cohen [8]
described the presence of significant glomerular enlargement,
mild hypercellularity and variable widening of mesangial
regions in severely obese patients with normal renal function;
of particular concern, these features had been observed even in
children as young as 3 years of age. Albuminuria is an early
marker of CKD and is a potential target of primary prevention
measures [9]. Microalbuminuria is now considered to be an
early marker of renal damage in nondiabetic patients [10]. In
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the study reported here, we attempted to evaluate the
association of obesity with albuminuria, an early marker of
kidney disease, among obese children and determine its
relation to metabolic syndrome.

Patients and methods

This was a cross-sectional study comprising 150 obese
children selected from those attending the Pediatric
Department and Outpatient Clinic of Zagazig University
Hospital for routine medical examination or for obesity-
related complaints without any manifestation of endocrine
disorder during the period from January 2008 to December
2010. All enrolled children were prepubertal with a mean
age of 7±2.4 years. Parental consent was required to be
eligible for enrollment, and the medical ethics committee of
the hospital approved the protocol. Demographic and
clinical data of these children were recorded. Body mass
index (BMI) was calculated from the height and weight
data using the formula BMI=weight (kg)/height (m2).
Children were included in the study if the BMIwas ≥95th
centile for age and sex, as determined from the U.S. Centers
for Disease Control and Prevention (CDC) 2000 reference
values [11]. Patients excluded from the study were those
with fever, infections, renal diseases, endocrine disorders,
systemic lupus erythematosus and those who on vigorous
exercise programs. Patients with albuminuria associated
with urinary tract infections were also excluded.

All patients were subjected to a full medical history that
included clinical examination, routine laboratory investiga-
tions, X-ray, and ultrasonographic studies of the abdomen
and pelvis. Blood urea, serum creatinine, fasting blood
glucose, plasma insulin levels were determined, and lipid
profiling was performed. Urinalysis and culture sensitivity
were also performed.

Sample collection

A urine sample was taken in the morning with the child in
supine position; instructions were given to the patient and his/
her parents for the former to avoid exercise and hyperactivity
24 h prior to sampling. Urinalysis and culture sensitivity were
performed on part of the sample; the remaining urine was
stored at −70°C for measurement of albuminuria.

Fasting venous blood samples were taken for determi-
nation of plasma glucose, plasma insulin concentration and
lipid profiling.

Laboratory analyses

Urinary albumin concentrations were measured with a
solid-phase fluorescent immunoassay, and urinary creati-

nine levels were measured with the Jaffe rate reaction
method, using a CX3 analyzer (Beckman Instruments,
Brea, CA). The urinary albumin/creatinine ratio was
expressed as milligrams of albumin per gram of creatinine.

Fasting plasma glucose levels were measured with the
modified hexokinase enzymatic method.

Plasma insulin levels were measured using a commercially
available radioimmunoassay kit (Coat-A-Count Insulin;
Diagnostic Products, Los Angeles, CA). The homeostasis
model assessment for insulin resistance (HOMA-IR) was used
to calculate in vivo insulin sensitivity according to the
formula: fasting blood glucose (mmol/l) × fasting insulin
(mU/l)/22.5.

Fasting serum triglyceride levels were measured enzymat-
ically. High-density lipoprotein (HDL) cholesterol levels were
measured by using the heparin-manganese precipitation
method.

The MS was defined in accordance with the recommen-
dations of the National Cholesterol Education Program
Adult Treatment Panel III, modified for age. Participants
with three or more of the following criteria met the
definition of the MS: abdominal obesity, hypertension,
high triglyceride level, low HDL cholesterol level, impaired
fasting glucose or diabetes mellitus [12]. Abdominal
obesity was defined as a waist circumference of≥90th
percentile for age and gender [13]. Hypertension was
defined as an average systolic or diastolic blood pressure
of≥95th percentile for age, gender and height [14]. A high
triglyceride level was defined as a fasting serum triglyceride
level of≥95th percentile for age and gender [15]. A low HDL
cholesterol level was defined as a HDL cholesterol level of
<5th percentile for age and gender [15]. Impaired fasting
glucose was defined as a fasting plasma glucose level
between 100 and 125 mg/dl without a history of diabetes
mellitus [16]. Diabetes mellitus (DM) was defined as a
fasting glucose level of≥126 mg/dl, a self-reported history of
DM or history of diabetes medication usage. Insulin
resistance was defined as a HOMA-IR score of >4.34
without a history of DM or diabetes medication usage [16].

Normal urinary albumin excretion was defined as an
albumin/creatinine ratio of <30 mg/g. Microalbuminuria
was defined as an albumin/creatinine ratio of≥30 mg/g and
<300 mg/g [17, 18].

Statistical analysis

SPSS for Windows ver. 11 (SPSS, Chicago, IL) was used
for the analysis. All values are given as the mean± standard
deviation (SD). The BMI z-score was determined. The
Student t test and chi-square test were used to compare
data. Logistic regression models were developed to analyze
associations with microalbuminuria using clinical and
laboratory data as independent variables and adjusting for
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age, gender, BMI, MS and all of its different constituents.
Correlation analysis was used to detect the relation between
microalbuminuria and other variables.

Results

The full medical examination and laboratory tests revealed
that there were 140 cases (93.3%) of abdominal obesity, 24
cases (16%) of hypertension, 22 cases (14.7%) of micro-
albuminuria, 45 cases (30%) of high triglyceride, 37 cases
(24.7%) of high LDL, 31 cases (20.7%) of low HDL, 30
cases (20%) of impaired fasting glucose level, 48 cases
(32%) of insulin resistance and 23 cases (15.3%) of
metabolic syndrome (Table 1).

The children were stratified according to presence of
microalbuminuria or normoalbuminuria. There were no
significant differences between obese children with micro-
albuminuria and those with normoalbuminuria in terms of
age, gender BMI and BMI z-score (P>0.05) (Table 2).

Values for waist circumference and blood pressure were
significantly higher in obese children with microalbuminuria
than in those with normoalbuminuria (P<0.05) (Table 2).

Triglyceride and LDL levels were significantly higher in
obese children with microalbuminuria than in those with
normoalbuminuria (P<0.01) (Table 2), while HDL level
was significantly lower in obese children with micro-
albuminuria compared to those with normoalbuminuria
(P<0.01) (Table 2).

Insulin resistance and fasting glucose level were signif-
icantly higher in obese children with microalbuminuria than
in those with normoalbuminuria (P<0.01) (Table 2).

Obese children with microalbuminuria had a significant
higher incidence of hypertension (36 vs. 14%; P < 0.01),
high triglyceride levels (59 vs. 25%; P<0.01), high LDL
levels (37 vs. 23%; P<0.01), low HDL levels (64 vs. 21%;
P<0.01), insulin resistance (68 vs. 26%; P< 0.01), impaired
fasting glucose (41 vs. 16%; P<0.01) and MS (59 vs. 8%;
P< 0.01) than obese children with normoalbuminuria
(Fig. 1).

Logistic regression analyses were performed to assess
the association between different variables and the presence
of microalbuminuria in obese children (Table 3). In the
adjusted model, BMI, abdominal obesity, hypertension,
impaired fasting glucose level, insulin resistance and MS
significantly increased the odds of microalbuminuria in
obese children; the respective adjusted odds ratios and 95%
confidence intervals were 1.15, 1.46, 1.82, 2.41, 2.14 and
2.35, and 1.02–4.55, 1.24–3.98, 1.19–4.98, 1.92–3.55,
1.15–5.53 and 1.89–4.91; P<0.01 for all previous variables
(Table 3). Moreover, high triglyceride, high LDL and low
HDL levels were significantly associated with microalbu-
minuria (P<0.05) (Table 3). Age and gender were not
significantly related to microalbuminuria in obese children
(P>0.05) (Table 3).

There were significant positive correlations between
microalbuminuria and BMI, waist circumference, systolic
and diastolic blood pressure, triglyceride level, LDL level,
insulin resistance and fasting glucose level, respectively. In
contrast, there was significant negative correlation between
microalbuminuria and HDL level (P<0.01) (Table 4). There
were no significant correlations between microalbuminuria
and age in obese children (P>0.05) (Table 4).

There were significant positive correlations between
BMI and age, BMI z-score, waist circumference, systolic
and diastolic blood pressure triglyceride level, LDL level,
insulin resistance and fasting glucose level, respectively. In
contrast, there was a significant negative correlation
between BMI and HDL (P<0.01) (Table 4).

Discussion

Renal dysfunction may start long before the appearance of
hypertension or diabetes in adulthood [4]. The long-term
cardiovascular and renal impact of obesity, although
deferred to adult life, has its origin in childhood [19].

In our study, we detected abdominal obesity in 140
children (93.3%), hypertension in 24 children (16%),
microalbuminuria in 22 children (14.7%), high triglyceride
levels in 45 children (30%), high LDL levels in 37 children
(24.7%), low HDL levels in 31 children (20.7%), impaired

Table 1 Clinical and laboratory characteristics of obese children in
the study

Clinical and laboratory parameters Patient cohort ( n = 150)

Age (years) 7±2.4

Male/female (n) 74/76

Body mass index(kg/m2) (mean±SD) 27.4±1.8

BMI z-score (mean±SD) 0.8 ± 0.4

Abdominal obesity 140 (93.3)

Hypertension 24 (16)

Microalbuminuria 22 (14.7)

High triglyceride 45 (30)

High LDL 37 (24.7)

Low HDL 31 (20.7)

Impaired fasting glucose level 30 (20)

Insulin resistance (HOMA-IR) 48 (32)

Metabolic syndrome 23 (15.3)

Unless indicated otherwise, data are presented as the number (n) of
patients, with the percentage of total study cohort in parenthesis

BMI, Body mass index; LDL, low-density lipoprotein; HDL, high-
density lipoprotein; SD,standard deviation; HOMA-IR, homeostasis
model assessment for insulin resistance
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fasting glucose level in 30 children (20%), insulin resis-
tance in 48 children (32%) and MS in 23 children (15.3%).

Nguyen et al. [18] found that obese adolescents had
prevalence rates of 96.6, 16.5, 62.5, 10.7, 26.4, 24.7 and
22% for abdominal obesity, impaired fasting glucose,
insulin resistance, hypertension, high triglyceride levels,
low HDL levels, and MS, respectively. Excess weight is
thought to increase intraglomerular capillary pressure,
resulting in glomerular hyperfiltration, a permissive envi-
ronment or condition for end-organ damage. In this setting,
hypertension, impaired fasting glucose or DM may provide
a second “hit”, causing endothelial dysfunction that leads to
microalbuminuria [20]. Hyperinsulinemia, a marker of
reduced insulin sensitivity, seems to play a pivotal role in
the pathogenesis of renal hemodynamic abnormalities. At
the tubular level, insulin has an antinatriuretic effect,
increasing sodium reabsorption, without affecting glomer-
ular filtration rate (GFR), renal plasma flow, filtered load of
glucose and plasma aldosterone levels. At the glomerular
level, insulin is related to contradicting effects on GFR [6].

In our study, obese children with microalbuminuria had
significantly higher values for waist circumference than
obese children with normoalbuminuria. There is strong
evidence that obesity, in particular central body fat
distribution, is an important risk factor for renal function
abnormalities [21].

We also found that obese children presenting with
microalbuminuria had significantly higher blood pressure,
triglyceride level and LDL level than those without micro-
albuminuria. There was a significantly higher prevalence of
insulin resistance, impaired fasting glucose level and MS
among obese children with microalbuminuria than among
obese children with normoalbuminuria.

Nguyen et al. [18] found that obese adolescents with
impaired glucose tolerance and insulin resistance had
significant microalbuminuria. Prolonged exposure to
hyperglycemia or unrecognized DM contributes to the early
development of microvascular disease in patients with type
2 DM [22]. Obesity and its metabolic consequences lead to
endothelial dysfunction and cardiovascular diseases [23].

Clinical and laboratory parameters Microalbuminuria (n=22) Normoalbuminuria (n=128) P

Age (years) 7±2 7±3 n.s.

Male/female (n) 11/11 63/65 n.s.

BMI (kg/m2) 27.8 ± 0.9 26.9±1.6 n.s.

BMI z-score 0.8 ± 0.4 0.8 ± 0.3 n.s.

Waist circumference (cm) 75±3 68±5 <0.05

Systolic blood pressure (mmHg) 116±5 110±6 <0.05

Diastolic blood pressure (mmHg) 71±6 64±5 <0.05

Triglyceride (mg/dl) 125±4 115±7 <0.01

LDL (mg/dl) 128±7 117±8 <0.01

HDL (mg/dl) 26±3 37±5 <0.01

Insulin (mU/l) 14.3±1 13.9±2 n.s.

Insulin resistance (HOMA-IR) 3.9 ± 0.8 3.1 ± 0.6 <0.01

Fasting glucose level (mg/dl) 111±6 89±9 <0.01

Table 2 Clinical and laboratory
parameters of obese children
categorized according to
the presence or absence of
microalbuminuria

P<0.05=significant, P<0.01=
highly significant; n.s., non-
significant

Where appropriate, data are
presented as the mean ± SD

Fig. 1 Metabolic syndrome and
its components in obese
children. TG triglycerides, LDL
low-density lipoprotein, HDL
high-density lipoprotein.
Asterisk P<0.01
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Microalbuminuria is a marker of endothelial dysfunction
and reflects renal and systemic endovascular damage [24].

Among our patient cohort, BMI, abdominal obesity,
hypertension, impaired fasting glucose level and insulin
resistance significantly increased the odds of micro-
albuminuria in obese children. High triglyceride, high
LDL and low HDL levels were also significantly
associated with microalbuminuria. Nguyen et al [18]
found that within their subgroup of obese adolescents,
cardiovascular risk factors, such as impaired fasting
glucose, insulin resistance and hypertension, were strongly
associated with microalbuminuria.

Reduced insulin sensitivity represents the most important
link between obesity and other metabolic complications
leading to renal injury [5]. Insulin interferes at several
points in the systemic renin–angiotensin–aldosterone sys-
tem, increasing its activity despite a state of sodium

retention and volume expansion [25]. Insulin also
increases the effects of angiotensin II on mesangial cells
[26], thus contributing to hypertension, raised intraglo-
merular pressure, exacerbation of proteinuria, induction of
intrarenal inflammatory cytokines and growth factors and
apoptosis [27].

Another unifying explanation for our findings may stem
from the recently elucidated role of adipokines in influenc-
ing body weight and glucose and via the effect of
adiponectin on lipid metabolism in adipocytes [28].
Adiponectin levels have been found to decrease in hyper-
lipidemic rats as well as in rats having both DM and
hyperlipidemia, possibly predicting the presence of hyper-
lipidemia and/or DM in an animal model [29]. Serum
adiponectin levels are negatively associated with the BMI
and may serve as a useful marker to evaluate glucose
metabolism and obesity as well as insulin resistance and the

Clinical and laboratory parameters Obese children (n = 150)

Odds ratio 95% Confidence interval P value

Age 1.06 0.97–1.15 n.s.

Gender

Female Reference

Male 2.34 0.78–3.88 n.s.

BMI 1.15 1.02–4.55 <0.01

Abdominal obesity 1.46 1.24–3.98 <0.01

Hypertension 1.82 1.19–4.98 <0.01

High triglyceride 2.43 1.11–5.33 <0.05

High LDL 1.34 1.10–2.12 <0.05

Low HDL 2.11 1.95–2.17 <0.05

Insulin resistance (HOMA-IR) 2.14 1.15–5.53 <0.01

Impaired fasting glucose level 2.41 1.92–3.55 <0.01

Metabolic syndrome 2.35 1.89–4.91 <0.01

Table 3 Association of micro-
albuminuria with different
clinical and laboratory
parameters in obese children

P<0.05=significant, P<0.01=
highly significant; n.s.,
non-significant

Clinical and laboratory parameters Microalbuminuria BMI

r P r P

Age (years) 0.114 n.s. 0.512 <0.01

BMI (kg/m2) 0.465 <0.01 - -

BMI z-score 0.486 <0.01 0.504 <0.01

Waist circumference (cm) 0.554 <0.01 0.658 <0.01

Systolic blood pressure (mmHg) 0.453 <0.01 0.356 <0.01

Diastolic blood pressure (mmHg) 0.474 <0.01 0.345 <0.01

Serum creatinine (mg/dl) 0.103 n.s. 0.110 n.s.

Triglyceride (mg/dl) 0.532 <0.01 0.449 <0.01

LDL (mg/dl) 0.431 <0.01 0.464 <0.01

HDL (mg/dl) −0.397 <0.01 −0.456 <0.01

Insulin resistance 0.476 <0.01 0.507 <0.01

Fasting glucose level (mg/dl) 0.494 <0.01 0.465 <0.01

Table 4 Correlation of micro-
albuminuria and body mass
index with different variables
in obese children

P<0.05=significant, P<0.01=
highly significant; n.s.,
non-significant
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MS [28]. The adiponectin null mouse exhibits albuminuria,
and pathologic evaluation demonstrated foot process
effacement of podocytes under baseline conditions [30].
Podocytes express the AdipoR1 receptor, and treatment
with adiponectin normalizes albuminuria and restores foot
process architecture. This effect is mediated through
adiponectin stimulation of the AMPK pathway, a key
regulator of intracellular energy status with potent anti-
proliferative effects [31].

Our data is in agreement with those of Nguyen et al. [18]
who found that neither race nor age was significantly
associated with microalbuminuria among nonobese and
obese adolescents.

In our study, microalbuminuria showed a significant
positive correlation with BMI, waist circumference, systolic
and diastolic blood Pressure, triglyceride level, LDL level,
insulin resistance and fasting glucose level. However, it
showed a significant negative correlation with HDL.

Microalbuminuria is positively correlated with the
severity of obesity [6]. Measures that enhance insulin
sensitivity, reduce blood pressure and improve glycemic
control have all been shown to reduce microalbuminuria
[25]. Efforts to prevent and treat obesity early in life can be
expected to have a major impact on the incidence,
progression, costs and comorbidities of kidney disease [6].
Identification of modifiable risk factors for ESRD is critical
to the development of effective, population-based preven-
tive strategies [2]. One of the limitations of our study was
the use of a single urine sample to estimate micro-
albuminuria, which might have led to an overestimation
because albuminuria can be transient. However, we
attempted to avoid orthostatic proteinuria by taking samples
in the early morning with the children in supine position
and to decrease the overestimation of albuminuria induced
by exercise via instructions to limit strenuous (hyper)
activity for 24 h prior to sampling.

Conclusion

Obesity in children is a risk factor for the development of
microalbuminuria, which is associated significantly with
metabolic syndrome and its different constituents. These
findings raise the issue as to whether it would be beneficial
to propose microalbuminuria as a qualifying item in the
diagnosis of metabolic syndrome in children.
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