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Abstract There is increasing evidence that obesity may
damage the kidney in otherwise healthy individuals. Our
study investigated the effect of childhood obesity on
urinary albumin and beta-2-microglobulin excretion, and
the association of these with obesity-related cardiovas-
cular risk factors. Random morning spot urine samples
were collected from clinically healthy obese ( n =86;
median age 12.9 years, range 8.9–17.2 years; median
weight 80.6 kg, range 46.1–136.8 kg; median body mass
index 30.4 kg/m2, range 24.5–43.2 kg/m2) and normal
weight children ( n =79; median age 13.5 years, range
10.7–14.9 years; median weight 51.0 kg, range 27.3–
72.5 kg; median bodymass index 18.2 kg/m2, range 13.2–
23.9 kg/m2). The obese children were examined for the
presence of common obesity-related cardiovascular risk
factors including hyperinsulinaemia, impaired glucose
tolerance (IGT), dyslipidaemia, hypercholesterolaemia,
and hypertension. Obese children had a significantly
higher urinary albumin/creatinine ratio (U-ACR) (med-
ian 11.7 mg/g, interquartile range 12.9 mg/g versus
median 9.0 mg/g, interquartile range 5.1 mg/g; P
=0.003) and urinary beta-2-microglobulin/creatinine
ratio (U-BMCR) (median 63.9 lg/g, interquartile range
34.7 lg/g versus median 34.6 lg/g, interquartile range
44.1 lg/g; P <0.001) than normal weight children.
Among the obese children, the U-ACR was associated
with fasting hyperinsulinaemia, IGT, and hypercholes-
terolaemia (all P <0.05), and significantly correlated
with the fasting ( r=0.23, P<0.05) and 2-h ( r=0.37, P
<0.001) plasma glucose levels measured during an oral
glucose tolerance test. Obese children with no more than
one of the features of the metabolic syndrome had sig-
nificantly lower U-ACRs than obese children with two or
more features (median 10.4 mg/g, interquartile range

5.8 mg/g versus median 15.3 mg/g, interquartile range
14.9 mg/g; P <0.05). Conclusion: According to our
results, clinically healthy obese children have a higher
degree of albuminuria and beta-2-microglobulinuria than
normal weight children, indicating early renal glomerular
and tubular dysfunction as a consequence of childhood
obesity. The urinary albumin/creatinine ratio in the obese
children was associated with certain metabolic derange-
ments linked to obesity, and also with the clustering of
features of the metabolic syndrome.
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Abbreviations ABPM: ambulatory blood pressure
monitoring Æ BMI: body mass index Æ IGT: impaired
glucose tolerance Æ OGTT: oral glucose tolerance test Æ
U-ACR: urinary albumin/creatinine ratio Æ U-BMCR:
urinary beta-2-microglobulin/creatinine ratio

Introduction

The dramatically increasing rate of childhood obesity in
paediatric populations throughout the world has trig-
gered intensive research, focusing on the development
and consequences of obesity in children. It is clear by
now that damage to different organs as well as obesity-
related cardiovascular risk factors can already accom-
pany overweight during childhood and adolescence
[6,25].

The impact of obesity on metabolic and cardiovas-
cular diseases has been well documented and now there
is increasing evidence that obesity may also damage the
kidney. Enhanced excretion of urinary proteins, partic-
ularly that of albumin indicating hyperfiltration and
early renal damage, has been shown to be associated
with adult obesity [19, 20,23]. Furthermore, slightly
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increased urinary albumin excretion (micro-albumin-
uria), an indicator of disturbed glomerular permeability,
is not only a marker of renal damage, but may also
represent the renal expression of systematically increased
transcapillary albumin leaking reflecting general endo-
thelial dysfunction [17] and leading to vascular damage.
Major epidemiological studies in adults have established
micro-albuminuria as an independent predictor of pre-
mature atherosclerosis and cardiovascular disease in
both diabetic and non-diabetic adults [9, 12, 18,33].
Data concerning the presence of micro-albuminuria in
obese children and its association with cardiovascular
risk factors are lacking.

Beta-2-microglobulin is a low molecular weight pro-
tein that is freely filtered through the glomerular barrier
and is normally almost completely reabsorbed and ca-
tabolised by the renal proximal tubuli. Increased urinary
beta-2-microglobulin excretion is a sensitive marker of
proximal tubular dysfunction [15]. Prospective data
regarding the association between markers of renal
tubular dysfunction and obesity are limited and so far
controversial [11, 26,27], and data pertaining to children
are very scarce.

In the present study we investigated urinary albumin
and beta-2-microglobulin excretion by measuring the
urinary albumin/creatinine ratio (U-ACR) and urinary
beta-2-microglobulin/creatinine ratio (U-BMCR) in
clinically healthy obese and normal weight children. We
also evaluated the relationship between the U-ACR and
U-BMCR and multiple obesity-related cardiovascular
risk factors among the obese children.

Subjects and methods

Subjects

Our study included obese children referred to the
childhood obesity clinic of the Department of Paediat-
rics, University of Pécs, Hungary, because of their
overweight. All obese patients underwent a clinical
examination aimed at determining the aetiology and
consequences of their obese state. Children with sec-
ondary obesity were excluded. We considered children
as obese if their relative body weight (calculated as the
ratio between actual body weight and the ideal body
weight for age, gender and height [7]) exceeded 1.2. The
body mass index (BMI, weight in kilograms divided by
the square of the height in meters) of all obese children
exceeded the international cut-off BMI values for over-
weight by sex and age [5]. As part of this examination,
we performed anthropometric (weight, height, waist and
hip circumference, skinfolds) measurements, an oral
glucose tolerance test (OGTT), determination of fasting
serum lipid levels, determination of blood pressure lev-
els, and we collected random morning spot urine sam-
ples. Random morning spot urine samples were also
collected from age-matched, healthy, normal weight
children participating in a urinary screening programme

conducted among students of an elementary school. For
ethical reasons, blood samples were not taken from the
control children and only their weight and height were
measured. The study was approved by the ethics com-
mittee of our institution.

Examinations

Anthropometric measurements were carried out by the
same investigator. Body weight was determined to the
nearest 0.5 kg, height to the nearest 0.1 cm by a stan-
dard beam scale and Holtain stadiometer, respectively.
The waist and hip circumferences were measured with
the subject in the supine position. Skinfold thicknesses
(biceps, triceps, subscapular, suprailiac, and calf) were
measured on the left hand side of the body three con-
secutive times with the help of a Holtain caliper. Obese
children were examined for the presence of obesity-re-
lated metabolic and cardiovascular derangements.
Blood samples were drawn after an overnight fast for
measurement of total cholesterol, HDL-cholesterol and
triglyceride concentrations, and a standard 180 min
OGTT was performed with administration of 1.75 g/kg
(maximum 75 g) glucose, during which venous blood
samples were taken for determination of plasma glucose
and serum insulin concentrations. Definitions used for
the obesity-related metabolic cardiovascular risk factors
were as follows: fasting hyperinsulinaemia: fasting ser-
um insulin concentration >20 lIU/ml (mean + 2SD
value of 100 control Hungarian children); post-prandial
hyperinsulinaemia: peak serum insulin concentration
during OGTT >150 lIU/ml [30]; impaired glucose tol-
erance (IGT): fasting plasma glucose >6.1 mmol/l
(110 mg/dl) or 2-h plasma glucose >7.8 mmol/l
(140 mg/dl) (according to WHO criteria [8]); dyslipida-
emia: high fasting triglyceride >1.5 mmol/l (130 mg/dl)
or low fasting HDL-cholesterol <0.9 mmol/l (35 mg/dl)
concentration (criteria of the Hungarian Lipid Consen-
sus Conference [28]); hypercholesterolaemia: total fast-
ing serum cholesterol concentration >5.2 mmol/l
(200 mg/dl) (criteria of the Hungarian Lipid Consensus
Conference [28]). Blood pressure was measured accord-
ing to published recommendations [31] at least three
times in each subject on separate days by the same ob-
server, using a mercury-gravity manometer with proper
cuff size under standard conditions. If the average of the
three blood pressure values was above the 95th percen-
tile for age and sex, 24-h ambulatory blood pressure
monitoring (ABPM) was carried out. Those children
whose ABPM values exceeded the 95th percentile value
for height and sex [29] were considered to be hyperten-
sive.

Laboratory analyses

Plasma glucose, serum total cholesterol, HDL-choles-
terol and triglyceride concentrations were determined by
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enzymatic methods using a Merck Selectra chemistry
analyser and reagents from Randox Ltd (England).
Serum insulin was determined by radioimmunoassay
with a commercially available kit (Isotope Institute of
the Hungarian Academy of Sciences, Budapest, Hun-
gary).

Routine urinalysis by dip stick test and microscopic
examination was performed on all urine samples, and
protein- or haemoglobin-positive samples or those
showing erythrocytes, leukocytes or cylinders were ex-
cluded from further assessment, leaving a total of 86
samples from obese children and 79 from normal weight
children for further analysis. Urinary albumin concen-
tration was determined by immunoturbidimetry and
beta-2-microglobulin concentration by an enzyme
immunoassay kit (Abbott Laboratories, IL., USA).
Since time and temperature dependent degradation of
beta-2-microglobulin occurs at a urine pH <5.5 [15],
results for beta-2-microglobulin were considered only
for urine samples with pH greater than 5.5 (obese n
=56, controls n=62). To compensate for the variations
in the concentration of random urine samples, we
determined the urinary creatinine concentration (Jaffe
method) and used the U-ACR and U-BMCR as an
estimation of the urinary excretion of albumin and beta-
2-microglobulin.

Statistical analysis

Data are reported as median and range or median and
interquartile range. Bivariate analyses included both
parametric (Student t -test) and non-parametric (Mann-
Whitney U test) methods as appropriate, to assess dif-
ferences in characteristics and in the U-ACR and
U-BMCR between the obese and control groups, and
between the obese groups defined by the presence or
absence of obesity-related cardiovascular risk factors.
Correlations between the U-ACR and U-BMCR and
anthropometric and metabolic parameters of the obese
children were evaluated by calculation of Spearman’s
correlation coefficients. Statistical analyses were per-
formed using the SPSS 11.5 statistical software (SPSS

Inc., Chicago, IL). A two-sided P -value of less than
0.05 was considered significant.

Results

The main characteristics of the study population are
presented in Table 1. The groups were well matched for
age and sex, although the age range of the obese children
was wider than that of the normal weight children.

Obese children had a significantly higher U-ACR
(median 11.7 mg/g, interquartile range 12.9 mg/g versus
median 9.0 mg/g, interquartile range 5.1 mg/g; P
=0.003) and U-BMCR (median 63.9 lg/g, interquartile
range 34.7 lg/g versus median 34.6 mg/g, interquartile
range 44.1 lg/g; P <0.001) as compared to the normal
weight children (Fig. 1).

Associations between the U-ACR and U-BMCR and
the presence of obesity-related cardiovascular risk fac-
tors were investigated in the obese children by per-
forming bivariate comparisons between the U-ACR and
U-BMCR values of the obese children with or without a
certain risk factor. Among the obese children, 25 (29%)
had fasting hyperinsulinaemia, 56 (65%) had post-
prandial hyperinsulinaemia, 20 (23%) had IGT, 45
(52%) had dyslipidaemia, 17 (20%) had hypercholeste-
rolaemia, and 10 (12%) had hypertension. The presence
of all tested cardiovascular risk factors was associated
with a higher mean U-ACR (Table 2), but the difference
was significant only in the case of three factors.
Obese children with fasting hyperinsulinaemia had a

Table 1 Characteristics of the study population. Results given as
median and (range)

Characteristic Obese children
(n =86)

Control children
(n =79)

Age (years) 12.9 (8.9–17.2) 13.5 (10.7–14.9)
Males ( n) 49 44
Weight (kg) 80.6 (46.1–136.8) 51.0 (27.3–72.5)
Height (cm) 161.5 (122.8–184.4) 165.0 (142.3–189.5)
BMI (kg/m2) 30.4 (24.5–43.2) 18.2 (13.2–23.9)
Relative body
weight (%)

163 (125–231) 95 (73–119)

Fig. 1 The U-ACR and
U-BMCR of the obese and
control children (the median is
depicted by the line, the
interquartile range by the box
limits and the 10th–90th
percentiles by the error bars)
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significantly higher U-ACR than obese children with
normal fasting insulin. The same was true for obese
children with or without IGT, and for those with or
without hypercholesterolaemia. The U-BMCR in the
obese children was not significantly influenced by any of
the cardiovascular risk factors studied.

The relationship between the degree of albuminuria
and beta-2-microglobulinuria and the clustering of the
cardiovascular risk factors that comprise the metabolic
syndrome (hyperinsulinaemia, fasting or post-prandial,
IGT, dyslipidaemia and hypertension) was further
investigated. Obese children with no more than one of
these traits had a significantly lower U-ACR, than those
with two or more traits (median 10.4 mg/g, interquartile
range 5.8 mg/g versus median 15.3 mg/g, interquartile
range 14.9 mg/g; P<0.05). There were no differences in
the U-BMCR between these groups.

When analysing both the obese and normal weight
groups together, the U-ACR as well as the U-BMCR
ratio was positively correlated with body weight ( r
=0.16; P <0.05 and 0.34; P <0.001, respectively),
BMI ( r =0.22; P <0.05 and 0.23; P <0.05, respec-
tively), and relative body weight ( r=0.23; P<0.05 and
0.31; P <0.001, respectively). When analysing the
normal weight and obese children separately, no corre-
lations were found between the U-ACR or U-BMCR
and these anthropometric measures. Among the obese
children, no significant correlations were found between
the U-ACR or U-BMCR and skinfold thicknesses or
waist-to-hip ratio either.

Among the obese children, the U-ACR was positively
correlated with the fasting ( r=0.225; P<0.05) and 2-h
( r =0.368; P <0.001) plasma glucose concentrations
measured during the OGTT. No correlations were found
between the U-ACR of the obese children and other
metabolic parameters measured (fasting insulin, peak
insulin, serum total cholesterol, triglyceride, HDL-cho-
lesterol) or the systolic and diastolic blood pressure.
Among the obese children, no significant correlations
were found between the U-BMCR and any of the me-
tabolic parameters or blood pressure values.

Discussion

Enhanced urinary albumin excretion is an indicator of
systemic endothelial dysfunction [17] and an indepen-

dent predictor of atherosclerosis and increased cardio-
vascular morbidity and mortality in the diabetic and
general adult population [9, 12,33]. Previous studies
have demonstrated that albuminuria is a continuous risk
factor. Urinary albumin excretion levels relevant for
cardiovascular risk have been shown to be substantially
lower than the cut-off for the original definition of mi-
cro-albuminuria as a marker of early diabetic nephrop-
athy [9,12]. A progressive graded relationship has been
demonstrated between different degrees of albuminuria
below the arbitrary threshold for defining micro-albu-
minuria and cardiovascular events, extending to a
U-ACR as low as 0.5 mg/mmol (4.4 mg/g). Therefore,
reconsideration of the lower limit defining a ‘‘patho-
logical’’ albuminuria had been suggested earlier, but no
consensus has been reached on such a cut-off value so
far. For this reason, we have not used a definition for
micro-albuminuria, but instead have compared the
U-ACR of obese and normal weight children.

The association between excessive albuminuria and
common cardiovascular risk factors has been studied
extensively in adults [14, 16, 19, 23,24], with somewhat
conflicting results. In the present study, increased albu-
minuria was observed in obese children and it was
related to the presence of some features of the metabolic
syndrome, but not with others. In particular, significant
associations were found with the disorders of carbohy-
drate metabolism (hyperinsulinaemia and IGT). This
finding is in agreement with previous studies in adults
demonstrating an association between micro-albumin-
uria and insulin resistance [18,23] or increased blood
glucose levels [13,22], and provides further evidence for
the hypothesised central role of insulin resistance in the
development of the metabolic syndrome and in the in-
creased cardiovascular risk of subjects with excess uri-
nary albumin excretion. The link between elevated
insulin concentrations and the phenotypic traits of the
metabolic syndrome are still only partially understood;
mechanisms that might link hyperinsulinaemia to
greater urinary albumin excretion include increased
glomerular haemodynamic pressure [26,32] and endo-
thelial dysfunction [17] that results in increased tran-
scapillary albumin leak.

Obesity is associated with atherogenic changes in
lipoproteins and high lipid levels have previously been
suggested to contribute to the obesity-associated
pathological changes of the kidneys [32]. Several

Table 2 The U-ACRs of the
obese children with or without
certain cardiovascular risk
factors. Results given as median
and (interquartal range). ( NS
not significant)

aFor the definitions used for the
different risk factors, please
refer to the text

Obesity-related
cardiovascular
risk factora

Obese children without
the cardiovascular risk
factor

Obese children with the
cardiovascular risk
factor

P

N U-ACR (mg/g) N U-ACR (mg/g)

Fasting hyperinsulinaemia 61 10.4 (10.7) 25 13.6 (15.0) <0.05
Post-prandial hyperinsulinaemia 30 10.4 (8.2) 56 13.2 (15.3) NS
IGT 66 10.8 (10.9) 20 19.3 (18.0) <0.05
Dyslipidaemia 41 11.5 (12.3) 45 13.6 (15.1) NS
Hypercholesterolaemia 69 10.6 (12.5) 17 18.2 (10.6) <0.05
Hypertension 76 11.5 (11.6) 10 22.7 (17.8) NS
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studies have emphasised that increased total choles-
terol may be associated with excessive albuminuria in
some adult patient groups [2,26], and also with obes-
ity-associated proteinuria and focal segmental glomer-
ulosclerosis in children [1]. A protective effect of
dietary prevention of hypercholesterolaemia in pre-
venting obesity-linked renal disease has been demon-
strated in animals [21]. Our results have shown
association between elevated serum cholesterol levels
and enhanced albuminuria. The U-ACR was almost 2-
fold increased in obese children with hypercholestero-
laemia compared to obese children with normal cho-
lesterol levels, underlining the importance of high
cholesterol levels in the development of obesity-related
renal damage. We could not demonstrate a significant
relationship between the U-ACR and serum triglycer-
ide or HDL-cholesterol levels.

The synergistic effect of obesity and hypertension on
renal function and albumin excretion in adults has been
investigated in numerous studies, and the observations
are controversial [2, 19, 26,27]. In our paediatric popu-
lation, we could not demonstrate any significant influ-
ence of hypertension on the level of albuminuria in obese
children, which is in accordance with the results of some
of the adult studies [19] and might also be explained by
the relatively mild degree of hypertension associated
with childhood obesity or the relatively few cases of
obesity-associated hypertension we have identified
among our obese patients.

We have found an association between excessive
albuminuria and clustering of the traits of the metabolic
syndrome in obese children. In 1998, the World Health
Organisation designated micro-albuminuria as a feature
of the metabolic syndrome [10], but this extension of the
definition has raised debate, since results contradicting
this relationship have also emerged [16,34]. Our
results, on the other hand, reinforce this association
by demonstrating a link between enhanced albumin-
uria and presence of the features of the metabolic
syndrome in children. Further longitudinal research
is needed to evaluate the significance of the increased
urinary albumin excretion of obese children in relation
to the development of cardiovascular disease in
adulthood.

Aside from the direct effects of obesity and associated
metabolic disorders, glomerular proteinuria may also be
a causative factor of tubulointerstitial dysfunction in
obesity, since proteinuria has been shown to increase the
turnover of tubular cells [4]. On the other hand, infusion
of albumin in proteinuric patients had no relevant effect
on the tubular reabsorption of beta-2-microglobulin [3],
and thus beta-2-microglobulin can be useful as a
parameter to detect tubular injury and alterations in
tubular handling of proteins in patients with glomerular
proteinuria. Our finding of a significantly and greatly
increased U-BMCR in obese children therefore indicates
that there is also a tubular component to the renal
dysfunction caused by childhood obesity. Unlike in the
case of the level of albuminuria, we have not found any

associations between the investigated cardiovascular risk
factors and the level of beta-2-microglobulinuria among
the obese children, which indicates a different mecha-
nism for obesity-linked glomerular and tubular dys-
function.

Our results show that increased levels of albuminuria
and beta-2-microglobulinuria indicating early glomeru-
lar and tubular dysfunction, respectively, are features of
childhood obesity. The significance of this in relation to
later development of obesity-related cardiovascular and
renal disease should be further investigated.
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