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ABSTRACT

INTRODUCTION: Evidence associates obesity with glomerular hyperfiltration. Concurrent inflamma-
tion, hypertension, dyslipidemia, and insulin resistance represent further established risks to renal health
in both children and adults. Our aim was to investigate the relationship between childhood obesity and the
risk of renal impairment.

MATERIALS AND METHODS: A total of 114 obese but otherwise healthy children, who were investigat-
ed in 2013, were included in the study (mean age 11.5+3.6). Auxology was measured using standard proce-
dures. The pubertal status was defined applying the Tanner scale. Blood and urine tests were performed af-
ter overnight fast. Kidney size was measured by standard abdominal ultrasound; kidney volume and esti-
mated glomerular filtration rate were calculated.

RESULTS: Microalbuminuria was detected in 8.5% of the children, and 40.2% of all patients were with
high systolic blood pressure (BP). Close to half of the children (43.4%) showed insulin resistance (assessed by
HOMA-IR) and 95.4% displayed hyperinsulinism. Kidney volume correlated with waist circumference (WC)
(left r=0.636, p<0.001; right r=0.532, p<0.001), as well as with weight and elevated systolic BP. Children with
hyperfiltration (9.6% of all) at this stage all had elevated total cholesterol and triglycerides. In further 14.3%
of the children (all pubertal) the glomerular filtration rate was low, and they had significantly larger kidney
volume (left p<0.001; right p=0.004), HOMA-IR (p=0.001), WC and BMI (p<0.001) compared to those with
normal and hyperfiltration rate.

CONCLUSION: To summarize, childhood obesity
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INTRODUCTION

The prevalence of childhood obesity has dou-
bled and tripled in the developed (1) and developing
(2) countries during the last decade. Although there
is a reported stabilization in the trends of obesity in
developed countries such as USA (3), the prevalence
across the World and Europe remains high (4, 5).

Obesity has long-term adverse effects on mor-
bidity and mortality. It is associated with cardiovas-
cular, liver, kidney, and metabolic disorders in adult-
hood (6). Since metabolic and cardiovascular com-
plications may be present in early childhood and
adolescence, renal risk has also been investigated.
Along with childhood obesity, the prevalence of end-
stage renal disease (ESRD) has also drastically in-
creased (7). Several studies indicate that childhood
obesity is associated with an increased risk of kidney
disease and the progression and mortality of CKD
(8). Becoming overweight at a younger age is associ-
ated with higher odds of developing chronic kidney
disease (CKD) by age 60-64 years (9). Whether it is
about the timing of onset or the duration of obesi-
ty, further investigations are needed, as consequenc-
es of childhood obesity on kidney disease and risk
data are very limited.

Obesity and hypertension both lead to cardio-
vascular complications. In addition, obesity per se
can promote hypertension (10). In the early stage of
obesity in adults, renal hemodynamics is character-
ized by renal hypercirculation and glomerular hy-
perfiltration, particularly in the presence of hyper-
tension (11). Pathogenetically, numerous factors are
involved, e.g. enhanced glomerular capillary pres-
sure, adrenergic nerve overactivity, inappropriate ac-
tivation of the renin-angiotensin-aldosterone sys-
tem, insulin resistance, hyperinsulinemia, dyslipid-
emia, enhanced clotting tendency and sodium reten-
tion (12). Kidney damage is clinically manifested as
loss of albumin in the urine or decline in the glomer-
ular filtration rate (GFR). Analysis of NHANES data
showed that abdominal obesity in adults was asso-
ciated with both a decrease in GFR and microalbu-
minuria (13).

Originally, microalbuminuria (MA) was intro-
duced as a biomarker of early diabetic nephropathy
(14); large epidemiological trials have indicated it is
a powerful and independent predictor of all-cause

mortality and endothelial dysfunction in diabetic
and non-diabetic adults (15, 16). Most studies sug-
gest MA is the result of increased vascular leakage
as a reflection of general vascular damage (17). Al-
buminuria as a more potent sign of endothelial dys-
function is an early marker of CKD and is a target of
primary prevention measures (18). However, the role
of elevated albumin excretion rate as an early marker
of kidney disease risk in children has not been thor-
oughly studied. Sanad et al. (19) found that BMI and
abdominal obesity significantly increased the odds
of microalbuminuria. Csernus et al. (20) found in
their study that clinically healthy obese children had
a higher degree of albuminuria than normal-weight
children, indicating early renal glomerular and tu-
bular dysfunction as part of the morbidity of child-
hood obesity. There are also studies on children and
adolescents reporting controversial results. Hirschler
et al. report that overweight/obesity (OW/OB) is in-
versely associated with childhood albuminuria (21)
and Rademacher et al. report that albumin excretion
rate in adolescence is not significantly related to age,
body size (BMI), insulin resistance, or the cardio-
vascular risk factors associated with the insulin re-
sistance syndrome (BMI, systolic BP, triglycerides,
HDL-C)(22). Whether obesity in youth uniformly
affects the presence of MA and whether variations in
albumin excretion are related to other renal risk fac-
tors remains to be determined.

The aim of this study was to investigate the re-
lationship between childhood overall and abdominal
obesity and risk of renal impairment.

MATERIALS AND METHODS

The study was conducted in the St. Marina Uni-
versity Hospital, Varna, Bulgaria during a one-year
period (Nov, 2012-Nov, 2013). Children included in
the study were consecutively admitted to the pediat-
ric clinic for diagnostics and formulation of the treat-
ment strategy of obesity. Parental consent for all the
procedures was obtained. Weight and height were
measured according to standard procedures (23)
with SECA 861 weight scale and Harpenden wall-
mounted stadiometer. Waist circumference (WC) to
define abdominal obesity was measured with SECA
201 tape at the middle of the medial axillary line con-
necting the 10" rib and crista iliaca (24). Body mass
index (BMI) was calculated using height and weight
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data according to a standard formula - BMI=weight
(kg) / height* (m?). Children defined as obese ac-
cording to the CDC growth references were invited
to participate (25). Exclusion criteria included acute
infection, fever of unknown origin, kidney disease,
type 1 diabetes mellitus and refusal to participate.
The patients’ pubertal status was defined accord-
ing to Tanner scale. Blood pressure was measured
according to standard procedures. Kidney size was
measured by standard abdominal ultrasound using
ALOKA - Prosound SSD-4000SV. Kidney volume
was calculated using the following formula - length
x width x anterior posterior diameter x 0.523 (26).
Glomerular filtration rate was estimated (eGFR) us-
ing the Schwartz formula, adjusted to ml/min.1.73m?
and levels of normal, hyperfiltration and low filtra-
tion rate according to sex and age were used (27).

Children and their parents were interviewed for
obesity-related complaints (snoring, being tired after
a mild physical activity, joint pain and enuresis) as
well as for family history of obesity, diabetes, hyper-
tension, any chronic diseases.

Sample Collection

A fasting venous blood sample was collected in
the morning for determining of fasting blood glucose
level (BGL), serum insulin, lipid profile, high-sensi-
tivity C-reactive protein (hsCRP), serum albumin,
urea and creatinine levels. An oral glucose tolerance
test (OGTT) was performed with glucose load equiv-
alent to 75 g of glucose powder solved in water or 1.75
g x weight, not exceeding a total of 75 g. Blood sam-
ples were collected before taking the glucose and at
30 min of OGTT for determining BGL and serum in-
sulin, as well as at 60 min and 120 min for BGL only.

Morning urine sample was collected, after the
child and his/her parents were instructed to avoid
excessive physical activity. Urine analysis was per-
formed to determine microalbuminuria (MA).

Laboratory Analyses

Blood glucose levels were determined with
the hexokinase method using biochemical analyzer
Olympus AU 400. Serum insulin levels were deter-
mined using immunological analyzer IMMULITE
2000. Levels of serum lipids - total cholesterol, tri-
glycerides, HDL-cholesterol, LDL-cholesterol, serum
levels of albumin, urea and creatinine were analyzed

using automatic biochemical analyzer Olympus AU
400.

Homeostasis model assessment for insulin re-
sistance (HOMA-IR) was used to calculate and de-
fine insulin sensitivity and resistance according to
the formula: fasting blood glucose (mmol/l) x fasting
serum insulin (uIU/ml) / 22.5. Insulin resistance was
defined as a HOMA-IR score > 3.5 (27), while hyper-
insulinism was defined as fasting serum insulin lev-
els >29.1uIU/ml.

Impaired fasting glucose was defined as plasma
glucose levels between 5.6 and 6.9 mmol/l, impaired
glucose tolerance was defined as two hours post load
glucose plasma levels between 7.8 and 11.1 mmol/l.

Elevated total cholesterol, triglycerides, LDL-
cholesterol, hsCRP, urea and creatinine were defined
according to laboratory references. Low HDL-cho-
lesterol and serum albumin were defined likewise.

Microalbuminuria was defined as urine albu-
min ranging from 30 to 300 mg from a morning spot
urine sample estimated for 24-hour urine collection.

The presence of hypertension (systolic, diastol-
ic or both) was defined according to NHBPEP (2004)
as a measure above 95" percentile for age, sex and
height (29).

Statistical Analysis

Statistical analysis was performed using SPSS
for Windows ver. 19. Descriptive analysis was ap-
plied. Logistic regression models were used to ana-
lyze associations with MA, kidney volume and esti-
mated glomerular filtration. Relations between the
latter and laboratory data, family history and weight
status were analyzed using correlation analysis. Sta-
tistically significant differences were accepted if
p<0.05.

RESULTS

The mean age of the group of 114 children and
adolescents was 11.5+3.6 years (median 10.6, age
range from 4 to 17.6 years), 38.6% boys. The mean
BMI z-score was 2.14+0.42. The children in a pre-
pubertal stage (Tanner I) were 38.1% (48.8% boys,
n=21). With high systolic BP were 40.2%. Impaired
fasting glucose was found in 29.8% of all and 13.4%
of the children were with impaired glucose tolerance.
Almost half of the children (43.4%) showed insulin
resistance and 95.4% displayed hyperinsulinism. El-
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evated hsCRP was present in 32.5%. Elevated LDL-
cholesterol was found in 42.1% of the children. Lower
HDL cholesterol had 21.9% and with high total cho-
lesterol were 6.2% of all.

Microalbuminuria was detected in 8.5% (n=9)
of the children, the parents of whom had all reported
a family history of arterial hypertension. The follow-
ing analysis was stratified according to the presence
or absence of MA. We found no significant differenc-
es in sex, BMI, WC between the two groups, includ-
ing other obesity-related signs of current morbidity
e.g. joint pain, easy fatigue reported by the children
(see Table 1). In contrast, there were marked differ-
ences in both insulin resistance and systolic BP be-
tween the two groups. As shown in Table 1, there
was no significant difference between the groups in
terms of elevated systolic BP. This can be contributed
to the relatively high percentage (40.2%) of children
with elevated systolic BP.

To further evaluate MA in relation to puberty-
associated changes in metabolic risk factors we com-
pared the complication factors among three sub-
groups: Group 1 - children staged Tanner I - prepu-
bertal; Group 2 - children staged Tanner II and III;
and Group 3 were staged Tanner IV and V. There
were no significant differences between the groups
in terms of MA and all studied metabolic parame-
ters, except for fasting insulin and insulin resistance.
Children in the 1 group (prepubertal) had signifi-
cantly lower fasting insulin compared to the 3" group
(mean 12.83+7.49 vs. 19.18410.19, p=0.011) and the
prevalence of insulin resistance in the 1% group was
significantly lower than that of the 3 group (30.2%
vs. 61%, p=0.013).

After calculating eGFR for age and sex we strat-
ified the children accordingly - children with nor-
mal eGFR, children with hyperfiltration rate and
children with low eGFR. Those with hyperfiltration
were 9.6% of all and they all had elevated total cho-

Table 1. Comparison of different variables between the MAU groups

MAU (-)
Sex (male/female %) 58.8/41.2
BMI z-score 2.15+0.42
WC, cm 91.14%£15.21
Systolic BP, mmHg 111.3+13.7
Diastolic B>, mmHg 70.0+10.3
Fasting blood glucose, mmol/l 5.16+0.69
Fasting insulin, pnIU/ml 16.1£10.4
Insulin resistance (HOMA-IR), % 37.5
Elevated total cholesterol, % 7.3
Elevated triglycerides, % 1.0
Low HDL-cholesterol, % 21.6
Elevated LDL-cholesterol, % 40.2
Elevated CRP, % 30.9
Hyperinsulinism, % 95.7
Joint pain, % 26.8
Easy fatigue, % 47.9

MAU (+) Sig.
22.2/78.8 2/7 0.269
2.22+0.34 0.633
90.53+9.08 0.907
123.3+19.4 0.045
76.7£12.1 0.135
5.23+0.48 0.761
16.3£3.8 0.953
88.9 0.003
0 0.407
0 0.762
333 0.944
55.6 0.376
55.6 0.135
100 0.528
111 0.306
33.3 0.407
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Table 2. Comparison of different variables between the eGFR groups (ANOVA)

Dependent I ‘ Si 95% Confidence Interval ‘
Variable 8 ) & Lower Bound Upper Bound
low filtration rate normal 1.000 -0.19 0.36
hyperfiltration 0.206 -0.09 0.69
low filtration rate 1.000 -0.36 0.19
BMI z_score normal .
hyperfiltration 0.319 -0.11 0.53
hyperfiltration low filtration rate 0.206 -0.69 0.09
normal 0.319 -0.54 0.11
low filtration rate normal 0.000 9.32 27.01
hyperfiltration 0.000 13.19 38.45
WC normal low filtration rate 0.000 -27.01 -9.32
hyperfiltration 0.227 -2.73 18.04
hyperfiltration low filtration rate 0.000 -38.45 -13.19
normal 0.227 -18.04 2.73
low filtration rate normal 0.838 -0.24 0.64
hyperfiltration 1.000 -0,52 0.75
fasting blood 1 low filtration rate 0.838 -0.64 0.24
glucose forma hyperfiltration 1.000 10.59 0.4
hyperfiltration low filtration rate 1.000 -0.75 0.52
normal 1.000 -0.44 0.59
low filtration rate normal 0.007 1.76 14.29
hyperfiltration 0.000 6.06 24.07
fasting serum 1 low filtration rate 0.007 -14.29 -1.76
insulin norma hyperfiltration 0.066 033 14.40
hyperfiltration low filtration rate 0.000 -24.07 -6.06
normal 0.066 -14.40 0.33
low filtration rate normal 0.007 0.47 3.81
hyperfiltration 0.001 1.27 6.06
low filtration rate 0.007 -3.81 -0.47
HOMA_IR normal hyperfiltration 0.184 -0.44 3.49
hyperfiltration low filtration rate 0.001 -6.06 -1.27
normal 0.184 -3.49 0.44
low filtration rate normal 1.000 -0.17 0.15
hyperfiltration 1.000 -0.17 0.29
elevated total low filtration rate 1.000 -0.15 0.17
cholesterol normal hyperfiltration 1.000 -0.12 0.26
hyperfiltration low filtration rate 1.000 -0.29 0.17
normal 1.000 -0.27 0.12
low filtration rate normal 0.045 0.001 0.12
hyperfiltration 0.264 -0.03 0.15
low filtration rate 0.045 -0.12 -0.001
clevated TG normal hyperfiltration 1.000 -0.07 0.07
hyperfiltration low filtration rate 0.264 -0.15 0.03
normal 1.000 -0.07 0.07
47 Scripta Scientifica Medica, vol. 49, No. 1, 2017, pp. 38-46

Medical University of Varna



Mina Lateva, Dimitrichka Bliznakova, Sonya Galcheva et al.

. normal
low filtration rate .
hyperfiltration
low HDL- 1 low filtration rate
cholesterol norma hyperfiltration
low filtrati t
hyperfiltration Ifg:malr atiof fate
1
low filtration rate |
hyperfiltration
elevated LDL- 1 low filtration rate
cholesterol norma hyperfiltration
low filtrati t
hyperfiltration owHTration rate

normal

0.429 -0.14 0.57
0.502 -0.79 0.22
0.429 -0.57 0.14
0.012 -0.92 -0.09
0.502 -0.22 0.79
0.012 0.09 0.92
1.000 -0.23 0.43
1.000 -0.43 0.52
1.000 -0.43 0.23
1.000 -0.44 0.33
1.000 -0.52 0.43
1.000 -0.33 0.44

lesterol and triglycerides. In 14.3% of the children (all
pubertal) there was low glomerular filtration rate,
and they had significantly larger kidney volume (left
p<0.001; right p=0.004), HOMA-IR (p=0.001) com-
pared to the other children. There was a significant
difference in WC when comparing the eGFR groups
(ANOVA, see Table 2), the group with low eGFR had
significantly larger WC compared to the group with
hyperfiltration and even larger when compared to
normal eGFR children (p<0.001). There was a sig-
nificant difference in fasting insulin (p<0.001) and
HOMA-IR (p=0.001). All blood glucose values dur-
ing the OGTT had no significant differences across
the eGFR groups, including fasting glucose.

Kidney volume correlated with WC (left
r=0.656, p<0.001; right r=0.532, p<0.001), as well
as with weight (left r=0.732, p<0.001; right r=0.576,
p<0.001) and elevated systolic BP (left r=0.478,
p<0.001; right r=0.362, p=0.001). Stratification ac-
cording to eGFR (see above) showed that children
with low filtration rate had the largest left kidney vol-
ume compared to those with hyper and normal fil-
tration rate (resp. p<0.001; p=0.001). The difference
in the left kidney volume between the group with hy-
perfiltration and normal eGFR was marginally sig-
nificant (p=0.071). Significant difference in the right
kidney volume with the same direction was regis-
tered only comparing the children with low and nor-
mal eGFR (p=0.006).

DISCUSSION

In this study we assessed the presence of a mod-
est elevation of MA in a cohort of obese, but other-
wise healthy children and adolescents. Consistent

with the prevalence of about 10% in obese adoles-
cents (30), we found that 8.5% of the obese children
in our group had MA. Another more recent study of
Lurbe et al. (31) identified in Spain a prevalence of
2.4% of MA in obese youths thus suggesting the exis-
tence of important confounding variables, e.g. ortho-
static proteinuria.

The presence of MA in adults predicts CV mor-
bidity/mortality in otherwise healthy individuals
(15). While there is a general consensus on the fact
that MA is a marker for systemic endothelial dys-
function and preclinical atherosclerosis, it remains
controversial as to which of the potential vascu-
lar toxins gives rise to MA. Concluding that MA is
quite common in obese children and adolescents, we
were interested in determining how it relates to oth-
er risk factors in this young group. The major find-
ings of our study were the strong positive correla-
tion between the presence of MA and fasting insu-
lin and insulin resistance. Studies in adults with type
2 diabetes have demonstrated that insulin resistance
may contribute to micro- and macrovascular diseas-
es (32). Being overweight/obese is the most impor-
tant risk factor for the development of T2DM, even
in youths. In a group of Japanese subjects with type 2
diabetes, insulin resistance was associated with MA
and direct measures of endothelial function (33). The
physiological decrease in insulin sensitivity associ-
ated with normal pubertal development is further
exacerbated by the presence of obesity. As hyperin-
sulinemia influences blood pressure and serum lip-
ids, it often results in hypertension and dyslipidemia.
Therefore, metabolic consequences of obesity and
not obesity per se may be the driving forces behind
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urinary albumin excretion, and even slight abnor-
malities in glucose metabolism below the diagnostic
cutoff for diabetes contributed to the presence of mi-
croalbuminuria (34). MA has a strong positive rela-
tion to post-challenge alterations in glucose metabo-
lism and overall loss of insulin sensitivity.

Multiple mechanisms have postulated that obe-
sity directly impacts kidney disease including hy-
perfiltration, increased glomerular capillary wall
tension, and podocyte stress. Apart from adiposi-
ty itself, the high caloric intake that leads to obesi-
ty may also increase chronic kidney disease risk (35).
GEFR is the most useful indicator of kidney function
and kidney disease progression. However, determi-
nation of true GFR is difficult to perform for regu-
lar clinical use in children, thus formulas were de-
veloped to estimate GFR using endogenous surrogate
markers such as creatinine (27). Studies have shown
that obesity is associated with elevated GFR and in-
creased renal blood flow. These effects may contrib-
ute to hyperfiltration, glomerulomegaly, and later fo-
cal glomerulosclerosis (36). Overweight and obesi-
ty are strongly associated with numerous cardiovas-
cular disease risk factors like hyperinsulinemia, im-
paired glucose metabolism, hypertension, hyperlip-
idemia and metabolic syndrome, which, apart from
predisposing to cardiovascular disease, are also inde-
pendent risk factors for CKD. Reduced insulin sen-
sitivity represents the most important link between
obesity and other metabolic complications leading
to renal injury (34). Several studies give strong evi-
dence that obesity, in particular central body fat dis-
tribution, is important for renal function abnormal-
ities. The pattern of obesity may affect renal hemo-
dynamics and an elevated BMI with central obesity
results in reduced GFR and reduced effective renal
blood flow as opposed to obesity with peripheral fat
distribution. In a study by Iseki et al. (37), conducted
in 1,572 young men, metabolic risk factors and renal
function were investigated. These investigators re-
ported that metabolic risk clustering of three or more
risk factors was strongly associated with glomerular
hyperfiltration. This early renal functional abnor-
mality was especially associated with adiposity and
elevated blood pressure. Based on these data, the au-
thors proposed that increased adiposity, particularly
visceral fat production of inflammatory adipokines,
was a major driving force of glomerular hyperfiltra-

tion. There are similar studies in children confirm-
ing that visceral fat tissue in children might be a pre-
dictor for the metabolic syndrome (38). The obesity-
related early renal functional changes may be espe-
cially detrimental in populations manifesting lower
birth weight and lower nephron numbers (39). Bag-
by (40) suggested that intrauterine growth restriction
may lead to decreased number of nephrons and im-
paired kidney development, which if combined with
an excessive infant “catchup” growth after birth may
result in a mismatch between body size and nephron
number. This would predispose to nephron hyperfil-
tration and hypertension later in life. Other factors,
such as systemic and renal inflammation and oxida-
tive stress, may determine to what extent this hyper-
filtration leads to glomerular and tubulointerstitial
tibrosis and progressive renal disease.

CONCLUSION

Obesity affects metabolic equilibrium before
adulthood. There is clear evidence that, in adults, ex-
cess body weight is significantly associated with an
increased risk of kidney disease. A similar associa-
tion has also been documented in obese children and
adolescents, even though there is a lack of large and
long-term studies. To summarize, childhood obesi-
ty showed association with established risk factors
for renal toxicity. The current findings suggest de-
velopment of kidney dysfunction in obese children
with positive family history of hypertension after the
initiation of puberty. Microalbuminuria might be a
good marker to identify pubertal children with in-
creased risk of endovascular damage. Whether kid-
ney volume in obese children has an independent
predictive value of future kidney disease remains to
be investigated.
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