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Abstract  51 children were examined with exogenous constitutional obesity with the presence of abdominal obesity in  

24 children. The studies were carried out based on family polyclinics in Samarkand. A laboratory examination of children 

with the determination of partial kidney functions was carried out. It was found that the glomerular filtration rate (GFR) 

depended on the type and severity of obesity, with an increase in the degree of obesity in children, an increase in GFR was 

noted, and in children with abdominal obesity, hyperfiltration was observed more frequently with significantly higher rates 

compared to children with simple obesity. GFR did not depend on the duration of obesity, but depended on the level of blood 

pressure, especially in the group with abdominal obesity. In children with abdominal obesity, there was a high frequency of 

children with microalbuminuria, which characterized a violation of the glomerular-tubular balance in the kidney, and in 5.6% 

of children, there was a violation of the concentration function of the kidneys, which required specialized assistance from a 

pediatric nephrologist. 
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1. Introduction 

To date, the problem of obesity, including in children, 

continues to be one of the main health problems in the world. 

The International Obesity Task Force has estimated that 22 

million children under 5 years of age are overweight or obese 

[1]. Also between the ages of 5 and 17, about 1 in 10 children 

are overweight, which is about 155 million. Of these,     

45 million suffer from obesity of varying severity. At the 

same time, in recent years, abdominal obesity has spread 

with great frequency, which, being a component of the 

metabolic syndrome, has several complications that have 

manifestations both in childhood and in subsequent 

adulthood [2,3]. 

Scientific studies in recent years indicate that abdominal 

obesity is accompanied by kidney damage. In their works, J. 

Chen et al. [4,5] showed that abdominal obesity with 

complications is an independent risk factor for chronic 

kidney disease. The presence of abdominal obesity increases 

the likelihood of developing CKD in patients older than 20 

years by 2.6 times, and it increases with the increase in the 

number of complications of abdominal obesity. 

The pathological influence of obesity is also observed in 

childhood. Taking into account that the impact of obesity  

on the cardiovascular system is observed in children and 

adolescents with low insulin sensitivity, we can assume   

the development of complications of obesity, including the  
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impact on the kidneys even in childhood [6,7]. In the 

presence of childhood obesity, the kidneys are unable to cope 

with the physiological stress that arises from rapid body 

growth and leads to metabolic dysfunction later in life [7]. 

One of the early disorders of the functional state of the 

kidneys may be microalbuminuria, changes in the kidney 

filtration rate (GFR), and other partial kidney functions. In 

connection with the above, the purpose of our study was to 

study the partial functions of the kidneys in obese children. 

2. Material and Methods 

Our studies were carried out in family clinics in the city of 

Samarkand (Uzbekistan). The main group consisted of 51 

children with exogenous-constitutional, alimentary obesity 

and 20 children of the control group with normal body 

weight. 

Anthropometric studies were carried out using standard 

measuring instruments (floor stadiometer and medical 

scales). Anthropometric measurements included: height, 

body weight, waist, and hip circumference. A comparison of 

the obtained data and assessment of physical development 

was carried out according to the WHO centile tables of age 

and gender distribution of height and body weight for 

children aged 5-19 years. Body mass index (BMI) was 

calculated based on the measurements. The results were 

evaluated using standard deviations of BMI (SDS) and    

Z- score following WHO recommendations [8]. Waist 

circumference (WC) was measured at the midpoint between 

the iliac crest and costal arch in the midaxillary line in a 
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standing position at the end of full exhalation, the result was 

compared with the percentile distribution of waist 

circumference (cm) in boys and girls aged 2 to 18 years 

(VNOK 2009) [9]. 

Following the tasks set, the children of the main group 

were divided into 2 groups: group 1 - 27 children had a BMI 

+2.0 to ≥+3 SDS, i.e. children had a BMI characterizing 

obesity from 1 to 3 degrees, but with WC being within the 

normal range according to percentile deviations, respectively, 

for age and sex. The average BMI was 31.92±0.51 kg/ m2. 

Group 2 - 24 children included children with BMI +2.0  

to ≥+3 SDS, which was, respectively, obesity groups 1-3, 

FROM the waist in this group exceeded the 90th percentile 

for the corresponding age and gender. The average BMI in 

children of this group (32.43±0.62 kg/m 2) was significantly 

higher than in the control group (p < 0.01). 

The control group consisted of 20 children of the same age 

(average 12.00±0.34 years) with a normal body weight of 

19.18±0.34 kg/m 2 (BMI less than +1 SDS for a given sex 

and age). 

The main group of children with simple obesity, 

abdominal obesity, and the control group were comparable 

in age (p>0.05) and gender composition (p>0.05). 

The determination of the glomerular filtration rate was 

carried out according to the Cockcroft-Gault formula. 

Microalbuminuria was determined in morning urine  

using MICRAL - TEST test strips II (Roche Diagnostics) 

(with   a sensitivity limit of 0 to 100 mg/l). A diagnostic 

positive level of albumin excretion was considered to be   

20 mg/l and higher in the morning urine. We conducted     

a two-time study with a break from a week to 7 days.      

A positive test was considered if there was a double  

presence of microalbuminuria in the morning urine. The 

second stage was the determination of albumin by the 

immunoturbidimetric method on the apparatus "Integra 

Analyzer" ("Roche, Basel, CH") in the morning urine. Based 

on the obtained data (albumin concentration in 1 ml of urine), 

albumin excretion (mg/l) was calculated. A positive test was 

considered in the presence of albumin above 20 mg/l in a 

single portion of morning urine. 

Statistica 10 program. Methods of variational   

parametric and nonparametric statistics were used with  

the determination of the arithmetic mean (M), standard 

deviation (s), standard error of the mean (m), and relative 

values (frequency, %). The statistical significance of the 

measurements obtained was determined by Student's t-test 

(t) with the calculation of the error probability (P). 

3. Research Results 

When assessing the filtration function of the kidneys in 

obese patients, inaccuracies are observed, since the body 

surface area in obese patients does not correspond to 

standard indicators, and therefore, when determining by 

calculation methods, GFR values are underestimated or 

overestimated. Also in pediatrics, recommendations in this 

direction are single and do not reflect clear recommendations 

for monitoring GFR in children with excessive fat deposition. 

Literature data indicate an increase in GFR with an increase 

in body mass index, regardless of age, in this regard, we used 

the Cockcroft-Gault formula taking into account the patient's 

body weight, while in the Schwartz and Kounahan formulas 

recommended for use in pediatric practice, only the child's 

height is used. 

Table 1.  GFR value according to Cockcroft-Gault in comparison groups 

Investigated 

indicator 

simple 

obesity n=27 

abdominal 

obesity n=24 

control 

group n=20 

GFR ml\min 133,2±5,3 167,00±7,10 102,7±2,09 

When calculating GFR using the Cockcroft-Gault formula, 

a statistically significant increase in filtration rate was 

obtained from the control group to the group with abdominal 

obesity (Table 1). 

In the control, the state of hyperfiltration i.e. GFR above 

130 ml/min/1.73 m 2 was not observed in children with 

normal body weight and averaged 102.7±2.09 ml/min. 

In children with simple obesity, the frequency of children 

with a state of hyperfiltration was 6 children (22.2%), while 

the average rate in children of this group was above the norm 

and was statistically significant compared to the control 

(133.2 ± 5.3 ml/min; p < 0.01), no cases of children with a 

hyperfiltration state were observed. 

In children with abdominal obesity, the frequency of 

increased glomerular filtration rate was 19 children (70.3%), 

with an average level of 167.00±7.10 ml/min, which was 

significantly higher compared to the control (p < 0.01), it 

should be noted that in 2 children (7.4%) from the group with 

visceral obesity, a state of hyperfiltration was observed in 60 

to 70 ml/min on average 6 7.85 ± 5.00, which was regarded 

as the onset of chronic kidney disease in children: kidney 

damage with a slight decrease in GFR. This fact contributed 

to the taking control of this contingent of children by a 

pediatric nephrologist. 

We were interested in studying the state of GFR depending 

on the BMI and the duration of obesity in children. 

The obtained data showed that the glomerular filtration 

rate changed depending on the BMI. The state of 

hyperfiltration was observed in children with grade 3 obesity, 

with ≥+3 SDS: 173.00±5.58 ml/min, while the indicators 

significantly differed from those of children with grade 1-2 

obesity (BMI>+2<+3 SDS) 155.77±5.00 ml/min (p<0.01), 

overweight (+1.0 to +2.0 SDS) - 146.10±6.33 ml/min 

(p<0.01) and control <+1 SDS 102.7±2.09 ml/min (p<0.01). 

When carrying out a correspondence with the duration of 

the course of obesity in children, it was revealed that the state 

of hyperfiltration did not always occur in children with a 

long course of the pathological process in the form of obesity. 

The data obtained showed that the level of GFR did not differ 

significantly from each other in the groups of children 

depending on the duration of obesity. So, with a duration of 

obesity of 2-3 years, the average level of GFR was the lowest 

(149.23 ± 4.86 ml/min), and with a duration of obesity of 7 
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years or more, the highest values (162.33 ± 7.21 ml/min), 

with an average level of 153.12±6.45 ml/min for 4-6 years, 

but these differences did not differ statistically significantly 

(p > 0.05). Given the statistical data, it can be said that GFR 

does not depend on the duration of obesity, but depends on 

body weight since patients can gain quite a high body weight 

in a short period of obesity. 

When carrying out the correspondence with the level of 

blood pressure in children, the dependence of the level of 

GFR on the percentile distribution of blood pressure 

depending on age and height, and sex was revealed, the 

distribution of indicators of which was recommended in the 

Clinical guidelines of the VNOK (2009) [9]. 

The data obtained showed that despite the higher level of 

GFR in the group of children with simple obesity with high 

normal blood pressure (18 children - 132.12±5.8 ml/min),  

it did not have a significant difference with the group of 

children with normal blood pressure. (10 children - 

110.15±6.3 ml/min), i.e. BP level did not affect GFR in the 

group of children with simple exogenous constitutional obesity. 

Whereas in the group of children with abdominal obesity, 

there was a significant difference between the glomerular 

filtration rate depending on the level of blood pressure, with 

average normal values in children with normal blood 

pressure (8 children - 113.28 ± 4.93 ml/min), the glomerular 

filtration rate in children with normal high blood pressure 

was significantly higher (11 children -156.38 ± 4.93; 

p<0.001) compared with children with normal blood 

pressure. Also, significantly higher GFR compared with 

children with normal BP and high normal BP had children 

diagnosed with stage I hypertension (≥ 95-<99 percentile)  

3 children - 180.5 ± 6.3 ml/min (p<0.01 compared with  

high normal blood pressure), and children with II degree 

hypertension (≥ 99th percentile) 2 children - 174.71 ± 4.38 

ml/min (p<0.01). 

Thus, the filtration fraction increases simultaneously with 

an increase in blood pressure. Changes in renal 

hemodynamics can occur already at an early stage of 

hypertension and in the period preceding hypertension. Even 

in a newborn whose parents both suffer from hypertension 

and have normal blood pressure, a marked decrease in renal 

blood flow and an increase in the filtration fraction were 

found [7,10,11]. This suggests that renal hyperperfusion   

is a very early sign, and possibly a prerequisite for the 

development of hypertension. 

Thus, when assessing the functional state of the kidneys 

using the determination of GFR according to the 

Cockcroft-Gault method in the compared groups of patients, 

it was found that the majority of obese children had 

hyperfiltration in terms of glomerular filtration. The results 

obtained are consistent with the data literature that one of  

the main pathogenetic factors in the development And 

progression of kidney damage in obesity is intraglomerular 

hyperfiltration and hypertension [7]. 

Microalbuminuria is considered one of the important 

markers of kidney damage and the development of chronic 

kidney diseases (impaired microcirculation in the kidney), 

especially primary lesions of the glomerular apparatus of  

the kidneys [12]. Also in our work, we determined the level 

of albumin excretion in the morning portion of urine,  

which showed that the frequency of a high level of 

microalbuminuria increased depending on the type of obesity 

and its severity. 

In the study of the level of albumin in the urine in patients 

with simple obesity: pathological MAU was detected in 6 

(22.2%) patients, in 18 (66.6%) patients it was within the 

physiological range, and in 3 (11.1%) patients there was no. 

In children with abdominal obesity, pathological MAU was 

detected in 14 (58.33%) patients (p < 0.01 compared with 

group 1), and only in 9 (37.50%) patients were within the 

physiological range (p < 0.05 compared with the first group), 

there were no cases of absence of MAU. It was found that the 

average level of microalbuminuria increased depending on 

the severity of obesity, with an average level of 18.00±4.89 

mg/l in children with overweight, it was statistically 

significantly higher in children with obesity of 1-2 degrees 

(BMI>+2 <+3 SDS) 37.62 ± 8.14 mg/l (p<0.05) and grade 3 

obesity, with ≥+3 SDS 64.30±2.21 mg/l (p<0.0001). 

The concentration function of the kidneys was studied 

using the Zimnitsky method. Studies have shown that the 

average urine density in both study groups was the reference 

values, 1017.09 ± 2.18 in group 1 and 1016.84 ± 1.57 in the 

second group (p> 0.05), while the minimum urine density 

was 1006, and the maximum is 1028. 

The low specific gravity of urine (hypostenuria) (specific 

gravity of urine below 1010) in a single portion of urine  

was observed in 1 (3.7%) child from group 1, while it was 

combined with low specific gravity in all portions of urine 

(isosteric). In the group of children with abdominal obesity, 

more than 4 cases (16.6%) cases of hyposternuria were 

observed, while in 2 (8.33%) cases it was accompanied by 

isosthenuria and nocturia (prevalence of nocturnal diuresis), 

which indicated damage to the tubular apparatus of the 

kidneys and indicated a violation of the processes of 

concentration in the renal tubules. In other cases, the density 

of urine during the day was within the normal range, i.e. the 

concentration function of the kidneys was preserved. 

Diuresis per day was 1.47 ± 0.05 l / day in group 1 and 

1.5.0 ± 0.04 l / day in group 2 (p> 0.05), daytime diuresis 

prevailed over nighttime and amounted to 0, respectively. 90 

± 0.06 l in the 1st group and 0.91 ± 0.07 in the second group. 

Thus, in almost an absolute number of obese patients (in 

48 children out of 53 90.5%), the concentration function of 

the kidneys was preserved, while in 3 children (5.6%) there 

was a dysfunction of the distal tubules. At the same time, 

disorders of the concentration function of the kidneys in 

patients with obesity depended on the presence of abdominal 

obesity, which is often accompanied by complications. 

4. Conclusions 

Thus, GFR depended on the type and severity of obesity, 

with an increase in the degree of obesity in children, an 

increase in glomerular filtration rate was noted, and in 
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children with abdominal obesity, hyperfiltration was 

observed more frequently, while the average values were 

significantly higher compared to children with simple obesity. 

GFR did not depend on the duration of obesity, but 

depended on the level of blood pressure, especially in the 

group with abdominal obesity. 

In the group of children with abdominal obesity, there  

was a high frequency of children with microalbuminuria,  

the average level of which had significant differences from 

children with simple obesity, which characterizes abdominal 

obesity as a condition in which there is a loss of glomerular 

tubular balance. 

Abdominal obesity in 5.6% of cases was accompanied   

by disruption of the distal tubules with damage to the 

concentration function of the kidneys, which required 

specialized assistance from a pediatric nephrologist. 
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