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density lipoprotein (LDL), triglyceride (TG), creatinine, estimated glomerular filtration rate and
fasting glucose were measured. A binary logistic regression was used to assess the association

Corresponding Author:  :  peween body mass index (BMI) Z-score and biochemical parameters. Two-sided P<0.05 was
Shiva Fatollahierad 5 considered significant.
Address: Pediatric

Results: The participants exhibited a mean BMI Z-score of 2.39+0.70. The prevalence of obesity

Nephrology Research was 78.6% among boys and 52.9% among girls. Additionally, 78.9% of them had an estimated
Ceqter, Researc'h , glomerular filtration rate of less than 90 mL/min/1.73 m* Impaired fasting glucose was present in
Institute for Chlldren B 15.6% of the participants, while hypercholesterolemia was noted in 66.7% of them.

Health, Shahid Beheshti :

University of Medical :  Conclusion: Significant percentages of overweight and obese children have decreased estimated
Sciences, Tehran, Iran. :  glomerular filtration rate. In addition, dyslipidemia, in the forms of high cholesterol, high TG,
E-mail: sh.fatollahierad@ :  and low HDL is found in these children.

gmail.com i Keywords: Child, Obesity, Dyslipidemia, Glomerular filtration rate, Chronic kidney discase (CKD)

Copyright © 2023 The Author(s);
This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-By-NC: https://creativecommons.org/licenses/by-nc/4.0/legalcode.en),
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.



https://journals.sbmu.ac.ir/jpn
https://orcid.org/0000-0003-2083-9834
https://orcid.org/0000-0002-9265-1286
https://orcid.org/0000-0001-8187-9114
https://orcid.org/0000-0001-8103-8833
https://orcid.org/0000-0003-1571-0841
https://orcid.org/0000-0002-2125-7601
https://doi.org/10.22037/jpn.v11i3.45591
https://journals.sbmu.ac.ir/jpn
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en

= J Ped " ephrol

Journal of Pediatric Nephrology

Introduction

besity is one of the important health prob-

lems in children that can increase the mor-

bidity and mortality of people throughout

their life [1]. The prevalence of childhood

obesity among 2 to 17-year-olds in the
United States has risen from 14.6% in 1999-2000 to
17.4% in 2013-2014 [2]. In a review study published
in 2014, the prevalence of obesity was 5.1% and over-
weight was 10.8% in Iranian children and adolescents
[3]; however, the prevalence of obesity in 2- to 15-year-
olds, has increased to 11.4% in Iran in 2021 [4].

Obesity has many physical and psychosocial conse-
quences in childhood. Children who are obese are prone
to high blood pressure, impaired glucose tolerance, and
type 2 diabetes [5]. Non-alcoholic fatty liver disease,
dyslipidemia [6, 7] and renal injury are important co-
morbidities of obesity in children [8, 9].

Beyond problems in childhood, obesity in children
is an independent risk factor for obesity in adulthood,
which has socioeconomic and health consequences for
the individual and the society [10]. Children classified
with severe obesity encounter greater cardiovascular
and metabolic risks than their overweight or moder-
ately obese peers. Additionally, early signs of vascular
dysfunction have been observed in these children with
severe obesity [11]. Moreover, obesity-related kidney
injury may manifest through glomerular hyperfiltration,
increased activity of the renin-angiotensin-aldosterone
system, and insulin resistance [12, 13].

Due to the high burden of these comorbidities, it is nec-
essary to determine the obesity-related comorbidities in
overweight and obese children, for timely intervention.
Accordingly, this study assesses obesity-related kidney
function and metabolic morbidities in overweight and
obese children.

Materials and Methods

A prospective cross-sectional study was conducted on
obese and overweight children aged 2 to 18 years old
who visited the Obesity Clinic of Children’s Hospital
between October 2017 and February 2020 in Iran. The
participants with chronic diseases were excluded from
the study.

The information on these patients was extracted from
the clinic files. If the file was incomplete, the informa-
tion was obtained from the parents. Time of visit, date of
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birth, sex, height, weight, underlying disease, and medi-
cations used were recorded.

The height and weight of all participants were mea-
sured. Then, their body mass index (BMI) was calcu-
lated and BMI Z-score was determined concerning age
and gender. Based on the World Health Organization
(WHO) criteria, obesity in children under 5 years of age
was defined as Z-Score +3 and above, and overweight as
Z-Score between +2 and +3. Obesity in children aged 5
to 18 years was defined as a Z-Score of +2 and above,
and overweight as a Z-Score between +1 and +2 [14].
A blood sample was taken to measure serum levels of
fasting glucose, total cholesterol, high-density lipopro-
tein (HDL), low-density lipoprotein (LDL), triglyceride
(TG) and creatinine. The revised Schwartz formula was
used to calculate the estimated glomerular filtration rate
(eGFR) [8].

Glomerular filtration rate (GFR) less than 90 mL/
min/1.73 m? for children was considered impaired kid-
ney function. Also, fasting glucose >100 mg/dL, choles-
terol >170 mg/dL, HDL<45 mg/dL, LDL>110 mg/dL
[15] and TG greater than 75 mg/dL for the age under 9
years and greater than 90 mg/dL for the age 9 to 18 years
were considered metabolic risk factors in children. Re-
garding liver enzymes, elevated alanine aminotransfer-
ase (ALT) levels exceeding 22 U/L in girls and 26 U/L in
boys were considered indicative of a risk factor for non-
alcoholic fatty liver disease in obese children [16, 17].

Statistical analysis

For the qualitative variable, the percentage-frequency
and for the quantitative variable the Mean+SD was cal-
culated. The SPSS software, version 25, was used to ana-
lyze the data.

The difference between the means of biochemical pa-
rameters in boys and girls was measured by the Mann-
Whitney test, and the difference between cut-off points
of biochemical parameters was determined by the Fisher
exact test. A binary logistic regression was used to inves-
tigate the association and odds ratio between biochemi-
cal parameters and BMI Z-score. Meanwhile, two-sided
P<0.05 was considered significant.

Results

In this study, the total number of people visiting the
clinic was 183 between October 2017 and February
2020. Five people under two years old, two people over
18 years old, 13 people with chronic diseases, and four
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Table 1. Baseline anthropometric parameters and laboratory measurements of the participants

MeantSD/No. (%)

Variables P# (Boys vs Girls)
All Participants (n=90) Boys (n=56) Girls (n=34)
Age (y) 9.1943.58 9.3143.57 8.99+3.63 0.65
BMI (kg/m?) 26.62+4.29 27.18+4.48 25.68+3.84 0.08
BMI Z-score 2.3940.70 2.49+0.75 2.22+0.59 0.13
Fasting glucose (mg/dL) 92.20+10.11 92.93+7.58 90.99+13.33 0.14
Cholesterol (mg/dL) 174.64+27.90 176.86+28.79 171+26.38 0.3

LDL (mg/dL) 107.12+22.20 109.56+21.31 103.09+23.35 0.41
HDL (mg/dL) 45.47+7.31 44.49+5.99 47.06+8.93 0.66
TG (mg/dL) 130.57+55.92 134.48+60.39 124.12+47.82 0.24
GFR (mL/min/1.73 m?) 83.48+18.47 81.67+16.22 86.46+21.61 0.44
ALT (U/L) 29.67+11.09 31.09+10.37 27.34+11.97 0.06
BMI Z-score (obese) 62(68.9) 44(78.6) 18(52.9) 0.02"
Fasting glucose 2100 (mg/dL) 14(15.6) 8(14.3) 6(17.6) 0.77
Total cholesterol 2170 (mg/dL) 60(66.7) 39(69.6) 21(61.8) 0.49

LDL>110 (mg/dL) 25(27.8) 16(28.6) 9(26.5) 1
HDL<45 (mg/dL) 18(20) 10(17.9) 8(23.5) 0.59

TGs 290 mg/dL" 76(84.4) 47(83.9) 29(85.3) 1
GFR<90 (mL/min/1.73 m?) 71(78.9) 46(82.1) 25(73.5) 0.43
ALT>26 (U/L™ 56(62.2) 37(66.1) 19(55.9) 0.37

Abbreviations: GFR: Glomerular filtration rate; LDL-c: Low-density lipoprotein cholesterol; HDL-c: High-density lipoprotein
cholesterol; ALT: Alanine transaminase; BMI: Body mass index.

*Calculated by the Mann-Whitney test or Fisher exact test,” P<0.05 significant, “Triglycerides =75 for the age under 9 years and
290 for the age greater than 9 to 18 years and ALT>22 in girls and >26 in boys were significant.

people due to lack of recorded height or weight were ex-
cluded from the study. Out of 159 eligible participants
for the study, 69 individuals did not consent to undergo
blood testing. Consequently, a total of 90 participants
were included in the statistical analysis.

Table 1 demonstrates the anthropometric characteris-
tics and biochemical parameters of the participants. The
mean age of the patients was 9.194+3.58 years, with a
mean BMI Z-score of 2.39+0.70. Overall, 68.9% of the
participants were classified as obese, with boys exhib-
iting a significantly higher prevalence of obesity com-
pared to girls (P=0.02).

The mean cholesterol level in all participants was
174.64+27.90 mg/dL, with 66.7% of them exhibiting
hypercholesterolemia. Moreover, 27.8% of these chil-
dren had elevated LDL levels, while 20% had reduced
HDL levels. Analysis of TG levels revealed that 73.7%
of children aged 2-5 years, 84.6% of children aged 6-11
years and 94.7% of children aged 12-18 years had hy-
pertriglyceridemia, with prevalence increasing with age.

The mean fasting blood glucose level was 92.20+10.11.
Impaired fasting glucose was seen in 15.6% of the par-
ticipants. Among these people, 62.2% had abnormal ala-
nine transaminase levels.
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Table 2. Binary logistic regression analyses for the association of BMI Z-score and biochemical parameters

Dependent Variables Odds Ratio 95% CI P

Fasting glucose 2100 (mg/dL) 0.81 0.35-1.89 0.62
Total cholesterol 2170 (mg/dL) 1.35 0.69-2.60 0.38
LDL>110 (mg/dL) 0.91 0.46-1.77 0.77
HDL <45 (mg/dL) 0.65 0.29-1.48 0.30
TGs 290 (mg/dL)” 0.7 0.33-1.51 0.37

GFR <90 (mL/min/1.73 m?) 4.79 1.59-14.47 0.005"
ALT >26 (U/L)” 0.96 0.52-1.76 0.89

Abbreviations: GFR: Glomerular filtration rate; LDL-c: Low-density lipoprotein cholesterol; HDL-c: High-density lipoprotein

cholesterol; ALT: Alanine transaminase.

"P<0.05 significant, "Triglycerides 275 for the age under 9 years and 290 for the age greater than 9 to 18 years and ALT>22 in

girls and >26 in boys is considered significant.

In addition, eGFR was compared between overweight
and obese boys and girls. The average GFR of girls
was 86.46+21.61 mL/min/1.73 m? and for boys was
81.67+16.22 mL/min/1.73 m?, which has no significant
difference with P=0.44. In addition, 78% of individuals
had a GFR of less than 90 mL/min/1.73 m>.

Table 2 presents binary logistic regression analyses
examining the relationship between BMI Z-score as an
independent variable and biochemical parameters as de-
pendent variables among participants. The findings indi-
cate a notable association between higher BMI Z-scores
and increased odds of kidney failure, with an odds ratio
of 4.79 (95% CI, 1.59%, 14.47%, P=0.005) for eGFR
less than 90 mL/min/1.73 m?.

Discussion

The prevalence of childhood obesity has reached
alarming levels globally, with significant implications
for health, including renal function. According to recent
estimates, approximately 38.2 million children under
the age of 5 were classified as overweight or obese in
2019, marking a concerning trend that continues to rise.
Among older children and adolescents aged 5-19 years,
the prevalence of overweight and obesity has surged
from 4% in 1975 to over 18% in 2016 [18].

Obesity exerts a profound negative influence on re-
nal function, assessing eGFR a critical measure in this
population [19]. Dyslipidemia, a common metabolic ab-
normality in obesity, further complicates renal health by
promoting the reabsorption of fatty acids and cholesterol
within renal tubular cells. This process can trigger tubu-

lointerstitial inflammation, leading to foam cell forma-
tion and tissue damage. Additionally, dyslipidemia can
adversely affect mesangial and glomerular capillary en-
dothelial cells, including podocytes [19].

In our investigation, we examined biochemical abnor-
malities among overweight and obese children attend-
ing an obesity clinic at a tertiary children’s hospital.
The study included 90 children referred between Oc-
tober 2017 and February 2020. Our findings revealed
a substantial prevalence of dyslipidemia among these
children, with 66.7% exhibiting high cholesterol levels,
84.4% high TGs, 27.8% high LDL cholesterol, and 20%
low HDL cholesterol. In addition, the average GFR was
83.48+18.47 mL/min/1.73 m? and 78% of individuals
had a GFR less than 90 mL/min/1.73 m? These results
align with recent studies highlighting the high preva-
lence of dyslipidemia and reduced eGFR in obese and
overweight children and adolescents [20, 21].

Correia-Costa et al. compared renal function using cre-
atinine and cystatin C in 313 children aged 8 to 9 years
with obesity or overweight against non-obese children,
revealing a positive correlation between BMI z-score
and both creatinine and cystatin C. This correlation
suggests that as BMI Z-score increases, eGFR tends to
decrease [8]. Similarly, Santucci’s study, involving 165
overweight and obese children indicated that elevated
uric acid levels, older age and puberty were associated
with reduced GFR values in these individuals [22]. Van
Dam’s study, involving 600 overweight and obese chil-
dren indicated that while serum creatinine levels were
within the normal range, eGFR declined with age, high-
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lighting the progressive nature of renal impairment in
this population [23].

Di Sessa’s study on 396 obese children underscored
the clinical implications of renal impairment, with 20%
of participants demonstrating ¢GFR less than 90 mL/
min/1.73 m?. These children also exhibited higher BMI,
insulin resistance, and non-alcoholic fatty liver compared
to those without renal impairment, with an odds ratio of
1.92 for kidney injury in metabolically unhealthy obese
children, reinforcing the association between metabolic
abnormalities and renal dysfunction [24]. The present
study confirms these findings, revealing a significant as-
sociation between increasing BMI z-score and the likeli-
hood of kidney failure, with an odds ratio of 4.79 (95%
CI, 1.59%, 14.47%, P=0.005) for eGFR less than 90 mL/
min/1.73 m?.

Conclusion

This study supports existing studies indicating a sig-
nificant prevalence of dyslipidemia, characterized by
elevated cholesterol, TGs and low HDL, among over-
weight and obese children. It emphasizes the importance
of conducting lipid profile tests to address these issues
and reduce the risk of cardiovascular disease in adult-
hood. Furthermore, abnormal ALT and impaired fasting
glucose are common in such children, and monitoring
for renal failure using eGFR should be more frequent to
assess kidney function in obese children.

Study limitations

While this study provides valuable insights, it is im-
portant to note several limitations. These include small
sample size, absence of blood pressure measurements,
lack of urine tests for proteinuria, and undocumented
duration of obesity. Our findings revealed a mean BMI
z-score of 2.39, with 78% of individuals showing eGFR
below 90 mL/min/1.73 m? This percentage is notably
higher than in comparable studies, possibly due to pro-
longed obesity duration and progression through hyper-
filtration stages before referral to pediatric tertiary care
for treatment.

Given these findings, interventions to address child-
hood obesity and managing abnormalities in biochemi-
cal parameters among children can play a crucial role in
preventing the development of dyslipidemia and kidney
disease. Such interventions may ultimately enhance the
quality of life for these children as they transition into
adulthood.
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