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Abstract

The increasing prevalence of obesity in adolescents, which is a severe global health problem, focuses
on the relationship between the degree of obesity and the ratio of urine creatinine albumin. This study
aimed to evaluate the association between the degree of obesity in adolescents and the urinary albumin
creatinine ratio as an indicator of kidney health. This study used observational analytical research
methods with a cross-sectional approach in obese adolescents. This research was conducted in 4
secondary schools in Manado, including SMP Negeri 8 Manado, SMP Negeri 4 Manado, SMA Katholik
Rex Mundi Manado, and SMA Kristen Eben Haezer Manado. The results showed a relationship
between the degree of obesity in obese adolescents and an increase in urinary albumin creatinine ratio,
where the heavier the degree of obesity, the ratio tends to increase.
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INTRODUCTION

Adolescence is a typical phase of life due to rapid physical growth, with changes in
body composition, sexual and psychological maturation.* World Health Organization
(WHO) defines adolescents as individuals who fall into the age group of 10-18 years.?
Adolescent age is an age group that is prone to nutritional problems.® Increased
overweight (overweight) and obesity in children and adolescents have become major
public health problems that have become epidemics.*

Obesity according to WHO (2000), is an excessive accumulation of fat as a result of
an imbalance in energy intake (energy intake) with the energy used (energy
expenditure) for a long time.* Excessive accumulation of fat such as obesity and
overweight can interfere with health.®> Overweight and obesity has seen a significant
increase over the past few decades.! WHO (2021) reported that in 2016 there were
more than 340 million children and adolescents aged 5-19 years who were overweight
or obese. As of 2020, 39 million children under the age of 5 are overweight or obese.®

Centers for Disease Control and Prevention (2022) also reports that in the United
States obesity poses a poor risk to the health of children and adolescents.® In
Indonesia, Basic Health Research data (2018) also shows that the prevalence of
obesity and obesity in adolescents aged 13-15 is 11.2% and 4.8% respectively. While
the prevalence of adolescents aged 16-18 is 9.5% obese and 4% obese.’

The rapid increase in obesity in Indonesia is due to some people switching from
traditional diets to processed products. In addition, a poor diet in children, adolescents
and adults is characterized by high intake of foods and drinks high in sugar, salt,
excessive fat, lack of consumption of fruits and vegetables and lack of physical
activity.9
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Complications of obesity such as diabetes, hypercholeterolemia, hypertension,
cancer, and depression, are expected to increase with the age of adolescents today.1°
Obesity during adolescence is a strong predictor of obesity and higher mortality in
adulthood.! Overweight and obesity in children and adolescents are risk factors for
cardiovascular disease and decreased kidney function in chronic kidney disease.*-14
Epidemiological data also show that obesity is associated with an increased risk of
kidney injury in children.®

Albumin detected in urine is a sign of kidney disease.'® Models used to predict kidney
failure always use albuminuria (urinary albumin creatinine ratio (UACR)) or proteinuria
(urinary protein-creatinine ratio/lUPCR).}” UACR is most often applied to diagnose
albuminuria.'® Urinary albumin excretion is classified into normoalbuminuria (<30 mg
per day or UACR <30 mg/g), microalbuminuria (30-300 mg per day or UACR 30-300
mg/g equivalent with 3.4-34 mg/mmol), and macroalbuminuria (>300 mg per day or
UACR >300 mg/g).*® Microalbuminuria refers to a state in which urinary albumin
excretion is very high, but often goes undetected.®

Microalbuminuria (MA) is a risk factor for morbidity and mortality of cardiovascular
disease and kidney disease.?%-?> Zhang et al (2022) also report that Urinary Albumin
Creatinine Ratio is an important risk factor for all-cause mortality in the community
population, even if under normal circumstances with UACR <30 mg/g, occurs in people
with high normal values (10 mg/g<UACR<30 mg/g) then the risk of death will also
increase.?®

Hemayati et al (2020) reported that the prevalence of microalbuminuria increased
significantly with an increase in BMI.?” Research conducted by Adam (2013) on obese
and non-obese students showed that there was an association between obesity and
increased albuminuria on examination of the urinary creatinine albumin ratio.?®
Nguyen et al (2008) stated that among adolescents who are overweight,
microalbuminuria is associated with cardiovascular and kidney risk factors in the
future.?®

Nguyen et al (2008) reported that microalbuminuria was found in 8.9% of adolescents,
where the prevalence of microalbuminuria was higher among adolescents who were
not overweight than among adolescents who were overweight. The albumin/creatine
ratio decreases with increasing BMI scores. However, among overweight adolescents,
microalbuminuria was associated with future cardiovascular and kidney risk factors.??

Study cross sectional conducted by Larkins et al (2019) on a population of children
aged 11-12 years in Australia by measuring the ratio of urine creatinine albumin also
found that albuminuria was detected in 15.1% of children, including 20.8% in women
and 10.1% in men. Albuminuria is common in children in Australia, worrying because
of the risk of kidney and cardiovascular disease, even death.2® Given the increasing
population of adolescents is the reason for the need for this age group to be a
concern.?

Previous studies have focused more on the obese population in general. Studies
evaluating the relationship between obesity and UACR according to the degree of
obesity are still difficult to find in the literature. Based on this, researchers are
interested in knowing the relationship between the degree of obesity to UACR in obese
adolescents. The formulation of the problem of this study is to determine whether there
is a relationship between the degree of obesity in obese adolescents with the ratio of
urine creatinine albumin.
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The aim of the study was to evaluate the association, while the research hypothesis
suggested a correlation between the degree of obesity and the ratio of urine creatinine
albumin in obese adolescents. His statistical hypothesis states that HO: there is no
relationship, while H1: there is a relationship.

Its benefits include theoretical contributions by enriching the literature on the
relationship between obesity and urinary creatinine albumin ratio, as well as its
applicative benefits in providing a reference for preventive measures for impaired renal
function in obese adolescents and providing information to predict kidney function
based on the severity of obesity in such adolescents.

METHODS

This study was conducted using observational analytical research methods with a
cross-sectional approach in obese adolescents. This research was conducted in 4
secondary schools in Manado including, SMP Negeri 8 Manado, SMP Negeri 4
Manado, SMA Katholik Rex Mundi Manado, SMA Kristen Eben Haezer Manado. The
four schools had previously been surveyed by researchers on age, sex, nutritional
status, height, and weight and found a number of obese adolescents to be included in
the study. The study and sampling were conducted between September and
December 2023.

Population and Research Sample

The study population was obese adolescents aged 10 to 18 years in Junior High
School and Senior High School in Manado city around RSUP Prof. Dr. R. D. Kandou.
The sample of this study was a portion of the affordable population that met the criteria:

Inclusion criteria:

e Respondents ranged in age from 10 to 18 years.

e Are patients with obesity (BMI 230 kg/m2 or BMI/U >p95)

e Parents agree to participate and are willing to sign informed consent
Exclusion criteria:

e Chronic kidney disease

The minimum sample size required in this study is determined based on the
correlative analysis sample formula:
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UACR variance from previous study = 33.4
A = large margin of error desired

With effect size = = 0.75 ‘A’—je A = 38.567

A minimum sample of 18 samples was obtained for each category of obesity.
Ethics Committee Considerations

The research was carried out under the approval of the Health Research and
Development Ethics Committee of RSUP Prof. dr. R. D. Kandou, Manado with letter
number No.229/EC/KEPK-KANDOU/XI/2023. In the implementation of this research,
every action taken is accompanied by providing information and with the permission
of parents through the signing of informed consent.

In this study, the independent variables consisted of the degree of obesity categorized
as mild or severe, as well as Body Mass Index per Age (BMI/U) measured numerically.
Meanwhile, the dependent variable was the urinary creatinine albumin ratio (UACR),
also measured numerically.

Research instruments include stationery, parental/guardian consent forms, patient
medical record status, child scales, height gauges, gloves, and CDC 2000 standard
growth chart for height and CDC 2022 chart for BMI/U according to age and sex.

The research procedure involves approval from the Ethics Committee, anamnesis and
physical examination by the researcher, as well as the collection of urine samples and
laboratory examination by trained officers, with the results recorded in the research
form for subsequent analysis.

Data Analysis

The description of each variable is done according to the type of distribution. Category
variables are displayed as frequency and percentage. Meanwhile, the centering and
spread values of numerical variables are presented according to the results of the
distribution normality assessment both through graphs such as histograms, boxplots,
and density curves, as well as Kolmogorov-smirnov and Shapiro Wilk normality tests.
In normally distributed ones, descriptive tabulations include mean values and standard
deviations (SD).

In contrast, numerical variables whose distribution deviates from normality are given
as the median and interquartile range (IQR). Bivariate analysis of each independent
variable against the dependent variable using ANOVA, independent T-test and Point-
Biserial test.

Multivariate analysis of all independent variables against dependent variables using
multiple linear regression. The results of linear regression analysis are reported as
coefficients using a 95% confidence interval, and a p-value. Data analysis was
performed using SPSS application version 26.0.
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Figure 1: Research Flowchart

RESULTS
Characteristics of Research Samples

This study was conducted from September 2023 to December 2023 on obese children
in junior and senior high schools in Manado City. This research was conducted at SMP
Negeri 8 Manado (Male Students: 589 Female Students: 601), SMP Negeri 4 Manado
(Male Students: 338 Female Students: 308), Rex Mundi Catholic High School Manado
(Male Students: 264, Female Students: 413) and Eben Haezer Christian High School
Manado (Male Students 200, Female Students 160). In this study, 38 obese
adolescents met the inclusion criteria, of which 22 (58%) were boys and 16 (42%)
were girls. Twenty of them fall into the category of mild obesity and 18 of them fall into
the category of severe obesity. From all samples, the lowest age was 13 years, the
highest was 17 years with an average of 14.9 years. The lowest weight was 55 kg and
the highest was 95.1 kg, averaging 73.2 kg. The lowest height is 140 cm, the highest
is 170 cm with an average of 151.5 cm. The lowest percentage of BMI by age was
100.2%, the highest was 146.5%, the average was 117.45% compared to the 95th
percentile on the 2022 CDC chart according to sex and age.

Table 1: Adolescent characteristics in the study (n = 38)

Gender n(%) Mean (Standard Deviation)
Degrees of Obesity -
Mild obesity 20 (52, 6%) -
Severe Obesity 18 (47, 4%)
Age - 14,9 (1,394)
Weight (kg) - 73,224 (8,4349)
Height (cm) - 1,515 (0,0884)
BMI/Age (%) - 117,450 (13,1923)
UACR (mg/g) * - 28,1 (21,5)

Description: * n=36, two error data.
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Figure 2: Distribution of BMI/U according to the degree of obesity.
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Figure 3: Distribution of UACR according to the degree of obesity.
The relationship between obesity and UACR

The average urinary albumin creatinine ratio in the study sample was 28.1 + 21.5 mg/g.
The study also showed a significant positive correlation between Urinary Albumin
Creatinine Ratio and BMI. A strong correlation with a value of r = 0.88 illustrates that
the higher the BMI/U in obese adolescents, the higher the albumin-creatinine ratio in
their urine. The results of the BMI regression test on UACR values were obtained with
every increase of 1 degree BMI/U compared to the 95th percentile on the 2022 CDC
chart according to age and sex, the average UACR increased by 1.4 mg/g in this study.
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Figure 4: Scatter diagram of the relationship between BMI/U (percentage
compared to 95th percentile on the 2022 CDC) and UACR value (r=0.88;
p<0.001)

The relationship between the degree of obesity and UACR

Based on obesity classification, UACR values in severe obesity (44.6 + 17.1) were
higher than values in mild obesity (11.6+ 9.2). The mean UACR value in the mild
obesity group was 11.6 mg/g while the mean UACR value in the severe obesity group
was 44.6 mg/g. The Point-Biserial correlation test of the relationship between the
degree of obesity and UACR, obtained r = 0.78 with a value of p < 0.001 showed a
strong positive relationship between the two variables. From the results of the
regression test of the degree of obesity against UACR, it was found that children with
severe obesity had an average UACR value of 33.0 mg/g higher than children with
mild obesity, with a p value of <0.001.
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Figure 5: Box plot of the relationship between obesity degree and UACR (Test
T=17.2; p<0.001)
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Figure 6: Point-Biserial correlation diagram of the degree of obesity
relationship with UACR (r = 0.78; p<0.001)

Table 2. Regression Analysis of BMI/you and degree of obesity against UACR

Variable Beta | p value
BMI/Age 1,4 <0,001
Degrees of Obesity | 33,0 | <0,001

DISCUSSION

In this study, a sample of 38 adolescents who were included in the obese category
and met the inclusion criteria, where 22 (58%) adolescents were boys and 16 (42%)
were girls. The mean age of the study sample was 14.9 years. The average weight
gained 73,224 kg with SD 8,4349.

The average height was 1.515 meters with SD 0.0884. The average percentage of
BMI/U is 117.450 with SD 13.1923. The prevalence of obese children and adolescents
based on the 2018 Riskesdas basic health research, the prevalence of obesity in North
Sulawesi adolescents aged 13-15 years is 5.14 — 8.48%, aged 16-18 years 3.55 —
7.02%, while in Manado City adolescents aged 13-15 years are 2.44 — 11.66%, aged
16-18 years 2.45 — 16.01%.

The average UACR value in this study was 28.1 mg/g with SD 21.5. In a cross-
sectional study conducted by Du et al (2014) on 2,889 populations found that BMI is
a risk factor for high UACR, where obesity significantly increases UACR (RR=1.82;
p<0.001) compared to populations without obesity.5%

Another study was also conducted by Dittmann et al (2013) on 3,749 subjects with
obesity had a high risk of increased RIS, which showed a u-shaped relationship
between markers of central fat distribution and UACR in the general population and
obese subjects had a higher risk of kidney disorders.®* Research by Csernus et al
(2005) found that obese children and adolescents had a higher increase in UACR®?
Albuminuria has also been linked to insulin resistance in overweight adolescents.?°

The results of this study are also supported by research conducted by Xiao et al, in
which a large number of adolescents with severe obesity had evidence of early renal
dysfunction, one of which was characterized by increased levels of UACR. This is
because obesity, and especially severe obesity, has an important pathophysiology in
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the occurrence of kidney damage.®? The relationship between obesity (BMI/U,
percentage compared to the 95% percentile on the CDC 2022 BMI chart) and UACR
was tested by correlation coefficient analysis and regression obtained a value of r =
0.88 with a value of p < 0.001. These results suggest there is a perfectly positive
relationship between obesity (expressed in BMI/U) and the urinary albumin creatinine
ratio, with the strength of a perfectly meaningful relationship (p < 0.001).

The relationship between the two variables graphically can be seen in the scatter
diagram, where the increase in BMI/U, the higher the urinary albumin creatinine ratio.
These findings are similar to those conducted by Du et al, where in univariate logistic
analysis, compared with normal-weight, overweight subjects (OR = 1.47; P<0.001)
and obesity (OR = 2.17; P<0.001) each had a significantly increased risk of UACR.
Similarly, compared with normal subjects, participants with central obesity also had a
significantly increased risk of UACR (OR = 1.93; P<0.001).

After adjusting for confounding variables, compared with the normal group, obesity
(OR=1.61; P=0.001) and central obesity (OR =1.31; P =0.007) still has an increased
risk of UACR.23 These results were also similar to other studies by Qin et al, conducted
on subjects with central and peripheral obesity, having a higher risk of increased
UACR, even after adjusting for several factors (OR: 1.14; 95% CI: 1.07 to 1.12;
p<0.001), this risk was also increased in the male population.””

The relationship between the degree of obesity and UACR, tested with an independent
sample T-test obtained a result of t = 7.2 with a value of p < 0.001. The results of the
Point-Biserial correlation test between the two variables gave a strong positive
correlation result with r = 0.78 and a p value of <0.001. The mean UACR in the severe
obesity group (44.6 £ 17.1 mg/g) was higher than in the mild obesity group (11.6 + 9.2
mg/g). With the regression analysis test of the degree of obesity against UACR, it was
found that the group of children with severe obesity had an average UACR value of
33.0 mg/g higher than the group of children with mild obesity. Obesity can increase
kidney damage directly through hemodynamic and hormonal effects.*’

The biological mechanisms by which obesity contributes to CKD are still not fully
understood, but obesity can increase kidney damage through direct and indirect
mechanisms. Indirect mechanisms of CKD development in obesity include coexisting
conditions such as diabetes and hypertension.

While direct mechanisms include hemodynamic and hormonal effects that cause
glomerular hyperperfusion (increased renal plasma flow) and glomerular
hyperfiltration (increased GFR), which is a process hypothesized to occur due to
vasodilation of renal afferent arterioles. This results in increased glomerular capillary
pressure, which can further lead to increased urinary albumin excretion (urine protein
loss of 30-300 mg per 24 hours), followed by open proteinuria (urine protein loss of
>300 mg per 24 hours), progressive decline in kidney function (decreased GFR), and
finally ESRD.*” Obesity-related kidney disease can be prevented or slowed down with
weight loss and lifestyle modifications.?4

Pardede et al (2017) explained that the degree of albuminuria and microalbuminuria
in obese children is higher than in children who are not obese or normal. This indicates
dysfunction of the glomerulus and renal tubules as a result of obesity.>! Increased
UACR at a young age is associated with obesity, metabolic syndrome and impaired
glucose metabolism in obese children.1876.32
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Rutkowski et al (2006) also explain that being overweight is associated with various
functional/structural lesions of the kidneys. The spectrum ranges from
glomerulomegaly with or without focal or segmental glomerulosclerosis, to diabetic
nephropathy, to renal carcinoma and nephrolithiasis. Kidney injury is characterized by
microalbuminuria or mild proteinuria, especially in the presence of hypertension. The
occurrence of microalbuminuria and/or chronic renal insufficiency is associated with
an increased number of metabolic syndrome components, namely central obesity,
elevated fasting blood glucose levels, hypertriglycerides, low HDL, and hypertension.
In the long term, end-stage renal failure may develop, Increased BMI is especially
dangerous in patients with decreased renal functional mass and other kidney
diseases.

Hyperfiltration is essential in the pathogenesis of obesity-related glomerulopathy.
Several active proteins are produced in central adipose tissue such as leptin,
proinflammatory cytokines, plasminogen-1 activator inhibitors, angiotensinogens, and
growth factors (transforming growth factor-betal), as well as low levels of protective
adiponectin, which contributes to kidney injury.2* Csernus et al found obese children
had a significantly higher urinary albumin creatinine ratio than healthy children
(interquartile range 12.9 mg/g versus 5.1 mg/g; p = 0.003). Obese children have higher
rates of albuminuria than normal-weight children, indicating early glomerular and renal
tubular dysfunction as a result of obesity itself.

UACR in obese children is associated with certain metabolic disorders associated with
obesity, and also with metabolic syndrome. Increased excretion of urinary proteins
such as the presence of albumin in the urine indicates hyperfiltration and premature
kidney damage. This has been shown to be as related as in adult obesity. Increased
urinary albumin excretion can be an indicator of impaired glomerular permeability
which is also a marker of kidney damage and represents an increase in transcapillary
albumin leakage that reflects endothelial dysfunction and causes vascular damage.®?

Research by Csernus et al found an increase in albuminuria in obese children and this
is associated with the presence of several features of metabolic syndrome, in
particular a significant association was found with impaired carbohydrate metabolism
(hyperinsulinemia and impaired glucose tolerance). These findings are consistent with
previous studies in adults showing an association between microalbuminuria and
insulin resistance or elevated blood glucose levels and provide further evidence for
the hypothesis of a central role of insulin resistance in the development of metabolic
syndrome and increased cardiovascular risk in subjects with increased urinary albumin
excretion.

Possible mechanisms linking hyperinsulinemia to increased urinary albumin excretion
include increased glomerular hemodynamic pressure and endothelial dysfunction
resulting in increased transcapillary albumin leakage. UACR increased almost 2-fold
in obese children with hypercholesterolemia compared to obese children with normal
cholesterol levels, indicating the importance of high cholesterol levels in the
development of kidney damage due to obesity.?

Nguyen et al showed that overweight adolescents with impaired glucose tolerance,
insulin resistance, and hypertension had microalbuminuria similar to those found in
previous studies in adults. Increased intraglomerular capillary pressure due to
overweight can lead to glomerular hyperfiltration.
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This has the potential to cause microalbuminuria through endothelial dysfunction
triggered by hypertension, diabetes mellitus, or smoking. Csernus et al found that
children with obesity and impaired glucose homeostasis (including hyperinsulinemia
and impaired glucose tolerance) had higher UACR than normal-weight children. This
supports the central role of such factors in the development of kidney damage. Insulin
resistance associated with adiposity can lead to endothelial dysfunction with increased
permeability leading to loss of albumin and other molecules involved in lipid
accumulation and inflammation of blood vessel walls.

Overall, these abnormalities may represent pathophysiological processes of kidney
damage observed in children with obesity.?° A study by Musa et al (2021), conducting
UACR examination on 128 children and adolescents with obesity, found that an
increase in UACR was statistically significant positively correlated with body weight,
BMI and waist circumference.8> The study concluded that UACR increases
significantly in children and adolescents with obesity, where early detection of albumin
in the urine can help prevent further obesity-induced kidney disease.

This study has limitations, namely the method of examining samples using urine at
any time, even though confounding factors control has been carried out on the study
sample. Examination of albumin levels in urine 24 hours may show different results.

CONCLUSION

The results showed a relationship between the degrees of obesity in obese
adolescents with an increase in the urinary albumin creatinine ratio, where the heavier
the degree of obesity, the ratio tends to increase. Therefore, it is recommended to
check the urinary albumin creatinine ratio in adolescents who are obese as an effort
to detect early and prevent kidney damage.

In addition, control of obesity is also recommended as a further preventive measure
against kidney damage. Furthermore, further research may need to be done to
distinguish between current urine and 24-hour urine outcomes to gain a deeper
understanding of the relationship between obesity and kidney damage risk in
adolescents.
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