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ABSTRACT

Aim: In kidney diseases, renal damage may be mild and initially asymptomatic.
Proteinuria, a marker of kidney injury, directly contributes to chronic
tubulointerstitial damage. We investigated the prevalence of proteinuria (POP) in
school-aged children in Turkey.

Materials and Methods: The cluster sampling method was used to calculate
the required size of the study group for this cross-sectional study. Urine samples
were randomly obtained to determine urinary protein/creatinine ratio (Upr/Ucr)
from 1374 children aged 6 to 18 years. POP was also specifically assessed in
hypertensive and obese children.

Results: The mean age of the subjects was 11.68+3.43 years. The children were
from rural (23.9%) and urban (76.1%) regions of Tokat, Turkey. Upr/Ucr >0.20
was detected in 92 children, corresponding to a POP rate of 6.7%, without any
statistically significant difference between girls and boys. Among 141 obese
children, 16 (11.3%) and 76 of 1233 non-obese children (6.2%) had proteinuria
(p<0.05). Children with hypertension had a POP of 7.5% compared to the 6.7% of
those without hypertension (p>0.05).

Conclusion: Among school-aged Turkish children POP was 6.7%. POP was higher
in obese than in non-obese children. But there was no association between
POP and hypertension. While screening programs allow the early detection of
renal disease, further cohort studies are required to be able to suggest urinary
screening programs.
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Amag: Bobrek hastaliklarinda renal hasar baslangicta asemptomatik ve hafif
olabilir. Bobrek hasarinin bir belirteci olan proteiniri, kronik tubilointerstisyel
hasara dogrudan katkida bulunur. Okul gagindaki gocuklarda proteindiri prevalansini
(PP) arastirdik.

Gereg ve Yontemler: Bu kesitsel calisma icin galisma grubunun gerekli boyutunu
hesaplamak i¢in kime 6rnekleme yontemi kullanildi. Alti-on sekiz yas arasindaki
1374 cocugun idrar protein/kreatinin oranini (Upr/Ucr) belirlemek icin idrar
numunelerirastgele elde edildi. PP hipertansif ve obez gocuklarda ayrica hesaplandi.
Bulgular: Olgularin yas ortalamasi 11,68+3,43 il idi. Olgularin %239'u kirsal
alanlardan ve %76,1'i kentsel bolgeden alindi. Kiz ile erkek cocuklar arasinda
istatistiksel olarak anlamli farklilik olmaksizin, 92 ¢ocukta Upr/Ucr >0,20 saptandi,
PP %6,7'ye karsilik geldi. Ytz kirk bir obez ¢ocuktan 16'sinda (%11,3) proteintiri
vardi; obez olmayan 1233 gocugun 76'sinda (%6,2) proteiniri vardi (p<0,05).
Hipertansiyonlu cocuklarda proteiniri %7,5 iken hipertansif olmayanlardaki
prevalans orani %6,7 idi (p>0,05).

Sonug: Okul gagindaki Tiirk gocuklarinda PP %6,7 idi. PP obezlerde obez olmayan
cocuklardan daha yiiksekti. Ancak, PP ve hipertansiyon arasinda herhangi bir iligki
mevcut degildi. Tarama programlari, bébrek hastaligini erken tespitte yardimei olsa
da driner tarama programlarinin dnerilmesi igin daha fazla kohort arastirmalari
gereklidir.

Anahtar Kelimeler: Proteiniiri, cocuklar, obezite, protein kreatinin orani,
hipertansiyon
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Introduction

Chronic kidney disease (CKD), characterized by the
irreversible deterioration of kidney function, leads to end-
stage renal disease (ESRD), which is a major and growing
public health problem (1,2). The early detection of kidney
disease based on the determination of proteinuria and the
identification of its cause are important for early treatment
to prevent CKD, and therefore, ESRD development (1).
Almost all of the proteins filtered by the kidney glomeruli
are reabsorbed in the proximal tubule by endocytosis at the
luminal membrane. Significant proteinuria occurs when this
energy-requiring mechanism is saturated and it can thus be
measured by determining the amounts of protein (mg) and
creatinine (mg) in a random urinary sample, expressed as
the urinary protein/creatinine ratio (Upr/Ucr) (3). In children
<2 years of age the normal upper limit of the Upr/Ucr is
0.50; in children >2 years of age, it is 0.20 (4,5). The Upr/Ucr
correlates well with 24 h urine protein excretion (3).

In kidney diseases, renal damage may be mild and initially
asymptomatic. If proteinuria is detected before nephrotic
involvement, the progression of renal injury to ESRD can
be prevented or delayed. A failure to promptly refer patients
with early kidney disease to a nephrologist may result
in the need for renal replacement therapy (6). Because
proteinuria is a significant symptom of renal injury, it is also
a stronger marker of CKD progression; if the loss of function
is minimal there will be little or no proteinuria (7). Moreover,
while proteinuria was previously considered a marker of
the severity of the underlying disease, it is now clear that
proteins filtered through the glomerular capillaries have an
intrinsic renal toxicity that contributes to disease progression
(8). This finding has highlighted the importance of the early
detection of proteinuria to prevent CKD, and its progression
to ESRD (9). The worldwide prevalence of childhood obesity
has increased greatly over the past three decades (10). This
led to an increase in CKD prevalence in the last decade of
the century. It has been recently emphasized that obesity is
an independent risk factor for CKD (11). The initial body mass
index (BMI) is recommended as an independent predictor of
the progression of CKD (12).

We investigated the prevalence of proteinuria (POP) as a
benign symptom or a sign of CKD in the province of Tokat
in northern Turkey by measuring protein levels in random
urine samples collected from a pediatric population. Also in
this study, we aimed to determine the effect of obesity and
hypertension on POP in school aged-children.

Materials and Methods

The number of students to be surveyed and the
number of clusters to be surveyed from each school were
determined by multi-layered proportional cluster sampling
method considering the number of students in primary,
secondary and high schools in the province center and
districts according to the 2013-2014 academic year records
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of the provincial national education directorate sex and age
groups. The potential study population consisted of 108.514
school children between the ages of 6 and 18 years. The
cluster sampling method was used to calculate the number
of participants needed to power the study according to an
expected (p) POP of 50% and a deviation (d) of 0.05 based
on the 97% confidence interval. Thus, in this cross-sectional
study the required size of the study group was 1584 children.
However, 210 children were excluded from the study due to
inadequate or inappropriate sampling. The remaining 1374
children were enrolled. Although first morning and two urine
samples were suggested including the first urine in the
morning, we used only one randomized urine sample in the
day time in favor of usability. Urinary samples were randomly
obtained from the children in the schools between April 2014
and June 2014.

Total protein and creatinine levels were measured using
a Cobas 6000 auto analyzer and commercial kits (Roche
Diagnostics, USA). The urine samples were denatured with
benzethonium chloride before measuring the amount of
protein using the turbidimetric method, and the amount of
creatinine using the Jaffe colorimetric method. The results
were expressed as mg/dL. The Upr/Ucr (mg/mg) was also
calculated from the samples. The cut-off value for proteinuria
to determine POP was 0.20.

Age, sex, weight, height, BMI, body temperature, and
systolic and diastolic blood pressure (BP) were recorded,
as was a history of drug use or chronic disease of any kind.
Since five children to be enrolled to the study had been
diagnosed with epilepsy, five with Familial Mediterranean
Fever, one child with atypical autism, and one with celiac
disease, a total of twelve children from the substitute list
were recruited in their place. Weights were measured
using a digital scale (Seca Corp., Chino, California, USA).
The measurements were taken while the patients were
barefoot and wearing light clothing. Height was measured
using a portable stadiometer (Seca) together with weight.
BMI was calculated as weight in kg divided by the square
meter of the height (kg/m?). The subjects were diagnosed
as obese according to BMI >95 percentile, considering
the sex-and age-specific growth curves and cut-off levels
for Turkish children. BPs were measured by using a digital
sphygmomanometer (Omron 705IT, Omron Healthcare Co.,
Kyoto, Japan), and if the measured BP was high according
to age, sex and height, the mean of the two measurements
were noted. Hypertension has been defined as BP >95th
percentile according to age and sex, and height (13).
The relationships between obesity and proteinuria and
between hypertension and proteinuria were investigated by
determining the POP value in subgroups of the participants.
In addition, for POP and Upr/Ucr determinations, the children
were divided into three age-based groups: 6-9 years, 10-13
years, and 14-18 years.

The study protocol was in accordance with the Helsinki
Declaration of the World Medical Association, and ethical
standards. Gaziosmanpasa University Ethics Committee
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approval was received for this study (approval number:
14-KAEK-035). Informed consent was obtained from, and the
questionnaires used to gather information about the children
were answered by the parents and families.

Statistical Analysis

Quantitative data are expressed as the arithmetic mean
and standard deviation. An independent sample t test
or one-way analysis of variance was used to compare
continuous normal data between the groups. A %2 test or the
Yates correction %2 test was used to compare categorical
data. Categorical variables were expressed as counts and
percentages. A multivariate logistic regression model was
implemented to determine the relation between selected
variables and proteinuria. A p value <0.05 was considered to
indicate statistical significance. The statistical analyses were
performed using SPSS 19 (IBM SPSS Statistics 19, SPSS
Inc., an IBM Co., and Somers, New York).

Results

Urine samples were collected from 1374 children, 683
(49.7%) females and 691 (50.3%) males. Their mean age was
11.68+3.43 years (6-18 years). The mean ages of girls and
boys (11.70+3.46 years and 11.66+3.41 years respectively)
were similar. The children resided in rural (n=329, 23.9%) and
urban (n=1045; 76.1%) regions. The characteristics of the
study group are provided in Table I.

A Upr/Ucr >0.20 was determined in 92 children,
corresponding to a POP of 6.7%. POP was 5.8% in the girls
and 7.6% in the boys; the difference was not statistically
significant (p>0.05).

Among 141 obese children, 16 (11.3%) had proteinuria,
whereas in 1233 non-obese children proteinuria was
measured in 76 (6.2%); the difference was statistically
significant (p<0.05). Children with hypertension had a POP of
7.5% compared to the 6.7% of those without hypertension
but the difference was not statistically significant (p>0.05).
POP in children living in urban areas was 7.6%, and those in
rural areas had a POP of 4%; the difference was statistically
significant (p<0.05).

POP was 0.5%, 3.0%, and 16.7% in the age groups
6-9 vyears, 10-13 years, and 14-18 years respectively. A
statistically significant difference was observed when age
increased (p<0.001, Table I).

An association between the risk of proteinuria and obesity,
age group and settlement was estimated using multivariate
logistic regression. In multivariate analysis, proteinuria as
the dependent variable was entered into a multiple logistic
regression model with adjustment variables, age group,
obesity and settlement as independent predictor variables.
Both the 10-13 years and 14-18 years groups, obese, and
urbans showed a significantly increased risk for proteinuria.
Table Il shows the results of the logistic regression model for
proteinuria.

Discussion

Among school-aged children in Tokat province, located
in northern Turkey, POP was 6.7%. Asymptomatic POP in
school-aged children in other regions of Turkey has been
reported to be 1.81% in Trabzon (14), 2.7% in Ankara (15),
8.7% in Isparta (16), and 4.06% in Kayseri (17). A POP
of 0.12% in primary school children has been reported
in Malaysia (18) and a 2.7% POP has been reported in
children of ages 2 to 5 years in Nigeria (14). In those studies,
however, the urine dipstick method was used, which is not
as sensitive a method as Upr/Ucr determination because of
the high false-negative rate (19). Nonetheless, while the Upr/
Ucr is recommended for the determination of proteinuria in a
single random urine sample or a limited number of samples,
the dipstick method is more practical for mass screening
programs (9,20,21). In fact, there are few studies in which the
Upr/Ucr was used to identify POP (22,23).

Like other childhood diseases, kidney disease can be

Table 1. Demographic and clinical characters of the subjects

Total Proteinuria
Variables n=1374 |No Yes p
1282 (93.3) | 92 (6.7)
Female 683 (49.7) | 631(92.4) 52 (7.6)
Gender 0.176
Male 691(50.3) |651(94.2) 40 (5.8)
) Obese 141(10.3) [125(88.7) 16 (11.3)
Obesity 0.020
Nonobese 1233 (89.7) | 1157 (93.8) 76 (6.2)
6-9 ages? 417 (30.3) | 415(99.5) 2(0.5)
Age group 10-13 agesP [ 508 (36.9) | 493 (97.0) 15(3.0) |<0.001
14-18 ages® | 449 (32.7) |374(83.3) 75(16.7)
Urban 1045 (76.1) {966 (92.4) 79 (7.6)
Settlement 0.022
Rural 329(23.9) |316(96.0) 13 (4.0)
) Yes 67 (4.9) 62 (92.5) 5(7.5)
Hypertension 0.797
No 1307 (95.1) | 1220(93.3) |87 (6.7)

abeDifferent superscripts indicate statistical significant difference
Data are shown as n (%)

Table Il. Odds ratios for the combined (multivariate, including age group,
obesity, and settlement) effects of variables on proteinuria risk

Variables ] p OR 95% Cl

10-13 years 1.837 0.015 6.277 1.425-27.648
group

14-18 years 3780 <0.001 43826 | 10.661-180.157
group

Obese 0.874 0.006 2397 1.289-4.456
Urban 0.654 0.039 1923 1.034-3578

Reference categories are non-obese for obese variable, 6-9 years group for age group
variable, rural for settlement variable

OR: Odds ratio, Cl: Confidence interval
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initially asymptomatic, which has led to the assessment
of screening programs and prevalence research (14,20,24).
Mass urinalysis screening in children has been implemented
since 1973 in Japan (20) and since 1998 in Korea (25).

A comparison of Japan with its mandatory urinary
screening program in school children, and the USA, which
lacks a similar program, showed that when adjusted for the
population, the rate of ESRD based on new cases annually is
about 4-fold higher in America than in Japan (20,26). Dipstick-
based screening programs were previously carried out in
the USA, and in 2000 the American Academy of Pediatrics
suggested urine screening in preschool children and in
adolescents. However, subsequent studies have confirmed
that dipstick-based urinary screening is not suitable because
it is not cost effective (21,27). Similarly, there are no mass
screening programs in Europe.

We found that POP was higher in obese than in non-
obese children. Csernus et al. (28) reported a positive
association between proteinuria and adult obesity, consistent
with the identification of obesity as an independent risk
factor for proteinuria. However, in other studies, either
proteinuria was not related to obesity (29) or obese children
had higher albuminuria than the control group (28).

In our study population, there was no association
between proteinuria and hypertension. While this finding is
in agreement with some studies (24,28), it conflicts with
another, which found a positive correlation (30).

Our age-based analysis showed that the POP increased
with age. In Korea, the POP in elementary and junior high
school children is 0.34% and 0.48% (25) respectively; in
Japan, the corresponding rates are 0.06% and 0.32% (20).
However, it has also been proposed that the increased physical
activity of older children results in transient proteinuria, due
to orthostatic or exercise-induced proteinuria, resulting in a
higher rate of POP to be recorded. So, the higher POP in the
older age group may be a reflection of orthostatic proteinuria.

Finally, we found that POP was also higher in urban than
in rural areas. While we were unable to find similar studies in
the literature, we can suggest that in densely populated areas
such as cities and towns, infections and therefore fever are
more common. Because fever causes transient proteinuria,
this scenario may explain the higher rate of POP in urban
children. However, this hypothesis remains to be confirmed
in further studies.

Study Limitations

Since this is a prevalence study, investigation of individuals
in whom renal disease was detected requires a cohort study.
So, it is beyond the scope of this study. The first morning
and two urine samples have been suggested, but we used
only one randomized urine sample in the day. These were the
limitations of our study.
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Conclusion

Proteinuria in children may be the first indicator of
CKD. However, the early diagnosis of renal disease in
asymptomatic individuals can prevent or slow its eventual
progression to CKD, and thus the development of ESRD.
Among school-aged Turkish children POP was 6.7%.
POP was higher in obese than in non-obese children, but
there was no association between POP and hypertension.
Although screening programs allow the early detection of
renal disease, further cohort studies are required to suggest
urinary screening programs.
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