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Abstract

Background The importance of the ratio of creatinine to urinary protein, albumin, and low-molecular weight protein as a
urinary marker in chronic kidney disease patients is widely recognized. However, no reference values have hitherto been
established for these markers in Japanese children. The present study aimed to establish the reference values for these urinary
markers in Japanese children.

Methods The first morning urine was randomly collected from 1712 pupils aged >3 to < 18 years during school and kin-
dergarten mass urinary screenings. The upper limit of the reference values was set at the 97.5th percentile of the creatinine
ratio per marker.

Results The urinary protein-to-creatinine ratio (PCR), urinary albumin-to-creatinine ratio (ACR), urinary beta 2-microglob-
ulin-to-creatinine ratio (BMCR), and urinary alpha 1-microglobulin-to-creatinine ratio (AMCR) showed an age-related
decrease at the 50th percentile reflecting an age-related increase in urinary creatinine. The appropriate reference value for
the PCR and ACR was 0.12 g/gCr and 35 mg/gCer, respectively, in the entire cohort. The appropriate reference value for the
BMCR was 0.5 pg /mgCr for age >3 to < 6 years and 0.35 pg/mgCr for age 6 years or older. The appropriate reference value
for the AMCR was 5.0 pg/mgCr for age >3 to < 6 years and 3.5 pg /mgCr for age 6 years or older.

Conclusion The present study was the first to determine appropriate reference values for the PCR, ACR, BMCR, and AMCR
based on an analysis of the first morning urine samples of a large number of children.

Keywords Children - Urinary screening - Reference values of urinary marker - Urinary protein - Urinary albumin - Urinary
beta 2-microglobulin - Congenital anomalies of kidney and urinary tract
Introduction

The urinary protein-to-creatinine ratio (PCR) and urinary
albumin-to-creatinine ratio (ACR) are essential for evaluat-
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ing chronic kidney disease (CKD), and the importance of
assessing urinary albumin in children is now attracting more
attention. The 2012 Guidelines for CKD issued by Kidney
Disease: Improving Global Outcomes (KDIGO) state that
the urinary excretion of albumin is a risk factor of earlier
deterioration of the glomerular filtration rate in pediatric
patients as well as adults with CKD [1]. However, the same
guidelines also indicate that there is no high-quality evidence
for urinary albumin excretion in children, unlike for urinary
protein excretion [1]. However, measuring low-molecular
weight proteins in patients with congenital anomalies of the
kidney and urinary tract (CAKUT) allows CKD progres-
sion to be evaluated [2-5]. Measuring the urinary excretion
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of low-molecular weight proteins is also recommended as
means of detecting tubular diseases, such as Dent disease
and nephronophthisis [1].

When evaluating CKD in children, the urinary Cr value
and other markers need to be adjusted for age. However,
as of yet no large-scale analysis of the PCR, ACR, urinary
beta 2-microglobulin-to- creatinine ratio (BMCR) or urinary
alpha 1-microglobulin-to-creatinine ratio (AMCR) has been
conducted.

The present study aimed to establish age-appropriate ref-
erence values for the PCR, ACR, BMCR, and AMCR for the
Japanese pediatric population.

Materials and methods
Materials

In Japan, the regional education boards and schools have
had the responsibility of conducting annual school urinary
screening for five decades. The screening is usually done in
April at the start of each school year. Samples of the first
morning urine are tested at testing centers designated by the
regional education boards.

Study sample

In the present study, an equal number of urine samples
were collected from each age group and sex at screenings
between April 8 and May 14, 2014. The subjects ranged in
age >3 to < 18 years. The parameters for random selection
were based on 333,411 urine samples analyzed by the Tokyo

Table 1 Number of subjects by age and sex

Age Male Female Total
(year) (number) (number) (number)
3 78 57 135
4 64 60 124
5 51 53 104
6 51 54 105
7 57 63 120
8 54 55 109
9 60 65 125
10 57 53 110
11 63 51 114
12 56 50 106
13 55 55 110
14 63 56 119
15 50 54 104
16 54 56 110
17 53 64 117
Total 866 846 1712

Health Service Association (THSA) in 2014. In total, 1712
samples, including samples from 866 male and 846 female
subjects, were collected for the present study in cooperation
with the THSA, which has been carrying out urinalysis for
schools and kindergartens in wide areas of Tokyo prefecture.
The Clinical Research Support Center at Tokyo Metropoli-
tan Children’s Medical Center conducted the randomization
and management of the samples. The data center informed
the THSA about the urinalysis schedule, name of the screen-
ing venues, subjects’ age, sex, and expected sample num-
ber in advance and randomly selected the facilities, etc., to
ensure that more than 50 samples were obtained per age
group and sex.

Measuring methods

Measurement of urinary creatinine (U-Cr), protein (U-Prot),
albumin (U-Alb), beta 2-microglobulin (U-BMG), and alpha
I-microglobulin (U-AMG) was done within ten hours after
collection. The urinary protein and albumin values were
measured using the pyrogallol red method (Micro TP-AR,
Eiken Chemical Co., Ltd., Tokyo) and immunonephelom-
etry (LZ test U-ALB, Eiken Chemical Co., Ltd., Tokyo),
respectively. Beta 2-microglobulin and alpha 1-micoroglob-
ulin were measured using latex nephelometry (using LZ test
B2-M and LZ test a1-M, Eiken Chemical Co., Ltd., Tokyo),
and creatinine was measured using the enzymatic method.
All measurements were performed by the Tokyo Health Ser-
vice Association.

Statistical analysis

The ratio of creatinine to urinary protein, albumin, beta
2-microglobulin, and alpha 1-mciroglobulin was calculated
for each subject. The 97.5th percentile was established as
the upper limit for the laboratory measurements in accord-
ance with the recommendation of the Clinical and Labo-
ratory Standards Institute [6]. The subjects were divided
into the > 3- to < 6-year-old, > 6- to < 12-year-old, and > 12-
to < 18-year-old age groups corresponding to the pre-school
age, pre-pubertal age, and adolescence, respectively. To
establish clinically simplified reference values, percentile
ranks were calculated for PCR, ACR, BMCR, and AMCR
values per age group in considering values of approximated
97.5th percentiles. IMP15.2.1 “SAS Institute Japan” and
EZR4.0.3 [7] were used for all statistical analyses. The
Kruskal-Wallis test was used to compare the marker values
among the age groups, and the Steel-Dwass method was
used to adjust for multiplicity. The Mann—Whitney U test
was used to assess differences between the sexes.
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Fig. 1 Box-and-whisker diagram with logged data by age. a U-Prot,
b U-Alb, ¢ U-BMG, d AMCR. The interquartile range is indicated
in the boxes, and+ 1.5*% the interquartile range is indicated within

Results

Table 1 shows the exact number of samples included in the
present study. The samples were allocated evenly among the
age groups and between the sexes. In total, 1712 samples
comprising more than 50 and less than 78 samples per sex
and age group were included for analysis.

Figure 1 shows a box-and-whisker diagram with logged
data for U-Prot, U-Alb, U-BMG, and U-AMG, and Fig. 2
shows a box plot with logged data for the PCR, ACR,
BMCR, AMCR, and U-Cr per age. Compared to the data
in Fig. 1, the data in Fig. 2 show a general decrease in PCR,
ACR, BMCR, and AMCR values with increasing age, which
was reflected by increased urinary creatinine. Data on each
marker and each marker divided by Cr were examined
separately for each age group (Table 2 and Supplementary
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table). Table 2 shows the 50th, 90th, 95th, 97.5th, and 99th
percentiles for the PCR, ACR, BMCR, and AMCR per age
group. The Kruskal-Wallis test and Steel-Dwass test used
to analyze the difference among these markers per age group
demonstrated a significant decrease in all the markers with
increasing age (p <0.001). BMCR and AMCR clearly had a
higher value for the 97.5th percentile in the > 3- to < 6-year-
old age group, unlike PCR and ACR.

Table 3 shows the results of the statistical analysis by
sex. Male subjects in the > 12- to < 18-year-old group tended
to have a higher level of low-molecular weight proteins
(BMCR and AMCR), and female subjects in the > 6- to < 12-
and > 12- to < 18-year-old groups tended to have a higher
ACR.

Percentile ranks were calculated for PCR, ACR, BMCR,
and AMCR per age group to determine the simplified
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Fig.2 Box-and-whisker diagram with logged data by age. a PCR, b quartiles are indicated by dots. PCR: urinary protein-to-creatinine
ACR, ¢ BMCR, d AMCR, by age. e Box plot of U-Cr by age. The ratio, ACR: urinary albumin-to-creatinine ratio, BMCR: urinary
interquartile ranges are indicated in the boxes, and+ 1.5* the inter- beta 2-microglobulin-to-creatinine ratio, AMCR: urinary alpha
quartile range is indicated within the lines. Outliers outside the 1-microglobulin-to-creatinine ratio, U-Cr: urinary creatinine
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Table2 50™, 90™, 951 97.5™,

and 99 percentile values for Percentile Cr PCR ACR BMCR AMCR
the Cr. PCR. ACR. BMCR. and (mg/dL)  (g/gCr)  (mg/gCr)  (pg/mgCr)  (pg/mgCr)
AMCR in all the subjects per All 50th 112.6 0.05 9.8 0.12 1.51
age group (n=1712) 90th 237.2 0.09 214 0.23 2.85
95th 277.4 0.10 27.8 0.29 3.54
97.5th 309.2 0.12 345 0.37 4.12
99th 343.1 0.17 53.0 0.55 5.55
>3- to< 6-year-old 50th 81.5 0.06 133 0.18 1.85
(n=363) 90th 130.0 0.10 263 0.30 3.68
95th 154.0 0.11 30.4 0.35 434
97.5th 167.7 0.13 359 0.54 525
99th 185.7 0.19 71.0 0.62 7.03
>6- to < 12-year-old 50th 97.8 0.06 10.6 0.14 1.58
(n=0683) 90th 161.1 0.09 20.8 0.23 274
95th 181.7 0.10 27.5 0.28 3.25
97.5th 195.7 0.11 34.6 0.34 3.71
99th 213.6 0.14 44.0 0.48 4.68
>12-to<18-year-old  50th 182.1 0.03 75 0.08 1.22
(n=0666) 90th 288.5 0.06 17.0 0.16 2.49
95th 3209 0.08 22.8 0.21 2.96
97.5th 342.7 0.11 31.8 0.28 3.59
99th 404.0 0.18 51.6 0.38 421

Bold values indicate 97.5" percentile value

Cr creatinine, PCR protein-to-creatinine ratio, ACR albumin-to-creatinine ratio, BMCR beta 2-microglobu-
lin-to-creatinine ratio, AMCR alpha 1-microglobulin-to-creatinine ratio
Kruskal-Wallis test comparing PCR, ACR, BMCR, and AMCR in the three age groups. p<0.001 for all
items. The Steel-Dwass test was used to analyze the>3- to<6-year-old group vs. the>6- to<12-year-
old group; the >3- to < 6-year-old group vs. the > 12- to < 18-year-old group; and the > 6- to < 12-year-old
group vs. the > 12- to < 18-year-old group. p <0.001 for all the markers

reference values (Table 4). For PCR and ACR, 0.12 g/gCr
and 35.0 mg/gCr was approximated to the 97.5th percentile
per age group. On the other hand, for BMCR, 0.35 pg/mgCr
was approximated to the 97.5th percentile for the group aged
6 years or more while 0.5 pg /mgCr was closer to the 97.5th
percentile for the group aged >3 to < 6-years. For AMCR,
3.5 pg /mgCr was closer to the 97.5th percentile for the
group aged 6 years or more, while 5.0 pg /mgCr was closer
to the 97.5th percentile for the group aged >3 to <6 years.
Each of these values was adopted as a reference value.

Discussion

The present study established a reference value of 0.12 g/
gCr for the PCR for the entire cohort; the Japanese Society
of Nephrology’s adult reference value for PCR is 0.15 g/
gCr. The appropriateness of the PCR reference value was
particularly clear for those aged 6 years or older. The
KDIGO guidelines and Nelson Textbook of Pediatrics
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recommend an ACR reference value of 30 mg/gCr [1, 8];
however, the findings of the present study suggest that
35 mg/gCr may be more appropriate for children older
than 3 years. Until now, no reference values for the BMCR
or AMCR have been published. The present study, which
is the only large-scale study of these markers in the pediat-
ric population to date, found that 0.5 pg /mgCr for the 3- to
5-year-old group and 0.35 pg /mgCr for children 6 years
or older are adequate as reference values for the BMCR,
while 5.0 pg /mgCr and 3.5 pg /mgCr are adequate as
reference values for the AMCR for the respective groups.
The result of dividing each value by the creatinine value is
more important in clinical practice for reducing the effects
of urine concentration. Moreover, the age difference in
these markers becomes more apparent when their value
is divided by the creatinine value, thereby yielding age-
weighted values.

The Clinical and Laboratory Standards Institute recom-
mends the 97.5th and the 2.5th percentiles as the upper and
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Table 4 Percentile rank at arbitrary designated values for PCR, ACR, BMCR, and AMCR

>3- to < 6-year-olds (n=363)

> 6- to < 12-year-olds (n =683)

> 12- to < 18-year-olds (n=666)

PCR (g/gCr)"

Percentile rank at 0.10 0.910
Percentile rank at 0.12 0.960
Percentile rank at 0.15 0.982
ACR(mg/gCr) ?

Percentile rank at 30.0 0.943
Percentile rank at 35.0 0.971
Percentile rank at 40.0 0.981
BMCR (pg /mgCr) ¥

Percentile rank at 0.30 0.902
Percentile rank at 0.35 0.948
Percentile rank at 0.50 0.968
Percentile rank at 0.60 0.989
AMCR (ug /mgCr) ¥

Percentile rank at 3.0 0.808
Percentile rank at 3.5 0.874
Percentile rank at 4.0 0.932
Percentile rank at 5.0 0.967

0.948 0.969
0.982 0.980
0.992 0.987
0.962 0.965
0.975 0.980
0.988 0.983
0.962 0.976
0.976 0.980
0.99 0.994
0.993 0.995
0.933 0.951
0.963 0.973
0.984 0.984
0.992 0.994

Cr creatinine, PCR protein-to-creatinine ratio, ACR albumin-to-creatinine ratio, BMCR beta 2-microglobulin-to-creatinine ratio, AMCR alpha

1-microglobulin-to-creatinine ratio

Percentile rank at 0.10, 0.12, 0.15 g/gCr for PCR per age group, 2) Percentile rank at 30.0, 35.0, 40.0 mg/gCr for ACR per age group, 3) Percen-
tile rank at 0.30, 0.35, 0.50, and 0.60 for BMCR pg/mgCr per age group, 4) Percentile rank at Cr 3.0, 3.5, 4.0, and 5.0 pg/mgCr for AMCR per

age group

CAKUT had high urinary BMG excretion [5]. Although
CAKUT is not generally considered a tubular disease, the
primitive duct is characteristic of dysplastic kidneys and
the involvement of the tubules and interstitium is widely
recognized in several types of advanced CAKUT. These
features may explain the increase in the excretion of low-
molecular weight proteins in other CAKUT phenotypes.
Although age-related adjustment of the reference values
has yet to be done, a previous report by Hibi et al. [12]
found evidence of changes related to age. In the present
study, a decrease in the 50th percentile value due to the
increasing excretion of U-Cr with age was observed for
each marker (PCR, ACR, BMCR, and AMCR), and a
clear, increasing tendency in the 97.5th percentile value
of the BMCR and AMCR was observed in the youngest
age group. Thus, it is appropriate to establish a discrete
reference value for the AMCR and BMCR for these age
groups. Table 4 shows the percentile rank for the PCR,
ACR, BMCR, and AMCR in our study. Based on these
data, we recommend 0.5 pg/mgCr and 0.35 pg /mgCr as a
reference value for BMCR and 5.0 pg /mgCr and 3.5 pg/
mgCr as a reference value for AMCR in the 3- to 5-year-
old group and children 6 years or older, respectively.
Our study found differences by sex in the ACR, BMCR,
and AMCR in the two, older age groups. A lower ACR
in male subjects was reported by Muller et al. in 1999
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[13], but this finding was not used to establish a range of
appropriate reference values. The older male subjects in
the present study had a higher AMCR, possibly as a result
of higher serum a1-microglobulin [14]. However, no sex-
related difference in serum or urine beta 2-microglobulin
has been reported. CKD-related morbidities apparently
differ by sex, but further study of CKD patients is needed
to verify this finding.

The present study has several limitations. The urine sam-
ples were collected only in Tokyo; hence, there may be a
sampling bias. However, the samples were taken from a wide
swath of Tokyo, including rural areas. Hence, the differences
in locality may not be meaningful. Children with kidney dis-
ease were not included in the present study. However, most
of these children do not take part in mass school urinary
screenings in Japan, and their exclusion therefore is unlikely
to have affected the results of the present study.

Conclusion

The present study established reference values for the PCR,
ACR, BMCR, and AMCR in Japanese children by analyzing
a large pediatric cohort. The present study is the first study
of its kind to analyze the Japanese pediatric population and
will be extremely useful for future clinical practice.
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