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Spot Urine Uric Acid to Creatinine Ratio used in the 
Estimation of Hyperuricosuria in the Young Korean 
Population

Background: Uric acid levels in urine are measured using urine specimens 24 
hours or by uric acid glomerular filtration rate (UAGFR) with spot urine, which 
additionally requires a blood sample. This study aimed to investigate whether 
urinary uric acid creatinine ratio (UUACr) obtained by spot urine alone could be 
recognized as a substitute for UAGFR value, and hyperuricosuria can be screened 
by UUACr. UUACr is known to vary with age and regional differences. This study 
focused on the reference value of each value in Korean young populations.
Method: We enrolled Korean subjects 1–20 years with normal kidney function, 
from a single hospital, classified into 5 age groups, 1–5 years, 6–8 years, 9–12 
years, 13–15 years, and 16–20 years. We checked spot urine uric acid, creatinine 
and serum uric acid, creatinine levels on the same day from February 2014 to De-
cember 2018. We measured the average of UAGFR and UUACr in each groups. The 
UUACr cut-off value of the upper 2 standard deviation (SD) of UAGFR were taken.
Results: The upper 2 SD of UUACr (mg/mg) and UAGFR (mg/dL) were determined 
in all age groups. UUACr decreased with grown up (P=0.000), but UAGFR were not 
statistically different among the groups. UUACr and UAGFR were not significantly 
different by gender. UUACr and UAGFR were positively correlated; UUACr cut-off 
value of upper 2 SD UAGFR (0.54 mg/dL) was 0.65 mg/mg in total age.
Conclusions: UUACr could potentially be used to screen for hyperuricosuria.
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Introduction

Evaluation of hyperuricosuria is often necessary in children with hema
turia, urolithiasis, or dysuria to differentiate the underlying cause16). Urine 
uric acid levels are tested by checking the 24hour urine uric acid value and 
using the uric acid glomerular filtration rate (UAGFR). For children inexpe
rienced with urine control, collecting the 24hour urine levels is difficult; fur
thermore, blood sampling is necessary to obtain blood creatinine for using 
the UAGFR value7, 8). Therefore, there is a need for a method that facilitates 
easy screening for hyperuricosuria in children.

The levels of all metabolites excreted in urine has high accuracy when the 
fluctuations in urine concentration are corrected with respect to the urine 
creatinine value. As the urinary creatinine value changes depending on the 
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muscle mass or glomerular filtration rate (GFR), it can be 
said that the uric acid value is more accurate when cor
rected by GFR, and the value is known to be similar for all 
age groups8). Additionally, according to previous studies, 
UUACr values vary by country and region7, 917). 

The purpose of this study was to compare GFRcorrected 
UAGFR with urinary uric acid creatinine ratio (UUACr), 
using only urine without a blood test, to see if it is possible 
to diagnose hyperuricosuria close to the standard UAGFR 
diagnostic value.. This study also aims to obtain a reference 
value of UUACr in Korean children and adolescents.

Material and methods

This study retrospectively enrolled children and adoles
cents under the age of 20 years who visited an outpatient 
clinic in South Korea for checkup between February 2014 
and December 2018. This study protocol was approved by 
Institutional Review Boards (IRB) of Wonju Severance 
Christian hospital. 

They are within normal blood pressure relative to their 
age and their weight and height are in 5–97%. They under
went uric acid test. Those who consumed calcium and 
vitamin D nutritional supplements in the past 2 months 
were excluded from the study. The study subjects were clas
sified based on age as 1–5 years, 6–8 years, 9–12 years, 13–
15 years, and 16–20 years, based on standard 6: age groups 
of pediatric research and yearly kidney development7,18).

When they visited, we simultaneously conducted spot 
urine and blood sampling once for all enrolled patients. 
Urine collection bag was used for nontoilet trained pa
tients, and midstream urine was used for toilet trained 
patients. We measured urine uric acid (UUA), urine crea
tinine (UCr) levels, conducted dipstick tests and micro
scopic assay. And also we measured serum creatinine (SCr), 
serum uric acid, and electrolyte levels. Uric acid and crea
tinine analyses were performed(Cobas 8000, C702, Roche, 
Swiss). As a result, UAGFR (mg/dL) and UUACr (mg/mg) 
levels were calculated. The value corrected for urinary uric 
acid excretion with GFR was UAGFR and was defined as 
UUA (mg/dL)×SCr (mg/dL)/UCr (mg/dL). UUACr was 
defined as UUA (mg/dL)/UCr (mg/dL)6,7). In addition, the 
upper 2 SD (standard deviation) value of UAGFR was de

fined as hyperuricosuria, and the UUACr value was calcu
lated according to that value.

All statistical analyses were performed (SPSS 23.0). For 
comparison between males and females, the student ttest 
was used, while ANOVA analysis was used to compare the 
values between age groups. The association between 
UAGFR and UUACr was analyzed using linear regression, 
ROC (receiver operating characteristic) curve analysis was 
used in the process of finding the UUACr cutoff value for 
the upper 2SD value of UAGFR. P<0.05 was considered 
statistically significant.

Result

 In this retrospective study conducted with a total of 245 
subjects, everyone had normal eGFR (Schwartz equation) 
and blood pressure. Among them, 6 had renal tubular dis
orders, 18 had glomerular diseases, 10 had ureter stone or 
hypercalciuria, 20 were taking vitamin D or calcium sup
plements, and 33 with proteinuria or hematuria were ex
cluded from the study. A total of 168 people were enrolled 
with 98 men and 70 women.

In each age group, 31 patients from 1 to 5 years old (M:F= 
17:14), 23 patients from 6 to 9 years old (M:F=9:14), 45 pati
ents aged 9–12 years (M:F = 23:22), 37 patients aged 1315 
years (M:F = 25:12), and 22 patients aged 16 years or older 
(M:F 18:4) (Fig. 1).

In the case of UUACr (mean±D), there was a significant 
difference among the age groups. The average value of the 
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entire group was 0.67±0.35 mg/mg, and the values were 
1.13±0.45 mg/mg, 0.73±0.18 mg/mg, 0.61±0.18 mg/mg, 
0.47±0.16 mg/mg, and 0.40±0.13 mg/mg for the age groups 
1–5 years, 6–8 years, 9–12 years, 13–15 years, 16–20 years, 
respectively. A decrease in the value with increasing age 
was noted (P= 0.000) (Table 1). 

For UAGFR (mean±SD), the mean value of all subjects 
was 0.34±0.10 mg/dL, and the values were 0.37±0.12 mg/
dL, 0.35±0.09 mg/dL, 0.34±0.09 mg/dL, 0.32±0.11 mg/dL, 
and 0.32±0.10 mg/dL for the age groups 1–5 years, 6–8 
years, 9–12 years, 13–15 years, 16–20 years, respectively, 
with no significant difference by age group (P=0.080) (Table 
1). Furthermore, there was no significant difference in 
UAGFR and UUACr between sexes within each age group 
(Table 1).

The UAGFR and UUACr of the total subjects had a posi
tive proportional relationship (P=0.0000, R2=0.426, y= 
0.214+0.19x; y=UAGFR, x=UUACr) (Fig. 2).

When the upper 2 SD of the average UAGFR in the total 
group was defined as hyperuricosuria, because UAGFR 
values were not different by age group, the UUACr cutoff 

value by ROC curve of the UAGFR +2 SD in all age was 
0.651, and sensitivity and specificity were 83.3% and 57.9% 
in total age group (P=0.011, 95% CI 0.688–0.983, AUC 
0.835, Fig. 3). In each age group, 1–5 yrs old d cutoff value 
was 1.52 (P=0.064). 6–8yrs old cutoff value was 1.10 (P= 
0.097). 13–15yrs old cutoff value was 0.62 (P=0.070). There 
were no hyperuicosuria subject in 9–12yrs old group and 

Table 1. Urinary Uric Acid Creatinine Ratio (UUACr) and Urinary 
Uric Acid GFR
Age group, 
 yr (n)

UUACr (mg/mg) UAGFR (mg/dL)
Mean±SD Mean+2SD Mean±SD Mean +2SD

1–5 (31) 1.13±0.45 2.03 0.37±0.12 0.61

  M (17) 1.17±0.49 0.37±0.14

  F (14) 1.08±0.43 0.37±0.87

6–8 (23) 0.73±0.18 1.09 0.35±0.09 0.53
  M (9) 0.75±0.22 0.38±0.11
  F (14) 0.72±0.14 0.34±0.08

9–12 (45) 0.61±0.18 0.97 0.34±0.09 0.52

  M (23) 0.62±0.18 0.35±0.09

  F (22) 0.59±0.19 0.32±0.09

13–15 (37) 0.47±0.16  0.79 0.32±0.11 0.54
  M (25) 0.47±0.15 0.35±0.11
  F (12) 0.47±0.17 0.28±0.08

16–20 (22) 0.40±0.13 0.66 0.32±0.10 0.52

  M (18) 0.38±0.11 0.32±0.10

  F (4) 0.49±0.18 0.34±0.13

Total  (158) 0.67±0.35 1.37 0.34±0.10 0.54
  M (92) 0.69±0.33 0.33±0.09
  F (66) 0.64±0.37 0.35±0.11

(UAGFR) across different age groups and sex.
aUUACr is significant different between age groups.
Abbreviations: GFR, glomerular filtration rate; M, male; F, female.
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Fig. 3. Receiver operating characteristic (ROC) curves analysis for 
UAGFR (mg/dL) (x-axis) versus UUACr (mg/mg) (y-axis); ability of 
UUACr to discriminate between children with and without hyper-
uricosuria; area under the ROC curve (AUC) statistic represents 
the probability of correctly classifying children with and without 
hyperuricosuria, (a) Total age group, (b) 1-20 age;. CI, confidence 
interval; UAGFR, urine uric acid glomerular filtration rate; UUACr, 
urine uric acid creatinine ratio.
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Fig. 2. Correlation between urinary uric acid creatinine ratio 
(UUACr) and urinary uric acid GFR (UAGFR) in all age groups (R= 
0.602). P=0.0000, y=0.2351+0.15 x, y=UAGFR, x=UUACr.
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16–20yrs old group.

Discussion 

Uric acid arises as the final product of purine metabolism 
in the liver and intestine 7,19).

Factors involved in the renal excretion of uric acid in
clude blood uric acid levels, enzymes involved  in excretion, 
presence of drugs and the charactrestics of the urine19). 
Purine metabolism abnormalities such as LeschNyhan 
syndrome and Down syndrome are also known to increase 
uric acid excretion7). Further, the higher urine pH, the 
higher effective circulating volume, the higher uric acid 
level of serum, the higher dietary purine or protein and 
fructose intake or the higher serum glucose level increase 
uric acid excretion. Also, the cellular breakdown, or the 
vitamin C or vitamin B 12 intake are known as the increase 
of uric acid excretion. However, cytotoxic drugs, Ldopa 
and pyrazinamide decrease uric acid excretion20,21). In pa
tients with hypertensive status and obesity, uric acid excre
tion is decreased20). Therefore, subjects with hyper tension 
and obesity were excluded. Additionly it is known that ex
cretion of uric acid decreases with age716,22). It is known that 
there are regional differences according to diet and culture 
(Table 2)916,22). It can be seen that even in the same country, 
there are large differences in the values, depending on the 
year of inspection1011,14,15).

This study presented the reference range and upper 2 SD 
value for UUACr of arbitrary urine samples by age, in 
Korean children (Table 1). The highest value was shown in 
the 1–5month group, and it decreased with increasing 

age. The reason for the decrease in uric acid excretion with 
increasing age is presumed as GFR increase and tubular 
maturational changes7,19).

According to Kaufman et al, UUACr showed diurnal 
rhythm, which was low in the early morning hours and 
high in the afternoon hours, but the differences are not 
large. In addition, Hasday et al similarly reported that 
UUACr increased at night in the obstructive sleep apnea 
group, but in the normal group, UUACr decreased at night. 
Its difference was around 13%. It was not large enough for 
statistical significance23). In Öner et al's study, 24 hr UUACr 
showed no statistically significant difference from post
prandial UUACr levels14). Penido et al did not show any 
difference between fasting and nonfasting UUACr levels 
22). In this study, urine samples were obtained at arbitrary 
times in the morning and afternoon. regardless of the meal.

In this study, the UAGFR value showed a decreasing 
trend with increasing age, but there was no significant dif
ference by age as in other reports24). When the upper 2 SD 
value of UAGFR in normal children was used as a diag
nostic criterion for hyperuricosuria, Staplton et al suggested 
UAGFR was 0.53 mg/dL, and this study similarly came up 
with 0.54 mg/dL, which were higher than 0.48 mg/dL, ac
cording to Penido et al8,22) (Table 2). As a presumptive factor 
for this difference, Zöllner et al suggested protein intake, 
but there seems to be a controversy regarding this25). At the 
time of the initial UAGFR study, when Stapleton's reference 
value was established, the United States Department for 
Agriculture suggested that the per capita meat consump
tion totaled to 80 kg in the 1960s8,26). Meat consumption 
per capita in Korea was 51.3 kg in 2019, when this study 
was conducted, which is still lower than that of the United 

Table 2. Comparison of Studies Relating Uric Acid Excretion in Different Countries

Nation Korean*
(this study) USA8) Taiwan9) Iranian11) Iranian10) Turkish16) Turkish15) Switzerland14) Northern

Indian17) Brazil23)

year 2020 1983 1994 2015 2003 2009 2004 1999 1997 2002

(n) 168 82 1,072 232 990 1306 483 384 258 125

UUACR (mg/mg), Mean+2SD
  Total age 0.72 0.189 0.48
  7–10yrs 0.73 0.268 0.69 0.213 0.93 0.77 0.83
  11–14yrs 0.61 0.109 - 0.107 0.62 0.66 0.65
  15–yrs 0.47 0.105 - - - 0.59

UAGFR (mg/dL) Mean+2SD 0.54 0.53 0.47 0.45

*Age group: 6–9 years, 9–13 years, 13–16 years.
Abbreviations: UUACR, urinary uric acid creatinine ratio; UAGFR, uric acid glomerular filtration rate.
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States in the 1960s, but there is little difference in the 
UAGFR values of the two studies27). In addition, Penido et 
al observed that calorie intake and protein intake differed 
by age, but there was no change in UAGFR22). Across ethni
cities, Sweid et al, study on North Indians showed no pro
portional relationship between protein diet and uric acid 
level16). In other words, it seems that the similar or different 
UAGFR values by country cannot be explained only by high 
or low meat protein intake. It seems necessary to explain 
the difference in UAGFR values as per the differences in 
the study period, in the same country (Table 2).

Similar to previous studies, in this study, UAGFR values 
were not different by age group. According this, UAGFR 
could be used for diagnosis of hyperuricosuria. And in this 
study showed UAGFR and UUACr were in positively pro
portional relationship. So, we suggested that UUACr is used 
for screening test of hyperuricosuria without blood samp
ling. But it should be used carefully. Because UUACr values 
were decreased by grownup.

This study can be considered as the first study to compare 
UUACr and UAGFR, to determine the diagnostic value of 
hyperuricosuria. The limitation of this study is that nutri
tion and diet evaluation was not conducted. The study also 
did not distinguish between fasting and nonfasting indivi
duals. Further, it was a single institution study. 

Thus, there should be further study considering nutrition 
and diet evalution. Also, in this study, we set the upper 2SD 
value UAGFR of normal children as hyperuricosuria. And 
through that, we obtained UUACr cutoff value. In fact, it 
is necessary to obtain uric acid values from children with 
abnormal uric acid metabolism to suggest a reference value 
of UUACr, as it shows high sensitivity and specificity diag
nostic criteria of uric acid metabolic diseases. And there 
should be more normal subjects enrolled to check cutoff 
value of each age groups.
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