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Abstract

Objectives. Up to 0.3% of Japanese have hypouricaemia. Most cases appear to result from a hereditary disease,
renal hypouricaemia (RHUC), which causes exercise-induced acute kidney injury and urolithiasis. However, to what
extent RHUC accounts for hypouricaemia is not known. We therefore investigated its frequency and evaluated its
risks by genotyping a general Japanese population.

Methods. A cohort of 4993 Japanese was examined by genotyping the non-functional variants R90H (rs121907896)
and W258X (rs121907892) of URAT1/SLC22A12, the two most common causative variants of RHUC in Japanese.
Results. Participants’ fractional excretion of uric acid and risk allele frequencies markedly increased at lower
serum uric acid (SUA) levels. Ten participants (0.200%) had an SUA level <2.0mg/dl and nine had R90H or W258X
and were likely to have RHUC. Logistic regression analysis revealed these URAT1 variants to be significantly and
independently associated with the risk of hypouricaemia and mild hypouricaemia (SUA <3.0mg/dl) as well as sex,
age and BMI, but these URATT1 variants were the only risks in the hypouricaemia population (SUA <2.0mg/dl).
W258X was only a risk in males with SUA <3.0 mg/dl.

Conclusion. Our study accurately reveals the prevalence of RHUC and provides genetic evidence for its definition
(SUA <2.0mg/dl). We also show that individuals with SUA <3.0mg/dl, especially males, are prone to RHUC. Our
findings will help to promote a better epidemiological understanding of RHUC as well as more accurate diagnosis,
especially in males with mild hypouricaemia.
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Rheumatology key messages

o Genetic epidemiological analysis with a general Japanese population accurately showed the prevalence and risk
of renal hypouricaemia.

o Ninety percent of hypouricaemia (SUA <2.0 mg/dl) was caused by non-functional URAT1 variants.

o Individuals with SUA <3.0 mg/dl, especially males, should be suspected of renal hypouricaemia.

"Department of Integrative Physiology and Bio-Nano Medicine, Pathophysiology, Tokyo University of Pharmacy and Life Sciences,
National Defense Medical College, Tokorozawa, 2Department of Tokyo, Japan

Pharmacy, The University of Tokyo Hospital, Faculty of Medicine, The Submitted 28 April 2021; accepted 6 July 2021

University of Tokyo, Tokyo, >Department of Preventive Medicine,

Nagoya University Graduate School of Medicine, Nagoya, Correspondence to: Hirotaka Matsuo, Department of Integrative
“Department of Nephrology and Endocrinology, *Department of Physiology and Bio-Nano Medicine, National Defense Medical
Preventive Medicine and Public Health, 6Department of Urology, College, 3-2 Namiki, Tokorozawa, Saitama 359-8513, Japan.

National Defense Medical College, Tokorozawa and "Department of E-mail: hmatsuo.ndmc@gmail.com

© The Author(s) 2021. Published by Oxford University Press on behalf of the British Society for Rheumatology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use,
distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com


https://orcid.org/0000-0002-6654-0726
https://orcid.org/0000-0001-5021-1613
https://orcid.org/0000-0002-7411-0531
https://orcid.org/0000-0003-1497-487X

Introduction

Urate, an end metabolite of purine bodies in humans [1],
is excreted from the kidney and the intestine [2].
URAT1/SLC22A12 is a typical urate reabsorption trans-
porter gene expressed in the renal proximal tubular cells
in humans and is the molecular target of urate-lowering
drugs such as benzbromarone, lesinurad and dotinurad.
Non-functional variants of URATT1 cause the hereditary
disorder renal hypouricaemia (RHUC) [3], which is char-
acterized by low serum uric acid (SUA) levels and high
fractional excretion of uric acid (FEya; calculated as the
uric acid clearance/creatinine clearance ratio; normal
range 5.5-11.1% [4]). RHUC is relatively frequent in
Japanese, non-Ashkenazi Jewish [4, 5] and European
Roma populations [4, 6-8]. Non-functional variants of
URAT1 [R90H (rs121907896) and W258X (rs121907892)]
are known to be the two most frequent causative var-
iants for RHUC in the Japanese population [3, 4, 9].

A clinical practice guideline (CPG) for RHUC has re-
cently been developed [4] and, based on several epi-
demiological reports, strongly recommends testing for
RHUC if patients have hypouricaemia (SUA <2.0 mg/dl).
About 0.3% of Japanese reportedly have hypouricaemia
[10]. However, the frequency of RHUC with genotyping
among hypouricaemic individuals in the general Japanese
population remains to be elucidated. Hence we investi-
gated a cohort of 4993 Japanese participants and exam-
ined their SUA and FEya while genotyping R90H and
W258X of URAT1/SLC22A12. A risk evaluation was also
conducted to reveal the factors that cause hypouricaemia
in the general population.

Methods
Study participants

All 4993 Japanese individuals were recruited from the
participants of the Shizuoka Area in the Japan Multi-
Institutional Collaborative Cohort (J-MICC) Study [11,
12]. Hypouricaemia was defined as an SUA of <2.0mg/
dl (<120 umol/l). Individuals with relatively low SUA
[>2.0-<3.0mg/dl (>120-<180umol/l)] were defined as
having mild hypouricaemia [4]. Participants’ data on sex
and age were obtained from their written questionnaires
and their BMI data were obtained by physical meas-
urements. FEya {from the equation [urinary uric acid
(mg/dl) x serum creatinine (mg/dl)]/[SUA (mg/dl) x urinary
creatinine (mg/dl)]} was calculated from the results of
blood and urine tests [4, 13].

Genetic and statistical analyses

Genomic DNA was extracted from whole peripheral blood
cells [14]. Genotyping of p.R90H (c.269G>A) and p.W258X
(c.774G>A) of URAT1 was performed by the TagMan
method (Life Technologies, Carlsbad, CA, USA) with a
LightCycler 480 (Roche Diagnostics, Mannheim, Germany)
[9]. Custom TagMan assay probes were designed as
follows [9]: for R90H, VIC-CCGCCACTTCCGC and
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FAM-CGCCGCTTCCGC; for W258X, VIC-CGGGACTGA
ACACTG and FAM-CGGGACTGGACACTG. The minor (i.e.
risk) and major alleles were set to be A and G, respectively,
for both R9OH and W258X. All the heterozygotes and
homozygotes of these variants were confirmed by direct
sequencing using a 3130xI Genetic Analyzer (Life
Technologies) [9] with the following primers: for R90H,
forward 5'-GTTGGAGCCACCCCAAGTGAC-3 and reverse
5'-GTCTGACCCACCGTGATCCATG-3'; for W258X, forward
5'-TGATGAACACGGGCACTCTC-3' and reverse 5-CTTT
CCACTCGCTCCCCTAG-3'.

R software (version 3.4.0; http://www.r-project.org/)
with the GenABEL package was used to calculate the
linkage disequilibrium (). Logistic regression analysis
using the backward elimination (likelihood ratio) method
was conducted with SPSS version 22.0.0.0J (IBM
Japan, Tokyo, Japan).

Results

The characteristics of the participants are shown in
Supplementary Table S1, available at Rheumatology
online. The call rates for R90OH and W258X were >98%
and both variants were in Hardy-Weinberg equilibrium
(P>0.05), suggesting no mistyping. Furthermore, no
linkage disequilibrium was observed between these
variants (* =6.34 x 107%), showing these variants to be
mutually independent. The risk allele frequency (RAF)
of R90H was 0.00276 (0.00333 in males and 0.00157 in
females) and of W258X was 0.0225 (0.0236 in males
and 0.0201 in females). These frequencies were rela-
tively higher than in other populations, such as Africans
and Europeans (Supplementary Table S2, available at
Rheumatology online).

Fig. 1 shows the distribution of FEa, participant num-
bers and RAFs of R90H and W258X along their SUA lev-
els in male (Fig. 1A), female (Fig. 1B) and all participants
(Fig. 1C). Whereas participants’ numbers seem to follow
a normal distribution, their FEyn and RAFs of URATT1
variants were high when their SUA was low. The fre-
quency of hypouricaemia (SUA <2.0mg/dl) was 0.200%
for all participants (10/4993), 0.118% in males (4/3399)
and 0.376% in females (6/1594). Among 10 hypouricae-
mic subjects, all except for 1 female (65years old,
SUA=2.0mg/dl, FEya=12.4%) had non-functional var-
iants of URAT1 and were estimated to have RHUC. The
frequency of mild hypouricaemia was 2.34% for all (117/
4993), 0.647% for males (22/3399) and 5.96% for
females (95/1594). One 52-year-old male (SUA=2.1 mg/
dl) is likely to have had drug-induced mild hypouricae-
mia, since he was taking benzbromarone to treat gout.
In the male population with hypouricaemia (SUA
<2.0mg/dl), the mean FEya and RAF of W258X were
42.6% and reached 0.750, respectively, whereas they
were 4.12% and 0.0236 in the overall male population.
In the female population they were 34.8% and reached
0.583 for the hypouricaemic population, respectively,
whereas they were 5.51% and 0.0201 in the entire fe-
male population. Although it was only a faint trend, FEya
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Fic. 1 Distribution of participant numbers, FE s and RAFs of URATT variants along SUA levels
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As SUA levels decreased, FE s and RAFs of non-functional URAT? variants (R90H and W258X) increased in
(A) males, (B) females and (C) all 4993 participants. This trend was more marked in the male population than in the
female population. There were no female participants with SUA >9mg/dl. FEy,: fractional excretion of uric acid; RAF:

risk allele frequency; SUA: serum uric acid.

was also higher when SUA was high in both sexes
(Fig. 1), possibly due to the increased renal urate excre-
tion in individuals with severe hyperuricaemia.

Together with the number of risk alleles of R90H and
W258X of URATT1, logistic regression analysis was then
conducted for the sex, age and BMI models, since all
these factors typically affect SUA levels [15, 16]. As
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shown in Table 1, all of these factors, including URATT
variants, were significantly and independently associated
with risk in those with SUA <3.0mg/dl (hypouricaemia
and mild hypouricaemia). While both aging and gaining
BMI are protective against hypouricaemia, URAT1 var-
iants as well as sex (female) markedly increased its risk.
However, sex, age and BMI were eliminated as
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TasLe 1 Risk evaluation of hypouricaemia and mild hypouricaemia among 4993 Japanese participants

Population Factor® Odds ratio 95% CI P-value
Hypouricaemia and mild hypouricaemia Sex? 9.52 5.74,15.8 2.53x 1078
(SUA <3.0mg/dl) Age 0.968 0.946, 0.990 3.95x 1072
BMI 0.832 0.772,0.898 1.91x107°
ROOH® 22.7 6.34,81.3 1.61x107°
W258x° 29.4 18.1,47.7 9.01 x 107
Hypouricaemia ROOH°® 550.5 25.4,11930.5 579 x 107°
(SUA <2.0mg/dl) W258X° 302.8 38.2,2401.6 6.40 x 107

2A logistic regression analysis using the backward elimination (likelihood ratio) method was conducted using models for
sex, age, BMI and non-functional URAT1 variants (R90H and W258X). None of these covariates were eliminated in the risk
evaluation of hypouricaemia and mild hypouricaemia (SUA <3.0mg/dl), whereas sex, age and BMI were eliminated for
hypouricaemia (SUA <2.0mg/dl). ®Calculation for sex was conducted for males as 1 and females as 2. °Calculations for
the risk alleles of R90H and W258X were conducted for wild-type as O, heterozygotes as 1 and homozygotes as 2.

covariates in the risk evaluation of hypouricaemia (SUA
<2.0mg/dl) and only URAT1 variants (RO90H and W258X)
significantly increased its risk (Table 1). In the same
manner, logistic regression analyses were also per-
formed for each sex (Supplementary Table S3, available
at Rheumatology online). While all covariates retained
their significance in females, only W258X was revealed
to be a significant risk for the hypouricaemic and mild
hypouricaemic population (SUA <3.0mg/dl) in males.

Discussion

In the present study we showed, with 4993 Japanese,
that FEya and RAFs of non-functional URAT1 variants
(R90H and W258X, the two most frequent causative
variants of RHUC for Japanese) increased with lower
SUA. Nine of the ten hypouricaemic participants had
non-functional variants and were assessed as having
RHUC. R90H and W258X as well as age, BMI and sex
were revealed to be significantly and independently asso-
ciated with the risk of hypouricaemia and mild hypouricae-
mia. Only R90OH and W258X were demonstrated to be
significant risks for hypouricaemia. The only risk for those
with SUA <3.0mg/dI (hypouricaemia and mild hypouricae-
mia) was W258X in the male population.

Depending on its causative genes, RHUC caused by
the dysfunctional variants of URAT1/SLC22A12 and
GLUT9/SLC2A9 is called RHUC type 1 (RHUCH1) [3, 17]
and type 2 (RHUC2) [14, 18], respectively, but the most
common RHUC is RHUCT1, by either W258X or R90H of
URATT in Japanese individuals [4]. The present study
revealed the frequency of hypouricaemia to be 0.118%
in the male and 0.376% in the female participants,
which is close to the reported levels of 0.2% and 0.4%,
respectively, in the CPG for RHUC [4].

In the present study, the values of FEys and RAFs of
subjects harbouring non-functional URATT variants were
clearly higher in the population with low SUA levels. Nine
of ten individuals in the hypouricaemic population had
non-functional variants of URAT7 and were estimated to
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have RHUC. In the male population with hypouricaemia,
FEua and RAF of W258X were >40% and reached 0.750,
respectively, whereas they were 4.12% and 0.0236 in the
overall male population. This trend was more marked in
the male than in the female population, probably due to
female hormones having a urate-lowering effect. Although
10 hypouricaemic participants in the present study were
not clinically diagnosed with RHUC, 5 with homozygous
variants in URATT must have had RHUC and the remain-
ing 5 with heterozygous and/or high FEya might have had
RHUC with possibly other non-functional variants, because
RHUC is a hereditary disorder (Mendelian Inheritance in
Man: 220150 and 612076). The CPG for RHUC [4] strongly
recommends RHUC be suspected if patients have an SUA
<2.0mg/dl, which is based only on past epidemiological
reports. The present genetic epidemiological analysis also
showed the characteristics of RHUC, low SUA (<2.0mg/
dl) and high FEya, and that most of the hypouricaemic
population could be concluded to have RHUC.

Regression analyses were conducted to evaluate the
risk of hypouricaemia and mild hypouricaemia: the
results revealed that both of the URATT variants RO0OH
and W258X as well as sex, age and BMI were signifi-
cantly and independently associated with the risks of
hypouricaemia and mild hypouricaemia (Table 1).
Females were revealed to have close to a 10-fold higher
risk of hypouricaemia and mild hypouricaemia than
males (Table 1), but the actual risk to post-menopausal
females might be lower, since female hormones have
urate-lowering effects. Age and BMI were shown to be
protective against hypouricaemia as expected, because
they are well-known risks of hyperuricaemia [15, 16],
which shows the opposite, that is, increased SUA levels.
Also, as expected, having two non-functional variants of
URATT displayed very strong risk (20- to 30-fold higher)
on the progression of hypouricaemia and mild hypouri-
caemia (Table 1).

Another regression analysis was conducted to evaluate
the risk of hypouricaemia alone using the same model as
those for hypouricaemia and mild hypouricaemia (Table 1).
Although R90H and W258X still showed a significantly
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strong effect, sex, age and BMI were eliminated as covari-
ates. This result suggests that the URATT variants are the
only risks or that they have much stronger effects than
other factors in the hypouricaemic population.

When categorized by the participants’ sex, W258X
was still revealed to be a significant risk in both sexes in
the hypouricaemia and mild hypouricaemia population
(Supplementary Table S3, available at Rheumatology on-
line). Notably, in males, W258X was the only the risk to
those with low SUA levels of <3.0mg/dl. These results
suggest that those with SUA <3.0mg/dl, especially
males, should be suspected of RHUC, in addition to the
recommendation in the current CPG for RHUC [4] to
suspect RHUC if patients have SUA <2.0mg/dl.
Although W258X no longer appeared to represent a risk
of hypouricaemia in males, it might be due to the small
number of hypouricaemic individuals (n=4). R90H was
also eliminated as a hypouricaemia risk in males due to
its lower frequency than that of W258X; further analyses
with larger populations are necessary to evaluate its
risk.

RHUC is a hereditary disorder that clinically shows
low SUA and high FEya. Although RHUC itself is asymp-
tomatic, patients often suffer from its severe complica-
tions, including exercise-induced acute kidney injury and
urinary stones. Moreover, the pathophysiological eluci-
dation of hypouricaemia or the effect of URAT1 variants
will also promote the treatment of gout and hyperuricae-
mia by reducing states of high SUA [19, 20]. RHUC re-
search would also clarify the physiological role of uric
acid as well as help to answer clinical questions on
gout, such as to what extent it is possible to lower
patients’ SUA levels [19].

This is the first report to show the frequency and
the risks of hypouricaemia using genotyping in an ordin-
ary Japanese population. Our findings will help to pro-
vide genetic epidemiological evidence that almost all
hypouricaemic individuals have RHUC. They will also as-
sist accurate diagnosis of RHUC for those with SUA
<8.0mg/dl, especially in males.
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