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F1. MNBEEORFE

Total CKD CKD
n=538,846 without with

UP Up

n=69,506 n=27,790
Age, 62.8 + 656+ 639
years 8.7 7.2 8.6
Males, 223,881 30,982 16,145
n (%) (41.6) (44.6) (58.1)
Diabetes mellitus, 44,255 5,629 6,126
n (%) (8.2) 8.1 (22.0)
Dyslipidemia, 238,096 32,584 14,402
n (%) (44.2) (46.9) (51.8)
Hypertension, 216,639 32,825 16,315
n (%) (40.2) (47.2) (58.7)
Metabolic syndrome, 48,544 7,584 5,693
n (%) 9.0) (10.9) (20.5)
CKD, 97,296 69,506 27,790
n (%) (18.1) (100) (100)
Body height, 157.5+ 157.6+ 159.0+
cm 8.6 8.3 8.7
Body weight, 57.9 % 588+ 619+
kg 10.7 10.3 11.9
Body mass index, 232+ 236+ 244+
kg/m® 33 3.2 3.9

Waist size, 83.8+ 84.8+  86.8+
cm 9.3 9.0 10.1
Systolic blood 129.1 & 1300+ 136.0+
pressure, mmHg 17.8 17.6 193
Diastolic blood 76.5 76.7+  79.6+
pressure, mmHg 10.9 10.7 11.6
Pulse, 52.6+ 532+ 56.4 +
/min 12.8 12.9 14.5
Fasting plasma 97.7 % 97.1+ 109.5+
glucose, mg/dL 20.8 17.3 35.9
HbAlc (NGSP), 53+ 5.3 % 5.7+
% 0.69 0.57 1.2
Triglycerides, 1213+ 127.1+ 1443+
mg/dL 82.3 76.6 107.5
HDL cholesterol, 62.0 + 595+ 583+
mg/dL 16.2 15.8 16.3
LDL cholesterol, 1254 & 1263+ 1245+
mg/dL 30.6 303 32.8
AST, 244+ 246+ 271+
[U/L 113 10.0 16.5
ALT, 22,0+ 215+ 25.5+
IU/L 14.4 13.0 18.8
GGTP, 37.0 % 356+ 528+
IU/L 48.7 44.0 75.4
Hemoglobin, 135+ 13.7 + 13.8 &
g/dL 2.1 2.1 22
Uric acid, 52+14 6.0+ 5.8+
mg/dL 1.4 1.5
Creatinine, 0.72 0.97 + 0.87
mg/dL 0.25 0.38 0.58
eGFR categories,
mL/min/1.73m%n (%)
Gl, =90 107,085 - 4,164
(19.9) (15.0)
G2, 60-89 354,118 - 15,489
(65.7) (55.7)
G3a, 45-59 68,906 63,279 5,627
(12.8) 91.0)  (20.2)
G3b, 30-44 7,320 5,637 1,683
(1.4 8.1) 6.1)
G4, 15-29 996 404 592
(0.18) (0.6) 2.1)
G5,< 15 421 186 235
(0.08) 0.3) (0.8)
G3a-G5, <60 77,643 69,506 8,137
(14.4) (100) (29.3)
Proteinuria, n (%)
Negative or trace 511,056 69,506 -
(94.8) (100)
1+ or more 27,790 - 27,790
(5.2) (100)

CKD: chronic kidney disease, UP: proteinuria,

eGFR: estimated glomerular filtration rate
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Abstract

Background: Hypouricemia, conventionally defined as a se-
rum uric acid level of <2 mg/d|, is considered a biochemical
disorder with no clinical significance. However, individuals
with renal hypouricemia have a high risk of urolithiasis and
exercise-induced acute kidney injury, both of which are risk
factors for reduced kidney function. Methods: To test the hy-
pothesis that individuals with hypouricemia would be at a
higher risk of reduced kidney function, we conducted a pop-
ulation-based cross-sectional study using data from the Spe-
cific Health Checkups and Guidance System in Japan. Logis-
tic analysis was used to examine the relationship between
hypouricemia and reduced kidney function, defined as esti-
mated glomerular filtration rate <60 ml/min/1.73 m2. Re-
sults: Among 90,710 men (mean age, 63.8 years) and 136,935
women (63.7 years), 193 (0.2%) and 540 (0.4%) were identi-
fied as having hypouricemia, respectively. The prevalence of

hypouricemia decreased with age in women (p for trend
<0.001), but not in men (p for trend = 0.24). Hypouricemia
was associated with reduced kidney function in men (odds
ratio, 1.83; 95% confidence interval, 1.23-2.74), but not in
women (0.61; 0.43-0.86), relative to the reference category
(i.e., serum uric acid levels of 4.1-5.0 mg/dl) after adjusting
for age, drinking, smoking, diabetes, hypertension, hyper-
cholesterolemia, obesity, and history of renal failure. Sensi-
tivity analyses stratified by diabetic status yielded similar re-
sults. Conclusions: This study is the first to provide evidence
that hypouricemia is associated with reduced kidney func-
tion in men. Further research will be needed to determine
the long-term prognosis of individuals with hypouricemia.
© 2015 S. Karger AG, Basel

Introduction

Little is known about the clinical epidemiology of hy-
pouricemia due to its low prevalence in the general popu-
lation. Hypouricemia is conventionally defined as a se-
rum uric acid concentration of <2 mg/dl [1], and occurs
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in about 2% of hospitalized patients and less than 0.5% of
the general population [2]. It remains unclear whether
age and sex affect its prevalence, and the long-term prog-
nosis of individuals with hypouricemia is yet to be clari-
fied. Uric acid is one of the most important antioxidants
in human plasma [3-5] and is positively correlated with
lifespan in primates [6]. Individuals with hypouricemia
are hypothesized to be at increased risk of atherosclerotic
diseases and cancer, due to the decreased antioxidant po-
tential resulting from lower uric acid levels [3]. Yet, there
exists no clinical evidence supporting this hypothesis.

In general, hypouricemia is considered a biochemical
disorder with no clinical significance, other than serving
as a marker for underlying diseases [7]. However, a recent
study reported that subjects having the common non-
sense mutation, W258X, which is responsible for renal
hypouricemia, showed significantly reduced renal func-
tion independently of age, sex, BMI, hypertension, and
serum uric acid levels [8]. In addition, renal hypourice-
mia is known to be associated with two complications,
acute kidney injury (AKI) [9, 10] and nephrolithiasis [10,
11]. Because both AKI and urolithiasis are risk factors for
reduced kidney function [12, 13], we hypothesized that
individuals with hypouricemia may be at greater risk of
reduced kidney function.

Here, we present the results of a large cross-sectional
study reporting the gender specificity of age-related prev-
alence of hypouricemia, and its association with reduced
kidney function in the general Japanese population.

Methods

Study Population

This cross-sectional study used data obtained from the
Japanese specific health check and guidance system (SHC) in 2008.
The SHC has been described elsewhere [14, 15]. Briefly, the SHC
is anew health-care strategy aimed at early diagnosis and interven-
tion for metabolic syndrome, and was initiated by the Japanese
government in 2008. Participants answered a self-administered
questionnaire covering their medical history, smoking habits, al-
cohol intake, and exercise pattern. Trained staff then measured the
height, weight, blood pressure, and waist circumference of each
participant, after which serum and spot urine samples are collect-
ed. Participants diagnosed with metabolic syndrome were obli-
gated to receive repeated lifestyle guidance over a 6-month period
after an annual health examination.

Twenty-four prefectures (Hokkaido, Miyagi, Yamagata,
Fukushima, Ibaraki, Tochigi, Tokyo, Saitama, Kanagawa, Niigata,
Nagano, Ishikawa, Gifu, Osaka, Okayama, Tokushima, Kochi,
Fukuoka, Saga, Nagasaki, Oita, Kumamoto, Miyazaki, and
Okinawa) that agreed with our study purpose were included in the
present analysis. Data were sent to and verified by an independent
data center (NPO Japan Clinical Research Support Unit; Tokyo,

Hypouricemia and Reduced Kidney
Function

Japan). Anonymity of all participants was maintained, and the
study was conducted in conformity with the Declaration of
Helsinki, Japanese privacy protection laws, and ethical guidelines
for epidemiological studies published by the Ministry of Educa-
tion, Science and Culture, and the Ministry of Health, Labour and
Welfare. The study protocol was approved by the ethics committee
of Fukushima Medical University (No. 1485).

Hypouricemia

Serum uric acid levels were measured by an enzymatic method
and categorized as <2, 2.1-3.0, 3.1-4.0, 4.1-5.0, 5.1-6.0, 6.1-7.0,
and >7 mg/dl, with the middle category (4.1-5.0 mg/dl) set as the
reference category. Hypouricemia was defined as a serum uric acid
level <2 mg/dl [1].

Kidney Function

Serum creatinine levels were measured by an enzymatic meth-
od. The estimated glomerular filtration rate (eGFR) was obtained
by using the Japanese GFR equation [16]. The main outcome was
reduced kidney function, defined as eGFR <60 ml/min/1.73 m2,

Other Covariates

Information regarding current smoking, alcohol, and exercise
habits; history of stroke, heart disease; and use of medications for
diabetes mellitus, hypertension, or hypercholesterolemia was col-
lected from the questionnaire. Information regarding history of
renal failure was collected using the questionnaire, which included
the following question: ‘Have you ever been told by a doctor that
you have chronic renal failure or have you ever received treatment
for chronic renal failure (dialysis)?’ If the answer was ‘yes,” the par-
ticipant was considered to have a history of renal failure. A history
of renal failure mainly consists of a past history of AKI and/or
chronic kidney disease stage 4 or 5. A current smoker was defined
as an individual who has smoked a total of 100 or more cigarettes,
or smoked for 6 months or longer and has been smoking, for the
last 1 month. A daily drinker was defined as an individual who
drinks alcohol every day.

Body mass index (BMI) was calculated as weight (kg) divided
by height squared (m?). Obesity was defined as a BMI 225 kg/m?,
according to the Japan Society for the Study of Obesity [17]. The
value of hemoglobin Alc (HbAlc) was estimated as a Natiorral
Glycohemoglobin Standardization Program equivalent value cal-
culated with the following equation: HbAlc (%) = HbAlc (Japan
Diabetes Society) (%) + 0.4% [18]. Diabetes was defined in accor-
dance with American Diabetes Association guidelines as a fasting
glucose concentration of 126 mg/dl or higher, HbAlc 6.5% or
higher, or self-reported use of anti-hyperglycemic drugs [19]. Hy-
pertension was defined as the use of antihypertensive medications,
a systolic blood pressure 2140 mm Hg and/or a diastolic blood
pressure 290 mm Hg, or both. Hypercholesterolemia was defined
as the use of cholesterol-lowering medications, a low-density lipo-
protein cholesterol level 2140 mg/dl, or both. Proteinuria was de-
fined by a dipstick urinalysis score of 1+ or greater (equivalent to
230 mg/dl), because of poor discrimination between negative and
trace positive dipstick readings [20].

Statistical Analyses

Data were analyzed separately by gender, and presented as mean
(standard deviation) or median (interquartile range) for continuous
variables and percent for categorical variables. A comparison of clin-
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