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New-onset hypertension and risk for chronic kidney
disease in the Japanese general population
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INTRODUCTION

rehypertension, defined as SBP of 120—139 mmHg or
P DBP of 80-89 mmHg [1], is associated with a higher

risk for future development of hypertension and
cardiovascular disease (CVD) compared with optimal blood
pressure (BP) (<120/80 mmHg) among the general popu-
lation [2—4]. Prehypertension is highly prevalent in Asia,
existing in 30—45% of the general population [5~7]. Never-
theless, less is known about the progression rate of pre-
hypertension to hypertension in Japan and the effects of
the new-onset hypertension on chronic kidney disease
(CKD).

Longitudinal associations between prehypertension and
CKD have been shown [8—12]. However, none of these
studies provided information on BP during follow-up,
which is a concern, since nearly half of prehypertension
cases eventually progress to hypertension [1,2,4-6]. It
remains uncertain whether the longitudinal association of
prehypertension with CKD could be confounded by the BP
values during follow-up. -

Using a large nationwide database of participants
recruited from the national health check-up system in
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Japan, we assessed the progression rate of normoten-
sion and prehypertension to hypertension at 3-year
follow-up, and the effect of the new-onset hypertension
on CKD.

METHODS

Study population

The study was performed as a part of the prospec-
tive ongoing project ‘Design of the comprehensive
healthcare system for CKD based on the individual risk
assessment by Specific Health Checkups’ [7]. A new
annual health check program, ‘The Specific Health
Check and Guidance System in Japan' was started by
the Japanese government in 2008. The target population
was the Japanese general population between the ages of
40 and 74 years. The details are described in the
Supplementary data Chttp://links.Iww. com/HJH/A397).
In Japan, there are 47 administrative divisions (prefec-
tures). Twenty-seven of the prefectures (Hokkaido,
Yamagata, Miyagi, Fukushima, Niigata, Fukui, Ishikawa,
Nagano, Tochigi, Tokyo, Chiba, Saitama, Kanagawa, Ibaraki,
Osaka, Hyogo, Gifu, Okayama, Kochi, Tokushima, Fukuoka,
Miyazaki, Kumamoto, Oita, Saga, Nagasaki, and Okinawa)
agreed with the aims of this study and performed a prospec-
tive data collection from individuals who agreed to partici-
pate in this project. Data were sent to an independent data
center, the NPO Japan Clinical Research Support Unit,
after anonymization in a linkable fashion, and verified by
trained staff (K.1).

Until July 2013, from 13 prefectures (Hokkaido, Fukui,
Ishikawa, Nagano, Tochigi, Chiba, Saitama, Hyogo, Gifu,
Tokushima, Kumamoto, Nagasaki, and Okinawa), we
obtained data of 85826 participants (mean age =+ SD,
62.1£7.6 years; 41.0% men) for whom information on
age, sex, BMI, estimated glomerular filtration rate (eGFR),
and dipstick urine test results were obtained both at base-
line (2008) and at 3-year follow-up (2011).

For the present analysis, we excluded 40 448 participants
who had baseline hypertension (n=38229) or self-
reported pre-existing CVD (i.e. stroke and coronary artery
disease) (1= 06096). The included participants (7 =45 378)
were younger (mean age 60.4 vs. 64.0 years), and had a
lower proportion of men (37.2 vs. 45.2%) and higher mean
eGFR (78.1 vs. 74.9 ml/min per 1.73 m? all P<0.001) than
those not included (Supplementary Table S1, http://links.
lww.com/HJH/A397).

The study was conducted according to the guidelines of
the Declaration of Helsinki and the Ethical Guidelines for
epidemiological research (1 December 2008, Ministry of
Education, Culture, Sports, Science and Technology and
Ministry of Health, Labor and Welfare of Japan). Ethical
approval from the respective institutional review boards
was also granted.

Baseline measurement

Body height and weight were measured in light clothing
without shoes, and BMI was calculated (kg/m?). Obesity
was defined as a BMI at least 25kg/m? [13]. Among 45378
included participants, although there were substantial miss-
ing data, smoking (current smoker or not) (n=45117) and
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drinking (daily drinking or not) (n=39650) status was
assessed at baseline.

Blood pressure measurement and blood and urine
sampling were performed at each local medical institution.
According to the recommendations of the Japanese Ministry
of Health, Labor, and Welfare (http://www.mhlw.go.jp/
bunya/shakaihosho/iryouseido01/info03a.htmb), BP was
measured by the medical staff using a standard sphygmo-
manometer or an automated device on the right arm after
the participants had rested for 5min in a seated position.
Participants were classified into one of the following groups
according to their BP levels [1]: optimal BP (SBP/DBP <120/
80 mmHg), normal BP (SBP 120-129 mmHg, DBP 80—
84mmHg or both), high-normal BP (SBP 130-139 mmHg,
DBP 85-89mmHg or both), and hypertension (SBP/DBP
>140/90mmHg and/or use of antihypertensive medi-
cations).

Blood samples were collected after an overnight fast
and were assayed within 24 h with an automatic clinical
chemical analyzer. All measurements were conducted
locally rather than at a central laboratory; calibration
across different laboratories was not tested, but stand-
ardized methods for the measurement of laboratory data,
recommend by the Japan Society of Clinical Chemistry,
have been adopted widely in Japan. In some cases but not
all, hemoglobin Alc (HbAlc; n=42561), triglycerides
(n=42607), low-density lipoprotein (LDL; n=42611),
and high-density lipoprotein (HDL; n=42624) were
assessed both at baseline and at 3-year follow-up. The
value for HbAlc was estimated as a National Glycohemo-
globin Standardization Program equivalent value calcu-
lated with the following formula: HbAlc (%) =HbAlc
(Japan Diabetes Society) (%) + 0.4%.

Definition of chronic kidney disease

Urinalysis by the dipstick method was performed on a
single spot urine specimen collected in the early morning
after overnight fasting. Urine dipstick results were inter-
preted by the medical staff in each local medical institution
and recorded as (=), (), (14), (24, and (3+). In Japan, it
is a widely adopted policy of the Japanese Committee for
Clinical Laboratory Standards (http://jccls.org/) that all
urine dipstick tests should be manufactured so that a urine
dipstick result of 1+ will correspond to a urinary protein
level of 30 mg/dl. We defined proteinuria as 14 or more.
Serum creatinine was assayed by an enzymatic method.
eGFR was estimated by the Chronic Kidney Disease Epi-
demiology Collaboration (CKD-EPI) equation for Japanese
as follows: [14]

144 x min (Cr/k,1)* x max (Cr /i, 1)
x 0.993%8° x 1.018 (if female)
x 0.813 (Japanese coefficient)

where « is 0.7 in women and 0.9 in men; « is —0.329 in
women and —0.411 in men.

Details .about the equation are shown in the Supple-
mentary data (http://links.lww.com/HJH/A397). CKD was
defined as the presence of proteinuria and/or eGFR below
60 ml/min per 1.73m?.
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Statistical analysis

All statistical analyses were performed with SPSS version
18.0 ] software (SPSS, Chicago, Illinois, USA). Differences in
participant characteristics by BP classification and sex were
assessed by analysis of variance (ANOVA) or the chi-square
test. At first, in all participants (7 = 45 378), we estimated the
progression rate of normotension and prehypertension to
hypertension at 3-year follow-up. Next, excludmg partici-
pants with eGFR below 60 ml/min per 1.73m?* or protei-
nuria at baseline (n=42625), we calculated the risk of
newly developed CKD for each BP classification. Using
multiple logistic regression analysis including age and
BMI as adjusted factors, the odds ratio (OR) and 95%
confidence interval (CD of risk for CKD, proteinuria, and
Jow eGFR (<60 ml/min per 1.73m? at 3-year follow-up
were estimated for each BP classification. In separate
analyses, we included current smoking and daily drinking
at follow-up, and changes of BMI, HbAlc, triglycerides,
HDL-cholesterol, and LDL-cholesterol levels during fol-
low-up as adjusted factors; the sample size was reduced
(12=12284 in men and 7 =21 069 in women) due to miss-
ing data on covariates. A two-sided P value less than 0.05
was defined as significant.

RESULTS

Study population

Table 1 shows clinical characteristics of the included partici-
pants according to BP classification within each sex. In
accordance with the severity of BP classification, higher age
and BMI, less prevalent current smoking, higher levels of
HbAlc and triglycerides, lower eGFR, and higher prevalent
proteinuria were observed both in men and women.

Incidence rate of hypertension at 3-year
follow-up

At 3-year follow-up, 8816 participants (19% of the entire
population) had developed hypertension, defined as

7 Men
Optimal BP
( (n—6032)

.~ Obesity.
~ Current smoker® (%) o

~ DBR(mmHa)
 HbAIC® (%) ,
. High- denSntyhpoprotem (mgidl)
__Low-density oprotem (mg/d!)
* Triglycerides® (ma/dl)

) 781:&96

eGFR (ml/mln per 1. 73m ) )
CRD(Se) e gs
Proteinuria (%) 33

- 6GFR <60 mi/min‘per 1:73m2.(%) 45

TABLE 1. Baseline characteristics according to blood pressure classification within each sex (n=45378)

Normal BP. High-normal
BP.(n—4841) P {

New-onset hypertension and chronic kidney disease

BP at least 140/90 mmHg (1 = 5568) or use of antihyper-
tensive medications (7 =3248). The incidence rates of
hypertension developing from optimal BP (<120/
80 mmHg), normal BP, and high-normal BP at baseline
are shown in Fig. 1a.

Incidence rate of newly developed chronic
kidney disease at 3-year follow-up

Among 42 625 participants without CKD at baseline, 2142
participants (5%) had new-onset CKD at 3-year follow-up;
these mcluded individuals with eGFR below 60 ml/min per
1.73m* (n=1277), proteinuria (7#=801), and both
(n=064). The incidence rate of CKD according to BP classi-
fication at baseline is shown in Fig. 1b. Using multiple
logistic regression analyses including age and BMI as
adjusted factors, the ORs for developing CKD among each
BP classification at baseline were calculated (Figure S1,
http://links.Iww.com/HJH/A397). In men (n=15443),
high-normal BP at baseline was associated with a higher
risk of CKD [OR (95% CD 1.2 (1.0-1.4); P < 0.05}. When we
assessed the endpomt as proteinuria or eGFR below 60 ml/
min per 1.73m” separately, high-normal BP in men was
associated with a higher risk of proteinuria [OR (95% CI) 1.5
(1.1-1. 9) P <0.01], but not of eGFR below 60 ml/min per
1.73m* [OR (95% CD 1.0 (0.8-1.3); P=0.83].

Progression to hypertension and risk for
chronic kidney disease

Participants without CKD at baseline were divided into six
groups according to BP classification at baseline and at
3-year follow-up. Since the risk for developing CKD with
normal BP at baseline was similar to that with optimal BP
(Figure S1, http://links.lww.com/HJH/A397), we combined
normal BP and optimal BP into a single BP category and
defined it as the reference. The changes in BMI, glucose,
and lipid parameters during follow-up among the six
groups are shown in Supplementary Table S2 and S3
(http://links.lww.com/HJH/A397).

Women

Optimal BP Normal BP. High- norma[ BP
12696) (n—6796)

21.8+2.9

, 518;t04

) 1263298
<0001~ 97.0£562
 <0.001  79.8+£9.0

- <0. 001

L <000i

, 0.007
<005

Data are expressed as the mean = SD or percentage. P values were obtained by ANOVA or chi-square test among optimal BP, normal BP, and high-normal BP within each sex. BP
classification was defined as follows: optimal BP, SBP below 120 mmHg and DBP below 80 mmHg; normal BP, SBP 120129 mmHg and/or 80-84 mmHg; high-normal BP, SBP
130-139 mmHg and/or DBP 85-89 mmHg. Obesxty was defined as BMI at least 25kg/m?. Some clinical characteristics were not obtained from all participants, and the sample size is
shown by superscript alphabets: a, n=45117; b, n=39656; ¢, n=45323; d, n=45370; e, n=45370. CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HbAlc,

hemoglobin Alc.
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(a)

{:::] Women
5 - - Ve
39.0
N P <0.001
o 40 36.8
T2 .
“5 o
® ; 30
] 202 22.9
D o 8
O w=
55 27
3 %
o= o
2 8.3
© 10 58 .
Baseline BP 0 T T T
classification Optimal BP Normal BP High-normal BP
Men No. of HT/ 501/6 028 1381/6 032 1887/4 841
Women  No.oftotal  733/12 695 1812/8 985 2 502/6 796
(b)
8 —
P < 0.001 73
0~ 74
x X
U ~—
w— o
° 7 64
23 55 56
- = 5.2
gg’ 2 5 4.8
= :
pold
O o
=% 49 a7
Baseline BP 8 T T .
classification Optimal BP Normal BP High-normal BP
Men No.of CKDj  292/5575 302/5 498 318/4 370
Women No. of total 455/12 184 414/8 566 361/6 432

FIGURE 1 Incidence rate of hypertension and chronic kidney disease at 3-year follow-up. (a) Shows the incidence rate of hypertension at 3-year follow-up in all participants
(n=45378). (b) Shows the incidence rate of CKD in those without CKD at baseline (n=42 625). The percentages are shown stratified by BP classification and sex. P values
were obtained by the chi-square test within each sex. BP, blood pressure; CKD, chronic kidney disease.

Data from logistic regression models suggest that among
men, those who developed hypertension during follow-up
and those remaining in the high-normal BP category had a
higher risk for proteinuria and eGFR below 60 ml/min per
1.73m? (model 1 in Table 2). Adjustment for baseline age
and BMI attenuated the associations, but new-onset hyper-
tension and high-normal BP remained significantly associ-
ated with a higher risk of groteinuria, but not of eGFR
below 60 ml/min per 1.73m* (model 2, Table 2). Among
women, those who developed hypertension during follow-
up had a higher risk of proteinuria after adjustment for age
and BMI (model 2 in Table 2). The results were similar
when we excluded those who used antihypertensive medi-
cations at follow-up (data not shown).

In model 2 in Table 2, we further adjusted for current
smoking and daily drinking at follow-up and for changes in
BMI, HbAlc, triglycerides, HDL cholesterol, and LDL choles-
terol levels during follow-up. Although the sample size was

2374

www.jhypertension.com

reduced (n = 12 284 men and 2 = 21 069 women), the risk for
proteinuria remained significant in those who developed
hypertension from optimal and normal BP [OR (95% CI) 1.9
(14-2.7) in men and 19 (1.3-2.6) in women; both
P<0.001], and those who developed hypertension from
high-normal BP [OR (95% CD 1.8 (1.3-2.5) in men and 1.9
(1.3-2.6) in women; both P < 0.01]. The risk of proteinuria
for men remaining in the high-normal BP category during
follow-up was also significant [OR (95% CD 1.9 (1.3-2.8);
P=0.001] even after adjustments for lifestyle factors and for
glucose and lipid metabolic factors.

DISCUSSION

Inthis nationwide study of 45 378 Japanese aged 40—74 years
with no hypertension or CVD at baseline, we calculated
a 19% incidence rate of new-onset hypertension at
3-year follow-up. Among those without CKD at baseline
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TABLE 2. Sex-specific unadjusted and multivariable-adjusted odds ratio (95% confidence interval) for risk of proteinuria and estimated

BP at basellne

Optlmal-normal ngh—norma!

BP at 3-year follow-up _BP BP

glomerular filtration rate below 60 mllmm per 1.73m? by blood pressure classmcatlon

Optlmal normal BP ',

ngh normal BP

Optlmal-normal ngh normal

Hypertension. BP _ BP Hypertension

Event number (proteinuria, n) 62 39 65
OR (95% Cl) of proteinuria
Model 1 (unadjusted) Reference 1.0(0.72-1.5) 1.8 (1.4-2.5 1.3(0.95-1.9) 1.8(1.2-2.5" 1.9(1.4-25"
Model 2 Reference

Event number (eGFR <60 mi/min per 1.73 m?, n) 378 88
OR (95% Cl) of eGFR<60 mi/min per 1.73 m?
Mode! 1 (unadjusted)
Model 2

Reference
Reference

0.99 (0.7-1.4)

1.4 (1.1-1.8)"
1.1 (0.8-1.4)

1.7 (1.3-2.3)" 1.6(1.1-2.3)" 1.7 (1.3-2.3)

94“ = as : ,5,5 o w,,,104 YEd

1.7 (1.3=2.1)™
1.1(0.9-1.4)

1.5(1.2-1.9"
1.1(0.9-1.4)

1.5 (1.1-2.0"
0.99 (0.7-1.3)

1.9 (1.5-2.4y
1.2 (0.9-1.5)

Sex-specific unadjusted and adjusted ORs (95% CI) for risk of proteinuria and eGFR below 60 mi/min per 1.73m? with each BP classification are shown. BP, blood pressure; C,
confidence interval; eGFR, estimated glomerular filtration rate; OR, odds ratio. As adjusted factors, model 2 includes age and BMI at baseline. Statistical significance was defined as

P<0.05.
"P<0.05.
“p<0.01.
**P<0.001.

(n=42625), the incidence rate of new-onset CKD was 5%.
In both men and women, new-onset hypertension was
associated with a higher risk for proteinuria compared with
optimal and normal BP. Men remaining in high-normal BP
for over 3 years of follow-up had a higher risk for proteinuria
compared to those with optimal and normal BP.

Longitudinal associations between baseline BP and risk
for kidney disease have been suggested [15-17], but little
evidence exists on whether the associations could be modi-
fied by BP values during follow-up. Vupputuri et al. [18]
suggested that among 722 treated hypertensive men with
eGFR at least 60 ml/min per 1.73 m* at baseline (70% African
American), increase in SBP was associated with greater
decline in kidney function (defined as a rise in serum
creatinine >0.6mg/dD during a median follow-up of
7 years. Among 43305 hypertensive patients without
CKD at baseline (46% were men, 54% were Caucasians,
and mean age 60 years), Hanratty et al. [19] reported that
time-varying SBP was associated with greater decline in
eGFR during a median follow-up of 44 months. Neither
study assessed proteinuria as an outcome. Both studies
recruited hypertensive patients [18,19], suggesting that
some renal structural and functional alterations might
already have been present at baseline.

In the present study, new-onset hypertension was
associated with a higher risk for protemurla but not for
eGFR below 60 ml/min per 1. 73 m® Proteinuria is a sign
of glomerular hypertension, impaired glomerular per-
meability, and dysfunction of the glomerular barrier and
endothelial cells [20,21]. These changes often precede
any detectable decline in renal filtration function [20-22].
Since we evaluated the incident hypertension only once,
without information on the interim period, we cannot
clarify reverse causality in the association between

Journal of Hypertension

new-onset hypertension and proteinuria. However, we
excluded those who had hypertension, proteinuria, Iower
eGFR (60ml/min per 1.73m? and pre-existing CVD at
baseline, so it is unlikely that proteinuria without accom-
panying lower eGFR could have preceded the development
of hypertension over this short-term follow-up period.

In addition to high BP, proteinuria is associated with
obesity, glucose and lipid metabolic abnormalities, and a
number of nontraditional risk factors (e.g. high C-reactive
protein and adiponectin) [20—24]. We observed that both
men and women who had new-onset hypertension showed
the highest increase in BMI during follow-up (Supplemen-
tary Table S2 and $3, http://links.Iww.com/HJH/A397).
Although our analyses were adjusted for changes in BMI
as well as glucose and lipid parameters during follow-up,
potentially confounding factors remained, including inflam-
mation, adipocytokines, and sleep-disordered breathing.

High-normal BP in men only, even those who did not
develop hypertension during follow-up, constituted a
higher risk for proteinuria. The reasons for the sex differ-
ence are unclear, but the parallel increase of proteinuria in
accordance with BP severity might begin at an earlier phase
in men than in women [25]. Results from prior studies on
longitudinal associations between prehypertension and
CKD risk [not limited to end-stage renal disease (ESRD)]
in the general population are inconsistent [8—12]. Most
studies did not exclude CKD at baseline, defined based
on both eGFR and proteinuria. Three prospective studies
from the United States (8093 men; aged 40-84 years; 14
years of follow-up) [9], Norway (17 375 healthy Caucasians;
mean age 42 years; 53% men; median follow-up of 7 years)
[11], and Iran (3313 participants; aged over 20 years; 44%
men; mean follow-up of 10 years) [12] failed to show a
risk for CKD in individuals with prehypertension. These
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studies defined CKD as eGFR below 60 ml/min per 1.73 m?.
A study in a Japanese population demonstrated that
prehypertension with normal and high-normal BP was
associated with a 1.5-fold higher risk for CKD than optimal
BP over 6.5 years of follow-up, although the sample size
was small (72 =2150) and BP values at follow-up were not
considered as confounders [8]. Our study complements
and extends these prior studies by showing that men
remaining in the high-normal BP category even over a
relatively shorter period (i.e. 3 years) were at higher risk
for proteinuria.

The major strengths of this study are that it was a nation-
wide survey with a large sample size, incorporating com-
plete information on BP, eGFR, and proteinuria at both
baseline and follow-up. However, there were limitations.
First, a single measure of BP, eGFR, and proteinuria might
not be accurate. In particular, some dipstick-positive pro-
teinuria findings might be transient. These factors could
have led to underestimation of the true association between
BP and proteinuria. Second, the participants were generally
healthy individuals undergoing health check-ups, so our
results might underestimate the incidence of new-onset
hypertension from normotension and prehypertension
and the effect on CKD. Third, we could not assess how
many people had an annual health check but declined to
participate in this project, and we could not calculate the
percentage of the baseline population from which we were
able to gather follow-up data. There is potential bias in the
study participants chosen for the analysis. Last, we could
not assess what kinds of antihypertensive drugs had been
prescribed in treated hypertensive patients. The use of such
agents, particularly renin—angiotensin—aldosterone inhibi-
tors, is potentially confounding [26], although our con-
clusions remained unchanged when we analyzed our
data excluding the participants on antihypertensive medi-
cations at follow-up.

In conclusion, this Japanese nationwide survey demon-
strated that, over 3 years of follow-up, women and men
with new-onset hypertension and men with high-normal
BP were at higher risk of newly developing proteinuria.
Taken together with evidence of a rapidly increasing num-
ber of patients with CKD in Japan [27], our findings have
important clinical implications. CKD is often asymptomatic
but progressive, and thus we need to pay attention to
patients who develop hypertension and to men remaining
in the high-normal BP category in order to detect CKD as
early as possible and to prevent its adverse consequences,
such as CVD and ESRD.
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Background. Hyperuricemia is a risk factor for adverse renal

outcomes in patients with chronic kidney disease. This study
investigated the effect of uric acid on renal function in a com-

m

unity-based population.
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Methods. We used a nationwide database of 165 847 subjects
(aged 29-74, male 40%) who participated in the annual
‘Specific Health Check and Guidance in Japan’ checkup
between 2008 and 2010; we examined the relationship between
serum uric acid levels at baseline and 2-year change in the esti-
mated glomerular filtration rate (eGFR) obtained by using the
Japanese equation.
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Results. After adjusting for possible confounders, the eGFR [
i MATERIALS AND METHODS

change was inversely correlated with uric acid at baseline. In
the multivariable analysis, the decline in eGFR was significantly
more rapid in subjects with the slight increase in uric acid
(males >5.7 mg/dL, females >4.4 mg/dL), and the risk for inci-
dental renal insufficiency (eGFR <60 mL/min/1.73 m®) was in-
creased at uric acid of >6.3 mg/dL in males and >5.5 mg/dL in
females, compared with the lowest quintile. The multiple linear
regression analysis revealed that the effect of uric acid on eGFR
changes was significant, especially in females, those with pro-
teinuria and diabetes and those without alcohol consumption.
Conclusion. This study showed that serum uric acid is inde-
pendently associated with a more rapid decline of eGFR and
incident renal insufficiency, and that a slight increase within
the normal range of serum uric acid might be a risk for renal
damage in the general population.

Keywords: cohort study, renal function, uric acid

INTRODUCTION

Recent studies have showed that hyperuricemia increases the
risk for cardiovascular diseases [1] and mortality [2, 3].
Chronic kidney disease (CKD) is also a risk for cardiovascular
events and premature death [4], and the association between
uric acid and kidney disease has been previously investigated
in the literature [5]. An increase in uric acid was thought to be
associated with an increased risk of incidental CKD [6-8], and
end-stage kidney disease (ESKD) [9] in the general population.
However, studies have reported conflicting results. In the
general population, increased uric acid levels were independ-
ently associated with ESKD in women but not men [10]. In
patients with CKD, hyperuricemia was an incidental factor for
all-cause and CVD mortality but not kidney failure [3]. In the
elderly population, uric acid levels had a significant but weak
association with the progression of kidney disease [11]. Fur-
thermore, previous reports documented that a risk for ESKD
was increased at different threshold values for men (>7 mg/
dL) and women (>6 mg/dL) [10]. Therefore, the association
between an increase in serum uric acid and kidney disease is
still unclear.

This inconsistency might be due to several reasons including
small sample sizes, differences in the characteristics of the
studied populations, the varying classification of serum uric
acid levels (hyperuricemia >7 mg/dL, quartiles/quintiles and
per the 1 mg/dL increase), the end points [incident CKD, esti-
mated glomerular filtration rate (eGFR) <60 mL/min/1.73 m?);
glomerular filtration rate (GFR) decrease and ESKD] and the
correction factors used in multivariate analyses. Furthermore,
renal insufficiency itself decreases urinary excretion of uric acid,
resulting in an increase in serum uric acid levels. This makes it
difficult to determine whether hyperuricemia is the cause or
result of renal damage. To address this issue, we accessed a na-
tionwide large-scale database and prospectively examined the
independent effect of uric acid on the change of renal function,
using plural classifications of uric acid levels and end points,
and subgroup analyses.

Study population

This study was part of an ongoing ‘Research on design of
the comprehensive health care system for CKD based on the
individual risk assessment by Specific Health Checkup’ study.
The Specific Health Check and Guidance is an annual health
checkup for all inhabitants between the ages of 40 and 74 and
is covered by Japanese national health insurance. We utilized
the nationwide database obtained from 16 prefectures (admin-
istrative regions), Hokkaido, Tochigi, Saitama, Chiba, Nagano,
Niigata, Ishikawa, Fukui, Gifu, Hyogo, Tokushima, Fukuoka,
Saga, Nagasaki, Kumamoto and Okinawa, in keeping with our
study aims. We collected data from 87 750 men and 131 485
women (total 219 235, age range 40-74) who took part in the
health checkups in both 2008 and 2010. The study was con-
ducted according to the Declaration of Helsinki and was ap-
proved by the respective institutional ethics committees. The
details of this study have been described elsewhere [12].

Among the 219235 participants, 53388 were excluded
from this study because the essential data, including serum
uric acid and serum creatinine levels, were incomplete. There-
fore, data from 66289 males and 99558 females (total
165 847, age range 40-74) were included in our statistical ana-
lyses. We examined the association between serum uric acid
levels at baseline and 2-year change in renal function, as mea-
sured by the eGFR. In our analysis of the incidence of renal in-
sufficiency, we used 141 514 subjects (54 152 males and 87 362
females) without renal insufficiency at baseline, after excluding
24 333 subjects who showed renal insufficiency at baseline.

Measurements

Subjects used a self-reporting questionnaire to document
their medical history, current medications, smoking habits
(smoker or non-smoker) and alcohol consumption (drinker or
non-drinker). Systolic blood pressure (SBP) and diastolic
blood pressure (DBP) were measured by trained staff by using
a standard sphygmomanometer or an automated device, with
subjects in the sitting position for at least 5 min prior to meas-
urement. Hypertension was defined as a SBP >140 mmHg or
DBP >90 mmHg, or being on antihypertensive medication.
Body mass index (BMI) was calculated as weight in kilograms
(kg) divided by height (m?). For both men and women,
obesity was defined as BMI >25.0 kg/m2 [13]. Plasma glucose
levels were measured by using the hexokinase enzymatic refer-
ence method. Subjects with diabetes were identified either
by a fasting plasma glucose concentration of >126 mg/dL, an
HbA1c value of >6.5% or on antidiabetic medication. Trigly-
ceride and low-density lipoprotein cholesterol (LDL-C) con-
centrations were measured by using enzymatic methods, and
high-density lipoprotein cholesterol (HDL-C) concentration
was measured directly. Dyslipidemia was defined as triglycer-
ides >150 mg/dL, HDL-C <40 mg/dL, LDL-C >140 mg/dL or
being on lipid-lowering medication. Serum uric acid was mea-
sured by using an enzymatic method, and hyperuricemia was
defined as serum uric acid >7 mg/dL in males and >6 mg/dL
in females, according to the previous report [10].

Uricacidand declineinrenal function

2287

— 107 —




