Male (N =66,289)

Female (N =99,558)

<65 years old (N =73,657)

265 years old (N =92,190)

Obesity (-) (N =123,638)

Obesity (+) (N =42,209)

Smoking (=) (N = 144,038)

Smoking (+) (N =21,809)

Alcohol consumption (-) (N =92,882)
Alcohol consumption (+) (N =72,965)
Proteinuria (-) (N = 158,125)
Proteinuria (+) (N=7,722)

eGFR <60 (N =24,333)

eGFR 260 (N =141,514)

Diabetes (-) (N =155,210)

Diabetes (+) (N = 10,637)
Hypertension (-) (N =92,437)
Hypertension (+) (N =73,410)

0 -0.1 -0.2 -0.3 -04 -0.5 -0.6 (mL/min/1.73m?)

The 2-year change of eGFR (regression coefficient )
by the 1 mg/dL increase of serum uric acid at baseline

FIGURE 2: The 2-year change in eGFR by the 1 mg/dL increase of serum uric acid at baseline. eGFR, estimated glomerular filtration rate.
Adjusted for gender, age, BMI, SBP, DBP, eGFR, HbA ¢, triglyceride, LDL-C, HDL-C, smoking, alcohol consumption and proteinuria. Mean + SE.

Table 2. OR of serum uric acid level categories for incidental renal insufficiency

Category Unadjusted Adjusted®
OR 95% CI (0):% 95% CI
Q1 (M<49,F<37) Reference Reference
Q2 (M 5.0-5.6, F 3.8-4.3) 1.229 1.141-1.324 <0.001 0.995 0.920-1.077 0.909
Q3 (M 5.7-6.2, F 4.4-4.8) 1.576 1.466-1.696 <0.001 1.048 0.971-1.132 0.231
Q4 (M 6.3-7.0, F 4.9-5.4) 1.921 1.789-2.063 <0.001 1.104 1.024-1.191 0.010
Q5(M>7.1,F>5.5) 2.399 2.236-2.575 <0.001 1.203 1.115-1.299 <0.001
Uric acid (M < 7.0, F < 6.0 mg/dL) Reference Reference
Hyperuricemia (M > 7.0, F > 6.0 mg/dL) 1.739 1.645-1.837 <0.001 1.117 1.051-1.187 <0.001
Uric acid (per 1 mg/dL increase) 1.280 1.260-1.300 <0.001 1.056 1.035-1.078 <0.001

OR, odds ratio; CI, confidence interval; M, males; F, females.
*Adjusted for gender, age, obesity, hypertension, diabetes, dyslipidemia, smoking, alcohol consumption, eGFR and proteinuria.

Table 3. Adjusted OR of serum uric acid level categories for incidental renal insufficiency by gender.

Category Males Females
(0)23 OR 95% CI

Q1 (M<49,F<3.7) Reference Reference

Q2 (M 5.0-5.6, F 3.8-4.3) 1.007 0.896-1.133 0.904 0.985 0.886-1.096 0.784
Q3 (M 5.7-6.2, F 44-4.8) 1.113 0.992-1.248 0.067 1.013 0.913-1.125 0.806
Q4 (M 6.3-7.0, F4.9-5.4) 1.183 1.059-1.323 0.003 1.065 0.960-1.182 0.237
Q5 (M>7.1,F>5.5) 1.243 1.107-1.397 <0.001 1.216 1.098-1.348 <0.001
Uric acid (M < 7.0, F < 6.0 mg/dL) Reference Reference

Hyperuricemia (M > 7.0, F > 6.0 mg/dL) 1.134 1.045-1.230 0.003 1.136 1.036-1.245 0.007
Uric acid (per 1 mg/dL increase) 1.056 1.027-1.087 <0.001 1.076 1.043-1.109 <0.001

Adjusted for gender, age, obesity, hypertension, diabetes, dyslipidemia, smoking, alcohol consumption, proteinuria and eGFR.
OR, odds ratio; CI, confidence interval; M, males; F, females.

function could be modulated by the characteristics of the | could be due to the insufficient statistical power resulting
studied population. from a small sample size, the difference in characteristics of

Previous studies showed conflicting results on the associ- | subjects and the analytical methods used [5]. In this study,
ation between uric acid levels and kidney disease, and this | we had a very large sample size to allow for subgroup
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analyses with sufficient statistical power, different classifica-
tions of uric acid levels (hyperuricemia, quintiles and the 1
mg/dL increase in uric acid), to include various correction
factors and end points (GFR decrease and incidental renal in-
sufficiency). Therefore, the findings obtained in this study
appear to be robust.

Our study showed that the decline of renal function was
significantly more rapid with the increased uric acid levels
(>5.7 mg/dL in males and >4.4 mg/dL in females), and the
OR for incidental renal insufficiency was significantly in-
creased with uric acid levels of >6.3 mg/dL in males and >5.5
mg/dL in females. This indicates that a slight increase within
the normal range of serum uric acid might be a risk for renal
function deterioration. This is consistent with the previous ob-
servation that cardiovascular mortality in females increases
with serum uric acid levels of >5.5 mg/dL [1]. Together with
previous observations, our finding suggests that the risk for
reduced renal function might increase with increased serum
uric acid levels, even within the normal range.

Although it is difficult to explain the mechanism of how uric
acid causes renal function deterioration, a series of experimental
studies provide a possible assumption that mild elevation of
uric acid induces oxidative stress and endothelial dysfunction,
resulting in the development of glomerular hypertension and
arteriolosclerosis [15]. This assumption is supported by the
clinical observations that uric acid levels are associated with
renal arteriolopathy in biopsy specimens [16] and that an in-
crease of uric acid (>7 mg/dL for men, >6 mg/dL for women)
was independent predictor for the development of albuminuria
in a community-based population [17].

There was an interaction between uric acid and several
clinical parameters such as eGFR, gender, age, BMI, trigly-
cerides, HDL-C, presence of proteinuria and alcohol con-
sumption. This indicates that the characteristics of the
studied population might modulate the association between
uric acid levels and renal changes. Its effect seems to be stron-
ger in females, those with diabetes and proteinuria and those
who do not drink alcohol. In females, serum uric acid levels
are lower than males, because of estrogenic compounds that
enhance the renal urate excretion [18], and after menopause
serum uric acid is increased [19], suggesting an important
role of estrogenic hormones in the regulation of uric acid.
The estrogenic compounds are also known to have a vascular
protective property. Therefore, it is speculated that the in-
crease in uric acid in females is induced by the combination
of the decrease of the protective estrogenic compounds and
the overproduction of uric acid. This might enhance the
effect of uric acid on renal function in females. Hyperurice-
mia increases intraglomerular pressure [20] and urinary
albumin excretion [21]. Diabetes also develops glomerular
hypertension and albuminuria, and massive proteinuria is a
risk for ESKD [22]. Therefore, it is speculated that hyperuri-
cemia and diabetes synergistically promote kidney injury by
inducing glomerular hypertension and proteinuria. Several
studies disclosed that regular light-to-moderate drinking
appears to protect against incident hypertension and cardio-
vascular events [23]. Such protective effect of alcohol con-
sumption might attenuate the aggravating effect of uric acid

Uricacidand declineinrenal function

on renal function. The precise mechanism of how these
factors interact with uric acid warrants a further research.

Interestingly, there was a positive association between uric
acid levels and the change in eGFR in the unadjusted model
that became inverse in the eGFR- and multivariate-adjusted
models. A significant interaction between uric acid levels and
renal function was detected. The baseline GFR was reported to
be negatively correlated with GFR changes in the diabetic
population [24]. Similarly, in this study, the baseline GFR
shows a significant negative correlation with uric acid at base-
line and GFR change. This indicates that subjects with high
eGFR at baseline is likely to show a low uric acid at baseline
and a rapid decline of eGFR. This observation suggests that
eGFR at baseline should be regarded as a confounding factor
to evaluate the independent effect of uric acid on renal func-
tion. Some previous studies did not include baseline eGFR in
their multivariate-adjusted models, which may explain the
conflicting results observed.

The increase in uric acid was associated with a slow decline
of eGFR, but a high incidence of renal insufficiency in the un-
adjusted model. One of the possible explanations for these
contrasting results between the eGFR change and incident
renal insufficiency is the difference in baseline eGFR among
the quartiles. The subjects with high uric acid are likely to
show low eGFR at baseline and to fall into a category of renal
insufficiency with a small decline of eGFR. On the other hand,
the subjects with low uric acid are likely to show high eGFR at
baseline and not to develop renal insufficiency even with a
relatively large decline of eGFR.

The strength of this study is the large number of nationwide
samples that were prospectively followed. This adds reliability
to our results, even in the subgroup analyses. However, this
study has several limitations. First, the serum uric acid levels
were measured only at the baseline. Therefore, the changes in
serum uric acid levels during the follow-up period that might
have an independent effect on renal outcome [25] were not
evaluated. Second, the eGFR was evaluated only twice (at base-
line and 2 years). These parameters are known to show day-
to-day variations. Measuring them twice only might, therefore,
underestimate the association between uric acid levels and
renal outcomes. Third, renal function was estimated by using
the Japanese equation for eGFR, not inulin clearance. Fourth,
we have no information on uric acid-lowering medication use
in this population.

In conclusion, our study showed that serum uric acid levels
are an independent factor for a more rapid decline in renal
function in a community-based population and that a slight
increase in uric acid levels within the normal range might be a
risk for a decline in renal function. To understand the effect
of serum uric acid levels on the progression of renal disease,
clinical trials of uric acid-lowering therapy are required.

e

SUPPLEMENTARY DATA
Supplementary data are available online at http:/ndt.oxford-
journals.org.
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Original Article

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

Yuichiro Yano?, Showchl Fujimoto®, Yuji Sato®, Tsuneo Konta Kunitoshi Iseki®, Chiho Iseki®,
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89 mmHg, n=11 637) Were 8,23, and 39% in men and 5 i
wormen; respectlvely. Among those .. ..

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.lww. 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.L1.).

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 (#=38229) or self-
reported pre-existing CVD (i.e. stroke and coronary artery
disease) (1= 6096). The included participants (n =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 1.73m% all P<0.001) than
those not included (Supplementary Table S1, http://links.
Iww.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 25 kg/m? [13]. Among 45 378
included participants, although there were substantial miss-
ing data, smoking (current smoker or not) (#=45117) and

2372
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drinking (daily drinking or not) (n=39656) 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.html), 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—
84 mmHg or both), high-normal BP (SBP 130139 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 24h 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+), 2+, 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 [k, 1)7+2%
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 J 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 (n = 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
low 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
(n=12284 in men and 7 = 21069 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

New-onset hypertension and chronic kidney disease

BP at least 140/90 mmHg (7 =5568) or use of antihyper-
tensive medications (#=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. la.

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

Among 42625 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 (#=801), and both
(n=64). 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.Ilww.com/HJH/A397). In men (n=15443),
high-normal BP at baseline was associated with a higher
risk of CKD [OR (95% CI) 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% CD 1.5
a.1-1. 9) P<0.01], but not of eGFR below 60 ml/min per
1.73m* [OR (95% CI) 1.0 (0.8—-1.3); P=0.83l.

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.Iww.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.Iww.com/HJH/A397).

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

Men
Normal BP

vOptlmal BP ,
' . (n—6032)

L 616+82
239429

‘ Optlmal BP

231:!:3‘2‘

<0001  218+29 227:1:30‘ ,

i : 19: ) S 325 <0001 133 203 246
Current smokera (%> 340 28.0 26.0 <0.001 7.9 6.1 59 <0.001

“Daily drinker® (%) 315 374 4057 <0001 Bl g g e g 0.05
SBP (mmHg) 108.9+7.1 1225443 132.3+4.4 <0.001  107.4+7.9  122.9+4.0 132.7+39 <0.001
DBP (mmHg) 1 673%65 . 754461 795465 - <0001  655+68  737+65 77.94+6.7 - <0.001
HbAICE (%) 522406 527407 5.30+£0.7 <0.001  5.18:+0.4 5.24+0.5 526405 <0.001
High- densnynpoprotem (ma/dl) - 5714144 5754148 569+149. . 013 667+152 6504152 - 6494154 . <0.001
Low-density llpoproteln (mg/d) ~ 121.5£29.1 12284293 122.9429.9 0.02  1263+£29.8 130.8+29.9 1326£300  <0.001
Triglycerides® (mg/dl) 11804806 12984885  1369+983  <0.001 97.0456.2 - 106.4462.6 11024627 <0.001
eGFR (ml/min per 1.73m?) 78.1+9.6 77.1+£9.8 76.0+£9.6 <0001  79.8£9.0 783+86  77.5+84 <0.001
CKD (%) 7.5 89 9.7 <0001 40 47 v 54 <0.001
Proteinuria (%) 33 4.0 44 0.005 1.7 1.9 24 0.007
eGFR <60 mi/min per 1.73m? (%) 4.5 o540 59 <001 - .25 e 3.2 <0.05

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 120~129 mmHg and/or 80~ ~84mmHg; high-normal BP, SBP
130-139 mmHg and/or DBP 85-89 mmHg. Obesity 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)
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Women  No.oftotal  733/19 695 1812/8 985 2502/6 796
(b)
8 <
P <0.001 /3
o~ 77
xR
O R
-
© 37 64
£3 55 56
§ 3 5.2
= 5+ 4.8
28
O o
=% 44 a7
Baseline BP 8 T T T
classification Optimal BP Normal BP High-normal BP
Men No.ofCKDj  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
BM]I, HbAlc, triglycerides, HDL cholesterol, and LDL choles-
terol levels during follow-up. Although the sample size was
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reduced (n =12 284 men and # = 21 069 women), the risk for
proteinuria remained significant in those who developed
hypertension from optimal and normal BP [OR (95% CD) 1.9
(1.4-2.7) in men and 1.9 (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% CI) 1.9 (1.3~2.8);
P=0.001] even after adjustments for lifestyle factors and for
glucose and lipid metabolic factors.

DISCUSSION

In this 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
glomerular flltratlon rate below 60 mIImm per 1.73m? by blood pressure classrflcatlon

_ BP at baseline

7 BP at 3-year fqllpw—up'

Optlmal-normal Hggh -normal

Optlma! -normal BP.

Optimal-normal High-normal
- P BE

' Hyp,ertéﬁsion , Hypertension

Event number (protelnuna n) 164 35
OR (95% Cl) of proteinuria
Model 1 (unadjusted) Reference 1.0 (0.72-1.5) 1.8 (1.4-2.5)"** .3 (0.95-1.9) 1.8 (1.2-2.5)" 1.9 (1.4-2.5y*
~ Model 2 Reference 099 (0.7-14) 1.7(13-23™  1.2(0.9-17) 16(11-23" 17 (1323
] er (eGFR <60 m/min per 1.73m% n) 2370 a2 7373 3g e
( %CI)ofeGFR<60mI/mm per173m2,j e N S
Model 1 (unadjusted) : o Pt ,,‘Reference « . :09(06-12) . 15(1 1 9)" e N 1 2 (0 9— 1 7) 14
‘Model 2 " Reference - 08(05-1.1) 12(0.9-16) - © 098 (0714 0.8
Women (n) , 15770 2606 2374
g,Event number (proteinuria, n) it 225 50 L iEiE 56 B
‘OR (95% Cl) of proteinuria:: e Py B iib
Model 1 (unadj usted) ‘Reference . . 1.4 (0.99—1.8) 17(1 2= 22)“, +1.1(0.8~ 211.3(0.9-2. (1 3= 23)“ i
‘Model 2 : : _Reference -~ 13(0.96-1.8) 1.6 (1.2-2.2™ 1.0 (07-15) .  1.3(0921.9) 16(12 2.1
Event number (eGFR <60 ml/mln per 1. 73m n) 378 88 94 88 55 104
OR (95% Cly of eGFR<60 ml/min per 1.73 m?
Model 1 (unadjusted) Reference 1.4 (1.1-1.8y" 1.7 (1.3-2.1)" 1.5(1.2-1.9* 1.5 (1.1-2.0" 1.9 (1.5-2.4)**
Model 2 Reference 1.1(0.8-1.4) 1.1(0.9-1.4) 1.1 (0.9-1.4) 0.99 (0.7-1.3) 1.2 (0.9-1.5)

Sex-specific unadjusted and adjusted ORs (95% Cl) for risk of proteinuria and eGFR below 60 ml/min per 1.73m? with each BP classification are shown. BP, blood pressure; Cl,
confidence interval; eGFR, estimated glomerular filtration rate; OR, odds ratio. As adjusted factors, model 2 includes age and BM! 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/d) 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 protemuna but not for
eGFR below 60 ml/min per 1.73m? 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
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new-onset hypertension and proteinuria. However, we
excluded those who had hypertenswn proteinuria, lower
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 S3, http://linksIww.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 (n=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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