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a b s t r a c t

Background: We examined prospectively which of the four blood pressure (BP) components (systolic BP
[SBP], diastolic BP [DBP], pulse pressure [PP], and mean arterial pressure [MAP]) was best in predicting
the risk of proteinuria.
Methods: This prospective study included 9341 non-diabetic Japanese middle-aged men who had no
proteinuria and an estimated glomerular filtration rate �60 mL/min/1.73 m2 and were not taking anti-
hypertensive medications at entry. Persistent proteinuria was defined if proteinuria was detected two or
more times consecutively and persistently at the annual examination until the end of follow-up. We
calculated the difference in values of Akaike's information criterion (DAIC) in comparison of the BP
components-added model to the model without them in a Cox proportional hazards model.
Results: During the 84,587 person-years follow-up period, we confirmed 151 cases of persistent pro-
teinuria. In multiple-adjusted models that included a single BP component, the hazard ratios for
persistent proteinuria for the highest quartile of SBP, PP, and MAP were 3.11 (95% confidence interval [CI],
1.79e5.39), 1.87 (95% CI, 1.18e2.94), and 2.21 (95% CI, 1.33e3.69) compared with the lowest quartile of
SBP, PP, and MAP, respectively. The hazard ratio for the highest quartile of DBP was 2.69 (95% CI,
1.65e4.38) compared with the second quartile of DBP. Of all models that included a single BP component,
those that included SBP alone or DBP alone had the highest values of DAIC (14.0 and 13.1, respectively) in
predicting the risk of persistent proteinuria.
Conclusions: Of all BP components, SBP and DBP were best in predicting the risk of persistent proteinuria
in middle-aged Japanese men.

© 2017 The Authors. Publishing services by Elsevier B.V. on behalf of The Japan Epidemiological
Association. This is an open access article under the CC BY license (http://creativecommons.org/licenses/

by/4.0/).
Introduction

Hypertension is a well-established major risk factor for cardio-
vascular disease.1,2 Although the chief criteria for defining hyper-
tension have been based on systolic blood pressure (SBP) and
diastolic blood pressure (DBP), it might be important for better
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prediction to consider two additional blood pressure (BP) compo-
nents: a pulsatile component, such as pulse pressure (PP), and a
steady component, such as mean arterial pressure (MAP).3 In
epidemiological studies that have compared these BP components
(SBP, DBP, PP, and MAP) individually as predictors of risk for car-
diovascular diseases, SBP or PP has been reported to be associated
with coronary heart disease,4e11 whereas SBP has been associated
with stroke.4e8,12

Hypertension is also associated with the risk of chronic kidney
disease,13 and a few prospective studies have reported the associ-
ation between various BP components and the decline of glomer-
ular filtration rate.14e17 Although proteinuria is a component of
n Epidemiological Association. This is an open access article under the CC BY license
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chronic kidney disease and has been associated with the incidence
of cardiovascular disease, end-stage renal disease, and all-cause
mortality,18e23 it is not known which of the four BP components
is best in predicting the risk of incident proteinuria. Only two
longitudinal studies have examined the associations between the
four BP components and future albuminuria.24,25 However, as both
studies measured urinary albumin excretion only at the end point
of their analytic cohorts, they have not examined the association
between these BP components and incident risk of albuminuria. To
our knowledge, no prospective cohort study has compared various
BP components as predictors of risk for incident proteinuria.

We examined the relation of BP components (SBP, DBP, PP and
MAP), both individually and combined, to the risk of the incidence
of proteinuria in an 11-year prospective observational study in
apparently healthy middle-aged Japanese men. To avoid the influ-
ence of subjects with transient proteinuria, we used the definition
of persistent proteinuria, which was defined as proteinuria detec-
ted two or more times consecutively and persistently at the annual
examination until the end of follow-up.

Methods

Study population

The study population was Japanese men enrolled in the Kansai
Healthcare Study, which is an ongoing prospective cohort study
examining risk factors for cardiometabolic diseases.26,27 Between
April 2000 and March 2001, 12,647 men aged 40e55 years who
were employees of a company in the Kansai area of Japan and who
were considered to be involved in sedentary jobs at entry were
enrolled in this study. All employees of this company aged 40 years
or older have undergone annual medical checkups because Japa-
nese law requires it. When the data based on only the results of
these annual health screenings are used, Japanese ethical guide-
lines for epidemiological research do not require written informed
consent from participants. The protocol for this research was
reviewed and approved by the Human Subjects Review Committee,
Osaka City University.

For current analysis, we included 10,019 Japanese menwho had
no proteinuria, an estimated glomerular filtration rate (eGFR)
�60 mL/min/1.73 m2, a fasting plasma glucose <126 mg/dL, and
were not taking hypoglycemic medications, insulin, or antihyper-
tensive medications. We excluded 320 men who did not have any
medical checkups during the follow-up period and 358 men who
had missing covariate information at baseline. Thus, the analytic
cohort consisted of 9341 men.

Data collection and measurements

The clinical examination consisted of medical history; physical
examination; anthropometric measurements; self-reported ques-
tionnaires on lifestyle characteristics, such as smoking habit,
alcohol consumption, and regular leisure-time physical activity;
measurements of fasting plasma glucose and serum creatinine; and
dipstick urinalysis. Trained nurses carried out all measurements.

BP was measured in a sitting position with an automatic
sphygmomanometer (BP-203RV; Omron Colin, Tokyo, Japan, and
Udex-super; ELK Osaka, Japan) after about 5 min of rest. The
Spearman's correlation between the former device and a standard
mercury sphygmomanometer was 0.985 for SBP and 0.976 for DBP.
The Spearman's correlation between the latter device and a stan-
dard mercury-column sphygmomanometer was 0.997 for SBP and
0.976 for DBP. If the initial reading showed hypertension, BP was
measured again, and the subject's BP was defined as the lower of
the two readings after the second measurement. Hypertensionwas
defined as SBP �140 mm Hg or DBP �90 mm Hg.28 PP was defined
as SBP minus DBP. MAP was calculated as DBP plus one-third PP.

Urine samples were collected as clean-catch, mid-stream, and
random urine specimens. The results of the dipstick urinalysis were
interpreted as negative, ±, 1þ, 2þ, 3þ, or 4þ. Blood samples were
obtained after a 12-h overnight fast. Serum creatinine was mainly
measured by an enzymatic method using a Hitachi 7350 automatic
chemistry analyzer (Hitachi Ltd., Tokyo, Japan). As serum creatinine
was also measured by the Jaffe method in 1799 subjects at the
baseline examination, the Jaffe values were recalibrated to corre-
spond to enzymatic values using the following equation developed
by the analytical laboratory: serum creatinine (mg/dL, enzymatic
method) ¼ 1.02 � serum creatinine (mg/dL, Jaffe method) e 0.25
(r ¼ 0.9996). Then eGFR was calculated using the Modification of
Diet in Renal Disease study equation for Japanese persons.29 Body
mass index (BMI) was calculated as weight in kilograms divided by
the square of the height in meters.

Self-reported questionnaires about lifestyle characteristics con-
sisted of questions regarding smoking habit, drinking habit, and
regular leisure-time physical activity. As for smoking habits, subjects
were categorized as non-smokers, past smokers, or current smokers.
The questions about drinking habit assessed theweekly frequency of
alcohol consumption and the usual amount of alcohol consumed per
drinking day according to Japanese standard drinks. One Japanese
standard drink is 23 g of ethanol. Daily alcohol consumption was
calculatedas (thequantityconsumedperdrinkingday)� (theweekly
frequency of alcohol consumption)/7. As for regular leisure-time
physical activity, the single-item questionnaire had three possible
answers: rarely, sometimes, andregular (that is, at leastonceweekly).
We classified subjects as engaging in leisure-time physical activity at
least once weekly or less than once weekly. The validity of this
questionnaire has been described in detail previously.26

Outcome

Proteinuria on urine dipstick examination was defined as 1þ or
higher (30 mg/dL or higher)30 at the annual medical check-up. We
used the definition of persistent proteinuria to exclude transient
proteinuria: “persistent proteinuria”was defined if proteinuria was
detected two or more times consecutively and persistently at the
annual examination until the end of follow-up.

Statistical analysis

To assess the difference in baseline characteristics between
subjects who developed persistent proteinuria and those who did
not, we used the unpaired t-test, ManneWhitney test, or chi-
squared test (Table 1). Multivariate Cox proportional hazards
models were used to investigate the association between BP com-
ponents and the incidence of persistent proteinuria. Follow-up of
each subject was continued until the diagnosis of the outcome
occurrence or until the 11-year follow-up examination from April 1,
2011 to March 31, 2012, whichever came first. We evaluated
nonlinear effects of continuous independent variables using frac-
tional polynomials31 or by plotting the regression coefficients
against the variables.32 In the Cox proportional hazards models of
Table 2, BMI, alcohol consumption, DBP, and MAP did not fulfill the
linearity assumption. As the association between BMI and risk of
persistent proteinuria was a U-shaped association, the BMI level
was classified into seven categories: <18.0, 18.0e19.9, 20.0e21.9,
22.0e23.9, 24.0e25.9, 26.0e27.9, and �28.0 kg/m2. Regarding
drinking habits, except nondrinkers, subjects were classified into
tertiles of daily alcohol consumption levels: 0.1e16.4, 16.5e42.7,
and �42.8 g ethanol/day. Each BP component was categorized by
quartile in all models of Tables 2 and 3. Therefore, we included the



Table 1
Baseline characteristics of study participants according to whether or not persistent proteinuria developed during the follow-up period.

Total
persistent proteinuriaa

P value
(�) (þ)

Number 9341 9190 151
Age, years 48.2 (4.2) 48.2 (4.2) 48.8 (4.0) 0.074
Body mass index, kg/m2 23.2 (2.8) 23.2 (2.8) 24.4 (3.2) <0.001
Systolic blood pressure, mm Hg 127.6 (17.7) 127.5 (17.6) 135.5 (19.1) <0.001
Diastolic blood pressure, mm Hg 79.7 (11.8) 79.6 (11.7) 84.0 (14.7) <0.001
Pulse pressure, mm Hg 47.9 (12.5) 47.9 (12.4) 51.4 (14.3) <0.001
Mean arterial pressure, mm Hg 95.6 (12.7) 95.5 (12.7) 101.2 (14.8) <0.001
Hypertension, %b 28.1 27.8 48.3 <0.001
Fasting plasma glucose, mg/dL 97.2 (9.2) 97.2 (9.2) 99.5 (9.1) 0.002
Serum creatinine, mg/dL 0.79 (0.11) 0.79 (0.11) 0.77 (0.12) 0.015
Estimated glomerular filtration rate, mL/min/1.73 m2 84.8 (14.1) 84.8 (14.0) 87.7 (16.4) 0.011
Daily alcohol consumption, g ethanol/dayc 23.0 (3.3e46.0) 23.0 (3.3e46.0) 24.6 (8.2e46.0) 0.214
Drinking habit, % 85.0 85.1 84.1 0.744
Regular leisure-time physical activity, % 17.9 18.0 9.3 0.005
Smoking habits,%
Nonsmokers 21.2 21.2 19.2
Past smokers 21.6 21.7 17.2 0.254
Current smokers 57.2 57.1 63.6

Data are presented as mean (standard deviation), median (25th to 75th percentiles), or % and compared using unpaired t-test, ManneWhitney test, or chi-squared test.
a Persistent proteinuria was defined as proteinuria detected two or more times consecutively and persistently at the annual examination until the end of follow-up.
b Hypertension was defined as systolic blood pressure �140 mm Hg or diastolic blood pressure �90 mm Hg.
c Daily alcohol consumption was calculated as [(the quantity consumed per drinking day) � (the weekly frequency of alcohol consumption)/7].
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following variables into themodels: single BP component or two BP
components as categorical variables, age, BMI categories (<18.0,
18.0e19.9, 20.0e21.9, 22.0e23.9, 24.0e25.9, 26.0e27.9, and
�28.0 kg/m2), fasting plasma glucose, smoking habits (non-
smokers, past smokers, or current smokers), regular leisure-time
activity (yes or no), drinking habits (non-drinkers, 0.1e16.4,
16.5e42.7, and �42.8 g ethanol/day), and eGFR at baseline. The
proportional hazards assumptionwas confirmed by the insertion of
time-dependent covariates or by the Schoenfeld residuals plot and
Schoenfeld residuals test.33 The presence of an effect-modification
was tested by the insertion of first-order interaction terms into
appropriate proportional hazards models. We examined the sig-
nificance of the interaction terms of SBP�DBP and PP�MAP in the
models including these two BP components (Table 2). These
interaction terms did not improve model fit. Multicollinearity was
assessed using the variance inflation factor.34 There was no evi-
dence of multicollinearity. We checked for outliers by plotting the
likelihood displacement values and LMAX values of all independent
variables.33 The linear trends in risks of quartiles of BP components
were evaluated by entering the median value for each quartile
category as continuous variables.

We examined which BP component had a strong association
with the incidence of persistent proteinuria. Difference in values of
Akaike's information criterion (DAIC) was used to measure the
improvement of goodness of fit in comparison of BP components-
added models to base model without BP component because AIC
can be used to compare non-nested models (Table 3).35 An absolute
DAIC value more than 2.5 indicates a meaningful difference of
goodness of fit between the models.35 Higher value of DAIC in-
dicates better model fit.

We calculated the 95% confidence interval for each hazard ratio.
All P values were two-tailed. Statistical analyses were performed
using Stata MP, Version 13.1 (Stata Corp., College Station, TX, USA).
Results

Table 1 reports the baseline characteristics of the subjects by
incident persistent proteinuria status. Subjects who developed
persistent proteinuria had higher mean values of SBP, DBP, PP, and
MAP than those who did not. The group of subjects who developed
persistent proteinuria had a higher proportion of hypertension and
higher mean BMI and eGFR at baseline.

During the 84,587 person-years of follow-up period, 151 sub-
jects had persistent proteinuria. The incidence rate and multiple-
adjusted hazard ratios are shown in Table 2. In multiple-adjusted
models including a single BP component, SBP, DBP, PP, or MAP,
higher levels of SBP, PP, andMAPwere associated with an increased
risk of persistent proteinuria, and the association between DBP and
risk of persistent proteinuria was a U-shaped association. When
SBP and DBP were included simultaneously in the model, both SBP
and DBP were independently associated with an increased risk of
persistent proteinuria. Higher levels of SBP were associated with an
increased risk of persistent proteinuria, and the association be-
tween DBP and risk of persistent proteinuria was a U-shaped as-
sociation. When PP and MAP were included simultaneously in the
model, both PP and MAP were associated with an increased risk of
persistent proteinuria, but the association between PP and risk of
persistent proteinuria did not reach statistical significance.

We examined which BP component or combined BP component
(i.e., SBP, DBP, PP, MAP, SBP þ DBP, or PP þ MAP) was the best pre-
dictor of incident persistent proteinuria. DAIC was calculated as the
AIC of the model that did not include any BP componentsminus the
AIC of the model that included any one BP component or combined
BP component (Table 3). Of all the models that included a single BP
component, those that included SBP alone or DBP alone showed the
best improvement of goodness of fit for predicting incident persis-
tent proteinuria (DAIC 14.0 and 13.1, respectively). On the other
hand, PP alone did not show improvement of goodness of fit for
predicting incident persistent proteinuria. When we examined
which single BP component or combined BP component was the
best predictor of incident persistent proteinuria, the model that
included SBP þ DBP showed the best goodness of fit to predict the
incident persistent proteinuria. The model that included PP þ MAP
was not superior to models that included SBP alone or DBP alone.
Discussion

These prospective data demonstrated that all the BP compo-
nents (SBP, DBP, PP, and MAP) were associated with an increased
risk of persistent proteinuria. Higher levels of SBP, PP, and MAP



Table 2
Comparison of four blood components in predicting the incidence of persistent proteinuriaa.

Model Incidence rateb (case/person-years) Multiple-adjusted hazard ratio (95% CI)c P value

Base modeld þ single BP component
SBP, mm Hg
Quartile 1 (e115) 0.83 (18/21617) 1.00 (reference)
Quartile 2 (116e126) 1.56 (35/22416) 1.85 (1.04e3.28) 0.036
Quartile 3 (127e138) 1.63 (35/21501) 1.77 (0.99e3.17) 0.055
Quartile 4 (139e) 3.31 (63/19053) 3.11 (1.79e5.39) <0.001
P for trend <0.001

DBP, mm Hg
Quartile 1 (e71) 1.52 (33/21689) 1.65 (0.97e2.83) 0.067
Quartile 2 (72e80) 1.00 (23/23027) 1.00 (reference)
Quartile 3 (81e87) 1.57 (32/20441) 1.44 (0.84e2.47) 0.184
Quartile 4 (88e) 3.24 (63/19430) 2.69 (1.65e4.38) <0.001
P for trend 0.005

PP, mm Hg
Quartile 1 (e40) 1.25 (30/24091) 1.00 (reference)
Quartile 2 (41e47) 1.57 (33/21061) 1.23 (0.75e2.03) 0.407
Quartile 3 (48e55) 1.75 (35/20049) 1.32 (0.81e2.16) 0.270
Quartile 4 (56e) 2.73 (53/19386) 1.87 (1.18e2.94) 0.007
P for trend 0.005

MAP, mm Hg
Quartile 1 (e86.7) 1.05 (23/21972) 1.00 (reference)
Quartile 2 (86.8e95.0) 1.49 (32/21437) 1.30 (0.76e2.24) 0.342
Quartile 3 (95.1e103.3) 1.58 (33/20884) 1.31 (0.75e2.27) 0.339
Quartile 4 (103.4e) 3.10 (63/20294) 2.21 (1.33e3.69) 0.002
P for trend 0.001

Base modeld þ two BP components
SBP and DBP
SBP, mm Hg
Quartile 1 (e115) 1.00 (reference)
Quartile 2 (116e126) 2.23 (1.22e4.07) 0.009
Quartile 3 (127e138) 2.07 (1.07e3.97) 0.030
Quartile 4 (139e) 3.19 (1.61e6.30) 0.001
P for trend 0.002

DBP, mm Hg
Quartile 1 (e71) 2.14 (1.23e3.74) 0.007
Quartile 2 (72e80) 1.00 (reference)
Quartile 3 (81e87) 1.24 (0.71e2.15) 0.446
Quartile 4 (88e) 1.94 (1.12e3.34) 0.017
P for trend 0.703

PP and MAP
PP, mm Hg
Quartile 1 (e40) 1.00 (reference)
Quartile 2 (41e47) 1.19 (0.72e1.96) 0.493
Quartile 3 (48e55) 1.21 (0.73e1.99) 0.457
Quartile 4 (56e) 1.54 (0.96e2.49) 0.075
P for trend 0.067

MAP, mm Hg
Quartile 1 (e86.7) 1.00 (reference)
Quartile 2 (86.8e95.0) 1.27 (0.74e2.19) 0.390
Quartile 3 (95.1e103.3) 1.23 (0.71e2.14) 0.462
Quartile 4 (103.4e) 1.94 (1.14e3.29) 0.015
P for trend 0.010

BP, blood pressure; CI, confidence interval; DBP, diastolic blood pressure; MAP, mean arterial pressure; PP, pulse pressure; SBP, systolic blood pressure.
a Persistent proteinuria was defined if proteinuria was detected two or more times consecutively and persistently at the annual examination until the end of follow-up.
b Incidence rates are expressed as the incidence per 1000 person-years.
c Adjusted for base model þ single BP component or two BP components.
d Basemodel included age, bodymass index categories (<18.0, 18.0e19.9, 20.0e21.9, 22.0e23.9, 24.0e25.9, 26.0e27.9,�28.0), fasting plasma glucose, smoking habits (non-

smokers, past smokers, current smokers), regular leisure-time activity (yes or no), drinking habits (non-drinkers, 0.1e16.4, 16.5e42.7, �42.8 g ethanol/day), and estimated
glomerular filtration rate at baseline.
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were associated with an increased risk of persistent proteinuria. On
the other hand, the association between DBP and persistent pro-
teinuria had a U-shaped association. Of all models that included the
single BP component, SBP and DBP were best in predicting the risk
of persistent proteinuria. Of all models that included the single BP
component or combined BP component, the model that included
SBP þ DBP showed the best goodness of fit to predict the risk of the
incident persistent proteinuria. These associations were indepen-
dent of age, BMI, fasting plasma glucose level, smoking habits,
regular leisure-time activity, drinking habits, and eGFR level.
Only two longitudinal studies have shown the relationship be-
tween the four BP components and future albuminuria.24,25 Farasat
et al24 reported in the Baltimore Longitudinal Study of Aging that
PP was the strongest predictor of 24-h urinary albumin excretion in
men, and that each BP component was not associated with urinary
albumin excretion in women. Although they have used serial BP
measurements during 1e22 years (median, 5 years) preceding
urinary albumin excretion measurement as an independent vari-
able, they measured urinary albumin excretion only at the end-
point of their analytic cohort. Subjects in their study were older



Table 3
The effects of adding each BP component to base model in predicting the incidence
of persistent proteinuriaa.

Model 1 Model 2 DAIC

Base model Base model þ SBP 14.0
Base model Base model þ DBP 13.1
Base model Base model þ PP 2.0
Base model Base model þ MAP 6.4
Base model Base model þ SBP þ DBP 20.0
Base model Base model þ PP þ MAP 3.8

AIC, Akaike's information criterion; BP, blood pressure; DBP, diastolic blood pres-
sure; MAP, mean arterial pressure; PP, pulse pressure; SBP, systolic blood pressure.
We calculated DAIC for persistent proteinuria by comparing model 2 to model 1.
DAIC was used to evaluate which BP components or combined BP components, SBP,
DBP, PP, MAP, SBP þ DBP or PP þ MAP, were superior as the risk for incident
persistent proteinuria. Higher value of DAIC indicated better model fit.
Base model included age, body mass index categories (<18.0, 18.0e19.9, 20.0e21.9,
22.0e23.9, 24.0e25.9, 26.0e27.9, �28.0), fasting plasma glucose, smoking habits
(non-smokers, past smokers, current smokers), regular leisure-time activity (yes or
no), drinking habits (non-drinkers, 0.1e16.4, 16.5e42.7, �42.8 g ethanol/day), and
estimated glomerular filtration rate at baseline, but no BP component. Model 2
included each BP component quartile in addition to all variables of base model.

a Persistent proteinuria was defined if proteinuria was detected two or more
times consecutively and persistently at the annual examination until the end of
follow-up.
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than our subjects, and PP becomes increasingly greater with
advancing age,36,37 whichmay explain the difference between their
results and ours. Tsakiris et al25 showed in the Three Areas Study in
Greece that SBP, DBP, and MAP at entry were associated with
microalbuminuria measured at the end of the 12-year follow-up
period. They did not measure urinary albumin excretion at entry,
and the follow-up ratewas low (57%). As both studies did not assess
the presence or absence of albuminuria at entry, they have not
examined the relationship between BP components and the inci-
dent risk of albuminuria.

One of the strengths of this study was that we examined the
association between BP components and incident persistent pro-
teinuria to avoid the influence of subjects with transient protein-
uria. Previous studies24,25 on the association between BP
components and the risk of albuminuria have used single mea-
surements of urinary albumin excretion.

In this study, we did not identify why SBP and DBPwere the best
predictors of incident proteinuria. In general, chronic hypertension
causes impairment of the renal autoregulation mechanism, which
keeps renal blood flow and the glomerular filtration rate constant
when blood pressure level increases.38 This impairment leads to
glomerular hypertension and an increase in proteinuria.38 Although
SBP rises steadily with age, DBP rises until around age 50e60 years
and thereafter falls progressively. PP becomes increasingly greater
with advancing age.36,37 In our study, subjects were 40e55 years
old at entry, which may explain why PP was not a useful predictor.

Some cohort studies have reported that PP is a stronger pre-
dictor of coronary heart disease in older people,9e11 but others have
shown that PP has less predictive utility than the other BP com-
ponents and that SBP is a more useful predictor.4e8 As for stroke,
some previous cohort studies have reported that SBP is a stronger
predictor than PP.4e8,12 Regarding chronic kidney disease, only a
few cohort studies that have related BP components to renal
function decline are available.14e17 Two cohort studies that focused
on only elderly subjects have reported that SBP was the strongest
predictor of deterioration in kidney function.14,17 Our previous
study in the same cohort study reported that in subjects aged
40e55 years at baseline, DBP and MAP were the most useful pre-
dictors for incidence of an eGFR of <60 mL/min/1.73 m2.16 In our
current study, the relationship of BP components to risk for pro-
teinuria was different from that for the decline of eGFR. These
results suggest that each BP component might have different roles
in renal damage, in damage to other organs, or at different ages.

Several limitations should be noted. First, because all of the
subjects were middle-aged Japanese men working at the same
company, our results may not be applied to women, older men, or
other ethnic groups. In addition, our results may underestimate the
real relationship between BP components and proteinuria risk
because of the healthy worker effect.39 Second, because our study
used a single office BP at baseline, we could not adjust home BP nor
24-h BP measured using ambulatory BP monitoring and changes in
such BP components. Third, as we measured proteinuria using a
dipstick instead of a quantitative and/or semi-quantitative method
to detect albuminuria, the subjects with incident proteinuria may
include a number of those with false-positive and false-negative
proteinuria. However, qualitative dipstick testing is convenient,
easy to perform, and commonplace in clinical practice and large
epidemiological studies. In addition, we evaluated persistent pro-
teinuria to reduce the overestimation of false-positive proteinuria
as much as possible.

In summary, of all models that included a single BP component,
SBP and DBP were the best predictors for persistent proteinuria. Of
all models that included a single BP or combined BP components,
the model that included SBP þ DBP was the best predictor for
persistent proteinuria in middle-aged Japanese men. Further study
will be needed to examine this association in other ethnic groups
and in older age groups.
Conflicts of interest

None declared.
Acknowledgments

This work was supported in part by JSPS KAKENHI Grant
Number JP16K09103. We thank the subjects in the Kansai Health-
care Study for their dedication.We also thank Toshie Hasuo, PHN, of
Kansai Healthcare Administration Center, Nippon Telegraph and
Telephone West Corporation for assistance in data collection.
References

1. James PA, Oparil S, Carter BL, et al. 2014 evidence-based guideline for the
management of high blood pressure in adults: report from the panel members
appointed to the Eighth Joint National Committee (JNC 8). JAMA. 2014;311:
507e520.

2. 1999 World Health Organization-International Society of hypertension guide-
lines for the management of hypertension. Guidelines subcommittee.
J Hypertens. 1999;17:151e183.

3. Oparil S, Weber MA. Hypertension: A Companion to Brenner & Rector's the Kid-
ney. Philadelphia: W.B. Saunders; 2000:227e234.

4. Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-specific relevance of
usual blood pressure to vascular mortality: a meta-analysis of individual data
for one million adults in 61 prospective studies. Lancet. 2002;360:1903e1913.

5. Mosley 2nd WJ, Greenland P, Garside DB, Lloyd-Jones DM. Predictive utility of
pulse pressure and other blood pressure measures for cardiovascular out-
comes. Hypertension. 2007;49:1256e1264.

6. Lawes CM, Bennett DA, Parag V, et al. Blood pressure indices and cardiovascular
disease in the Asia Pacific region: a pooled analysis. Hypertension. 2003;42:
69e75.

7. Miura K, Nakagawa H, Ohashi Y, et al. Four blood pressure indexes and the risk
of stroke and myocardial infarction in Japanese men and women: a meta-
analysis of 16 cohort studies. Circulation. 2009;119:1892e1898.

8. Psaty BM, Furberg CD, Kuller LH, et al. Association between blood pressure
level and the risk of myocardial infarction, stroke, and total mortality: the
cardiovascular health study. Arch Intern Med. 2001;161:1183e1192.

9. Benetos A, Safar M, Rudnichi A, et al. Pulse pressure: a predictor of long-term
cardiovascular mortality in a French male population. Hypertension. 1997;30:
1410e1415.

10. Franklin SS, Khan SA, Wong ND, Larson MG, Levy D. Is pulse pressure useful in
predicting risk for coronary heart Disease? The Framingham heart study. Cir-
culation. 1999;100:354e360.

http://refhub.elsevier.com/S0917-5040(17)30121-1/sref1
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref1
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref1
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref1
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref1
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref2
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref2
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref2
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref2
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref3
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref3
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref3
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref3
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref4
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref4
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref4
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref4
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref5
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref5
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref5
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref5
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref6
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref6
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref6
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref6
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref7
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref7
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref7
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref7
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref8
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref8
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref8
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref8
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref9
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref9
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref9
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref9
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref10
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref10
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref10
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref10


M. Shibata et al. / Journal of Epidemiology 27 (2017) 505e510510
11. Franklin SS, Larson MG, Khan SA, et al. Does the relation of blood pressure to
coronary heart disease risk change with aging? The Framingham Heart Study.
Circulation. 2001;103:1245e1249.

12. Bowman TS, Gaziano JM, Kase CS, Sesso HD, Kurth T. Blood pressure measures
and risk of total, ischemic, and hemorrhagic stroke in men. Neurology. 2006;67:
820e823.

13. Kaplan NM, Victor RG, Kaplan NM. Kaplan's Clinical Hypertension. 10th ed.
Philadelphia: Wollters Kluwer Health/Lippincott Williams & Wilkins; 2010:
108e140.

14. Young JH, Klag MJ, Muntner P, Whyte JL, Pahor M, Coresh J. Blood pressure and
decline in kidney function: findings from the Systolic Hypertension in the
Elderly Program (SHEP). J Am Soc Nephrol. 2002;13:2776e2782.

15. Schaeffner ES, Kurth T, Bowman TS, Gelber RP, Gaziano JM. Blood pressure
measures and risk of chronic kidney disease in men. Nephrol Dial Transpl.
2008;23:1246e1251.

16. Koh H, Hayashi T, Sato KK, et al. Blood pressure components and risk for
chronic kidney disease in middle-aged Japanese men: the Kansai Healthcare
Study. Hypertens Res. 2011;34:536e541.

17. Rifkin DE, Katz R, Chonchol M, et al. Blood pressure components and decline in
kidney function in community-living older adults: the Cardiovascular Health
Study. Am J Hypertens. 2013;26:1037e1044.

18. Kannel WB, Stampfer MJ, Castelli WP, Verter J. The prognostic significance of
proteinuria: the Framingham study. Am Heart J. 1984;108:1347e1352.

19. Culleton BF, Larson MG, Parfrey PS, Kannel WB, Levy D. Proteinuria as a risk
factor for cardiovascular disease and mortality in older people: a prospective
study. Am J Med. 2000;109:1e8.

20. Muntner P, He J, Hamm L, Loria C, Whelton PK. Renal insufficiency and sub-
sequent death resulting from cardiovascular disease in the United States. J Am
Soc Nephrol. 2002;13:745e753.

21. Sarnak MJ, Levey AS, Schoolwerth AC, et al. Kidney disease as a risk factor for
development of cardiovascular disease: a statement from the American heart
association councils on kidney in cardiovascular disease, high blood pressure
research, clinical cardiology, and epidemiology and prevention. Circulation.
2003;108:2154e2169.

22. Irie F, Iso H, Sairenchi T, et al. The relationships of proteinuria, serum creati-
nine, glomerular filtration rate with cardiovascular disease mortality in Japa-
nese general population. Kidney Int. 2006;69:1264e1271.

23. Iseki K, Ikemiya Y, Iseki C, Takishita S. Proteinuria and the risk of developing
end-stage renal disease. Kidney Int. 2003;63:1468e1474.

24. Farasat SM, Valdes C, Shetty V, et al. Is longitudinal pulse pressure a better
predictor of 24-hour urinary albumin excretion than other indices of blood
pressure? Hypertension. 2010;55:415e421.
25. Tsakiris A, Doumas M, Lagatouras D, et al. Microalbuminuria is determined by
systolic and pulse pressure over a 12-year period and related to peripheral
artery disease in normotensive and hypertensive subjects: the Three Areas
Study in Greece (TAS-GR). Angiology. 2006;57:313e320.

26. Sato K, Hayashi T, Kambe H, et al. Walking to work is an independent predictor
of incidence of type 2 diabetes in Japanese men: the Kansai Healthcare Study.
Diabetes Care. 2007;30:2296e2298.

27. Sato K, Hayashi T, Nakamura Y, et al. Liver enzymes compared with alcohol
consumption in predicting the risk of type 2 diabetes: the Kansai Healthcare
Study. Diabetes Care. 2008;31:1230e1236.

28. Chobanian AV, Bakris GL, Black HR, et al. The seventh report of the joint Na-
tional committee on prevention, detection, evaluation, and treatment of high
blood pressure: the JNC 7 report. Jama. 2003;289:2560e2572.

29. Matsuo S, Imai E, Horio M, et al. Revised equations for estimated GFR from
serum creatinine in Japan. Am J Kidney Dis. 2009;53:982e992.

30. Orita Y, Gejyo F, Ito Y, et al. Report on evaluation of clinical laboratory exam-
ination of GFR and urinary protein. Nihon Jinzo Gakkai Shi. 2001;43:1e19.

31. Royston P, Ambler G, Sauerbrei W. The use of fractional polynomials to model
continuous risk variables in epidemiology. Int J Epidemiol. 1999;28:964e974.

32. Katz MH. In: Multivariable Analysis : A Practical Guide for Clinicians. 2nd ed.
Cambridge, New York: Cambridge University Press; 2005:43e44.

33. Cleves M, Gould W, Gutierrez R, Marchenko Y. The Cox model: diagnostics. An
introduction to survival analysis using Stata. 3rd ed. Texas: A Stata Press Pub-
lication; 2010:203e228.

34. Katz MH. Multivariable Analysis : A Practical Guide for Clinicians and Public
Health Researchers. 3rd ed. Cambridge, New York: Cambridge University Press;
2011:71e72.

35. Hilbe JM. Analysis of Model Fit. Logistic Regression Models. Boca Raton: CRC
Press; 2009:259e262.

36. Burt VL, Whelton P, Roccella EJ, et al. Prevalence of hypertension in the US
adult population. Results from the third National health and Nutrition exam-
ination survey, 1988e1991. Hypertension. 1995;25:305e313.

37. Franklin SS, Gustin WT, Wong ND, et al. Hemodynamic patterns of age-related
changes in blood pressure. The Framingham Heart Study. Circulation. 1997;96:
308e315.

38. Bidani AK, Griffin KA. Pathophysiology of hypertensive renal damage: impli-
cations for therapy. Hypertension. 2004;44:595e601.

39. Pearce N, Checkoway H, Kriebel D. Bias in occupational epidemiology studies.
Occup Environ Med. 2007;64:562e568.

http://refhub.elsevier.com/S0917-5040(17)30121-1/sref11
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref11
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref11
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref11
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref12
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref12
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref12
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref12
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref13
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref13
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref13
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref13
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref13
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref14
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref14
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref14
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref14
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref15
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref15
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref15
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref15
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref16
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref16
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref16
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref16
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref17
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref17
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref17
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref17
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref18
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref18
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref18
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref19
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref19
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref19
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref19
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref20
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref20
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref20
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref20
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref21
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref21
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref21
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref21
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref21
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref21
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref22
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref22
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref22
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref22
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref23
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref23
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref23
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref24
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref24
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref24
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref24
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref25
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref25
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref25
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref25
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref25
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref26
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref26
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref26
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref26
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref27
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref27
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref27
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref27
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref28
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref28
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref28
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref28
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref29
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref29
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref29
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref30
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref30
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref30
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref31
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref31
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref31
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref32
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref32
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref32
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref33
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref33
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref33
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref33
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref34
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref34
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref34
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref34
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref35
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref35
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref35
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref36
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref36
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref36
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref36
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref36
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref37
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref37
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref37
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref37
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref38
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref38
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref38
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref39
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref39
http://refhub.elsevier.com/S0917-5040(17)30121-1/sref39

	Blood pressure components and the risk for proteinuria in Japanese men: The Kansai Healthcare Study
	Introduction
	Methods
	Study population
	Data collection and measurements
	Outcome
	Statistical analysis

	Results
	Discussion
	Conflicts of interest
	Acknowledgments
	References


