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Abstract

Recently, changes in urinary albumin and in GFR have been recognized as risk factors for
the development of end-stage kidney disease and mortality. Though most clinical epidemiol-
ogy studies of chronic kidney disease (CKD) used renal function and proteinuria at baseline
alone, definitive diagnosis of CKD with multiple measurements intensifies the differences in
the risk for mortality between the CKD and non-CKD populations. We hypothesized that a
transient diagnosis of proteinuria and reduced renal function each indicate a significantly
higher mortality compared to definitive non-CKD as the negative control and lower mortality
compared with definitive CKD as the positive control. The present longitudinal study evalu-
ated a general-population cohort of 338,094 persons who received annual health checkups,
with a median 4.3-year study period. There were 2,481 deaths, including 510 CVD deaths
(20.6%) and 1,328 cancer deaths (53.5%), and mortality risk was evaluated for transient
proteinuria and for transiently reduced renal function. The hazard ratios (HRs) for all-cause
mortality and cancer mortality were not significant, but that for cardiovascular mortality was
significantly higher for transient proteinuria (HR, 1.94 [95% confidence interval, 1.27—2.96]
in men and 2.78 [1.50-5.16] in women). On the other hand, transiently reduced renal func-
tion was not significant for either cardiovascular mortality risk or cancer mortality risk. We
surmise that this is the first study of the mortality risk of transient dipstick proteinuria in a
large general-population cohort with cause-specific death registration. Transiently positive
proteinuria appears to be a significant risk specifically for cardiovascular mortality compared
with definitely negative for proteinuria.
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Introduction

Chronic kidney disease (CKD) is a risk factor for not only progression to end-stage kidney
disease (ESKD), but also the development of cardiovascular disease (CVD) and all-cause mor-
tality [1-7]. One recent cross-sectional study of a CKD population with CVD (34.7%) and
malignant neoplasms (31.8%) as the leading causes of death demonstrated that a decline in the
estimated glomerular filtration rate (eGFR) was associated with a higher risk of death due to
CVD, but not malignancy [8]. Another study of a general population showed a slightly higher
overall cancer mortality in CKD patients compared with non-CKD patients (adjusted hazard
ratio [HR] 1.20 with a 95% confidence interval [CI] of 1.01-1.42) [9]. However, these investi-
gations did not take variations in renal function and proteinuria into consideration.

Recently, the annual decline of the glomerular filtration rate (GFR) has been noted to be
arisk factor for the development of ESKD and of CVD [10-14], and the change in eGFR is
becoming a promising surrogate marker for clinical endpoints [10-17]. Moreover, the change
in the albumin creatinine ratio (ACR) in urine is also considered a predictor for the incidence
of CKD and of ESKD [18,19]. Compared to stable ACR, a 4-fold increase in ACR was associ-
ated with more than 1.5-times higher risk of all-cause mortality, CVD mortality and non-CVD
mortality, respectively. It was also found that a 4-fold decrease in ACR seemed to be associated
with higher CVD mortality (HR [95% CI], 1.35 [0.93-1.95]), while the HR for non-CVD mor-
tality was not higher (0.89 [0.67-1.18]). These results were not significant for various possible
reasons, but they implied that a change in the amount of urinary albumin or protein might be
associated with cause-specific death during follow-up.

When calculating AeGFR, fluctuation of measured-creatinine values considerably affects
transient decreases and increases in eGFR, and we should carefully categorize low-eGEFR to
avoid non-CKD by examining creatinine twice with an appropriate interval [20-23]. More-
over, persistent proteinuria by consecutive dipstick urinalysis should be used, because more
than half of positive dipstick proteinuria turns negative in the general population [24]. Analy-
ses with a definitive diagnosis of CKD intensified the differences in risk of advancing renal
dysfunction and mortality between CKD and non-CKD populations [20-23]. However, the
significance of a transient diagnosis (ie, false-positive) of CKD with consecutive assessments
both of eGFR and of proteinuria was not fully demonstrated in a clinical epidemiology study
with a general population-based cohort.

We hypothesized that a transient diagnosis of CKD indicates a significantly higher mortal-
ity compared to definitive non-CKD as the negative control and lower mortality compared
with definitive CKD as the positive control. The present study evaluated a longitudinal, general
population cohort of 338,094 persons who received annual health checkups, including more
than two assessments of proteinuria and renal function, according to “The Specific Health
Check and Guidance in Japan” program in 2008, and their course and cause of death, coded
according to the International Classification of Diseases, 10th revision (ICD-10), were fol-
lowed for a median of 4.3 years from the first measurement of eGFR. These analyses confirmed
the significant risk of all-cause mortality and CVD mortality in definitive CKD with persistent
proteinuria, with G3a in women or G3b in men, and further highlighted the CVD-specific
mortality risk of transient proteinuria.

Methods
Study population

This longitudinal, cohort study was conducted according to the guidelines of the Declaration
of Helsinki and was granted ethics approval by the relevant institutional review board
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(University of Tsukuba for ethical issues approved as No. 999, UMIN: 000019774). The study
was performed as part of the prospective ongoing “Research on the Positioning of Chronic
Kidney Disease in Specific Health Check and Guidance (so-called “Tokutei-Kenshin”) in
Japan” project. Other details, such as the participants’ areas of residence, were reported previ-
ously [25]. The database was solely used and managed by the statistician, and the principal
analyses to identify those of the screened subjects who died were completed by December
2018. Subsequent analyses were done using a standard analysis file (SAF) without any personal
identifiers. The data included information about age, sex, body mass index (BMI), systolic
blood pressure, diastolic blood pressure, smoking habit, and use of antihypertensive drugs,
lipid-lowering drugs, and hypoglycemic drugs (obtained via self-reported questionnaire), the
results of dipstick urinalysis for proteinuria and serological testing for serum creatinine con-
centration, and serum lipid status.

Mortality surveillance

The underlying causes of death were coded according to ICD-10. Follow-up was conducted
through December 2014. Cardiovascular mortality was defined as death due to circulatory dis-
eases including myocardial infraction, heart failure, stroke, or sudden cardiac death reported
as the st position cause of death (any ICD-10 code from the I chapter), as reported previously
[19,25]. Cancer mortality was defined as death due to a neoplasm reported as C00-D48.

Measurement of parameters

Urinalysis by the dipstick method was performed on a single spot-urine specimen. In Japan,
the Japanese Committee for Clinical Laboratory Standards (http://jccls.org/) recommends that
all urine dipstick results of 1+ correspond to a urinary protein level of 30 mg/dl; proteinuria
was defined as 1+ or greater. In addition, blood samples were collected and assayed in an auto-
matic clinical chemistry analyzer within 24 h of collection. Serum creatinine was measured
using the enzymatic method. GFR was calculated using the formula of the Japanese Society of
Nephrology [26]. CKD was defined as persistent positive proteinuria or reduced eGFR <60
ml/min/1.73 m” both at the first measurement and the second measurement with an interval
of more than one year. Hypertension was defined as systolic blood pressure >140 mm Hg and
diastolic blood pressure >90 mmHg. Hypercholesterolemia was defined as low-density lipo-
protein >140 mg/dl, high-density lipoprotein cholesterol <40 mg/dl, or triglycerides >200
mg/dl. These co-morbid conditions at the baseline year were used in the risk analysis.

Statistical analysis

The primary outcomes for the analysis were all-cause, CVD, and cancer deaths during the fol-
low-up period. Variables were age, sex, hypertension, proteinuria, low-density lipoprotein-
cholesterol, high-density lipoprotein-cholesterol, triglycerides, cigarette smoking, use of anti-
hypertensive medications, use of lipid-lowering drugs, and treatment for diabetes. The hyper-
tension category was developed according to blood pressure levels (normal, <140/<90 mm
Hg; hypertensive, >140/>90 mm Hg) and use of antihypertensive medications. Mean- or
median values and contingencies were first compared between definitive non-CKD (negative/
negative for proteinuria and for reduced eGFR) and another category of CKD diagnosis, using
Student’s t-test, Mann-Whitney’s test, the chi-squared test, or one-way ANOVA, as appropri-
ate. Mean values and standard deviations are shown in each table. Hazard ratios (HRs) of the
incidence of CVD by sex were estimated using the Cox regression model (SAS version 9.4,
SAS Institute, Cary, NC, USA). A P value of <0.05 was considered significant.
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Fig 1. Study design. A. Strategy of recruitment of the study population, follow-up, and outcome analyses. Two annual measurements either of
proteinuria or of serum creatinine enable definitive diagnosis of chronic kidney disease (CKD). B. Subject number having checked dipstick proteinuria
and serum creatinine with various frequencies in this study population. The white bars mean all healthcheck participants, and the gray bars indicate
their proportions with at least one measurement. Subjects with more than one check (ie, 2 to 7 times) represented by the black bars were recruited. C.
The histograms present all healthcheck participants (black line) and the study population included in survival analyses (black filled). Abbreviations:
CKD, chronic kidney disease.

https://doi.org/10.1371/journal.pone.0223005.9001

Results

A total of 664,926 subjects were screened, and the net subject population comprised 338,094
people (58.8% [n = 198,921] were women) who were aged from 40 to 74 years and for whom
all of the data necessary for our research purposes were available (Fig 1A). Since the screened
subjects had been examined with or without dipstick urinalysis and/or serum creatinine,
99.8% and 87.7% of screened subjects had at least one result for dipstick protein and eGFR,
respectively. Similarly, 67.8% and 51.0% of the screened subjects had two or more results for
them during the study period (Fig 1B). The study duration from the first measurement day of
serum creatinine was 1 to 7 years (2008 through 2014, median 51 months, Fig 1C).
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Table 1. Demographics of the study population with and without definitive CKD determined by proteinuria.

Men

Proteinuria category (first measurement) / (second measurement) )/ ) )/ () )/ (+) +)/(+)
Study size (persons) 123248 5347 5750 4828
Age (years) 63+8 63 + 8** 64 + 8% 65+ 7+
Systolic blood pressure (mmHg) 130 + 17 135 + 18*** 134 +17°** 139 + 17***
Diastolic blood pressure (mmHg) 78 £ 11 80 + 11*** 79 £ 11%** 81 + 11"
Use of antihypertensive drugs (%) 30.9 44.3%%* 45.8%** 60.5"**
Use of hypoglycemic drugs (%) 5.9 9.9%** 11.5%** 21.9%**
Triglycerides (mg/dl) 136 + 99 149 + 117*** 150 + 117%** 165 + 124***
Low-density lipoprotein (mg/dl) 120 + 30 120 + 32 118 +£31*** 121 + 32**
High-density lipoprotein (mg/dl) 57.2+15.1 56.2 + 154" 55.6 £ 15.1"*" 54.2 +15.4***
Use of lipid-lowering drugs (%) 10.4 13.27** 14.3*** 20.6""*
Smoking (%) 24.4 27.7°% 28.6"%* 29.1%%*
Body mass index (kg/mz) 23.7+3.0 24.4 + 3,55 24.3 + 3.3%** 25.2 + 3.5%**
Estimated GFR, first year (ml/min/1.73 m?) 75.1 £15.3 73.0 £ 17.8*** 73.8 £17.3%** 65.9 + 20.0***
Estimated GFR, second year (ml/min/1.73 m?) 74.7 £ 15.3 73.3 £ 18.1*** 71.7 £ 17.5%** 63.7 £ 20.9***

Women
Proteinuria category (first measurement) / (second measurement) )/ ) +) /() )/ (+) (+)/(+)
Study size (persons) 186957 4521 4877 2566
Age (years) 63+8 64 + 8 64 + 8 65+ 7°**
Systolic blood pressure (mmHg) 127 +17 132 + 19%** 132 + 18*** 137 +18***
Diastolic blood pressure (mmHg) 75 + 10 78 £ 16™** 77 £ 11°%* 79 £ 11%%*
Use of antihypertensive drugs (%) 26.0 40.5*** 39.9%** 56.3%**
Use of hypoglycemic drugs (%) 3.3 6.6"*" 7.4 13.47**
Triglycerides (mg/dl) 110 + 64 120 + 76*** 120 £ 71%** 143 £ 95***
Low-density lipoprotein (mg/dl) 129 + 30 130 + 32° 129 £ 31 132 + 32%%*
High-density lipoprotein (mg/dl) 65.3+15.8 63.2 +£16.3**" 63.4+16.2°** 60.8 + 15.9***
Use of lipid-lowering drugs (%) 18.6 23.0°** 23.9%** 30.2°*
Smoking (%) 5.0 6.1 6.8"* 6.6
Body mass index (kg/m?) 22.7+33 23.9 + 427 23.7 + 4,07 25.0 + 4.5
Estimated GFR, first year (ml/min/1.73 m?) 76.6 £ 15.9 74.2 £18.1%** 75.4 +18.4*** 67.5 £21.9"**
Estimated GFR, second year (ml/min/1.73 m?) 76.2 £ 15.9 74.6 + 18.7°** 73.5 + 18.3"** 65.7 +22.7"**

Proteinuria was defined as 1+ or greater by dipstick tests.

*P<0.05,
**P<0.01, and
**P<0.001.

Abbreviations: CKD, chronic kidney disease; GFR, glomerular filtration rate.

https:/doi.org/10.1371/journal.pone.0223005.t001

Table 1 shows the comparisons of baseline characteristics among the subpopulations having
definitely negative proteinuria (-/- [first measurement/second measurement]), transient pro-
teinuria (+/-), newly developed proteinuria (-/+), and definitive CKD with persistent protein-
uria (+/+) in men and in women, respectively. The population having definitely negative
proteinuria was the largest (88.6% in men and 94.0% in women), and their eGFR decrease was
-0.4 ml/min/1.73 m* between the first and second measurements. Subjects with transient pro-
teinuria accounted for 3.8% of men and 2.3% of women, and they had older age, higher blood
pressure, rate of using antihypertensive drugs and hypoglycemic drugs, worse dyslipidemia,
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Table 2. Demographics of the study population with and without definitive CKD determined by eGFR.

Men

Reduced eGFR category (first measurement) / (second measurement) )/ ) ) /() )/ (+) /)
Study size (persons) 107261 6596 7637 17617
Age (years) 62+9 66 + 6*** 65 + 6*** 67 + 5***
Systolic blood pressure (mmHg) 130 + 17 131 + 16* 133 £ 17" 133 + 17
Diastolic blood pressure (mmHg) 78 £ 11 78 £ 10 79 £11"* 79+ 117
Use of antihypertensive drugs (%) 29.8 37.4°* 40.3%* 48.3***
Use of hypoglycemic drugs (%) 6.4 6.6 7.9 9.2%%*
Triglycerides (mg/dl) 137 £ 103 139 £ 97 145 £ 113*** 141 + 87***
Low-density lipoprotein (mg/dl) 120 + 30 122 + 30" 120 + 30 122 + 30
High-density lipoprotein (mg/dl) 57.6 £15.3 56.1 + 14.9"** 55.3 + 14.7°** 54.2 + 14.3***
Use of lipid-lowering drugs (%) 9.7 13.1°* 13.5%** 17.4*%*
Smoking (%) 26.9 17.3%** 21.3%%* 16.0***
Body mass index (kg/m?) 23.6+3.1 24.1 £2.9"* 24.1 £2.9"** 24.3 +2.9"**
Proteinuria, first year (+ or more, %) 5.8 8.7°** 9.4%** 14.5°**
Proteinuria, second year (+ or more, %) 6.0 7.4 11.6%** 14.8**
Estimated GFR, first year (ml/min/1.73 m?) 79.9 £13.3 56.7 £ 4.3"** 67.2 £ 5.8"** 52.1£7.2%%
Estimated GFR, second year (ml/min/1.73 m?) 79.5+13.2 66.7 £ 5.6%** 56.0 + 4.4*** 51.3 +7.8"**

Women
Reduced eGFR category (first measurement) / (second measurement) )/ () /) )/ (+) +) /()
Study size (persons) 167328 7955 8796 14794
Age (years) 63+38 65+ 6 65+ 67 66+ 6°*
Systolic blood pressure (mmHg) 127 +17 127 + 17 130 + 17*** 130 + 17***
Diastolic blood pressure (mmHg) 75+ 11 75 + 10%** 76 + 10%** 76 £ 10***
Use of antihypertensive drugs (%) 25.5 30.6°** 33.9%** 38.8%**
Use of hypoglycemic drugs (%) 34 3.6 4.6 5.37***
Triglycerides (mg/dl) 110 + 64 115 + 66*** 119 £ 70*** 121 + 68***
Low-density lipoprotein (mg/dl) 129 + 30 133 +£31%** 130 + 31** 131 + 31%**
High-density lipoprotein (mg/dl) 65.5+15.8 64.4 +16.0"*" 63.8 + 15.8"** 62.6 + 15.4***
Use of lipid-lowering drugs (%) 18.1 21.0** 22.2°%* 25.5%**
Smoking (%) 53 4.1 4.0** 3,70
Body mass index (kg/m?) 22.7+34 23.0 3.4 2334347 23.4+3.5%
Proteinuria, first year (+ or more, %) 2.9 4,5%%* 4,5%%* 8.8
Proteinuria, second year (+ or more, %) 3.1 3.8 5.9%%* 8.9
Estimated GFR, first year (ml/min/1.73 m?) 80.1 £ 14.4 54.5 + 4.6"** 66.5 + 6.5 51.3 £ 6.6"**
Estimated GFR, second year (ml/min/1.73 m?) 79.7 £ 14.3 66.0 + 6.5 544+ 41" 50.7 £ 7.1"**

Outliers of eGER with less than 5 ml/min/1.73 m* (N = 110) were excluded. The criterion of reduced eGFR was set at less than 60 ml/min/1.73 m?.

*P<0.05,
**P<0.01 and
***P<0.001.

Abbreviations: CKD, chronic kidney disease; GFR, glomerular filtration rate.

https://doi.org/10.1371/journal.pone.0223005.t002

rate of smoking, and BMI, and they had a lower eGFR. These characteristics were significant
but milder than the subjects with persistent proteinuria.
Table 2 shows the comparisons of baseline characteristics among the subpopulations with
definitely not reduced eGFR below 60 ml/min/1.73 m? (-/-), transiently reduced eGFR (+/-),
newly reduced eGFR (-/+), and definitive CKD with permanently reduced eGFR (+/+) in men
and in women, respectively. The population with definitely not reduced eGFR was the largest
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Table 3. Crude all-cause and cause-specific mortalities of study subjects with and without definitive CKD.

Proteinuria category \ O/ \ ) /) \ )/ () | (+)/ (+)
Men
Number 123,248 5,347 5,750 4,828
All-cause 1,368 70 88 118
% 1.11 1.31 1.53 2.44
Cardiovascular 255 24 18 35
% 0.21 0.45 0.31 0.72
Cancer 745 32 42 49
% 0.60 0.60 0.73 1.01
Women
Number 186,957 4,521 4,877 2,566
All-cause 755 26 37 19
% 0.40 0.58 0.76 0.74
Cardiovascular 147 11 9 11
% 0.08 0.24 0.18 0.43
Cancer 426 7 20 7
% 0.23 0.15 0.41 0.27
Reduced eGFR category )/ () +) /) )/ (+) )/ (+) (Outliers)
Men
Number 107,261 6,596 7,637 17,617
All-cause 1,222 83 107 229 3
% 1.14 1.26 1.40 1.30
Cardiovascular 233 22 16 61 0
% 0.22 0.33 0.21 0.35
Cancer 645 42 62 119 0
% 0.60 0.64 0.81 0.68
Women
Number 167,328 7,955 8,796 14,794
All-cause 667 36 36 98 0
% 0.40 0.45 0.41 0.66
Cardiovascular 138 7 8 25 0
% 0.08 0.09 0.09 0.17
Cancer 370 21 21 48 0
% 0.22 0.26 0.24 0.32

Proteinuria was defined as 1+ or greater by dipstick tests. The criterion for reduced eGER was set at less than 60 ml/min/1.73 m*. Excluding eGFR outliers (N = 110),

three deaths could not be categorized. Abbreviations: eGFR, estimated glomerular filtration rate.

https://doi.org/10.1371/journal.pone.0223005.t003

(77.1% in men and 84.1% in women). The subjects with transiently reduced eGFR accounted
for 4.7% of men and 4.0% of women, and they had older age, higher systolic blood pressure
and rate of using antihypertensive drugs, worse dyslipidemia, higher BMI, and lower eGFR.
These characteristics were significant but milder than the subjects with permanently reduced

eGFR.

There were 2,481 deaths, including 510 CVD deaths (20.6%) and 1,328 cancer deaths
(53.5%) in the study period. When subdividing the subjects by proteinuria (Table 1) and by
renal function (Table 2) with their variations between the first and second measurements,
subjects with persistent proteinuria and with permanently reduced eGFR showed the highest
or second highest mortality rate, as expected (Table 3). Particularly between transient

PLOS ONE | https://doi.org/10.1371/journal.pone.0223005 October 2, 2019

7/15


https://doi.org/10.1371/journal.pone.0223005.t003
https://doi.org/10.1371/journal.pone.0223005

@ PLOS | O N E Transient proteinuria as a risk factor for cause-specific death

Table 4. Adjusted hazard ratios for all-cause mortality in this study population with and without CKD.

Proteinuria Age-, sex- adjusted model Multivariable-adjusted

Risk factor HR 95% CI HR 95% CI
Age, +1 year 1.07 1.07-1.08"** 1.07 1.06-1.08"**
Sex, women 0.37 0.34-0.40*** 0.45 0.41-0.49***
Proteinuria, (+)/(-) 1.30 1.06-1.59* 1.22 0.99-1.50
Proteinuria, (-)/(+) 1.54 1.29-1.85"** 1.42 1.19-1.70***
Proteinuria, (+)/(+) 2.23 1.87-2.65"** 1.91 1.60-2.28"**
Smoking, yes 1.74 1.58-1.92***
BMI, >25 kg/m2 1.03 0.94-1.13
Untreated HTN 1.15 1.03-1.29*
Treated HTN 1.15 1.03-1.28"
HTN with treatment 1.12 0.99-1.26
Hypertriglyceridemia 0.86 0.76-0.98*
High LDL 0.81 0.74-0.90***
Low HDL 1.46 1.28-1.68"**
Use of lipid-lowering drugs 0.97 0.86-1.09
Use of hypoglycemic drugs 1.60 1.40-1.84***

Reduced eGFR Age-, sex- adjusted model Multivariable-adjusted
Risk factor HR 95% CI HR 95% CI
Age, +1 year 1.07 1.07-1.08*** 1.08 1.07-1.08***
Sex, women 0.36 0.33-0.39*** 0.45 0.41-0.49***
Low eGFR, (+)/(-) 0.98 0.82-1.18 1.01 0.84-1.22
Low eGFR, (-)/(+) 1.12 0.94-1.33 1.11 0.93-1.31
Low eGFR, (+)/(+) 1.13 1.003-1.27* 1.13 1.004-1.28*
Smoking, yes 1.78 1.62-1.97***
BMI, >25 kg/m’ 1.05 0.96-1.15
Untreated HTN 1.17 1.05-1.31**
Treated HTN 1.18 1.06-1.31%*
HTN with treatment 1.17 1.04-1.32*
Hypertriglyceridemia 0.87 0.77-0.99"
High LDL 0.82 0.74-0.90***
Low HDL 1.46 1.27-1.68"**
Use of lipid-lowering drugs 0.97 0.87-1.09
Use of hypoglycemic drugs 1.70 1.48-1.94***

Hazard ratios and 95% confidence intervals adjusted by age and sex, and by multiple variables, respectively. They are compared with definitely negative proteinuria
(-)/(-) or with definitely not reduced eGFR (-)/(-) as the reference. The criterion of reduced eGFR was set at less than 60 ml/min/1.73 m>

*P<0.05,

**P<0.01, and

***P<0.001.

Abbreviations: CKD, chronic kidney disease; HTN, hypertension; LDL, Low-density lipoprotein; HDL, High-density lipoprotein; eGFR, estimated glomerular filtration

rate.

https:/doi.org/10.1371/journal.pone.0223005.t004

proteinuria (+/-) and newly developed proteinuria (-/+), the predominance of CVD mortality
in transient proteinuria and that of cancer mortality in newly developed proteinuria seemed to
be counterbalanced.

The HR for all-cause mortality was first examined in the total study population adjusted by
age and sex (Table 4). Newly developed proteinuria had a higher risk for all-cause mortality
following persistent proteinuria, and significance remained after adjustment with covariates
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Fig 2. Multiply adjusted hazard ratios for cause-specific mortality with and without CKD determined by
proteinuria. Symbol and error bars indicate multiply adjusted hazard ratios and 95% confidence intervals compared
to definitely negative proteinuria (-)/(-) as the reference. Analyses are performed by sex; therefore, corresponding
variables are similar to Table 4, except for sex. Abbreviations: CVD, cardiovascular diseases.

https://doi.org/10.1371/journal.pone.0223005.g002

possibly related to mortality. On the other hand, the mortality risk with transient proteinuria
was weaker and disappeared after adjustment with covariates. Regarding CKD with perma-
nently reduced eGFR, weaker risks for all-cause mortality were shown with and without multi-
variable-adjustment. Both in subjects with transiently reduced eGFR and those with newly
reduced eGFR, there was no significant risk for all-cause mortality (Table 4).

Fig 2 shows the HRs for all-cause mortality, CVD mortality, and cancer mortality, the lead-
ing causes of death in this study population. In men and in women, the HR for all-cause mor-
tality was significant for newly developed proteinuria and for persistent proteinuria and not
significant for transient proteinuria. The HR for CVD mortality was significantly higher for
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Fig 3. Multiply adjusted hazard ratios for cause-specific mortality with and without CKD determined by eGFR 60
ml/min/1.73 m>. Symbol and error bars indicate multiply adjusted hazard ratios and 95% confidence intervals
compared to definitely without reduced eGFR (-)/(-) as the reference. Analyses are performed by sex, therefore,
corresponding variables are similar to Table 4, except for sex. Abbreviations: CVD, cardiovascular diseases. eGFR,
estimated glomerular filtration rate.
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HR for all cancer mortality

transient proteinuria (1.94 [95%CI 1.27-2.96] in men and 2.78 [1.50-5.16] in women) than
for newly developed proteinuria (1.32 [0.81-2.13] in men and 2.04 [1.04-4.01] in women). On
the other hand, the HR for cancer mortality for transient proteinuria was not significant and
tended to be lower (0.99 [0.70-1.42] in men and 0.70 [0.33-1.48] in women) than that for
newly developed proteinuria (1.17 [0.85-1.59] in men and 1.79 [1.14-2.82] in women).

Regarding mortality risk with reduced eGFR, in women, the HR for all-cause mortality was
significant with a permanently reduced eGFR less than 60 ml/min/1.73 m?, and it was not sig-
nificant with a transiently reduced eGFR (Fig 3). In the same way, the HRs for CVD mortality
and cancer mortality were significantly higher only with permanently reduced eGFR. Though
there were no significant risks for all-cause mortality in men in Fig 3, a permanently reduced
eGFR below 45 ml/min/1.73 m* had a significant risk for all-cause mortality (S1 Fig).
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Moreover, a transiently reduced eGFR below 45 ml/min/1.73 m” was not significantly associ-
ated with the risk for CVD mortality.

Discussion

The present study demonstrated that a general population with transient dipstick proteinuria
(1+ or more) had an increased risk for CVD mortality, while that with transiently reduced
eGFR less than 60 ml/min/1.73 m* did not have any increased risk for mortality in a longitudi-
nal cohort of 338,094 persons from the general population with two or more assessments both
of proteinuria and of renal function for dealing with metabolic syndrome as “Specific Health
Check and Guidance”. As far as we know, there have been few attempts to assess cause-specific
mortality related to changes in urinary albumin and protein levels in observational study set-
tings. The Stockholm CREAtinine Measurements (SCREAM) project is a healthcare utilization
study that contains 31,732 individuals with two or more ACR tests [19]. In this cohort, an
ACR increase was associated with mortality, but the relationship was largely flat for an ACR
decline. When focusing on cause-specific mortality, a 4-fold decrease in ACR tended to be
associated with a higher risk for CVD mortality (HR [95%CI]; 1.35 [0.93-1.95]), while the HR
for non-CVD mortality was not higher (0.89 [0.67-1.18]). This motivated us to examine the
significance of transient proteinuria for CVD mortality in our large-sized study cohort.

Subjects with transient proteinuria or transiently reduced eGFR generally have worse co-
morbid conditions (hypertension, use of hypoglycemic drugs, and lipid status) and worse
physical status (higher BMI) compared to definitely negative proteinuria or definitely not
reduced eGFR (Table 1), respectively. As a consequence, a higher crude-death rate was demon-
strated (Table 3) comparing negative proteinuria or preserved eGFR, and adjusting for age
and covariates was necessary to assess mortality risk (Table 4). Even if a prior study [19] and
the present study were taken together, it is difficult to explain why decreases in urinary albu-
min and protein were involved in increased CVD mortality during the study follow-up period.
One possibility as a cause for the higher CVD mortality risk with transient proteinuria com-
pared to newly developed proteinuria may have been information that was not available in
this study, such as prior development of proteinuria before 2008 at the starting year. However,
this phenomenon does not conflict with the findings of prior randomized, controlled studies,
because they compared placebo-adjusted treatment effects on the decline in albuminuria as
clinical endpoints [27-29] that had comparable proteinuria levels at baseline, completely apart
from the general population setting of the present study.

On the other hand, a decreased eGFR becomes a promising clinical endpoint because it can
be a risk for the incidence of ESKD and the incidence and mortality of CVD [10-17]. Decline
in eGFR in CKD and non-CKD patients should be assessed for the risk of incident and of all-
cause mortality because the eGFR slope in CKD subjects with low-eGFR is much more signifi-
cant and sensitive compared to that in subjects without low-eGFR [30]. Though the cut-off val-
ues of eGFR are flexible to assess the risk for mortality (<60 in Fig 3 and <45 ml/min/1.73 m”
in S1 Fig, were applied), as expected based on previous reports [10-14], newly reduced eGFR
(-11.2 in men and -12.1 ml/min/1.73 m? in women between two measurements) had a signifi-
cant risk for all-cause mortality, as well as permanently decreased eGFR. Since some of these
investigations also found a higher risk for mortality in a population with increased eGFR, it
had been speculated that transiently reduced eGFR had a small risk for CVD mortality as well.
However, at least there is no increased risk with transiently reduced eGFR compared to newly
reduced eGFR, unlike in the context of proteinuria.

Transiently reduced eGFR might occur with some reasons, such as recovery from kidney
injury, reduction of muscle mass, increased body fluid concentration due to participants’
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fasting before blood test as well as transient proteinuria occurs. These mechanisms were sup-
ported by frequency of proteinuria decreased between first year and second year (8.7% to 7.4%
in men and 4.5% to 3.8% in women, Table 2). However our current analyses could not con-
clude how come there is a different trend in risk for CVD mortality between in transient pro-
teinuria and in transiently reduced eGFR. We further tried to elucidate risk in conjunction of
transient proteinuria and transiently reduced eGFR (S2 Fig). Though number of CVD death
was too small to make a conclusion, the result implied coincidence of transient proteinuria
and reduced eGFR was also significant risk of CVD mortality but not non-CVD mortality
(CVD; 3.12 [1.78-5.46] in men and 3.97 [1.46-10.76] in women).

As the scope of the present report was to elucidate the importance of transient proteinuria
in cause-specific death, cancer mortality, as the leading cause of non-CVD death, was used just
as the analytical control. Though the results shown in this article might partly contribute to
promote the research field of cancer biology and epidemiology, more detailed analyses regard-
ing the relationship between cancer and CKD have been in progress and will be reported by
our group with a different methodology and a different study population from the screened
subjects (Tsuruya et al. in preparation).

To the best of our knowledge, this is the first study to examine a large-sized (over 100,000
subjects) general population with both transient dipstick proteinuria and transiently reduced
renal function and reliable death registration. Therefore, the strategy had the strength to per-
form sub-analyses of men or women enrolled and to detect cause-specific death. Moreover,
dipstick proteinuria was routinely examined in the healthcheck, unlike ACR, which is not rou-
tinely tested with some healthcare policies. However, this study also has several limitations.
First, the results of semi-quantitative dipstick proteinuria cannot be corrected by urinary creat-
inine and are affected by urinary concentration that might provide functional, pseudo-positive
proteinuria. Second, the measurement of biochemical parameters including proteinuria and
serum creatinine to determine subcategories was performed only once per year. Mortality
rate in this cohort was not so high because of relatively shorter observational interval (4.2+1.3
years) and relatively younger population (63.2+7.8 years old at baseline). It was not possible to
clarify what kind of specific intervention was performed in transient proteinuria from the first
measurement, such as use of renin-angiotensin system inhibitors, which is necessary informa-
tion to clarify the mechanisms of decreased proteinuria.

Conclusion

From this study, transient proteinuria in the general population appears to be a significant risk
factor specifically for CVD mortality, but not for non-CVD mortality. The association between
transiently reduced eGFR and mortality is weaker, while permanently reduced eGFR clearly
shows a higher HR for mortality, as expected. This appears to be the first study examining the
mortality risk of transient dipstick proteinuria using a large-sized general population cohort
with cause-specific death registration.

Supporting information

S1 Fig. Multiple-adjusted hazard ratios for all-cause mortality and cause-specific mortality
with and without advanced CKD determined by eGFR 45 ml/min/1.73m’. Symbol and
error bars indicate multiple variable-adjusted hazard ratios (HRs) and 95% confidence inter-
vals (CIs) comparing to definitely without Low eGFR less than 45 ml/min/1.73m?* (-)/(-) as
reference. Analyses were performed by sex, therefore, corresponding variables are similar

to Table 4, except for sex. Abbreviations: CVD, cardiovascular diseases. eGFR, estimated
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glomerular filtration ratio.
(PDF)

$2 Fig. Multiple variable-adjusted hazard ratios for all-cause mortality and cause-specific
mortality with and without proteinuria and low eGFR. Symbol and error bars indicate mul-
tiple variable-adjusted hazard ratios (HRs) and 95% confidence intervals comparing to defi-
nitely without proteinuria or Low eGFR less than 60 ml/min/1.73 m2 (-)/(-) as reference.
Analyses were performed by sex, therefore, corresponding variables are similar to Table 4,
except for sex. Abbreviations: CVD, cardiovascular diseases. eGFR, estimated glomerular fil-
tration ratio.

(PDF)

Acknowledgments

The authors would like to thank Ikuko Takano, Kanako Ishitsuka, and Yoko Onuki for secre-
tarial assistance.

Author Contributions

Conceptualization: Kei Nagai, Kunihiro Yamagata, Kunitoshi Iseki, Koichi Asahi, Tsuyoshi
Watanabe.

Formal analysis: Kei Nagai.
Investigation: Kei Nagai.

Methodology: Kei Nagai, Kunihiro Yamagata, Kunitoshi Iseki, Koichi Asahi, Tsuyoshi
Watanabe.

Project administration: Tsuyoshi Watanabe.

Supervision: Kunihiro Yamagata, Kunitoshi Iseki, Koichi Asahi, Tsuyoshi Watanabe.
Visualization: Kei Nagai.

Writing - original draft: Kei Nagai.

Writing - review & editing: Kunihiro Yamagata, Kunitoshi Iseki, Toshiki Moriyama, Kazu-
hiko Tsuruya, Shouichi Fujimoto, Ichiei Narita, Tsuneo Konta, Masahide Kondo, Masato
Kasahara, Yugo Shibagaki, Koichi Asahi, Tsuyoshi Watanabe.

References

1. Anavekar NS, McMurray JJ, Velazquez EJ, Solomon SD, Kober L, Rouleau JL, et al. Relation between
renal dysfunction and cardiovascular outcomes after myocardial infarction. N Engl J Med. 2004; 351:
1285-1295. https://doi.org/10.1056/NEJMoa041365 PMID: 15385655

2. Weiner DE, Tighiouart H, Amin MG, Stark PC, MacLeod B, Griffith JL, et al. Chronic kidney disease as
a risk factor for cardiovascular disease and all-cause mortality: a pooled analysis of community-based
studies. J Am Soc Nephrol. 2004; 15: 1307—1315. https://doi.org/10.1097/01.asn.0000123691.46138.
e2 PMID: 15100371

3. GoAS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney disease and the risks of death,
cardiovascular events, and hospitalization. N Engl J Med. 2004; 351: 1296—1305. https://doi.org/10.
1056/NEJM0a041031 PMID: 15385656

4. Muntner P, He J, Hamm L, Loria C, Whelton PK. Renal insufficiency and subsequent death resulting
from cardiovascular disease in the United States. J Am Soc Nephrol. 2002; 13: 745-753. PMID:
11856780

PLOS ONE | https://doi.org/10.1371/journal.pone.0223005 October 2, 2019 13/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0223005.s002
https://doi.org/10.1056/NEJMoa041365
http://www.ncbi.nlm.nih.gov/pubmed/15385655
https://doi.org/10.1097/01.asn.0000123691.46138.e2
https://doi.org/10.1097/01.asn.0000123691.46138.e2
http://www.ncbi.nlm.nih.gov/pubmed/15100371
https://doi.org/10.1056/NEJMoa041031
https://doi.org/10.1056/NEJMoa041031
http://www.ncbi.nlm.nih.gov/pubmed/15385656
http://www.ncbi.nlm.nih.gov/pubmed/11856780
https://doi.org/10.1371/journal.pone.0223005

@ PLOS|ONE

Transient proteinuria as a risk factor for cause-specific death

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Manjunath G, Tighiouart H, Ibrahim H, MacLeod B, Salem DN, Giriffith JL, et al. Level of kidney function
as a risk factor for atherosclerotic cardiovascular outcomes in the community. J Am Coll Cardiol. 2003;
41: 47-55. https://doi.org/10.1016/s0735-1097(02)02663-3 PMID: 12570944

Irie F, Iso H, Sairenchi T, Fukasawa N, Yamagishi K, Ikehara S, et al. The relationships of proteinuria,
serum creatinine, glomerular filtration rate with cardiovascular disease mortality in Japanese general
population. Kidney Int. 2006; 69: 1264—1271. hitps://doi.org/10.1038/sj.ki.5000284 PMID: 16501489

Ninomiya T, Kiyohara Y, Kubo M, Tanizaki Y, Doi Y, Okubo K, et al. Chronic kidney disease and cardio-
vascular disease in a general Japanese population: the Hisayama Study. Kidney Int. 2005; 68: 228—
236. https://doi.org/10.1111/j.1523-1755.2005.00397.x PMID: 15954912

Navaneethan SD, Schold JD, Arrigain S, Jolly SE, Nally JV Jr. Cause-Specific Deaths in Non-Dialysis-
Dependent CKD. J Am Soc Nephrol. 2015; 26: 2512—2520. https://doi.org/10.1681/ASN.2014101034
PMID: 26045089

Weng PH, Hung KY, Huang HL, Chen JH, Sung PK, Huang KC. Cancer-specific mortality in chronic kid-
ney disease: longitudinal follow-up of a large cohort. Clin J Am Soc Nephrol. 2011; 6: 1121-1128.
https://doi.org/10.2215/CJN.09011010 PMID: 21511834

Nagai K, Yamagata K, Ohkubo R, Saito C, Asahi K, Iseki K, et al. Annual decline in estimated glomeru-
lar filtration rate is a risk factor for cardiovascular events independent of proteinuria. Nephrology (Carl-
ton). 2014; 19: 574-580.

Turin TC, Coresh J, Tonelli M, Stevens PE, de Jong PE, Farmer CK, et al. Change in the estimated glo-
merular filtration rate over time and risk of all-cause mortality. Kidney Int. 2013; 83: 684—691. hitps://
doi.org/10.1038/ki.2012.443 PMID: 23344477

Matsushita K, Selvin E, Bash LD, Franceschini N, Astor BC, Coresh J. Change in estimated GFR asso-
ciates with coronary heart disease and mortality. J Am Soc Nephrol. 2009; 20: 2617-2624. https://doi.
org/10.1681/ASN.2009010025 PMID: 19892932

Al-Aly Z, Zeringue A, Fu J, Rauchman MI, McDonald JR, El-Achkar TM, et al. Rate of kidney function
decline associates with mortality. J Am Soc Nephrol. 2010; 21: 1961-1969. https://doi.org/10.1681/
ASN.2009121210 PMID: 20947634

Shlipak MG, Katz R, Kestenbaum B, Siscovick D, Fried L, Newman A, et al. Rapid decline of kidney
function increases cardiovascular risk in the elderly. J Am Soc Nephrol. 2009; 20: 2625-2630. https://
doi.org/10.1681/ASN.2009050546 PMID: 19892934

Grams ME, Sang Y, Coresh J, Ballew SH, Matsushita K, Levey AS, et al. Candidate Surrogate End
Points for ESRD after AKI. J Am Soc Nephrol. 2016; 27: 2851-2859. https://doi.org/10.1681/ASN.
2015070829 PMID: 26857682

Lambers Heerspink HJ, Tighiouart H, Sang Y, Ballew S, Mondal H, Matsushita K, et al. GFR decline
and subsequent risk of established kidney outcomes: a meta-analysis of 37 randomized controlled
trials. Am J Kidney Dis. 2014; 64: 860—866. https://doi.org/10.1053/j.ajkd.2014.08.018 PMID:
25441439

Levey AS, Inker LA, Matsushita K, Greene T, Willis K, Lewis E, et al. GFR decline as an end point for
clinical trials in CKD: a scientific workshop sponsored by the National Kidney Foundation and the US
Food and Drug Administration. Am J Kidney Dis. 2014; 64: 821-835. https://doi.org/10.1053/j.ajkd.
2014.07.030 PMID: 25441437

Sumida K, Molnar MZ, Potukuchi PK, George K, Thomas F, Lu JL, et al. Changes in Albuminuria and
Subsequent Risk of Incident Kidney Disease. Clin J Am Soc Nephrol. 2017; 12: 1941-1949. https://doi.
org/10.2215/CJN.02720317 PMID: 28893924

Carrero JJ, Grams ME, Sang Y, Arnlov J, Gasparini A, Matsushita K, et al. Albuminuria changes are
associated with subsequent risk of end-stage renal disease and mortality. Kidney Int. 2017; 91: 244—
251. https://doi.org/10.1016/j.kint.2016.09.037 PMID: 27927597

Delanaye P, Glassock RJ. Lifetime Risk of CKD: What Does It Really Mean? Clin J Am Soc Nephrol.
2015; 10: 1504—-1506. https://doi.org/10.2215/CJN.07860715 PMID: 26286926

Inker LA, Tighiouart H, Aspelund T, Gudnason V, Harris T, Indridason OS, et al. Lifetime Risk of Stage
3-5 CKD in a Community-Based Sample in Iceland. Clin J Am Soc Nephrol. 2015; 10: 1575-1584.
https://doi.org/10.2215/CJN.00180115 PMID: 26286924

Delanaye P, Glassock RJ, De Broe ME. Epidemiology of chronic kidney disease: think (at least) twice!
Clin Kidney J. 2017; 10: 370-374. https://doi.org/10.1093/ckj/sfw154 PMID: 28617483

Glassock R, Delanaye P, El Nahas M. An Age-Calibrated Classification of Chronic Kidney Disease.
JAMA. 2015; 314: 559-560. https://doi.org/10.1001/jama.2015.6731 PMID: 26023760

Nagai K, Saito C, Watanabe F, Ohkubo R, Sato C, Kawamura T, et al. Annual incidence of persistent
proteinuria in the general population from Ibaraki annual urinalysis study. Clin Exp Nephrol. 2013; 17:
255-260. https://doi.org/10.1007/s10157-012-0692-5 PMID: 22971964

PLOS ONE | https://doi.org/10.1371/journal.pone.0223005 October 2, 2019 14/15


https://doi.org/10.1016/s0735-1097(02)02663-3
http://www.ncbi.nlm.nih.gov/pubmed/12570944
https://doi.org/10.1038/sj.ki.5000284
http://www.ncbi.nlm.nih.gov/pubmed/16501489
https://doi.org/10.1111/j.1523-1755.2005.00397.x
http://www.ncbi.nlm.nih.gov/pubmed/15954912
https://doi.org/10.1681/ASN.2014101034
http://www.ncbi.nlm.nih.gov/pubmed/26045089
https://doi.org/10.2215/CJN.09011010
http://www.ncbi.nlm.nih.gov/pubmed/21511834
https://doi.org/10.1038/ki.2012.443
https://doi.org/10.1038/ki.2012.443
http://www.ncbi.nlm.nih.gov/pubmed/23344477
https://doi.org/10.1681/ASN.2009010025
https://doi.org/10.1681/ASN.2009010025
http://www.ncbi.nlm.nih.gov/pubmed/19892932
https://doi.org/10.1681/ASN.2009121210
https://doi.org/10.1681/ASN.2009121210
http://www.ncbi.nlm.nih.gov/pubmed/20947634
https://doi.org/10.1681/ASN.2009050546
https://doi.org/10.1681/ASN.2009050546
http://www.ncbi.nlm.nih.gov/pubmed/19892934
https://doi.org/10.1681/ASN.2015070829
https://doi.org/10.1681/ASN.2015070829
http://www.ncbi.nlm.nih.gov/pubmed/26857682
https://doi.org/10.1053/j.ajkd.2014.08.018
http://www.ncbi.nlm.nih.gov/pubmed/25441439
https://doi.org/10.1053/j.ajkd.2014.07.030
https://doi.org/10.1053/j.ajkd.2014.07.030
http://www.ncbi.nlm.nih.gov/pubmed/25441437
https://doi.org/10.2215/CJN.02720317
https://doi.org/10.2215/CJN.02720317
http://www.ncbi.nlm.nih.gov/pubmed/28893924
https://doi.org/10.1016/j.kint.2016.09.037
http://www.ncbi.nlm.nih.gov/pubmed/27927597
https://doi.org/10.2215/CJN.07860715
http://www.ncbi.nlm.nih.gov/pubmed/26286926
https://doi.org/10.2215/CJN.00180115
http://www.ncbi.nlm.nih.gov/pubmed/26286924
https://doi.org/10.1093/ckj/sfw154
http://www.ncbi.nlm.nih.gov/pubmed/28617483
https://doi.org/10.1001/jama.2015.6731
http://www.ncbi.nlm.nih.gov/pubmed/26023760
https://doi.org/10.1007/s10157-012-0692-5
http://www.ncbi.nlm.nih.gov/pubmed/22971964
https://doi.org/10.1371/journal.pone.0223005

@ PLOS|ONE

Transient proteinuria as a risk factor for cause-specific death

25.

26.

27.

28.

29.

30.

Iseki K, Asahi K, Yamagata K, Fujimoto S, Tsuruya K, Narita I, et al. Mortality risk among screened sub-
jects of the specific health check and guidance program in Japan 2008—2012. Clin Exp Nephrol. 2017;
21: 978-985.

Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K, et al. Revised equations for estimated GFR
from serum creatinine in Japan. Am J Kidney Dis. 2009; 53: 982—-992. https://doi.org/10.1053/j.ajkd.
2008.12.034 PMID: 19339088

Inker LA, Levey AS, Pandya K, Stoycheff N, Okparavero A, Greene T, et al. Early change in proteinuria
as a surrogate end point for kidney disease progression: an individual patient meta-analysis. Am J Kid-
ney Dis. 2014; 64: 74-85. https://doi.org/10.1053/j.ajkd.2014.02.020 PMID: 24787763

Jun M, Turin TC, Woodward M, Perkovic V, Lambers Heerspink HJ, Manns BJ, et al. Assessing the
Validity of Surrogate Outcomes for ESRD: A Meta-Analysis. J Am Soc Nephrol. 2015; 26: 2289-2302.
https://doi.org/10.1681/ASN.2014040396 PMID: 25556165

Heerspink HJ, Kropelin TF, Hoekman J, de Zeeuw D, Reducing Albuminuria as Surrogate Endpoint C
(2015) Drug-Induced Reduction in Albuminuria Is Associated with Subsequent Renoprotection: A Meta-
Analysis. J Am Soc Nephrol 26: 2055-2064. https://doi.org/10.1681/ASN.2014070688 PMID:
25421558

Coresh J, Turin TC, Matsushita K, Sang Y, Ballew SH, Appel LJ, et al. Decline in estimated glomerular
filtration rate and subsequent risk of end-stage renal disease and mortality. JAMA. 2014; 311:2518—
2531. https://doi.org/10.1001/jama.2014.6634 PMID: 24892770

PLOS ONE | https://doi.org/10.1371/journal.pone.0223005 October 2, 2019 15/15


https://doi.org/10.1053/j.ajkd.2008.12.034
https://doi.org/10.1053/j.ajkd.2008.12.034
http://www.ncbi.nlm.nih.gov/pubmed/19339088
https://doi.org/10.1053/j.ajkd.2014.02.020
http://www.ncbi.nlm.nih.gov/pubmed/24787763
https://doi.org/10.1681/ASN.2014040396
http://www.ncbi.nlm.nih.gov/pubmed/25556165
https://doi.org/10.1681/ASN.2014070688
http://www.ncbi.nlm.nih.gov/pubmed/25421558
https://doi.org/10.1001/jama.2014.6634
http://www.ncbi.nlm.nih.gov/pubmed/24892770
https://doi.org/10.1371/journal.pone.0223005

