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Abstract

Background: Despite the high prevalence of chronic kidney disease (CKD) in the general population, few CKD patients
progress to end-stage renal disease (ESRD). Adding the criterion of proteinuria to the CKD classification could
improve screening and therapeutic strategies. Method: We analyzed data from 5122 inpatients who were admitted to
our hospital from 2002 to 2003 to survey prevalence of kidney insufficiency, renal survival, mortality, and blood
pressure during hospitalization. Results: Among 999 (19.5%) patients with proteinuria of 2+ or more or eGFR under
60 (mL/min/1.73 m?), 56 (9.0%; 95% Cl, 6.7—11.4) patients progressed to ESRD (false positive (FP) rate: 18.6%; likeli-
hood ratio (LR): 5.28) and 246 (28.4%; 95% ClI, 25.3-31.5) patients died at 5 years. Restricting the focus to patients
with proteinuria of 2+ or more or eGFR under 30 reduced the optimal participants by 12.0%, identified 48 (12.4%;
95% ClI, 9.0-15.8) patients progressing to ESRD with rising predictive power (FP rate: 11.2%; LR: 7.52) and 162
(29.6%; 95% Cl, 25.6-33.5) patients died. The predictors for ESRD were the baseline kidney dysfunction with higher
levels of proteinuria, hypertension, and older age. The predictors for death were proteinuria, hypotension, older age,
and male. The risk for ESRD differed by levels of proteinuria even though eGFR were in the same levels. In the older
CKD inpatients with fewer levels of proteinuria, mortality was raised rather than the rate of the progression to ESRD.

Conclusions: Reappraisal by combining proteinuria and eGFR improves prediction of ESRD or death.
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INTRODUCTION

In 2002, the National Kidney Foundation, as part of the
Kidney Disease Outcomes Quality Initiative (K/DOQI)
published clinical practice guidelines on the classification
of chronic kidney disease (CKD) based on levels of esti-
mated glomerular filtration rate (eGFR).! In 2005, Kid-
ney Disease: a position statement on Improving Global
Outcomes (K/DIGO) declared that CKD could be classi-
fied according to severity, diagnosis, treatment, and prog-
nosis. Eventually, there was agreement with the initial
classification as the system was simple and could be linked
to ‘action plans’. Meanwhile, it was stated that cause of
kidney disease and other risk factors were also important
and could be considered in risk stratification.? Because
the cause of kidney disease cannot be ascertained in all
cases, the classification system should be useful to most
clinicians. Epidemiologically, several studies using this
classification system have reported very high prevalence
estimates of CKD patients (10.0-13.1%) in the general
population.’ In Japan, it was revealed that CKD patients

accounted for about 13% (about 13.3 million patients) of
the Japanese adult population, which was an unexpectedly
large group.*

However, it was reported that few CKD patients
progressed to end-stage renal disease (ESRD) despite
the high prevalence.”® Whether the current CKD crite-
ria and classification are appropriate "~° and establish-
ing a simple method of ESRD risk assessment that can
be applied to all patients with CKD are topics that con-
tinue to be discussed.!®!! It is known that the decline
of eGFR presents a risk for ESRD, as well as a prelude
to hospitalization and death.'? Hospitalization may be
a good opportunity to detect the patients suspected of
having latent CKD, but the prognosis of these high-risk
CKD patients is problematic.

The aims were to determine the prevalence of inpatients
with kidney insufficiency and to examine the subsequent
prognosis and mortality of these inpatients. In addition,
the intent of this study was to discuss whether reappraisal
of proteinuria and eGFR at the time of hospitalization is
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effective in screening for risk of ESRD, and how such
screening should be conducted. In addition, we investi-
gated the relationship of the levels of proteinuria and
eGFR to blood pressure (BP) during hospitalization.

MATERIALS AND METHODS

Study Population

Toho University Omori Medical Center located in the
southern part of Tokyo, Japan, is a general hospital
with 1021 beds and 27 medical departments comprised
of 9 internal medicine, 10 surgical, and 8 other special-
ities. A total of 11,375 patients were admitted to our
hospital in 1 year from 1 November 2002 to 31 Octo-
ber 2003. Study participants were restricted to 5122
patients with the following exclusion criteria: 2915
patients (25.6%) had no dipstick urinalysis test and
serum creatinine (Cr.) during hospitalization; 2422
patients were a group that included ‘younger than 15
years’, ‘under eGFR 15 (mL/min/1.73 m?)’, ‘hemodial-
ysis (HD) or peritoneal dialysis (PD) patients’, ‘renal
transplantation recipients’, ‘patients recovered from
kidney injury at hospital discharge’; and 916 patients
for outcomes at the time or within 3 months of hospital
discharge, for example, ‘death’, ‘changing hospital’,
‘healing’, or ‘not following-up at our hospital’. The
patients who died during hospitalization or within 3
months after hospital discharge were excluded because
the kidney damage during hospitalization may have

11,375 patients addmitted during

affected mortality. The patients who were not mea-
sured for Cr. and proteinuria at 3 months or later after
hospital discharge were excluded as ‘not following-up
at our hospital’. The patients who recovered com-
pletely from kidney injury were excluded as deviations
from the aim of this study. Finally, the patients with
proteinuria of 2+ or more or eGFR under 60 and the
patients with proteinuria of 2+ or more or eGFR under
30 were categorized separately as a screening test for
risk of progressing to ESRD. In this study, proteinuria
of 2+ or more or eGFR under 30 was assumed as a
higher risk indicator of ESRD (Figure 1).

Study Design

This study is a historical prospective cohort study for
the patients who needed hospitalization for some rea-
son. The data for this study were extracted from the
patient’s electronic files. The study participants were
surveyed for age, gender, history of visits to the kidney
center, BP during hospitalization, prescription of
renin—angiotensin—aldosterone system (RAAS) inhibi-
tors that included angiotensin-converting enzyme
inhibitor (ACE-I) or angiotensin receptor blocker
(ARB), eGFR, and proteinuria by dipstick urinalysis,
the eGFR levels were classified according to four stages
of eGFR: 260, 30-59, 15-29, <15 (mL/min/1.73 m?).
Each of these levels was classified by three levels of pro-
teinuria: * or less, 1+, 2+ or more. The higher value of
proteinuria obtained from two or more assays were

Excluded (n=2915)

November 2002—October 2003

Not measured Cr. or proteinuria

Excluded (n=2422)
Younger than 15 years (n=1764)
Under eGFR 15 (mL/min/1.73 m?) (n=237)

A 4

\4
Included 6038 patients

Received HD or PD therapy (n=446)
Received renal transplantaion (n="78)

Recovery from kidney injury (n=97)

Excluded (n=916)

Outcomes at the time or within 3 months of hospital

A4

v

discharge
Death (n=318)
Changing hospital (n=314)

Healing or not following-up at our hospital (n=284)

Restricted to 5122 patients
in mL/min/1.73 m? (n=999)

mL/min/1.73 m? (n=615)

Screening test for CKD included patients of proteinuria of 2+ or more or eGFR under 60

Screening test for high ESRD risk included patients of proteinuria of 2+ or more or eGFR under 30 in

Figure 1. Flow chart of patients in the study.
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employed. Each participant was followed up for mor-
tality and annual eGFR until 31 December 2008
(median follow-up, 40.4 + 24.6 months; range, 3—-68
months). ‘Under eGFR 15’ or ‘death’ occurring after
discharge was considered as endpoints. Annual eGFR
levels were considered as a barometer of kidney dys-
function. The eGFR’s calculated using the revision for-
mula of 194 x Cr 1:0%% x Age_o'287 (x0.739 for female)
for Japanese patients according to the Modification of
Diet of Renal Disease (MDRD) method!®> were
employed for each average value during hospitalization.
The stage based on eGFR levels conformed to the
CKD classification proposed by K/DOQI-K/DIGO.
The BP employed was the average value obtained dur-
ing hospitalization. The risk stratification of BP was
classified as none (no measurement); low (<100);
normal (100-130 and <80); high normal (130-139 or
80-89); Grade 1 (140-159 or 90-99); Grade 2 (160-
179 or 100-109); and Grade 3 (=180 or =110)
(mmHg). If patients visited the kidney center at least
three times (3-38 times) in 2002-2003 and subse-
quently more than three times (3—28 times) every year,
it was designated as ‘referral to nephrologists’.

Ethical Consideration

The ID, names, past history, and information of medical
departments were deleted from all subjects and a dataset
of observation parameters was extracted only once from
electronic media as anonymous information that could
not be linked. Maximum attention was paid to respect-
ing the confidentiality of the obtained information and
protection from leaking. This study received approval by
the institutional ethics committee under requirements
for the above (approval number: 18031).

Statistical Analyses
The measured values were expressed as mean = SD,
and the Mann—Whitney’s U-test and Fisher’s exact test
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were employed for statistical analysis to compare two
independent groups. The Kruskal-Wallis test, followed
by Dunn’s test, was employed for statistical analysis on
more than two independent groups.

Each participant’s follow-up time continued until the
diagnosis of an endpoint or 31 December 2008. For
each endpoint category, the lengths of time to the events
were compared by using the log-rank test, and the rela-
tive risks of annual transition to downward eGFR levels
or death, with 95% confidence intervals (CI), were cal-
culated with the Cox proportional-hazards model. The
following multivariate categorical variables were created
as the following: age, by every 10-year increment; gen-
der: male or female; every eGFR and proteinuria catego-
rizing decline and excretion; BP: every hypertension
categorizing elevation; and prescription of RAAS inhibi-
tors: yes or no. The relative risks were calculated as the
hazard ratio (HR) for each reference group in given vari-
ables. Age-adjusted associations for available variables
were evaluated, and finally, the HRs was adjusted by
those multivariate variables. Kaplan—Meier time-to-
event methods were employed to estimate the propor-
tion of the each event at 5 years for each category. In
addition, a clinical decision analysis was carried out to
assess performance as screening for ESRD. The false
positive (FP) rate and likelihood ratio (LR) were calcu-
lated with sensitivity and specificity (i.e., FP; 1-specific-
ity, LR; sensitivity/1-specificity). A p-value less than 0.05
was considered statistically significant.

RESULTS

Clinical Characteristics of Participants

The relevant baseline characteristics of the 5122 study
participants are shown in Table 1. The average age of
5122 patients was 56.3 + 18.4 years, and there were
2753 males and 2369 females. There were 999
(19.5%) patients with proteinuria of 2+ or more or

Table 1. Clinical characteristics of 5122 participants classified according to levels of eGFR and proteinuria.

eGFR mL/min/ > 60 30-59 15-29
1.73 m?% . N .
Proteinuria + or less 1+ 2+ or more = or less 1+ 24+ or more = or less 1+ 2+ or more
Patients, 7 (%) 3,630 493 359 283 101 175 21 13 47
(70.9) 9.6) (7.0 (5.5) (2.0) (3.4) (0.4) 0.3) (0.9)

Age, years 54.4+18.3% 69.6 +12.5" 71.7 +13.6°

54 + 182 59 + 17° 57+18° 71+129  71+12¢ 67+13f  71+16 80+9 70+ 13
Male, n 1845 290 218 176 66 111 10 6 31
Female, n 1785 203 141 107 35 64 11 7 16
Systolic BP, 125 + 14P _ o 132+14F 135+ 17F
mmHg 125+ 138  127+14"  130+15 130+13 120+135  136+15' 132+18 129+ 14 137 £ 16
Diastolic BP, 73 489 74 + 81 73+ 9!
mmHg 73 + 8™ 73 + 8" 75 + 8° 73 + 7P 73+ 79 76 + O 72+8 70+8 74+ 10
RAAS rate, % 20.4 34.9 47.9 51.6 63.4 74.9 52.9 69.2 78.7
Referral rate, % 0.8 1.4 8.6 6.7 10.9 15.4 28.6 7.7 23.4

Notes: Values are expressed as mean + SD or percentage. Referral rate; referral rate to nephrologists. Summary of significant differences
at p < 0.05: Avs. B, Avs. Cin age; D vs. E, D vs. F in systolic BP; G vs. H in diastolic BP; a vs. b, a vs. ¢, d vs. fin age; g vs. h, g vs. i,
hvs. i, j vs. k, kvs. I in systolic BP; m vs. 0, n vs. 0, p vs. r, q vs. r in diastolic BP.

© 2011 Informa Healthcare USA, Inc.
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eGFR under 60 whose average age was 65.3 £ 16.1
years. Among these patients, there were 615 (12.0%)
patients who were in the higher ESRD risk category
with an average age 61.7 £ 17.4 years. Age significantly
increased as baseline eGFR declined. Moreover, the
distribution of age tended to be older in the eGFR
under 60 patients with proteinuria of 1+ or less rather
than in those of proteinuria of 2+ or more. No signifi-
cant difference was noted in gender, but there were
many more males than females.

The classification of BP levels was distributed among
the following: none: 17 (0.3%); low: 149 (2.9%); normal:
2793 (54.5%); high normal: 1183 (23.1%); Grade 1: 849
(16.6%); Grade 2: 120 (2.3%); and Grade 3: 11 (0.2%).
The average value of systolic BP (sBP) also increased sig-
nificantly as baseline eGFR declined. This tendency was
more remarkable according to proteinuria levels.

The distribution of prescribed RAAS inhibitors
depended on levels of eGFR and proteinuria. The
groups receiving prescribed of RAAS inhibitors differed
significantly in age (65.0 £ 13.8 vs. 52.8 £ 18.9, p <
0.05) and BP (133 £ 14 vs. 124 £ 13, p < 0.05; 75+ 9
vs. 73 £ 7, p < 0.05) compared with those groups not
receiving the prescribed RAAS inhibitors.

There were 106 (10.6%) patients with proteinuria of
2+ or more or eGFR under 60 who were labeled as
‘referral to nephrologists’. Among these, there were 76
(12.4%) patients with high ESRD risk. In patients of
proteinuria of 2+ or more with eGFR over 60, the
referral rate was only 8.6%.

Renal Survival Rate and Mortality at 5 Years
The renal survival rate and mortality data derived by
Kaplan—Meier time-to-event methods for 5 years are

shown in Table 2. Overall, 57 (1.7%; 95% CI, 1.3-2.2)
patients progressed to eGFR <15, and 671 (16.5%;
95% CI, 15.3-17.6) patients died. Among the 999
(19.5%) patients with proteinuria of 2+ or more or
eGFR under 60, 56 (9.0%) patients progressed to
eGFR <15 (sensitivity: 98.2%; specificity: 81.4%; FP
ratio: 18.6%; LR: 5.28), and 246 (28.4%) patients
were deceased at 5 years. Restricting the focus of
patients to those with higher risk of ESRD reduced the
optimal participants by 615 (12.0%), and identified 48
patients progressing to eGFR <15, and 162 patients
who died with rising predictive power for ESRD (sensi-
tivity: 84.2%; specificity: 88.8%; FP ratio: 11.2%; LR:
7.52). However, both screening methods showed high
mortality of approximately 30%.

The proportion of progressing to eGFR <15 increased
as baseline eGFR declined and was high in patients with
proteinuria of 2+ or more. In contrast, the proportion of
downward eGFR levels varied depending on proteinuria
levels even if baseline kidney function was matched.
Mortality increased sharply in the 15-29 eGFR patients
with proteinuria of 1+ and 2+ or more. The proportion of
the transition to downward eGFR levels exceeded the
proportion of ‘death’ in all patients with proteinuria of 2+
or more, in the other two groups of 260 eGFR patients,
and in the 30-59 eGFR patients with proteinuria of + or
less. The proportion of those progressing to eGFR <15
was higher than the proportion of ‘death’ only in the 15—
29 eGFR patients with proteinuria of 2+ or more.

The renal survival rate and mortality on the presence
or absence of RAAS inhibitors at 5 years are shown in
Table 3. The proportion of the transition to downward
eGFR levels increased in the groups with RAAS inhibi-
tors than those without in the patients with eGFR

Table 2. Renal survival rate and mortality of participants classified according to levels of eGFR and proteinuria

at 5 years.

Proportion of
downward eGFR
levels (95% CI) at 5

eGFR, mL/min/
1.73 m?

Proteinuria

years*

Proportion of patients Proportion of eGFR
death (95% CI) at 5 <15 (95% CI) at 5
years years

>60; + or less

>60; 1+

>60; 2+ or more
30-59; * or less
30-59; 1+

30-59; 2+ or more
15-29 + or less
15-29; 1+

15-29; 2+ or more
<60 or 2+ or more

<30 or 2+ or more
Overall

18.0% (16.4-19.6%)?
27.1% (22.2-32.0%)°
42.3% (35.5-49.1%)°

24.3% (17.7-30.9%)4
17.3% (8.1-26.6%)¢
40.2% (30.9-49.5%)f

4.8% (0.00-13.9%)%
42.9% (3.9-81.8%)"
72.8% (52.1-93.4%)!
34.4% (30.5-38.3%)
42.4% (37.1-47.6%)
22.0% (20.5-23.4%)

11.6% (10.3-12.8%)
26.0% (21.7-30.2%)
27.8% (22.7-32.8%)

21.9% (16.4-27.4%)’
37.5% (27.1-47.9%)F
25.8% (18.9-32.8%)

19.3% (2.3-36.4%)

61.4% (29.5-94.4%)
53.4% (36.8-70.0%)
28.4% (25.3-31.5%)
29.6% (25.6-33.5%)
16.5% (15.3-17.6%)

0.03% (0.00-0.08%)
0.00% (0.00-0.00%)
3.1% (0.8-5.5%)
4.0% (0.8-7.2%)!
3.2% (0.00-7.6%)™
17.0% (9.8-24.2%)™
4.8% (0.00-13.9%)°
42.9% (3.9-81.8%)P
72.8% (52.1-93.4%)4
9.0% (6.7-11.4%)
12.4% (9.0-15.8%)
1.7% (1.3-2.2%)

*Proportion of downward eGFR levels included participants whose eGFR transitioned to downward CKD
stage 5 years, proteinuria of 2+ or more and eGFR under 60 (mL/min/1.73 m?) and proteinuria of 2+ or more
and eGFR under 30 were categorized to assess efficiently as a screening for risk of progressing to ESRD.

Notes: Summary of significant differences at p < 0.05: a vs. b, avs. ¢, bvs. cin eGFR 260; d vs. f, e vs. f, j vs. k,
1vs. n, m vs. n in eGFR 30-59; g vs. i, o vs. q in eGFR 15-19.
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Table 3. Renal survival rate and mortality of participants on prescription of renin—angiotensin—aldsterone system inhibitors at 5 years.

eGFR, mL/min/

Proportion of downward eGFR
levels (95% CI) at 5 years*

Proportion of patients death
(95% CI) at 5 years

Proportion of eGFR <15 (95%
CI) at 5 years

1.73 m?% i i i
Proteinuria With RAAS WF‘fhf’gt With RAAS WF‘Ehf’;‘ With RAAS WFIEhO‘S“
inhibitors e inhibitors e inhibitors e
inhibitors inhibitors inhibitors
>60; + or less 32.5%* 13.6%° 10.60% 11.80% 0.00% 0.10%
(26.7-36.2%) (11.9-15.2 %) (8.2-13.1%) (10.4-13.3%) (0.0-0.0%) (0.0-0.4%)
>60; 1+ 42.8%°¢ 17.2%4 29.60% 23.10% 0.00% 0.00%
(34.2-51.4%) (118-22.5%) (22.4-36.8%) (18.0-28.3%) (0.0-0.0%) (0.0-0.0%)
>60; 2+ or more 56.6%° 26.7%F 20.6%° 34.6%P 5.00% 0.50%
(47.5-65.7%) (17.3-36.1%) (14.2-27.1%) (16.2-34.9%) (1.0-9.0%) (0.0-1.5%)
30-59: + or less 31.5%% 13.1%" 19.20% 25.50% 6.10% 0.00%
(26.2-40.4%) (4.2-21.9%) (12.4-26.1%) (16.2-34.9%) (1.4-10.9%) (0.0-0.0%)
30-59; 1+ 24.6%! 2.7% 26.10% 39.70% 4.70% 0.00%
(11.5-37.6%) (0.0-7.9%) (23.2-49.2%) (22.5-56.9%) (0.0-11.1%) (0.0-0.0%)
30-59; 2+ or more 45.9%% 10.8%! 16.9%4 54.3%" 18.10% 11.50%
(35.7-56.2%) (0.0-22.7%) (10.0-23.8%) (37.4-71.2%) (10.1-26.1%) (0.0-27.3%)
15-29; + or less 0.00% 10.00% 9.10% 31.40% 0.00% 10.00%
(0.0-0.0%) (0.0-28.6%) (0.0-26.1%) (0.0-26.1%) (0.0-0.0%) (0.0-28.6%)
15-29; 1+ 46.40% 0.00% 54.30% 100% 46.40% 0.00%
(7.1-85.8%) (0.0-0.0%) (17.2-91.3%) (100-100%) (7.1-85.8%) (0.0-0.0%)
15-29; 2+ or more 785%™ 0.0%™ 46.7%"° 76.0%" 78.5%" 0.0%"
(58.9-98.1%) (0.0-0.0%) (27.9-65.6%) (47.5-100%) (58.9-98.1%) (0.0-0.0%)

*Proportion of downward eGFR levels included participants whose eGFR transitioned to downward CKD stage at 5 years.

Notes: Summary of significant differences at p < 0.05: avs. b, c vs. d, e vs. f, o vs. p in eGFR 260; g vs. h, i vs. j, kvs. I, q vs. r in eGFR
30-59; m vs. n, s vs. t, u vs. vin eGFR 15-19.

(%)

Low [] Normal [] High normal [[] Grade 1 [l Grade 2 and 3

100 g mmm Ry R =2 7 C

80

60

40 [—

20 - T

0 i - = s .
Proteinuria (£ orless) (1+) (2+ormore) (*orless) (1+) (2+ormore) (orless) (1+) (2+or more)
eGFR
>60 30-59 15-29

(mL/min/1.73 m?)

Figure 2. The relationship between classification of BP and levels of eGFR and proteinuria.
Notes: The risk stratification of BP was classified as ‘low: <100’, ‘normal: 100-130 and <80’, ‘high normal: 130-139 or 80-89°, ‘Grade
1: 140-159 or 90-99’, ‘Grade 2: 160-179 or 100-109’, and ‘Grade 3: 2180 or 2110 (mmHg).

greater than 30, or in the 15-29 eGFR patients with
proteinuria of 2+ or more. In contrast, the groups with
RAAS inhibitors showed decreased mortality in the
patients with proteinuria of 2+ or more.

Classification of BP on Levels of eGFR and Proteinuria

The relationship between classification of average BP dur-
ing hospitalization and levels of eGFR and proteinuria are
shown in Figure 2. The numbers of patients in proteinuria
of 2+ or more or eGFR under 60 and in proteinuria of 2+
or more or eGFR under 30 classified according to BP

© 2011 Informa Healthcare USA, Inc.

levels were ‘none: 1 (0.1%)’; ‘low: 18 (1.8%)’; ‘normal:
418 (41.8%)’; ‘high normal: 264 (26.4%)’; ‘Grade 1: 250
(25.0%)’; ‘Grade 2: 44 (4.4%)’ and ‘Grade 3: 4 (0.4%)’
and ‘low: 10 (1.6%)’; ‘normal: 245 (39.8%)’; ‘high nor-
mal: 158 (25.7%)’; ‘Grade 1: 161 (26.2%)’; ‘Grade 2: 37
(6.0%)’ and ‘Grade 3: 4 (0.7%)’, respectively. There were
the significant differences for the distribution of hyperten-
sion in neither. In general, the proportion of patients with
more severe hypertension increased in the group with
eGFR under 60 or proteinuria of 2+ or more. ‘Age’,
‘gender’, ‘proteinuria by dipstick urinalysis’, and ‘baseline
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kidney function’ were significant relative risk factors for
hypertension. ‘Proteinuria by dipstick urinalysis’ and
‘baseline kidney functions’ were especially significant rela-
tive risk factors for hypertension in severe hypertensives.

The Kidney Risk Factors for Annual Transition to
Downward eGFR Levels and Death

The kidney risk factors for annual transition to down-
ward eGFR levels and death are shown in Tables 4 and
5, respectively. The independent kidney risk factors
were >60; 1+°, >60; 2+ or more’, ‘30-59; 2+ or more’,
‘15-29; 2+ or more’, ‘Grade 1 hypertension’, and ‘older
age’. A few variables (e.g., ‘high normal’ and ‘Grade 2 and
3’ on average BP category) that were the significant risk
factors when using univariate analysis turned out to be not
significant differences after adjustment by age. Moreover,
the kidney risk of ‘30-59; + or less’ and 30-59; 1+’ on
univariate changed the inverse association after adjust-
ment by older age or multivariate analysis. The indepen-
dent risk factors for death were >60; 1+°, >60; 2+ or
more’, ‘30-59; 1+°, 30-59; 2+ or more’, ‘15-29; 1+,
‘15-29; 2+ or more’, ‘low blood pressure’, ‘older age’, and
‘male’. In contrast, the RAAS inhibitors decreased mor-
tality, and hypertension, rather than normotension,
decreased mortality in this study.

DISCUSSION

The current CKD criteria and classification result in
a major contribution to the understanding of the

comorbidities caused by CKD such as cardiovascular
disease (CVD) and mineral and bone disorders
(MBD). However, nephrologists have paradox that few
CKD patients progressed to ESRD despite the high
prevalence.

It is well known that proteinuria is an independent
risk factor for ESRD.!*1® However, proteinuria was
regarded only as an important related term in the clas-
sification of CKD. Therefore, the K/DOQI clinical
practice guidelines on CKD have impressed most clini-
cians rather the importance of eGFR than proteinuria.
Iseki et al. reported that the cumulative incidence of
ESRD was 1.4% in the screened persons with pro-
teinuria (1+), 7.1% in the screened persons with pro-
teinuria (2+), and 15.4% in the screened persons with
proteinuria (3+) for the 17-year follow-up period.!*
The distinctive points of our screening for the risk of
progressing to ESRD using the combination of pro-
teinuria and eGFR were to detect proteinuria of 2+ or
more with eGFR 60 or more and to exclude eGFR 30—
59 with proteinuria of 1+ or less. This screening is rela-
tively simple and useful for most clinicians, attracts the
attention of other clinicians to proteinuria, can be used
efficiently by nephrologists to plan treatment strategies,
and can exclude the patients who do not always
progress to ESRD. We recommend that the criterion
for referral to nephrologists is proteinuria of 2+ or more
regardless of eGFR levels, or eGFR under 30.

The combination of eGFR and proteinuria was
assessed in some studies.!”™1? Iseki et al. studied a total

Table 4. Multivariate associations between baseline factors and risk for annual transition to downward eGFR levels.

Variabl Univariable Age-adjusted variables Multivariate variables*
ariables
HR (95% CI) HR (95% CI) P HR (95% CI) P
eGFR, mL/min/1.73 m2; Proteinuria
> 60; £ or less 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

=60; 1+ 1.63 (1.31-2.03 <0.001 1.42 (1.14-1.77) 0.002 1.32 (1.06-1.64) 0.015
> 60; 2+ or more 2.46 (1.98-3.05) <0.001 2.30 (1.85-2.85) <0.001 1.95 (1.56-2.44) <0.001
30-59; * or less 1.24 (0.91-1.70) 0.173 0.63 (0.46-0.87) 0.005 0.54 (0.39-0.75) <0.001

30-59; 1+

30-59; 2+ or more
15-29; * or less
15-29; 1+

0.90 (0.51-1.60) 0.721
2.54 (1.90-3.40) <0.001
0.38 (0.05-2.68) 0.329
2.05 (0.66-6.38) 0.215

0.46 (0.28-0.87) 0.015
1.65 (1.23-2.22) 0.001
0.20 (0.03-1.40) 0.104
0.73 (0.24-2.30) 0.596

0.39 (0.22-0.70) 0.002
1.44 (1.03-1.97) 0.011
0.16 (0.02-1.13) 0.067
0.55 (0.18-1.74) 0.311

15-29; 2+ or more 3.86 (2.41-6.19) <0.001 2.19 (1.36-3.51) 0.001 1.68 (1.08-2.66) 0.007
Average BP category

Low 0.56 (0.30-1.05) 0.073 1.18 (0.63-2.24) 0.6 1.21 (0.67-2.17) 0.526

Normal 1.0 (ref) 1.0 (ref.) 1.0 (ref.)

High normal 1.50 (1.26-1.79) <0.001 1.13 (0.95-1.35) 0.17 1.01 (0.85-1.21) 0.890

Grade 1 2.18 (1.84-2.60) <0.001 1.52 (1.27-1.63) <0.001 1.21 (1.01-1.45) 0.037

Grade 2 and 3
Prescription of RAAS inhibitors
Age, every 10-year increment
Gender, compared with female

1.69 (1.14-2.50) 0.009
3.14 (2.73-3.62) <0.001
1.53 (1.45-1.61) <0.001
1.08 (0.93-1.24) 0.340

1.40 (0.95-2.07) 0.093
2.32 (2.01-2.68) <0.001

0.99 (0.70-1.44) 0.664
1.94 (1.67-2.27) <0.001
1.46 (1.33-1.48) <0.001

1.00 (0.86-1.15) 0.964 0.93 (0.81-1.08) 0.354

Notes: The following multivariable categorical variables were created: eGFR and proteinuria; every eGFR and proteinuria categorizes
decline and excretion; BP, every hypertension categorizes elevation; age, every 10-years increment; gender, male or female. The
reference groups (ref.) are >60; £ or less’, and ‘normal’, respectively. The risk stratification of BP was classified as ‘low: <100’, ‘normal:
100-130 and <80’, ‘high normal: 130-139 or 80-89’, ‘Grade 1: 140-159 or 90-99°, ‘Grade 2: 160-179 or 100-109’, and ‘Grade 3:
>180 or 2110’ (mmHg).

*Multivariate variables were calculated after adjustment for each of the other variables.
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Table 5. Multivariate associations between baseline factors and risk for death.
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Variabl Univariable Age-adjusted variables Multivariate variables*
aniables HR (95% CI) » HR (95% CI) » HR (95% CI) »
eGFR, mL/min/1.73 m?; Proteinuria
>60; + or less 1.0 (ref) 1.0 (ref) 1.0 (ref)
>60; 1+ 2.61 (2.10-3.24) <0.001 2.28 (1.84-2.83) <0.001 2.31 (1.86-2.88) <0.001
>60; 2+ or more 2.94 (2.32-3.71) <0.001 2.71 (2.14-3.43) <0.001 3.04 (2.39-3.87) <0.001
30-59; £ or less 2.12 (1.58-2.85) <0.001 1.24 (0.91-1.68) 0.171 1.31 (0.96-1.79) 0.085
30-59; 1+ 3.72 (2.60-5.32) <0.001 2.32 (1.61-3.34) <0.001 2.65 (1.82-3.86) <0.001
30-59; 2+ or more 2.75 (1.98-3.80) <0.001 1.94 (1.40-2.70) <0.001 2.77 (1.95-3.94) <0.001
15-29; £ or less 2.32 (0.86-6.22) 0.095 1.38 (0.51-3.71) 0.524 1.60 (0.59-4.31) 0.353
15-29; 1+ 6.02 (2.69-13.52) <0.001 2.63 (1.16-5.96) 0.02 3.19 (1.40-7.27) 0.006
15-29; 2+ or more 5.79 (3.72-9.61) <0.001 3.61 (2.31-5.65) <0.001 5.03 (3.16-8.02) <0.001
Average BP category
Low 0.88 (0.56-1.38) 0.581 1.66 (1.05-2.62) 0.03 1.76 (1.12-2.79) 0.015
Normal 1.0 (ref.) 1.0 (ref.) 1.0 (ref))
High normal 0.90 (0.75-1.08) 0.266  0.70 (0.58-0.84) <0.001 0.68 (0.56-0.82) <0.001
Grade 1 0.80 (0.64-1.00) 0.048 0.56 (0.45-0.70) <0.001 0.54 (0.43-0.67) <0.001
Grade 2 and 3 0.51 (0.27-0.95) 0.034 0.42 (0.22-0.79) 0.007 0.34 (0.18-0.65) <0.001
Prescription of RAAS inhibitors 1.12 (0.94-1.30) 0.218  0.79 (0.67-0.93) 0.005  0.71 (0.60-0.93)  <0.001
Age, every 10-year increment 1.49 (1.41-1.57) <0.001 1.53 (1.45-1.62) <0.001
Gender, compared with female 1.43 (1.22-1.67) <0.001 1.31 (1.12-1.53) 0.001 1.28 (1.10-1.50) 0.002

Notes: The following multivariable categorical variables were created: eGFR and proteinuria; every eGFR and proteinuria categorizes
decline and excretion; BP, every hypertension categorizes elevation; age, every 10-years increment; gender, male or female. The refer-
ence groups (ref.) are >60; * or less’, and ‘normal’, respectively. The risk stratification of BP was classified as ‘low: <100’, ‘normal: 100—
130 and <80’, ‘high normal: 130-139 or 80-89’, ‘Grade 1: 140-159 or 90-99’, ‘Grade 2: 160-179 or 100-109’ and ‘Grade 3: 2180 or

>110° (mmHg).

*Multivariate variables were calculated after adjustment for each of the variables.

of 95,255 Japanese patients and reported that the
cumulative incidence of ESRD was high on a low crea-
tinine clearance (Ccr) with proteinuria by dipstick uri-
nalysis was not as high without proteinuria.!” Hallan
et al. reported that their screening by macroalbumin-
uria in all cases, microalbuminuria with eGFR <60,
and normal albumin-to-creatinine ratio (ACR) with
eGFR <30 reduced the screening participants from
4.7% to 1.4% compared with those based on CKD
stages 3—4 without losing predictive power (69.4% vs.
65.6% of all individuals progressing to ESRD).!®
These studies, as well as ours, showed the importance
of combining proteinuria and eGFR as the predictive
factor for ESRD. Moreover, the Chronic Kidney Dis-
ease Prognosis Consortium reported that or GFR less
than 60 and ACR 1.1 mg/mmol (10 mg/g) or more are
independent predictors of mortality risk in the general
population.!? However, our study is different from pre-
vious studies in terms of restricting the participants to
high-risk inpatients and in terms of concurrently dem-
onstrating about the mortality and the rate of the pro-
gression to ESRD. Our screening for the risk of
progressing to ERSD at hospitalization demonstrated
improvements over previous studies in detection rate,
FP rate, and LR than in these studies.

According to our results, there were the anomalous
results in which the HR for the decline of eGFR on
‘30-59; * or less’ and ‘30-59; 1+’ shown an inverse
association after adjustment by older age or multivari-
ate analysis. The reasons considered for this were the

© 2011 Informa Healthcare USA, Inc.

kidney function during or after hospitalization might
fluctuate because of underlying diseases or various
complications; the inpatients showing decline of eGFR
without higher levels of proteinuria were obviously of
older age in comparison with the inpatients without
decline of eGFR; and the baseline kidney dysfunction
of proteinuria of 1+ or less was a rather risk factor for
death than the risk of progressing to ESRD. Imai et al.
reported the individuals of eGFR <40 with age 70-79
were the risk of progressing to ESRD in the Japanese
general population.?® However, this study did not dis-
cuss about levels of proteinuria.

The Grade 1 hypertension was a kidney risk factor,
but the Grade 2 and 3 hypertensions were not signifi-
cant kidney risk factors. Hypotension was related with
mortality, while hypertension was associated with lower
mortality rather than normotension. Jafar et al.
reported that hypertension and hypotension with high
levels of proteinuria were higher risks for kidney func-
tion progression.?! This discrepancy may have
occurred because BP in our study was affected by
unstable conditions in hospitalization, or because the
normotension caused by a drop in BP associated with
these conditions were not excluded. In fact, the dis-
eases triggered hypertension during the acute phase
(e.g., stroke, subarachnoid hemorrhage, pregnancy-
induced hypertension, preeclampsia, hypertensive
emergency, and hypertensive urgency) were included
15.3% in the patients with Grade 2 and 3 hyperten-
sions. The bleeding and the dehydration bringing
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about a drop in BP were found in the patients with nor-
motension. The contradiction of the effect of RAAS
inhibitors for kidney function may be explained by a
mismatch of patients on the use (or non-use) of the
prescribed drug (e.g., age, baseline BP, and underlying
disease). Casas et al. reported that additional renopro-
tective actions of RAAS inhibitors beyond lowering
blood pressure remain unproven in patients with diabe-
tes, and that there is uncertainty about the greater
renoprotection seen in non-diabetic renal disease.??
Our results suggest that the renoprotection of RAAS
inhibitors remain unproven beyond influences of age,
baseline BP, and underlying disease, even if levels of
baseline eGFR and proteinuria are matched. On the
other hand, the RAAS inhibitors improved mortality in
patients with risk of kidney dysfunction. This result
suggests the possibility that the RAAS inhibitors
worked protectively for cardiovascular problems in hos-
pitalized patients.

The following problems have been raised in our
study. (a) Although Cr. and proteinuria during hospi-
talization were extracted, all patients did not com-
pletely satisfy the criteria of CKD. (b) The levels of
proteinuria were classified using dipstick urinalysis.
The proteinuria in hospitalized patients may be
affected by various medical comorbidities and side
effects of many medications. Therefore, it remains pos-
sible that false positive or negative results were
included in the dipstick urinalysis for proteinuria.
However, the quantitative value of proteinuria or
microalbuminuria might be unsuitable for screening
because except for nephrologists, most clinicians, rarely
measure the quantitative value of proteinuria. Also, the
higher levels of proteinuria were associated with subse-
quent renal survival and mortality in this study. (c) As
BP during hospitalization was extracted, there was a
possibility that BP was a little higher due to stress of
hospitalization. (d) This study did not identify the
cause of kidney disease. The K/DOQI clinical practice
guidelines on CKD provided the definition of CKD
independent of cause. It is clear that the underlying dis-
ease cannot be ascertained in all cases. One of the aims
in this study was to devise a strategy to care for inpa-
tients with kidney insufficiency. (e) This study did not
identify the cause of death, nor was it the principal aim
of this study. (f) Since this was a tertiary care university
hospital study, the results could be different among
other hospitals such as municipal, private, or public hos-
pitals, and the procedures of clinical practice described
here may not be appropriate for nationwide use.

We conclude that the detection of the high ESRD
risk inpatients with the criterion of proteinuria of 2+ or
more regardless of eGFR levels or with eGFR under 30
could and more efficiently link to ‘action plans’ for pre-
vention against ESRD. In the older eGFR under 60
inpatients with proteinuria of 1+ or less, mortality was
raised rather than the rate of the progression to ESRD.

Reappraisal of proteinuria and eGFR improves predic-
tion of ESRD or death in hospitalized patients.
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