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Aim: Whether there are differences among statins in their effect on the kidney function in diabetic
patients remains controversial. In this report, we aimed to examine the comparative effects of statins
on the kidney function in a long-term follow-up study.

Methods: This was a single-center longitudinal observational historical cohort study. We enrolled
326 Japanese adult ambulatory patients with type 2 diabetes who were newly prescribed one of four
statins (pravastatin, rosuvastatin, atorvastatin and pitavastatin) and who had an estimated glomerular
filtration rate (eGFR) of 230 mL/min/1.73 m? The outcome measurement was the annual rate of
change in eGFR. We used the standardized inverse probability of treatment weighted (IPTW)
method based on the propensity score to adjust for the effects of confounding factors. Furthermore,
in order to take into account the variety in the number and spacing of eGFR measurements and the
duration of the follow-up period for each individual, we conducted a linear mixed-effects model
regression analysis.

Results: The median follow-up period was 4.3 years (range, 3.0-7.1 years). In an analysis using the
IPTW method, the mean (%standard error) annual rate of change in eGFR among the patients
treated with pravastatin (-0.86+0.28 mL/min/1.73 m?/year) was significantly lower than that
observed among the patients treated with rosuvastatin (=1.80+0.27, p=0.02), atorvastatin (-1.99 =
0.28, p=0.004) and pitavastatin (-2.23+0.49, p=0.02). Similar results were obtained in the linear
mixed-effects model regression analysis.

Conclusions: Pravastatin may be superior to rosuvastatin, atorvastatin and pitavastatin in preserving
the kidney function in patients with type 2 diabetes.
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zyme A (HMG-CoA) reductase inhibitors (statins) are
the first choice and essential agents for the treatment
of dyslipidemia. Numerous studies have shown that

decreasing the low-density lipoprotein (LDL) choles-

Introduction

Diabetic kidney disease (DKD) is a major public
health problem worldwide® ?; therefore, the establish-

ment of new management strategies is urgently

needed. Currently, 3-hydroxy-3-methylglutaryl coen-
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terol level using statins significantly reduces the risk of
cardiovascular disease in diabetic patients?. Further-
more, accumulating evidence indicates the renopro-
tective effects of statins*”), although whether the ben-
eficial effects are independent of the lipid-lowering
actions of these drugs remains unknown.

Many types of statins are clinically available;
however, there is currently no clear selection criteria
for the different types of drugs. Interestingly, several
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Adult type 2 diabetic patients with eGFR > 30 mL/ min/ 1.73m? assessed for eligibility (n=761)

e l Less than 3 years of follow-up (n = 399) !

> ' Malignant disease (n = 6)

—> ] Simvastatin (n = 4) or fluvastatin (n = 12) l

—> l Missing values of baseline profiles (n = 14) l

Enrollment (n = 326) }

Fig. 1. Flow diagram of the study population.

previous reports have shown differences among statins
in their effect in the progression of DKD®?, and such
differences are thought to have a significant influence
on the selection of statins for diabetic patients. In the
PLANET 1 trial of diabetic patients, atorvastatin sig-
nificantly reduced the urinary protein levels without
decreasing the glomerular filtration rate (GFR). In
contrast, the patients treated with rosuvastatin exhib-
ited a significant decline in GFR without any effect on
the urinary protein levels®. However, other studies
have reported no differences in the changes in GFR or
urinary albumin levels among statins in type 2 dia-
betic patients'® 'V. Hence, whether there is a distinc-
tion between statins against the progression of DKD
remains controversial. Furthermore, the duration of
follow-up in the above-mentioned studies was rela-
tively short (all within one year).

Aim
In this study, we aimed to longitudinally examine
the comparative effects of statins on the kidney func-

tion in patients with type 2 diabetes over a 3-year fol-
low-up period.

Methods

Study Design and Participants

This study was a hospital-based single-center
observational longitudinal cohort study using a histor-
ical cohort of adult Japanese patients with type 2 dia-
betes. The study protocol was designed in adherence
to the Declaration of Helsinki and approved by the
Ethics Committee of Tokyo Women's Medical University

Hospital. The present study used data obtained from
clinical information systems (electronic medical
records). We initially recruited 761 ambulatory patients
newly prescribed statins who exhibited an estimated
GFR (eGFR) of 230 mL/min/1.73 m? at the Diabetes
Center, Tokyo Women’s Medical University Hospital,
Tokyo, Japan, during the period between April 2006
and June 2010. Follow-up data were collected until
June 2013. Type 2 diabetes was diagnosed according
to the Japan Diabetes Society (JDS) criteria'?.

At their regular ambulatory visit, the subjects
underwent baseline anthropometric and physical
examinations. Laboratory data for random spot sam-
ples were used. If statin therapy was discontinued or
switched to another statin, follow-up was terminated.
A flow diagram of the study population is presented in
Fig. 1. Patients with less than three years of follow-up
(n=399) were excluded to assure a valid assessment of
the change in GFR'. Patients with malignant disease
(n=6) at baseline were also excluded, as were those
prescribed simvastatin (n=4) or fluvastatin (7z=12)
because the number of these patients was too small to
conduct an adequate analysis. Patients with missing
values for baseline data (n=14) were also excluded.
Therefore, a total of 326 patients were included in the
final analysis.

Measurements

High-density lipoprotein (HDL) cholesterol lev-
els were determined using polyethylene glycol-pre-
treated enzymes, triglyceride levels based on enzymatic
methods and LDL cholesterol levels according to enzy-
matic methods or Friedewald’s equation (for a triglyc-
eride level of <400 mg/dL). Serum creatinine levels
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were determined using enzymatic methods. Hemoglo-
bin Alc (HbAlc) levels were measured with high-per-
formance liquid chromatography (HPLC) using a set
of calibrators assigned by the JDS (normal range, 4.3-
5.8%). Therefore, in the present study, National Gly-
cohemoglobin Standardization Program (NGSP)-
equivalent values were obtained using the following
equation: HbAlc (%)=1.02xHbAlc (JDS) (%)+
0.25% 9. Proteinuria was determined according to a
urine dipstick test and defined as a finding of pro-
tein = (trace) or more.

GFR was estimated using the following modified
three-variable equation, as proposed by the Japanese
Society for Nephrology: eGFR (mL/min/1.73 m?) =
194 % Age (years) ?¥ x serum creatinine level (in mg/

dL)~"%*x(0.739 if female) .

Outcome Measurements

The first outcome measurement was the annual
rate of change in eGFR (mL/min/1.73 m*/year). For
each individual, the rate of change in eGFR per year
was determined using a simple linear regression analy-
sis, with eGFR as a function of time in years, applied
to eGFR values obtained during the follow-up period.
In addition, we assessed this outcome measurement
using a linear mixed-effects model regression analysis.

The second outcome measurement was as fol-
lows: (1) a reduction in eGFR of >30 mL/min/ 1.73
m? for individuals with a baseline eGFR of =60 mL/
min/1.73 m? or (2) a reduction in eGFR of >50% for
individuals with a baseline eGFR of <60 mL/min/
1.73 m?. We consider these cutoff values to be clini-
cally significant and similar to those selected in other

studies including a similar range of eGFR values'® 7.

Statistical Analysis

Continuous variables are expressed as the arith-
metic mean * standard deviation (SD), geometric mean
with the 95% confidence interval (CI) or least squares
mean * standard error (SE), as appropriate according
to the data distribution. Categorical data are expressed
as numbers (%). For the statistical analyses, Fisher’s
exact probability test, chi-square test, analysis of vari-
ance (ANOVA), analysis of covariance (ANCOVA),
simple linear regression analysis, linear mixed-effects
model regression analysis and Cox proportional haz-
ards model analysis were used as appropriate.

Due to the potential impact of bias in the selec-
tion of statin in the present observational study, the
standardized inverse probability of treatment weight
(IPTW) was calculated based on the probability of
receiving each statin (propensity score: PS). The PS
was estimated using a multinomial logistic regression

model that included the following parameters; age,
sex, body mass index (BMI), duration of diabetes,
smoking status, history of cardiovascular disease, start
date of statin therapy, use of angiotensin-converting
enzyme (ACE) inhibitors, angiotensin receptor block-
ers, other hypertensive agents or lipid-lowering agents
other than statins, systolic blood pressure, diastolic
blood pressure, HbAlc, logarithmically transformed
triglycerides, HDL cholesterol, LDL cholesterol, eGFR,
urinary protein*or 1 + and urinary protein 2 + or over.

The rate of change in ¢GFR determined using a
simple linear regression analysis does not take into
account the variety in the number and spacing of
eGFR measurements and the duration of the follow-
up period for each individual. Therefore, we also
determined the rate of change in eGFR using a linear
mixed-effects model regression analysis in order to
minimize the effects of this limitation. The intercept
and slope were treated as random effects in this analy-
sis. In the adjusted model using a linear mixed-effects
model regression analysis, the above-mentioned 20
parameters were used as covariates. A p value of <0.05
was considered to be significant. All statistical analyses
were performed using the SAS version 9.3 software

program (SAS Institute, Cary, NC).

Results

Baseline Characteristics

We analyzed a total of 326 patients, including
126 women and 200 men with a mean (£SD) age of
60 %11 years (range, 23-84 years). The baseline demo-
graphic and laboratory data for each statin group are
presented in Table 1. The mean daily initial dose of
each statin was 7.6+2.5 mg (range, 5-10 mg), 2.6+
0.4 mg (range, 2.5-5 mg), 5.9 +2.0 mg (range, 2.5-10
mg) and 1.1+0.3 mg (range, 1-2 mg) for pravastatin,
rosuvastatin, atorvastatin and pitavastatin, respectively.

Changes in the LDL Cholesterol Levels in Each
Statin Group

The mean daily dose of each statin at the final
visit was 8.3+ 3.2 mg (range, 5-20 mg), 2.9+1.0 mg
(range, 2.5-7.5 mg), 7.0%3.0 mg (range, 2.5-20 mg)
and 1.4+ 0.8 mg (range, 1-4 mg) for pravastatin, rosu-
vastatin, atorvastatin and pitavastatin, respectively.
The mean (+SD) difference between the LDL choles-
terol levels at the start and final measurements during
the follow-up period was 41 +25, 68 28, 62%29 and
49 +25 mg/dL in the patients treated with pravastatin,
rosuvastatin, atorvastatin and pitavastatin, respectively.
The LDL cholesterol levels at the final measurement
were 12023, 95+30, 103%29 and 100+20 mg/dL
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Table 1. Baseline demographic and laboratory data for each statin group

Pravastatin Rosuvastatin Atorvastatin Pitavastatin

(n=98) (n=92) (n=72) (n=064) p value

Age, mean (SD), year 62 (12) 59 (10) 60 (11) 60 (11) 0.4
Men, n (%) 50 (51.0) 71(77.2) 41 (56.9) 38 (59.4) 0.002
Duration of diabetes, mean (SD), year 12 (10) 10 (9) 11 (9) 10 (8) 0.4
Body mass index, mean (SD), kg/m? 24.3 (3.0) 25.9 (3.9) 25.1 (3.6) 25.8 (4.5) 0.01
Diabetes therapy, n (%) 0.2

None 24 (24.5) 17 (18.5) 12 (16.7) 15 (23.4)

OHA 54 (55.1) 58 (63.0) 43 (59.7) 28 (43.8)

Insulin 20 (20.4) 17 (18.5) 17 (23.6) 21(32.8)
Systolic blood pressure, mean (SD), mmHg 135 (18) 133 (19) 136 (22) 133 (19) 0.6
Diastolic blood pressure, mean (SD), mmHg 78 (11) 77 (12) 77 (11) 76 (10) 0.8
Use of ACE inhibitor blockers, n (%) 5(5.1) 11 (12.0) 7(9.7) 5(7.8) 0.4
Use of angiotensin receptor blocker blockers, n (%) 36 (36.7) 37 (40.2) 25 (34.7) 27 (42.2) 0.8
Use of other antihypertensive drug, n (%) 30 (30.6) 25(27.2) 21(29.2) 22 (34.4) 0.8
Use of lipid lowering agents other than statin, n (%) 5(5.1) 5(5.4) 3 (4.2) 5(7.8) 0.8
History of cardiovascular disease, n (%) 8(8.2) 17 (18.5) 10 (13.9) 16 (25.0) 0.03
Former or current smokers, n (%) 35 (35.7) 54 (58.7) 36 (50.0) 29 (45.3) 0.02
Date started statin prescription, n (%) <0.001

April 2006 - December 2008 57 (58.2) 49 (53.3) 52 (72.2) 22 (34.4)

January 2009 - June 2010 41 (41.8) 43 (46.7) 20 (27.8) 42 (65.6)
Laboratory data

HbAlc, mean (SD), % 7.5 (1.2) 8.0 (1.4) 7.8 (1.3) 7.6 (1.4) 0.09

Triglycerides, geometric mean (95% CI), mg/dL 127 (115-140) 159 (145-174) 154 (138-172) 144 (127-164) 0.009
HDL cholesterol, mean (SD), mg/dL 56 (14) 49 (11) 53 (16) 49 (14) 0.001

LDL cholesterol, mean (SD), mg/dL 161 (19) 163 (23) 165 (26) 149 (27) <0.001
Creatinine, mean (SD), mg/dL 0.75 (0.18) 0.86 (0.25) 0.75 (0.18) 0.79 (0.21) 0.002
Estimated GFR, mean (SD), mL/min/1.73 m* 74.4 (16.3) 72.5(19.1) 77.4 (20.0) 73.7 (17.3) 0.4
Urinary protein, n (%) 0.02

none 65 (66.3) 53 (57.6) 39 (54.2) 42 (65.6)

* (trace) or 1+ 31 (31.6) 26 (28.3) 22 (30.5) 20 (31.3)

2+ or over 2(2.1) 13 (14.1) 11 (15.3) 2(3.1)

Abbreviations: OHA: oral hypoglycemic agents, ACE: angiotensin-converting enzyme, GFR: glomerular filtration rate, HDL: high-density lipopro-
tein, LDL: low-density lipoprotein, SD: standard deviation, CI: confidence interval

in the patients treated with pravastatin, rosuvastatin,
atorvastatin and pitavastatin, respectively.

Comparison of the Annual Rate of Change in eGFR

The median follow-up period was 4.3 years (range,
3.0-7.1 years). The mean (=SD) number of creatinine
measurements used to determine the change in eGFR
was 18+12. Of the 326 patients, 18 were lost to fol-
low-up. The mean (*SE) annual rate of change in
eGFR among the 326 patients determined using the
simple linear regression analysis was —1.71+0.15 mL/
min/1.73 m?/year. In the linear mixed-effects model
regression analysis, the mean rate of change in eGFR
was —1.71%0.15 mL/min/1.73 m*/year.

When the changes in eGFR were compared

between the four statin groups, the mean (*SE) rate
of change in eGFR among the patients treated with
pravastatin (—0.86+0.28 mL/min/1.73 m?/year) was
significantly lower than that observed among the
patients treated with rosuvastatin (-1.80%0.27, p=
0.02), atorvastatin (—1.99+0.28, p=0.004) and pitava-
statin (—2.23+0.49, p=0.02) in the analysis using the
IPTW method (Table 2). Similar results were obtained
in the linear mixed-effects model regression analysis
(Table 2). As expected, the mean rate of change in
eGFR among the patients treated with pravastatin was
significantly lower than that noted in the non-pravas-
tatin group (Table 2). There were no differences in
the changes in eGFR between three groups, other than
with the pravastatin group, in all models. Further-
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Table 2. Comparison of the change in eGFR in each statin group

Pravastatin Rosuvastatin Atorvastatin Pitavastatin Pravastatin =~ Non-Pravastatin
(n=98) (n=92) (n=72) (n=64) (n=98) (n=228)

Model 1

eGFR change rate, mean (SE), _ _ to_ i P _ &

mL/min/1.73 m?/year 0.89 (0.27) 1.99 (0.28) 2.20(0.32) 2.02 (0.33) 0.89 (0.27) 2.06 (0.18)
Model 2

eGFR change rate, mean (SE), _ _ _ P * _ %

mL/min/1.73 mz/year 0.86 (0.28) 1.80 (0.27) 1.99 (0.28) 2.23 (0.49) 0.81 (0.27) 1.92 (0.18)
Model 3

¢GER change rate, mean (SE), ~0.89(027) -2.00(0.28) -2.15(031)" -2.03 (0341 -0.89(027) -2.06(0.18)%

mL/min/1.73 m?*/year
Model 4

eGFR change rate, mean (SE),
mL/min/1.73 m*/year

-0.88(0.27) -1.97(0.28)" -2.14(0.31)" -2.00 (0.34)* -0.88(0.27)

-2.04 (0.18)*

Non-pravastatin refers to rosuvastatin, atorvastatin and pitavastatin. The data are expressed as the mean (SE). Model 1 was analyzed using a simple
regression analysis of the eGFR values obtained during the follow-up period for each individual. In model 2, the change in ¢GFR calculated accord-
ing to the simple regression analysis was adjusted using the standardized inverse probability of treatment weighted (IPTW) method. Model 3 was
analyzed using the linear mixed-effects model. Model 4 was analyzed using the linear mixed-effects model adg'usted for the covariates.

Abbreviations: ¢GFR: estimated glomerular filtration rate, SE: standard error, *»<0.05 versus pravastatin,

versus pravastatin

more, we obtained similar results when the difference
between the LDL cholesterol levels at the first and final
measurements during the follow-up period was incor-
porated into the analysis as an independent variable.
We next conducted sensitivity analyses among the
subgroups classified according to the degree of base-
line eGFR (260 mL/min/1.73 m® or less), proteinuria
(absence or presence), HbAlc (28% or less), blood
pressure (>140/90 mmHg or less), HDL cholesterol
(240 mg/dL or less), BMI (225 kg/m? or less) and
cardiovascular disease (absence or presence) (Table 3).
In order to maintain statistical power, we compared the
rate of change in eGFR between the pravastatin group
and the non-pravastatin group. Among the patients
with an eGFR of <60 ml/min/1.73 m?, those with
an HbAlc level of >8%, blood pressure of >140/90
mmHg, HDL cholesterol level of <40 mg/dL, BMI
of <25 kg/m? or cardiovascular disease, we were unable
to conduct the analyses using the IPTW method
because the convergence criterion was not satisfied
when the PS was calculated. Among the patients with
an eGFR of <60 mL/min/1.73 m?, those without
proteinuria, an HDL cholesterol level of <40 mg/dL
or with cardiovascular disease, the pravastatin group
showed a slower, although not significantly, change in
eGFR compared to the non-pravastatin group. Among
the other patients, the rate of change in eGFR in the
pravastatin group was significantly lower than that
observed in the non-pravastatin group. Furthermore,

2<0.01 versus pravastatin, 2p< 0.001

in order to reduce the influence of renin-angiotensin
system blockers (ACE inhibitors and angiotensin
receptor blockers) on the rate of change in eGFR, we
conducted a sensitivity analysis in a subgroup exclud-
ing 53 patients for whom renin-angiotensin system
blockers were newly prescribed or discontinued during
the follow-up period. In this sensitivity analysis, the
pravastatin group (#=91) also demonstrated a signifi-
cantly slower rate of change in ¢eGFR than the non-
pravastatin group (#=182). Finally, we conducted a
sensitivity analysis in 183 patients in whom the uri-
nary albumin levels were measured at baseline. We
conducted the analyses using the logarithmically uri-
nary albumin levels in place of the urinary protein lev-
els obtained with the urine dipstick test. In this analy-
sis, the mean rate of change in eGFR among the
patients treated with pravastatin (n=49) was also sig-
nificantly lower than that seen in the patients treated
without pravastatin (z=134).

Comparison of Risk Factors for the Incidence of the
Secondary Outcomes in Each Statin Group

During the median follow-up period of 4.2 years
(range, 1.0-7.1 years), one of the 98 patients treated
with pravastatin, five of the 92 patients treated with
rosuvastatin, five of the 72 patients treated with atorv-
astatin and four of the 64 patients treated with pitavas-
tatin progressed to the second outcome. The hazard
ratios for the incidence of the second outcome in each
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Table 3. Comparison of the changes in eGFR based on the sensitivity analysis

Patients with eGFR 260 mL/min/ 1.73 m? Pravastatin (#=81) Non-pravastatin (z=176) p value
Model 1. eGFR change rate, mean (SE), mL/min/1.73 m*/ycar -0.84 (0.31) ~2.06 (0.21) 0.001
Model 2. ¢GFR change rate, mean (SE), mL/min/1.73 m*/year -0.88 (0.26) ~1.90 (0.21) 0.002
Model 3. ¢GFR change rate, mean (SE), mL/min/1.73 m*/year -0.85 (0.31) -2.07 (0.21) 0.001
Model 4. eGFR change rate, mean (SE), mL/min/1.73 m*/year -0.82 (0.31) -2.02 (0.21) 0.001

Patients with ¢GFR <60 mL/ min/ 1.73 m* Pravastatin (n=17) Non-pravastatin (7=52) p value
Model 1. eGFR change rate, mean (SE), mIL/min/1.73 m*/ycar - 1.14 (0.53) -2.09 (0.30) 0.1
Model 3. eGER change rate, mean (SE), mL/min/1.73 m*lycar - 1.14 (0.53) ~2.08 (0.30) 0.1
Model 4. eGER change rate, mean (SE), mL/min/1.73 m*/ycar -1.13 (0.53) —-2.08 (0.30) 0.1

Patients without proteinuria Pravastatin (2 =065) Non-pravastatin (n = 134) p value
Model 1. ¢GFR change rate, mean (SE), mL/min/1.73 m*/year -0.88 (0.25) -1.26 (0.17) 0.2
Model 2. eGFR change rate, mean (SE), mL/min/1.73 m*/year -1.03 (0.31) -1.21(0.18) 0.6
Model 3. eGFR change rate, mean (SE), mL/min/1.73 m*/year -0.82 (0.25) -1.27 (0.17) 0.1
Model 4. ¢GFR change rate, mean (SE), mL/min/1.73 m*/ycar =0.79 (0.25) -1.24 (0.17) 0.1

Patients with proteinuria Pravastatin (n=33) Non-pravastatin (= 94) p value
Model 1. eGFR change rate, mean (SE), mL/min/1.73 m*/year -0.91 (0.57) -3.20 (0.33) <0.001
Model 2. ¢GFR change rate, mean (SE), mL/min/1.73 m*/ycar -0.73 (0.38) -3.00 (0.33) <0.001
Model 3. ¢GFR change rate, mean (SE), mL/min/1.73 m*/ycar -0.97 (0.57) -3.19 (0.33) <0.001
Model 4. eGFR change rate, mean (SE), mL/min/1.73 m*/year -0.99 (0.57) -3.16 (0.33) 0.001

Patients with HbAlc < 8% Pravastatin (n=75) Non-pravastatin (n = 146) p value
Model 1. eGFR change rate, mean (SE), mL/min/1.73 m*/year -0.69 (0.24) -1.41(0.17) 0.02
Model 2. ¢GFR change rate, mean (SE), mL/min/1.73 m*/year -0.60 (0.27) -1.39 (0.19) 0.02
Model 3. ¢GFR change rate, mean (SE), mL/min/1.73 m*/year -0.72 (0.24) ~-1.37(0.17) 0.03
Model 4. eGFR change rate, mean (SE), mL/min/1.73 m*/year -0.70 (0.24) ~1.38(0.17) 0.02

Patients with HbAlc > 8% Pravastatin (7=23) Non-pravastatin (n=_82) p value
Model 1. ¢GFR change rate, mean (SE), mL/min/1.73 m*/ycar -1.53 (0.70) —-3.23 (0.37) 0.03
Model 3. eGFR change rate, mean (SE), mL/min/1.73 m?*/ycar -1.51(0.72) -3.28 (0.37) 0.03
Model 4. ¢GFR change rate, mean (SE), mL/min/1.73 m*/ycar -1.49 (0.71) -3.25(0.37) 0.03

Patients with blood pressure < 140/90 mmHg Pravastatin (2 =52) Non-pravastatin (7=138) p value
Model 1. eGFR change rate, mean (SE), mL/min/1.73 m*/year -1.03 (0.33) -1.83 (0.20) 0.04
Model 2. ¢GFR change rate, mean (SE), mL/min/1.73 m*/ycar -0.96 (0.47) -1.75(=0.22) 0.1
Model 3. eGFR change rate, mean (SE), mL/min/1.73 m*/year -0.98 (0.33) -1.85 (0.20) 0.02
Model 4. ¢GFR change rate, mean (SE), mL/min/1.73 m*/ycar ~1.00 (0.33) -1.83 (0.20) 0.03

Patients with blood pressure 2 140/90 mmHg Pravastatin (n=46) Non-pravastatin (z=90) p value
Model 1. eGFR change rate, mean (SE), mL/min/1.73 m?*/year ~0.72 (0.44) -2.42 (0.32) 0.002
Model 3. eGFR change rate, mean (SE), mL/min/1.73 m*/ycar —-0.75 (0.45) ~2.41(0.32) 0.003
Model 4. eGFR change rate, mean (SE), mL/min/1.73 m*/year -0.69 (0.45) -2.39 (0.32) 0.002

Patients with HDL cholesterol 240 mg/dL Pravastatin (n=91) Non-pravastatin (r=184) p value
Model 1. eGFR change rate, mean (SE), mL/min/1.73 m*/year -0.89 (0.27) -1.99 (0.19) 0.001
Model 2. eGFR change rate, mean (SE), mL/min/1.73 m*/year -0.93 (0.26) -1.83 (0.20) 0.006
Model 3. eéGFR change rate, mean (SE), mL/min/1.73 m?/year ~0.89 (0.27) -1.98 (0.19) 0.001
Model 4. eGFR change rate, mean (SE), mL/min/1.73 m*/year -0.87 (0.27) ~1.96(0.19) 0.001

Patients with HDL cholesterol <40 mg/dL Pravastatin (n=7) Non-pravastatin (n=44) p value
Model 1. eGFR change rate, mean (SE), mL/min/1.73 m*/year -0.84(1.17) -2.36 (0.47) 0.2
Model 3. eGFR change rate, mean (SE), mL/min/1.73 m*/year -0.85(1.19) -2.37 (0.47) 0.2
Model 4. eGFR change rate, mean (SE), mL/min/1.73 m?/year -0.91 (1.19) -2.35(0.47) 0.3
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(Cont Table 3)

Patients with body mass index <25 kg/m?
Model 1. eGFR change rate, mean (SE), mL/min/1.73 m*/year
Model 3. eGFR change rate, mean (SE), mL/min/1.73 m?/year
Model 4. eGFR change rate, mean (SE), mL/min/1.73 m*/year
Patients with body mass index 225 kg/m?*
Model 1. eGFR change rate, mean (SE), mL/min/1.73 m*/year
Model 2. eGFR change rate, mean (SE), mL/min/1.73 m*/year
Model 3. eGFR change rate, mean (SE), mL/min/1.73 m*/year
Model 4. eGFR change rate, mean (SE), mL/min/1.73 m?*/year

Patients without cardiovascular disease
Model 1.
Model 2.
Model 3.
Model 4.

Patients with cardiovascular disease
Model 1. eGFR change rate, mean (SE), mL/ min/1.73 m?/year
Model 3. eGFR change rate, mean (SE), mL/ min/1.73 m?/year
Model 4. eGFR change rate, mean (SE), mL/ min/1.73 m?/year

eGFR change rate, mean (SE), mL/min/1.73 m*/year
eGFR change rate, mean (SE), mL/ min/1.73 m?*/year
eGFR change rate, mean (SE), mL/ min/1.73 m?/year
eGFR change rate, mean (SE), mL/ min/1.73 m?/year

Pravastatin (7 =60) Non-pravastatin (z=111) p value
-0.72 (0.30) -1.78 (0.22) 0.004
-0.71 (0.30) -1.77 (0.21) 0.004
—-0.71 (0.30) -1.77 (0.22) 0.005

Pravastatin (»=38) Non-pravastatin (z=117) 2 value
-1.15(0.49) —-2.33(0.28) 0.04
-0.95 (0.40) -2.17 (0.28) 0.01
-1.15(0.49) -2.33(0.28) 0.04
—-1.14 (0.48) -2.31(0.28) 0.04

Pravastatin (z=90) Non-pravastatin (n=185) p value
-0.86 (0.28) —-2.14 (0.20) <0.001
-0.77 (0.27) -1.99 (0.20) <0.001
-0.88 (0.28) -2.13 (0.20) <0.001
-0.88 (0.28) —-2.10 (0.19) <0.001

Pravastatin (n=8) Non-pravastatin (z=43) p value
~1.16 (0.94) -1.72 (0.41) 0.6
-1.01 (0.99) ~1.74 (0.42) 0.5
~0.96 (0.99) -1.74 (0.42) 0.5

Non-pravastatin refers to rosuvastatin, atorvastatin and pitavastatin. The data are expressed as the mean (SE). Model 1 was analyzed using a simple
regression analysis of the eGFR values obtained during the follow-up period for each individual. In model 2, the change in eGFR calculated using
the simple regression analysis was adjusted using the standardized inverse probability of treatment weighted (IPTW) method. Model 3 was analyzed
using the linear mixed-effects model. Model 4 was analyzed using the linear mixed-effects model adjusted for the covariates.

Abbreviations: eGFR: estimated glomerular filtration rate, SE: standard error, HDL: high-density lipoprotein

statin group are shown in Table 4. The patients
treated with pitavastatin had a higher risk of progress-
ing to the second outcome than those treated with
pravastatin. The hazard ratios for the patients treated
with rosuvastatin or atorvastatin tended to be higher
than those for the pravastatin group; however, the dif-
ference was not significant.

Discussion

In this single-center longitudinal observational
study using a historical cohort observed over at least
three years, we found that pravastatin may be superior
to rosuvastatin, atorvastatin and pitavastatin in pre-
serving the kidney function in patients with type 2
diabetes. The decline in eGFR observed in the patients
treated with pravastatin was significantly slower than
that noted in those treated with the other three statins.
This finding was confirmed using the IPTW method
based on the PS and the linear mixed-effects model
regression analysis.

Although we were unable to clarify the mecha-
nisms underlying the differences between statins in
the present study, the following explanations can be
speculated. First, differences in the lipophilicity of

statins may have contributed to the present findings.
Pravastatin is considered to be the most hydrophilic
statin'®. Lipophilic statins are able to easily penetrate
extrahepatic cellular membranes. Statins inhibit cho-
lesterol synthesis as well as the production of ubiqui-
none (coenzyme Q10; CoQ10), a lipid-soluble endog-
enous antioxidant that prevents the oxidation of lip-
ids, proteins and DNA'" 29, Therefore, the other three
statins are thought to more strongly inhibit the pro-
duction of CoQ10 in extrahepatic cells than pravas-
tatin. Recent basic studies have clearly shown that
CoQI10 treatment prevents the development of DKD
by reducing oxidative stress in db/db mice employed
as 2 model of type 2 diabetes?> ??. In light of these
findings, the superiority of pravastatin demonstrated
in the present study may be partly explained by differ-
ences in CoQ10 production in extrahepatic cells as a
result of differences in lipophilicity. Second, differ-
ences in effects on glucose metabolism among statins
may partly explain the present findings. An association
between statin use and the increasing number of cases
of new-onset diabetes was recently suggested®. How-
ever, pravastatin has been shown to increase insulin
sensitivity by enhancing adiponectin secretion in both
mice and humans®?. Indeed, the West of Scotland
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Table 4. Hazard ratios for the incidence of the secondary outcomes in each statin group

Pravastatin Rosuvastatin Atorvastatin Pitavastatin Pravastatin =~ Non-Pravastatin
(n=98) (n=92) (n=72) (n=064) (n=98) (n=228)
Crude model
Hazard ratio (95%CI) 5,52 (0.64-47.33) 6.42 (0.75-54.98)  6.71 (0.75-60.15) 6.14 (0.81-46.70)
for the incidence of the 1.00 (ref.) -0.1 =0.09 =0.09 1.00 (ref.) ~0.08
secondary outcome p=0 PO =0 p=v
Adjusted model
Hazard ratio (95%CI) ) : ) qa )
for the incidence of the 1.00 (ref) 5.50 (0.61-49.68) 7.26 (0.80-65.82) 19.38 (2.11-178.28) 1.00 (ref) 8.69 (1.13-67.02)

p=0.1 »=0.08 2=0.009 p=0.04

sccondary outcome

The second outcome was defined as follows: (1) a reduction in ¢GFR of >30 mL/min/1.73 m* for individuals with a baseline eGFR of =60 mL/
min/1.73 m? or (2) a reduction in ¢GFR of >50% for individuals with a bascline eGFR of <60 mL/min/1.73 m* Non-pravastatin refers to rosuvas-
tatin, atorvastatin and pitavastatin. The adjusted model was analyzed using the standardized inverse probability of treatment weighted (IPTW) method.

Abbreviations: ¢GFR: estimated glomerular filtration rate, CI: confidence interval

Coronary Prevention Study (WOSCOP) suggested
that pravastatin reduces the risk of incident diabetes
by 30% compared to a placebo®, and the United
States Food and Drug Administration mandated label-
ing changes for all statins except pravastatin in Febru-
ary 2012°%%, Moreover, previous clinical studies have
suggested an independent association between insulin
resistance and DKD progression®® .

The present findings may be unique to Asian
populations, as lower statin doses have been shown to
achieve lipid improvements in Asians comparable to
those obtained with higher doses in Caucasians®”.
Indeed, the doses of statins used in the present study
were relatively low. Furthermore, the targeted level of
LDL cholesterol in Japanese diabetic patients is milder
than that for Western populations®*?, which may be
reflected in the present findings among Japanese dia-
betic patients.

In the current sensitivity analyses, the superiority
of pravastatin in preserving the eGFR was not con-
firmed in the non-proteinuric patients. The change in
eGFR observed in the non-proteinuric patients in the
present study was more stable than that seen in the
other groups. In such patients, the kidney function
may be insusceptible to the additional beneficial effects
of statins. In the post hoc sub-analysis of the Collab-
orative Atorvastatin in Diabetes Study (CARDS), ator-
vastatin was shown to exert significant beneficial effects
on the changes in GFR in albuminuric patients, but
not in normoalbuminuric patients with a stable
change in GFR®. Meanwhile, the follow-up period
and/or sample size used in the present study may be
simply inadequate to evaluate changes in GFR.

In contrast to the results of the present study, in
the PLANET 1 trial, rosuvastatin was found to be infe-

rior to atorvastatin in preserving the kidney function
in diabetic patients”. However, recent studies using
meta-analysis have shown that the effects of rosuvas-
tatin and atorvastatin on the changes in GFR are simi-
lar® 7. Furthermore, the dose of statins administered
in the PLANET 1 trial was much higher than that
observed in the present study®. Kimura ez a/. demon-
strated the superiority of pitavastatin versus pravas-
tatin in reducing the urinary albumin levels in type 2
diabetic patients with macroalbuminuria”. However,
the decline in GFR in the patients treated with pitavas-
tatin tended to be steeper than that noted in the
patients treated with pravastatin?. Finally, several
reports have shown improvements in the kidney func-
tion with statin therapy in type 2 diabetic patients,
unlike the present study!'® ' %339, However, studies
reporting improvements in the GFR with statin ther-
apy involved post hoc sub-analyses of clinical trials
designed to assess non-renal outcomes**. In addi-
tion, the follow-up duration in certain studies was inad-
equate to evaluate changes in the kidney function'® V.

The present study has several limitations. First,
this was an observational historical cohort study, which
comes with inherent bias in the selection of drugs,
unlike randomized controlled trials. Recently, analyses
using PS have been increasingly used to reduce or mini-
mize the effects of confounding factors when assessing
observational or non-randomized data®®. In the pres-
ent study, we adopted the IPTW method based on the
PS in order to analyze the comparative effects of
statins on the changes in eGFR. This method has been
shown to be a powerful tool for evaluating observa-
tional data®%¥, although we understand that it is not
possible to correct for bias resulting from unknown or
unmeasured potential confounding factors. Further-
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more, in order to take into account the variety in the
number and spacing of eGFR measurements and the
duration of the follow-up period for each individual,
we determined the rate of change in ¢eGFR using a lin-
ear mixed-effects model regression analysis. Second, the
present study was performed using a relatively small
cohort. Third, the GFR values were estimated using
only the serum creatinine levels. Fourth, the urinary
albumin level, a strong risk factor for a decline in GFR,
was not measured in all patients, although similar
results were obtained when the sensitivity analysis was
performed among the patients with urinary albumin
measurements. Fifth, the present study did not include
a control group not prescribed statin therapy. Sixth, we
cannot exclude the possibility that the present cohort
included patients with renal diseases other than diabetic
nephropathy or nephrosclerosis, such as glomerulone-
phritis, even though none of the subjects were diag-
nosed as such at baseline. Finally, the present study was
carried out at a single urban university hospital; there-
fore, the study sample may not be representative of the
entire Japanese type 2 diabetic patient population.

Conclusion

The present findings provide evidence of the
superiority of pravastatin over rosuvastatin, atorvas-
tatin and pitavastatin in preserving the kidney func-
tion in Japanese patients with type 2 diabetes. Despite
the understanding that the most important role of
statins is cardiovascular protection, the current results
may be useful for selecting particular drugs for patients
with type 2 diabetes. Nevertheless, the present find-
ings should be confirmed in further studies including
larger sample sizes and a multi-center design as well as
randomized controlled trials.
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Abstract The Joint Committee on Diabetic Nephropathy
has revised its Classification of Diabetic Nephropathy
(Classification of Diabetic Nephropathy 2014) in line with
the widespread use of key concepts such as the estimated
glomerular filtration rate (eGFR) and chronic kidney dis-
ease. In revising the Classification, the Committee care-
fully evaluated, as relevant to current revision, the report of
a study conducted by the Research Group of Diabetic

Japan Diabetes Society, Japanese Society of Nephrology, Japanese
Society for Dialysis Therapy, and Japan Society of Metabolism and
Clinical Nutrition established the Joint Committee on Diabetic
Nephropathy, which published the revised Classification of Diabetic
Nephropathy 2014 in Japanese [1-4]. This is the English version of
that revision.
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Nephropathy, Ministry of Health, Labour and Welfare of
Japan. Major revisions to the Classification are summarized
as follows: (1) eGFR is substituted for GFR in the Clas-
sification; (2) the subdivisions A and B in stage 3 (overt
nephropathy) have been reintegrated; (3) stage 4 (kidney
failure) has been redefined as a GFR less than 30 mL/min/
1.73 m?, regardless of the extent of albuminuria; and (4)
stress has been placed on the differential diagnosis of
diabetic nephropathy versus non-diabetic kidney disease as
being crucial in all stages of diabetic nephropathy.

Keywords Diabetic nephropathy - Chronic kidney
disease (CKD) - Albuminuria - Proteinuria - Glomerular
filtration rate (GFR)

Introduction

Diabetic nephropathy became the leading cause of chronic
dialysis in 1998. Since then, the incidence of this condition
has increased with only a recent plateau. However, diabetic
nephropathy continues to account for a large proportion of
all cases of chronic kidney disease (CKD) and remains by
far the most common underlying cause of chronic dialysis
among all kidney diseases [5], consequently leading to the
escalation of healthcare costs, thus representing a com-
pelling medico-social issue of interest.

The Classification of Diabetic Nephropathy (hereafter
“Classification™) developed earlier by the Research Group
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of Diabetic Nephropathy at the Ministry of Health, Labour
and Welfare (MHLW) [6] and later revised by the Joint
Committee on Diabetic Nephropathy (hereafter “Commit-
tee”) (7] is widely used in Japan. However, as the concept
of CKD was proposed, followed by the classification of
CKD stages [8], it became clear that there exists a sub-
population of patients with discrepant classifications of
diabetic nephropathy and CKD. This is thought to be due to
the fact that diabetic nephropathy is primarily classified
according to the extent of albuminuria in addition to the
glomerular filtration rate (GFR) (i.e., creatinine clearance
[CCr]), whereas CKD is primarily classified based on the
estimated GFR [estimated GFR (eGFR)]. Meanwhile,
eGFR has become increasingly used to assess GFR, and a
new classification of CKD was developed in 2012 [9].
Against this background, the Committee therefore dis-
cussed issues of interest in depth and sought to develop a
revision of the Classification.

Development of the 2014 Classification (Revised
Classification) (see Table 1)

Prior to revising the Classification, as part of a MHLW-
subsidized project on kidney disease, entitled “Diabetic
Nephropathy Research, from the Ministry of Health,
Labour and Welfare of Japan”, a “historical cohort study”
was conducted by the Research Group of Diabetic
Nephropathy, MHLW, involving a total of 4,355 subjects
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with type 2 diabetes from 10 participating healthcare
facilities with the aim of evaluating renal events (ie., a
decrease in eGFR to half the baseline level and/or the need
for dialysis), cardiovascular events and all-cause mortality
[10, T1]. Summarized below are the major findings of this
study (for detailed information, please access the MHLW
website http://www.mhlw.go.jp/ or refer to the literature
cited above).

[.  Renal and cardiovascular events and all-cause mortal-
ity were significantly increased in the subjects with
micro- or macroalbuminuria compared to that observed
in the subjects with normoalbuminuria.

2. In those with renal impairment (defined as a GFR less

than 60 mL/min/1.73 m?):

a. The risk of renal events increased in association
with the onset of microalbuminuria and further
increased with the onset of macroalbuminuria in
the subjects;

b. The risk of cardiovascular events was increased in
those with micro-/macroalbuminuria; and

¢. All-cause mortality was increased in the subjects
with macroalbuminuria as well as those with
normoalbuminuria and microalbuminuria who
exhibited a GFR of less than 30 mL/min/1.73 m>.

While that study was not a true prospective study and
involved only a limited number of facilities and patients
from a population known to be less prone to cardiovascular
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events than those in Western countries, the findings provide
important insight into the prognosis of diabetic nephropa-
thy in Japanese patients. Therefore, in seeking to revise the
Classification, the Committee gave due consideration to the
above findings. At the same time, the following consider-
ations were also taken into account.

1. The bulk of evidence for the classification of diabetic
nephropathy comes from randomized controlled stud-
ies enrolling patients with diabetic nephropathy as
defined based on the extent of albuminuria, and very
little evidence is available for diabetic nephropathy as
defined based on GFR.

2. The current “Medical Service Fee Schedule for
Guidance on Preventing Diabetes-Associated Dialy-
sis” was developed with the Classification in mind.

3. The “Guidelines for Clinical Efficacy Evaluation of
Pharmacological Agents for Diabetic Nephropathy
(Draft)” currently in use were developed with the
Classification in mind.

Therefore, after giving due consideration to all of these
issues during the course of several sessions, the Committee
decided to leave the Classification essentially unchanged
for now (Table 1), while showing how it may be aligned
with the widespread CKD classification based on GFR
(eGFR) (“see Appendix”). The former is not, however,
presented as a heat map, due to the limitations of the study
referred to above, which involved a small number of
patients with diabetic nephropathy and included no dialysis
patients, providing the basis for this revision. Again, as all
kidney diseases affecting patients with diabetes are covered
in the Classification, the Committee called for attention
with notes included which were required, in order to
highlight the importance of the differential diagnosis
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Table 1 Classification of Diabetic Nephropathy 2014
Stage Urinary albumin (mg/g Cr) or  GFR (eGFR)
urinary protein (g/g Cr) (mL/min/
1.73 m%
Stage 1 (pre- Normoalbuminuria (< 30) >30%
nephropathy)
Stage 2 Microalbuminuria (30-299)° >30
(incipient
nephropathy)
Stage 3 (overt Macroalbuminuria (> 300) or  >30°
nephropathy) Persistent proteinuria (> 0.5)
Stage 4 (kidney Any albuminuria/proteinuria <30
failure) status?

Stage 5 (dialysis
therapy)

Any status on continued
dialysis therapy

Diabetic nephropathy does not always progress from one stage to the
next. The revised classification takes into account findings on the
prognosis of type 2 diabetic patients from a “historical cohort study”
conducted as part of the MHLW-subsidized Project on Kidney Dis-
ease, entitled “Diabetic Nephropathy Research, from the Ministry of
Health, Labour and Welfare of Japan” [10, 11]

2 While a GFR of less than 60 mL/min/1.73 m? is consistent with the
diagnosis of CKD, underlying causes other than diabetic nephropathy
may be involved in patients with a GFR below 60 mL/min/1.73 m”
thus calling for the differential diagnosis between diabetic nephrop-
athy and any other potential non-diabetic kidney diseases

® Patients with microalbuminuria are to be diagnosed as incipient
nephropathy after the differential diagnosis based on the criteria for
an early diagnosis of diabetic nephropathy

¢ Precautions are required in patients with macroalbuminuria, in
whom renal events (e.g., a decrease in eGFR to half its baseline value,
the need for dialysis) have been shown to increase as the GFR
decreases below 60 mL/min/1.73 m?

4 All patients with a GFR of less than 30 mL/min/1.73 m? are clas-
sified as exhibiting kidney failure, regardless of their urinary albumin/
protein values. However, in those with normoalbuminuria and mi-
croalbuminuria, the differential diagnosis is required between diabetic
nephropathy and any other potential non-diabetic kidney diseases

Key Precautions in View of Drug Use: This table is intended, first
and foremost, as a classification of diabetic nephropathy and not as a
guide to drug use. All drugs, including anti-diabetic drugs, particu-
larly renally metabolized agents, are to be used in accordance with
their prescribing information, with due consideration to relevant
factors such as GFR in each patient

between diabetic nephropathy and non-diabetic kidney
disease in all stages. The differential diagnosis calls for
collaboration with nephrologists; such collaboration is not
limited to cases requiring a renal biopsy. Furthermore,
given that the disease may not always progress in some
patients, numerous notes were included in the table in order
to call attention to these cases. Additionally, in view of the
potential need to use multiple anti-diabetic drugs over time,
“Key Precautions in View of Drug Use” are included
below the table. The major revisions to the Classification
are summarized below:

1. eGFR is now substituted for GFR in the Classification.
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2. The stages used in the Classification have been
simplified to include normoalbuminuria, microalbu-
minuria, macroalbuminuria and kidney failure.

3. The division between A and B (early versus late
macroalbuminuria) in stage 3 has been abandoned and
A and B have been reintegrated, due to the paucity of
evidence for proteinuria of 1 g/day as the threshold for
dividing the stage.

4. Kidney failure has been redefined in all cases as a GFR
less than 30 mL/min/1.73 m”, which represents the
threshold value for kidney failure obtained by quan-
tifying the existing definition of kidney failure in the
Classification based on the Classification of the
Japanese Society of Nephrology (JSN) [12] with all
other pre-kidney failure conditions redefined as a GFR
of 30 mL/min/1.73 m” or greater.

5. Qualifying or illustrating phases in parentheses, such
as “e.g., incipient nephropathy”, have been retained
throughout the Classification, as they have become
common currency in the field, although their removal
from the Classification was suggested during the
process of revision.

6. Stress is now placed on the differential diagnosis of
diabetic nephropathy versus non-diabetic kidney disease as
being crucial in all stages of diabetic nephropathy.

Of note, the American Diabetes Association (ADA)
proposed in its Clinical Practice Recommendations 2013
that all cases of albuminuria of 30 pg/mg Cr (=mg/g Cr)
be defined as “increased urinary albumin excretion”, thus
abandoning the division between micro- and macroalbu-
minuria [13]. Again, while this concept was retained in the
Clinical Practice Recommendations 2014, the ADA further
proposed that microalbuminuria and macroalbuminuria be
redefined as persistent albuminuria of 30-299 mg/24 h and
>300 mg/24 h, respectively [14]. While this change may
result in the terms micro- and macroalbuminuria ceasing to
be common currency in the clinical setting in the US, to
avoid confusion, the Committee has chosen not to follow
suit and rather err on the side of caution, thereby retaining
these terms in the Classification, given that they are less
likely to no longer be used in scientific publications and are
expected to remain common currency in Japan.

Last but not least, with a number of multicenter pro-
spective studies currently underway, including the Japan
Diabetes Complication and Prevention prospective (JDCP)
study, JSN registries, Japan Diabetes Clinical Data Man-
agement (JDDM) studies and Japan Diabetes Optimal
Integrated Treatment for 3 Major Risk Factors of Cardio-
vascular Diseases (J-DOIT3) randomized study, the Com-
mittee also plans to further revise the Classification in a
timely fashion as required, as relevant evidence becomes
available from these and other studies.

@ Springer

Conclusions

In order to resolve the discrepancy between the existing
Classification of Diabetic Nephropathy and the current
Classification of CKD stages, the Joint Committee on
Diabetic Nephropathy revised its Classification of Dia-
betic Nephropathy. The new classification has already
been uploaded onto the website of each member society
represented on the Joint Committee as of January 10,
2014. Again, in view of further revisions in the years to
come, the Joint Committee has termed the revised clas-
sification as the “Classification of Diabetic Nephropathy
2014.”
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Appendix
Relationship between the 2014 categories for diabetic nephropathy stages and the CKD severity categories
Albuminuria category Al A2 A3
Quantitative urinary albumin estimation Macroalbuminuria
Urinary albumin/Cr ratio (mg/g Cr) Normoalbuminuria Microalbuminuria 2300
{quantitative urinary protein estimation) <30 30-299 (or increased proteinuria)
(urinary protein/Cr ratio {g/g Cr) (20.50)
290
GFR category 60-89 Stage 1 Stage 2 Stage 3
(mL/min/1.73 m?) 45-59 (pre-nephropathy) (incipient nephropathy) (overt nephropathy)
30-44
15-29 Stage 4
<15 (kidney failure)
L Stage 5
(dialysis therapy) (dialysis therapy)
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Abstract

Objective Diabetes is a major risk factor for chronic kidney disease (CKD). In this study, we examined the
effects of alogliptin on blood glucose control and the renal function in type 2 diabetes CKD patients.
Methods We recruited 36 CKD patients with type 2 diabetes. The patients were followed up for six months
after adding alogliptin. Blood biochemical, urine test and office BP values were obtained six months before
and after the start of treatment.

Results The mean HbAlc value was not decreased: however, the 1,5-AG values tended to improve (p=
0.1023). The mean eGFR was unchanged. There were no significant changes in the patients with an eGFR of
60 mL/min/1.73 m* or more (25 patients) or in the patients with an eGFR less than 60 mL/min/1.73 m* (11
patients). A total of 15 patients were identified to have rapidly declining diabetic nephropathy, with an annual
reduction in eGFR of 5 mL/min/1.73 m® or more. The slope of the regression line for eGFR (-1.296 before
starting treatment with alogliptin) was positive, increasing up to 0.08786. The eGFR values appeared to stop
decreasing and positively reversed. The urinary albumin-to-creatinine ratio exhibited a downward trend. The
effect on the renal function was independent of the levels of blood sugar, blood pressure and lipids.
Conclusion We examined the ability of alogliptin to maintain the renal function in patients with CKD com-
plicated by type 2 diabetes. Our study suggests that alogliptin can be safely administered in patients with
CKD. However, although we expected alogliptin to demonstrate renal protective effects, were unable to de-

tect statistically significant differences. One reason for this finding is that there are few registered cases.

Key words: alogliptin, dipeptidyl deptidase-4 (DPP-4) inhibitor, chronic kidney disease (CKD), diabetic
nephropathy, rapid progress diabetic nephropathy

(Intern Med 53: 195-203, 2014)
(DOI: 10.2169/internalmedicine.53.1292)

Introduction

Diabetes is a risk factor for a reduced renal function (1).
Deterioration of the renal function is known to be an impor-
tant risk factor for cardiovascular events and diabetes (2). In
order to reduce these risk factors, it is important to control
the blood glucose levels while avoiding possible hypoglyce-
mia in patients with diabetes in the early stages of the dis-
ease (3-6). Elderly patients with diabetes and those who
have suffered from the disease for a long time, however,
often experience deterioration of the renal function (7). In-

deed, patients with diabetes whose renal function is deterio-
rated have more hypoglycemic episodes (8-10). Therefore,
diabetes treatment must address the possible effects of a re-
duced renal function in patients with diabetes (11, 12).
Among the recently launched diabetes drugs that have
achieved marked progress in treatment, oral dipeptidyl
peptidase-4 (DPP-4) inhibitors (“DPP-4 inhibitors”) carry a
lower risk of hypoglycemia and body weight gain (13-17).
Their benefits in protecting the kidneys have been also re-
ported in recent studies (18-24). These drugs have attracted
extensive interest as promising new alternatives to existing
diabetes drugs in patients with diabetes and a reduced renal
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Table 1. Patient Baseline Characteristics (n=36)
ALL (n=36)
Parameter Statistics
Age 63.0+13.1
Male, n (%) 24 (66.7)
BMI (kg/m®) 23.6+5.6
Dulation (y) 16.3+9.1
ARB, n (%) 17 (47.2)
Statin, n (%) 15(41.7)
-6M oM 6M
Blood pressure (mmHg)
Systolic 119.6+£234 114.0+£239 1204+175 g
Diastolic 653+17.6 614+164 66.1+£142 4
HbAlc (%) 731118 7.07+£117  723+1.07 pg
1,5-AG (ug/mL) 7324482  595+363 940£7.63 g
eGFR (mL/min/1.73m") 723+250  71.0+289  68.5%292  pg
eGFR <60mL/min/1.73m’, n (%) 11 (30.6)
Albuminuria (mg/gCr) 76.6 £85.5 1115+ 111.1 61.9+£572  pg
TC (mg/dL) 212.1+574 201.7+33.6 200.9+33.6 g
HDL-C (mg/dL) 49.6 +8.8 51.7+£10.0 524+100 g
LDL-C (mg/dL) 1355+283 131.4+262 1345+264 g4
TG (mg/dL) 17771354 1673+£968 160.9+982 pg

function.

To obtain further insight into the efficacy of DPP-4 in-
hibitors, we examined the effects of alogliptin on blood glu-
cose control and the renal function in patients with chronic
kidney disease (CKD) complicated by type 2 diabetes.

Materials and Methods

This was a retrospective observational exploratory study
performed in type 2 diabetes patients who had attended the
Nippon Medical School Musashikosugi Hospital between
November 2011 and August 2012. The study population in-
volved all patients with CKD (estimated glomerular filtra-
tion rate [eGFR] <60 mL/min/1.73 m’ or micro albuminuria
>30 mg/gCr) (25) who had been treated for diabetes for six
months or longer.

The initial daily dose of alogliptin was set at 6.25 mg.
The dose was increased up to 25 mg in patients whose
HbAlc (National Glycohemoglobin Standardization Program
[NGSP] value) (26) level did not favorably change after
treatment. The patients were followed up for six months af-
ter the commencement of treatment. During the treatment
and follow-up periods, no other diabetes drugs were added
and no antihyperlipidemic drugs were replaced. Data regard-
ing the HbAlc, 1,5-AG and serum creatinine levels, other
blood biochemical parameters, urinalysis results and systolic
and diastolic blood pressure within the six-month periods
before and after the start of alogliptin treatment were ex-
tracted from the patients’ medical records. The usual labora-

tory methods employed by the hospital were used through-
out the study. The estimated GFR was calculated using a
formula based on the serum creatinine level developed by
the Japanese Society of Nephrology for the Japanese popu-
lation (27).

The measurement values are shown as the meantstandard
deviation (mean+SD). A one-way ANOVA of the longitudi-
nal data was performed to address multiplicity. Tukey’s mul-
tiple comparison test was then used to perform the post hoc
test. p values less than 0.05 were regarded to be statistically
significant. Regression lines were separately determined for
the data collected during the six-month period before the
start of treatment and the six-month period after the start of
treatment for comparison. For the various intergroup com-
parisons, Fisher’s exact test was used. The correlations be-
tween parameters were examined using a Pearson product-
moment correlation analysis. The patients were divided into
two groups based on an estimated glomerular filtration rate
(eGFR) of 60 mL/min/1.73 m® or more or an eGFR less
than 60 mL/min/1.73 m’. In addition, regression lines were
determined for the two groups for comparison.

Results

The patients’ background characteristics are shown in Ta-
ble 1. The subjects consisted of 24 men and 12 women. The
mean (xSD; the data are hereinafter presented in this for-
mat) age was 63.0+13.1 years and the mean duration of dis-
ease was 16.3x9.1 years. The mean HbAlc level was 7.1+
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1.2%, the mean 1,5-AG value was 6.0£3.6 pg/mL, the mean
eGFR was 71.0428.9 mL/min/1.73 mm” and the mean level
of albuminuria (urinary albumin-to-creatinine ratio, UACR)
was 111.5x111.1 mg/gCr. The last dose of alogliptin was
6.25 mg in five subjects and 25 mg in 31 subjects. The ex-
isting therapeutic agents included sulfonylureas in 14 sub-
jects, a combination of sulfonylureas and thiazolidines in
four subjects, insulin in seven subjects and glinides in three
subjects. Eight subjects were treated with diet only. The

1,5-AG
20+
~o- before
154 T -m- after
E
S 10+ =
a
54
o L
1 ¥ L) 1 1 1 1
0 1 2 3 4 5 6
Month

Figure 1. Comparison of the slopes of the regression lines of
the 1,5-AG values before and after treatment.

Before: Y=-0.3212%X+7.213, After: Y=0.6255*X+4.886,
p=0.0059

mean BMI was 23.625.6 kg/m’, the mean systolic blood
pressure was 114.0423.9 mmHg and the mean diastolic
blood pressure was 61.4+16.4 mmHg. The mean total cho-
lesterol level was 201.7+33.6 mg/dL, the mean HDL choles-
terol level was 51.7+10.0 mg/dL, the mean LDL cholesterol
level was 131.4+26.2 mg/dL and the mean triglyceride level
was 167.3:96.8 mg/dL.. No parameters showed any signifi-
cant changes during the examined period. Angiotensin re-
ceptor blockers (ARBs) and statins were used in 17 and 15
subjects, respectively. The dose of ARBs was increased in
four subjects and decreased in three subjects. The dose of
statins was not changed.

The mean HbAlc level was 7.2x1.1% after six months of
alogliptin therapy and did not show any significant changes
for 13 months (p=0.9031) (Table 1). However, the mean
1,5-AG improved to 9.4£7.6 pg/mL after six months of
treatment, although the change was not significant (p=
0.1023). The slope of the regression line was negative
(-0.3212) for the six months before treatment and positive
(0.6255) after the start of treatment. The difference between
the slopes of the regression lines was significant (p=0.0059)
(Fig. 1).

We divided the subjects into two groups: those whose
HbAlc level improved (improved group) and those whose
HbAlc level was exacerbated (exacerbated group). The
background characteristics of these two groups are shown in

Table 2. Baseline Characteristics of the Improved Group (n=14) and the Exacerbation group (n=22)

Improvement group (n=14)

Exacerbation group (n=22)

Parameter Statistics Statistics
Age 62.8+13.7 63.1+13.1  ns
Male, n (%) 11 (78.6) 13(59.1) ns
BMI (kg/m®) 24.0+5.6 234462 ns
Dulation (y) 16.1£9.3 16.5+9.2 ns
ARB, n (%) 6 (42.9) 11 (50.0) ns
Statin, n (%) 5(35.7) 10 (45.5) ns
-6M oM 6M -6M oM 6M

Blood pressure (mmHg)

Systolic 11374225 106.1£200 1159£13.7 ns 12334238 11924253 1234192 ns

Diastolic 60.6+9.7 587109 63.0+93 s 6834208  63.1+192 681165 ns
HbAlc (%) 77841.65 7.41+138  673+£1.09 ns 7.05:0.76  6.84+£096 7.60+0.92 p=0.0332(0M vs. 6M)
1,5-AG (ng/mL) 5644469  632+444  11.59+9.13 ns 8224486  5.67+£3.07 7.55+583 ns
¢GFR (mL/min/1.73m?) 775294  753%264  73.1+280 ns 68.8+£219 695322 648+303 ns
eGFR <60mL/min/1.73m’, n (%) 4(28.6) 7(31.8)
Albuminuria (mg/gCr) 7974943  1247+127.1 674£545 ns 721840  85.1£78.8 52.0+67.1 ns
TC (mg/dL) 217.8+86.9 1863+33.5 188.9+375 ns 2083+26.1 212.0£30.2 209.0+29.6 ns
HDL-C (mg/dL) 490+£107 527114 535104 ns 50.0 7.7 51194 51699 s
LDL-C (mg/dL) 123.4+23.7 1233+21.0 124.0+30.1 ns 143.6+29.0 1363283 141.6+21.7 ns
TG (mg/dL) 218.7+199.9 170.1+1282 159.3+109.6 ns 1503585 1654+724 162.0+92.7 ns

TC: p=0.0242 (Improvement group OM vs. Exacerbation group OM)
BMI: body mass index, ARB: angiotensin receptor blockers, ns: not significant
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Figure 2. Comparison of the slopes of the regression lines of

the eGFR (a) and UACR (b) values in the improved group and
the exacerbation group.

a. Improved group: Y=-0.6182%X+77.68, Exacerbation group:
Y=-0.5982%X+72.76, p=0.9825

b. Improved group: Y=-9.561*X+102.2, Exacerbation group:
Y=-5.097*X+86.65, p=0.4211

Table 2. Only the TC levels demonstrated a significant dif-
ference between the improved group and the exacerbated
group at baseline (p=0.0242), and only the HbAlc levels in
the exacerbated group showed significant changes during the
examined period (p=0.0332). In the analysis of variance of
the eGFR and UACR, no significant differences were noted
in any parameter in either the improved or exacerbated
group (the eGFR was 0.9992 in both the improved and ex-
acerbated groups, while the UACR was 0.8201 in the im-
proved group and 0.8080 in the exacerbated group). No sig-
nificant differences were observed in the slopes of the re-
gression lines for eGFR and UACR between the improved
group and the exacerbated group (eGFR: p=0.9825, UACR:
p=0.4211) (Fig. 2).

The Pearson product-moment correlation analysis per-
formed to identify parameters correlated with the HbAlc
levels after the administration of alogliptin revealed a sig-
nificant correlation with the eGFR values (Y=0.01349%X+
6.237, r=0.3989, p=0.0160), indicating higher HbAlc levels
in the subjects with a better renal function (Fig. 3).

No major changes were observed in the eGFR values af-
ter six months; the mean eGFR was 68.5+29.2 ml/min/1.73
mm’. No significant differences were noted in the analysis
of variance (p=0.9996) (Table 1). The slope of the regres-
sion line was -0.3318 for the six months before treatment
and -0.5829 for the six months after the start of treatment,
with no significant differences (p=0.6439) (Fig. 4).
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Figure 3. Correlation between the mean value of HbAlc and
the mean value of eGFR after treatment.
Y=0.01349%X+6.237, r=0.3989, p=0.0160
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Figure 4. Comparison of the slopes of the regression lines of
the eGFR values in all subjects before and after treatment.
Before: Y=-0.3318*X+72.77, After: Y=-0.5829*X+74.65,
p=0.6439

The analysis of the two groups determined based on the
eGFR [eGFR of 60 mL/min/1.73 m’ or higher (25 subjects);
eGFR below 60 mL/min/1.73 m* (11 subjects)] revealed no
significant changes in either group (p=0.9982 in the former
group and p=0.9149 in the latter group). The slopes of the
regression lines before treatment and after the start of treat-
ment were -0.2389 and -0.3571 in the former group and
0.1089 and -0.4257 in the latter group, respectively, without
any significant differences (p=0.8419, p=0.6328) (Fig. 5).

We considered the subjects whose eGFR decreased by 5
mL/min/1.73 m’ per year or faster as having rapidly pro-
gressive diabetic nephropathy (rapid decliner group). A total
of 15 such patients were identified based on changes in the
eGFR during the six months before treatment with alogliptin
(Table 3 shows the background characteristics of the rapid
decliner group and the remaining subjects). In the subjects
with rapid progression of renal dysfunction, the mean eGFR
was 70.1+28.4 mL/min/1.73 m’ six months before treatment
with alogliptin, decreased to 64.2+25.6 mL/min/1.73 m’ at
the start of treatment and was 64.7+28.3 mL/min/1.73 m’
six months after the start of treatment. Although the analysis
of variance did not reveal any significant differences (p=
0.9992) (Table 3), the slope of the regression line was
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Figure 5.
CKD stage 3,4 and 5 (b).

a. n=25, Y=0.02681*X+85.43, p=0.9982
b. n=11, Y=0.06698%X+39.12, p=0.9149

Changes in the eGFR values in the patients with CKD stage 1 and 2 (a) and those with

Table 3. Baseline Characteristics of the Rapid Decliner Group (n=15) and the Other Subjects (n=21)

Rapid decliner group (n=15)

Other subjects (n=21)

Parameter Statistics Statistics
Age 63.8 = 14.1 624127 ns
Male, n (%) 9 (60.0) 15 (71.4) ns
BMI (kg/m®) 24,5459 230459  ns
Dulation (y) 18.3+9.1 14.9+9.0 ns
ARB, n (%) 8(53.3) 9 (42.9) ns
Statin, n (%) 4(26.7) 11(52.4) ns
-6M oM 6M -6M oM 6M

Blood pressure (mmHg)

Systolic 11194207 105.2+17.5 11374147 ns 1250 £242  1205£262 1252+18.0 ns

Diastolic 58.3+9.0 52.8+6.5 60.3+£8.6  p=0.0426 (OM vs.6M) 703%205 67.5£187  703+160 ns
HbAlc (%) 7.03+£0.87  695+£087  7.09+094 ns 7594141 7.16£134  734%1.17 ns
1,5-AG (pg/mL) 693432 5564448 8184533 ns 7584529  6.14%330 10.14+882 ns
eGFR (mL/min/1.73m") 70.1 4284  64.2+256  64.7+283 ns 744£224 7724314  713£303 ns
eGFR <60mL/min/1.73n7, n (%) 5(33.3) 6 (28.6)
Albuminuria (mg/gCr) 66.1£544  122.6+1344 50.0+399 ns 83.7+ 1060 106.0+107.5 68.6+£66.1 ns
TC (mg/dL) 213.9£26.0 205.6+364 207.5£39.9 ns 2109+71.9 198.8+32.0 196.1+ 28.8 ns
HDL-C (mg/dL) 49.6 % 8.9 505+86  527+93  ns 49.6+9.1 526111  521+107 ns
LDL-C (mg/dL) 139.9£233 1392243 137.8£28.8 ns 1321322 1259£268 132.1+250 ns
TG (mg/dL) 177.0 £ 122.6 167.4+85.0  153.7 £ 106.6 ns 178.1+146.8 1672+ 107.0 1663 £93.2 ns

BP diastolic: p=0.0061 (Rapid decliner group OM vs. Other subjects OM)
BMI: body mass index, ARB: angiotensin receptor blockers, ns: not significant

-1.296 before treatment with alogliptin and became positive
at 0.08786 after the start of treatment, indicating that the
eGFR values stopped declining and instead showed a ten-
dency to increase (p=0.1105) (Fig. 6).

Regarding the background factors, a significant difference
was observed in diastolic blood pressure (p=0.0061); i.e.,
the diastolic blood pressure values were significantly lower
in the rapid decliner group. During the examined period, the

diastolic blood pressure values in the rapid decliner group
were significantly increased (p=0.0426). No other back-
ground factors demonstrated significant differences, and no
other significant changes were noted during the examined
period (Table 3).

We defined the subjects whose eGFR was decreased
(<60) without overt proteinuria as early decliners, identify-
ing eight such subjects. Among these subjects, the eGFR
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