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ABSTRACT

Introduction Changes in albuminuria or estimated
glomerular filtration rate (eGFR) can be used as a
surrogate endpoint of end-stage kidney disease (ESKD)
in people with type 2 diabetes. We investigated whether
the combined changes in albuminuria and eGFR are more
strongly associated with future risk of ESKD.
Research design and methods Using data from a
multicenter observational cohort study of people with type
2 diabetes, we evaluated the association of percentage
change in urine albumin to creatinine ratio (UACR) and/or
annual change in eGFR over 2 years with subsequent ESKD
risk.
Results Among 1417 patients with repeated albuminuria
and eGFR over 2 years, 129 (9.1%) developed ESKD.
Patients with >30% UACR decline had lower ESKD risk
(HR 0.47; 95% CI 0.29 to 0.77), whereas those with
>30% UACR increase had higher ESKD risk (HR 2.31;
95% CI 1.52 to 3.51), compared with those with minor
UACR change. Patients with greater eGFR decline had an
increased ESKD risk than those with minor eGFR change
(a decline of <2.5 mL/min/1.73 m2/year): HR 4.19 (95%
CI 1.87 to 9.38) and 2.89 (95% CI 1.32 to 6.33) for those
with a decline of >5 and 2.5–5 mL/min/1.73 m2/year,
respectively. When the combined changes in UACR and
eGFR were used, the highest ESKD risk (HR 5.60; 95%
CI 2.08 to 15.09) was observed among patients with
>30% UACR increase and an eGFR decline of >5 mL/
min/1.73 m2/year compared with those with a minor
change in UACR and eGFR.
Conclusions Combined changes in albuminuria and eGFR
over 2 years were strongly associated with future risk of
kidney failure in patients with type 2 diabetes.

INTRODUCTION
Diabetic kidney disease develops in approximately 40% of individuals with diabetes and
remains a leading cause of end-stage kidney
disease (ESKD) throughout the world.1 2 Hence,
early recognition of diabetic kidney disease
progression is critical for early risk stratification
and targeted intervention to prevent ESKD.

Significance of this study
What is already known about this subject?
►► Changes in albuminuria or estimated glomerular

filtration rate (eGFR) are independently associated
with a risk of end-stage kidney disease (ESKD) in
people with type 2 diabetes.
►► Whether the combined changes in albuminuria and
eGFR are associated with a greater risk of ESKD than
individual changes in albuminuria or eGFR remains
unknown.

What are the new findings?
►► Among 1417 patients with type 2 diabetes, a strong

positive relationship between percentage changes in
albuminuria and future risk of ESKD as well as an
inverse relationship between annual change in eGFR
and risk of ESKD were found.
►► When the combined changes in urine albumin to
creatinine ratio (UACR) and eGFR were used, the
highest ESKD risk (HR 5.60; 95% CI 2.08 to 15.09)
was found among patients with >30% UACR increase and eGFR decline of >5 mL/min/1.73 m2/
year compared with those with a minor change in
UACR and eGFR.

How might these results change the focus of
research or clinical practice?
►► The combined changes in albuminuria and eGFR

were more strongly associated with future risk of
kidney failure than either parameter alone.
►► Closely monitoring albuminuria and eGFR over
time may be beneficial in identifying patients with
diabetes who are at high risk of kidney failure and
in initiating appropriate preventive and therapeutic
strategies early.

In recent years, there has been increasing
evidence on the predictive utility of short-
term changes in urine albumin to creatinine
ratio (UACR) and estimated glomerular
filtration rate (eGFR) in predicting the risk
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Combined changes in albuminuria and
kidney function and subsequent risk for
kidney failure in type 2 diabetes

Pathophysiology/complications

RESEARCH DESIGN AND METHODS
Patients and study design
We used the data from an observational cohort study of
4328 patients with type 2 diabetes treated at 10 centers
across Japan between 1985 and 2010. Type 2 diabetes was
diagnosed according to the criteria of the Japan Diabetes
Society.8 Exclusion criteria were any of the following
conditions: age <18 years, type 1 or secondary diabetes,
kidney transplantation, maintenance dialysis, missing
values for baseline covariates, including UACR, eGFR,
glycated hemoglobin (HbA1c), and systolic blood pressure, and refusal to provide informed consent. A detailed
description of the study design was published previously.9
Use of other background therapies for glycemic management and control of cardiovascular risk factors were
recommended according to local guidelines. All participants provided written informed consent.
This study was restricted to those who underwent
repeated UACR and serum creatinine measurements
within 2 years from baseline (online supplemental
figure 1). We also excluded patients who discontinued
the follow-
up or experienced the primary outcome
within 2 years. Urine albumin and creatinine levels
were measured using a turbidimetric immunoassay and
an enzymatic method applied on spot urine samples.
Serum creatinine level was measured using an enzymatic
method, and eGFR was estimated using the equation
proposed by the Japanese Society of Nephrology.10
Study outcome
This study’s primary outcome was ESKD, defined as renal
replacement therapy or an eGFR of <15 mL/min/1.73
m2. Regarding the association between changes in UACR
and eGFR over 2 years and outcome, patients were
followed up from 2 years until the onset of the first study
2

outcome or the end of follow-up until October 2011. In
the sensitivity analysis, we repeated the analyses using
ESKD or death as the study outcome.
Statistical analyses
We calculated the percentage change in UACR over 2
years from baseline based on two UACR measurements
recorded at baseline and at 2 years. If UACR measurements were not recorded at 2 years, change in UACR was
calculated using UACR measurements at 1 year instead.
We then classified the patients into three categories,
namely >30% decline, 30% decline to 30% increase
(minor change), and >30% increase, as done in previous
studies.3 4 11 12
The annual change in eGFR was calculated using
linear mixed-effects models, based on two or three eGFR
measurements recorded at baseline and at 1 and/or
2 years. Patients were then classified into three categories, namely substantial decline (>5 mL/min/1.73 m2/
year), mild decline (2.5–5 mL/min/1.73 m2/year), and
minor change (<2.5 mL/min/1.73 m2/year), as done
in previous studies.13 A decline in eGFR of greater than
−5 mL/min/1.73 m2/year is defined as a rapid eGFR
decline according to the 2012 Kidney Disease: Improving
Global Outcomes(KDIGO) guideline.14
Baseline patient characteristics were summarized
according to the categories of changes in UACR and
eGFR. Continuous variables were reported as mean
with SD for variables with approximately symmetrical
distributions. The results for variables with skewed distributions were presented as median and IQR and were
transformed into natural logarithms before analysis.
Correlations between the changes in UACR and eGFR
were tested using Pearson’s correlation coefficient. For
assessing factors associated with >30% increase in UACR
or a substantial decline in eGFR (>5 mL/min/1.73 m2/
year), logistic regression analyses were performed after
adjusting for baseline covariates including age, sex,
history of cardiovascular disease (coronary heart disease,
stroke, cerebral hemorrhage, heart failure, or arteriosclerosis obliterans), systolic blood pressure, HbA1c, log-
transformed albuminuria, and eGFR.
Cox proportional regression was used to analyze the
association between changes in UACR and eGFR and
kidney outcome. In this analysis, we used minor change
in UACR and eGFR as reference and adjusted for baseline
covariates, including age, sex, history of cardiovascular
disease, systolic blood pressure, HbA1c, log-transformed
albuminuria, and eGFR. Linear trends across the categories of change in UACR and eGFR were evaluated
by including categories as a continuous variable in the
model. The same approach was used to evaluate the association between the combination of changes in UACR
and eGFR and kidney outcome using minor changes in
both UACR and eGFR as reference.
We next performed subgroup analyses according to
baseline covariates, including age (<60 or ≥60 years), sex,
eGFR (<60 or ≥60 mL/min/1.73 m2), and albuminuria
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of ESKD. Previous meta-analyses from clinical trials of
renin-angiotensin-aldosterone system(RAAS) inhibitors
have demonstrated that the reduction in albuminuria
during the first few months of treatment is associated
with risk reduction for poor kidney outcomes.3 4 Similarly,
previous studies have reported that an annual greater
decline in eGFR over time is associated with a higher risk
for ESKD.5 6 These data support the monitoring of albuminuria and eGFR to inform kidney prognosis, and both
changes in albuminuria and eGFR are currently recommended as surrogate endpoints of chronic kidney disease
(CKD) progression.7 However, these results primarily
focus on either albuminuria or eGFR. It remains unclear
whether the combined changes in albuminuria and eGFR
are associated with a greater risk of ESKD than individual
changes in albuminuria or eGFR.
This study’s objective was to explore the prognostic
value of short-term changes in albuminuria and eGFR in
predicting ESKD risk in individuals with type 2 diabetes
using the data of a multicenter observational cohort study
of patients with type 2 diabetes with long-term follow-up.

Pathophysiology/complications

RESULTS
Patient characteristics
Among the 4328 patients in the overall cohort, 1417
(32.7%) were included in our final cohort. The mean
age of the study cohort was 60 years (SD 11), 57% were
men, the mean eGFR was 80 mL/min/1.73 m2 (SD
25), and the median UACR was 19 mg/g (IQR 9–86)
(table 1). The baseline characteristics of this patient
cohort were similar to those of the entire study cohort.9
The median change in UACR over 2 years was 0% (IQR
−34% to 58%) (online supplemental figure 2). Patients
with an increase in UACR of >30% were more likely
to be younger and have lower levels of blood pressure
and UACR and higher levels of HbA1c than those with
>30% decline in UACR. The mean annual change in
eGFR was −3.7 (SD 3.5) mL/min/1.73 m2/year (online
supplemental figure 2). Patients with a substantial
decline in eGFR of >5 mL/min/1.73 m2/year were
more likely to have higher levels of systolic blood pressure, HbA1c, and UACR than patients with a minor
change in eGFR (a decline of <2.5 mL/min/1.73 m2/
year).
There was no correlation between the change in
UACR and in eGFR (|r|=0.05, p=0.06; online supplemental figure 3). In the multivariate analyses, younger
age, higher levels of HbA1c, and lower levels of UACR
and eGFR were independently associated with a higher
risk of >30% increase in UACR over 2 years, whereas
older age and higher levels of HbA1c, UACR, and eGFR
were associated with a higher risk of substantial decline
in eGFR (>5 mL/min/1.73 m2/year) (online supplemental table 1).
Association between UACR and eGFR changes and kidney
outcome
Over a median follow-up of 6 years (IQR 5–7), 129
(9.1%) patients developed ESKD. Patients with >30%
BMJ Open Diab Res Care 2021;9:e002311. doi:10.1136/bmjdrc-2021-002311

decline in UACR were associated with a lower risk of
ESKD (HR 0.47; 95% CI 0.29 to 0.77; p=0.003), whereas
those with >30% increase in UACR were associated with
a higher risk of ESKD (HR 2.31; 95% CI 1.52 to 3.51;
p<0.001) than patients with a minor change in UACR
(30% decline to 30% increase) (figure 1A). There was
a positive linear association between change in UACR
and ESKD risk (p value for trend <0.001).
In contrast, there was an inverse linear association between annual change in eGFR and ESKD risk
(p<0.001) (figure 1B). Compared with patients with a
minor change in eGFR (a decline of <2.5 mL/min/1.73
m2/year to increase), those with greater eGFR decline
were associated with an increased risk of ESKD, with the
HR values being 4.19 (95% CI 1.87 to 9.38; p<0.001) for
those with a substantial decline of >5 mL/min/1.73 m2/
year and 2.89 (95% CI 1.32 to 6.33; p=0.008) for those
with a decline of 2.5–5 mL/min/1.73 m2/year.
When the combination of changes in UACR and
eGFR categories was used, we found the highest risk
for ESKD among patients with >30% increase in UACR
and a substantial decline in eGFR of >5 mL/min/1.73
m2/year compared with those with a minor change in
both UACR and eGFR (HR 5.60; 95% CI 2.08 to 15.09;
p<0.001) (figure 2).
Subgroup and sensitivity analyses
The overall results remained unchanged across baseline
patient characteristics defined by age, sex, eGFR, and
albuminuria (online supplemental table 2). The association between changes in UACR and ESKD risk was
stronger in patients with normal kidney function (eGFR
≥60 mL/min/1.73 m2) than in those with kidney dysfunction (eGFR <60 mL/min/1.73 m2) (p value for interaction 0.026). Stronger association was also observed
between changes in eGFR and ESKD risk in those with
eGFR ≥60 mL/min/1.73 m2, compared with those with
eGFR <60 mL/min/1.73 m2 (p value for interaction
0.034). In contrast, the associations between changes in
UACR and eGFR and ESKD risk were consistent across
baseline albuminuria subgroups (p value for interaction
>0.63).
In the sensitivity analysis, statistically significant but
weaker associations were observed for subsequent risk
of ESKD or death (online supplemental table 3). When
a >43% increase in UACR was used instead of a >30%
increase, a strong linear association remained unchanged
between changes in UACR and ESKD risk (p value for
trend <0.001) (online supplemental table 4). The associations were statistically significant but weaker when using
absolute changes in UACR, compared with the analysis using percentage changes in UACR. Furthermore,
patients with progression of albuminuria were associated
with a higher risk of ESKD (HR 2.86; 95% CI 1.23 to 4.44;
p=0.02) compared with those without. When percentage
changes in eGFR were used, statistically significant but
weaker associations were observed between changes in
3
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(<30, 30–300, or >300 mg/g). Interaction tests were
performed by adding an interaction term between the
categories of changes in UACR and eGFR and the categories of baseline covariates to the Cox models. For
sensitivity analyses, we repeated the analyses using the
following multiple measures of changes in UACR over 2
years: (1) 43% increase instead of 30% increase, (2) absolute changes in UACR (calculated based on two UACR
measurements recorded at baseline and at 2 years), (3)
progression of albuminuria (increase from <30 mg/g to
≥30 mg/g or from 30–300 mg/g to ≥300 mg/g at 1 or 2
years), and (4) regression of albuminuria (decrease from
≥30 mg/g to <30 mg/g or from ≥300 mg/g to <300 mg/g
at 1 or 2 years). We also repeated the analyses using
percentage changes in eGFR (calculated based on two
eGFR measurements recorded at baseline and at 2 years):
>30% decline, >0%–30% decline, and ≥0% increase.
P<0.05 was considered statistically significant, and all
analyses were performed using Stata V.16.

BMJ Open Diab Res Care 2021;9:e002311. doi:10.1136/bmjdrc-2021-002311

802 (57)
133 (9)
132 (19)
76 (11)
8.1 (1.7)

Male, n (%)

History of cardiovascular disease, n (%)

Systolic blood pressure

Diastolic blood pressure

HbA1c, %

eGFR, mL/min/1.73 m

188 (46)

38 (3)
19 (9–86)
848 (60)
359 (25)
210 (15)
0
(−34 to 58)
−3.7 (3.5)

 <30

UACR (IQR), mg/g

 <30

 30–<300

 ≥300

Percentage change in UACR (IQR), %

−52
(−69 to −39)
−3.8 (3.1)

72 (18)

147 (36)

10 (2)

27 (7)

−2
(−18 to 11)
−3.6 (3.3)

79 (14)

98 (18)

373 (68)

14 (8–55)

19 (3)

31 (6)

41 (7)

286 (52)

173 (31)

80 (25)

8.0 (1.6)

76 (11)

132 (19)

52 (9)

321 (58)

550
60 (11)

Minor change
(decline
≤30% to
increase
≤30%)

eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin; UACR, urine albumin to creatinine ratio.

Annual change in eGFR, mL/min/1.73 m2/year

36 (15–166)

80 (6)

 30–<45

42 (10)

147 (10)

 45–<60

193 (47)

135 (33)

80 (25)

706 (50)

446 (31)

7.9 (1.6)

77 (12)

136 (20)

34 (8)

213 (52)

407
61 (11)

Decline >30%

 60–<90

 ≥90

80 (25)

1417
60 (11)

n
Age, years

2

Overall

Percentage change in UACR

101
(58 to 202)
−4.0 (4.0)

59 (13)

114 (25)

287 (62)

17 (8–82)

9 (2)

22 (5)

64 (14)

227 (49)

138 (30)

79 (25)

8.3 (1.8)

75 (11)

130 (19)

47 (10)

268 (58)

460
59 (12)

Increase >30%

Baseline characteristics according to percentage changes in UACR and annual changes in eGFR over 2 years

−7.7 (2.9)

0 (−36 to 67)

131 (31)

96 (23)

192 (46)

42 (13–690)

16 (4)

29 (7)

49 (12)

151 (36)

174 (42)

83 (30)

8.4 (1.8)

77 (12)

134 (21)

40 (10)

227 (54)

419
59 (12)

Substantial
decline (>5 mL/
min/1.73 m2/
year)

−3.7 (0.7)

−2.5 (−35 to 51)

51 (10)

133 (27)

313 (63)

17 (9–65)

16 (3)

32 (6)

52 (10)

269 (54)

128 (26)

77 (23)

8.0 (1.5)

76 (12)

133 (20)

54 (11)

283 (57)

497
61 (11)

Decline
(2.5–5 mL/
min/1.73 m2/
year)

Annual change in eGFR

−0.5 (2.0)

0 (−32 to 55)

28 (6)

130 (26)

343 (68)

15 (8–42)

6 (1)

19 (4)

46 (9)

286 (57)

144 (29)

80 (20)

7.8 (1.7)

76 (11)

131 (18)

39 (8)

292 (58)

501
59 (11)

Minor change
(<2.5 mL/
min/1.73 m2/
year)
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eGFR and ESKD risk (p value for trend 0.003) (online
supplemental table 5).
DISCUSSION
We observed a strong positive relationship between
percentage changes in albuminuria and future risk of
ESKD as well as an inverse relationship between annual
change in eGFR and risk of ESKD in people with type

2 diabetes. Moreover, the combined changes in albuminuria and eGFR were more strongly associated
with future risk of kidney failure than either parameter alone. These associations were independent of
currently available risk factors, including baseline
kidney function, albuminuria, and other covariates,
and consistent across patient subgroups of covariates.
Our results from multiple analyses supported the

Figure 2 Adjusted HR (95% CI) for ESKD by combination of percentage changes in UACR and annual changes in eGFR
over 2 years. Adjusted for sex, age, history of cardiovascular disease, and baseline covariates including HbA1c, systolic blood
pressure, log-transformed UACR, and eGFR, and stratified with institution. eGFR, estimated glomerular filtration rate; ESKD,
end-stage kidney disease; HbA1c, glycated hemoglobin; UACR, urine albumin to creatinine ratio.
BMJ Open Diab Res Care 2021;9:e002311. doi:10.1136/bmjdrc-2021-002311

5

BMJ Open Diab Res Care: first published as 10.1136/bmjdrc-2021-002311 on 30 June 2021. Downloaded from http://drc.bmj.com/ on July 23, 2021 by guest. Protected by copyright.

Figure 1 Adjusted HR (95% CI) for ESKD by percentage changes in UACR (A) and annual changes in eGFR (B) over 2 years.
Adjusted for sex, age, history of cardiovascular disease, and baseline covariates including HbA1c, systolic blood pressure, log-
transformed UACR, and eGFR, and stratified with institution. Event rates per 1000 patient years in each category are shown
above the plots. eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; HbA1c, glycated hemoglobin;
UACR, urine albumin to creatinine ratio.
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Our study showed no correlation between changes in
albuminuria and eGFR, indicating that albuminuria
sometimes remains unchanged in patients with eGFR
declines, while kidney function is sometimes preserved
in those with increasing albuminuria. In these subgroups,
the risks for ESKD are similar to the risks in the subgroup
with minor changes in the two markers, suggesting that
monitoring both albuminuria and eGFR improves the
accuracy of risk stratification. Our findings also demonstrated the differences in baseline patient characteristics
associated with an eGFR decline and a UACR increase,
including age, albuminuria, and eGFR. Similar findings
were observed in previous studies,22 23 indicating that
these factors are related to the dissociation of trajectories
of albuminuria and eGFR.
Our study’s strengths include the real-
world clinical data with many patients and the long duration of
follow-
up. However, there are also several limitations.
Although we adjusted for multiple risk factors, we cannot
exclude residual confounding factors such as body mass
index, smoking status, retinopathy, and medications
such as those used to lower blood pressure or glucose
levels. Second, albuminuria and serum creatinine were
not regularly measured and may vary among centers,
resulting in some misclassification of the true course
of change in albuminuria and kidney function. Also,
the estimation of changes in UACR and eGFR may be
subject to measurement errors, including regression to
the mean. Finally, as our cohort included a higher-risk
population showing faster decline in eGFR compared
with previous studies,22 24 25 the results may limit generalizability to broader populations with diabetes.
In conclusion, our study has shown that changes in
albuminuria and eGFR over 2 years, especially when used
in combination, were strongly associated with future risk
of kidney failure in patients with type 2 diabetes. These
results suggest that monitoring both albuminuria and
eGFR over time helps identify individuals with diabetes
at high risk of kidney failure and those who require close
monitoring for early initiation of appropriate preventive
and therapeutic strategies.
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prognostic values of UACR changes and eGFR slopes
in predicting the subsequent risk of ESKD in people
with type 2 diabetes.
Similar relationships between changes in either albuminuria or eGFR and future risk of poor kidney outcomes
were reported in previous studies of patients with and
without diabetes. A meta-analysis of clinical trials that
primarily included patients with diabetes demonstrated
that each 30% decrease in albuminuria by treatment
versus control was associated with an average 27% lower
likelihood of clinical kidney outcome.3 Another meta-
analysis using 28 cohorts reported that a 43% increase
in UACR over 2 years had an adjusted HR of 1.16 (95%
CI 1.03 to 1.31) for ESKD, which is opposite in direction
but similar in magnitude to that of a 30% decrease in
UACR.4 In contrast, results from a meta-analysis of 13
CKD cohorts demonstrated that an eGFR slope of −3 vs
0 mL/min/1.73 m2/year over 3 years was associated with
ESKD risk (HR 1.73; 95% CI 1.50 to 2.00).15 The study on
patients with diabetes supported this association.6 These
findings support the utility of changes in albuminuria
and eGFR slope as surrogate endpoints of adverse kidney
outcomes in patients with diabetes and CKD.7 Recent
trials on kidney outcome have evaluated both UACR
changes and eGFR slope for analyses of treatment efficacy.16 17
The present study has demonstrated that the combination of UACR changes and eGFR slope can be used as
a stronger predictor of ESKD risk than either parameter
alone. To date, only a few studies have evaluated the prognostic value of these combined effects. In a post-hoc analysis using the Action in Diabetes and Vascular Disease:
Preterax and Diamicron MR Controlled Evaluation(ADVANCE) trial data, both an eGFR decrease of ≥40% and
a UACR increase of ≥40% had 2.31 (95% CI 1.67 to 3.18)
times the risk for kidney and major macrovascular events
and mortality, with an evidence of interaction between
these two markers.18 However, instead of eGFR slope,
the authors of that study used percentage changes in
eGFR, which may not be practical for the early stages of
CKD because large percentage declines in eGFR are less
frequent in patients with a higher baseline eGFR than in
those with a lower eGFR.19 The results from this study similarly showed less frequent patients with an eGFR decline
of ≥30% over 2 years compared with those with an eGFR
decline of ≥5 mL/min/1.73 m2/year, which may lead to
weaker associations between changes in eGFR and ESKD
risk. Our study evaluated UACR changes and eGFR slope,
both recommended for use as surrogate endpoints of
ESKD in the early stages of CKD,7 and observed a strong
association between combination of UACR changes and
eGFR slope and risk of ESKD.
Traditionally, diabetic nephropathy has been characterized based on persistent increasing albuminuria and
subsequent decline in kidney function. However, an
increasing number of studies have suggested that there
are patients with diabetes who had different trajectories
of albuminuria and eGFR from these phenotypes.20 21

Pathophysiology/complications
Health Care Center, Kitasato University, Minato-ku, Japan
Department of Metabolism and Endocrinology, Juntendo University School of
Medicine Graduate School of Medicine, Bunkyo-ku, Japan
18
Okayama University, Okayama, Japan
17

Acknowledgements The authors thank Dr Yukinari Yamaguchi (Nara Medical
University, Japan), Dr Mitsuhiro Yoshimura (Noto General Hospital, Japan), and
Miyuki Murakami (Kanazawa University, Japan) for supporting this study.
Contributors MO, TT, and TW contributed to the concept and rationale for this
study. MO conducted statistical analysis with advice from TT and TW. All authors
were involved in data interpretation and discussion. MO and TT drafted the
manuscript. All authors reviewed and edited the manuscript and approved the final
submitted version.
Funding This study was supported by Grant-in-Aids for Diabetic Nephropathy
Research and for Diabetic Nephropathy and Nephrosclerosis Research, from the
Ministry of Health, Labour and Welfare of Japan and the Ministry of Education,
Science, Sports and Culture, Japan.
Competing interests None declared.
Patient consent for publication Not required.
Ethics approval The local institutional ethics committees approved the study
protocols at each site. The study was approved by the Kanazawa University ethical
committee (approval number 2017-273).
Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement All data relevant to the study, details of the study
protocol and statistical analysis plan will be available on reasonable request.
Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.
Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-c ommercial. See: http://creativecommons.org/licenses/by-nc/4.0/.
ORCID iDs
Megumi Oshima http://orcid.org/0000-0002-4108-5229
Miho Shimizu http://orcid.org/0000-0002-7737-935X
Kengo Furuichi http://o rcid.org/0000-0002-7 069-0938
Hiroki Yokoyama http://orcid.org/0000-0003-1602-4050
Toshiharu Ninomiya http://orcid.org/0000-0003-1345-9032
Hiroaki Satoh http://orcid.org/0000-0002-0 353-5807

REFERENCES

1 System U. USRDS annual data report: epidemiology of kidney
disease in the United States. 2019. Bethesda, MD: National Institutes
of Health, National Institute of Diabetes and Digestive and Kidney
Diseases, 2019.
2 Federation ID. IDF diabetes atlas. 8th edition ed. Brussels, Belgium:
International Diabetes Federation, 2017.
3 Heerspink HJL, Kröpelin TF, Hoekman J, et al. Drug-Induced
reduction in albuminuria is associated with subsequent
renoprotection: a meta-analysis. J Am Soc Nephrol
2015;26:2055–64.
4 Coresh J, Heerspink HJL, Sang Y, et al. Change in albuminuria
and subsequent risk of end-stage kidney disease: an individual
participant-level Consortium meta-analysis of observational studies.
Lancet Diabetes Endocrinol 2019;7:115–27.

BMJ Open Diab Res Care 2021;9:e002311. doi:10.1136/bmjdrc-2021-002311

5 Inker LA, Heerspink HJL, Tighiouart H, et al. Gfr slope as a surrogate
end point for kidney disease progression in clinical trials: a meta-
analysis of treatment effects of randomized controlled trials. J Am
Soc Nephrol 2019;30:1735–45.
6 Oshima M, Jun M, Ohkuma T, et al. The relationship between eGFR
slope and subsequent risk of vascular outcomes and all-cause
mortality in type 2 diabetes: the ADVANCE-ON study. Diabetologia
2019;62:1988–97.
7 Levey AS, Gansevoort RT, Coresh J, et al. Change in albuminuria
and GFR as end points for clinical trials in early stages of CKD: a
scientific workshop sponsored by the National kidney Foundation
in collaboration with the US food and drug administration and
European medicines Agency. Am J Kidney Dis 2020;75:84–104.
8 Committee of the Japan Diabetes Society on the Diagnostic
Criteria of Diabetes Mellitus, Seino Y, Nanjo K, et al. Report of the
Committee on the classification and diagnostic criteria of diabetes
mellitus. J Diabetes Investig 2010;1:212–28.
9 Wada T, Haneda M, Furuichi K, et al. Clinical impact of albuminuria
and glomerular filtration rate on renal and cardiovascular events, and
all-cause mortality in Japanese patients with type 2 diabetes. Clin
Exp Nephrol 2014;18:613–20.
10 Matsuo S, Imai E, Horio M, et al. Revised equations for
estimated GFR from serum creatinine in Japan. Am J Kidney Dis
2009;53:982–92.
11 Oshima M, Neuen BL, Li J, et al. Early change in Albuminuria
with canagliflozin predicts kidney and cardiovascular outcomes:
a PostHoc analysis from the CREDENCE trial. J Am Soc Nephrol
2020;31:2925–36.
12 Waijer SW, Xie D, Inzucchi SE, et al. Short-Term changes in
albuminuria and risk of cardiovascular and renal outcomes in type
2 diabetes mellitus: a post hoc analysis of the EMPA-REG outcome
trial. J Am Heart Assoc 2020;9:e016976.
13 Greene T, Ying J, Vonesh EF, et al. Performance of GFR slope as a
surrogate end point for kidney disease progression in clinical trials: a
statistical simulation. J Am Soc Nephrol 2019;30:1756–69.
14 Levin A, Stevens PE. Summary of KDIGO 2012 CKD guideline:
behind the scenes, need for guidance, and a framework for moving
forward. Kidney Int 2014;85:49–61.
15 Kovesdy CP, Coresh J, Ballew SH, et al. Past decline versus
current eGFR and subsequent ESRD risk. J Am Soc Nephrol
2016;27:2447–55.
16 Perkovic V, Jardine MJ, Neal B, et al. Canagliflozin and renal
outcomes in type 2 diabetes and nephropathy. N Engl J Med
2019;380:2295–306.
17 Heerspink HJL, Stefánsson BV, Correa-Rotter R, et al.
Dapagliflozin in patients with chronic kidney disease. N Engl J Med
2020;383:1436–46.
18 Ohkuma T, Jun M, Chalmers J, et al. Combination of changes
in estimated GFR and albuminuria and the risk of major clinical
outcomes. Clin J Am Soc Nephrol 2019;14:862–72.
19 Levey AS, Inker LA, Matsushita K, et al. Gfr decline as an end
point for clinical trials in CKD: a scientific workshop sponsored
by the National kidney Foundation and the US food and drug
administration. Am J Kidney Dis 2014;64:821–35.
20 Afkarian M, Zelnick LR, Hall YN, et al. Clinical manifestations of
kidney disease among US adults with diabetes, 1988-2014. JAMA
2016;316:602–10.
21 Yamanouchi M, Furuichi K, Hoshino J, et al. Nonproteinuric versus
proteinuric phenotypes in diabetic kidney disease: a propensity
score-matched analysis of a nationwide, Biopsy-Based cohort study.
Diabetes Care 2019;42:891–902.
22 Yokoyama H, Kanno S, Takahashi S, et al. Risks for glomerular
filtration rate decline in association with progression of albuminuria
in type 2 diabetes. Nephrol Dial Transplant 2011;26:2924–30.
23 Yoshida Y, Kashiwabara K, Hirakawa Y, et al. Conditions,
pathogenesis, and progression of diabetic kidney disease
and early decliner in Japan. BMJ Open Diabetes Res Care
2020;8:e000902.
24 Warren B, Rebholz CM, Sang Y, et al. Diabetes and trajectories of
estimated glomerular filtration rate: a prospective cohort analysis
of the Atherosclerosis risk in Communities study. Diabetes Care
2018;41:1646–53.
25 Osonoi T, Saito M, Osonoi Y, et al. Liraglutide improves estimated
glomerular filtration rate slopes in patients with chronic kidney
disease and type 2 diabetes: a 7-year retrospective analysis.
Diabetes Technol Ther 2020;22:828–34.

7

BMJ Open Diab Res Care: first published as 10.1136/bmjdrc-2021-002311 on 30 June 2021. Downloaded from http://drc.bmj.com/ on July 23, 2021 by guest. Protected by copyright.

16

