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Predominantly based on North American and European
studies, 30% to 40% declines in estimated glomerular
filtration rate (eGFR) over a few years are strongly
associated with the risk of end-stage renal disease (ESRD)
and have been proposed as surrogate endpoints of ESRD
for clinical research. However, this association has not been
systematically quantified in Asian populations. To do this
we studied adult Japanese patients with baseline eGFR
10–59 ml/min/1.73m2. Changes in eGFR from baseline
measured by centrally assessed serum creatinine were
linked to subsequent ESRD in 2410 patients after one year
and in 2079 patients after year 2. After year 1, 1.4%
experienced a 53% decrease in eGFR (equivalent to
doubling of serum creatinine), whereas 4.3% and 9.7% had
eGFR decrease of 40% or 30% or more, respectively. The
corresponding numbers after 2 years were 4.2%, 10.9%,
and 19.3%, respectively. After year 1 baseline period, 498
patients developed ESRD over a median follow-up of 2.9
years (365 ESRD cases over a median follow-up of 2 years
after year 2). In year 1, after accounting for potential
confounders, a strong linear association was found
between eGFR declines and subsequent ESRD, with
adjusted hazard ratios of 20.7 (95% confidence interval
14.3-30.1) for a 53% decrease, 9.6 (7.4–12.5) for a 40%
decrease, and 5.3 (4.1–6.9) for a 30% decrease compared to
no change. Corresponding hazard ratios for year two
analysis were 17.3 (11.8–25.3), 6.5 (4.7–9.1), and 3.1
(2.2–4.4), respectively. The associations were consistent
across demographics and kidney diseases. Thus, 30% to
40% declines in eGFR are strongly associated with the
risk of ESRD in Japanese patients with reduced eGFR,
broadening global implications as a surrogate endpoint
in clinical research.
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I n 2014, an international collaborative working group
sponsored by the US National Kidney Foundation (NKF)
and the US Food and Drug Administration (FDA) pub-

lished a series of papers exploring the possibility of using de-
clines in estimated glomerular filtration rate (eGFR) smaller
than what has been accepted (i.e., halving corresponding to
doubling of serum creatinine) as surrogate endpoints of end-
stage renal disease (ESRD) for clinical trials.1–4 Overall, the in-
vestigations of the NKF-FDA working group support 30% to
40% declines in eGFR over 2 to 3 years as a surrogate
endpoint.5 Such lesser declines of eGFR as a surrogate for
ESRD have been positively acknowledged from investigators
and drug regulatory agencies.6–8

However, those papers from the NKF-FDA working group
predominantly relied on data from Europe and North
America.1–4 For example, the flagship paper using data from
the Chronic Kidney Disease (CKD) Prognosis Consortium
included only 0.5% Asians out of the entire study population
at risk of ESRD.1 There are substantial regional differences in
the prevalence and incidence of ESRD,9 and several East Asian
countries or regions (Taiwan, Japan, urban China, and South
Korea) are ranked among the top 10 of the world.9 Higher
rates of CKD progression in Asians than in whites are
confirmed among residents in the US.10 Also, the pattern of
kidney disease is unique in Asians (e.g., higher prevalence of
IgA nephropathy).11 For those reasons, it would be useful
to validate in Asians the risk relationship of lesser declines
in eGFR and subsequent risk of ESRD, as they are globally
accepted as a surrogate endpoint in clinical practice and
research. Such an investigation will be particularly useful
for regulatory agencies in Asia and international trials
including Asian countries or regions. In this context, recently
a study from Japan tackled this study question, but it included
a small number of patients with approximately 80 events of
ESRD and had a retrospective design, limiting its generaliz-
ability.12 Therefore, we quantify the association of percentage
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changes in eGFR over time and the subsequent risk of
ESRD using data from a nationwide cohort of patients with
CKD in Japan, the Chronic Kidney Disease Japan Cohort
(CKD-JAC).

RESULTS
Of the 2410 participants with repeated eGFR in 1 year, 1.4%
(34 participants) experienced –53% change in eGFR (equiv-
alent to doubling of serum creatinine using a validated Jap-
anese equation13) during the 1-year baseline period, whereas
4.3% (104 participants) and 9.7% (233 participants) had
eGFR change #–40% and #–30%, respectively (Figure 1a).
The corresponding numbers for 2079 participants in the
2-year baseline period were 4.2% (87 participants), 10.9%
(227 participants), and 19.3% (401 participants), respectively
(Figure 1b). Overall, the average change in eGFR was –7%
(SD 19%) in the 1-year and –13% (SD 22%) in the 2-year
baseline periods. As compared to participants with stable
eGFR (> –30% to 0% change) over time, those with eGFR
changes # –30% were more likely to be female, current
smokers, and diabetic and to have higher levels of total
cholesterol, higher blood pressure, a history of cardiovascular
disease, lower eGFR, higher levels of albuminuria, and lower
hemoglobin concentrations at baseline (Supplementary
Table S1 for 1-year analysis and Table 1 for 2-year analysis).

Of the 2410 participants in the 1-year analysis, 498 par-
ticipants (20.7%) developed ESRD during a median follow-up
of 2.9 years after the 1-year baseline period (59 died before
reaching ESRD). In the 2-year analysis, 365 ESRD cases
(17.6%) were observed during a median follow-up of 2.0
years among 2079 participants (31 deaths before ESRD). As
shown in Figure 2, eGFR decline over the 1-year and 2-year
baseline periods was strongly associated with subsequent
risk of ESRD. Specifically, –53% change in eGFR corre-
sponding to doubling of serum creatinine over 1 and 2 years
was associated with a 21- and a 17-fold higher risk of ESRD

(adjusted hazard ratio 20.72 [95% CI, 14.27–30.09] and 17.27
[11.80–25.30]) compared to no change in eGFR, respectively.
Although not as strong as the –53% eGFR change, a –40%
change and a –30% change were also strongly associated with
ESRD risk (adjusted hazard ratio 9.61 [95% CI, 7.42–12.46]
and 5.32 [4.14–6.85] for 1-year analysis and 6.53 [4.70–9.05]
and 3.09 [2.15–4.42] for 2-year analysis, respectively)
(Figure 2). We observed an increased risk of ESRD according
to an increase in eGFR in the 1-year but not necessarily in the
2-year analysis.

We conducted several sensitivity analyses to assess the
robustness of our findings. First, further adjustment for
albuminuria and hemoglobin did not alter the results
(Supplementary Figure S1). Second, we performed subgroup
analysis by age and gender (Supplementary Figures S2 and
S3). Although the association was significantly stronger in
men than in women (P for interaction < 0.001), overall,
changes in eGFR were qualitatively consistently associated
with ESRD risk in all subgroups tested. Thirdly, we stratified
by causes of CKD and generally observed similar patterns
(Supplementary Figure S4). Finally, we repeated the analyses
using the creatinine-based CKD-EPI equation and observed
similar results (Supplementary Figure S5).

In terms of absolute risk, the sharp risk gradient according
to eGFR declines translated to high predicted risk of subse-
quent ESRD over 1 to 3 years after the baseline period
(Supplementary Figure S6 and Figure 3), particularly when
baseline eGFR was low. For example, when the baseline eGFR
was 50 ml/min/1.73m2 at GFR stage 3A, the 3-year subse-
quent predicted risk of ESRD was approximately 4% to 5%
even for 1-year and 2-year change in eGFR of –53%, whereas
when baseline eGFR was 35 ml/min/1.73m2 at GFR stage 3B,
the risk was 35% and 30% for –53% change, 19% and 14%
for –40% change, and 11% and 7.0% for –30% change,
respectively. In case of a baseline eGFR of 25 ml/min/1.73m2

at GFR stage 4, the corresponding 3-year ESRD risk was 86%,
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Figure 1 | Distribution of percentage changes in eGFR during (a) 1-year and (b) 2-year baseline periods. Percentage change in eGFR was
calculated as (last eGFR at baseline period – first available eGFR)/(first available eGFR) * 100.
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