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ABSTRACT
Objectives Real- world clinical outcome data of patients 
with an above- normal estimated glomerular filtration rate 
(eGFR) and increasing eGFR over time (eGFR slope) are 
scarce. Although eGFR is commonly recorded, eGFR slopes 
are rarely used for adverse outcome risk categorisation 
in clinical practice. We investigated the association of 
above- normal/below- normal eGFR ranges and increasing/
declining eGFR slopes with clinical outcomes in Japan.
Design Observational cohort study.
Setting Primary and acute care hospitals; 423 centres.
Participants 57 452 patients aged ≥16 years with ≥3 
eGFR values (latest available January 2013–December 
2016) from the Japanese Medical Data Vision database 
were stratified into six index eGFR and six eGFR slope 
groups (slopes calculated using a linear mixed model).
Primary and secondary outcome measures Time- 
to- event analyses of cardiovascular mortality, all- cause 
mortality (ACM), all- cause hospitalisation (ACH) and 
cardiovascular and major kidney events. eGFR and slope 
groups were analysed by Cox proportional hazard models 
with multivariable adjustment, using normal eGFR/little- to- 
no slope groups as reference.
Results Higher risk of clinical outcomes was observed 
with declining eGFR slope groups versus the reference 
group; the HR (95% CI) for slope ≤−5 mL/min/1.73 m2/
year: cardiovascular events 1.8 (1.4 to 2.2), ACH 1.8 (1.5 
to 2.1), and ACM 2.8 (1.9 to 4.2) and was non- significant 
for kidney events 1.5 (0.9 to 2.5). A similar, but non- 
significant, pattern was observed with increasing slope 
groups (slope >3 mL/min/1.73 m2/year HR (95% CI): 
cardiovascular events 1.2 (0.9 to 1.5), ACH 1.1 (0.9 to 1.4) 
and ACM 1.5 (0.9 to 2.3)).
Above- normal and below- normal eGFR groups were 
associated with poorer outcomes versus the reference 
group, but kidney events were associated with below- 
normal eGFR only.
Conclusion Poorer clinical outcomes were observed 
not only for below- normal eGFR and declining eGFR 
slope groups but also for certain above- normal eGFR 
and increasing slope groups. eGFR and eGFR slope may, 
therefore, be useful for identifying patients at high risk of 
adverse clinical outcomes.

INTRODUCTION
The association between reduced kidney 
function, as measured by below- normal esti-
mated glomerular filtration rate (eGFR), and 
increased risk of adverse clinical outcomes 
is well known, including all- cause mortality 
(ACM), cardiovascular (CV) mortality and 
end- stage kidney disease.1 2

Decline of GFR is characteristic of kidney 
disease progression to kidney failure. 
Furthermore, epidemiological data have 
suggested that declining eGFR over time 
(ie, eGFR slope) is associated with increased 
risk of adverse clinical outcomes, such as CV 
disease, mortality3 and kidney outcomes.4 5 
Despite growing evidence that eGFR slopes 

Strengths and limitations of this study

 ► This study included a large number of patients (57 
452) with estimated glomerular filtration rate (eGFR) 
data gathered in a real- world setting, which was not 
restricted to a specific high- risk patient population.

 ► Due to the inclusion of the most recent data available 
in the Japanese Medical Data Vision database (study 
period: 1 January 2012 to 31 August 2019), our find-
ings are likely to reflect the current patient popu-
lation and, therefore, also reliable and informative 
for use in guiding current clinical recommendations.

 ► The association of both eGFR slope and eGFR index 
groups with adverse clinical outcomes was deter-
mined using multiple statistical models (crude, mul-
tivariable and ‘full’ Cox proportional hazard models), 
which is supportive of the robustness of the risk 
estimations.

 ► Due to the nature of the database used, which has a 
disproportionately high number of oncology patients 
compared with the overall population and mortality 
data based on inpatient deaths only, the generalis-
ability of our findings to the wider Japanese popula-
tion is unknown.
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might be a reliably predictive surrogate end point of 
kidney outcomes, they are not yet widely used in this way 
in clinical trials.4 5 The use of eGFR slopes in clinical trials 
has become a field of ongoing development since publi-
cation of the outcomes of a 2018 scientific workshop, 
sponsored by the National Kidney Foundation in collab-
oration with the US Food and Drug Administration and 
European Medicines Agency.6 The workshop collabora-
tors concluded that GFR slopes fulfil the criteria for use as 
a surrogate end point for chronic kidney disease (CKD) 
progression in clinical trials under certain conditions; 
however, currently, regulatory acceptance based on eGFR 
slopes as a surrogate end point remains challenging and 
is limited to rare kidney diseases.7 8

A recent follow- up post hoc analysis of cohorts from a 
multinational randomised controlled trial of patients 
with type 2 diabetes (T2D) found an association between 
declining eGFR slope and elevated risk of a composite 
outcome of major kidney events, major macrovascular 
events and ACM.9 It has also been shown that declining 
eGFR slope is associated with a higher risk of kidney 
outcomes in the Japanese population.10 However, unlike 
other countries such as Canada and Belgium,11 12 data 
that support an association between eGFR slopes and 
CV or hospitalisation risk and include above- normal and 
below- normal eGFR ranges are currently scarce for the 
Japanese population.

There is also a paucity of evidence regarding the 
association between above- normal eGFR and risk of 
clinical outcomes. Notably, cardiokidney outcomes 
trials in patients with CKD, with or without T2D, 
commonly exclude patients with above- normal eGFR 
values,13–18 and so are limited to selected, high- 
risk groups (mainly defined by normal- to- low eGFR 
ranges mostly with presence of proteinuria). To our 
knowledge, no data from clinical trials are currently 
available regarding the relationship between clinical 
outcomes and absolute eGFR or eGFR slope across the 
full spectrum of kidney function with a wide variety of 
comorbidities. Additionally, little is known regarding 
the real- world clinical outcomes and prognosis of 
Japanese patients with above- normal eGFR ranges 
and increasing eGFR slopes. Therefore, in order to 
fill this knowledge gap, we investigated whether both 
above- normal and below- normal eGFR as well as both 
increasing and decreasing eGFR slopes are associated 
with increased risk of clinical outcomes in the Japa-
nese population.

Furthermore, despite the availability of existing eGFR 
data in electronic health records, eGFR slopes are rarely 
used in a structured way to evaluate the risk of individual 
patients for adverse CV and kidney outcomes in clinical 
practice. In order to determine whether existing eGFR 
data may be of value for the identification of patients at 
high risk of adverse clinical outcomes in the Japanese 
population, we assessed the association between eGFR 
data and the risk of clinical outcomes using the Japa-
nese Medical Data Vision (MDV) database.

MATERIALS AND METHODS
Study design and data source
Anonymised data from the MDV database, Japan’s largest 
commercially available administrative diagnosis proce-
dure combination database (http://www.mdv.co.jp), were 
used in this retrospective, observational cohort study. As 
of September 2020, the MDV database contained data 
from nearly 33 million inpatients and outpatients treated 
at any of 423 hospitals (covering approximately 24% of 
acute hospitals in Japan). The MDV database holds patient 
information including demographics, diagnoses, medical 
procedures, medical costs and prescriptions. Over 80% 
of patient data are collected from outpatient settings. 
The database population has an age and sex distribution 
similar to the Japanese population receiving healthcare 
services in either inpatient or outpatient settings.

Patients ≥16 years of age and with three or more 
available eGFR values, with the latest eGFR value avail-
able between 1 January 2013 and 31 December 2016, 
were included in this study. The study period was from 
1 January 2012 to 31 August 2019, that is, the end of 
database coverage at the time of the study. The base-
line period used was 1 year prior to the index date, and 
the follow- up time was continued from the index date 
until the latest record in the database. Index eGFR was 
defined as the last eGFR value within the selection period 
(1 January 2013 to 31 December 2016). eGFR slope was 
calculated based on eGFR measurements during the 
selection period. Follow- up started immediately after 
the last eGFR measurement used to calculate the slope 
(ie, the index date). Exclusion criteria included patients 
who underwent dialysis (defined using the International 
Classification of Diseases, Tenth Revision (ICD- 10) codes 
J038, C102- 2, J042, C102, C155, K635- 3) or experienced 
kidney failure (N17.0–17.9 or N18.4–18.6) during the 
baseline period, those with a diagnosis of CV (I00- 09, I11, 
I13, I20- I51, I10, I12, I15 or I60- 69) and kidney outcome 
events (end- stage renal disease diagnosis (ESRD) code 
N18.5, dialysis procedure codes J038, C102- 2, J042, C102 
or C155 or renal transplant procedure codes Z94.0, T86.1 
or K780- 2) during the baseline period and patients with 
acute kidney injury (AKI, N17) or kidney failure (pres-
ence of diagnosis code of ESRD, dialysis procedure codes 
or renal transplant codes as above) during the selection 
period before the index date (figure 1).

Outcomes and kidney transplant codes
The primary outcomes of the study were CV death and 
ACM (based on inpatient death data). The secondary 
outcomes were all- cause hospitalisation (ACH) and hospi-
talisation due to any CV event (defined as any stroke, 
chronic heart failure or myocardial infarction event) or 
any major kidney event (defined as any ESRD, including 
any dialysis treatment, kidney transplantation or AKI). 
Kidney events included end- stage kidney disease (ICD- 10 
code: N18.5) dialysis procedure (procedure codes: J038, 
C102- 2, J042, C102, C155 or K635- 3), kidney transplant 
(procedure codes: Z94.0, T86.1 or K780- 2) and acute 
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kidney failure (ICD- 10 code: N17). Outcomes were identi-
fied using ICD- 10 codes as well as MDV- specific procedure 
codes and medication codes by Anatomical Therapeutic 
Chemical (ATC) system.

Statistical methods
eGFR was calculated using the formula: eGFR 
(mL/min/1.73 m2)=194×(serum creatinine)−1.094×
(age)−0.287(×0.739 if female). For index eGFR analyses, 
patients were stratified into six index eGFR categories: 
≥60 to <90 (category 1, reference), <15, ≥15 to <30, ≥30 
to <60, ≥90 to <120, ≥120 to ≤200 mL/min/1.73 m2 

(table 1). For eGFR slope analyses, patients were strati-
fied into six eGFR slope categories: >−1 to ≤1 (category 1, 
reference), ≤−5 (rapid eGFR decliner (eGFRdec) group), 
>−5 to ≤−3, >−3 to ≤−1, >1 to ≤3, >3 mL/min/1.73 m2/
year (rapid eGFR increaser (eGFRinc) group) (table 1).

A linear mixed model was used to calculate annual 
eGFR slope, which included least squares regression 
as a fixed effect and patient as a random effect. Cox 
proportional hazard models were applied to index eGFR 
and eGFR slope categories 2–6, with category 1 as the 
reference group, with time- to- event analyses conducted 
for each outcome to generate HRs. The ‘crude model’ 
included only slope categories or index eGFR catego-
ries. The ‘multivariable model’ for eGFR slope category 
analyses was adjusted for age, sex, medical history such 
as CV disease, solid tumours and leukaemia/lymphoma 
(see table 2), baseline T2D status, baseline Elixhauser 
Comorbidity Index (ECI) score, baseline medication 
use and index eGFR value. The ‘full model’ for eGFR 
slope included all of these in addition to an interaction 
term for eGFR slope and index eGFR. The ‘multivariable 
model’ for the index eGFR category analyses was adjusted 
for age, sex, medical history, baseline T2D status, base-
line ECI score and baseline medication use. By grouping 
patients into various cohorts based on eGFR slope, these 
models reduce potential sources of selection bias and/or 
channelling bias.

Sensitivity analyses, using a stepwise selection Cox 
proportional hazard model for covariates, were used 
to investigate the risk profiles for each of the outcomes 
investigated in this study.

Patients were stratified into the following subgroups, 
with time- to- event analyses conducted by eGFR slope 
and index eGFR category: the presence or absence of 
tumour (defined using the ICD- 10 codes C00–D49) and 
T2D at baseline (ICD- 10 codes E11 or E14). These anal-
yses attempt to address potential selection bias based 
on comorbidities by checking for consistency of results 
among population subgroups.

For index eGFR and eGFR slope, patients with missing 
data were not included. As clinical outcomes were based 
on hospital data, this data may only capture treated 
events. However, as all measured outcomes in this study 
are relatively severe conditions that require treatment, 
the number of missing values are likely to be very low.

Patient and public involvement
Patients and/or the public were not involved in the 
design, conduct, reporting or dissemination plans of this 
research.

RESULTS
Patient demographics
Of 29 127 436 patients with data available in the MDV 
database at the time of the study, 57 452 patients were 
eligible for analysis (figure 1). The median follow- up time 
was 2.4 years, and patients had a median of 10 available 

Figure 1 Cohort selection. eGFR, estimated glomerular 
filtration rate; MDV, Medical Data Vision.

Table 1 Index eGFR and eGFR slope category definitions

Category
Index eGFR, mL/
min/1.73 m2

eGFR slope, mL/min/1.73 
m2/year

1 (reference) ≥60 to<90 >−1 to ≤1

2 <15 ≤−5 (rapid eGFRdec group)

3 ≥15 to<30 >−5 to ≤−3

4 ≥30 to<60 >−3 to ≤−1

5 ≥90 to<120 >1 to≤3

6 ≥120 to≤200 >3 (rapid eGFRinc group)

eGFR, estimated glomerular filtration rate; eGFRdec, eGFR 
decliner; eGFRinc, eGFR increaser.
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eGFR values. Overall, the mean (SD age was 66.5 years 
(14.1), 52% were men and the mean (SD) index eGFR 
value was 71.7 (23.0) mL/min/1.73 m2. There was a 
high prevalence of hypertension (47.1%), solid tumours 
(43.5%) and T2D (38.0%) in the study cohort (table 2).

With respect to eGFR slope stratification, the majority 
of patients (17 700, 61%) had little- to- no or slowly 
increasing eGFR slopes (>−1 to ≤1 mL/min/1.73 m2/
year; ie, the reference category) (table 2). The majority 
of patients (30 942, 54%) were stratified into the index 
eGFR reference category, which represents the normal 
eGFR range (≥60 to <90 mL/min/1.73 m2). The lowest 

eGFR range (<15 mL/min/1.73 m2) included the fewest 
patients (542, 1%) (table 3).

Overall, higher incidence of comorbidities and 
higher use of medications at baseline were observed in 
eGFR slope groups with decline of ≤−3 mL/min/1.73 
m2/year and eGFRinc groups compared with the refer-
ence category. In particular, in the slope groups with 
the highest increase or decrease, a higher proportion 
of patients had a history of tumours, depression and 
anaemia and a higher ECI score than in the reference 
category (table 2).

Table 2 Baseline demographics by eGFR slope category

eGFR slope, mL/min/1.73 m2/year

Category 2
≤−5
(n=5189)

Category 3
>−5 to ≤−3
(n=6859)

Category 4
>−3 to ≤−1
(n=17 631)

Category 1 
(reference)
>−1 to ≤1
(n=17 700)

Category 5
>1 to≤3
(n=6440)

Category 6
>3
(n=3633)

Total
(N=57 452)

Age, years, mean±SD 64.2±15.6 66.3±14.4 67.2±13.4 66.8±13.4 65.8±14.6 65.6±16.2 66.5±14.1

Male, n (%) 2504 (48.3) 3376 (49.2) 9339 (53.0) 9424 (53.2) 3388 (52.6) 1859 (51.2) 29 890 (52.0)

Index eGFR value, 
mL/min/1.73 m2, 
mean±SD

67.0±26.1 66.6±22.0 66.7±19.6 71.6±19.8 81.1±21.2 97.0±30.4 71.7±23.0

ECI, mean±SD 8.3±9.8 5.5±7.9 4.7±6.9 4.7±6.9 5.5±7.9 9.3±10.4 5.5±7.8

History of comorbidities, n (%)

  Asthma 394 (7.6) 505 (7.4) 1220 (6.9) 1204 (6.8) 562 (8.7) 361 (9.9) 4246 (7.4)

  COPD 110 (2.1) 134 (2.0) 271 (1.5) 310 (1.8) 162 (2.5) 137 (3.8) 1124 (2.0)

  Dementia 103 (2.0) 145 (2.1) 289 (1.6) 247 (1.4) 127 (2.0) 192 (5.3) 1103 (1.9)

  Depression 217 (4.2) 238 (3.5) 524 (3.0) 564 (3.2) 222 (3.5) 186 (5.1) 1951 (3.4)

  Hyperlipidaemia 1477 (28.5) 2344 (34.2) 6564 (37.2) 6884 (38.9) 2427 (37.7) 1115 (30.7) 20 811 (36.2)

  Hypertension 2444 (47.1) 3249 (47.4) 8273 (46.9) 8300 (46.9) 3063 (47.6) 1719 (47.3) 27 048 (47.1)

  Cardiovascular 
disease

719 (13.9) 1018 (14.8) 2888 (16.4) 2965 (16.8) 1029 (16.0) 582 (16.0) 9201 (16.0)

  Solid tumour 2758 (53.2) 3029 (44.2) 7379 (41.9) 7259 (41.0) 2695 (41.9) 1860 (51.2) 24 980 (43.5)

  Leukaemia or 
lymphoma

268 (5.2) 246 (3.6) 493 (2.8) 514 (2.9) 220 (3.5) 165 (4.6) 1906 (3.3)

  Deficiency anaemia 915 (17.6) 925 (13.5) 1881 (10.7) 1938 (11.0) 782 (12.1) 651 (17.9) 7092 (12.3)

  Type two diabetes 2017 (38.9) 2600 (37.9) 6556 (37.2) 6709 (37.9) 2503 (38.9) 1432 (39.4) 21 817 (38.0)

Medications, n (%)

  Anti- arrhythmia 63 (1.2) 76 (1.1) 210 (1.2) 206 (1.2) 84 (1.3) 56 (1.5) 695 (1.2)

  Anti- coagulant 164 (3.2) 204 (3.0) 553 (3.1) 553 (3.1) 174 (2.7) 130 (3.6) 1778 (3.1)

  Anti- diabetes 1311 (25.3) 1590 (23.2) 3763 (21.3) 3715 (21.0) 1459 (22.7) 872 (24.0) 12 710 (22.1)

  Anti- hypertensive 2248 (43.3) 2798 (40.8) 7014 (39.8) 7012 (39.6) 2593 (40.3) 1599 (44.0) 23 264 (40.5)

  Anti- platelet 370 (7.1) 502 (7.3) 1415 (8.0) 1467 (8.3) 540 (8.4) 305 (8.4) 4599 (8.0)

  Bronchodilator 286 (5.5) 334 (4.9) 724 (4.1) 715 (4.0) 383 (6.0) 332 (9.1) 2774 (4.8)

  Diuretics 624 (12.0) 354 (5.2) 591 (3.4) 477 (2.7) 240 (3.7) 402 (11.1) 2688 (4.7)

  Beta blockers 310 (6.0) 348 (5.1) 996 (5.7) 908 (5.1) 322 (5.0) 194 (5.3) 3078 (5.4)

  Calcium channel 
blockers

1286 (24.8) 1712 (25.0) 4239 (24.0) 4259 (24.1) 1625 (25.2) 964 (26.5) 14 085 (24.5)

  Iron 433 (8.3) 367 (5.4) 625 (3.5) 694 (3.9) 333 (5.2) 377 (10.4) 2829 (4.9)

  RAAS inhibitors 1784 (34.4) 2525 (36.8) 6430 (36.5) 6498 (36.7) 2346 (36.4) 1296 (35.7) 20 879 (36.3)

COPD, chronic obstructive pulmonary disease; ECI, Elixhauser Comorbidity Index; eGFR, estimated glomerular filtration rate; RAAS, renin- 
angiotensin- aldosterone system.;
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Patients with below- normal index eGFR values were 
more often men and were older than patients with normal 
and above- normal index eGFR values (table 3). Overall, 
a higher incidence of comorbidities and higher use of 
most medications at baseline were observed in the cate-
gories with below- normal index eGFR values compared 
with those in the reference group. Higher use of diuretics 
and iron medications were seen in those with both below- 
normal and above- normal index eGFR values compared 
with those in the normal range.

Risk of major clinical outcomes by EGFR slope category
Of the 57 452 patients included in the analysis, there 
were 28 288 with an event, of which 1411 (5.0%) were 
CV death, 2320 (8.2%) were ACM events, 15 103 (53.4%) 
were ACH, 8927 (31.6%) were any CV event and 527 
(1.9%) were any kidney event.

Using the full model, which includes an interaction 
term for index eGFR and eGFR slope, the risk of major 
clinical outcomes was increased in eGFRdec groups 
compared with the reference group. In particular, the 

Table 3 Baseline demographics by index eGFR category

Index eGFR, mL/min/1.73 m2

Category 2
<15
(n=542)

Category 3
≥15 to<30 
(n=1243)

Category 4
≥30 to<60
(n=14 336)

Category 1 
(reference)
≥60 to<90
(n=30 942)

Category 5
≥90 to<120
(n=8935)

Category 6
≥120 to≤200
(n=1454)

Total
(N=57 452)

Age, years, mean±SD 68.5±12.5 74.2±12.0 73.5±10.6 66.1±12.6 57.5±15.8 51.9±19.5 66.5±14.1

Male, n (%) 327 (60.3) 678 (54.6) 7772 (54.2) 16 063 (51.9) 4425 (49.5) 625 (43.0) 29 890 (52.0)

Index eGFR value, 
mL/min/1.73 m2, 
mean±SD

9.0±3.5 23.6±4.3 49.5±7.7 73.6±8.2 100.2±7.9 140.2±20.9 71.7±23.0

ECI, mean±SD 11.7±8.3 9.6±9.3 5.9±8.2 5.0±7.3 5.4±8.0 7.2±9.9 5.5±7.8

History of comorbidities, n (%)

  Asthma 45 (8.3) 91 (7.3) 1080 (7.5) 2232 (7.2) 659 (7.4) 139 (9.6) 4246 (7.4)

  COPD 5 (0.9) 28 (2.3) 321 (2.2) 565 (1.8) 165 (1.9) 40 (2.8) 1124 (2.0)

  Dementia 14 (2.6) 57 (4.6) 440 (3.1) 436 (1.4) 109 (1.2) 47 (3.2) 1103 (1.9)

  Depression 17 (3.1) 55 (4.4) 538 (3.8) 973 (3.1) 300 (3.4) 68 (4.7) 1951 (3.4)

  Hyperlipidaemia 215 (39.7) 571 (45.9) 5909 (41.2) 11 153 (36.0) 2613 (29.2) 350 (24.1) 20 811 (36.2)

  Hypertension 437 (80.6) 939 (75.5) 8536 (59.5) 13 507 (43.7) 3180 (35.6) 449 (30.9) 27 048 (47.1)

  Cardiovascular 
disease

174 (32.1) 320 (25.7) 3192 (22.3) 4506 (14.6) 891 (10.0) 118 (8.1) 9201 (16.0)

  Solid tumour 166 (30.6) 475 (38.2) 6323 (44.1) 13 612 (44.0) 3816 (42.7) 588 (40.4) 24 980 (43.5)

  Leukaemia or 
lymphoma

14 (2.6) 47 (3.8) 513 (3.6) 988 (3.2) 302 (3.4) 42 (2.9) 1906 (3.3)

  Deficiency anaemia 230 (42.4) 301 (24.2) 1805 (12.6) 3329 (10.8) 1161 (13.0) 266 (18.3) 7092 (12.3)

  Type 2 diabetes 244 (45.0) 618 (49.7) 5922 (41.3) 11 342 (36.7) 3140 (35.1) 551 (37.9) 21 817 (38.0)

Medications, n (%)

  Anti- arrhythmia 12 (2.2) 12 (1.0) 262 (1.8) 333 (1.1) 70 (0.8) 6 (0.4) 695 (1.2)

  Anti- coagulant 23 (4.2) 51 (4.1) 677 (4.7) 837 (2.7) 160 (1.8) 30 (2.1) 1778 (3.1)

  Anti- diabetes 133 (24.5) 381 (30.7) 3375 (23.5) 6435 (20.8) 2000 (22.4) 386 (26.6) 12 710 (22.1)

  Anti- hypertensive 393 (72.5) 833 (67.0) 7367 (51.4) 11 424 (36.9) 2831 (31.7) 416 (28.6) 23 264 (40.5)

  Anti- platelet 75 (13.8) 200 (16.1) 1689 (11.8) 2150 (7.0) 438 (4.9) 47 (3.2) 4599 (8.0)

  Bronchodilator 25 (4.6) 63 (5.1) 709 (5.0) 1412 (4.6) 446 (5.0) 119 (8.2) 2774 (4.8)

  Diuretics 142 (26.2) 255 (20.5) 984 (6.9) 915 (3.0) 315 (3.5) 77 (5.3) 2688 (4.7)

  Beta blockers 74 (13.7) 119 (9.6) 1089 (7.6) 1435 (4.6) 315 (3.5) 46 (3.2) 3078 (5.4)

  Calcium channel 
blockers

309 (57.0) 595 (47.9) 4434 (30.9) 6875 (22.2) 1644 (18.4) 228 (15.7) 14 085 (24.5)

  Iron 126 (23.3) 129 (10.4) 734 (5.1) 1160 (3.8) 533 (6.0) 147 (10.1) 2829 (4.9)

  RAAS inhibitors 364 (67.2) 754 (60.7) 6611 (46.1) 10 355 (33.5) 2464 (27.6) 331 (22.8) 20 879 (36.3)

COPD, chronic obstructive pulmonary disease; ECI, Elixhauser Comorbidity Index; eGFR, estimated glomerular filtration rate; RAAS, renin- 
angiotensin- aldosterone system.;
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rapid eGFRdec group showed an increased risk of CV 
death (HR (95% CI)) (2.6 (1.6 to 4.3), p<0.01), ACM 
(2.8 (1.9 to 4.2), p<0.01), ACH (1.8 (1.5 to 2.1), p<0.01) 
and any CV event (1.8 (1.4 to 2.2), p<0.01) (figure 2). 
In general, the risk of any kidney event was increased in 
all eGFRdec groups compared with the reference group; 
however, the increase was non- significant in the rapid 
eGFRdec group (HR (95% CI)) (1.5 (0.9 to 2.5) p=0.08) 
(figure 2).

For the rapid eGFRinc group, the crude model showed 
a significantly increased risk of CV outcomes, mortality 
and hospitalisation compared with the reference cate-
gory: HR (95% CI) 4.6 (3.9 to 5.5) for CV death, 5.2 (4.6 
to 6.0) for ACM, 2.3 (2.2 to 2.5) for ACH, and 2.1 (1.9 to 
2.2) for any CV event. Likewise, a significantly increased 
risk of these outcomes was observed in the multivariable 
model: HR (95% CI) 2.9 (2.4 to 3.5) for CV death, 2.8 
(2.4 to 3.3) for ACM, 1.8 (1.7 to 2.0) for ACH and 1.9 (1.8 
to 2.1) for any CV event.

In the full model, there was also a trend, though non- 
significant, for higher risk of CV outcomes, mortality and 

hospitalisation in eGFRinc groups. In the rapid eGFRinc 
group, the HR (95% CI) was 1.3 (0.7 to 2.2), p=0.44, for 
CV death; 1.5 (0.9 to 2.3), p=0.10, for ACM; 1.1 (0.9 to 
1.4), p=0.26, for ACH; and 1.2 (0.9 to 1.5), p=0.32, for any 
CV event (figure 2).

Risk of major clinical outcomes by index eGFR category
A higher risk versus the reference group (≥60 to <90 mL/
min/1.73 m2) was observed in below- normal index eGFR 
categories for major clinical outcomes: in the <15 mL/
min/1.73 m2 category, the HR (95% CI) was 3.2 (2.8 to 
3.6), p<0.01, for any CV event; 2.9 (2.2 to 3.9), p<0.01, 
for CV death; 2.3 (2.0 to 2.6), p<0.01, for ACH; and 2.7 
(2.1 to 3.5), p<0.01, for ACM (figure 3). Likewise, in the 
severely increased eGFR category (≥120 to ≤200 mL/
min/1.73 m2) versus the reference group, the HR (95% 
CI) using the multivariable model was 1.9 (1.6 to 2.2), 
p<0.01, for any CV event; 2.6 (2.0 to 3.5), p<0.01, for CV 
death; 2.2 (2.0 to 2.4), p<0.01, for ACH; and 2.9 (2.4 to 
3.6), p<0.01, for ACM (figure 3).

Figure 2 Risk of CV, mortality, hospitalisation and kidney outcomes by eGFR slope category. *Cox proportional hazard model 
for time- to- event, with outcome and slope categories as independent variables. †Cox proportional hazard model for time- to- 
event, adjusted for age, sex, medical history, BL type 2 diabetes status, BL ECI score, BL medication use and index eGFR 
value for the multivariate model, plus interaction terms for slope categories in the full model. Categories 2–6 (eGFR slopes: ≤−5, 
>−5 to ≤−3, >−3 to ≤−1,>1 to≤3,>3) were analysed by outcome, with Category 1 (slope >−1 to ≤1) as reference. ‡Statistically 
significant HRs. §Based on inpatient death data. ¶Stroke, chronic heart failure or myocardial infarction. **End- stage kidney 
disease, dialysis, acute kidney failure or kidney transplant. BL, baseline; CV, cardiovascular; ECI, Elixhauser Comorbidity Index; 
eGFR, estimated glomerular filtration rate; eGFRdec, eGFR decliner; eGFRinc, eGFR increaser; HR, hazard ratio.
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Below- normal eGFR categories showed an excess risk 
for any kidney event (HR (95% CI) for the <15 mL/
min/1.73 m2 category: 204.0 (151.0 to 276.0), p<0.01; 
and for the ≥15 to <30 mL/min/1.73 m2 category: 
37.1 (27.5 to 50.1), p<0.01), whereas risk in the above- 
normal eGFR categories was comparable with the refer-
ence group (figure 3).

Furthermore, we found that when increasing 1 unit 
(mL/min/1.73 m2) of eGFR, the risk of any CV event 
was reduced by approximately 1% and any kidney event 
by 8% (data not shown).

Interaction between index eGFR and eGFR slope
In sensitivity analyses, we found that the addition of 
covariates increased the risk in eGFRinc slope catego-
ries of any kidney event from non- significant (HR (95% 
CI) 0.7 (0.5 to 1.0) for the >1 to ≤3 mL/min/1.73 m2 
category and 1.0 (0.6 to 1.7) in the >3 mL/min/1.73 m2 
category) to significant (1.6 (1.1 to 2.5) and 3.6 (2.2 to 
5.9), respectively) (figure 2). Using stepwise selection 
of covariates, we found that index eGFR had a partic-
ularly notable impact on the increase in risk between 

the two models, which led us to our further investigate 
the relationship between eGFR slope and index eGFR 
and to subsequently develop the ‘full model’, which 
included the interaction term.

The addition of the interaction term for eGFR slope 
and index eGFR appeared to reduce the association of 
increasing slopes and clinical outcomes. For instance, 
the HRs for eGFRinc slope groups for any kidney event 
were reduced from >1 and significant, to <1 and non- 
significant between the multivariable and full models: 
the HR (95% CI) for category 5 (>1 to ≤3 mL/min/1.73 
m2/year) versus the reference category was 1.6 (1.1 to 
2.5) in the multivariable model (ie, without the inter-
action term) and 0.2 (0.0 to 0.6) in the full model, and 
for category 6 (>3 mL/min/1.73 m2/year), 3.6 (2.2 to 
5.9) and 0.5 (0.1 to 2.2), respectively. Therefore, for 
any kidney event, addition of the interaction term led 
to a change from increased risk versus the reference 
group to reduced risk in the eGFRinc groups. The 
difference in the risk of clinical outcomes between the 
crude/multivariable models and the full model among 

Figure 3 Risk of CV, mortality, hospitalisation and kidney outcomes by index eGFR category. *Cox proportional hazard model 
for time- to- event, adjusted for age, sex, medical history, baseline type 2 diabetes status, baseline ECI score and baseline 
medication use. Categories 2–6 (index eGFR values of <15, ≥15 to<30, ≥30 to<60, ≥90 to<120, ≥120 to≤200) were analysed 
by outcome, with index eGFR Category 1 (index eGFR of ≥60 to<90) as reference. †Statistically significant HRs. ‡Based on 
inpatient death data. §Stroke, chronic heart failure or myocardial infarction. ¶End- stage kidney disease, dialysis, acute kidney 
failure or kidney transplant. **These HRs are not presented in the forest plot, as they are extremely high values and so would 
distort the other HRs in the plot. CV, cardiovascular; ECI, Elixhauser Comorbidity Index; eGFR, estimated glomerular filtration 
rate; HR, hazard ratio.
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the eGFR slope groups, as shown in figure 2, demon-
strates the notable impact of the index eGFR and eGFR 
slope interaction term on the association between eGFR 
slopes and risk of clinical outcomes, as the crude model 
and multivariable models do not include the interac-
tion term.

Subgroup analyses by T2D and tumour at baseline
The study population included 21 817 (38%) patients 
with T2D and 24 980 (43%) patients with tumour at 
baseline. Online supplemental table 1 presents the base-
line demographics for the subgroups with and without 
T2D as well as the subgroups with and without history of 
tumour. More patients in the subgroups with T2D and 
without tumour subgroups had comorbidities such as 
hyperlipidaemia, hypertension and CV disease at base-
line compared with the subgroups without T2D and with 
tumour. Furthermore, more patients in the subgroups 
with T2D and without tumours used antihypertensive 
and antiplatelet medications, calcium channel blockers 
and renin–angiotensin–aldosterone system inhibitors 
at baseline compared with the subgroups without T2D 
and with tumours.

Stratified subgroup analyses of this study popula-
tion indicated that in patients with a history of T2D 
and without a history of tumours at baseline, eGFRdec 
groups experienced a significantly increased risk of 
any kidney event compared with the reference group: 
HR (95% CI) 2.1 (1.1 to 4.3) and 2.6 (1.3 to 5.2) for 
the ≤−5 and >−5 to ≤−3 mL/min/1.73 m2/year groups, 
respectively, in the subgroup with T2D; 2.3 (1.3, to 
4.2) and 3.1 (1.7 to 5.6), respectively, in the subgroup 
without tumours. In contrast, the subgroups without 
T2D and with tumours showed a trend of reduced 
risk of any kidney event in the rapid eGFRdec group 
compared with the reference group: 0.9 (0.4 to 1.8) 
in the subgroup without T2D; 0.5 (0.2 to 1.3) in the 
subgroup with tumours (online supplemental table 2).

Furthermore, in the rapid eGFRinc groups, a signifi-
cantly increased risk of ACM was observed in the 
subgroups without T2D and with tumours compared 
with the reference group: HR (95% CI) 2.4 (1.3 to 
4.3) for the subgroup without T2D and 1.8 (1.1 to 3.2) 
for the subgroup with tumours. In contrast, a moder-
ately reduced risk compared with the reference group 
was suggested in the subgroups with T2D or without 
tumours: HR (95% CI) 0.7 (0.4 to 1.5) for the subgroup 
with T2D; 0.9 (0.4 to 2.1) for the subgroup without 
tumours (online supplemental table 2). Similarly, in 
the rapid eGFRdec groups, a large increase in risk of 
ACM compared with the reference group was observed 
in the subgroups without T2D and with tumours (HR 
(95% CI) 3.4 (2.0 to 5.9) and 3.4 (2.1 to 5.6), respec-
tively) compared with a moderately increased risk 
in the subgroups with T2D and without tumour (2.0 
(1.1 to 3.8) and 2.3 (1.0 to 5.0), respectively) (online 
supplemental table 2).

DISCUSSION
This study found that in an observational Japanese 
cohort, not only declining eGFR slopes and below- 
normal eGFR indicate an increased risk for poorer 
clinical outcomes but increasing eGFR slopes and 
above- normal eGFR might also be relevant indicators of 
an increased risk for certain adverse clinical outcomes. 
In general, declining eGFR slopes were associated with 
poorer clinical outcomes in comparison with those who 
experienced little- to- no change in eGFR over time. 
Interestingly, a trend towards poorer clinical outcomes 
with increasing eGFR slopes was also suggested, though 
statistical significance was not reached. We also found 
that risk of mortality, hospitalisation and CV outcomes 
were not only increased with below- normal eGFR values 
but also with above- normal eGFR; however, the risk of 
kidney outcomes was only increased in below- normal 
eGFR ranges.

The association between declining eGFR slopes and 
increased mortality risk demonstrated in this study is in 
line with existing evidence in non- Japanese cohorts.19–21 
In a 2014 meta- analysis by the CKD Prognosis Consor-
tium, there was an increased risk of end- stage kidney 
disease with declining eGFR slope: HR (95% CI) for 
an eGFR change of −57% over 2 years of 32.1 (22.3 to 
46.3) and 57.2 (21.9 to 149.1) for patients with base-
line eGFR <60 mL/min/1.73 m2 and ≥60 mL/min/1.73 
m2, respectively.21 This supports our finding that there 
was an association between declining eGFR slopes and 
adverse kidney outcomes. Likewise, a 2018 study by 
Van Pottelbergh et al found that declining eGFR slopes 
were associated with poorer CV outcomes,11 and a 2020 
analysis of Chronic Renal Insufficiency Cohort study 
participants found increased CV and mortality risk with 
declining eGFR slopes in patients with CKD.3

Although it is widely accepted that declining eGFR 
slopes are a predictor for poor clinical outcomes, our 
data suggest that increasing slopes might also have 
clinical relevance regarding the risk for poor clinical 
outcomes. In a study of patients with CKD reported 
in 2011, the adjusted HR for mortality in the upper 
(increasing) eGFR slope tertiles relative to the middle 
(stable) tertile was 1.42 (95% CI 1.20 to 1.69).20 A 
similar association between increasing eGFR slope and 
mortality was indicated in a 2013 study, which observed 
that an eGFR increase in ≥5 mL/min/1.73 m2/year 
was significantly associated with an increased risk of 
mortality (HR (95% CI) 2.20 (2.10 to 2.31)) in patients 
with and without CKD.19 In patients with established 
CKD, typically defined as eGFR <60 mL/min/1.73 m2, 
declining eGFR slopes have been indicated as having 
predictive value of clinical outcomes3 12 21–24; however, 
the present study indicates that eGFR slopes might also 
be of value in evaluating clinical risk in patients with 
normal or above- normal eGFR.

Our data suggest a higher risk of ACM in both 
eGFRinc and eGFRdec groups, which might be attrib-
utable to different underlying comorbidities in these 
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groups versus the reference group. In the rapid 
eGFRdec group (≤−5 mL/min/1.73 m2/year), the asso-
ciation with increased mortality may be due to progres-
sion of kidney impairment and the known related risk 
of CV events3; whereas, in the rapid eGFRinc group 
(>3 mL/min/1.73 m2/year), the association with 
increased mortality, though non- significant, might be 
related to other predominating comorbidities, such as 
higher incidence of tumours compared with the refer-
ence group. Increases in eGFR could also indicate the 
presence of other relevant pathologies, such as muscle 
wasting, haemodilution, kidney- related hyperfiltration 
or recovery from AKI, which cannot be differentiated 
based on the data available in this study.

In this study, we found that both above- normal and 
below- normal index eGFR ranges were associated with 
a higher risk of CV death, ACM, ACH and any CV event 
clinical outcomes. However, only below- normal index 
eGFR values were shown to be associated with poorer 
kidney outcomes. Our findings suggest that index 
eGFR might play a major role regarding the risk of 
CV and kidney events. A wealth of evidence supports 
our finding that below- normal eGFR is associated with 
increased risk of poor clinical outcomes1 25 26; however, 
much less is known about above- normal eGFR and risk 
of clinical outcomes.

In the current analysis, we found an interaction effect 
between index eGFR and eGFR slopes. Comparison of 
the HRs produced using the crude and multivariable 
models versus the full model suggests that the associa-
tion between eGFR slopes and the measured outcomes 
may have been partially mediated by the interaction 
effect between eGFR slope and index eGFR. In eGFRinc 
groups, higher index eGFR values increased the risk of 
any kidney event by approximately 3%–4%, and in the 
eGFRdec groups, while higher index eGFR reduced the 
risk of any kidney event (data not shown). Therefore, 
our data suggest that increasing slopes are not always 
predictive of a reduction in the risk of adverse clinical 
outcomes and should be considered in conjunction with 
baseline eGFR value in order to predict clinical risk. 
There is currently a lack of understanding regarding 
the need to interpret eGFR slope data in relation to 
baseline eGFR; to our knowledge, previous publications 
have not investigated the interaction effect between 
eGFR slope and baseline eGFR. Based on our study 
results, adding the interaction term of eGFR slope and 
index eGFR has a notable impact on the risk of adverse 
clinical outcomes, highlighting the importance of inter-
preting the risk of outcomes based on eGFR slope data 
in the context of baseline eGFR values.

These findings suggest that the use of eGFR slopes 
could add value in clinical practice by supporting 
patient risk stratification for adverse clinical outcomes. 
Interestingly, increasing eGFR slopes and above- normal 
eGFR levels might be indicative of increased risk for 
adverse clinical outcomes in certain patient groups (ie, 
they do not necessarily reflect a true improvement in 

kidney function) and should, therefore, be interpreted 
with caution. The development of tools that enable 
clinicians to derive yearly kidney function decline from 
available patient laboratory data histories could help 
to foster uptake of eGFR slope use in clinical prac-
tice. Further investigations are warranted in order to 
provide a more granular understanding of the clin-
ical relevance of eGFR slopes across the full range of 
kidney function.

Strengths
This study included a large number of patients with 
eGFR data gathered in a real- world setting, which was 
not restricted to a specific high- risk patient popula-
tion. In addition, the association of both eGFR slope 
and eGFR index categories with several important clin-
ical outcomes was determined using multiple statistical 
models, which is supportive of the robustness of the risk 
estimations. Due to the inclusion of the most recent 
data available in the MDV database, this study is likely to 
reflect the current patient population and, therefore, 
likely to be reliable and informative for use in guiding 
current clinical recommendations.

Limitations
The generalisability of our findings to the wider Japa-
nese population outside of that included in the MDV 
database is unknown. For instance, the database 
includes a disproportionately high number of oncology 
patients, and the findings may apply only to this selected 
population. Additionally, inclusion of those with three 
or more eGFR values and ≥16 years of age may have 
resulted in selection bias. Channelling bias with residual 
confounding may have led to imprecise estimates, 
because variables such as smoking, exercise and socio-
economic status, as well as other laboratory data which 
may impact the occurrence of CV outcomes, were not 
available. Furthermore, the use of claims diagnosis and 
procedure codes to define CV and mortality outcomes 
may have led to misclassification bias and imprecise esti-
mates. We attempted to exclude patients with AKI at 
baseline from the study population; however, the use 
of diagnosis codes alone to identify AKI could have led 
to an underestimation of cases, as suggested by studies 
assessing the validity of ICD- 10 codes.27–30 In addition, 
mortality data in this study were based on inpatient data 
only, which may have resulted in misclassification of the 
primary outcome. Another potential limitation of this 
study is that the use of only hospital- based data omits 
diagnoses and serum creatinine measurements taken in 
primary care settings. However, as the Japanese primary 
care system is not well- established, patients often visit 
secondary care services for primary care needs.31 As 
such, the impact of this limitation in the present study 
is expected to be modest in comparison with hospital- 
based studies in countries with more established 
primary care systems.
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CONCLUSION
The results of this study in the Japanese population 
suggest that eGFR slope, in addition to absolute eGFR, 
may be of value in clinical practice for the identification 
of patients at high risk of adverse outcomes.
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