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Abstract
Background and objectives Whether combining changes in eGFR and urine albumin-to-creatinine ratio (UACR) is
more strongly associated with outcomes compared with either change alone is unknown.

Design, setting, participants, & measurements We analyzed 8766 patients with type 2 diabetes in the Action in
Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation Observational
(ADVANCE-ON) study. Changes in eGFR and UACR (baseline to 2 years) were defined as =40% decrease, minor
change, and =40% increase. The primary outcome was the composite of major macrovascular (nonfatal or fatal
myocardial infarction, nonfatal or fatal stroke, or cardiovascular death), major kidney events (requirement for

kidney replacement therapy or kidney death), and all-cause mortality.

Results Over a median of 7.7 years of follow-up, 2191 primary outcomes were recorded. Strong linear
associations between eGFR and UACR changes and subsequent risk of the outcome were observed. For eGFR,
the hazard ratios were 1.58 (95% confidence interval [95% CI], 1.27 to 1.95) for a decrease =40% and 0.82 for
an increase =40% (95% CI, 0.64 to 1.04) compared with minor change. For UACR, the hazard ratios were
0.96 (95% CI, 0.85 to 1.07) for a decrease =40% and 1.32 (95% ClI, 1.19 to 1.46) for =40% increase compared
with minor change. Compared with dual minor changes, both an eGFR decrease =40% and a UACR
increase =40% had 2.31 (95% CI, 1.67 to 3.18) times the risk of the outcome, with evidence of interaction

between the two markers.

Conclusions Clinically meaningful decreases in eGFR and increases in UACR over 2 years, independently and in
combination, were significantly associated with higher risk of major clinical outcomes.
CJASN 14: 862872, 2019. doi: https://doi.org/10.2215/CJN.13391118

Introduction

One of the most frequent complications of diabetes is
CKD (1,2), and diabetic kidney disease is the leading
cause of ESKD (1,2). Diabetic kidney disease also
increases the risk of cardiovascular disease (3), which
is the leading cause of morbidity and mortality among
people with diabetes (2). As such, the development of
novel treatments for the prevention and management of
diabetic kidney disease has become crucial.

The number of randomized, controlled trials pro-
viding the basis for clinical decision making in ne-
phrology is fewer than for any other specialty of
internal medicine (4). This may well be because
of the slow progressive nature of kidney disease,
requiring a long duration to progress to the hard end
point of ESKD. In response, CKD trials are being
designed with surrogate kidney end points to shorten
the trial duration, enroll fewer participants, reduce
trial costs, and to study interventions in patients with
earlier disease stages (5,6).

A decrease in eGFR of 40%, or even 30% in some
circumstances, is now widely accepted as an end
point for clinical trials of CKD (5,6). Change in
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proteinuria or albuminuria has also been widely used
as a possible surrogate end point for kidney disease
progression (7,8). In the Action in Diabetes and
Vascular Disease: Preterax and Diamicron Modified
Release Controlled Evaluation (ADVANCE) ran-
domized, controlled trial and the Action in Diabetes
and Vascular Disease: Preterax and Diamicron Mod-
ified Release Controlled Evaluation Observational
(ADVANCE-ON) study, we previously reported
that increases in urine albumin-to-creatinine ratio
(UACR) over 2 years in patients with type 2 dia-
betes were independently associated with cardio-
vascular events and all-cause mortality, as well as
kidney events (9). To our knowledge, no study has
examined whether combining changes in eGFR and
UACR will more accurately predict the subsequent
risk of major clinical outcomes than either change
alone.

The objective of this study was to examine the
association between the combination of changes in
eGFR and UACR and subsequent risk of major clinical
outcomes in patients with type 2 diabetes in the
ADVANCE and ADVANCE-ON study.
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Materials and Methods
Study Design and Population

ADVANCE was a factorial, randomized, controlled trial
evaluating the effects of BP-lowering and intensive blood
glucose-lowering treatment on vascular outcomes in patients
with type 2 diabetes. A detailed description of the design has
been published previously (10-12). In brief, 11,140 individ-
uals with type 2 diabetes, aged =55 years, and at high risk
of cardiovascular events were enrolled from 215 centers in
20 countries. No inclusion or exclusion criterion was based on
levels of BP or eGFR, but the presence of albuminuria was
one of a number of potential inclusion criteria. Participants
were randomized to a fixed-dose combination of perindopril
and indapamide (2/0.625 mg) or matching placebo, and
also to either a gliclazide (modified release)-based intensive
glucose control regimen aiming to achieve a hemoglobin
Ay (HbA;) =6.5%, or standard glucose control according
to local guidelines, after a 6-week active run-in period. The
dose of randomized perindopril and indapamide treatment
was doubled to 4 and 1.25 mg, respectively, 3 months
after randomization. The ADVANCE-ON study was a post-
trial follow-up study of the ADVANCE trial, comprising
8494 participants out of a total of 10,082 participants alive
when the randomized treatment phase was completed (13).
All participants discontinued the randomized treatments and
returned to usual care through their physician. Participants
were followed up for an overall median of 9.9 years (including
both ADVANCE [44 and 5.0 years for BP-lowering and
intensive blood glucose-lowering comparison, respectively]
and ADVANCE-ON). Ethics approval of the study was
obtained from the institutional review board of each center.
All participants provided written informed consent. The study
was conducted in accordance with the Declaration of Helsinki.

For the present analysis, patients with major macrovascular
or kidney events or death during the first 2 years, those with
missing eGFR and UACR values at either of two occasions
(study registration or 2 years after randomization), or those
with missing values in covariates were excluded.

eGFR and UACR Evaluations

Our exposure variables were changes in eGFR and
UACR from study registration to 2 years after randomiza-
tion, ie., over a period of 25.5 months or approximately
2 years. eGFR was calculated by the CKD Epidemiology
Collaboration creatinine equation (14). For the primary
analysis both of the kidney markers were classified into
three groups: a decrease of =40%, minor change (decrease
of <40% to increase <40%), and an increase of =40%.

Follow-Up and Study Outcomes

Patients were followed up from their 24-month visit until
the earliest of the first study event, death, or the end of
follow-up (Supplemental Figure 1). The primary study
outcome was the composite of major macrovascular events
(nonfatal or fatal myocardial infarction, nonfatal or fatal
stroke, or cardiovascular death), major kidney events (re-
quirement for kidney replacement therapy or kidney death),
and all-cause mortality. Secondary outcomes were the three
main components of the primary outcome.

Study outcomes recorded during the randomized treat-
ment intervention period were reviewed and validated by
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an independent end point adjudication committee. The
outcomes that occurred during the postrandomization
observational period were reported by the study centers
using the standardized definitions adopted during the trial,
without adjudication (13).

Statistical Analyses

Continuous variables are presented as means (SD) for
variables approximately symmetric distributed. Continuous
variables with skewed distributions are presented as
median (interquartile range). Linear trends of baseline char-
acteristics across categories were tested by linear regression
analysis and logistic regression analysis, as appropriate.

Cox regression models were used to estimate hazard
ratios (HRs) and their corresponding 95% confidence
intervals (95% ClIs) for changes in eGFR and UACR.
Models were adjusted for age, sex, region of residence (Asia
or other), duration of diabetes mellitus, history of macro-
vascular disease, current smoking, current alcohol consump-
tion, body mass index, HbA;,, total cholesterol, triglyceride,
systolic BP, eGFR, UACR at registration, randomized BP-
lowering intervention, randomized glucose control interven-
tion, and percent 2-year changes in systolic BP, eGFR (for
the analyses of change in UACR only), and UACR (for the
analyses of change in eGFR only). We performed sensitivity
analyses in which randomized BP and glucose control
treatments and change in systolic BP were excluded from
covariates, or change in HbA,. was added as a covariate. We
also conducted sensitivity analyses, in which the cut-off point
for changes in eGFR and UACR was defined as 30% instead
of 40%. For change in UACR, other sensitivity analyses using
change in UACR on the basis of log-transformed UACR, or a
combination of change in albuminuria category (normo-,
micro-, and macroalbuminuria) and percent change in UACR
(Supplemental Figure 2) were also conducted. Further, we
examined the association between changes in eGFR and log-
transformed UACR as continuous variables and the out-
comes using restricted cubic spline regression models with
knots placed at —40%, —30%, 0%, 30%, and 40% change. In
addition, it is a fact of nature that someone who has a high
value at baseline will be likely to have a lower and closer
value to the overall mean on a subsequent measurement and
vice versi—so-called regression to the mean. To allow for this,
we repeated the analyses, but only considered anyone in the
highest or middle thirds of eGFR or UACR at baseline whose
value went up by =40% or experienced minor change for
the highest third at 2 years to have a “real” increase; that is, a
residual increase after accounting for regression to the mean.
Similarly, only patients in the middle or lowest thirds whose
values went down by =40% or who experienced minor
change for the lowest third were considered to have a “real”
residual decrease, over and above regression to the mean
(Supplemental Figure 3). A similar analysis was conducted
by using a 10% cut-off point for eGFR and UACR instead of
40% (Supplemental Figure 4).

Prediction metrics for the primary outcome were also
investigated. Discrimination was evaluated by c-statistics
for 8-year risk, accounting for censoring, and compared
between the above-mentioned conventional risk model and
this model plus changes in eGFR and UACR individually
and in combination. In addition, the ability to reclassify the
8-year risk was assessed by the integrated discrimination
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index and net reclassification improvement, using methods
suitable for survival data.

Statistical analyses were performed with SAS 7.11 (SAS
Institute, Cary, NC) and Stata software (release 13; StataCorp,
College Station, TX). A two-sided P value <0.05 was
considered statistically significant.

Results
Patient Characteristics at Registration

Of the 11,140 patients who participated in the ADVANCE
trial, 8766 participants (79%) were included in this study;
those excluded either had missing values of exposures or
covariates or experienced the primary outcome during
the initial 2-year period over which changes in kidney
markers were quantified (Supplemental Figure 1). The
mean age of included participants was 66 years (SD 6)
and 43% were women. Mean duration of diabetes was
7.8 years (SD 6.3), mean eGFR was 75 ml/min per 1.73 m?
(SD 17), and median UACR was 14.1 ug/mg (interquartile
range, 7.1-37.1).

Changes in eGFR and UACR

Over the 2-year change “window,” 276 (3%) participants
experienced a decrease in eGFR of =40%, 8186 (93%) partic-
ipants experienced minor change, and 304 (4%) participants
experienced an increase of =40% (Table 1). For UACR, 2515
(29%) participants experienced a decrease of =40%, 3002 (34%)
participants experienced minor change, and 3249 (37%)
participants experienced an increase of =40% (Table 1). A
total of 108 participants (1%) experienced both a decrease
in eGFR of =40% and an increase in UACR of =40%
(Supplemental Table 1A).

Participants with greater decreases in eGFR were more
likely to have longer diabetes duration (Table 1), higher
HbA, levels, higher UACR and eGFR levels at registration,
and to have been randomized to perindopril and indapa-
mide treatment.

Participants with greater increases in UACR were more
likely to be taking diuretics or angiotensin-converting enzyme
inhibitors and to have lower UACR and systolic BP levels
at registration, and were less likely to have been random-
ized to perindopril and indapamide or intensive blood
glucose control.

Association of Changes in eGFR and UACR with
Clinical Outcomes

During a median follow-up of 7.7 years, 2191 patients (25%)
developed the primary outcome, 1392 (16%) experienced a
major macrovascular event, 108 (1%) experienced a major
kidney event, and 1416 (16%) died.

The HRs and 95% ClIs for major clinical outcomes are
shown in Figure 1. After adjustment (for eGFR, UACR, and
other cardiovascular risk factors at study entry), an increase
in eGFR was associated with a lower risk of the primary
outcome. Compared with minor change, the HR for a
decrease in eGFR of =40% was 1.58 (95% CI, 1.27 to 1.95),
whereas the HR for an increase in eGFR of =40% was 0.82
(95% CI, 0.64 to 1.04).

After adjustment, an increase in UACR was associated
with a higher risk of the primary outcome. Compared with
minor change, the HR for a decrease in UACR of =40% was

0.96 (95% CI, 0.85 to 1.07), whereas the HR for an increase
in UACR of =40% was 1.32 (95% CI, 1.19 to 1.46). These
results remained unchanged when (1) randomized BP and
glucose control treatments and change in systolic BP were
excluded from covariates, (2) change in HbA;. was added
as a covariate (Supplemental Figure 5), (3) percent change
was calculated on the basis of log-transformed UACR
(Supplemental Figure 6), or (4) a combination of change in
albuminuria category and percent change in UACR was
used (Supplemental Figures 2 and 6). Findings were similar
when changes in eGFR and UACR were assessed as
continuous variables (Figure 2). There was also a statis-
tically significant trend for major macrovascular events
alone, major kidney events alone, and all-cause mortality
when considered alone (Figure 1). These effects were not
substantially changed in sensitivity analyses using a 30%
cut-off point for the changes in eGFR and UACR
(Supplemental Figure 7, Supplemental Table 1), and
adjusting for regression to the mean (Supplemental
Figures 8 and 9).

Combination of Changes in eGFR and UACR and
Clinical Outcomes

Compared with minor changes in both eGFR and
UACR, a combined decrease in eGFR and an increase in
UACR were associated with a 2.31 (95% CI, 1.67 to 3.18)
higher risk of the primary outcome, with evidence of
interaction between the two kidney markers (P for in-
teraction <0.05) (Figure 3). The corresponding HRs for
major macrovascular events, major kidney events, and all-
cause mortality were 1.75 (95% CI, 1.16 to 2.66), 26.38 (95%
CI, 12.61 to 55.18), and 3.70 (95% CI, 2.60 to 5.25),
respectively (P for interaction =0.16; 0.004; and 0.17, re-
spectively). These effects were not substantially changed in
sensitivity analyses using a 30% cut-off point for the
combined changes in eGFR and UACR (Supplemental
Figure 10) and those accounting for regression to the mean
using a 40% cut-off point for the changes in eGFR and
UACR (Supplemental Figure 11), although significant in-
teraction between the two markers were no longer evident
in the latter analysis.

Discrimination and Reclassification

The addition of change in eGFR to a model with
conventional risk factors consistently and significantly
improved a range of discrimination and reclassification of
the 8-year risk of the primary outcome (Table 2). When
change in UACR was added to the same base model, these
prediction metrics were also improved significantly, with
exception of categorical net reclassification improvement.
Furthermore, the addition of a combination of both change
in eGFR and UACR, and their interaction term provided
better prognostic information, when compared with adding
any of the change individually.

Discussion

In our study cohort of 8766 patients with type 2
diabetes, 2-year changes in eGFR and UACR were both
strongly associated with future risks of major clinical
outcomes. Both decreases in eGFR and increases in UACR
over 2 years, independently and in combination, predicted


http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.13391118/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.13391118/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.13391118/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.13391118/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.13391118/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.13391118/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.13391118/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.13391118/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.13391118/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.13391118/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.13391118/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.13391118/-/DCSupplemental

Table 1. Characteristics at time of registration of 8766 people included in our analysis from the ADVANCE trial

eGFR Change UACR Change
Variable
Decrease =40% Minor Change Increase =40% Decrease =40% Minor Change Increase =40%

No. of participants 276 8186 304 2515 3002 3249
Demographic factors

Age, yr 65 (7) 66 (6) 65 (6) 66 (6) 65 (6) 65 (6)

Women, % 166 (60) 3381 (41) 183 (60) 1065 (42) 1246 (42) 1419 (44)

Residence in Asia, % 180 (65) 3168 (38) 174 (57) 1058 (42) 1179 (39) 1285 (40)
Medical and lifestyle history

Duration of diabetes mellitus, yr 9.2 (7.0) 7.8 (6.2) 7.8 (6.4) 8.0 (6.4) 7.5 (6.0) 7.9 (6.4)

History of macrovascular disease at baseline, % 73 (26) 2529 (31) 101 (33) 779 (31) 881 (29) 1043 (32)

Current smoking, % 28 (10) 1219 (15) 41 (13) 364 (14) 436 (15) 488 (15)

Current alcohol drinking, % 38 (14) 2511 (31) 47 (15) 734 (29) 939 (31) 923 (28)
Risk factors

Systolic BP, mm Hg 147 (22) 144 (21) 145 (22) 147 (21) 143 (21) 144 (21)

Diastolic BP, mm Hg 81 (12) 81 (11) 80 (11) 82 (11) 80 (11) 80 (11)

Heart rate, bpm 76 (12) 74 (12) 76 (12) 75 (12) 74 (12) 74 (12)

HbA,., % 8.0 (1.9) 7.5 (1.5) 7.7 (1.8) 7.5 (1.6) 7.5(1.5) 7.5 (1.5)

Total cholesterol, mg/dl 203 (46) 200 (46) 220 (51) 203 (47) 200 (44) 200 (46)

Triglycerides, mg/dl 147 (106-221) 143 (106-204) 151 (106-230) 151 (106-213) 142 (105-204) 142 (106-204)

Body mass index, kg/m?> 27.2 (4.6) 28.3 (5.2) 27.7 (4.8) 28.3 (5.2) 28.2 (5.1) 28.2 (5.2)
Randomized treatments

Perindopril-indapamide 159 (58) 4066 (50) 131 (43) 1405 (56) 1512 (50) 1439 (44)

Intensive blood glucose control 150 (54) 4158 (51) 150 (49) 1340 (53) 1524 (51) 1594 (49)
Blood glucose-lowering treatments

Oral hypoglycemic agents, %" 258 (93) 7417 (91) 279 (92) 2285 (91) 2703 (90) 2966 (91)

Insulin, % 4(1) 110 (1) 11 (4) 44 (2) 37 (1) 44 (1)
BP-lowering treatments

B-blocker, %s 55 (20) 1984 (24) 73 (24) 569 (23) 715 (24) 828 (25)

Calcium-channel blocker, % 90 (33) 2460 (30) 116 (38) 827 (33) 840 (28) 999 (31)

Diuretics, % 65 (24) 1861 (23) 88 (29) 540 (21) 657 (22) 817 (25)

Angiotensin-converting enzyme inhibitors, %P 107 (39) 3457 (42) 142 (47) 1008 (40) 1263 (42) 1435 (44)

Angiotensin II receptor blockers, % 16 (6) 418 (5) 7(2) 135 (5) 144 (5) 162 (5)

Other antihypertensive agents, % 66 (24) 967 (12) 55 (18) 318 (13) 358 (12) 412 (13)

Any BP-lowering agents, %" 222 (80) 6057 (74) 243 (80) 1900 (76) 2171 (72) 2451 (75)
Changes in risk factors

First UACR, mg/g 21 (10-72) 14 (7-35) 14 (8-47) 33 (16-92) 13 (7-27) 9 (4-19)

Second UACR, mg/g 21 (11-66) 14 (7-37) 14 (7-45) 9 (4-19) 12 (7-27) 28 (12-77)

First eGFR, ml/min per 1.73 m? 85 (21) 76 (17) 54 (11) 76 (18) 76 (17) 75 (17)

Second eGFR, ml/min per 1.73 m? 44 (12) 72 (17) 85 (14) 72 (18) 72 (18) 72 (18)

First systolic BP, mm Hg 147 (22) 144 (21) 145 (21) 147 (21) 143 (21) 144 (21)

Second systolic BP, mm Hg 138 (19) 138 (18) 139 (18) 137 (18) 137 (18) 139 (19)

For continuous variables, mean values and their corresponding SD are presented, except that median values (interquartile interval [IQI[) are presented for triglycerides and UACR. Linear trends
of triglycerides and UACR across categories were tested after log-transformation. Categorical variables are presented as 1 (%). ADVANCE, Action in Diabetes and Vascular Disease:
Preterax and Diamicron Modified Release Controlled Evaluation; UACR, urine albumin-to-creatinine-ratio; HbA;., hemoglobin A;..

“Randomized treatment with gliclazide was not included.
PRandomized treatment with perindopril-indapamide was not included.
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N events/N total HR (95% Cl) P for trend
Combined major macrovascular, kidney events,
and all-cause mortality
eGFR
Increased 240% 73/304 — 0.82 (0.64-1.04)
Minor change 2026/8186 4 1.00 (Reference) <0.001
Decreased 240% 92/276 —— 1.58 (1.27-1.95)
UACR
Decreased >40% 637/2515 - 0.96 (0.85-1.07)
Minor change 688/3002 4 1.00 (Reference) <0.001
Increased 240% 866/3249 - 1.32 (1.19-1.46)
Major macrovascular events
eGFR
Increased 240% 45/304 —* 0.75 (0.55-1.02)
Minor change 1296/8186 4 1.00 (Reference) 0.02
Decreased 240% 51/276 -+ 1.21 (0.91-1.61)
UACR
Decreased 240% 396/2515 —or 0.93 (0.81-1.08)
Minor change 440/3002 4 1.00 (Reference) <0.001
Increased 240% 556/3249 - 1.27(1.12-1.44)
Major kidney events
eGFR
Increased 240% 2/304 * 0.27 (0.07-1.12)
Minor change 89/8186 4 1.00 (Reference) <0.001
Decreased 240% 17/276 ——> 10.46 (5.91-18.53)
UACR
Decreased 240% 34/2515 — 0.71 (0.43-1.17)
Minor change 35/3002 4 1.00 (Reference) 0.001
Increased 240% 39/3249 —— 1.70 (1.06-2.73)
All-cause mortality
eGFR
Increased 240% 41/304 —— 0.73 (0.53-1.01)
Minor change 1300/8186 4 1.00 (Reference) <0.001
Decreased 240% 75/276 —— 2.26 (1.78-2.88)
UACR
Decreased >40% 411/2515 — 0.96 (0.83-1.11)
Minor change 433/3002 < 1.00 (Reference) <0.001
Increased 240% 572/3249 - 1.43 (1.26-1.63)
T T T T T T
025 0.5 1.0 2.0 4.0 8.0 16.0

HR (95% Cl)

Figure 1. | Both a decrease in eGFR and an increase in UACR over 2 years were significantly associated with subsequent risk of major
clinical outcomes. Models were adjusted for age, sex, region of residence, duration of diabetes, history of macrovascular disease, smoking
habit, drinking habit, body mass index, HbA, total cholesterol, log-transformed triglycerides, eGFR, systolic BP, log-transformed UACR at
registration, 2-year change in systolic BP, randomized BP-lowering intervention, and randomized glucose control intervention plus (for
change in eGFR only) log-transformed 2-year change in UACR or (for change in UACR only) 2-year change in eGFR.

increased risk of the primary outcome. There was some
evidence of an interaction between changes in eGFR and
UACR such that, compared with minor eGFR and UACR
changes, eGFR decreases of =40% and UACR increases
of =40% was associated with 2.3 (95% CI, 1.7 to 3.2) and 26 .4
(95% CI, 12.6 to 55.2) times increased risks of the primary
outcome and major kidney events, respectively. Overall, our
results suggest that a combined assessment of clinically
meaningful changes in both eGFR and UACR compared
with separate assessments of the two prognostic markers
further improves risk stratification of people with type 2
diabetes at risk of developing major cardiovascular and
kidney events.

The strong graded link between baseline levels of eGFR
and albuminuria (and the interaction between these two
prognostic markers) on subsequent risk of adverse cardio-
vascular and kidney outcomes is well established. We had
previously reported that for every halving of baseline eGFR
and every ten-fold increase in baseline UACR, the risk of
a cardiovascular event was increased by a factor of 2.2
(95% CI, 1.1 to 4.4) and 2.5 (95% CI, 1.7 to 3.5), respectively
(15). Other studies (16-18) have also suggested an in-
dependent predictive effect of baseline eGFR and UACR
for future adverse outcomes, with some (17,18) also
showing strong interaction between the two prognostic
markers (e.g., the presence of both low eGFR and higher
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Figure 2. | The associations between changes in eGFR and UACR and subsequent risk of major clinical outcomes were similar when changes
in these two markers were assessed as continuous variables. 2-Year changes in eGFR and UACR were both strongly associated with future risks
of major clinical outcomes. Models were adjusted for age, sex, region of residence, duration of diabetes, history of macrovascular disease,
smoking habit, drinking habit, body mass index, HbA, total cholesterol, log-transformed triglycerides, eGFR, systolic BP, log-transformed
UACR at registration, 2-year change in systolic BP, randomized BP-lowering intervention, and randomized glucose control intervention plus
(for change in eGFR only) 2-year change in UACR or (for change in UACR only) 2-year change in eGFR. The circles represent the points at
which knots were placed (—40%, —30%, 0%, 30%, and 40%). The gray areas represent the 95% Cls. Values were trimmed at >100% change
(0.16% and 3.0% of the participants for change in eGFR and change in UACR, respectively). The red lines represent the HRs of one.

degrees of albuminuria further intensifying the risk of
future adverse outcomes).

Accordingly, more recent studies have focused on
assessing the prognostic effect of short- and long-term
changes in eGFR (19,20) and UACR (9,21-23), to determine
their utility as a therapeutic target and surrogate end points
for cardiovascular and kidney outcomes—an area of intense
debate (24-26). Although doubling of serum creatinine
(equivalent to a 57% decrease in eGFR) from baseline has
been widely used as a surrogate for ESKD in randomized
trials, lesser magnitudes of eGFR decline (e.g., 30% and 40%)
have recently been proposed (24), especially as the robust
ascertainment of doubling of serum creatinine still requires
substantially longer follow-up.

Since the publication of results from the National Kidney
Foundation and US Food and Drug Administration—
sponsored Scientific Workshop on GFR decline suggesting
general concordance between 40% eGFR decline and estab-
lished ESKD end points (ESKD or doubling of serum
creatinine) (24), this end point has been increasingly used in
randomized trials (27,28). Our results indicate that 40%
changes in eGFR are strongly predictive of major clinical
outcomes and, although our study did not aim to address
the superiority of change in eGFR =40% as a surrogate end
point compared with change in eGFR =30%, we observed
similar effects across the two models, suggesting the
potential utility of change in eGFR of =30% as an end
point among certain high-risk groups, including type 2
diabetes. Indeed, the use of eGFR change of =30% resulted
in more participants reaching the end point compared with
eGFR change of =40% (higher across the assessed eGFR
and UACR change categories).

Regarding UACR change, recent studies have tested the
prognostic utility of 30%-100% changes in UACR, with a
growing number of observational studies (9,21) showing
positive association between changes in UACR and the risk
of cardiovascular or kidney outcomes (particularly for
increases in UACR and subsequently increased risk of
adverse outcomes). We have previously reported a strong

positive linear association between changes in UACR (de-
fined as UACR decrease =30% or UACR increase =30%
compared with minor change) and major macrovascular
and major kidney events as well as all-cause mortality
among patients with type 2 diabetes (9). In this study, there
were more than one third of total participants in each
category of increase or decrease in UACR, but only 3%—4%
in corresponding categories for change in eGFR, due to
the skewed distribution of UACR and subject to random
variation. However, sensitivity analyses using change in
log-transformed UACR or a combination of change in
albuminuria category and percent change in UACR pro-
vided broadly similar results, which support our general
conclusions.

To our knowledge, no study to date has assessed the
interaction between changes in eGFR and albuminuria and
subsequent risk of major clinical outcomes including
cardiovascular and kidney events. This assessment is
critical for the appropriate identification of high-risk pop-
ulations. For example, a study by Hemmelgarn et al. (18)
reported that patients with heavy proteinuria (albumin-
to-creatinine ratio >300 mg/g) without moderate CKD
(eGFR>60 ml/min per 1.73 m?) experienced greater rates
of cardiovascular and kidney outcomes compared with
those who had moderate CKD but without proteinuria,
highlighting the potential for misclassification of risk when
changes in the two prognostic markers are considered in
isolation.

To the best of our knowledge, our study represents the
first assessment on the combined predictive value of eGFR
and UACR change in assessing future cardiovascular and
kidney risk in people with type 2 diabetes. Our overall
results suggest that a combined approach of determining
clinically meaningful magnitudes of earlier change in both
eGFR and UACR in type 2 diabetes may add substantial
prognostic value to that associated with eGFR or albumin-
uria change alone. Our results are largely consistent with
those from a similar study reporting on the analysis of
baseline eGFR and albuminuria from the Kidney Early
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Combined major macrovascular, kidney events,
and all-cause mortality

P for interaction = 0.047

Hazard ratio

Decreased >40%

Increased .
>40%  Minor Minor change
change Increased >40%
Decreased
Change in UACR >40% Change in eGFR

Change in eGFR
Increased >40% Minor change Decreased >40%
Change in UACR

0.96 0.95 1.27
O,
Decreased 240% 4 63°147)  (0.85,1.07)  (0.83, 1.93)
Minor change 0.94 1.00 1.56
(0.63, 1.39) (Reference) (1.06, 2.29)
0.82 1.33 2.31
0,
Increased >40% 54104y (1.19,1.48)  (1.67, 3.18)

Major kidney events

Hazard ratio
N
(6]

Increased

>40%  Minor

change Decreased Increased >40%

>40%

Change in UACR Change in eGFR

Change in eGFR
Increased >40% Minor change Decreased >40%
Change in UACR

0.36 0.66 2.30
O,
Decreased >40% (0.05, 2.65) (0.39, 110) (0.6, 7.99)
Minor change 043 1.00 7.52
(0.06,3.15)  (Reference)  (2.23,25.38)
1.39 26.38

Increased >40% Not calculated

(0.82, 2.34) (12.61, 55.18)

Major macrovascular events

P for interaction = 0.16

Hazard ratio

Decreased >40%
Minor change
Increased >40%

Increased

>40%
change
Decreased

Change in UACR Change in eGFR

>40%

Change in eGFR
Increased >40% Minor change Decreased >40%
Change in UACR

0.88 0.91 0.21
0,
Decreased 240% 55 "1 48)  (0.79, 1.06) (0.72, 2.04)
Minor change 0.92 1.00 0.88
(0.56, 1.51) (Reference) (0.49, 1.56)
0.64 0.27 1.75
0,
Increased >40% 57112y (1.11, 1.45) (1.16, 2.66)

All-cause mortality
P for interaction = 0.17

Hazard ratio
n

Decreased >40%
Minor change
Increased >40%

Increased

>40% Minor

change
Decreased

>40%

Change in UACR Change in eGFR

Change in eGFR
Increased >40% Minor change Decreased >40%
Change in UACR

0.74 0.97 1.50
0,
Decreased 240% a9 139)  (0.84,1.12)  (0.92, 2.47)
Minor change 0.74 1.00 258
(0.42, 1.29) (Reference) (1.65, 3.87)
1.03 1.41 3.70
0,
Increased >40% (64 1 67)  (1.24,1.61)  (2.60, 5.25)

Figure 3. | A combination of changes in eGFR and UACR was more strongly associated with subsequent risk of the outcomes than either
change alone. Models were adjusted for age, sex, region of residence, duration of diabetes, history of macrovascular disease, smoking habit,
drinking habit, body mass index, HbA;., total cholesterol, log-transformed triglycerides, eGFR, systolic BP, log-transformed UACR at
registration, change in systolic BP, randomized BP-lowering intervention, and randomized glucose control intervention.



Table 2. Discrimination and reclassification statistics (95% Cls) for 8-year risk of the primary outcome after addition of changes in eGFR or UACR to a model containing clinical risk factors

Model

Ac-Statistic

Integrated
Discrimination
Improvement

Relative Integrated
Discrimination
Improvement, %

Net Reclassification Improvement

Continuous

Categorical®

Base model (reference)®
Base model plus change in eGFR

Base model plus change in UACR

Base model plus change in eGFR and UACR
and interaction term

Base model plus change in eGFR (reference)

Addition of change in UACR and interaction term

Base model plus change in UACR (reference)
Addition of change in eGFR and interaction term

0.6602 (0.6478 to 0.6726)
0.0041 (0.0010 to 0.0073)
P=0.009
0.0054 (0.0022 to 0.0086)
P=0.001
0.0088 (0.0044 to 0.0131)
P<0.001

0.6643 (0.6519 to 0.6768)
0.0046 (0.0016 to 0.0077)
P=0.003

0.6656 (0.6533 to 0.6780)
0.0034 (0.0004 to 0.0063)
P=0.03

0.0046 (0.0036 to 0.0058)
P<0.001

0.0050 (0.0038 to 0.0062)
P<0.001

0.0096 (0.0080 to 0.0114)
P<0.001

0.0050 (0.0038 to 0.0062)
P<0.001

0.0046 (0.0035 to 0.0058)
P<0.001

5.39 (4.11 to 6.80)

5.85 (4.40 to 7.31)

11.21 (9.25 to 13.34)

5.55 (4.18 to 6.88)

5.08 (3.85 to 6.39)

0.114 (0.059 to 0.166)
P<0.001

0.170 (0.116 to 0.224)
P<0.001

0.168 (0.112 to 0.219)
P<0.001

0.175 (0.121 to 0.226)
P<0.001

0.107 (0.051 to 0.159)
P<0.001

0.014 (0.0007 to 0.027)
P=0.04

0.0005 (—0.014 to 0.014)
P=0.18

0.017 (0.0003 to 0.033)
P=0.05

0.002 (—0.011 to 0.015)
P=0.56

0.017 (0.004 to 0.029)
P=0.006

Change in UACR was log-transformed before the analyses. 95% CI, 95% confidence interval; UACR, urine albumin-to-creatinine ratio.

#Using cut-off points of 10% and 20% 8-year risk.

PBase model included age, sex, region of residence, duration of diabetes, history of macrovascular disease, smoking habit, drinking habit, body mass index, hemoglobin A;,, total cholesterol, log-
transformed triglycerides, eGFR, systolic BP, log-transformed UACR at registration, 2-year change in systolic BP, randomized BP-lowering intervention, and randomized glucose control

intervention.
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Evaluation Program. However, the effect of changes in
eGFR and albuminuria on outcomes or the interaction
between these two prognostic markers were not assessed,
although the improvements in predictive ability had been
anticipated. Our data thus have important implications for
risk stratification of individuals with type 2 diabetes at high
risk of developing adverse cardiovascular and kidney
outcomes. Although the degree of improvements in some
prediction statistics were statistically significant, they were
only small. However, we believe that even a modest
improvement could be beneficial to prevent adverse events
in these high-risk populations.

The strengths of our study include (1) the assessment of
the relationship between change in eGFR and UACR and
clinically important outcomes using separate (for eGFR and
UACR) and combined approaches (i.e., analysis of the
interaction between change in eGFR and UACR); (2) the
large and diverse participant population (including Asia
[40%], Australasia [14%)], Europe [43%], and North America
[3%]) derived from an international, multicenter, random-
ized trial; and (3) the long-term follow-up period, which
included the 5-year post-trial phase. However, our study
has limitations. First, our calculation of the percent change
in eGFR and UACR was on the basis of only two eGFR and
UACR measurements, respectively, with the second as-
sessed 2 years after the initial measurement. Second, our
study cohort was derived from a randomized trial of people
with type 2 diabetes and therefore the results have limited
generalizability to broader populations. Third, 84% of the
participants alive at the end of the ADVANCE trial were
enrolled in the post-trial follow-up (ADVANCE-ON). How-
ever, patient baseline characteristics of those included in the
ADVANCE-ON trial were similar to those of the entire
trial population (13). Finally, the ESKD event rate in the
ADVANCE/ADVANCE-ON trials was relatively low (0.2%
per year) compared with prior studies that included people
with diabetes (0.7%—-6.6% per year) (21,29,30).

In conclusion, we observed continuous associations
between 2-year changes in eGFR and UACR and the risk of
major clinical outcomes, with some evidence of significant
interaction between changes in eGFR and UACR. Our
results suggest that a combined assessment of eGFR and
UACR change will add prognostic utility compared with
separate assessments of the changes in the two prognostic
markers in patients with type 2 diabetes.
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