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IMPORTANCE Type 2 diabetes (T2D) is the leading cause of kidney disease in the US. It is not
known whether glucose-lowering medications differentially affect kidney function.

OBJECTIVE To evaluate kidney outcomes in the Glycemia Reduction Approaches in Diabetes:
A Comparative Effectiveness (GRADE) trial comparing 4 classes of glucose-lowering
medications added to metformin for glycemic management in individuals with T2D.

DESIGN, SETTING, AND PARTICIPANTS A randomized clinical trial was conducted at 36 sites
across the US. Participants included adults with T2D for less than 10 years, a hemoglobin A1c

level between 6.8% and 8.5%, and estimated glomerular filtration rate (eGFR) greater than or
equal to 60 mL/min/1.73 m2 who were receiving metformin treatment. A total of 5047
participants were enrolled between July 8, 2013, and August 11, 2017, and followed up for a
mean of 5.0 years (range, 0-7.6 years). Data were analyzed from February 21, 2022, to March
27, 2023.

INTERVENTIONS Addition of insulin glargine, glimepiride, liraglutide, or sitagliptin to
metformin, with the medication combination continued until the HbA1c was greater than
7.5%; thereafter, insulin was added to maintain glycemic control.

MAIN OUTCOMES AND MEASURES Chronic eGFR slope (change in eGFR between year 1 and
trial end) and a composite kidney disease progression outcome (albuminuria, dialysis,
transplant, or death due to kidney disease). Secondary outcomes included incident eGFR less
than 60 mL/min/1.73 m2, 40% decrease in eGFR to less than 60 mL/min/1.73 m2, doubling of
urine albumin-to-creatinine ratio (UACR) to 30 mg/g or greater, and progression of Kidney
Disease Improving Global Outcomes stage. Analyses were intention-to-treat.

RESULTS Of the 5047 participants, 3210 (63.6%) were men. Baseline characteristics were
mean (SD) age 57.2 (10.0) years; HbA1c 7.5% (0.5%); diabetes duration, 4.2 (2.7) years; body
mass index, 34.3 (6.8); blood pressure 128.3/77.3 (14.7/9.9) mm Hg; eGFR 94.9 (16.8)
mL/min/1.73 m2; and median UACR, 6.4 (IQR 3.1-16.9) mg/g; 2933 (58.1%) were treated with
renin-angiotensin-aldosterone inhibitors. Mean chronic eGFR slope was −2.03 (95% CI, −2.20
to −1.86) mL/min/1.73 m2 per year for patients receiving sitagliptin; glimepiride, −1.92 (95%
CI, −2.08 to −1.75) mL/min/1.73 m2 per year; liraglutide, −2.08 (95% CI, −2.26 to −1.90)
mL/min/1.73 m2 per year; and insulin glargine, −2.02 (95% CI, −2.19 to −1.84) mL/min/1.73 m2

per year (P = .61). Mean composite kidney disease progression occurred in 135 (10.6%)
patients receiving sitagliptin; glimepiride, 155 (12.4%); liraglutide, 152 (12.0%); and insulin
glargine, 150 (11.9%) (P = .56). Most of the composite outcome was attributable to
albuminuria progression (98.4%). There were no significant differences by treatment
assignment in secondary outcomes. There were no adverse kidney events attributable to
medication assignment.

CONCLUSIONS AND RELEVANCE In this randomized clinical trial, among people with T2D and
predominantly free of kidney disease at baseline, no significant differences in kidney
outcomes were observed during 5 years of follow-up when a dipeptidyl peptidase 4 inhibitor,
sulfonylurea, glucagonlike peptide 1 receptor agonist, or basal insulin was added to
metformin for glycemic control.
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D iabetes is the leading cause of chronic kidney disease
and kidney failure in the US and most of the world.
Achieving and maintaining glycemic control is criti-

cal for preventing or delaying the development of diabetic kid-
ney disease (DKD).1 Clinical trials in patients with type 1
diabetes and type 2 diabetes (T2D) have consistently demon-
strated that intensive glycemic control reduces the risk of de-
veloping albuminuria,2-4 and long-term follow-up of some co-
horts suggests that intensive glycemic control also prevents a
decrease in estimated glomerular filtration rate (eGFR) and kid-
ney failure.5,6

More recently, in T2D, several classes of glucose-lowering
drugs have been demonstrated to have kidney benefits that ap-
pear independent of glycemic effects, an effect mostly seen in
studies of people with DKD, atherosclerotic cardiovascular dis-
ease, or high atherosclerotic cardiovascular disease risk. Dipep-
tidyl peptidase 4 (DPP-4) inhibitors, glucagonlike peptide-1
(GLP-1) receptor agonists, and sodium-glucose cotransporter-2
(SGLT2) inhibitors have all been shown to reduce albuminuria
in DKD, compared with placebo or other glucose-lowering
drugs.7-12 In addition, SGLT2 inhibitors have been clearly dem-
onstrated to slow the decrease in eGFR over time,10,11,13 and GLP-1
receptor agonists have shown potential benefits with regard to
eGFR loss in short-term studies and secondary analyses of car-
diovascular outcome trials.9,12 Whether people at an earlier stage
of diabetes, largely free of DKD, derive differential benefit from
treatment with non-SGLT2 inhibitor glucose-lowering medica-
tion classes is unknown.

The Glycemia Reduction Approaches in Diabetes: A
Comparative Effectiveness (GRADE) Study aimed to compare
glycemic and other outcomes among 4 commonly used classes
of glucose-lowering medications added to metformin. The
medications, selected to represent the most popular classes
available at the time of study design and launch in 2013, were
the DPP-4 inhibitor sitagliptin, the sulfonylurea glimepiride,
the GLP-1 receptor agonist liraglutide, and the basal insulin
glargine.14,15 As noted, DPP-4 inhibitors and GLP-1 receptor ago-
nists have shown modest kidney benefits, chiefly albumin-
uria lowering, in placebo-controlled trials. In contrast to re-
cent cardiovascular outcome trials, GRADE enrolled a diverse
US cohort with shorter duration of diabetes, predominantly
without cardiovascular and kidney complications at base-
line, and maintained overall good glycemic management across
all 4 treatment groups. GRADE reported modest differences
in time to glycemic progression16 and no significant differ-
ences in overall microvascular outcomes in GRADE.17 In this
report, we evaluate the effects of the GRADE interventions on
detailed kidney outcomes.

Methods
Main Outcomes and Measures
GRADE and its major outcomes have been previously
described.14-17 The GRADE protocol is given in Supplement 1,
and the inclusion and exclusion criteria are presented in the
eMethods 1 in Supplement 2. The trial was approved by the in-
stitutional review boards of the George Washington

University and all clinical centers. All participants provided
written informed consent and received financial compensa-
tion. This study followed the Consolidated Standards of
Reporting Trials (CONSORT) reporting guideline.

Trial Design
GRADE was a parallel-group comparative effectiveness clini-
cal trial conducted in 36 clinical centers across the US. Ran-
domization was performed via a central web-based system and
stratified by site. Treatment assignment was unmasked to the
participants and clinic staff; laboratories, reading centers, and
event adjudicators were masked to treatment assignment.

Participants
Participants had T2D diagnosed at age 30 years or older
(≥20 years in self-reported American Indian or Alaska Native
individuals), diabetes duration less than 10 years, treated with
metformin 1000 to 2000 mg/d, with hemoglobin A1c (HbA1c)
6.8% to 8.5% (to convert to proportion of total hemoglobin,
multiply by 0.01) at randomization. Potential participants with
a history of a major cardiovascular event within the previous
year and New York Heart Association Class II to IV heart fail-
ure were excluded. At the outset of the trial, men with a cre-
atinine level greater than 1.5 mg/dL (to convert to micro-
moles per liter, multiply by 88.4) and women with a creatinine
level greater than 1.4 mg/dL were excluded; this threshold was
subsequently replaced by estimated glomerular filtration rate
(eGFR) less than 30 mL/min/1.73 m2 to be consistent with
changes in practice and metformin prescribing (protocol ver-
sion 1.6, August 2016). Participants were recruited between July
8, 2013, and August 11, 2017, and followed up for a mean du-
ration of 5.0 (range, 0-7.6) years through April 30, 2021, with
85.3% completing at least 4 years of follow-up.16,17

Interventions
Participants were randomly assigned to start sitagliptin,
glimepiride, liraglutide, or insulin glargine, 100 U/mL, in ad-
dition to metformin. The medication combination was con-
tinued until the HbA1c was greater than 7.5% and confirmed;
thereafter, basal and prandial insulin, if needed, were added

Key Points
Question Do glucose-lowering medications have different effects
on kidney outcomes?

Findings In this randomized clinical trial including 5047 patients
with type 2 diabetes, those receiving metformin treatment and
predominantly without kidney disease at baseline were randomly
assigned to treatment with a sulfonylurea, a dipeptidyl peptidase
4 inhibitor, a glucagonlike peptide 1 receptor agonist, or basal
insulin; all groups had good glycemic and blood pressure
management. There were no significant differences in decreased
estimated glomerular filtration rate, progression of albuminuria,
dialysis, kidney transplant, or death during 5 years of follow-up.

Meaning In patients with type 2 diabetes treated with metformin,
kidney outcomes do not appear to differ by treatment with 1 of 4
second glucose-lowering medication classes evaluated in this
randomized clinical trial.
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to maintain glycemic control. All medications were dosed ac-
cording to their labeling guidelines. Starting in 2018, updated
consensus recommendations on the choice of glucose-
lowering medications (including GLP-1 receptor agonists and
SGLT2 inhibitors) in the setting of prevalent cardiovascular and,
later, kidney disease were issued by the American Diabetes
Association/European Association for the Study of Diabetes.18,19

These recommendations were shared with participants eli-
gible for these interventions and their health care profession-
als. Usual care clinicians managed all medication therapy other
than the protocol-assigned glucose-lowering medications, in-
cluding SGLT2 inhibitors or nonstudy GLP-1 receptor
agonists.

Outcomes and Assessments
Participants had in-person study visits every 3 months. Weight
and seated standardized blood pressure (mean of 3 measure-
ments using a calibrated sphygmomanometer) were mea-
sured per study protocol. Kidney function and damage were
assessed by assays of creatinine and albumin.20 Serum creati-
nine was determined annually, and a spot urinary albumin-
to-creatinine ratio (UACR) was determined every 6 months.
Creatinine levels were measured in serum and urine by an en-
zymatic method (creatinase) (Roche cobas 6000 system; Roche
Diagnostics) with trueness verified using National Institute of
Standards and Technology standard materials.21 The eGFR was
calculated from the measured creatinine level using the Chronic
Kidney Disease Epidemiology Collaboration equation, includ-
ing self-reported race and ethnicity as a variable to maintain
consistency with previously reported results.14,22 Urine albu-
min levels were measured using an immunoturbidimetric
method (Roche) standardized against a reference prepara-
tion. Moderately increased albuminuria was defined as greater
than or equal to 30 to less than 300 mg/g of creatinine, con-
firmed at a subsequent visit, and severely increased albumin-
uria as greater than or equal to 300 mg/g of creatinine. We also
report the prevalence and treatment of hypertension over fol-
low-up and off-protocol use of SGLT2 inhibitors and GLP-1 re-
ceptor agonists. Cause of death was adjudicated by an out-
comes committee blinded to treatment assignment.

The statistical analysis plan (Supplement 1) for this re-
port was prepared after the primary outcomes of GRADE, in-
cluding the null result for the primary microvascular out-
comes, were known. Therefore, the statistical analysis plan for
this report prespecified outcomes that were designed to maxi-
mize sensitivity to detect a difference among treatment groups
(or convincingly demonstrate a null result) in a cohort with high
eGFRs and low rates of albuminuria (and therefore low risk for
advanced kidney disease outcomes). We specified the 2 copri-
mary outcomes. The first of these was the slope of (change in)
eGFR between year 1 and the end of follow-up, termed chronic
eGFR slope, a valid surrogate for kidney disease progression
in low-risk populations.23 Since creatinine levels were mea-
sured annually, the year 1 measurement was selected as the
starting point to assess slope to exclude the effect of short-
term, hemodynamic effects of study medications or resolu-
tion of hyperglycemia at study entry with consequent reduc-
tion of hyperfiltration on eGFR. The second outcome was a

composite kidney disease progression outcome, defined as an
increase over time in albuminuria stage according to the
Kidney Disease Improving Global Outcomes (KDIGO) catego-
ries (eg, for participants with UACR<30 mg/g [KDIGO A1] at
baseline, confirmed progression to UACR≥30 mg/g [KDIGO A2],
and for those with UACR 30-299 mg/g, progression to
UACR≥300 mg/g [KDIGO A3]), kidney transplant, dialysis, or
death from kidney disease. This outcome was designed pri-
marily to reflect albuminuria progression as an early marker
of kidney disease progression, with kidney-associated severe
outcomes included to capture competing risks that would pre-
vent assessment of albuminuria.

Secondary outcomes were also selected to maximize sen-
sitivity: change in eGFR from baseline to year 1 (1-year eGFR
slope) and from baseline to end of study (total eGFR slope),
time to progression of eGFR to less than 60 mL/min/1.73 m2

among those with baseline eGFR above that threshold, time
to a 40% decrease in eGFR to less than 60 mL/min/1.73 m2, time
to doubling of the UACR to a level greater than or equal to cre-
atinine 30 mg/g, and time to KDIGO category increase from
baseline (ie, moving to a higher eGFR [G1 through G5] or al-
buminuria category [A1 through A3]).24

Statistical Analysis
Data analysis was performed from February 21, 2022, to March
27, 2023. Continuous variables were modeled over the entire
duration of follow-up. Categorical variables and cumulative in-
cidence rates are reported at 4 years of follow-up, when 85.3%
of the participants remained in the study. The statistical analy-
sis plan prespecified evaluation of the following subgroups:
age (<45, 45-59, ≥60 years), sex (male, female), self-reported
race (Black, White, other) and ethnicity (Hispanic, non-
Hispanic), HbA1c level (tertiles), body mass index (BMI) (ter-
tiles), duration of diabetes (tertiles), baseline hypertension (de-
fined as measured blood pressure ≥130/80 mm Hg or treatment
with blood-pressure-lowering medication, including renin-
angiotensin-aldosterone system [RAAS] inhibitors), and eGFR
less than 60 mL/min/1.73 m2 vs 60 mL/min/1.73 m2 or higher.
GRADE recruited a diverse cohort representative of people af-
fected by T2D. Since kidney outcomes differ by race and eth-
nicity, we evaluated whether there were differences in out-
comes by race and ethnicity in GRADE.

Analyses were intention-to-treat and were restricted to par-
ticipants with at least 1 postbaseline visit (Figure 1). The eGFR
slope models use generalized estimating equation models with
annual eGFR starting from year 1 as the response and the fol-
lowing covariates: baseline eGFR, time from baseline in whole
years, GRADE treatment group, and time-by-treatment
interaction.25,26 The test of the interaction term in this model
tests for heterogeneity of slopes. We plotted eGFR over time
showing means (SDs). Sensitivity analyses refit the general-
ized estimating equation model starting from baseline in-
stead of year 1 and removing the adjustment for baseline eGFR.

Evaluation of kidney disease progression over the dura-
tion of follow-up is depicted using Kaplan-Meier plots by treat-
ment group and using the log-rank test to assess treatment dif-
ferences with treatment group as the only covariate. For each
secondary outcome, we tested for treatment heterogeneity
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using similar models and multiple comparison adjustment.
Tests of treatment heterogeneity for the 2 primary outcomes
across the prespecified subgroups were carried out by adding
treatment by subgroup interaction terms to the models de-
scribed above. The P values from the interaction terms for these
models were adjusted for false discovery using the Benjamini-
Hochberg procedure (details in eMethods 2 in Supplement 2).
For the specified coprimary outcome of composite kidney dis-
ease progression, the number of events that occurred in the
study allowed a detection of hazard ratios (HRs) of 1.30 as-
suming 70% power, 1.33 assuming 80% power, and 1.38 as-
suming 90% power between any 2 treatment groups (for a total
of 6 pairwise treatment group comparisons).27

We conducted 2 sets of sensitivity analyses. Per-protocol
sensitivity analyses were censored at the last visit before de-
viation from the assigned treatment regimen. The second set
of sensitivity analyses explored the effect of SGLT2 inhibitors
and GLP-1 receptor agonists not in the protocol (ie, pre-
scribed by the participants’ personal clinicians) on the pri-
mary outcomes. Specific methods are described in eMethods
2 in Supplement 2).

All analyses were conducted with R, version 4.0.3 (R Foun-
dation for Statistical Computing, 2022). All tests were un-
paired and 2-sided, with statistical significance set at P < .05.

Results
Baseline Characteristics
Baseline characteristics of the 5047 participants (3210 men
[63.6%], 1837 women [36.4%]) are presented in Table 1. Mean
(SD) age was 57.2 (10.0) years; BMI, 34.3 (6.8) (calculated as

weight in kilograms divided by height in meters squared); and
blood pressure, 128.3/77.3 (14.7/9.9) mm Hg. A total of 2933
(58.1%) patients were treated with RAAS inhibitors at base-
line. Mean (SD) baseline eGFR was 94.9 (16.8) mL/min/1.73 m2,
and 125 (2.5%) participants had an eGFR less than 60 mL/min/
1.73 m2. The UACR was moderately elevated in 716 (14.2%) in-
dividuals and severely elevated in 84 (1.7%); median UACR was
6.4 (IQR, 3.1-16.9). The mean (SD) duration of the diagnosis of
diabetes was 4.2 (2.7) years.

Follow-up
Ninety-eight patients were excluded from the analysis due to
missing data (eTable 1 in Supplement 2). Over the course of the
trial, participants had mean (SD) HbA1c of 7.2% (1.2%) and blood
pressure of 128/76 (16/10) mm Hg, with 2510 (64.4%) treated
with RAAS inhibitors and 3201 (82.2%) treated with any
blood-pressure-lowering medication at year 4 (eTable 2 in
Supplement 2) with minor differences across some treatment
groups. Mean (SD) eGFR was measured 5.4 (1.5) times per par-
ticipant and UACR was measured 9.8 (3.0) times per partici-
pant. Rates of permanent discontinuation of assigned study
medication were 14% for glargine, 23% for glimepiride, 23%
for liraglutide, and 19% for sitagliptin.16

Kidney Outcomes
The mean eGFR decreased during the trial (Figure 2A), with a
chronic slope from year 1 to trial end of −2.01 (95% CI, −2.10
to −1.92) mL/min/1.73 m2 per year among all study partici-
pants. Mean chronic eGFR slope was −2.03 (95% CI, −2.20 to
−1.86) mL/min/1.73 m2 per year for participants receiving
sitagliptin; glimepiride, −1.92 (95% CI, −2.08 to −1.75) mL/
min/1.73 m2 per year; liraglutide, −2.08 (95% CI, −2.26 to −1.90)

Figure 1. Consolidated Standards of Reporting Trials Diagram

11 259 Screened

5047 Randomized

1263 Randomized to glargine 1254 Randomized to glimepiride 1268 Randomized to sitagliptin1262 Randomized to liraglutide

1202 In per-protocol set

61 Excluded

80 Receiving off-study
GLP-1 RA

54 Receiving off-study
SGLT2 inhibitor

1210 In per-protocol set

44 Excluded

94 Receiving off-study
GLP-1 RA

71 Receiving off-study
SGLT2 inhibitor

1238 In per-protocol set

30 Excluded

78 Receiving off-study
GLP-1 RA

76 Receiving off-study
SGLT2 inhibitor

1150 In per-protocol set

112 Excluded

32 Receiving off-study
SGLT2 inhibitor

1227 With follow-up data

36 Excluded

84 Receiving off-study
GLP-1 RA

58 Receiving off-study
SGLT2 inhibitor

1232 With follow-up data

22 Excluded

95 Receiving off-study
GLP-1 RA

72 Receiving off-study
SGLT2 inhibitor

1256 With follow-up data

12 Excluded

79 Receiving off-study
GLP-1 RA

78 Receiving off-study
SGLT2 inhibitor

1234 With follow-up data
35 Receiving off-study

SGLT2 inhibitor
28 Excluded

Assignment to the 4 treatment groups, numbers of drop-in/drop-out, and
numbers included in intention-to-treat (ITT) and per-protocol analyses. For the
ITT analyses, 98 participants in the glargine (n = 36), glimepiride (n = 22),
liraglutide (n = 28), and sitagliptin (n = 12) groups were removed from the
randomized group (n = 5047) due to not having at least 1 follow-up estimated
glomerular filtration rate or 1 follow-up urinary albumin-to-creatinine ratio

measure obtained after the baseline visit. For the per-protocol analyses, 247
participants in the glargine (n = 61), glimepiride (n = 44), liraglutide (n = 112),
and sitagliptin (n = 30) groups were removed from the randomized group
(n = 5047) if they did not attend any follow-up visits or did not take at least 1
dose of their randomized medication. GLP-1 RA indicates glucagonlike peptide-1
receptor agonist; SGLT2, sodium-glucose cotransporter-2.
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mL/min/1.73 m2 per year; and insulin glargine, −2.02 (95% CI,
−2.19 to −1.84) mL/min/1.73 m2 per year (P = .61). There were
no significant differences in slope among the treatment groups.
Similarly, there were no significant differences in mean total
slope starting from baseline, change in eGFR during the first
year of the study, confirmed progression to eGFR less than
60 mL/min/1.73 m2, or confirmed 40% decrease in eGFR
(Table 2, Table 3 and Figure 2A,C,E, and F).

The composite kidney disease progression coprimary out-
come occurred among 592 participants (Figure 2D). Most of

these events (489 [82.6%]) consisted of progression from
normal to moderately elevated albuminuria; 93 patients
(15.8%) developed severely elevated albuminuria; and 10 had
dialysis, kidney transplant, or death from kidney disease
(eFigure 1 and eFigure 2 in Supplement 2). By year 4, the
Kaplan-Meier–estimated cumulative incidence of the copri-
mary outcome of progression of kidney disease was 10.3% in
the glargine group, 10.4% in the glimepiride group, 10.1% in
the liraglutide group, and 9.3% in the sitagliptin group. There
were no significant differences across treatment groups for the

Table 1. Baseline Characteristics of Participants in the GRADE Trial

Characteristic All (N=5047) Glargine (n=1263) Glimepiride (n=1254) Liraglutide (n=1262) Sitagliptin (n=1268)
Age at baseline visit, mean (SD), y 57.2 (10.0) 57.0 (9.9) 57.1 (10.1) 57.4 (9.9) 57.2 (10.1)

Age group, y

<45 619 (12.3) 152 (12.0) 165 (13.2) 153 (12.1) 149 (11.8)

45-59 2325 (46.1) 606 (48.0) 552 (44.0) 563 (44.6) 604 (47.6)

≥60 2103 (41.7) 505 (40.0) 537 (42.8) 546 (43.3) 515 (40.6)

Sex, No. (%)

Men 3210 (63.6) 811 (64.2) 778 (62.0) 823 (65.2) 798 (62.9)

Women 1837 (36.4) 452 (35.8) 476 (38.0) 439 (34.8) 470 (37.1)

Race, No. (%)a

American Indian or Alaska Native 137 (2.7) 33 (2.6) 30 (2.4) 40 (3.2) 34 (2.7)

Asian/Hawaiian or Pacific Islander 210 (4.2) 39 (3.1) 54 (4.3) 55 (4.4) 62 (4.9)

Black or African American 1000 (19.8) 253 (20.0) 271 (21.6) 251 (19.9) 225 (17.7)

White 3314 (65.7) 837 (66.3) 808 (64.4) 815 (64.6) 854 (67.4)

Other or unknown 386 (7.6) 101 (8.0) 91 (7.3) 101 (8.0) 93 (7.3)

Ethnicity, No. (%)a

Hispanic 929 (18.6) 220 (17.6) 234 (18.9) 234 (18.6) 241 (19.2)

Non-Hispanic 4077 (81.4) 1032 (82.4) 1006 (81.1) 1022 (81.4) 1017 (80.8)

Education completed, No. (%)

<High school 364 (7.2) 92 (7.3) 99 (7.9) 84 (6.7) 89 (7.0)

College degree or above 2180 (43.2) 526 (41.6) 546 (43.5) 533 (42.2) 575 (45.4%)

High school graduate 1039 (20.6) 248 (19.6) 255 (20.3) 267 (21.2) 269 (21.2%)

Some college 1463 (29.0) 397 (31.4) 354 (28.2) 378 (30.0) 334 (26.4%)

Blood pressure, mean (SD), mm Hg

Systolic 128.3 (14.7) 128.6 (14.8) 128.2 (14.3) 128.3 (15.0) 128.3 (14.9)

Diastolic 77.3 (9.9) 77.5 (10.0) 77.0 (9.6) 77.4 (10.0) 77.3 (9.8)

Treated with ACEi/ARB 2933 (58.1) 724 (57.3) 742 (59.2) 738 (58.5) 729 (57.5)

History of hypertension 3339 (66.2) 845 (66.9) 834 (66.5) 843 (66.8) 817 (64.4)

Baseline ASCVD (MI plus stroke) 328 (6.5) 80 (6.3) 78 (6.2) 78 (6.2) 92 (7.3)

Diabetes

BMI 34.3 (6.8) 34.4 (6.8) 34.3 (6.9) 34.3 (6.7) 34.1 (6.8)

Duration of diabetes, y 4.2 (2.7) 4.2 (2.7) 4.3 (2.8) 4.2 (2.7) 4.2 (2.7)

HbA1c, mean (SD), % 7.5 (0.5) 7.5 (0.5) 7.5 (0.5) 7.5 (0.5) 7.5 (0.5)

Kidney parameters

eGFR, mean (SD), mL/min/1.73 m2 94.9 (16.8) 94.6 (16.7) 95.2 (16.9) 94.2 (17.3) 95.4 (16.3)

eGFR <60 mL/min/1.73 m2, No. (%) 125 (2.5) 35 (2.8) 28 (2.2) 34 (2.7) 28 (2.2)

UACR median (IQR), mg/g 6.4 (3.1-16.9) 6.7 (3.1-17.5) 6.1 (2.9-16.7) 6.7 (3.2-18.5) 6.1 (3.1-15.1)

Moderately elevated albuminuria, No. (%) 716 (14.2) 174 (13.8) 174 (13.9) 191 (15.2) 177 (14.0)

Severely elevated albuminuria, No. (%) 84 (1.7) 17 (1.3) 27 (2.2) 22 (1.7) 18 (1.4)

Abbreviations: ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin
receptor blocker; ASCVD, atherosclerotic cardiovascular disease; BMI, body
mass index (calculated as weight in kilograms divided by height in meters
squared); eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c; MI,
myocardial infarction; UACR, albumin-to-creatinine ratio.

SI conversion factor: to convert HbA1c to proportion of total hemoglobin,
multiply by 0.01.
a Race and ethnicity were determined by participant self-report.

Comparative Effects of Glucose-Lowering Medications on Kidney Outcomes in Type 2 Diabetes Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine Published online May 22, 2023 E5

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Chungbuk University User  on 05/24/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2023.1487?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.1487
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.1487


Figure 2. Kidney Parameters Over Time in the GRADE Trial and Secondary Kidney Outcomes
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duration of study follow-up (log-rank P = .56) (Table 3,
Figure 2D). The 5-year cumulative incidence of the copri-
mary composite kidney disease progression was 11.7% over-
all at 5 years. Secondary outcomes (Table 3 and Figure 2E-H)
did not differ significantly across treatment groups. There was
no significant heterogeneity across subgroups, including
age, sex, race and ethnicity, HbA1c tertiles, BMI tertiles,

duration of diabetes tertiles, presence of baseline hyperten-
sion, treatment for hypertension or with RAAS inhibitors
at baseline, and eGFR less than 60 mL/min/1.73 m2 in any of
the primary or secondary outcomes (eTable 3 in Supple-
ment 2).

Results of exploratory per-protocol analysis were largely
consistent with the main findings (eResults and eTables 4 and

Table 2. Changes in eGFR Slopea

Change

Change (95% CI), mL/min/1.73 m2 per year

From baseline to 1 y, mean

From 1 y to last observation (chronic slope)

From baseline to trial end, meanMean Difference in rate of change

Overall −1.04 (−1.31 to −0.78) −2.01 (−2.10 to −1.92) NA −1.82 (−1.90 to −1.74)

By treatment assignment

Glargine −0.87 (−1.39 to −0.34) −2.02 (−2.19 to −1.84) 0 [Reference] −1.84 (−2.00 to −1.68)

Glimepiride −1.13 (−1.66 to −0.60) −1.92 (−2.08 to −1.75) −0.10 (−0.35 to 0.14) −1.77 (−1.94 to −1.61)

Liraglutide −0.84 (−1.37 to −0.32) −2.08 (−2.26 to −1.90) 0.06 (−0.19 to 0.31) −1.77 (−1.94 to −1.61)

Sitagliptin −1.34 (−1.86 to −0.82) −2.03 (−2.20 to −1.86) 0.01 (−0.23 to 0.25) −1.89 (−2.05 to −1.73)

Abbreviations: eGFR, estimated glomerular filtration rate; NA, not applicable.
a Changes are coprimary outcome. P = .61 for heterogeneity.

Table 3. Kidney Outcomes

Treatment assignment No. (%)
Cumulative incidence
at year 4, % (95% CI) HR (95% CI)

P value for
heterogeneity

Kidney disease progressiona

All treatment groups 592 (11.7) 10.02 (9.08-10.96) NA

.56

Glargine 150 (11.9) 10.31 (8.39-12.23) 1 [Reference]

Glimepiride 155 (12.4) 10.39 (8.47-12.32) 1.04 (0.83-1.30)

Liraglutide 152 (12.0) 10.11 (8.21-12.01) 1.00 (0.80-1.26)

Sitagliptin 135 (10.6) 9.27 (7.46-11.08) 0.88 (0.70-1.12)

Incident eGFR<60 mL/min/1.73 m2

All treatment groups 293 (5.8) 5.01 (4.33-5.69) NA

.63

Glargine 63 (5.0) 4.70 (3.37-6.03) 1 [Reference]

Glimepiride 74 (5.9) 5.37 (3.96-6.77) 1.16 (0.83-1.62)

Liraglutide 84 (6.7) 5.62 (4.17-7.06) 1.32 (0.95-1.83)

Sitagliptin 72 (5.7) 4.36 (3.10-5.61) 1.11 (0.79-1.56)

40% Decrease in eGFR to <60 mL/min/1.73 m2

All treatment groups 65 (1.3) 0.88 (0.59-1.16) NA

.63

Glargine 13 (1.0) 0.93 (0.35-1.52) 1 [Reference]

Glimepiride 14 (1.1) 0.76 (0.23-1.29) 1.16 (0.54-2.51)

Liraglutide 17 (1.3) 0.62 (0.16-1.09) 1.40 (0.67-2.93)

Sitagliptin 21 (1.7) 1.18 (0.53-1.83) 1.71 (0.84-3.47)

UACR doubling to >30 mg/g

All treatment groups 603 (11.9) 10.59 (9.59-11.59) NA

.66

Glargine 149 (11.8) 10.57 (8.55-12.58) 1 [Reference]

Glimepiride 159 (12.7) 11.00 (8.96-13.04) 1.06 (0.85-1.32)

Liraglutide 155 (12.3) 10.69 (8.69-12.68) 1.02 (0.81-1.27)

Sitagliptin 140 (11.0) 10.10 (8.16-12.04) 0.92 (0.73-1.15)

KDIGO stage progression

All treatment groups 594 (11.8) 10.33 (9.33-11.33) NA

.63

Glargine 157 (12.4) 11.65 (9.49-13.80) 1 [Reference]

Glimepiride 160 (12.8) 11.17 (9.08-13.27) 1.00 (0.80-1.25)

Liraglutide 138 (10.9) 9.17 (7.31-11.03) 0.86 (0.68-1.08)

Sitagliptin 139 (11.0) 9.36 (7.46-11.25) 0.85 (0.68-1.07)

Abbreviations: eGFR, estimated
glomerular filtration rate; KDIGO,
Kidney Disease Improving Global
Outcomes; UACR, urine
albumin-to-creatinine ratio.
a Coprimary outcome. Kidney disease

progression is progression of
albuminuria stage or dialysis,
transplant, or kidney death. Other
outcomes are prespecified
secondary outcomes.
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5 in Supplement 2); there were lower HRs for kidney disease
progression in the liraglutide and sitagliptin groups than in the
intention-to-treat analyses with no significant difference across
treatment groups (P = .07 for treatment group differences). Use
of SGLT2 inhibitors and off-protocol GLP-1 receptor agonists
differed across treatment groups, with only 5.5% of the lira-
glutide group adding an SGLT2 inhibitor or using a different
GLP-1 receptor agonist. In the non-liraglutide treatment groups,
between 10.5% and 12.0% used either of these medication
classes during the trial, with 4.8% of glargine, 5.8% of glimep-
iride, and 6.2% of sitagliptin-assigned participants adding an
SGLT2 inhibitor (eTable 6 in Supplement 2). Sensitivity analy-
ses showed that there were no statistically significant differ-
ences in coprimary outcomes in participants with use of SGLT2
inhibitors or off-protocol GLP-1 receptor agonists (eTable 7 in
Supplement 2).

Discussion
In people with T2D treated with metformin and predomi-
nantly normal clinical kidney parameters at baseline, there
were no significant differences in eGFR slope or albumin-
uria progression by treatment with 4 common classes of
glucose-lowering medication during 5 years of follow-up.
We evaluated many participants and a range of complemen-
tary early sensitive kidney outcomes, but we did not
observe any significant differences by treatment assignment
in intention-to-treat analyses. These results suggest that
neither DPP-4 inhibitor, GLP-1 receptor agonist, sulfonyl-
urea, nor basal insulin has a substantial comparative advan-
tage when added to metformin for preventing the develop-
ment or progression of DKD in T2D in the first decade after
diagnosis.

The 5-year cumulative incidence of the coprimary com-
posite kidney disease progression outcome, which largely rep-
resented albuminuria progression, was 11.7% at 5 years. Given
its known morbidity, this represents a clinically meaningful in-
cidence of DKD. However, this percentage is lower than the
5-year incidence observed in the UKPDS cohort of patients with
newly diagnosed diabetes, in which 17.3% developed moder-
ately increased albuminuria and 3.1% of participants devel-
oped severely elevated albuminuria over the same time
frame.28 This may reflect better overall glycemic and blood
pressure management and more prevalent use of RAAS inhibi-
tors in GRADE.

The eGFR loss in GRADE was significant, with a mean
chronic eGFR slope of −2.01 (95% CI, −2.10 to −1.92) mL/min/
1.73 m2 from a baseline of 94.9 mL/min 1.73m2. The observed
rate of eGFR decrease is more rapid than the median de-
crease of approximately −1.0 mL/min/1.73 m2 observed in a con-
temporary, nondiabetic cohort with similar age and eGFR.29

The observed rate of eGFR decrease in GRADE is slower than
in the placebo arm of the DECLARE-TIMI 58 study (−2.5 mL/
min/1.73 m2 per year from baseline eGFR 85 mL/min/
1.73 m2),13,30 but greater than that observed in the placebo arm
of the EMPA-REG Outcome Study (−1.46 mL/min/1.73 m2 per
year from baseline eGFR 74 mL/min/1.73 m2).31

This rate of eGFR loss and albuminuria progression af-
forded an opportunity to detect significant differences in out-
comes according to treatment assignment, but none were ob-
served. In addition, prespecified subgroup analyses evaluating
heterogeneity by age, sex, race and ethnicity, HbA1c level, BMI,
duration of diabetes, hypertension, and eGFR were null. Per-
protocol sensitivity analyses showed more favorable HRs for si-
tagliptin and liraglutide with regard to albuminuria-related out-
comes. These differences were not statistically significant and
should be interpreted with caution, but it is not possible to rule
out that benefits might emerge with additional follow-up time.
Kidney benefits may take longer to become apparent earlier in
the course of T2D, as has been observed in type 1 diabetes, where
differences in kidney parameters emerge after 10 years of inten-
sive glycemic management.6,32

Our null results may appear to contrast with findings from
randomized clinical cardiovascular outcome trials involving in-
cretin-based therapies, some of which showed improved kid-
ney outcomes.11-15 For example, in clinical trials, the GLP-1 re-
ceptor agonists liraglutide (LEADER trial8) and dulaglutide
(REWIND trial33) were associated with a reduced risk of a com-
posite kidney outcome, largely due to reduced progression to se-
verely elevated albuminuria and slower eGFR loss in post hoc
analyses. A meta-analysis of GLP-1 receptor agonist cardiovas-
cular outcome trials reported an HR of 0.89 (95% CI, 0.82-
0.94) for a composite kidney outcome of development of se-
verely elevated albuminuria, doubling of serum creatinine level,
40% or more decrease in eGFR, kidney replacement therapy, or
death due to kidney disease.34 Most of the GLP-1 receptor ago-
nist trials showing kidney benefit included participants with sub-
stantially higher baseline prevalence of DKD than that in GRADE
with beneficial effects of semaglutide demonstrated to be greater
in patients with DKD at baseline.35 These observations raise the
possibility that GLP-1 receptor agonists are more effective at slow-
ing the progression of established DKD than at preventing the
development of DKD. Kidney outcome trials with GLP-1 recep-
tor agonists in established DKD are ongoing.36,37 Meta-analyses
of DPP-4 inhibitor trials, which similarly included cardiovascu-
lar trials with higher risk populations, have also noted a reduc-
tion in albuminuria; this has been attributed to an anti-
inflammatory and antifibrotic mechanisms.38-40

Limitations
These findings must be interpreted in the context of several limi-
tations. Although GRADE followed up participants with T2D lon-
ger than any noncardiovascular outcome study in the current
era, 5 years of follow-up remains brief for a low-risk population
given that complications of diabetes, including DKD, develop
over decades. Consequently, the number of events for the most
serious and severe kidney outcomes, such as 40% decrease in
eGFR, was low. Slightly greater weight loss in the liraglutide and
sitagliptin groups leading to overestimation of UACR due to de-
creased creatinine excretion rate and lower use of RAAS inhibi-
tors in the liraglutide group could have biased albuminuria re-
sults toward the null. A limitation of GRADE overall is the lack
of an SGLT2 inhibitor arm owing to the fact that SGLT2 inhibi-
tors were not approved at the time that GRADE was designed and
launched; SGLT2 inhibitor treatment reduces eGFR slope de-
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crease and albuminuria progression compared with placebo in
lower risk subgroups similar to the GRADE cohort.13 We exam-
ined whether the addition of SGLT2 inhibitors influenced out-
comes and did not find any effect; however, only 4.9% of par-
ticipants used SGLT2 inhibitors, with most starting them
relatively late in the trial, limiting power to evaluate this out-
come. Although there were no observable differences in kid-
neyoutcomesacrossthe4treatmentgroups,resultsfromGRADE
showing differential effects on total cardiovascular events,
weight, and other outcomes may influence the selection of one
medication over another.

Conclusions

As a randomized clinical trial of next-step therapy after met-
formin, GRADE enrolled a low-risk cohort of participants with
T2D, largely free of cardiac and kidney disease at baseline. The
results of GRADE suggest that, in people with T2D predomi-
nantly without kidney complications at baseline, a DPP-4 in-
hibitor, sulfonylurea, GLP-1 receptor agonist, or basal insulin
added to metformin are equivalent with respect to the devel-
opment or progression of DKD over 5 years.
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