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ABSTRACT

Introduction: The study characterizes the use
of glucagon-like peptide-1 receptor agonists
(GLP-1 RAs) in patients with type 2 diabetes
(T2D) with and without renal impairment and
examines the effects of such use on the clinical
outcomes of estimated glomerular filtration rate
(eGFR) and glycated hemoglobin (A1c).
Methods: Data from the Practice Fusion elec-
tronic health records database from 1 January
2012 through 30 April 2015 were used. Adults
with T2D who received serum creatinine labo-
ratory tests and initiated therapy with a GLP-1

RA (N = 3225) or other glucose-lowering agent
(GLA) (N = 37,074) were included in the anal-
ysis. The GLP-1 RA cohort was matched to
cohorts initiating therapy any other GLA, and
multivariable analyses examined the associa-
tion between GLP-1 RA use and changes in
eGFR or A1c at 1 year after therapy initiation.
Results: In this study, only 5.7% of patients
with an eGFR of\30 and C 15 mL/min/1.73 m2

and 3.6% of patients with an eGFR of \15 mL/
min/1.73 m2 initiated therapy with a GLP-1 RA.
Compared to other GLAs, at 1-year after initia-
tion of therapy the use of a GLP-1 RA was
associated with a significantly smaller decline in
eGFR (- 0.80 vs. - 1.03 mL/min/1.73 m2;
P = 0.0005), a significantly smaller likelihood of
having a C 30% reduction in eGFR (2.19 vs.
3.14%; P\0.0001), and a significantly larger
reduction in A1c (- 0.48 vs. - 0.43; P = 0.0064).
Conclusion: In clinical practice, the use of GLP-
1 RAs in patients with a higher degree of renal
impairment disease was limited. Compared to
other GLAs, the use of GLP-1 RAs was associated
with a significantly smaller decline in eGFR and
a larger reduction in A1c over the 1 year fol-
lowing therapy initiation.
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INTRODUCTION

Chronic kidney disease (CKD) is a common type
2 diabetes (T2D) complication that is associated
with an increased risk of adverse outcomes [1].
For example, the U.S. Renal Data System
attributed diabetes as the primary cause of end-
stage renal disease (ESRD) in 44.3% of incident
dialysis patients in 2011 [2], and patients with
comorbid T2D and CKD have been reported to
experience increased rates of cardiovascular
morbidity and mortality [3]. The presence of
CKD also increases the complexity of T2D
treatment, since the pharmacokinetic aspects of
drugs cleared by the kidney can be influenced
by renal impairment [4]. Treatment options are
also limited for these patients, with biguanides,
alpha-glucosidase inhibitors, and sodium–glu-
cose cotransporter 2 (SGLT2) inhibitors not
usable in patients with ESRD and T2D, and
thiazelidinediones not usable in patients with
ESRD and diabetes with cardiac disease [5]. In
addition, the incidence of hypoglycemia is
increased in patients with both diabetes and
CKD [6].

Animal studies have indicated a renoprotec-
tive effect with the use of glucagon-like peptide-
1 receptor agonist (GLP-1 RA) medications
[7, 8]. Clinical studies have also shown GLP-1
RAs to be associated with decreased develop-
ment and progression of nephropathy [9, 10],
primarily driven by lower rates of new-onset
persistent macroalbuminuria [11]. However, the
U.S. Food Drug Administration (FDA) label for
GLP-1 RA exenatide states that the drug ‘‘should
not be used in patients with severe renal
impairment or end-stage renal disease and
should be used with caution in patients with
renal transplantations’’ [12], and the FDA’s label
for lixisenatide recommends monitoring of
renal function when initiating or escalating
doses of the drug and states that the drug ‘‘is not
recommended in patients with end stage renal
disease’’ [13].

To investigate how GLP-1 RAs are being
prescribed in real-world settings, we have
examined the frequency of initiation on drugs
in this class across various estimated glomerular
filtration rate (eGFR) categories in patients with

T2D. In addition, given the burden of CKD
among patients with T2D and the difficulties in
treating such patients, in the current study we
also explored the association between initiation
of therapy with a GLP-1 RA and changes in
glycated hemoglobin (A1c) and kidney func-
tion, as measured by the eGFR.

METHODS

Data

The Practice Fusion electronic health record
database furnished the study data, which cov-
ered the time period from 1 January 2012
through 30 April 2016. Practice Fusion’s web-
based electronic health records (EHR) system
contains data input by over 150,000 medical
professionals primarily working in small,
ambulatory practices and primary care practices
and treating over 50 million patients in all 50
states [14]. In particular, Practice Fusion pro-
vided recent records on patient characteristics,
diagnoses, medications prescribed, laboratory
test results, and observational data, such as
weight and blood pressure. All records were de-
identified and fully compliant with Health
Insurance Portability and Accountability Act
regulations. The research does not contain any
studies with human participants or animals
performed by any of the authors.

Inclusion and Exclusion Criteria

This study focused exclusively on patients
identified as having T2D over the time period
from 1 January 2013 through 1 May 2015 (i.e.,
the identification window), based upon a vali-
dated algorithm designed for EHR data [15].
Specifically, all patients who received at least
one diagnosis of diabetes (International Classi-
fication of Diseases, Ninth Revision, Clinical
Modification [ICD-9-CM], code 250.xx) were
initially considered. Patients were excluded if
they received any of the following: (1) more
diagnoses of type 1 diabetes (T1D; ICD-9-CM
codes 250.x1, 250.x3) than of T2D (ICD-9-CM
codes of 250.x0, 250.x2) in addition to a
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prescription for glucagon; (2) more diagnoses of
T1D than of T2D with no record of receipt of a
GLA other than metformin; (3) a negative lab-
oratory test result for c-peptide or a positive test
result for diabetes autoantibody; or (4) a pre-
scription for a urine acetone test strip.

Patients were included in the analysis if they
initiated therapy with a glucose-lowering agent
(GLA) during the identification window, with
the first such date identified as the index date.
Patients were excluded if they: (1) received a
prescription for their index class of medication
during the 1-year prior to the index date (i.e.,
during the pre-period); (2) received a diagnosis
of pregnancy at any time from the start of the
pre-period through the 1 year following the
index date (i.e., the post-period); (3) were
younger than 18 years as of the index date; or
(4) appeared to have dropped out of the data-
base at any time from the start of the pre-period
through the end of the post-period. Patients
were also required to have at least two recorded
serum creatinine laboratory test results, with
the first such test occurring some time after the
start of the pre-period through to the index date
and the second serum creatinine test recorded
in the post-period. The eGFR was estimated
using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation [16]. Patients
were classified based on their eGFR categories
(eGFR C 90 mL/min/1.73 m2; eGFR\90 and
C 60 mL/min/1.73 m2; eGFR\60 and C 45 mL/
min/1.73 m2; eGFR\45 and C 30 mL/min/
1.73 m2; eGFR\30 and C 15 mL/min/1.73 m2;
or eGFR\15 mL/min/1.73 m2) [17]. These cri-
teria resulted in a sample of 40,299 patients—
3225 of whom initiated therapy with a GLP-1
RA and 37,074 of whom initiated therapy with
an alternative class of GLA. Figure 1 illustrates
how each of the inclusion and exclusion criteria
affected sample size.

Statistical Methods

The GLP-1 RA and other GLA cohorts were
matched using Mahalanobis matching, with
calipers defined by the propensity score [18].
Multivariable analyses were then used to
examine differences between patients who were

treated with a GLP-1 RA and those treated with
an alternative GLA. The analyses examined
changes in eGFR over the study period as well as
the likelihood of having a C 30% reduction in
eGFR. A similar analysis was conducted for the
subset of patients who also had a A1c laboratory
test recorded during both the pre- and post-pe-
riod, with the multivariable analysis examining
the change in A1c. All multivariable analyses
were controlled for patient demographics,
observational patient characteristics, general
health and comorbidities, prior medication use
and resource utilization, as well as index A1c
and eGFR values. Patient characteristics inclu-
ded age, sex, race, ethnicity, region of residence,
and smoking status, while observational char-
acteristics included body mass index and blood
pressure. General health was proxied by the
Charlson Comorbidity Index (CCI) [19, 20].

Fig. 1 Inclusion–exclusion criteria and sample size of
study. GLA Glucose-lowering agent, GLP-1 RA glucagon-
like peptide-1 receptor agonist, T2D type 2 diabetes
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Diabetes-specific health was measured by the
Diabetes Complications Severity Index (DCSI)
[21]. Anxiety and depression were also studied,
as these comorbidities have been shown to be
both prevalent in patients with diabetes [22, 23]
and associated with poorer patient outcomes,
and as they are not included in either the CCI or
the DCSI. Prior medication use focused on
which classes of GLA drugs were prescribed in
the pre-period, the number of classes of anti-
hypertensive drugs prescribed, and whether any
of the following medications were prescribed:
angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, hypertension
fixed-dose combination therapy, non-steroidal
anti-inflammatory drugs (NSAIDs), aspirin, sta-
tins, and ezetimibe. Prior resource utilization
captured the number of visits to a cardiologist
or endocrinologist.

Given the results of the multivariable anal-
yses, differences in continuous outcomes were
examined using t statistics, with a P value of\
0.05 considered, a priori, to be statistically sig-
nificant. When examining the probability of
having a C 30% reduction in eGFR, odds ratios
(ORs) and 95% confidence intervals (CIs) were
recorded. All analyses were conducted using SAS
version 9.4 (SAS Institute, Cary, NC, USA).

RESULTS

Table 1 presents unadjusted descriptive statis-
tics both before and after matching and reveals
significant differences between patients who
initiated therapy with a GLP-1 RA compared to
those who initiated therapy with an alternative
class of GLA. Patients who initiated treatment
with a GLP-1 RA were significantly younger
(58.5 vs. 63.0 years; P\0.001) and more likely
to be identified as white (57.27 vs. 48.98%;
P\0.001) and non-Hispanic (73.21 vs. 69.43%;
P\0.001). These patients were also less likely to
be identified as underweight/normal weight
(3.97 vs. 10.96%) or overweight (14.36 vs.
25.48%) and more likely to be identified as class
II obese (21.86 vs. 15.71%) or class III obese
(26.70 vs. 14.43%). Examination of differences
in pre-period general health, comorbidities,
GLA use, other medication use, and visits to

specialists generally suggested that patients who
initiated therapy with a GLP-1 RA were in
poorer health than patients who initiated ther-
apy with other GLAs. For example, patients who
started taking a GLP-1 RA were found to have a
significantly higher CCI score (1.53 vs. 1.36;
P\0.001), and they were more likely to be
diagnosed with comorbid depression (11.47 vs.
8.36%; P\0.001). Furthermore, these patients
were significantly more likely to have received a
prescription for hypertensive drugs, NSAIDs,
statins, aspirin, or ezetimibe. Patients who ini-
tiated therapy on a GLP-1 RA compared to
alternative GLAs were prescribed more GLAs in
the pre-period and had a significantly higher
mean index A1c (8.47 vs 7.77%; P\0.001).

Matching resulted in a successful match rate
of 91.97%, with 2966 patients who initiated
therapy with a GLP-1 RA and 2966 controls who
initiated therapy with another class of other
GLA. As Table 1 illustrates, the matching resul-
ted in removing most of the differences
between the two cohorts. However, post-
matching there still remained a statistically
significant difference in the percentage of
patients who were prescribed bolus insulin in
the pre-period, with patients who initiated
therapy with a GLP-1 RA more likely to have
received such a prescription compared to con-
trols (5.29 vs. 4.05%; P = 0.023). In the matched
cohort, patients who initiated therapy with a
GLP-1 RA were on average 58.8 years old, and
52.49% were female, while 56.61% were iden-
tified as white and 72.99% were identified as
non-Hispanic.

While Table 1 presents the descriptive
statistics pre- and post-matching, Table 2 pre-
sents the distribution of patients prior to
matching based upon eGFR categories. As
Table 2 illustrates, there were significant differ-
ences in the class of drug initiated across eGFR
categories (P\0.0001), with the proportions of
patients starting therapy with a GLP-1 RA
tending to decrease with lower eGFR category.
For example, the proportions of patients who
initiated therapy with a GLP-1 RA were 7.5% of
patients with an eGFR of \60 and C 45 mL/
min/1.73 m2, 6.9% of patients with an eGFR of
\45 and C 30 mL/min/1.73 m2, 5.7% of
patients with an eGFR of \30 and C 15 mL/
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Table 1 Patient characteristics pre- and post matching

Patient characteristics pre-
and post matching

Prior to matching Post matching

GLP-1 RA
(N5 3225)

Other GLA
(N5 37,074)

P value GLP-1 RA
(N5 2966)

Other GLA
(N5 2966)

P value

Demographics and Smoking Status

Age (years) 58.49 ± 11.77 62.99 ± 12.55 \0.001 58.84 ± 11.68 59.07 ± 12.43 0.475

Sex 0.167 0.714

Male 1524 (47.26) 18,161 (48.99) 1408 (47.47) 1430 (48.21)

Female 1700 (52.71) 18,900 (50.98) 1557 (52.49) 1534 (51.72)

Unknown 1 (0.03) 13 (0.04) 1 (0.03) 2 (0.07)

Race \0.001 0.731

African-American 488 (15.13) 5638 (15.21) 450 (15.17) 437 (14.73)

White 1847 (57.27) 18,159 (48.98) 1679 (56.61) 1720 (57.99)

Other 380 (11.78) 6134 (16.55) 364 (12.27) 359 (12.10)

Unknown 510 (15.81) 7143 (19.27) 473 (15.95) 450 (15.17)

Ethnicity \0.001 0.951

Hispanic 477 (14.79) 6175 (16.66) 433 (14.60) 434 (14.63)

Non-Hispanic 2361 (73.21) 25,739 (69.43) 2165 (72.99) 2172 (73.23)

Unknown 387 (12.00) 5160 (13.92) 368 (12.41) 360 (12.14)

Region \0.001 0.478

Northeast 453 (14.05) 6015 (16.22) 426 (14.36) 412 (13.89)

Midwest 394 (12.22) 3635 (9.80) 365 (12.31) 353 (11.90)

South 1681 (52.12) 20,071 (54.14) 1548 (52.19) 1560 (52.60)

West 688 (21.33) 7082 (19.10) 618 (20.84) 623 (21.00)

Other 9 (0.28) 271 (0.73) 9 (0.30) 18 (0.61)

Smoking status 0.123 0.074

Never smoker 1516 (47.01) 17,028 (45.93) 1388 (46.80) 1330 (44.84)

Previous smoker 529 (16.40) 6349 (17.13) 482 (16.25) 545 (18.37)

Current smoker 323 (10.02) 4055 (10.94) 297 (10.01) 295 (9.95)

Unknown 857 (26.57) 9642 (26.01) 799 (26.94) 796 (26.84)

Number of classes of GLAs

initiated

1.26 ± 0.57 1.11 ± 0.35 \0.001 1.25 ± 0.57 1.27 ± 0.58 0.269

Index variables and move number of classes of GLAs

Body mass indexa \0.001 0.991

Underweight/normal 128 (3.97) 4063 (10.96) 126 (4.25) 124 (4.18)
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Table 1 continued

Patient characteristics pre-
and post matching

Prior to matching Post matching

GLP-1 RA
(N5 3225)

Other GLA
(N5 37,074)

P value GLP-1 RA
(N5 2966)

Other GLA
(N5 2966)

P value

Overweight 463 (14.36) 9447 (25.48) 438 (14.77) 425 (14.33)

Obese class I 859 (26.64) 9735 (26.26) 811 (27.34) 828 (27.92)

Obese class II 705 (21.86) 5826 (15.71) 638 (21.51) 627 (21.14)

Obese class III 861 (26.70) 5350 (14.43) 754 (25.42) 760 (25.62)

Unknown 209 (6.48) 2653 (7.16) 199 (6.71) 202 (6.81)

High blood pressure

(DBP C 90 mmHg or

SBP C 140 mmHg)

963 (29.86) 11,751 (31.70) 0.031 883 (29.77) 871 (29.37) 0.733

Pre-period general health

Charlson comorbidity index 1.53 ± 1.37 1.36 ± 1.46 \0.001 1.50 ± 1.37 1.51 ± 1.48 0.777

Diabetes complications

severity index

0.63 ± 1.08 0.61 ± 1.16 0.608 0.62 ± 1.08 0.62 ± 1.12 0.934

Pre-period comorbidities

Anxiety 227 (7.04) 2316 (6.25) 0.076 199 (6.71) 197 (6.64) 0.917

Depression 370 (11.47) 3101 (8.36) \0.001 323 (10.89) 345 (11.63) 0.366

Pre-period GLA use

Alpha-glucosidase Inhibitor 18 (0.56) 23 (0.06) \0.001 12 (0.40) 13 (0.44) 0.841

Amylin 3 (0.09) 6 (0.02) 0.005 3 (0.10) 5 (0.17) 0.479

Basal insulin 488 (15.13) 509 (1.37) \0.001 360 (12.14) 323 (10.89) 0.132

Bolus insulin 235 (7.29) 189 (0.51) \0.001 157 (5.29) 120 (4.05) 0.023

DPP-4 inhibitor 401 (12.43) 466 (1.26) \0.001 300 (10.11) 286 (9.64) 0.542

Meglitinide 10 (0.31) 19 (0.05) \0.001 8 (0.27) 7 (0.24) 0.796

Metformin 825 (25.58) 1090 (2.94) \0.001 636 (21.44) 630 (21.24) 0.849

Pre-mixed insulin 75 (2.33) 94 (0.25) \0.001 54 (1.82) 51 (1.72) 0.768

Oral fixed combination 269 (8.34) 317 (0.86) \0.001 197 (6.64) 179 (6.04) 0.338

SGLT2 inhibitor 169 (5.2) 0 (0.00) \0.001 161 (5.4) 0 (0.00) \0.001

Sulfonylurea 306 (9.49) 537 (1.45) \0.001 243 (8.19) 242 (8.16) 0.962

Thiazolidinediones 124 (3.84) 196 (0.53) \0.001 101 (3.41) 96 (3.24) 0.717

Pre-period other medication use

ACE-inhibitor 469 (14.54) 4061 (10.95) \0.001 411 (13.86) 391 (13.18) 0.448

Angiotensin receptor blocker 219 (6.79) 1939 (5.23) \0.001 189 (6.37) 189 (6.37) 1.000

642 Diabetes Ther (2018) 9:637–650



Table 1 continued

Patient characteristics pre-
and post matching

Prior to matching Post matching

GLP-1 RA
(N5 3225)

Other GLA
(N5 37,074)

P value GLP-1 RA
(N5 2966)

Other GLA
(N5 2966)

P value

Hypertension fixed-dose

combination Therapy

295 (9.15) 2571 (6.93) \0.001 256 (8.63) 271 (9.14) 0.494

Non-steroidal anti-

inflammatory drugs

415 (12.87) 4259 (11.49) 0.019 360 (12.14) 363 (12.24) 0.905

Aspirin 154 (4.78) 1379 (3.72) 0.003 124 (4.18) 121 (4.08) 0.845

Statin 859 (26.64) 6876 (18.55) \0.001 747 (25.19) 748 (25.22) 0.976

Ezetimibe 65 (2.02) 381 (1.03) \0.001 56 (1.89) 59 (1.99) 0.778

Number of classes of anti-

hypertensives

0.58 ± 0.92 0.49 ± 0.85 \0.001 1 ± 0.91 1 ± 0.89 0.488

Pre-period visits to specialists

Endocrinologist 1.18 ± 2.79 0.41 ± 1.62 \0.001 1.09 ± 2.61 1.11 ± 2.89 0.756

Cardiologist 0.10 ± 0.94 0.09 ± 0.91 0.359 0.10 ± 0.93 0.11 ± 1.04 0.703

Index laboratory results

A1c 8.47 ± 1.86 7.77 ± 1.78 \0.001 8.40 ± 1.86 8.43 ± 1.88 0.579

eGFR 82.69 ± 23.91 78.54 ± 23.40 \0.001 82.22 ± 23.93 82.08 ± 23.77 0.823

eGFR category (in mL/min/

1.73 m2)

\0.001 0.644

C 90 1425 (44.19) 13,081 (35.28) 1282 (43.22) 1236 (41.67)

\90 and C 60 1183 (36.68) 15,851 (42.87) 1104 (37.22) 1157 (39.01)

\60 and C 45 383 (11.88) 4731 (12.76) 358 (12.07) 347 (11.70)

\45 and C 30 179 (5.55) 2429 (6.55) 170 (5.73) 174 (5.87)

\30 and C 15 48 (1.49) 795 (2.14) 45 (1.52) 47 (1.58)

\15 7 (0.22) 187 (0.50) 7 (0.24) 5 (0.17)

Values in table are presented as the mean ± standard deviation or as a number of patients with the percentage in
parenthesis, as appropriate
ACE Angiotensin-converting enzyme, A1c glycated hemoglobin, DBP diastolic blood pressure, DDP-4 dipeptidyl peptidase
4, eGFR, estimated glomerular filtration rate, GLA glucose-lowering agent, GLP-1 RA glucagon-like peptide-1 receptor
agonist, SBP systolic blood pressure, SGLT2 sodium–glucose cotransporter 2
a Body mass index classifications based upon World Health Organization ( http://apps.who.int/bmi/index.jsp?introPage=
intro_3.html)
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min/1.73 m2, and 3.6% of patients with an
eGFR of\15 mL/min/1.73 m2. Patients who
initiated therapy with other GLAs were gener-
ally less likely to be treated with metformin or a
SGLT2 inhibitor and more likely to be treated
with insulin for lower eGFR categories. Overall,
2.6% of patients had an eGFR of\30 mL/min/
1.73 m2 and 94.7% of these patients (2.4% of
the overall population) initiated therapy on a

medication other than GLP-1 RA. Consistent
with these results, the mean baseline eGFR prior
to matching was significantly higher for
patients who initiated a GLP-1 Ra compared to
those who initiated therapy with an alternative
GLA (82.69 vs. 78.54 mL/min/1.73 m2;
P\0.001).

Figure 2 illustrates the results of the multi-
variable analyses of the matched sample and

Table 2 The distribution of patients by estimated glomerular filtration status based upon initiation of therapy with a
glucagon-like peptide-1 receptor agonist therapy or any other glucose-lowering agent

Patient characteristics eGFR (mL/min/1.73 m2)

‡ 90 < 90 and ‡
60

< 60 and ‡
45

< 45 and ‡
30

< 30 and ‡
15

< 15

Sample size 14,506

(36.0)

17,034 (42.3) 5114 (12.7) 2608 (6.5) 843 (2.1) 194 (0.5)

Index therapya

GLP-1 RA 1425 (9.8) 1183 (6.9) 383 (7.5) 179 (6.9) 48 (5.7) 7 (3.6)

Other GLA 13,081

(90.2)

15,851 (93.1) 4731 (92.5) 2429 (93.1) 795 (94.3) 187

(96.4)

Other GLA—by index class(es)

Basal Insulin 815 (5.6) 1042 (6.1) 443 (8.7) 391 (15.0) 179 (21.2) 59 (30.4)

Basal insulin ? bolus insulin –b –b 110 (2.2) 80 (3.1) 47 (5.6) 19 (9.8)

Bolus insulin 279 (1.9) 381 (2.2) 194 (3.8) 175 (6.7) 72 (8.5) 23 (11.9)

DPP-4 963 (6.6) 1331 (7.8) 618 (12.1) 472 (18.1) 149 (17.7) 25 (12.9)

Metformin 6686 (46.1) 8079 (47.4) 1738 (34.0) 499 (19.1) 39 (4.6) 4 (2.1)

Metformin ? sulfonylurea 424 (2.9) 396 (2.3) 101 (2.0) –b –b –b

Oral fixed combination 1135 (7.8) 1182 (6.9) 264 (5.2) 75 (2.9) –b –b

Premix insulin –b –b –b 55 (2.1) 37 (4.4) 8 (4.1)

Sulfonylurea 978 (6.7) 1408 (8.3) 624 (12.2) 435 (16.7) 164 (19.5) 36 (18.6)

SGLT2 inhibitor 479 (3.3) 487 (2.9) 105 (2.1) –b –b –b

Thiazolinedione –b –b 136 (2.7) 82 (3.1) 24 (2.8) –b

Other 1322 (9.1) 1545 (9.1) 398 (7.8) 165 (6.3) 84 (10.0) 13 (6.7)

Values in table are presented as the number of patients with the percentage given in parenthesis
a Chi square test examining difference in distribution of rental impairment between patients who initiate on GLP-1 RA
therapy and those who initiate on an alternative GLA was statistically significant (P\0.001)
b Indicates that\2% of patients received this index class of therapy
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reveals that patients who initiated therapy with
a GLP-1 RA, compared to those who initiated
therapy with an alternative GLA, had a statisti-
cally significantly smaller reduction in eGFR in
the 1 year after therapy initiation (- 0.80 vs.
- 1.03 mL/min/1.73 m2; P\0.001). In addi-
tion, logistic regressions were estimated to
examine the probability of patients having a C

30% decrease in eGFR over the 1-year post-pe-
riod. The results indicate that an estimated
2.19% of patients who initiated therapy on a
GLP-1 RA had a reduction in eGFR of C 30%
compared to 3.14% of patients who initiated
therapy with an alternative GLA (P\0.001).
The logistic regression results confirm this
finding, with patients who initiated therapy
with a GLP-1 RA found to be 30% less likely to
have such a reduction over the 1-year post-pe-
riod (OR 0.70, 95% CI 0.51–0.97).

In addition to examining eGFR, we also
assessed A1c using a matched cohort of patients
who had both an index and a post-period A1c
score. There were 3158 patients who initiated
therapy with a GLP-1 RA and 35,028 patients
who initiated therapy with an alternative GLA

who received at least one A1c test on or before
the index date and another A1c test after the
index date. Matching for this group resulted in a
successful matched rate of 91.6%, with 2892
patients who initiated therapy with a GLP-1 RA
and 2892 controls who initiated therapy with
other GLAs. Given the similarity in sample sizes
between this group of patients and the patients
who received at least two serum creatinine tests,
descriptive statistics pre- and post-matching are
not presented. As with the eGFR cohort, after
matching, the difference in the bolus insulin
use prior to the index date remained statistically
significant, with patients who initiated therapy
with a GLP-1 RA significantly more likely to
have received such a prescription (5.15 vs.
3.98%; P = 0.032). Results from the multivari-
able analyses conducted on the matched cohort
(Fig. 3) revealed that patients who initiated
therapy with a GLP-1 RA had a significantly
larger reduction in A1c over the 1-year post-
period compared to patients who initiated
therapy with other GLAs (- 0.48 vs. - 0.43;
P = 0.006). Multivariable analysis for the subset
of individuals with an index eGFR of\60 mL/

Fig. 2 Kidney function of GLP-1 RAs compared to GLAs over time. CI Confidence interval, eGFR estimated glomerular
filtration rate, OR odds ratio
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min/1.73 m2 (N = 1067) revealed an even larger
difference in A1c reduction for patients who
initiated GLP-1 RA therapy compared to other
GLA (- 0.41 vs - 0.22; P\0.0001).

As a test of the sensitivity of the results, all
analyses were conducted without matching of
cohorts. There were no qualitative differences
basedupon these re-analyses.However, estimated
differences in changes ineGFRandA1cweremore
pronounced in models without matching, where
there was a mean difference of 0.36 mL/min/
1.73 m2 in eGFR (- 0.83 vs- 1.19; P\0.001) and
a - 0.17% difference in A1c (- 0.50 vs. - 0.33;
P\0.001) associated with GLP-1 RA use com-
pared to the use of other GLAS. The estimated
likelihood of a C 30% reduction in eGFR over the
post-period was smaller (OR 0.77, 95% CI
0.59–0.99).Analyseswere alsoperformedwith the
inclusion of a variable that accounts for differ-
ences in timing between index and post-period
measurements of eGFR and A1c. These analyses
did not have any effect on the estimates of eGFR,
although there was a slightly larger difference in
A1c when patients who initiated therapy with a
GLP-1 RA were compared to those who initiated
therapy with other GLAs (- 0.46 vs - 0.40;
P = 0.003).

DISCUSSION

Therapy with GLP-1 RA is an established treat-
ment option for patients with T2D and has been
shown to both improve glycemic control and be
associated with weight loss without increasing

the risk of hypoglycemia [24]. However, due to
the lack of controlled studies and label restric-
tions [12, 25] there is limited use of this class in
patients with moderate and severe renal
impairment. This study found a decreasing use
of GLP-1 RAs as renal impairment became more
severe, with 5.7% of patients with an eGFR
of\30 and C 15 mL/min/1.73 m2 and 3.6% of
patients with an eGFR of\15 mL/min/1.73 m2

initiating therapy with a GLP-1 RA. In the
overall cohort, only 0.14% of patients had an
eGFR of\30 mL/min/1.73 m2 and initiated
therapy with a GLP-1 RA, while 2.4% of patients
had an eGFR of\30 mL/min/1.73 m2 and ini-
tiated therapy with another GLA.

Multivariable analyses examined patient
glycemic control over the 1-year post-period.
The results of this study are consistent with
those of clinical trials which illustrated that
GLP-1 RAs are associated with reductions in A1c
for patients with T2D [26–28], as well as for
patients with T2D and moderate renal impair-
ment [4]. The findings in this study are also
consistent with those of retrospective, non-
randomized studies that have illustrated the
effectiveness of this class of drugs in real-world
settings [29–31]. For example, a retrospective
analysis of an electronic medical records data-
base found that GLP-1 RA therapy, used with or
without insulin, was associated with significant
improvements in glycemic control [31]. Fur-
thermore, the results are also in concert with
analyses of claims databases which have shown
that GLP-1 RAs are associated with greater
improvement in glycemic outcomes relative to
dipeptidyl peptidase-4 inhibitors [32, 33] and
insulin glargine [34].

The smaller decline in eGFR and the lower
likelihood of having a C 30% reduction in eGFR
associated with GLP-1 RA use compared to other
GLAs found in this study generally comple-
ments the results of previous study types which
have examined GLP-1 RA use and kidney func-
tion. For example, animal studies have shown
that GLP-1 RA use is associated with natriuresis
and diureses [35, 36] and that these agents also
reduce risk factors of diabetic nephropathy, by
reducing urine albumin levels [37] and inhibit-
ing the development of hypertension [38].
Clinical trials have also illustrated the safety

Fig. 3 Reduction in glycated hemoglobin (A1c) with
GLP-1 RA compared to other GLAs over time
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and potential benefits associated with use of
GLP-1 RAs. For example, one clinical trial that
compared GLP-1 RAs to placebo found no
increased risk of acute renal failure associated
with GLP-1 RA use [10], and another trial found
similar rates of renal disorder adverse events
among the two groups of patients [39]. In
addition to their safety profile, the studies have
also shown better patient outcomes associated
with the use of GLP-1 RAs. For example, the
SUSTAIN-6 study found semaglutide patients
were significantly less likely to have new or
worsening nephropathy [10] and the LEADER
study showed a greater benefit of liraglutide
with respect to cardiovascular outcomes in
patients with an eGFR of \60 ml/min/1.73 m2

[9]. The LEADER study also showed that use of
liraglutide was associated with lower rates in the
development and progression of diabetic kidney
disease relative to placebo [40]. The AWARD-7
study, which compared dulaglutide and insulin
glargine use, both combined with insulin lispro,
in patients with T2D and stage 3 or 4 CKD
found that the use of dulaglutide was associated
with less eGFR decline at 26 weeks [41].

The findings reported herein must be inter-
preted within the context of the limitations of
the study. First, a large percentage of T2D
patients did not have recorded serum creatinine
tests, suggesting that the results may not be
generalizable to all patients. Second, the use of
EHR data does not allow for confirmation that
patients were filling and taking their prescribed
medications. In addition, given the retrospec-
tive nature of the database, laboratory test
results were not conducted at uniform time
intervals for all patients. However, a sensitivity
analysis revealed that the timing of these tests
had no significant impact on the results. Third,
the study focused exclusively on GLP-1 RAs as a
class of medication and did not examine any
potential differences among individual drugs.
In addition, the study could not examine any
potential impact of differences in GLP-1 RA
doses on patient outcomes. Finally, it should be
noted that the analysis focused on statistical
significance, and practitioners should consider
whether there are clinically important differ-
ences for the patients they treat. Specifically,
the analysis focuses on whether there are

statistical differences in outcomes and does not
examine whether such differences represent
meaningful changes to patients.

CONCLUSIONS

Consistent with FDA labeling, this study found
that the use of GLP-1 RAs was very limited in
patients with a higher degree of renal impair-
ment. However, multivariable analyses which
controlled for a wide range of factors, including
index eGFR, found that the initiation of therapy
on GLP-1 RA was associated with a smaller
decline in eGFR and larger reductions in A1c
relative to the initiation of therapy on alterna-
tive classes of GLAs. Although more research
may be needed for this population and indi-
vidual GLP-1 RA therapies may differ in their
respective risk–benefit ratio in patients with
renal impairment, the findings of this study
suggests that this class of drugs may be
underutilized.
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