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OBJECTIVE

To assess changes in antidiabetes medication class prescriptions over time among
patients with diabetic kidney disease (DKD), characteristics of patients prescribed
these medications, and prescribers’ specialty.

RESEARCH DESIGN AND METHODS

We conducted a cohort study design using insurance claims data between 2013
and the first quarter of 2020 (2020Q1). Included are adult patients with DKD who
initiated a new antidiabetes medication between 2013 and 2020Q1 (N5 160,489
patients). The primary outcome is the yearly and quarterly percent of medication
initiation for each antidiabetes medication class over all antidiabetes medication
initiations.

RESULTS

For patients with DKD, sodium–glucose cotransporter 2 inhibitor (SGLT2i) and
glucagon-like peptide 1 receptor agonist (GLP-1RA) initiations steadily increased
between 2013 and 2020Q1. Internists and endocrinologists were the most fre-
quent prescriber specialties. Patients<65 years of age had a larger percentage of
all initiations that were SGLT2i or GLP-1RA, 16% and 23%, respectively, in 2019,
and patients >75 years of age had a smaller percentage of all initiations that
were SGLT2i or GLP-1RA, 11% and 13%, in 2019.

CONCLUSIONS

For patients with DKD, SGLT2i and GLP-1RA prescriptions have increased over
time, likely reflecting evolving prescribing patterns in response to the results of
recent clinical trials and new clinical guidelines.

Diabetes affects more than 30 million Americans—or 10.5% of the U.S. population.
Among adult patients with diabetes, the estimated prevalence of moderate to
severe kidney disease (stages 3 or 4) is nearly 20% (1). Patients with diabetic kid-
ney disease (DKD) are at increased risk of end-stage kidney disease (ESKD) and car-
diovascular disease, increased mortality (2), lower quality of life (3), and higher
health care costs and rates of health care use (4).
In randomized controlled clinical trials, medications within the sodium–glucose

cotransporter 2 inhibitor (SGLT2i) class and glucagon-like peptide 1 receptor agonist
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(GLP-1RA) class have demonstrated either
or both renal protective and cardiovascu-
lar benefits (5–16). The results of the CRE-
DENCE trial demonstrated that the
SGLT2i canagliflozin is associated with a
30% reduction in kidney disease progres-
sion, as measured by a composite out-
come comprised of progression to ESKD,
doubling of creatinine level, or death
from renal or cardiovascular events (17).
Since this land-mark trial, additional
research focusing on the SGLT2i dapagli-
flozin has shown similar cardiovascular
benefits for patients with DKD (18).
Regarding the GLP-1RA class, the results
of the randomized controlled trial
AWARD-7 demonstrated that patients
taking dulaglutide exhibited a slower
decline in estimated glomerular filtration
rate (eGFR) (16). Additional studies
have shown cardiovascular benefits for
dulaglutide, semaglutide, and liraglutide
(15,19,20). A list of SGLT2i and GLP-1RA
drug approvals and main clinical trials
concluded by quarter 1 of 2020 (2020Q1)
demonstrating renal protective and car-
diovascular benefits can be found in
Supplementary Table 1.

While renal protective benefits of
SGLT2i and GLP-1RA have been suggested
in clinical trials, it remains unknown to
what extent these medications are used
in real-world settings among patients
with DKD. Given the observed renal and
cardiovascular benefits, multiple medical
societies have recently updated their
guidelines to promote SGLT2i and GLP-
1RA use in patients with type 2 diabetes
mellitus (T2DM) with DKD (21,22). Here,
we aim to assess the prescribing patterns
of antidiabetes medications among pat-
ients with DKD, including trends in initia-
tion of these medications over time, char-
acteristics of patients prescribed these
medications, and prescribers’ specialty.

RESEARCH DESIGN AND METHODS

Data Source and Study Population
In this study we used data from Optum’s
de-identified Clinformatics Data Mart
database, which contains demographic
information, health plan enrollment sta-
tus, and inpatient and outpatient diagno-
ses and procedures along with pharmacy
dispensing records for each enrolled
patient. Results for outpatient laboratory
tests are available for a subset of bene-
ficiaries (�40%) through linkage with
national laboratory test provider chains.

The study population included patients
who initiated one of the following anti-
diabetes medication classes between
1 January 2013 and 31 March 2020:
SGLT2i, GLP-1RA, dipeptidyl peptidase 4
inhibitors (DPP-4i), sulfonylureas (SU),
thiazolidinediones (TZD), metformin, and
insulins. Patients could contribute to mul-
tiple medication classes if the inclusion
criteria were met for each new class initi-
ation. The date of medication initiation
was designated as the cohort entry date,
and all patients were required to have at
least a 6-month enrollment prior to
cohort entry. Patients were required to
be new users (no dispensing of the drug
class in the 6 months prior to the index
date) and to have a prior diagnosis of
DKD. DKD was defined as a diagnosis of
T2DM and a diagnosis of chronic kidney
disease (CKD). CKD was defined as having
either two ICD-9 or ICD-10 codes for CKD
(see Supplementary Table 2) or one
ICD-9 or ICD-10 code for CKD and a labo-
ratory eGFR value indicative of CKD (i.e.,
eGFR <60 mL/min/1.73 m2). Only
patients with CKD stages 3 and 4 were
included in this analysis. Patients were
excluded if they were younger than 18
years old or had a diagnosis of type 1
diabetes or gestational diabetes mellitus,
acute kidney injury, ESKD, or history of
kidney transplant (see Supplementary
Table 2).

This study received approval by the
Mass General Brigham Institutional Review
Board.

Patient Characteristics
Information on patient characteristics
including demographics, comorbidities,
and health care use was assessed for
each study participant in the 6 months
prior to cohort entry. Patient character-
istics are reported for the year 2019,
which is the most recent calendar year
with a full year of data available; the
full population characteristics for all
years are included in Supplementary
Table 3. States were categorized into
regions with use of census-provided
definitions (23). All comorbidities were
identified by ICD-9, ICD-10, and Current
Procedural Terminology, 4th Edition
(CPT-4) codes (Supplementary Table 2).
Within each 12-month time interval of
the study period, we estimated the pro-
portion of patients in each medication
class who had one of our measured

diagnoses. The eGFR was calculated
from available laboratory data in the
data set. Our eGFR calculations were
based on a modified Chronic Kidney Dis-
ease Epidemiology Collaboration (CKD-
EPI) (24) equation that does not include
race, as presented below:

Females:

141 ✱ min
Creatinine

0:7
, 1

� ��0:329

✱ max
Creatinine

0:7
, 1

� ��1:209

✱ 0:993Age ✱ 1:018

Males:

141 ✱ min
Creatinine

0:9
, 1

� ��0:411

✱ max
Creatinine

0:9
, 1

� ��1:209

✱ 0:993Age

Medication Initiation
Medication initiation for each antidiabe-
tes medication class was reported as a
percentage of all antidiabetes medication
initiations. Between 2013 and 2018,
medication initiation is shown aggre-
gated at the annual level. Starting in
2019, quarterly data are displayed to
show the more rapid changes that
occurred since the publication of results
from recent clinical trials demonstrating
renal and cardiovascular protective bene-
fits of SGLT2i and GLP-1RA among
patients with DKD. Quarterly data for the
entire study period are available in
Supplementary Fig. 1.

Subgroup Analysis for SGLT2i and
GLP-1RA Initiators
A subgroup analysis was conducted for
initiators of SGLT2i and GLP-1RA based
on age and eGFR. Age was categorized
as <65 years, 65–74 years, or $75
years. eGFR was calculated as described
above, and categories were as follows:
eGFR 15–30 mL/min/1.73 m2 (corre-
sponding to stage 4 DKD), 30–44 mL/
min/1.73 m2 (corresponding to stage 3B
DKD), and 45–59 mL/min/1.73 m2 (cor-
responding to stage 3A DKD).

Prescriber Specialty
Prescriber specialty data for each new
prescription were categorized according
to the taxonomy codes associated with
each unique national provider identifica-
tion (NPI) record, which were extracted
from the NPI record associated with the
initial prescription for each medication
class for a patient. The taxonomy codes
were linked to taxonomy descriptions
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with the crosswalk file provided by the
Centers for Medicare & Medicaid Serv-
ices (25). These were then categorized
as internal medicine (including family
medicine, general practice, and hospital
medicine), nephrology, cardiology, endo-
crinology, nursing or physician assistant,
or other (inclusive of the following: all
surgical specialties, obstetrics and gyne-
cology, dermatology, neurology, and not
otherwise categorized). If providers had
both a code for internal medicine and a
more specialized code (nephrology, car-
diology, or endocrinology), they were
only counted for the more specialized
code. There were 85 providers who had
two specialized codes (i.e., nephrology
and endocrinology), and these providers
were counted in both categories. Per-
centages are reported of all patients
who initiated a medication class pre-
scribed by a provider of a certain spe-
cialty; i.e., 15% of all patients who
initiated a GLP-1RA were prescribed this
medication by an endocrinologist.

RESULTS

Patient Characteristics
In 2019, 2,653 patients with DKD initi-
ated SGLT2i and 4,980 initiated GLP-
1RA: 8% and 15%, respectively, of all
antidiabetes medication initiations dur-
ing that year (Table 1). The most fre-
quently initiated classes in 2019 were
metformin and SU, 21% and 19% of all
initiations. On average, patients initiat-
ing SGLT2i and GLP-1RA medications
were younger than those initiating all
other classes. Patients starting insulin
had the highest burden of comorbid-
ities, as measured with the average
combined comorbidity index (CCI) score
(5.4), and these patients had the high-
est prevalence of all measured baseline
comorbidities. Of patients initiating an
SGLT2i, 24% had a baseline diagnosis of
congestive heart failure (CHF) in 2019
compared with 17% in 2014; addition-
ally, 34% had a baseline diagnosis of
ischemic heart disease in 2019 com-
pared with 28% in 2014 (data
not shown). Baseline characteristics
remained consistent for all other anti-
diabetes medication classes between
2014 and 2019. Patients who were
included based on one ICD-9 or ICD-10
diagnosis code and laboratory eGFR cri-
teria (�40% of each medication class
population) were not significantly

different in their baseline characteristics
from patients who were included based
on two ICD-9 or ICD-10 diagnosis codes
(data not shown).

Patients initiating an SGLT2i or a GLP-
1RA had higher average numbers of
unique antidiabetes medication prescrip-
tions in the 6 months prior to initiation:
an average of 2.0 and 1.9, respectively.
The most commonly prescribed medica-
tions during this baseline period were
metformin and SU; metformin was previ-
ously used by 49% of patients initiating
an SGLT2i and 40% of patients initiating
a GLP-1RA. SUs were previously used
by 44% of patients initiating an SGLT2i
and 39% of patients initiating a GLP-1RA.
For patients initiating an SGLT2i, 21%
had used a GLP-1RA during the baseline
window. For patients initiating a GLP-
1RA, 10% had used an SGLT2i during the
prior 6 months. For patients initiating an
SGLT2i, average eGFR was 48.4 mL/min/
1.73 m2 in 2019 compared with 51.2
mL/min/1.73 m2 in 2014 (data not
shown). Average HbA1c level for these
patients was 8.0% in 2019 compared
with 8.5% in 2014. For patients initiating
a GLP-1RA, average calculated eGFR and
HbA1c did not change between 2014 and
2019.

Trends in Antidiabetes Medication
Initiations by Age and Kidney
Function
SGLT2i and GLP-1RA initiations steadily
increased since 2014 as a percentage of
all new antidiabetes medication initiations
(Fig. 1). The percentage of new TZD initia-
tions remained stable during this time,
while the percentage of all other medica-
tion class initiations steadily declined.
Stratified analyses were performed for
assessment of initiation trends of antidia-
betes medication classes by patient age
and eGFR (Fig. 2). For every subgroup
examined, there were increasing trends
of SGLT2i and GLP-1RA initiations bet-
ween 2013 and the first quarter of 2020,
consistent with the increasing trends of
SGLT2i and GLP-1RA initiations in our
overall study population of patients with
DKD. In 2019, for patients age <65 years,
16% of initiations were for an SGLT2i and
23% were for a GLP-1RA compared with
12% and 19% for patients between 65
and 74 years old, respectively, and 11%
and 13% for patients 75 years of age and
older. Metformin was the most common
new medication initiation for patients

between 65 and 74 years old, and for
patients $75 years old, comprising 19%
of all medication initiations for both
groups. For patients with eGFR between
45 and 59 mL/min/1.73 m2, 15% of pre-
scriptions were for an SGLT2i and 15%
were for a GLP-1RA compared with 12%
and 18% for patients with eGFR between
30 and 44 mL/min/1.73 m2 and 7% and
21% for patients with eGFR <30 mL/
min/1.73 m2.

Trends in Antidiabetes Medication
Prescribers’ Specialty
In 2019, the most common prescriber
specialty for a new initiation of an SGLT2i
or a GLP-1RA was internal medicine
(73% and 68.5% for SGLT2i and GLP-1RA,
respectively); the second most common
prescriber specialty was endocrinology
(21% and 15% for SGLT2i and GLP-1RA)
(Fig. 3). Of new initiations, <5% were
prescribed, each, by nephrologists, cardi-
ologists, and nursing or physician assis-
tants for both SGLT2i and GLP-1RA.
These percentages remained stable
between 2014 and 2019. After the
results of Canagliflozin and Renal Events
in Diabetes with Established Nephropa-
thy Clinical Evaluation (CREDENCE) were
released in April 2019, there was a small
increase in the number of SGLT2i initia-
tions prescribed by nephrologists (2% in
2019Q1 to 6% by 2019Q3). No increase
was seen in the number of GLP-1RA ini-
tiations by nephrologists during the
same time period.

CONCLUSIONS

This study describes the trends in the ini-
tiation of antidiabetes medications over
time among patients with DKD.We found
that initiations of SGLT2i and GLP-1RA
increased as a percentage of all new anti-
diabetes medication initiations over time.
Among patients initiating an SGLT2i, a
higher percentage had a baseline diagno-
sis of CHF or ischemic heart disease in
2019 compared with patients who initi-
ated an SGLT2i in 2014. Patients initiating
an SGLT2i or a GLP-1RA had a higher
average number of unique antidiabetes
medications in the prior 6 months com-
pared with patients initiating other medi-
cation classes. The percentage of SGLT2i
initiations in patients with DKD was lower
for patients with more severe renal dys-
function, while the percentage of GLP-
1RA initiations in patients with DKD was
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higher for patients with more severe kid-
ney dysfunction. We observed increasing
percentages of SGLT2i and GLP-1RA initia-
tions over time across all patient age sub-
groups. However, these increases were
most pronounced for patients age <65
years, and the smallest increase in per-
centages was seen in patients age $75
years. The prescribers of SGLT2i and GLP-
1RA medications were commonly intern-
ists and endocrinologists, and there was
a small increase in the number of neph-
rologists prescribing SGLT2i medications
in 2019.

In our study, patients newly initiating
an SGLT2i were more likely to have a
prior diagnosis of CHF or ischemic heart
disease in 2019 compared with 2014.
This suggests a change in prescribing
patterns in response to the clinical trials
demonstrating a benefit for patients
with concurrent cardiovascular disease
and diabetes. The BI 10773 (Empagliflo-
zin) Cardiovascular Outcome Event Trial
in Type 2 Diabetes Mellitus Patients
(EMPA-REG OUTCOME) trial and other
clinical trials had demonstrated that
among patients with a history of T2DM

and cardiovascular disease initiating an
SGLT2i, there was a reduction in risk of
death from cardiovascular causes, non-
fatal myocardial infarction, or nonfatal
stroke (6,9).

Our finding that SGLT2i and GLP-1RA
medications are increasing as a percent-
age of all new antidiabetes medication
initiations among patients with DKD is in
line with results of prior studies focusing
on the overall population of T2DM
patients (26–28). We found that GLP-
1RA medications were more commonly
initiated than SGLT2i and had been

Table 1—Characteristics of new initiators of antidiabetes medications dispensed in 2019

SGLT2i GLP-1RA DPP-4i SU TZD Metformin Insulin

New initiations, n (%) 2,653 (8) 4,980 (15) 4,725 (14) 6,497 (19) 2,325 (7) 7,105 (21) 5,406 (16)

Age in years, mean (SD) 70.8 (8.8) 69.9 (8.9) 73.7 (8.9) 73.4 (8.7) 72.9 (8.4) 72.6 (8.7) 72.3 (9.4)

CCI, mean (SD) 4.2 (2.2) 4.2 (2.2) 4.4 (2.5) 4.3 (2.4) 3.7 (2.0) 4.1 (2.4) 5.4 (2.9)

Female, n (%) 1,222 (46) 2,664 (53) 2,470 (52) 3,225 (50) 1,143 (49) 3,712 (52) 2,871 (53)

Race, n (%)*

White 1,231 (46) 2,227 (45) 1,971 (42) 2,914 (45) 986 (42) 3,103 (44) 2,503 (46)
Black 352 (13) 678 (14) 719 (15) 819 (13) 281 (12) 890 (13) 738 (14)
Asian 120 (5) 136 (3) 189 (4) 210 (3) 95 (4) 237 (3) 120 (2)
Hispanic 366 (14) 685 (14) 747 (16) 931 (14) 395 (17) 959 (13) 639 (12)
Other/unknown 584 (22) 1,254 (25) 1,099 (23) 1,623 (25) 568 (24) 1,916 (27) 1,406 (26)

Region, n (%)*

Northeast 232 (9) 390 (8) 435 (9) 517 (8) 129 (6) 577 (8) 464 (9)
Midwest 360 (14) 739 (15) 659 (14) 906 (14) 248 (11) 1,000 (14) 993 (18)
South 1,420 (54) 2,761 (55) 2,607 (55) 3,510 (54) 1,250 (54) 3,631 (51) 2,783 (51)
West 641 (24) 1,090 (22) 1,024 (22) 1,564 (24) 698 (30) 1,897 (27) 1,166 (22)

Baseline comorbidities, n (%)

Nephropathy 2,609 (98) 4,893 (98) 4,625 (98) 6,315 (97) 2,279 (98) 6,904 (97) 5,337 (99)
Neuropathy 948 (36) 1,971 (40) 1,561 (33) 2,003 (31) 775 (33) 2,145 (30) 2,472 (46)
Retinopathy 341 (13) 648 (13) 535 (11) 635 (10) 253 (11) 686 (10) 779 (14)
Hypertension 2,470 (93) 4,634 (93) 4,401 (93) 5,965 (92) 2,101 (90) 6,426 (90) 5,116 (95)
Heart failure 629 (24) 1,177 (24) 1,130 (24) 1,511 (23) 294 (13) 1,419 (20) 1,827 (34)
Ischemic heart disease 894 (34) 1,468 (29) 1,410 (30) 1,924 (30) 502 (22) 1,994 (28) 2,042 (38)
Stroke/TIA 244 (9) 561 (11) 624 (13) 761 (12) 237 (10) 831 (12) 874 (16)

Medication use

Unique DM Rx, mean (SD) 2.0 (1.1) 1.9 (1.1) 1.3 (1.0) 1.1 (1.0) 1.6 (1.1) 0.9 (1.1) 1.5 (1.1)
SGLT2i, n (%) — 521 (10) 326 (7) 306 (5) 185 (8) 338 (5) 227 (4)
GLP-1RA, n (%) 560 (21) — 305 (6) 537 (8) 276 (12) 624 (9) 793 (15)
DPP-4i, n (%) 773 (29) 1,293 (26) — 1,332 (21) 573 (25) 968 (14) 982 (18)
SU, n (%) 1,155 (44) 1,937 (39) 2,034 (43) — 1,239 (53) 2,235 (31) 1,665 (31)
TZDs, n (%) 351 (13) 523 (11) 414 (9) 634 (10) — 517 (7) 334 (6)
Metformin, n (%) 1,304 (49) 1,995 (40) 2,028 (43) 3,039 (47) 1,099 (47) — 1,490 (28)
Insulin, n (%) 496 (19) 1,494 (30) 585 (12) 560 (9) 248 (11) 791 (11) —

Laboratory data

eGFR, mL/min/1.73 m2, mean (SD) 48.4 (13.3) 43.4 (13.4) 42.8 (13.0) 43.0 (13.7) 44.0 (13.5) 49.8 (12.2) 41.6 (14.8)
Creatinine available, n (%) 1,222 (46) 2,194 (44) 2,201 (47) 3,017 (46) 1,124 (48) 3,086 (43) 2,101 (39)
HbA1c level, %, mean (SD) 8.0 (1.8) 8.3 (1.8) 7.7 (1.6) 7.6 (1.6) 8.0 (1.7) 7.4 (1.7) 8.2 (2.0)
HbA1c available, n (%) 1,315 (50) 2,288 (46) 2,295 (49) 3,053 (47) 1,186 (51) 3,359 (47) 2,228 (41)

Health care use, n (%)

ER visit, $1 609 (23) 1,190 (24) 1,354 (29) 1,809 (28) 429 (18) 1,840 (26) 2,293 (42)
Hospitalization visit, $1 232 (9) 417 (8) 662 (14) 798 (12) 150 (6) 902 (13) 1,392 (26)

Patient baseline characteristics, laboratory data, and health care use information are for the 6-month period prior to cohort entry. DM Rx,
diabetes medication prescription; ER, emergency room; TIA, transient ischemic attack. *Note that these percentages may not total 100% due
to rounding.
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previously used in 20% of SGLT2i initia-
tors. In a prior study focused on medica-
tion usage in T2DM patients with
preserved renal function, a higher per-
centage was described of SGLT2i use
than GLP-1RA use (29). One potential
reason for the difference in our study is
the decreased eGFR in our patient popu-
lation. This is further demonstrated by
the stratification of our patients with
DKD by eGFR; here we saw the largest
difference in rates of initiations between
these classes (21% of initiations were
GLP-1RA, while only 7% of initiations
were SGLT2i) among patients in the low-
est eGFR group. The 2018 treatment
algorithms by the American Diabetes
Association and American Heart Associa-
tion recommended SGLT2i over GLP-1RA

as the second-line prescription after met-
formin for patients with CHF or DKD
when eGFR is adequate (22,30). There
was initially concern about prescribing
SGLT2i in patients with renal impairment
given a risk of increased adverse events,
and while a few clinical trials had
included participants with eGFR 30–45
mL/min/1.73 m2 (2,6,8,12), they were
not adequately powered to conclude
that these medications could be used
safely in patients with severe renal dys-
function. Additionally, studies show that
the impact of SGLT2i on lowering HbA1c
is reduced for those with eGFR <60 mL/
min/1.73 m2 and severely reduced for
those with eGFR <45 mL/min/1.73 m2

(2,31). In contrast, the GLP-1RA medica-
tion exenatide was approved for use in

patients with eGFR >30 mL/min/1.73
m2 in 2014 and the GLP-1RA lixisenatide
was approved for those with eGFR >15
mL/min/1.73 m2 in 2017 (2,32,33). The
glucose-lowering impact of GLP-1RAs is
preserved even in patients with severe
renal dysfunction (16). Given this, prior
to the release of CREDENCE results and
evidence of cardiovascular benefit for
SGLT2i, we expected minimal SGLT2i use
in our population of patients with DKD.

In our study, patients with DKD with
eGFR <30 mL/min/1.73 m2 (2) contin-
ued to be initiated on metformin at
similar rates before and after the U.S.
Food and Drug Administration (FDA)
guidance in 2016 to limit use in this
population (34). There is minimal
research regarding metformin use in
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Figure 1—Medication initiation of antidiabetes medications for patients with DKD over time. Medication class initiations are presented as a per-
centage of all initiations. Between 2013 and 2018, data are shown aggregated at the year level; 2019 and 2020 data are shown at the quarter level.
Quarterly data are available in Supplementary Table 1 for 2013–2018. Major dates shown include the first clinical trials for the class of medications
with proven cardiovascular (CV) or renal benefits. Additional dates related to FDA SGLT2i approvals are also included. eGFR units are presented as
mL/min/1.73 m2. EMPA-REG, EMPA-REG OUTCOME trial; LEADER, Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome
Results.
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this population given the contraindica-
tion. Similarly, these patients continued
to be initiated on SU despite multiple
guidelines recommending reduced SU
use in patients with stage 3 CKD and

beyond (35). Given the evidence of real-
world usage in these populations, fur-
ther research in these populations to
better understand why they are still
being prescribed metformin or SU and

to understand their associated out-
comes would be of clinical interest.

In our study, patients with DKD who
were <65 years old were more likely to
be started on SGLT2i and GLP-1RA

Figure 2—Medication initiations as a percentage of all antidiabetes medication initiations by age and calculated eGFR. Between 2013 and 2018,
data are shown aggregated at the year level; 2019 and 2020 data are shown at the quarter level. Calculated based on laboratory creatinine values,
all eGFR units are mL/min/1.73 m2. Age categories are#65 years, 66–74 years, and$75 years.
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medications compared with older
patients with DKD. For SGLT2i, there
were initial concerns for volume deple-
tion, especially in older patients (36), and
the FDA had released warnings of frac-
ture risk and decreased bone mineral
density for canagliflozin (37), despite
more recent studies showing contrary
results (38,39). Another potential reason
for this trend suggested by Handelsman
et al. (40) is that GLP-1RA may be less
desirable in an older population given
the predominantly injectable formula-
tions and the gastrointestinal side effects.
Additionally, both SGLT2i and GLP-1RA

classes are more expensive than older
medication classes, and for older popula-
tions this cost may be more prohibitive
(41).

We also found that the most com-
mon prescriber specialties were intern-
ists and endocrinologists, with a small
increase in prescriptions from nephrolo-
gists after the release of the CREDENCE
results. This indicates that other special-
ists are starting to prescribe antidiabe-
tes medications that are predominantly
and traditionally prescribed by internists
and endocrinologists. Prior investigators,
in research on SGLT2i prescriptions, had

examined the role of cardiologists in an
overall T2DM population and reported
that they were responsible for only 5%
of prescriptions even after the FDA
expanded labeling for use in cardiovas-
cular disease (42). Interestingly, a recent
study estimated that for patients with
cardiovascular disease, following goal-
directed treatment that included pre-
scriptions for SGLT2i had the potential
to prevent >25,000 deaths per year
(43).

This study has several limitations.
First, the study population only included
enrollees of commercial and Medicare
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Figure 3—Prescriber specialty for SGLT2i and GLP-1RA initiations over time. Between 2013 and 2018, data are shown aggregated at the year level;
2019 and 2020 data are shown at the quarter level. Internist includes physicians within the following specialties: internal medicine, family medi-
cine, general practice, and hospital medicine. RN/NP/PA, registered nurse/nurse practitioner/physician assistant.
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Advantage insurance plans, and thus
our findings may not be generalizable
to an uninsured or a non–Medicare
Advantage population. Second, we only
included patients with at least 6 months
of prior enrollment without prior dis-
pensing during that window to capture
only new initiations; however, if a
patient had been previously prescribed
and then discontinued this medication
>6 months prior to our captured initia-
tion date, that patient would be classi-
fied as a new initiation. Third, we did
not have formulary information avail-
able that may have influenced the
trends that we saw. Fourth, initiation
information in the database captures
only filled prescriptions; if a medication
was prescribed but not filled by a
patient, this would not be included as
an initiation. Finally, since information
on albuminuria or proteinuria was not
available in our claims database, our
study did not include patients who had
a diagnosis of DKD based primarily on
these criteria.

Overall, we found increasing initiations
of SGLT2i and GLP-1RA antidiabetes med-
ications in a DKD population, especially
in younger patients and patients with
moderately impaired kidney function. We
found that SGLT2i are beginning to be
initiated in patients with more severely
impaired kidney function, reflecting the
change in guidelines and FDA-recom-
mended use. As expected, we also saw
that internal medicine and endocrinology
were the most common prescriber spe-
cialties for these two medications, with a
small increase in nephrology prescribers
for SGLT2i. Given the evidence that
SGLT2i and GLP-1RA benefit patients
with DKD, it is important that all prescrib-
ers who may be seeing patients with
DKD in their clinical practice be aware of
the potential benefits (44). Further
research regarding the safety of the
SGLT2i and GLP-1RA medication classes
in older populations with more severe
kidney impairment may be helpful to
evaluate whether promoting uptake in
this population would be beneficial.
Future studies investigating characteris-
tics of patients who did not receive a
guideline-appropriate medication would
be helpful, such as patients who have
heart failure and diabetes but are not ini-
tiated on an SGLT2i, to identify what
barriers to adoption may remain. Addi-
tionally, continuing to monitor the uptake

of these medications as more prescribers
become familiar with these medication
classes will be important to gauge
whether newer medications are being
prescribed when indicated for patients
with DKD.
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