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GRAPHICAL ABSTRACT

ABSTRACT

Background. Chronic kidney disease (CKD), a serious com-
plication of type 2 diabetes (T2D) increases the comorbid risk
of cardiovascular disease (CVD) and end-stage kidney disease

(ESKD). Treatment guidelines recommend renin–angiotensin
blockade and antihyperglycemic treatment with metformin
and sodium-glucose cotransporter 2 inhibitors (SGLT2is) as
first-line treatment. We evaluated treatment initiation and
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KEY LEARNING POINTS

What is already known about this subject?
• CKD, a common yet serious complication of T2D, occurs in 20–40% of diabetic patients.
• Patients with CKD and T2D are at increased risk for morbidity often attributable to higher rates of CVD and ESKD,
resulting in a significant burden on patient health and the healthcare system.

• The extent to which treatment guidelines are implemented in the real-world setting and in patients with different clinical
characteristics is not well described.

What this study adds?
• There is a high overall unmet need in patients regarding clinical outcomes and costs as well as in predefined subgroups
and in patients treated with the standard of care (SOC) for CKD and T2D.

• There were low initiation rates of SOC (ACEis/ARBs) overall and SGLT2is and sMRAs have very low initiation rates across
subgroups, indicating that these were not used for CKD treatment during the study period.

• There were high discontinuation rates for all treatments, especially for SGLT2is and sMRAs versus ACEis/ARBs, requiring
further investigation.

What impact this may have on practice or policy?
• New treatment options in CKD and T2D are warranted to improve clinical outcomes and reduce costs, especially in
subgroups of patients with advanced CKD, a high risk of rapid progression and underlying CVD.

discontinuation overall and in subgroups of T2D patients
with incident CKD (incident cohort) and rates of clinical
and economic outcomes in patients with T2D and any CKD
(prevalent cohort).
Methods. In this retrospective study of administrative claims
in the USA between 1 January 2007 and 31 March 2019,
we evaluated the proportion of patients with concomitant,
newly initiated and discontinued use of antihypertensive
[angiotensin-converting enzyme inhibitor (ACEi)/angiotensin
II receptor blockers (ARBs), steroidal mineralocorticoid recep-
tor antagonists (sMRAs)] and antidiabetic [SGLT2is, dipep-
tidyl peptidase-4 inhibitors (DPP4is), glucagon-like peptide-
1 receptor agonists (GLP-1 RAs), insulin and sulfonylureas]
medications, rates of clinical outcomes per 1000 person-years
and mean total healthcare costs.
Results. We identified 63 127 and 326 763 patients in the
incident and prevalent CKD cohorts, respectively. Low initia-
tion and high discontinuation rates were observed with 17.8%
and 56.0% for ACEi/ARBs, 1.3% and 66.0% for sMRAs, 2.5%
and 65.0% for SGLT2is, 3.7% and 66.8% for DPP4is, 2.31%
and 69.0% for GLP-1 RAs, 4% and 75.7% for insulin and
5.5% and 56.9% for sulfonylureas. Similar results were seen by
subgroups. Rates of clinical outcomes ranged from 35.07 per
1000 person-years for all-cause mortality to 104.19 for ESKD,
with rates of hospitalization ranging from 36.61 for kidney
hospitalizations to 283.14 for all-cause hospitalizations.Among
patients with comorbidities, higher clinical and economic
outcomes were found.
Conclusion. Our results highlight high unmet needs of CKD
and T2D, particularly subgroups of patients with multimorbid
CVD, high-risk CKD (low estimated glomerular filtration
rate or high urinary albumin:creatinine ratio) or rapidly
progressing CKD. Low initiation and high discontinuation of
recommended treatments suggest that adherence to guidelines
for halting CKD progression is suboptimal. These high-risk
patientsmay benefit from further treatment options to improve
morbidity and mortality and reduce the economic burden.

Keywords: chronic kidney disease, clinical outcomes, diabetic
kidney disease, real-world data, type 2 diabetes, unmet needs

INTRODUCTION
Chronic kidney disease (CKD), a common yet serious com-
plication of type 2 diabetes (T2D), occurs in 20–40% of
diabetic patients [1]. Patients with CKD and T2D are at
increased risk for morbidity often attributable to higher rates
of cardiovascular disease (CVD) and end-stage kidney disease
(ESKD), resulting in a significant burden on patient health
and the healthcare system [2–4]. It is well characterized
that patients with CKD, T2D and certain comorbidities
experience worse clinical and economic outcomes than with
either condition alone [5–7]. This clinically varied subgroup
of high-risk patients is complex, encompassing multimorbid
patientswithCVDor anemia, patientswith rapidly progressing
or severe CKD and patients with uncontrolled diabetes
[6, 8, 9].

Given the complexity of these patients, treatment guidelines
recommend comprehensive patient care targeting reductions
in glycemic levels, CKD progression and CVD. Currently
the Kidney Disease: Improving Global Outcomes (KDIGO)
treatment guidelines suggest pharmacological treatment with
renin–angiotensin system (RAS) blockade for hypertension,
mainly monotherapy with angiotensin-converting enzyme
inhibitors (ACEis) or angiotensin II receptor blockers (ARBs).
The KDIGO clinical guidelines also suggest steroidal miner-
alocorticoid receptor antagonists (sMRAs) to treat refractory
hypertension. Glycemic control with metformin (biguanides)
and sodium-glucose cotransporter 2 inhibitors (SGLT2is) is
initially recommended as an option for first-line antihyper-
glycemic treatment [10]. However, if glycemic targets are not
achieved, patient factors and preference may inform subse-
quent combination therapywith other glucose-lowering drugs,
such as glucagon-like peptide receptor agonists (GLP-1 RAs),
dipeptidyl peptidase-4 inhibitors (DPP4is), sulfonylureas or
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FIGURE 1: Study timelines for the IC and PC.

insulin [4, 11]. The extent to which these guidelines are
implemented in the real-world setting and in patients with
different clinical characteristics is not well described.

To better understand the burden of disease among patients
with CKD and T2D, we sought to characterize the unmet treat-
ment needs of this growing and potentially costly high-risk
population using US-based real-world data. Specifically, we
evaluated treatment patterns with antihypertensive and antidi-
abetic medication and sMRA initiation and discontinuation
among T2D patients with newly diagnosed CKD, in addition
to clinically important predefined subgroups.We also describe
the rates of clinical outcomes, including mortality, kidney-
related events and cardiovascular-related events, and total
healthcare costs among patients with T2D and prevalent CKD.

MATERIALS AND METHODS
Data source
This retrospective observational study was conducted using

Optum Clinformatics Data Mart (CDM) between 1 January
2007 and 30 June 2019. The data source is an administrative
health claims database with longitudinal data of patients
enrolled in commercial or Medicare Advantage health plans in
the USA. The data contain demographic, medical encounters
from inpatient and outpatient settings, pharmacy dispensing
and laboratory results for a subset of patients. The source
data include ∼63 million unique members and are considered
representative of the commercially insured US population.

Study population
The study population consisted of all patients ≥18 years

of age with laboratory values confirming CKD [two es-

timated glomerular filtratin rate (eGFR) laboratory values
<60 mL/min/1.73 m2 and/or two urinary albumin:creatininte
ratio (UACR) laboratory values ≥30 mg/g 90–365 days apart].
The date of the second laboratory value confirming CKD was
considered the index date. Patients were required to have a
T2D diagnosis in the 365 days prior to this index date, defined
by at least one inpatient or at least two outpatient claims with
International Classification of Diseases, 9th revision (ICD-9)
or ICD-10 diagnosis codes for T2D between 30 and 365 days
apart or any use of a second-line glucose-lowering agent. Our
definition of T2D has high sensitivity (73.7%) and specificity
(98.1%) compared with self-reports [12–14]. Patients were
required to have at least 365 days of continuous enrollment
prior to the index date and were excluded if they had evidence
of CKD due to nondiabetic causes [15, 16].

Two different cohorts were used to evaluate treatment
patterns and clinical outcomes separately (Fig. 1).

A cohort of T2D patients and newly diagnosed CKD
patients (incident CKD only) between 1 April 2013 and 31
March 2018 was used to assess treatment patterns [incident
cohort (IC)]. Patients in this cohort were required to have
365 days of continuous enrollment after the index date,
during which treatment patterns were assessed to ensure the
observability of patients during follow-up. Newly diagnosed
CKD was defined as no evidence of kidney disease in the year
prior to T2D diagnosis. The date 1 April 2013 was chosen
based on the approval of SGLT2is in the USA and to ensure
that all antiglycemic agents of interest were evaluated over the
same time period and to minimize calendar time bias. This
timeframe also reflected any changes in the use of medications
that were on the market pre-SGLT2i approval, to take into
account the availability of newer medications.
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A second cohort of T2D patients with CKD (either
prevalent or incident CKD) between 1 January 2008 and 31
March 2019 was created to assess the clinical outcomes and
baseline treatment patterns [prevalent cohort (PC)]. Patients
in this cohort were followed from the index date through
the earliest of the occurrence of the respective outcome,
disenrollment, death, the end of data (30 June 2019) or 365 days
after the index date.

Variables and outcomes
Patient baseline characteristics, including sociodemograph-

ics, comorbidities and medication use, were assessed during
the 365-day baseline period prior to the index date.

Treatment patterns, assessed in the IC, included individual
and combinations of antihypertensive agents (ACEis, ARBs
and sMRAs) and antiglycemic agents (SGLT2is, DPP4is, GLP-
1 RAs, sulfonylureas and insulin). Treatment patterns were
described in terms of initiation, among patients without prior
use of the treatment and discontinuation among patients
who initiated during follow-up. Discontinuation during the
365-day follow-up period was defined using a grace period
of 30 days between prescriptions before being counted as
discontinuation, to allow leeway for missed refills of the
medication or splitting of pills [17].

Clinical outcomes and total healthcare costs assessed in
the PC included hospitalizations (all-cause, cardiovascular-
or kidney-related hospitalization), kidney outcomes (kidney
transplant and ESKD) and mortality. Total healthcare costs in-
cluded the sum of inpatient and outpatient services, outpatient
facility and professional services and outpatient pharmacy
costs.

Subgroup analysis
All outcomes were analyzed in predefined subgroups based

on the patient’s clinical status and their prescribed treat-
ments (defined during the baseline period unless otherwise
noted). Subgroups defined by the patient’s clinical status
included comorbidities (CVD and anemia), the underlying
T2D or CKD status [last observed hemoglobin A1c (HbA1c)
value, CKD rapid progression (defined by an eGFR decline
≥5 mL/year) and CKD severity stages identified by an eGFR
categories according to KDIGO and UACR categories]. In ad-
dition, clinical and cost outcomes were examined in treatment
subgroups, including diabetes treatment and antihypertensives
treatment in monotherapy (insulin, ACEi/ARB and sMRA),
combination therapy (insulin with SGLT2i and ACEi/ARB
with sMRA) and in comprehensive care combination therapy
with or without sMRA (ACEi/ARBwith any SGLT2i, DPP4i or
GLP-1 RA).

Statistical analysis
Baseline patient characteristicswere reported as the number

and proportion of patients. Treatment patterns were estimated
as the number and proportion of patients who initiated a
specific treatment having no prior use. Among those who
initiated treatment in follow-up, the number and proportion

of patients who discontinued a treatment were reported
(maximum allowed gap of 30 days). Clinical outcomes were
reported as rates of each outcome per 1000 person-years
[95% confidence intervals (CIs)] and were estimated using
Poisson regression with normal approximation and a robust
variance estimator. Total healthcare costs were reported as the
mean [standard deviation (SD)] for total healthcare costs per
person per year. All analyses were conducted using the Aetion
Evidence Platform (2021), which has been validated for a range
of studies [18].

Full definitions of the patient cohorts, variables, outcomes
and subgroup selection criteria are listed in Supplementary
data, Table S1.

RESULTS
We identified 63 127 patients with T2D and newly diagnosed
CKD (IC) between 1 April 2013 and 31 March 2018 and
326 763 patients with T2D and any CKD (PC) between 1
January 2008 and 31 March 2019 (Fig. 2).

Patient characteristics
Among the IC and PC, the median age was 72 years in

both cohorts and 56.0% and 53.6% were female, respectively.
Approximately half of all patients were at CKD stage G3a at
index (53.0% and 47.8% for the IC and PC, respectively). The
prevalence of UACR stage A2 at index was 31.0% and 25.0%,
respectively; more than half of all patients were missing UACR
information. Based on the KDIGO risk stratification, the
majority of patients in the two cohorts were at moderate–high
CKD risk (i.e. eGFR stage ≥3a and UACR stage ≥A1) at index
(starting from83.8% and 72.2% in the IC and PC, respectively).
The most prevalent comorbidities were hypertension (87.8%
and 91.9% for the IC and PC, respectively), hyperlipidemia
(80.8% and 83.8%), resistant hypertension (77.7% and 81.7%)
and pain disorders (67.6% and 73.3%) (Supplementary data,
Tables S2 and S3).

Concomitant medication use
Among the PC, the most common concomitant class

of antihypertensives was ACEis (46.8%) followed by ARBs
(27.3%) and sMRAs (5.8%). Metformin was the most common
glucose-lowering agent (38.2%), while the least common
was GLP-1 RA (1.3%) and few patients were prescribed
SGLT2i (2.2%). Among subgroups, all hypertensive agents
were common for patients with CVD. For patients with rapid
progression of CKD (i.e. eGFR decline≥5mL/year), the use of
all concomitant antihypertensive and glucose-lowering agents
was slightly higher when compared with their counterparts
(Table 1).

Treatment patterns
In general, low initiation rates were observed among

patients without prior use. Overall, 18 407 (29.2%) patients had
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FIGURE 2: Flowchart of patient selection among patients with CKD and T2D (IC and PC).

no prior use of ACEis/ARBs, among which 17.8% of patients
initiated ACEi/ARB therapy within 1 year. Approximately 1%
of patients without prior use of sMRA initiated sMRA during
follow-up. Few patients initiated antiglycemic treatments;
2.5% and 3.7% of patients initiated SGLT2i and DPP4i,
respectively. Combination treatment with two antiglycemic
agentswas infrequent (<1%). In addition,within 1 year 4%and
5.5% of patients initiated inulin and sulfonylurea treatments,
respectively.

In the subgroup analysis, we observed higher initiation of
treatments in subgroups of patients with comorbid conditions
than in subgroups without them. For example, treatment
initiation in the subgroup of patients with CVD was higher
than in the subgroup without CVD for all treatments except
for ACEi/ARB (17.5% and 17.9%, respectively). The initiation
rates were higher for all treatments assessed in the subgroup
of patients with rapid progression of CKD (i.e. eGFR decline
≥5 mL/year), with nearly three times higher initiation of
sMRA (2.9% and 0.9%, respectively) and sMRA in combina-
tion with ACEi/ARB (2.1% and 0.8%), despite being initiated
relatively infrequently overall. Among the UACR subgroups,
the initiation rate increased with increasing severity from A2
to A3 for ACEi/ARB (24.8% and 30.6%, respectively), sMRA
(1.3% and 2.5%, respectively) and sMRA in combination with
ACEi/ARB (1.1% and 2.2%, respectively), which is consistent
with recent studies [19]. Initiation rates for all treatments
among participants with UACR data were higher compared
with those with missing UACR data.

The initiation rates for antidiabetic drugs were approxi-
mately the same in the UACR A2 and A3 subgroups. Among
the eGFR subgroups, G5 had the lowest initiation rates relative
to the other eGFR subgroup-specific results for ACEi/ARB,
no initiation of sMRA in combination with ACEi/ARB and

the highest initiation rate of DPP4i (4.7%), followed by
GLP-1 RA (3.6%), SGLT2i (2.1%) and sulfonylureas (10.8%).
Initiation rates for all treatments were nominally higher among
participants without eGFR data compared with those with
eGFR data (Table 3).

A majority of patients subsequently discontinued their
newly initiated pharmacological treatments, ranging from
56.0% (ACEi/ARB) to 91.7% (combination therapy with
DPP4i and GLP-1 RA). Approximately 66% of new users
of sMRA discontinued treatment. The initiation of antidi-
abetic medications and sMRAs was infrequent and the
majority of new users of SGLT2is discontinued their use
(65.0%).

In subgroup-specific analyses, the observed discontinuation
rates were higher within subgroups of patients with CVD
than subgroupswithoutCVD,with the highest discontinuation
observed for DPP4i combinations (with SGLT2i, 83.6%; with
GLP-1 RA, 91.1%, respectively). Among patients in the UACR
subgroups, discontinuation rates were highest in the UACRA3
subgroup, except for sMRA in combination with ACEi/ARB,
SGL2i and sulfonylureas (Tables 2 and 3).

Clinical outcomes and costs
Among all patients with CKD and T2D, high event rates

of clinical outcomes per 1000 person-years were observed,
ranging from 51.95 (95% CI 51.11–52.78) to 78.32 (95%
CI 77.29–79.35) for CV-related hospitalization and as high
as 104.19 (95% CI 102.98–105.39) for ESKD. The rate for
all-cause hospitalization was 283.14 per 100 person-years
(95% CI 281.09–285.20). In addition, all-cause mortality rates
were 35.07 per 1000 person-years (95% CI 34.39–35.75)
(Tables 4–6).
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Among patients in the predefined clinical subgroups, all-
cause hospitalizations, cardiovascular-related hospitalizations,
kidney outcomes and mortality were frequent among patients
with CKD and T2D with selected multimorbidities (anemia or
CVD). In addition, patients with rapid progression of CKD (i.e.
eGFR decline ≥5 mL/year) experienced elevated rates of CV-
related hospitalization [112.33 per 1000 person-years (95% CI
108.95–115.71)] and heart failure (HF)-related hospitalization
[81.86 per 1000 person-years (95% CI 78.99–84.73)]. Patients
with rapid progression of CKD also had nearly three-times
higher rates of all-cause mortality, while the mortality rates
approximately doubled from UACR stage A1 to stage A3.

In the treatment subgroup analysis we observed high
rates of CV-related hospitalizations among patient subgroups
prescribed solely antihypertensivemedications (i.e. ACEi/ARB
monotherapy or sMRA monotherapy). We also observed
high rates of ESKD among patient subgroups prescribed
solely antihypertensive medications, with a rate of 184.28
(95% CI 177.23–191.33) and 300.06 (95% CI 263.37–336.74)
for ACEi/ARB monotherapy and for sMRA monotherapy,
respectively.

Overall, themean total healthcare costs were $29 377.11 per
year (SD $63 788.94) in the PC. Total healthcare costs were
higher among subgroups of patients with comorbid CVD or
anemia ($37 464.73 and $46 125.42, respectively) compared
with their counterparts. Patients with rapidly progressing
CKD (eGFR decline ≥5 mL/year) incurred similar high costs.
Additionally, patients in later stages of CKD (lower levels of
eGFR or higher levels of UACR) had higher total healthcare
costs, ranging from $30 770 for patients with CKD stage G3B
to $184 159 for patients with CKD stage G5.

DISCUSSION
In this US-based cohort study evaluating treatment patterns
and the disease burden of CKD and T2D, we observed a high
unmet need in the treatment of patients with CKD and T2D
within various comorbidity and treatment subgroups.

Overall, in the year prior to CKD diagnosis, ACEis, ARBs,
insulin, sulfonylureas and metformin were the most common
drugs prescribed in approximately a third of T2D patients with
prevalent or incident CKD. In this population, only a few pa-
tients were prescribed SGLT2i and GLP-1 RA during the year
prior to CKD diagnosis, while all antihypertensives were used
more in patients with prior CVD. Among newly diagnosed
CKDpatientswithout priormedication use, low initiation rates
of antihypertensives following CKD diagnosis were observed;
even lower rates were observed for antidiabetic agents, while
antidiabetic combinations were the most infrequent. However,
in accordance with treatment guidelines during the study time
period, the recommended RAS inhibitors had the highest
initiation rates, while treatments advised against, such as
the combination of DPP4i and GLP-1 RA, were almost
never initiated and frequently discontinued [10]. Despite the
low initiation rates, among subgroups we observed slightly
higher rates among the multimorbid subgroups in the study
population (i.e. CVD or CKD progression). Antihypertensive
initiation rates were higher in patients with higher UACR

stages, and the same trend was observed for SGLT2i and GLP-
1 RA (individually and in combination) in more advanced
eGFR stages. However, we found high discontinuation rates
for SGLT2i (individually and in combination) among these
subgroups, although the time period predates publication
of the Evaluation of the Effects of Canagliflozin on Renal
and Cardiovascular Outcomes in Participants with Diabetic
Nephropathy study, showing benefit on the progression of
kidney disease in thosewith a reduced eGFR [20, 21]. Similarly,
we observed slightly higher initiation rates for sMRAs in less
advanced eGFR stages; sMRA treatment during the study
time period was recommended for patients with resistant
hypertension and eGFR values >45 mL/min/1.73 m2 [10].
Among patients who initiated antihypertensive medications
after CKD diagnosis, the majority discontinued these treat-
ments with higher rates in the CVD subgroup and the
higher UACR subgroup. We also observed higher rates of all-
cause hospitalization, cardiovascular-related hospitalization,
kidney outcomes and all-cause mortality. The rates were high,
particularly in patients with rapid progression of CKD (i.e.
eGFR decline ≥5 mL/year) and later stages of CKD (lower
levels of eGFR or higher levels of UACR), reflecting higher
total healthcare costs. The clinical outcome rates were also
higher among patients prescribed angiotensin–aldosterone
inhibitors (i.e. sMRAmonotherapy or with ACEi/ARB), which
remained within a high range despite the slight decrease after
the addition of SGLT2i andGLP-1 RA, suggesting that patients
treated with these emerging therapies in CKD still have a
high unmet therapeutic need. To evaluate the potential for
selection bias by sampling those with laboratory results, we
examined initiation and discontinuation treatment patterns
among participants selected based only on eGFR or UACR,
as well as with and without laboratory data, and found
that there were no notable differences between the different
groups.

Clinical guidelines recommend ACEi/ARB therapies to
slow CKD progression. Furthermore, ACEi or ARB therapy
is recommended as first-line treatment for patients with
CKD and T2D who have hypertension and UACR ≥30 mg/g
creatinine in order to delay CKD progression [10]. Ad-
ditionally, evidence from meta-analyses demonstrate that
coadministration of sMRA and ACEi/ARB show a UACR
reduction but no clear eGFR preservation [11]. Indeed,
randomized trials have shown evidence of increased risk of
hyperkalemia and acute kidney injury when these treatments
are combined; thus such combination treatment might not
be used [19]. We observed low initiation rates and fre-
quent discontinuation in our study for combinations of RAS
inhibitors and sMRAs. This may be explained by adverse
events similar to those observed in these trials. Additionally,
it may be that these medications are simply indicated for
resistant hypertension and heart failure, rather than CKD, in
this study population. Nonetheless, the lack of medication
persistence may be contributing to the elevated rates of clinical
outcomes found in our study or the other indications for
which these medications are prescribed. Further investigation
is warranted on the reasons for discontinuation and their
impacts [21, 22].
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Intensive personalized glycemic control is recommended to
treat patients with T2D [22, 23]. In addition, several cardiovas-
cular safety trials evaluating antiglycemic drug classes among
T2D patients using SGLT2is or GLP-1 RAs demonstrated a
lower risk of cardiorenal events [23–26]. However, a clinical
trial found that intensive glycemic control among patients
with diabetes and baseline kidney disease resulted in higher
rates of adverse events [26, 27]. Given that GLP-1 RAs and
SGLT2is were first approved by the US Food and Drug
Administration in 2005 and 2013, respectively, the use of
these medications was low in our study population. Moreover,
where used, these antiglycemic drugs, with evidence of their
renoprotective effects coming even later, were discontinued
in the majority of the study population and in almost all
patients prescribed combinations of these drugs in the year
following incident CKD diagnosis. While these new classes
of antiglycemic therapy are increasingly becoming a part
of the treatment regimen for patients with CKD and T2D,
a better understanding of factors contributing to their low
initiation and high discontinuation rates is needed and may
warrant further investigation of physician and patient barriers
to appropriate care.

Limitations
First, administrative claims data have the potential for

misclassification of patients’ diagnoses, since the presence of
a claim with a diagnosis code may not indicate the presence
of a disease but a rule-out code. Similarly, the limited duration
of baseline enrollment may not allow capturing some patients
with the disease, resulting in potential misclassification. To
address this limitation in identifying patients with CKD and
T2D, we used a validated algorithm for T2D as well as
results from laboratory tests (eGFR and UACR) indicating
sustained kidney disease for >3 months. Limited follow-up
time in administrative claims may have also contributed to
underestimation of rates of events. We found a high lack of
screening for UACR, potentially impacting the representative-
ness of the CKD population. Nevertheless, treatment patterns
analyses showed a similar trend overall between participants
with and without UACR and eGFR lab values. Research into
initiation and discontinuation rates among T2D patients and
CKD patients separately could further evaluate the impact of
disease over prescription. Third, requiring 1 year of continuous
enrollment after the index date in the IC may have introduced
selection bias. By requiring patients to remain continuously
enrolled in their health plan for a fixed period of time following
the index date, the resultant population may have biased the
selection of healthier patients, as those who do not survive
or are not enrolled for a minimum period of follow-up were
excluded from the cohort. However, applying this require-
ment allowed for the uninterrupted evaluation of treatment
patterns following the index event and reduced the bias due
to competing risks. Fourth, using an ‘as-treated’ censoring
approach after treatment initiation, meaning censoring patient
follow-up after the treatment initiation due to reasons such
as disenrollment or death, may have led to underestimates
in the treatment discontinuation rate, highlighting an even

greater unmet need. Fifth, the maximum allowed gap used
in our study when evaluating drug discontinuation was 30
days, which may have overestimated discontinuation rates.
However, this threshold was based on published literature by
Bjarnadóttir et al. [17] showing that 68.7% of patients would
have no gap in treatment coverage using this cut-off. Longer
gaps might therefore reduce the observed discontinuation for
a subset of patients. Sixth, while the CDM is representative of
the commercially insured population of the USA, it may not be
generalizable to individuals without commercial insurance.

CONCLUSIONS
Our results demonstrate a high unmet need among patients
with CKD and T2D, particularly subgroups of patients with
multimorbid CVD, advanced CKD (low eGFR or high UACR)
or rapidly progressing CKD. Low initiation and high discon-
tinuation of recommended therapies among these patients
suggest that adherence to treatment guidelines for halting
CKD progression is suboptimal. These high-risk patients may
benefit from further treatment options to improve mortality
and morbidity and reduce the economic burden.
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