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ABSTRACT

It is estimated that one in ten people in the USA
have diabetes. Approximately 40% of those
with diabetes also develop chronic kidney dis-
ease (CKD), which in turn increases their risk of
developing cardiovascular disease. Evidence-
based recommendations for the treatment of
patients with type 2 diabetes (T2D) and con-
comitant CKD are provided by several medical
societies, including the American Diabetes
Association (ADA), but in real life are only car-
ried out in fewer than 50% of individuals for
whom they are recommended. Screening for
CKD is recommended using the spot urine
albumin-to-creatinine ratio and estimated
glomerular filtration rate in all patients with
T2D at the time of diagnosis, and at least
annually thereafter. Screening enables early
CKD diagnosis, counseling, pharmacologic
intervention and, when appropriate, referral to
a nephrologist. The ADA guidelines recommend
good glycemic and blood pressure control and
the use of medications that are kidney protec-
tive. Medications shown to slow progression of
CKD include renin–angiotensin system inhibi-
tors, sodium–glucose cotransporter-2 inhibitors,
glucagon-like peptide 1 receptor agonists and,
more recently, non-steroidal mineralocorticoid

receptor antagonists. Novel agents with differ-
ent mechanisms of action are also in develop-
ment that have the potential to further slow or
prevent disease progression when used with
currently recommended therapies.
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Key Summary Points

Evidence-based recommendations for the
treatment of patients with chronic kidney
disease (CKD) and type 2 diabetes (T2D)
are currently followed in fewer than 50%
of individuals.

Screening for CKD is recommended using
spot urine albumin-to-creatinine ratio and
estimated glomerular filtration rate in all
patients with T2D at diagnosis, and at
least annually thereafter.

Screening enables early CKD diagnosis,
counseling, pharmacologic intervention
and, when appropriate, referral to a
nephrologist.

Medications shown to slow progression of
CKD include renin–angiotensin system
inhibitors, sodium–glucose cotransporter-
2 inhibitors, glucagon-like peptide 1
receptor agonists, and, more recently,
non-steroidal mineralocorticoid receptor
antagonists.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14208032.

INTRODUCTION

Patients with diabetes mellitus are at increased
risk for developing chronic kidney disease
(CKD) [1, 2]. In the USA, diabetic nephropathy
is the leading cause of kidney failure [3]. The
presence of concomitant CKD in patients with
type 2 diabetes (T2D) is associated with signifi-
cantly increased risks of cardiovascular disease
(CVD), including myocardial infarction,
ischemic stroke/transient ischemic attacks, and

all-cause mortality, when compared with the
risk in patients with T2D without CKD [4, 5].
Therapies exist that can slow the progression of
CKD in persons with diabetes; therefore, early
detection and intervention for CKD is
important.

In this review, we assess the burden of CKD
in US patients with T2D and describe how
clinicians can use early screening and diagnosis,
together with guideline-recommended man-
agement strategies provided by the American
Diabetes Association (ADA), to optimize patient
outcomes. This article is based on previously
conducted studies and does not contain any
studies with human participants or animals
performed by any of the authors.

BURDEN OF CKD

Current estimates suggest that approximately
463 million people globally have diabetes mel-
litus, and this number is projected to rise to an
estimated 700 million by 2045 [6]. In 2018,
approximately 10.5% of the US population had
diabetes [7]. Up to 40% of patients with diabetes
also develop CKD, which is associated with
significant morbidity, deficits in quality of life,
and increased healthcare burden [8–12]. Pro-
gression of CKD can lead to kidney failure (end-
stage kidney disease [ESKD]), with patients
requiring either dialysis or a kidney transplant
for survival. In 2015, 661,000 Americans had
ESKD [10]; approximately 71% were receiving
hemodialysis or peritoneal dialysis, and 29%
were living with a functioning kidney trans-
plant. Of the individuals with ESKD, approxi-
mately 44–45% had diabetes listed as the
primary cause of ESKD [11, 12]. Per-person costs
for patients aged[65 years with CKD and dia-
betes are 51% higher than for patients with
diabetes who do not have CKD [2]. Further-
more, health-related quality of life decreases as
CKD progresses [9].
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SCREENING ENABLES EARLY
DIAGNOSIS OF CKD

Chronic kidney disease is asymptomatic in its
early stages and is diagnosed via estimation of
the glomerular filtration rate (eGFR), which
assesses kidney function, and detection of
albuminuria, a marker for kidney damage [13].
The ADA 2020 Standards of Care recommend
that patients with newly diagnosed T2D should
be screened for CKD with urinary albumin (e.g.,
spot urine albumin-to-creatinine ratio [UACR])
testing and eGFR [14]. They should then be
retested annually thereafter, with the frequency
of retesting driven by the level of kidney dam-
age and function (Fig. 1) [14]. For patients with
a UACR[30 mg/g albumin/creatinine, and/or
an eGFR\60 mL/min/1.73 m2, monitoring
should be performed twice annually to guide

therapy [14]. Of note, in 2013 the American
College of Physicians made the recommenda-
tion that patients with T2D and CKD (stage 1–3)
receiving an angiotensin-converting enzyme
inhibitor (ACEi) or angiotensin II receptor
blocker (ARB) did not need to undergo annual
testing for proteinuria [15]. This recommenda-
tion has been retired, and therefore it is
important that primary care providers (PCPs)
take note of this change and adjust their prac-
tice accordingly. Based on the ADA guidelines,
patients with stage 1–3 CKD should be screened
between one and three times annually based on
their level of albuminuria (Fig. 1) [14].

The preferred method for assessment of
albuminuria is the UACR, measured in a ran-
dom spot urine collection [14]. This method of
assessment is easy to perform compared with a
24-h urine collection, which is inconvenient for

Fig. 1 Risk of CKD progression, frequency of visits, and
referral to a nephrologist according to glomerular filtration
rate (GFR) and albuminuria. The GFR and albuminuria
grid depicts the risk of progression, morbidity, and
mortality by color, from best (green) through yellow,

orange, and red to worst (dark red). CKD Chronic kidney
disease. Modified from Kidney Disease: Improving Global
Outcomes (KDIGO) CKD Work Group [61], copyright
2013, with permission from Elsevier
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patients and subject to incomplete collection
[16]. Concurrent measurement of urinary crea-
tinine ensures that variations in albumin con-
centration due to hydration levels do not
confound the result. A positive diagnosis of
increased urinary albumin excretion, defined as
C 30 mg/g albumin/creatinine, should only be
made when two of three samples collected over
a 3- to 6-month period exceed that threshold
[14].

It is important to assess both the UACR and
the eGFR because albuminuria can predict CKD
risk earlier than a decrease in GFR; for example,
the UACR can be moderately increased when
the eGFR is still normal (Fig. 1) [14, 17]. The
eGFR can also be high (eGFR[ 90 mL/min/1.73
m2) due to hyperfiltration, which is common
early in diabetes [8] and may mask the degree of
kidney damage if eGFR is measured in isolation.

Although the importance of albuminuria
screening in patients with T2D has been
understood for many years, rates of testing
remain suboptimal. The US Renal Data System

has reported testing trends from 2016 in two
populations of patients with T2D and without
CKD: a Medicare 5% sample aged C 65 years
and an Optum Clinformatics sample aged 22–-
64 years [1]. During that year, less than half of
these patients in both the Medicare (42%) and
Optum Clinformatics (49%) populations had
undergone any urine albumin testing. Further-
more, different methods of assessing albumin-
uria were used, such as measurement of urinary
protein, which has lower sensitivity for pre-
dicting kidney events compared with the UACR
[18].

MANAGEMENT OF CKD IN
PATIENTS WITH T2D

Glycemic Control

Intensive glycemic control in patients with T2D
results in significant reductions in the develop-
ment of microvascular complications, with the

Table 1 American Diabetes Association treatment goals and guidance [14]

Treatment
targets

ADA Guidance

A1C • A1C goal for many nonpregnant adults is\ 7% (53 mmol/mol)

• More stringent A1C goals (such as\ 6.5% [48 mmol/mol]) for some patients, but care should be

taken to avoid significant hypoglycemia or polypharmacy (e.g., in patients with a short duration of

diabetes, T2D treated with lifestyle or metformin only, long life expectancy, or no significant CVD)

• Less stringent A1C goals (e.g.,\ 8% [64 mmol/mol]) may be appropriate for some patients (e.g., those

with a history of severe hypoglycemia, limited life expectancy, advanced micro- or macrovascular

complications, extensive comorbid conditions, or long-standing diabetes in whom the goal is difficult to

achieve)

• Reassess glycemic targets over time

BP • BP control should be optimized to reduce the risk or slow the progression of CKD

• BP targets should be individualized through a shared decision-making process

• Patients with hypertension should, at a minimum, be treated to BP targets of\ 140/90 mmHg to

reduce CVD mortality and slow CKD progression

• Lower BP targets (e.g.,\ 130/80 mmHg) should be considered for some patients based on individual

anticipated benefits and risks (e.g., those with C 300 mg/day albuminuria)

A1C Glycated hemoglobin, ADA American Diabetes Association, BP blood pressure, CKD chronic kidney disease, CVD
cardiovascular disease, T2D type 2 diabetes
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Table 2 ADA-recommended pharmacologic interventions and treatment goals for the management of CKD in T2D,
together with relevant renal and cardiovascular outcomes findings from clinical studies

Intervention ADA comments
on intervention [14]

Example
agent

Positive effects on renal
outcomes reported in
clinical studies

Positive effects on CV
outcomes reported in
clinical studies

ACEi or

ARB

• Strongly recommended in patients

with hypertension and UACR C

300 mg/g albumin/creatinine

and/or eGFR\ 60 ml/min/

1.73 m2

• Recommended in patients with

hypertension and UACR

30–299 mg/g albumin/creatinine

Losartan

(ARB)

RENAAL study [25]

Median follow-up: 3.4 years

Patients with T2D and renal impairment (urinary

albumin C 300 g/L)

• Reduced the risk of

doubling of SCr,

ESKD, or death by

16% vs. placebo

• Reduced UACR by

35% vs. placebo

(p\0.001)

• Reduced decline in

eGFR by 15.2% vs.

placebo

• Reduced the risk of first

hospitalization with heart

failure by 32% vs. placebo

Irbesartan

(ARB)

IDNT [27]

Median follow-up: 2.6 years

Patients with T2D and renal impairment (urinary

protein C 900 mg/24 h)

• 20% reduced the risk

doubling of SCr,

ESKD, or death vs.

placebo

• Reduced rate of

increase in SCr by 24%

vs. placebo

• Reduced proteinuria by

33% vs. 10% in the

placebo group

• Rate of CHF requiring

hospitalization was 23%

lower with irbesartan vs.

placebo
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Table 2 continued

Intervention ADA comments on
intervention [14]

Example
agent

Positive effects on renal
outcomes reported in clinical
studies

Positive effects on
CV outcomes
reported in clinical
studies

SGLT-2i • Consider in patients with an

eGFR C 30 mL/min/

1.73 m2 and

UACR[ 30 mg/g albumin/

creatinine, particularly in

those with

UACR[ 300 mg/g

albumin/creatinine, to reduce

risk of CKD progression,

CVD, or both

Canagliflozin CREDENCE trial [34] (? ACEi/ARB)

Median follow-up: 2.6 years

Patients with T2D and renal impairment

(eGFR 30–90 mL/min/1.73 m2 and

albumin:creatinine[ 300–5000)

• Reduced the relative risk of

ESKD, doubling of SCr, or

death from renal or CV

disease vs. placebo

• Geometric mean UACR was

31% lower for patients

receiving canagliflozin vs.

placebo during follow-up

• Decline in eGFR was slower

for patients receiving

canagliflozin vs. placebo after

the first 3 weeks

• Reduced the relative

risk of CV death or

hospitalization for

heart failure vs.

placebo

• Reduced the relative

risk of CV death, MI,

or stroke vs. placebo

CANVAS program [46]

Median follow-up: 2.2 years

Patients with T2D and high CV risk (eGFR[ 30 mL/

min/1.73 m2)

• Reduced the relative risk of

sustained 40% reduction in

eGFR, need for renal

replacement therapy, or death

from renal causes by 40% vs.

placebo (not significant)

• Reduced the relative risk of

progression of albuminuria by

27% vs. placebo (not

significant)

• Reduced the relative

risk of CV death,

MI, or stroke by

14% vs. placebo

• Reduced the relative

risk of

hospitalization for

heart failure by 33%

vs. placebo
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Table 2 continued

Intervention ADA comments on
intervention [14]

Example
agent

Positive effects on renal
outcomes reported in clinical
studies

Positive effects on CV
outcomes reported in
clinical studies

Empagliflozin EMPA-REG OUTCOME trial [47, 48]

Median follow-up: 3.1 years

Patients with T2D with renal impairment (eGFR[ 90 mL/

min/1.73 m2) and established CV disease

• Reduced the relative risk of

very high albuminuria,

doubling of SCr with

eGFR B 45 ml/min/1.73

m2, need for renal

replacement therapy, or

death from renal causes by

39% vs. placebo

• Reduced the relative risk of

very high albuminuria by

38% vs. placebo

• Reduced the relative risk of

doubling of SCr with

eGFR B 45 mL/min/1.73

m2 by 44% vs. placebo

• Reduced the relative risk of

need for renal replacement

therapy by 55% vs. placebo

• Reduced the relative risk

of CV death, MI, or

stroke by 14% vs. placebo

• Reduced the relative risk

of CV death by 38% vs.

placebo

• Reduced the relative risk

of hospitalization for

heart failure by 35% vs.

placebo
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Table 2 continued

Intervention ADA comments
on intervention [14]

Example
agent

Positive effects on renal
outcomes reported in clinical
studies

Positive effects on CV
outcomes reported in
clinical studies

Dapagliflozin DECLARE-TIMI 58 trial [49]

Median follow-up: 4.2 years

Patients with T2D and renal impairment (creatinine

clearance[ 60 mL/min)

• Reduced the relative risk

of C 40% reduction in

eGFR, ESKD, or death from

renal or CV causes by 24%

vs. placebo

• Reduced the relative risk

of C 40% reduction in

eGFR, ESKD, or death from

renal causes by 47% vs.

placebo

• Reduced the relative risk

of CV death or

hospitalization for heart

failure by 17% vs. placebo

• Reduced the relative risk

of hospitalization for

heart failure by 27% vs.

placebo

DAPA-CKD Trial

Median follow-up: 2.4 years

Patients with T2D and renal impairment (eGFR C 25 to

75 mL/min/1.73 m2 and albumin:creatinine 200–5000

• Reduced the risk of sustained
decline in eGFR C 50%,

ESKD, or death from CV or

kidney causes by 37% vs.

placebo

• Reduced the risk of sustained
decline in eGFR C 50%,

ESKD, or death from kidney

causes by 42% vs. placebo

• Reduced the relative risk

of CV death or

hospitalization for heart

failure by 28% vs. placebo
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Table 2 continued

Intervention ADA comments
on intervention [14]

Example
agent

Positive effects on renal
outcomes reported in clinical
studies

Positive effects on CV
outcomes reported in
clinical studies

Ertugliflozin VERTIS trial [50]

Study duration: 1 year

Patients with T2D and renal impairment (eGFR C 30

to\ 60 mL/min/1.73 m2)

Primary endpoint was glycemic control (change from

baseline in HbA1c at Week 26)

• Modest reductions in eGFR

at Week 6, which were

maintained until Week 52

• No CV outcomes assessed

GLP-1 RA • May reduce risk of

progression of

albuminuria, CVD, or

both in patients with

CKD and increased CV

risk

Liraglutide LEADER trial [51, 52] (? ACEi/ARB)

Median follow-up: 3.8 years

Patients with T2D and C 1 CV comorbidity

• Reduced the risk of new

onset persistent very high

albuminuria, persistent

doubling of SCr, ESKD, or

renal death vs. placebo

• Decline in eGFR at

36 months was slower with

liraglutide (2% less decrease)

vs. placebo

• Increase in UACR at

36 months was 17% lower

for liraglutide vs. placebo

• Reduced the risk of first

occurrence of nonfatal

MI, nonfatal stroke, or

death from CV causes vs.

placebo
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Table 2 continued

Intervention ADA
comments
on
intervention
[14]

Example
agent

Positive effects on renal outcomes
reported in clinical studies

Positive effects on CV outcomes
reported in clinical studies

Semaglutide

(injectable)

SUSTAIN-6 trial [53]

Median follow-up: 2.1 years

Patients with T2D and established CVD or CKD stage[ 3

• Reduced the relative risk of very

high albuminuria, doubling of SCr

with eGFR\ 45 mL/min/

1.73m2, or need for renal

replacement therapy by 36% vs.

placebo

• Reduced the relative risk of CV

death, MI, or stroke by 26% vs.

placebo

• Reduced the relative risk of CV

death, MI, stroke, revascularization,

or hospitalization for heart failure

or unstable angina by 26% vs.

placebo

Semaglutide

(oral)

PIONEER-6 trial [54]

Median follow-up: 1.3 years

Patients with T2D and established CV disease or CKD

• Not reported • Did not reduce the relative risk of

CV death, MI, or stroke vs.

placebo

• Reduced the relative risk of CV

death by 51% vs. placebo

Dulaglutide REWIND trial [55, 56]

Median follow-up: 5.4 years

Patients with T2D and CV event or risk factors

• Reduced relative risk of new-onset

UACR[ 33.9 mg/mmol,

sustained C 30% reduction in

eGFR, or need for renal

replacement therapy by 15% vs.

placebo

• Reduced relative risk of new-onset

UACR[ 33.9 mg/mmol by 23%

vs. placebo

• Reduced the relative risk of CV

death, MI, or stroke by 12% vs.

placebo
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Table 2 continued

Intervention ADA
comments
on
intervention
[14]

Example
agent

Positive effects on renal outcomes
reported in clinical studies

Positive effects on CV outcomes
reported in clinical studies

AWARD-7 trial [57]

Median follow-up: 1-year treatment

Patients with T2D and moderate-to-severe chronic kidney disease (stage 3–4)

• Reduced eGFR decline vs. insulin

glargine

• Greater reduction in UACR vs.

insulin glargine in patients with

very high baseline albuminuria

• Not reported

Exenatide EXSCEL trial [58]

Median follow-up:[ 3 years

Patients with T2D with or without CVD

• Reduced relative risk of 40%

reduction in eGFR, need for renal

replacement therapy, or death from

renal causes by 12% vs. placebo

• Did not reduce relative risk of new

very high albuminuria vs. placebo

• Did not reduce the relative risk of

CV death, MI, or stroke vs. placebo

• Reduced the relative risk of death

from any cause by 14% vs. placebo

• CV outcomes did not differ from

placebo in patients with eGFR

\60 mL/min/1.73 m2

Lixisenatide ELIXA trial (patients with T2D and ACS) [59, 60]

Median follow-up: 2.1 years

Patients with T2D with recent acute coronary event

• Greater reduction in UACR vs.

placebo (34% vs. 24%)

• Greater reduction in UACR vs.

placebo in patients with very high

albuminuria at baseline (42% vs.

2%)

• Did not reduce the relative risk of

CV death, MI, or stroke vs. placebo

ACEi angiotensin-converting enzyme inhibitor, ACS acute coronary syndrome, ARB angiotensin II receptor blocker, CHF
congestive heart failure, CREDENCE Canagliflozin and Renal Events in Diabetes with Established Nephropathy Clinical
Evaluation; CV, cardiovascular; eGFR estimated glomerular filtration rate, ESKD end-stage kidney disease, GLP-1 RA
glucagon-like peptide-1 receptor agonist, IDNT Irbesartan Diabetic Nephropathy Trial, LEADER liraglutide effect and
action in diabetes: evaluation of cardiovascular outcome results, MI myocardial infarction, RENAAL Reduction of End-
points in NIDDM with the Angiotensin II Antagonist Losartan, SCr serum creatinine concentration, SGLT-2i
sodium–glucose cotransporter-2 inhibitor, UACR urine albumin-to-creatinine ratio
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evidence of prevention of incident CKD being
stronger than that for decreasing progression of
established CKD [19, 20]. Therefore, the ADA
guidelines provide treatment goals for glucose
control (target levels of glycated hemoglobin
[A1C], described in Table 1), and recommend
that A1C is assessed at least twice per year in
patients meeting these goals, and quarterly in
patients who have switched therapy or who are
not meeting treatment goals [14]. This
approach is endorsed in the Kidney Disease
Improving Global Outcomes (KDIGO�) 2020
Clinical Practice Guidelines [17]. It is important
to note that in patients with advanced CKD,
A1C levels may be falsely low, and therefore
patients with T2D and CKD should be encour-
aged to self-monitor their blood glucose levels
more frequently [21]. This is due to patients
commonly having anemia of chronic disease,
and the decreased survival time of erythrocytes
in these patients leads to falsely low A1C results
[22]. The incidence of adverse effects associated
with intensive glycemic control is increased in
patients with concomitant CKD, so careful
individualization of glycemic goals is recom-
mended (Table 1) [14].

Dietary Intervention

Dietary interventions can help to improve
blood pressure (BP) and glucose control, as well
as slow the progression of CKD [14]. Recom-
mended nutritional interventions include pro-
tein intake of approximately 0.8 g/kg/day and
sodium intake\ 2300 mg/day (ADA)
or\2000 mg/day (KDIGO) [14, 17] Dietary
protein intake less than the recommended daily
allowance of 0.8 g/kg/day does not improve
outcomes. For patients on dialysis, higher levels
of dietary protein intake should be considered,
as malnutrition is a problem in some dialysis
patients [14, 17]. It is helpful to have the input
of a registered dietician or a certified diabetes
educator to help operationalize these goals for
patients.

BP Control

Patients with CKD are at increased risk of
developing both kidney failure and CVD [1].
The prevalence of CVD in US persons aged C

66 years is twofold higher in those with CKD
(69.6%) than in those without (34.7%) [10].
CVD is a leading cause of death in patients with
CKD regardless of disease stage, accounting for
over a quarter of deaths in patients with early
(stage 1 or 2) CKD and more than half of deaths
in patients with ESKD [23].

Patients with T2D and hypertension should
receive appropriate treatment to reduce their
risk of atherosclerotic CVD events, heart failure,
and microvascular complications [14]. BP
levels\ 140/90 mmHg are recommended by
the ADA to reduce CVDmortality and slow CKD
progression among all people with diabetes.
Patients with CKD are at increased risk of CKD
progression (particularly those with albumin-
uria) and CVD and, therefore, may be suit-
able in some cases for lower BP targets [14]. The
ADA states that lower BP targets (\ 130/
80 mmHg) should be considered for patients
based on individual anticipated benefits and
risks. It should be noted that there are varying
recommendations for BP control between dif-
ferent governing bodies. The 2020 International
Society of Hypertension Global Hypertension
Practice Guidelines recommends that for
patients with CKD, ‘‘Blood pressure should be
lowered if C 140/90 mmHg and treated to a
target\130/80 mmHg (\ 140/80 in elderly
patients)’’ [24]. Patients with hypertension and
albuminuria (UACR C 30 mg/g albumin/crea-
tinine) should initially receive treatment with
the maximum tolerated dose of either an ACEi
or an ARB, as agents targeting the renin–an-
giotensin system have demonstrated kidney
protective effects in clinical trials (Table 2)
[14, 17, 25–27]. If a patient cannot tolerate
treatment with an ACEi, treatment should be
switched to an ARB, or vice-versa [14]. ACEis
and ARBs should not be used concomitantly
due to an increased risk of adverse events,
including hyperkalemia and acute kidney
injury [14].

Despite the guideline recommendations
advocating the use of ACEis/ARBs in patients

1624 Diabetes Ther (2021) 12:1613–1630



with T2D and CKD, reported rates of the use of
these agents remain low. Although specific data
regarding the use of ACEis/ARBs in patients
with T2D and CKD are lacking, rates of use in
patients with CKD and hypertension are low
(only 36% of patients received an ACEi/ARB
between 2010 and 2014) and have decreased
since 2006 [28]. There is evidence to suggest
that patients with CKD who are comanaged by a
PCP and a nephrologist have higher ACEi/ARB
prescription rates [29] and that patients with
more severe renal impairment are more likely to
receive an ACEi/ARB when they have received
care from both a PCP and a nephrologist com-
pared with a PCP alone [30]. Notably, PCPs may
have reservations about prescribing ACEis/ARBs
given the potential risk for developing hyper-
kalemia. To mitigate the risk of hyperkalemia,
the Kidney Disease Outcomes Quality Initiative
(KDOQI) guidelines recommend starting ACEi/
ARBs at a lower dose and titrating upwards in
patients with an eGFR[45 mL/min/1.73 m2

[31]. Importantly, eGFR and serum potassium
should be monitored within a few weeks of a
patient starting an ACEi/ARB [31]. If hyper-
kalemia develops, consideration for a nephrol-
ogy referral is appropriate. Additional strategies
that can be considered include identification
and restriction of dietary potassium, treatment
of metabolic acidosis where required, initiation/
up titration of thiazide or loop diuretic(s) to
increase potassium excretion, and treatment
with a potassium-binding exchange resin [31].

Choice of Glucose-Lowering Agent

Sodium-glucose cotransporter-2 inhibitors
(SGLT-2is) and glucagon-like peptide 1 receptor
agonists (GLP-1 RAs) have demonstrated bene-
ficial effects on kidney and cardiovascular out-
comes. GLP-1 RAs have been shown to decrease
the progression of microalbuminuria, while
SGLT-2is have been shown to both decrease
progression of microalbuminuria and slow the
decline in eGFR [32, 33]. Evidence supporting
the kidney protective benefits of SGLT-2is
comes from the Canagliflozin and Renal Events
in Diabetes with Established Nephropathy
Clinical Evaluation (CREDENCE) and

Dapagliflozin and Prevention of Adverse Out-
comes in CKD (DAPA-CKD) studies [34, 35],
which showed that canagliflozin and dapagli-
flozin on a background of ACEi/ARBs reduced
the incidence of the composite primary
(Table 2), as well as post hoc analyses of pla-
cebo-controlled cardiovascular outcomes trials
of empagliflozin, dapagliflozin, and ertugli-
flozin (Table 2).

Both SGLT-2is and GLP-1 RAs have been
shown to reduce major cardiac adverse events.
The SGLT-2is dapagliflozin, canagliflozin, and
empagliflozin reduce the risk of hospitalization
for heart failure in patients with T2D and CKD,
whereas ertugliflozin does not (Table 2) [33].
The GLP-1 RAs liraglutide, semaglutide (injec-
tion), and dulaglutide reduce the risk of car-
diovascular death, myocardial infarction, and/
or stroke relative to placebo, whereas semaglu-
tide (oral), exenatide, and lixisenatide do not
(Table 2).

The ADA recommends that independent of
baseline A1C or individualized A1C target, if a
patient has heart failure or CKD, then an SGLT-
2i with evidence of reducing heart failure and/
or CKD progression should be a part of a
patient’s glucose-lowering regimen as long as
the eGFR is adequate for the use of an SGLT-2i.
If an SGLT-2i is not tolerated or if the eGFR is
less than can be used with an SGLT-2i, then a
GLP-1 RA should be used [14]. SGLT-2is and
GLP-1 RAs can also be used for the treatment of
patients who are unable to use or tolerate met-
formin. In the KDIGO guidelines, an SGLT2i is
recommended for the treatment of patients
with T2D, CKD, and an eGFR C 30 mL/min/
1.73 m2, and if metformin and SGLT2is are not
effective or unusable, a long-acting GP-1 RA is
recommended [17].

Reducing Cardiorenal Outcomes: Agents
in Development

Tight glycemic and BP control, along with the
use of recommended agents, can slow CKD
onset and progression. However, progression of
CKD still does occur for many patients. Agents
that may provide additive beneficial effects on
slowing progression of CKD and decreasing the
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incidence of CVD are currently being evaluated.
These include the selective endothelin-A
receptor antagonist atrasentan [36] and the
mineralocorticoid receptor antagonist (MRA)
finerenone [37, 38]

Endothelin receptor antagonists reduce BP
and proteinuria in patients with T2D and CKD
but have been associated with fluid retention,
which can be life-threatening [39]. The recent
Study Of diabetic Nephropathy with AtRasen-
tan (SONAR) study was carried out to evaluate
the effects of atrasentan in patients with T2D
and CKD [36]. Enrolled patients who responded
to 6 weeks of atrasentan 0.75 mg daily with
C 30% decrease in UACR without fluid reten-
tion were randomized to continued atrasentan
or placebo. After a median follow-up of
2.2 years, the risk of increased kidney disease
(composite kidney endpoint of ESKD or dou-
bling of serum creatinine for C 30 days) was
reduced by 35%. The risk for cardiorenal events
(composite endpoint comprising: doubling
serum creatinine, ESKD, cardiovascular death,
non-fatal myocardial infarction, or non-fatal
stroke) was also reduced, although atrasentan
had no effect on a composite CVD measure
(cardiovascular death, non-fatal myocardial
infarction, or non-fatal stroke) [36]. However,
the rates of anemia and hypervolemia were
higher in the atrasentan group than in the
placebo group. The rate of hospitalization for
heart failure was numerically, but not statisti-
cally significantly, higher in the atrasentan
group [36].

Non-steroidal MRAs have also been shown to
reduce albuminuria in clinical trials in patients
with CKD in T2D. Following encouraging
results from a phase II trial, ARTS-DN, finer-
enone, a novel non-steroidal MRA is now being
evaluated for the reduction of kidney and car-
diovascular outcomes in patients with T2D and
CKD in a large clinical trial program [37, 38].
The results of the FIDELIO-DKD study
(n = 5734) have been recently reported, while
the FIGARO-DKD study (n = 7437) is ongoing
and study completion is expected in July 2021
[38].

FIDELIO-DKD recruited patients aged C

18 years with T2D and CKD with eGFR (C 25 to
\60 mL/min/1.73 m2), UACR (30 to\300 mg/

g), and a history of diabetic retinopathy; or
eGFR (C 25 to\75 mL/min/1.73 m2), UACR (C
300 mg/g), and a serum potassium B 4.8 mmol/
L. Patents with heart failure with reduced ejec-
tion fraction were excluded from study, ACEis/
ARBs were maximized in a 16-week run-in, and
doses were stable for C 4 weeks prior to
randomization.

The primary composite endpoint was time to
first occurrence of kidney failure (ESKD or eGFR
\ 15 mL/min/1.73 m2), a sustained decrease of
eGFR C 40% from baseline over at least 4 weeks,
or renal death [37]. The incidence of the pri-
mary composite outcome was significantly
lower in the finerenone group than in the pla-
cebo group (504 patients [17.8%] vs. 600
patients [21.1%]; hazard ratio (HR) 0.82; 95%
confidence interval (CI) 0.73–0.93; p = 0.001)
with a number needed to treat (NNT) of 29 at
3 years [40]. Furthermore, the incidence of the
secondary outcome (death from cardiovascular
causes, non-fatal myocardial infarction, non-
fatal stroke, or hospitalization for heart failure)
was also lower with finerenone treatment (367
patients [13.0%] vs. 420 patients [14.8%]; HR
0.86; 95% CI 0.75–0.99; p = 0.03) with an NNT
of 42 [40]. The reduction in UACR from baseline
to month 4 was greater with finerenone com-
pared with placebo (31% reduction), and the
incidence of the secondary composite kidney
outcome (kidney failure, sustained decrease of C
57% in the eGFR from baseline [consistent with
a doubling of serum creatinine], or death from
kidney causes) occurred in fewer patients in the
finerenone group (252 patients [8.9%] vs. 326
patients [11.5%]; HR 0.76; 95% CI 0.65–0.90)
[40]. Finerenone was generally well tolerated
with a similar incidence of adverse events
observed between the finerenone and placebo
groups. Although finerenone was associated
with a higher overall risk of hyperkalemia
compared with placebo, discontinuation due to
hyperkalemia was low in patients receiving
finerenone compared with those receiving pla-
cebo (2.3 vs. 0.9%). Notably, these rates of dis-
continuations were lower than in trials of dual
RAS blockade (combination of direct renin
inhibitor ? ACEi or ARB 4.8%; combination
therapy with ACEi ? ARB 9.2%) [41, 42].
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Studies of the steroidal MRAs spironolactone
or eplerenone in combination with an ACEi/
ARB have demonstrated reductions in BP and in
albuminuria in patients with diabetes and kid-
ney disease [43]. However, this combination is
associated with an increased incidence of
hyperkalemia, resulting in high rates of treat-
ment discontinuation [43, 44].

Nephrologist Referral

Appropriate referral of patients to a nephrolo-
gist for specialist assessment is encouraged as it
is associated with improved quality of care,
delayed dialysis, and reduced costs [14, 45].
Comanagement of patients with T2D and CKD
by their PCP and a nephrologist have also been
associated with significantly increased rates of
eGFR testing and prescription of an ACEi/ARB
[29]. Guidance for referral (based on GFR and
albuminuria) is shown in Fig. 1. Referrals should
be considered if the cause of CKD is unclear, or
if there are issues with disease management,
such as for patients with anemia, secondary
hyperparathyroidism, metabolic bone disease,
resistant hypertension, or electrolyte distur-
bances. Patients should also be referred if they
have stage 4 CKD (eGFR\30 mL/min/1.73 m2)
to plan for kidney replacement therapy [14].

CONCLUSIONS

Despite guideline recommendations to screen
for CKD in patients with T2D, many patients
remain underdiagnosed and undertreated. Evi-
dence from recently completed clinical trials
indicate that progressive kidney disease and
cardiovascular outcomes can be slowed or pre-
vented by treatment including ACEis/ARBs,
SGLT2-is, GLP-1 RAs, and non-steroidal MRAs.
We now have the opportunity to target multiple
pathways in the treatment of CKD in patients
with T2D, which lends itself to optimizing
therapy based on the individual patients’ clini-
cal needs. New treatments are currently under
investigation and results from large cardiorenal
studies, specifically in patients with CKD and
T2D, are anticipated in 2021.
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