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EPIDEMIOLOGY
Chronic kidney disease (CKD) occurs in 1 in 3 people with 
diabetes mellitus and 1 in 5 people with hypertension, 
with a prevalence of 30 million US adults (15% of the adult 
population).1 Forty-five percent of new cases of end-stage 
kidney disease (ESKD) are due to diabetes mellitus.2 While 
the incidence of ESKD has declined slightly over the past 
decade to 357 per million population in 2015,2 nearly half 
(48%) of those with severely reduced kidney function, but 

not on dialysis, are not aware of having CKD.1 Thus, it is no 
surprise that CKD is a common cause of all-cause mortality 
and cardiovascular (CV) mortality.3 In fact, evidence sug-
gests that CKD in people with diabetes mellitus, ie, diabetic 
kidney disease (DKD), may shorten a person’s life span by  
16 years.4 However, the good news is that intensive treat-
ment to achieve a glycated hemoglobin (A1c) <6.5% and 
fasting total cholesterol <175 mg/dL, combined with 
blood pressure control to levels <140/90 mmHg and  
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not identify all patients with kidney disease (FIGURE).6 For 
example, 10.1% of adults with diabetes and eGFR <60 mL/
min/1.73 m2 had an albumin-to-creatinine ratio (ACR) <30 
mg/g in 2007-2010.10

To screen for DKD, a spot urine sample for albumin is 
acceptable rather than timed or 24-hour collections (TABLE 

1),6 but is subject to false-negative and false-positive results. 
Two of three spot urine specimens collected within a 3- to 
6-month period should be abnormal before considering the 
patient to have albuminuria.6 The eGFR should be calculated 
from the serum creatinine using the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) equation or some 
other validated formula.6

CASE SCENARIO (CONT'D)
The patient’s eGFR of 62 mL/min/1.73 m2 indicates he has evi-

dence of kidney disease.3 However, subsequent measurement 

of his urinary ACR reveals a level of 200 mg/g. This coupled with 

his family history of kidney disease places him at moderate risk.3

Assessing the ACR is an important prognostic factor 
for disease progression. A recent meta-analysis involving 
675,904 people (80% with diabetes mellitus) and 7462 with 
ESKD showed that change in ACR was consistently associ-
ated with subsequent risk of ESKD across different eGFRs, 
presence or absence of diabetes, and sex.11 The risk for 
ESKD progression among those who had a sustained reduc-
tion >30% in albuminuria over 2 years was reduced by 22%. 
The association was somewhat stronger among patients 
with a higher baseline ACR than among those with a lower 
baseline ACR. 

Screening should also seek to identify other causes of 
CKD since diabetes mellitus is only one of several indepen-
dent risk factors for CKD. In addition to age >60 years, risk 
factors include uncontrolled hypertension, obesity, heart 
failure, tobacco use, family history, and prior history of acute 
kidney injury.12 

TREATMENT
Early identification of patients with or at risk for CKD allows 
for early intervention with the goal of preventing progres-
sion of kidney dysfunction. Comprehensive treatment of 
DKD requires a combination of nonpharmacologic and 
pharmacologic therapy to address hyperglycemia and other 
risk factors for DKD. In appropriate patients, treatment 
includes  smoking cessation and weight loss through dietary 
modification and increased physical activity. To alter dis-
ease progression, an angiotensin converting enzyme inhib-

renin-angiotensin-aldosterone system blockade, can reduce 
the incidence of DKD in patients with T2DM and persistent 
microalbuminuria at baseline.5 Over 7.8 years of treatment 
and 13.3 years of follow-up, the Steno-2 trial showed a sig-
nificantly lower risk of developing DKD in intensively vs 
conventionally treated patients (relative risk, 0.44; 95% con-
fidence interval [CI], 0.25 to 0.77; P=.004).5

CASE SCENARIO
A 63-year-old male is new to your practice several months ago. 

He reports that he had not seen a physician for many years. At 

the initial visit, he was diagnosed with type 2 diabetes mellitus 

(T2DM), hypertension, and low-density lipoprotein hypercholes-

terolemia. He has a family history of CKD.

•  Blood pressure (BP): 148/98 mm Hg

•  A1c: 8.8%

•   Estimated glomerular filtration rate (eGFR): 59 mL/min/1.73 m2  

•  Low-density lipoprotein cholesterol (LDL-C): 146 mg/dL

Treatment was initiated with metformin 1000 mg twice daily and 

glimepiride 1 mg once daily since his A1c of 8.8% is ≥1.5% 

above his glycemic target of <7%. In addition, simvastatin  

40 mg daily and lisinopril/hydrochlorothiazide 40/12.5 mg daily 

also were started.

6-week follow up
•  BP: 136/86 mmHg

•  A1c: 7.4%

•  Fasting plasma glucose (FPG): 145 mg/dL

•  eGFR: 62 mL/min/1.73 m2

•  LDL-C: 90 mg/dL

Discussion
While the patient has had a good response to metformin and 

glimepiride, his A1c and FPG remain elevated (as would his post-

prandial glucose although not measured). As indicated in the 2019 

treatment guidelines for T2DM issued by the American Diabetes 

Association and the American Association of Clinical Endocrinolo-

gists/American College of Endocrinology, the selection of antidia-

betic medication to be added to metformin should include con-

sideration of established atherosclerotic CV disease, heart failure, 

and CKD, in addition to hypoglycemia and body weight.6,7 It is also 

important to screen patients for these diseases.3,8,9

SCREENING FOR CKD IN DIABETES
The identification of kidney disease in patients with T2DM 
requires assessing both glomerular function and urinary 
excretion of albumin since evaluation of either alone may 
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itor or angiotensin receptor blocker at maximum doses is 
recommended in all patients with DKD and ACR ≥30 mg/g, 
with the strongest evidence of benefit found in those with 
albuminuria >300 mg/day.6,13-15

The benefits of intensive therapy vs standard therapy for 
glycemic control on kidney function have been well estab-
lished. The United Kingdom Prospective Diabetes Study 
(UKPDS) showed significantly greater reduction in microal-
buminuria, proteinuria, and doubling of the serum creatinine 
at 9 years with intensive therapy (to achieve fasting plasma 
glucose <108 mg/dL) vs standard therapy (primarily diet).16 
The Action in Diabetes and Vascular Disease: Preterax and 
Diamicron Controlled Evaluation (ADVANCE) trial showed 
significantly greater reduction in new/worsening nephropa-
thy, development of macroalbuminuria, and development of 
microalbuminuria at a median of 5 years with intensive ther-
apy (to achieve A1c <6.5%) compared with standard therapy 
(to achieve A1c defined on the basis of local guidelines).17 
Similarly, the Veterans Affairs Diabetes Trial (VADT) showed 
significantly greater reduction in worsening of albuminuria 
and progression from normo- to microalbuminuria/macro-
albuminuria at a median of 5.6 years with intensive therapy 
(to achieve A1c <6.0%) compared with standard therapy (to 
achieve A1c defined on the basis of local guidelines).18

Cardiovascular safety of antidiabetic medications

CASE SCENARIO (CONT'D)
The patient has an A1c of 7.4% and FPG 145 mg/dL despite 

optimized metformin and glimepiride therapy. Based on his 

eGFR and ACR, he is at moderate risk of progression to ESKD. 

How would you modify his antidiabetic therapy?

The choice of pharmacologic therapy for intensifying 
antidiabetic therapy has become more challenging in recent 
years due to the availability of several new classes of medica-
tions. At the same time, these options provide greater oppor-
tunity for treatment individualization.

More than a decade ago, evidence emerged suggesting 
an elevated risk of myocardial infarction with rosiglitazone.19 
These concerns led the US Food and Drug Administration 
(FDA) in 2008 to require industry sponsors of new medica-
tions for T2DM to demonstrate in a clinical trial that a new 
medication is not associated with an unacceptable increase 
in CV risk relative to a control group at higher risk of a  
CV event.20

More than 15 CV outcome trials have been completed 
in accordance with the FDA requirements. All completed 

 TABLE 1  Screening recommendations  
for CKD in diabetes6

Adults Children/ 
adolescents

Who? T1DM: Duration ≥5 years

T2DM: All

Comorbid hypertension: All

At puberty or age  
>10 years, whichever 
is earlier, once the child 
has had diabetes  
≥5 years

How? Urinary albumin (eg, spot 
urinary albumin-to-creatinine 
ratio) and

Estimated glomerular 
filtration rate 

Urinary albumin 
(morning preferred) with 
spot urinary albumin-
to-creatinine ratio

When? At least once a year At least once a year

Abbreviations: CKD, chronic kidney disease; T1DM, type 1 diabetes mellitus; 
T2DM, type 2 diabetes mellitus. 

Albumin-to-creatinine ratio

A1 A2 A3

NL-Mildly Ó Moderately Ó Severely Ó

<30 mg/g 30-300 mg/g >300 mg/g

eG
FR

 (m
L/

m
in

/ 
1.

73
 m

2 )

G1 Normal/High ≥90 Low risk Moderate risk High risk

G2 Mildly Ô 60-89 Low risk Moderate risk High risk

G3a Mildly-Moderately Ô 45-59 Moderate risk High risk Very high risk

G3b Moderately-Severely Ô 30-44 High risk Very high risk Very high risk

G4 Severely Ô 15-29 Very high risk Very high risk Very high risk

G5 Kidney failure <15 Very high risk Very high risk Very high risk

 FIGURE  Prognosis of CKD by stage3

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate. 

Reprinted from Kidney International Supplements, volume 3/issue 1, KDIGO, KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney 
Disease, chapter 1: Definition and classification of CKD, pages 19-62, Copyright 2012, with permission from KDIGO
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TABLE 2  Renal outcomes from cardiovascular outcome trials
Renal outcomes Rate/100  

patient-years
Hazard 

ratio
(95% CI)

P Rate/100  
patient-years

Hazard ratio
(95% CI)

P Rate/100  
patient-years

Hazard ratio
(95% CI

P

Active Placebo Active Placebo Active Placebo

SGLT-2 inhibitors Canagliflozin24 Dapagliflozin25 Empagliflozin26

Doubling of SCr, ESKD, or renal death 0.15 0.28 0.53 0.63 1.15 0.54 <.001

Doubling of SCr, ESKD, or renal or CV 
death

1.32 1.58 0.82

Doubling of SCr and eGFR ≤45 mL/
min/1.73 m2

0.55 0.97 0.56

(0.39-0.79)

<.001

Doubling of SCr and eGFR ≤45 mL/
min/1.73 m2, initiation of renal-
replacement therapy, or renal death

0.63 1.15 0.54

(0.40-0.75)

<.001

Initiation of renal-replacement therapy 0.10 0.21 0.45

(0.21-0.97)

.04

≥40% reduction in eGFR, renal-
replacement therapy, or renal death

0.55 0.90 0.60

(0.47-0.77)

≥40% reduction in eGFR, renal death, 
ESKD, or renal or CV death

1.69 2.16 0.77 1.08 1.41 0.76

(0.67-0.87)

≥40% decrease in eGFR to <60 mL/
min/1.73 m2, ESKD, or renal death

3.7 7.0 0.53

(0.43-0.66)

Progression of albuminuria 8.94 12.87 0.73

(0.67-0.79)

Progression to macroalbuminuria 4.18 6.49 0.62

(0.54-0.72)

<.001

Incident or worsening nephropathy 4.78 7.60 0.61

(0.53-0.70)

<.001

GLP-1 receptor agonists Liraglutide21,22 Semaglutide23

New onset of persistent 
macroalbuminuria or a doubling of 
SCr and eGFR ≤45 mL/min/1.73 m2, 
need for continuous renal-replacement 
therapy, or death from renal diseases

1.5 1.9
0.78

(0.67-0.92)
0.003

New onset of persistent 
macroalbuminuria 0.9 1.21

0.74

(0.60-0.91)
0.004

New or worsening persistent 
macroalbuminuria, persistent doubling 
of SCr and eGFR <45 mL/min/1.73 
m2, or need for continuous renal-
replacement therapy

1.86 3.06 0.64

(0.46-0.88)

0.005

Abbreviations: CI, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; GLP-1, glucagon-like peptide-1;  
SCr, serum creatinine; SGLT-2, sodium glucose cotransporter-2.

trials have shown the dipeptidyl peptidase-4 inhibitors (DPP-
4is), glucagon-like peptide-1 receptor agonists (GLP-1RAs), 
and sodium glucose cotransporter-2 inhibitors (SGLT-2is) 
investigated to not increase the primary composite endpoint 
of CV death, nonfatal myocardial infarction, and nonfatal 
stroke (MACE) more than 30% compared to placebo as part 

of standard antidiabetic care. Moreover, some GLP-1RAs 
(albiglutide, dulaglutide, liraglutide, semaglutide) and SGLT-
2is (canagliflozin, dapagliflozin, empagliflozin) were shown 
to significantly reduce the primary MACE endpoint. Further-
more, significant improvement has been observed with the 
GLP-1RAs liraglutide21,22 and semaglutide23 and the SGLT-2is 
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TABLE 2  Renal outcomes from cardiovascular outcome trials
Renal outcomes Rate/100  
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(0.39-0.79)
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(0.40-0.75)

<.001
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(0.21-0.97)
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0.55 0.90 0.60

(0.47-0.77)

≥40% reduction in eGFR, renal death, 
ESKD, or renal or CV death

1.69 2.16 0.77 1.08 1.41 0.76

(0.67-0.87)

≥40% decrease in eGFR to <60 mL/
min/1.73 m2, ESKD, or renal death

3.7 7.0 0.53

(0.43-0.66)

Progression of albuminuria 8.94 12.87 0.73

(0.67-0.79)

Progression to macroalbuminuria 4.18 6.49 0.62

(0.54-0.72)
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Incident or worsening nephropathy 4.78 7.60 0.61

(0.53-0.70)

<.001
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need for continuous renal-replacement 
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1.5 1.9
0.78

(0.67-0.92)
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New onset of persistent 
macroalbuminuria 0.9 1.21

0.74

(0.60-0.91)
0.004

New or worsening persistent 
macroalbuminuria, persistent doubling 
of SCr and eGFR <45 mL/min/1.73 
m2, or need for continuous renal-
replacement therapy

1.86 3.06 0.64
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Abbreviations: CI, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; GLP-1, glucagon-like peptide-1;  
SCr, serum creatinine; SGLT-2, sodium glucose cotransporter-2.

It must be kept in mind that since these CV outcome 
trials were not head-to-head trials, comparison of results 
among the antidiabetic medications is not possible.  
However, a meta-analysis by Zelniker et al showed renal 
and CV benefits by all agents with different baseline levels 
of risk.28 In addition, primary and secondary endpoints, as 
well as inclusion and exclusion criteria, were often differ-
ent. Some trials were for primary and secondary preven-
tion (liraglutide, semaglutide; canagliflozin, dapagliflozin), 
while empagliflozin was investigated only for secondary 
prevention. In addition, these CV outcome trials included 
only a small percentage of patients with pre-existing DKD. 

In contrast, the CREDENCE trial included only 
patients with T2DM and established CKD.29 Among the 
inclusion criteria were: age ≥30 years, A1c 6.5% to 12%, 
eGFR 30 to <90 mL/min/1.73 m2, and ACR >300 to 500 
mg/g. Patients were required to be stabilized on an angio-
tensin converting enzyme inhibitor or angiotensin recep-
tor blocker. Glucose-lowering and use of all other therapies 
were at the discretion of the treating physician according to 
local guidelines. Treatment with canagliflozin or placebo 
was continued until the trial was stopped by the data safety 
monitoring board for overwhelming efficacy to reduce CV 
events and slow CKD progression in the absence of a clear 
safety signal.

CREDENCE was stopped early at a median follow 
up of 2.62 years (N=4401) after a planned interim analy-
sis showed the requisite number of primary outcome 
events had been reached.27 From a baseline of 8.3%, the 
mean A1c reduction at 42 months following randomiza-
tion was 0.43% with canagliflozin and 0.32% for placebo. 
The primary composite outcome, ie, ESKD, doubling of 
the serum creatinine, or renal or CV death, was signifi-
cantly lower in the canagliflozin group than the placebo 
group (4.32 vs 6.12 per 100 patient-years, respectively; 
hazard ratio 0.70, 95% CI 0.59-0.82, P=.00001) (TABLE 3).27 
The number needed to treat (NNT) was 22 for the pri-
mary MACE outcome and 16 for dialysis. In addition, a 
significant reduction in several individual kidney end-
points were observed. Rates of adverse events and seri-
ous adverse events were similar in the canagliflozin and 
placebo groups, as were the rates of lower-limb amputa-
tion and fracture. The results of CREDENCE indicate that 
canagliflozin may be an effective treatment option for CV, 
as well as kidney, protection in patients with T2DM and 
CKD. These benefits were observed in patients with DKD, 
99% of whom were on background ACE-I/ARB therapy, the 
only approved renoprotective medications in patients with 
T2DM, and in patients with eGFR well below 45 mL/min/ 
1.73 m2, the lower limit recommended for canagliflozin. 

canagliflozin,24 dapagliflozin,25 and empagliflozin26 in some 
kidney endpoints (TABLE 2). The Canagliflozin and Renal 
Events in Diabetes with Established Nephropathy Clinical 
Evaluation (CREDENCE) trial27 (discussed below), which 
investigated canagliflozin, is the only renal outcome trial that 
also had CV outcomes as prespecified secondary endpoints.
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IMPLICATIONS FOR PATIENT CARE
CKD is common in patients with T2DM and causes sub-
stantial morbidity and early death. The effectiveness of 
intensive antidiabetic therapy, as well as controlling other 
risk factors, in reducing the progression of kidney disease 
emphasizes the importance of early identification and 
intervention. Annual screening using both eGFR and ACR 
in patients with T2DM is, therefore, critical.

Recent data demonstrate reduced CV and renal events 
with several medications used for T2DM, including the 
GLP-1RAs liraglutide and semaglutide and the SGLT-2is 
canagliflozin, dapagliflozin, and empagliflozin. Only cana-
gliflozin has been prospectively investigated in a clinical 
trial limited to patients with T2DM and advanced CKD, 
showing significant reduction in several composite and 
individual kidney endpoints with a very safe profile. Use 
of medications shown to reduce kidney events is recom-
mended in the 2019 ADA and AACE/ACE guidelines. How-
ever, patient affordability may be a limiting factor. It is, 
therefore, important for healthcare providers to advocate 
for health care system changes that improve affordability of 
optimal treatment for patients.  l
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 TABLE 3   Renal outcomes in patients with type 2 
diabetes mellitus and established chronic kidney 
disease–the CREDENCE trial27

Canagliflozin Hazard ratioa 
(95% CI)

P

Doubling of SCr,  
ESKD, or renal or  
CV death

0.70

(0.59-0.82)

.00001

Doubling of SCr,  
ESKD, or renal death

0.66

(0.53-0.81)

<.001

Doubling of SCr 0.60

(0.48-0.76)

<.001

ESKD 0.68

(0.54-0.86)

.002

CV death or HF 
hospitalization

0.69

(0.57-0.83)

<.001

CV death, MI,  
or stroke

0.80

(0.67-0.95)

.01

CV death 0.78

(0.61-1.00)

.05

HF hospitalization 0.61

(0.47-0.80)

<.001

Abbreviations: CI, confidence interval; CV, cardiovascular; ESKD, end-stage 
kidney disease; HF, heart failure; MI, myocardial infarction; SCr, serum creatinine. 
aFavoring canagliflozin




