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Dapagliflozin Reduces Adverse Renal and 
Cardiovascular Events in Patients With Chronic 
Kidney Disease
Heerspink HJL, Stefánsson BV, Correa-Rotter R, et al. for the DAPA-CKD Trial Committees  
and Investigators Dapagliflozin in patients with chronic kidney disease. N Engl J Med. 
2020;383:1436-1446.  

Study Overview
Objective. To assess whether dapagliflozin added to 
guideline-recommended therapies is effective and safe 
over the long-term to reduce the rate of renal and cardio-
vascular events in patients across multiple chronic kidney 
disease (CKD) stages, with and without type 2 diabetes. 

Design. The Dapagliflozin and Prevention of Adverse 
Outcomes in CKD (DAPA-CKD) trial (NCT03036150) was 
a randomized, double-blind, parallel-group, placebo- 
controlled, multicenter event-driven, clinical trial spon-
sored by Astra-Zeneca. It was conducted at 386 sites in 
21 countries from February 2, 2017, to June 12, 2020. A 
recruitment period of 24 months and a total study duration 
of 45 months were initially planned. The primary efficacy 
analysis was based on the intention-to-treat population. 
This was the first randomized controlled trial designed to 
assess the effects of sodium-glucose co-transporter 2 
(SGLT2) inhibitors on renal and cardiovascular outcomes 
in patients with CKD.

Setting and participants. This trial randomly assigned 4304 
adult participants with CKD stages 2 to 4 (an estimated 

glomerular filtration rate [GFR] of 25 to 75 mL/min/1.73 m2 
of body-surface area) and elevated urinary albumin excre-
tion (urinary albumin-to-creatinine ratio of 200 to 5000, 
measured in mg of albumin per g of creatinine) to receive 
dapagliflozin (10 mg once daily) or placebo. Exclusion 
criteria included type 1 diabetes, polycystic kidney dis-
ease, lupus nephritis, antineutrophil cytoplasmic anti-
body–associated vasculitis, recent immunosuppressive 
therapy for primary or secondary kidney disease, New 
York Heart Association class IV congestive heart failure, 
myocardial infarction, unstable angina, stroke or transient 
ischemic attacks, or recent coronary revascularization 
or valvular repair/replacement. All participants received 
a stable dose of renin–angiotensin system inhibitor for 4 
weeks prior to screening, and the vast majority received 
a maximum tolerated dose at enrollment. Randomization 
was monitored to ensure that at least 30% of partici-
pants recruited did not have diabetes and that no more 
than 10% had stage 2 CKD. Participants were randomly 
assigned to receive dapagliflozin (n = 2152) or matching 
placebo (n = 2152) to ensure a 1:1 ratio of the 2 regimens. 
Dapagliflozin and placebo had identical appearance 
and administration schedules. All participants and trial 
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personnel (except members of the independent data 
monitoring committee) were unaware of the trial-group 
assignments. After randomization, in-person study visits 
were conducted at 2 weeks, at 2, 4, and 8 months, and 
at 4-month intervals thereafter.

Main outcome measures. The primary outcome was a 
composite of the first occurrence of either a sustained 
decline in the estimated GFR of at least 50%, end-stage 
kidney disease, or death from renal or cardiovascular 
causes. Secondary outcomes, in hierarchical order, were: 
(1) the composite kidney outcome of a sustained decline 
in the estimated GFR of at least 50%, end-stage kidney 
disease, or death from renal causes; (2) a composite car-
diovascular outcome defined as hospitalization for heart 
failure or death from cardiovascular causes; and (3) death 
from any cause. All outcomes were assessed by time-to-
event analyses.

Given the extensive prior experience with dapagli-
flozin, only selected adverse events were recorded. 
These included serious adverse events, adverse events 
resulting in the discontinuation of dapagliflozin or pla-
cebo, and adverse events of interest to dapagliflozin (eg, 
volume depletion symptoms, renal events, major hypo-
glycemia, fractures, diabetic ketoacidosis, events leading 
to higher risk of lower limb amputation, and lower limb 
amputations).

Main results. On March 26, 2020, the independent data 
monitoring committee recommended stopping the trial 
because of clear efficacy on the basis of 408 primary 
outcome events. The participants were 61.8 ± 12.1 
years of age, and 1425 participants (33.1%) were female. 
The baseline mean estimated GFR was 43.1 ± 12.4  
mL/min/1.73 m2, the median urinary albumin-to-creatinine 
ratio was 949, and 2906 participants (67.5%) had type 2 
diabetes. Over a median of 2.4 years, a primary outcome 
event occurred in 197 participants (9.2%) in the dapagli-
flozin group and 312 (14.5%) in the placebo group (hazard 
ratio [HR], 0.61; 95% confidence interval [CI], 0.51-0.72; P 
< 0.001). The number of participants who needed to be 
treated during the trial period to prevent 1 primary out-
come event was 19 (95% CI, 15-27). The beneficial effect 
of dapagliflozin compared with placebo was consistent 

across all 8 prespecified subgroups (ie, age, sex, race, 
geographic region, type 2 diabetes, estimated GFR, uri-
nary albumin-to-creatinine ratio, and systolic blood pres-
sure) for the primary outcome. The effects of dapagliflozin 
were similar in participants with type 2 diabetes and in 
those without type 2 diabetes.  

The incidence of each secondary outcome was sim-
ilarly lower in the dapagliflozin-treated group than in the 
placebo group. The HR for the composite kidney out-
come of a sustained decline in the estimated GFR of at 
least 50%, end-stage kidney disease, or death from renal 
causes was 0.56 (95% CI, 0.45-0.68; P < 0.001), and the 
HR for the composite cardiovascular outcome of hospi-
talization for heart failure or death from cardiovascular 
causes was 0.71 (95% CI, 0.55-0.92; P = 0.009). Death 
occurred in 101 participants (4.7%) in the dapagliflozin 
group and 146 participants (6.8%) in the placebo group 
(HR, 0.69; 95% CI, 0.53-0.88; P = 0.004). The known 
safety profile of dapagliflozin was confirmed by the similar 
overall incidences of adverse events and serious adverse 
events in the dapagliflozin and placebo groups. 
Conclusion. In patients with CKD, with or without type 2 
diabetes, the risk of a composite of a sustained decline in 
the estimated GFR of at least 50%, end-stage kidney dis-
ease, or death from renal or cardiovascular causes was 
significantly lowered by dapagliflozin treatment.

Commentary 
Although SGLT2 inhibitors were designed to reduce 
plasma glucose and hemoglobin A1c (HbA1c) by increas-
ing urinary glucose excretion in a non-insulin-depen-
dent fashion, an increasing number of clinical trials have 
demonstrated their possible cardiovascular and renal ben-
efits that extend beyond glycemic control. In 2008, the US 
Food and Drug Administration (FDA) issued a guidance 
recommending the evaluation of long-term cardiovascular 
outcomes prior to approval and commercialization of new 
antidiabetic therapies to ensure minimum cardiovascu-
lar risks following the discovery of cardiovascular safety 
issues associated with antidiabetic compounds, including 
rosiglitazone, after drug approval. No one foresaw that 
this recommendation would lead to the discovery of new 
classes of antidiabetic drugs (glucagon-like peptide 1 
[GLP1] and SGLT2 inhibitors) that improve cardiovascular 
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outcomes. A series of clinical trials of SGLT2 inhibitors, 
including empagliflozin,1 canagliflozin,2 and dapagliflozin,3 
showed a reduction in cardiovascular death and hospi-
talization due to heart failure among patients with type 2 
diabetes. Furthermore, a meta-analysis from 2019 found 
that SGLT2 inhibitors reduced the risk of a composite 
of cardiovascular death or hospitalization for heart fail-
ure by 23% and the risk of progression of kidney failure 
by 45% in patients with diabetes.4 Thus, the strong and 
consistent evidence from these large and well-designed 
outcome trials led the American Diabetes Association in 
its most recent guidelines to recommend adding SGLT2 
inhibitors to metformin for the treatment of patients with 
type 2 diabetes with or at high risk of atherosclerotic car-
diovascular disease, heart failure, or CKD, regardless of 
baseline HbA1c levels or HbA1c target.5 As a result of the 
compelling effects of SGLT2 inhibitors on cardiovascular 
outcomes in diabetic patients, as well as increasing evi-
dence that these clinical effects were independent of gly-
cemic control, several subsequent trials were conducted 
to evaluate whether this new class of drugs may improve 
clinical outcomes in nondiabetic patients. 

The Dapagliflozin and Prevention of Adverse Outcomes 
in Heart Failure (DAPA-HF) was the first clinical trial to 
investigate the effect of SGLT2 inhibitors on cardiovas-
cular disease in nondiabetic patients. Findings from 
DAPA-HF showed that dapagliflozin reduced the risk 
of worsening heart failure or death from cardiovascular 
causes, independent of the presence of underlying dia-
betes. This initial finding resonates with a growing body 
of evidence6,7 that supports the use of SGLT2 inhibitors 
as an adjunctive therapy for heart failure in the absence 
of diabetes.

The Canagliflozin and Renal Events in Diabetes with 
Established Nephropathy Clinical Evaluation (CREDENCE) 
trial showed that long-term administration of canagliflozin 
conferred cardiovascular, as well as renal, protection in 
patients with type 2 diabetes with CKD.8 Similar to the 
protective effects on heart failure, the renal benefits of 
SGLT2 inhibitors appeared to be independent of their 
blood glucose-lowering effects. Thus, these recent dis-
coveries led to the design of the DAPA-CKD trial to further 
assess the long-term efficacy and safety of the SGLT2 
inhibitor dapagliflozin in patients with CKD precipitated 

by causes other than type 2 diabetes. Although diabetes 
is the most common cause for CKD, it nonetheless only 
accounts for 40% of all CKD etiologies. To date, the only 
classes of medication that have been shown to slow 
a decline in kidney function in patients with diabetes 
are angiotensin-converting enzyme (ACE) inhibitors and 
angiotensin receptor blockers (ARBs). Given that CKD 
is an important contributor to illness, is associated with 
diminished quality of life and reduced life expectancy, and 
increases health care costs, the findings of the DAPA-
CKD trial are particularly significant as they show a renal 
benefit of dapagliflozin treatment across CKD stages that 
is independent of underlying diabetes. Therefore, SGLT2 
inhibitors may offer a new and unique treatment option 
for millions of patients with CKD worldwide for whom 
ACE inhibitors and ARBs were otherwise the only treat-
ments to prevent kidney failure. Moreover, with a num-
ber-needed-to-treat of 19 to prevent 1 composite renal 
vascular event over a period of 2.4 years, dapagliflozin 
requires a much lower number needed to treat compared 
to ACE inhibitors and ARBs in similar patients.

The trial has several limitations in study design. For 
example, the management of diabetes and hypertension 
were left to the discretion of each trial site, in keeping 
with local clinical practice and guidelines. It is unknown 
whether this variability in the management of comorbid-
ities that impact kidney function had an effect on the 
study’s results. In addition, the trial was stopped early as 
a result of recommendations from an independent com-
mittee due to the demonstrated efficacy of dapagliflozin. 
This may have reduced the statistical power to assess 
some of the secondary outcomes. Finally, the authors 
discussed an initial dip in the estimated GFR after initia-
tion of dapagliflozin treatment, similar to that observed in 
other SGLT2 inhibitor clinical trials. However, they were 
unable to ascertain the reversibility of this effect after the 
discontinuation of dapagliflozin because assessment of 
GFR was not completed after trial closure. Nonetheless, 
the authors specified that the reversibility of this initial 
estimated GFR dip had been assessed and observed in 
other clinical trials involving dapagliflozin. 

The nonglycemic benefits of SGLT2 inhibitors, includ-
ing improvement in renal outcomes, have strong impli-
cations for the future management of patients with 
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CKD. If this indication is approved by the FDA and 
recommended by clinical guidelines, the ease of SGLT2 
inhibitor prescription (eg, minimal drug-drug interaction, 
no titration), treatment administration (orally once daily), 
and safety profile may lead to wide use of SGLT2 inhib-
itors by generalists, nephrologists, and endocrinologists 
in preserving or improving renal outcomes in patients 
at risk for end-stage kidney disease. Given that SGLT2 
inhibitors are a new class of pharmacologic therapeu-
tics, patient education should include a discussion of 
the possible side effects, such as euglycemic ketoac-
idosis, genital and urinary tract infection, and foot and 
leg amputation. Finally, as Strandberg and colleagues 
reported in a recent commentary,9 the safety of SGLT2 
inhibitors in older adults with multimorbidity, frailty, and 
polypharmacy remains unclear. Thus, future studies of 
SGLT2 inhibitors are needed to better evaluate their 
clinical effects in older adults.  

Applications for Clinical Practice 
This trial enrolled a dedicated patient population with CKD 
and demonstrated a benefit of dapagliflozin in reducing 
renal and cardiovascular outcomes, regardless of base-
line diabetes status. These drugs (dapagliflozin as well as 
other SGLT2 inhibitors) will likely have a prominent role in 
future CKD management guidelines. Until then, several 
barriers remain before SGLT2 inhibitors can be widely 
used in clinical practice. Among these barriers are FDA 

approval for their use in patients with and without dia-
betes with an estimated GFR < 30 mL/min/1.73 m2 and 
lowering the costs of this class of drugs. 

—Rachel Litke, MD, PhD  

Icahn School of Medicine at Mount Sinai

Fred Ko, MD, MS

doi:10.12788/jcom.0030
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Cognitive Behavioral Therapy Plus Placebo Is 
Inferior to NSAID Therapy for Arthritis Pain
Fraenkel L, Buta E, Suter L, et al. Nonsteroidal anti-inflammatory drugs vs cognitive behavioral 
therapy for arthritis pain a randomized withdrawal trial. JAMA Intern Med. 2020;180:1194-1202. 

Study Overview
Objective. To examine whether discontinuation of nonste-
roidal anti-inflammatory drug (NSAID) therapy and initi-
ation of telephone-based cognitive behavioral therapy 
(CBT) is not worse than continuation of NSAIDs in the 
management of arthritis pain.

Design. Randomized controlled trial with noninferiority 
design.

Setting and participants. This study was a multicenter trial 
conducted across 4 Veterans Affairs health care systems 
in Boston, Providence, Connecticut, and North Florida/
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South Georgia that started September 2013 and ended 
September 2018. Eligibility criteria included being age 20 
years or older, radiographic evidence of knee osteoar-
thritis, and use of an NSAID for knee pain on most days 
of the month for at least the past 3 months. Exclusion 
criteria included significant hearing impairments that may 
impede the conduct of the trial, current opioid prescrip-
tions excluding tramadol, contraindications to NSAID use, 
recent or scheduled intra-articular injections or surgery, 
comorbid conditions other than knee pain that limited 
walking, and bilateral knee replacements or pain only in 
the replaced knee. Concurrent use of tramadol and other 
non-NSAID analgesics was permitted. 

A total of 490 participants took part in the 2-week 
run-in period where their NSAID regimen was discon-
tinued and they were started on a standardized dose 
of the NSAID meloxicam 15 mg daily. During the run-in 
period, 126 participants were excluded for several rea-
sons, including worsening pain and patient withdrawal, 
yielding 364 participants who were randomized to con-
tinue meloxicam treatment or placebo for 4 weeks with 
blinding. 

Intervention. Subsequent to the 4-week phase 1 placebo 
controlled trial, participants in the placebo group were 
given CBT via telephone (unblinded) for 10 weeks, and 
the meloxicam group continued treatment with meloxi-
cam for phase 2. The CBT group received 10 modules 
over 10 weeks in 30- to 45-minute telephone contacts 
with a psychologist using a treatment manual modified 
for knee osteoarthritis. These modules consisted of 1 
introductory module, 8 pain coping skills modules (eg, 
deep breathing and visual imagery, progressive muscle 
relaxation, physical activity and bodily mechanics, iden-
tifying unhealthy thoughts, balancing unhealthy thoughts, 
managing stress, time-based pacing, and sleep hygiene), 
and a final module emphasizing skill consolidation and 
relapse prevention. Outcomes were assessed at the end 
of the phase 1 and phase 2 periods.

Main outcome measures. Main study outcome measures 
included pain as measured with the Western Ontario and 
McMaster Universities Osteoarthritis Index (WOMAC) at 4 
weeks. Secondary outcomes included the WOMAC pain 

score, disability score, and global impression of change 
after treatment at 14 weeks. The WOMAC pain scale 
ranges from 0 to 20, and consists of 5 questions regard-
ing severity of pain during walking, stair use, lying in bed 
at night, sitting, and standing, with 0 indicating no pain; 
1, mild pain; 2, moderate pain; 3, severe pain; and 4, very 
severe pain for each item. The WOMAC disability scale 
measures self-reported difficulty in performing tasks that 
reflect lower-extremity physical function, including climb-
ing stairs, rising from a chair, walking, and other activities 
of daily living. The global impression of change after treat-
ment was measured on a 5-point scale (where 1 indicates 
much better and 5 indicates much worse). The minimum 
clinically important difference of the WOMAC pain scale is 
2, based on prior literature. With the noninferiority design, 
the margin was set as a score of 1. 

Main results. The placebo group consisted of 180 par-
ticipants, with an average age of 58.2 years (SD, 11.8 
years); 89% of them were male. The meloxicam group 
consisted of 184 participants, with an average age of 58.6 
years (SD, 10 years); 84% of them were male. The aver-
age body mass index was 33.9 and 33.4 in each group, 
respectively. For the primary outcome, the placebo group 
had a worse pain score than the meloxicam group at 4 
weeks (difference of 1.4; 95% confidence interval, 0.8- 
2.0). At 14 weeks, the placebo group (with CBT) had a 
worse pain score than the meloxicam group (difference 
of 0.8; 95% CI, 0.2-1.4). There was no statistically signifi-
cant difference in the disability score or global impression 
of change after treatment score between the 2 groups. 
The observed difference in pain score did not, however, 
exceed the minimum clinically important difference.

Conclusion. Placebo treatment and CBT are inferior to 
NSAIDs in managing pain for patients with knee osteoar-
thritis. The difference in pain may not be clinically import-
ant, and there were no differences in function at 14 weeks.

Commentary
Osteoarthritis is a common chronic condition that causes 
pain and disability and is often treated with oral analge-
sics. NSAIDs, despite few high-quality trials demonstrat-
ing their efficacy, are among the most commonly used 



Outcomes Research in Review

www.mdedge.com/jcomjournal Vol. 27, No. 6 November/December 2020 JCOM  253

treatment for osteoarthritis pain.1 NSAID therapy, however, 
does have potential side effects, such as gastric reflux 
and renal dysfunction.2 This withdrawal trial with placebo 
control contributes further evidence of the effectiveness 
of NSAIDs on knee osteoarthritis, demonstrating that 
indeed NSAIDs improve pain scores to a greater degree 
than placebo treatment. Augmenting placebo treatment 
with nonpharmacologic CBT was inferior to NSAIDs in 
pain management. The authors pointed out that the dif-
ference in pain score may not be clinically important, and 
that lower-extremity function was not different between 
the groups, concluding that, despite the higher pain 
score, CBT could be a treatment option, particularly for 
those who may have difficulty tolerating NSAID treatment. 

The study population had a number of chronic con-
ditions in addition to having knee arthritis, and thus likely 
were taking multiple medications for chronic disease 
management. Use of multiple medications  is associated 
with an increased risk of rug interactions and adverse 
effects of medications.3 Thus, this attempt to assess 
whether a nonpharmacologic alternative treatment is 
noninferior to a drug treatment is a step toward building 
the evidence base for deprescribing and enhancing 
medication safety.4 Previous studies have examined other 
nonpharmacologic treatments for knee arthritis, such as 
acupuncture,5 and it is worthwhile to consider combining 
nonpharmacological approaches as an alternative to oral 
analgesic medication use. 

Applications for Clinical Practice
This study advances our understanding of the effect 
of NSAID use on knee osteoarthritis when compared 
to placebo with CBT. Although this is a negative study 
that failed to show that placebo combined with CBT is 
noninferior to NSAIDs, it did quantify the expected treat-
ment effect of NSAIDs and showed that this effect likely 
is not clinically important and/or does not alter lower- 
extremity function. Further studies are needed to identify 
other nonpharmacologic approaches and test whether 
combinations of approaches are effective in the manage-
ment of chronic pain from osteoarthritis.

–William W. Hung, MD, MPH

doi:10.12788/jcom.0029
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