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ABSTRACT (max allowed: 250 words; current: 252)  

Aims.  This post-hoc analysis of DAPA-CKD (NCT03036150) assessed the effects of 

dapagliflozin in patients with chronic kidney disease (CKD) and albuminuria, with and without 

type 2 diabetes, stratified by the Quételet (body mass) index (BMI). 

Methods.  We randomized 4304 adult patients with estimated glomerular filtration rate (eGFR) 

of 25-75 mL/min/1.73m2 and urinary albumin-to-creatinine ratio of 200-5000 mg/g to 

dapagliflozin 10 mg/day or placebo.  The primary outcome was a composite of sustained decline 

in eGFR of ≥50%, kidney failure, or death from kidney or cardiovascular causes.  Secondary 

outcomes included kidney composite endpoint (primary composite endpoint without 

cardiovascular death), cardiovascular composite endpoint (hospitalized heart failure/ 

cardiovascular death), and all-cause mortality.  We categorized participants according to World 

Health Organization BMI criteria: lean/ideal (<25 kg/m2), overweight (25-<30 kg/m2), grade 1 

obesity (30-<35 kg/m2) and grade 2/3 obesity (≥35 kg/m2). 

Results.  Of 4296 (99.8%) randomized participants, 888 (20.7%), 1491 (34.7%), 1136 (26.4%), 

and 781 (18.2%) were categorized as lean/ideal, overweight, grade 1 obesity, and grade 2/3 

obesity, respectively.  Median follow-up was 2.4 years. Benefits of dapagliflozin were observed 

independent of baseline BMI for primary and secondary endpoints.  Hazard ratios (95% CI) for 

dapagliflozin versus placebo for the primary composite endpoint were 0.60 (0.43, 0.85), 0.55 

(0.40, 0.75), 0.71 (0.49, 1.04), and 0.57 (0.37, 0.87), among participants in the lean/ideal, 

overweight, grade 1 obesity, and grade 2/3 obesity groups (interaction p=0.72).   

Conclusion.  Among participants with CKD and albuminuria, with or without type 2 diabetes, 

kidney and cardiovascular benefits of dapagliflozin were evident and consistent across the BMI 

spectrum.  
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INTRODUCTION 

 The prevalence of overweight and obesity in developed and developing countries is high 

and rising rapidly 1-5.  Obesity is associated with impaired glucose tolerance, type 2 diabetes, 

obstructive sleep apnea, hypertension, heart failure, atrial fibrillation, proteinuria, impaired 

kidney function, and cardiovascular and sudden death 6-9.  The prevalence of obesity in patients 

with chronic kidney disease (CKD) (conventionally defined as Quételet (body mass) index 

(BMI) ≥30 kg/m2), has been reported to range from 12-38% 10-13.   

 Sodium–glucose co-transporter 2 (SGLT2) inhibitors were initially developed for the 

treatment of type 2 diabetes.  These agents improve glycemic control by inhibiting proximal 

tubule glucose reabsorption; as a result, glucose is wasted in the urine, resulting in loss of 

ingested calories and modest weight loss.  Over the past several years, large cardiovascular 

outcomes trials (initially designed to meet regulatory requirements for ensuring cardiovascular 

safety) have demonstrated that SGLT2 inhibitors reduce cardiovascular and kidney events and 

prolong survival in patients with type 2 diabetes 14-18; more recently, evidence of benefits of the 

SGLT2 inhibitor dapagliflozin have also been extended to patients with heart failure and CKD 

with albuminuria without type 2 diabetes 14. 

 Given the high prevalence of obesity in patients with CKD, and favorable metabolic 

effects of dapagliflozin in patients with obesity and insulin resistance, we hypothesized that the 

benefits of dapagliflozin on kidney and cardiovascular outcomes would be accentuated in obese 

patients with CKD and albuminuria relative to non-obese patients.  To explore this hypothesis, 

we conducted a series of secondary analyses from the DAPA-CKD trial presented herein. 



 
 

METHODS 

DAPA-CKD was a randomized, double-blind, placebo-controlled, multicenter clinical 

trial; manuscripts describing trial design, baseline characteristics, primary results, and results 

stratified by diabetes status and history of cardiovascular disease have been previously published 

14,19-21.  The trial was sponsored by AstraZeneca and conducted at 386 sites in 21 countries from 

February 2017 through June 2020 and registered at clinicaltrials.gov (NCT03036150).  All 

participants provided written informed consent before any study specific procedure commenced.  

The safety of participants in the trial was overseen by an independent data and safety monitoring 

committee.  

 

Participants 

Adults with or without type 2 diabetes, estimated glomerular filtration rate (eGFR)  

25–75 mL/min/1.73m2 and urinary albumin-to-creatinine ratio (UACR) 200–5000 mg/g were 

eligible for participation.  We required patients to be treated with a stable maximally-tolerated 

dose of renin-angiotensin-aldosterone-system (RAAS) inhibitor for ≥4 weeks unless medically 

contraindicated.  Key exclusion criteria included documented diagnosis of type 1 diabetes, 

polycystic kidney disease, lupus nephritis, or anti-neutrophil cytoplasmic antibody-associated 

vasculitis.  A complete list of inclusion and exclusion criteria and the trial protocol have been 

previously published 19.  

 

Procedures 

Participants were randomly assigned to dapagliflozin 10 mg once daily or matching 

placebo, in accordance with the sequestered, fixed-randomization schedule, with the use of 



 
 

balanced blocks to ensure an approximate 1:1 ratio of the two regimens.  Randomization was 

stratified by diabetes status and UACR (≤ or >1000 mg/g).  We categorized participants 

according to World Health Organization (WHO) BMI criteria: lean or ideal (<25 kg/m2), 

overweight (25 to <30 kg/m2), grade 1 obesity (30 to <35 kg/m2) and grade 2/3 obesity (≥35 

kg/m2).  We calculated eGFR using the Chronic Kidney Disease Epidemiology Collaboration 

(CKD-EPI) and incorporated results from the equation as originally defined, including a term for 

self-reported race (Black versus non-Black).  Recruitment of patients with eGFR  

60-75 mL/min/1.73m2 was limited to no more than 10% of trial participants.  Participants and all 

study personnel (except the Independent Data Monitoring Committee) were masked to treatment 

allocation.  

After randomization, in-person study visits were performed after 2 weeks, 2, 4, and 8 

months and at 4-month intervals thereafter. At each follow-up visit, study personnel recorded 

vital signs, obtained blood and urine samples, and recorded information on potential study 

endpoints, adverse events, concomitant therapies, and study drug adherence. 

 

Endpoints 

The primary composite endpoint was time to 50% decline in eGFR (confirmed by a 

second serum creatinine measurement after at least 28 days), onset of kidney failure (defined as 

maintenance dialysis for at least 28 days, kidney transplantation, or eGFR <15 mL/min/1.73m2 

confirmed by a second measurement after at least 28 days), or death from a kidney or 

cardiovascular cause.  Secondary endpoints were time to: 1) a composite kidney endpoint of 

≥50% sustained decline in eGFR, kidney failure or death from kidney disease; 2) a composite 

cardiovascular endpoint defined as hospitalization for heart failure or cardiovascular death; and 



 
 

3) death from any cause.  We also prespecified change in eGFR slope as an exploratory efficacy 

endpoint.  All efficacy endpoints were adjudicated by a masked, independent Clinical Events 

Committee, except for the quantitative assessments of eGFR which were obtained from our 

central laboratory.  

 For the purpose of the current analysis, we also examined the effect of dapagliflozin on 

body weight across BMI categories. 

 

Safety 

Given extensive prior experience with dapagliflozin, we limited our ascertainment of 

adverse events (AEs) to serious adverse events (SAEs), AEs resulting in the discontinuation of 

study drug, and AEs of special interest (symptoms of volume depletion, kidney disease events, 

major hypoglycemia, bone fractures, amputations, potential diabetic ketoacidosis).  Potential 

diabetic ketoacidosis events were adjudicated by an independent adjudication committee.  

 

Statistical Analysis 

 The overall analytic approach, power calculation, and pre-specified statistical analysis 

plan have been previously published 22,23.  All analyses presented here followed the intention-to-

treat principle.  Briefly, we conducted time-to-event analyses using a proportional hazards (Cox) 

regression stratified by randomization factors (diabetes status and UACR), adjusting for baseline 

eGFR, yielding hazard ratios (HR) and 95% confidence intervals (95% CI) from model 

parameter coefficients and standard errors (SE).  For the purpose of the current analysis, we 

evaluated the primary, secondary, and other pre-specified efficacy endpoints in participants 

stratified by WHO BMI categories, collapsing the “lean” (<18.5 kg/m2) and “ideal” (18.5 to <25 



 
 

kg/m2) categories owing to the small proportion of DAPA-CKD participants (n=27, 0.6%) in the 

former.  We compared results across the spectrum of body size/composition by including a 

multiplicative interaction term between randomized treatment group and BMI category.  For 

time to event analyses, we assessed for non-uniformity of HRs with the Akaike’s information 

criterion.  We considered p-values <0.05 to be statistically significant.  

We analyzed the effects of dapagliflozin on the mean on-treatment eGFR slope by fitting 

a two-slope mixed effects linear spline model (with a knot at week 2) with a random intercept 

and random slopes for treatment.  The model included fixed effects for treatment, BMI category, 

stratification factors (diabetes status and UACR) and a continuous, fixed covariate for time-to-

visit.  To determine eGFR slopes for the BMI categories, we added to the model all possible 

interaction terms for treatment effect, BMI categories, and time-to-visit, assuming an 

unstructured variance-covariance matrix.  We computed the mean total slope as a weighted 

combination of the acute and chronic slopes to reflect the mean rate of eGFR change to until the 

last on-treatment visit.  We also presented the pattern of change in mean eGFR using a restricted 

maximum likelihood repeated measures approach.  This latter analysis included fixed effects of 

treatment, visit, treatment-by-visit interaction, and treatment-by-BMI category interaction.  We 

added interaction terms between BMI category, visit, and treatment assignment to assess the 

change in eGFR within BMI subgroups.   

Given differences in the validity of BMI as a proxy for obesity in men and women, we 

performed exploratory analyses stratified by sex. We also performed exploratory analyses 

stratified by type 2 diabetes status. We conducted companion analyses in which we categorized 

patients of Asian race using modified WHO categories for lean or ideal (<23 kg/m2), overweight 

(23 to <25 kg/m2), grade 1 obesity (25 to <30 kg/m2), and grade 2/3 obesity (≥30 kg/m2).  



 
 

We analyzed the effect of dapagliflozin on body weight by fitting repeated measures 

models using restricted maximum likelihood. This model included categorical fixed effects for 

treatment, visit, and a three-way interaction term between BMI category, visit, and treatment. We 

utilized an unstructured variance-covariance matrix i.e., a data-dependent model that allows for a 

general pattern of standard deviations and correlations for the body weight measurements at 

different time points. Two-tailed p-values <0.05 were considered to be statistically significant.  

We performed all analyses with SAS version 9.4 (SAS Institute) or R version 4.0.2 (R 

Foundation). 



 
 

RESULTS 
 
 Of the 4296 (99.8%) participants randomized with data on height and body weight, 888 

(20.7%), 1491 (34.7%), 1136 (26.4%), and 781 (18.2%) were categorized as lean or ideal, 

overweight, grade 1 obesity, and grade 2/3 obesity, respectively.  Supplementary Figure S1 

shows the CONSORT diagram for participants enrolled in DAPA-CKD randomized by BMI 

categories.  

 Table 1 shows baseline characteristics of randomized participants stratified by BMI 

categories.  The mean age was slightly lower among participants in the lean or ideal BMI 

category, and similar across the overweight and obese categories.  The distribution of 

participants by investigator-reported race differed substantially across BMI categories. Asian 

participants were more likely to be in the lower BMI categories, whereas white and Black 

participants were more likely to be in the higher BMI categories.  Baseline eGFR and UACR 

were similar across BMI categories.  The proportion of participants with type 2 diabetes and the 

baseline hemoglobin A1c were directly correlated with BMI.  The proportion of participants with 

overt cardiovascular disease was higher in obese participants than among those who were lean or 

ideal or overweight, as was the use of diuretics.   

  

Effects of dapagliflozin on discrete events 

 Fifty-seven (12.6%), 59 (7.8%), 48 (8.3%), and 33 (9.1%) participants randomized to 

dapagliflozin and 79 (18.1%), 104 (14.2%), 66 (11.8%), and 61 (18.6%) participants randomized 

to placebo in the lean or ideal, overweight, grade 1 obesity, and grade 2/3 obesity, experienced a 

primary composite endpoint.  Median follow-up was 2.4 years.  Figure 1, panels A-D shows the 

cumulative incidence of the primary composite endpoint in participants categorized as lean or 



 
 

ideal, overweight, grade 1 obesity and grade 2/3 obesity in both randomized groups.  

Supplementary Figure 2, panels A-D; Supplementary Figure 3, panels A-D; and 

Supplementary Figure 4, panels A-D show the cumulative incidence of the kidney composite 

endpoint, the cardiovascular composite endpoint, and all-cause mortality in corresponding BMI 

groups.  Figure 2 summarizes event rates in participants randomized to dapagliflozin or placebo 

(per 100 patient-years), along with differences in absolute and relative risks (with 95% CI) and 

interaction p-values (tests of heterogeneity for the dapagliflozin versus placebo comparison) for 

the primary composite and three secondary endpoints stratified by BMI category.  Beneficial 

effects of dapagliflozin were evident across BMI categories.  Rates of the primary composite and 

kidney composite endpoints were highest in participants categorized as lean or ideal while rates 

of the cardiovascular composite endpoint were highest in participants with grade 2/3 obesity.  

There was no effect modification on the primary outcome by sex (randomized treatment × BMI 

× sex; interaction p=0.47) or diabetes status (randomized treatment × BMI × diabetes; interaction 

p=0.40).  Beneficial effects of dapagliflozin on other exploratory endpoints were also evident 

across BMI categories (Supplementary Table S1). 

 

Effects of dapagliflozin on eGFR slope 

 Figure 3, panels A-D show least squares mean change in eGFR slope (±SE) in the 

dapagliflozin and placebo groups within each of the four BMI subgroups.  Supplementary 

Table S2 shows the acute (baseline to 2 weeks), chronic (Week 2 to end-of-treatment) and total 

eGFR slopes within BMI categories.  The dapagliflozin-induced acute decline in eGFR was more 

pronounced in participants with higher BMI; mean relative effects were −1.26, −2.52, −2.60, and 

−3.07 mL/min/1.73m2 in the lean or ideal, overweight, grade 1 obesity, and grade 2/3 obesity 



 
 

groups, respectively, (interaction p=0.03) suggesting differential acute effects.  The beneficial 

effects of dapagliflozin on chronic and total eGFR slopes were present in all BMI groups, with 

no evidence of heterogeneity (interaction p=0.97 and 0.32, respectively).   

 

Companion analyses using different BMI cutoffs for Asian participants 

 The WHO has recommended the use of different BMI cutoffs when considering 

designations of ideal, overweight, and obesity for certain persons of Asian race.  Given the 

relatively high proportion of Asian participants in DAPA-CKD, we conducted companion 

analyses using the following WHO-recommended categories to represent lean or ideal, 

overweight, grade 1 obesity and grade 2/3 obesity: <23, 23 to <25, 25 to <30, and ≥30 kg/m2, 

respectively.  Supplementary Tables S3 and S4 show baseline characteristics of the 1467 Asian 

participants, categorized using the conventional and modified BMI groups, respectively.  

Supplementary Table S5 shows event rates, absolute risk differences, hazard ratios, and tests of 

interaction (treatment × BMI category) for the primary composite endpoint and secondary 

endpoints when re-classifying Asian participants.  Results were similar to the original analyses, 

showing benefits of dapagliflozin across categories of BMI. 

 

Effects of dapagliflozin on body weight 

 The effects of dapagliflozin on body weight were modest (Supplementary Figure S5, 

panels A-D); overall, body weight integrated over time was 0.85 (95% CI 0.62 to 1.08) kg lower 

in participants randomized to dapagliflozin relative to placebo (p<0.001), but with no significant 

differences by BMI category (interaction p=0.31). 

 



 
 

Serious Adverse Events 

 Table 2 shows a summary of SAEs and AEs of special interest observed in participants 

stratified by treatment group and BMI subgroup.  Obese participants in both groups were more 

likely to experience one or more SAEs than did lean or ideal or overweight participants.  SAEs 

were numerically less frequent in participants randomized to dapagliflozin (compared with 

placebo) within each BMI category (interaction p=0.46).   

  



 
 

DISCUSSION 

 In the current secondary analysis of DAPA-CKD, we demonstrate that the beneficial 

effects of dapagliflozin on the primary composite endpoint, a sustained decline in eGFR of 

≥50%, kidney failure, or death from a kidney or cardiovascular cause, and on the kidney 

composite endpoint, cardiovascular composite endpoint, and all-cause mortality were similar 

across the range of body composition, as assessed by the Quételet index or BMI.  Effects of 

dapagliflozin on the total and chronic eGFR slopes were also similar across the spectrum of 

BMI.  In other words, in patients with CKD and albuminuria, with or without type 2 diabetes, 

dapagliflozin yields kidney and cardiovascular benefits “through thick and thin”.   

Owing to the glucose-lowering effects of dapagliflozin 24,25, its effects on body weight 

26,27, and the previously observed association between obesity and CKD 28,29, we had 

hypothesized that the beneficial effects of dapagliflozin might be more pronounced in patients at 

higher versus lower baseline BMI.  In fact, rates of the primary composite and kidney composite 

endpoints were highest in participants categorized as lean or ideal; in contrast, rates of the 

cardiovascular composite endpoint were highest in participants with grade 2/3 obesity.  Relative 

benefits of dapagliflozin were observed across the spectrum of BMI, and within BMI strata, 

among women and men and participants with and without diabetes.  Absolute benefits of 

dapagliflozin on the composite cardiovascular endpoint were highest in participants with grade 

2/3 obesity, confirming findings recently published by Oyama et al. from the DECLARE-TIMI 

58 trial 30.  We observed similar results across other, exploratory composite endpoints including 

the traditional major adverse cardiovascular event (MACE) endpoint of cardiovascular death or 

non-fatal myocardial infarction or stroke.  Serious adverse events were seen more frequently 



 
 

among obese participants although rates were numerically lower in participants randomized to 

dapagliflozin within each BMI category.   

 Obesity has been blamed (in part) for the plateau and decline in life expectancy in the 

United States over the past decade 31.  Obesity contributes to degenerative diseases within nearly 

all organ systems 32, driven in part by an inflammatory milieu induced by adipocytes 33.  

Associations between obesity and cardiovascular events have been well described over decades; 

heightened risks of stroke, heart failure and arrhythmia, including atrial fibrillation and sudden 

cardiac death, are particularly noteworthy 7,33,34.  However, the link between obesity and 

progressive kidney disease is less well described.  In a seminal report by Hsu et al. 35, 320,252 

adult members of an integrated healthcare delivery system were screened between 1964 and 

1985 and data were linked with the United States Renal Data System (USRDS), a registry of 

nearly all patients treated with maintenance dialysis in the United States since 1988; 1487 cases 

of treated end-stage kidney disease (ESKD) were identified over 8,347,955 person-years of 

follow-up.  Relative to persons with “ideal” body composition (BMI 18.5 to <25 kg/m2), risks of 

treated end-stage kidney disease, adjusted for age, sex, self-reported race, and baseline diabetes, 

blood pressure, serum creatinine, serum cholesterol, and dipstick hematuria and proteinuria, in 

persons with BMI 25 to <30 kg/m2 (“overweight”), 30 to <35 kg/m2, 35 to <40 kg/m2, and ≥40 

kg/m2 (“grades 1, 2, and 3 obesity”) were 1.87-, 3.57-, 6.12-, and 7.07-fold higher.  A more 

recent report from the Atherosclerosis Risk in Communities (ARIC) study incorporating data 

from 13,496 participants with midlife assessments of obesity over 30 years of follow-up, 

reported that one standard deviation higher BMI, adjusted for age, center, smoking, and coronary 

heart disease, was associated with 26% (−2% to 62%), 51% (14 to 101%), 75% (29 to 136%), 



 
 

and 68% (33 to 113%) higher risks of treated ESKD in white men, white women, Black men, 

and Black women, respectively 36.   

In view of these two population-based studies showing higher rates of kidney failure 

among more obese persons in the general population, we were surprised to observe that DAPA-

CKD participants categorized as overweight or obese were not more likely to experience the 

kidney composite endpoint or more rapid decline in eGFR.  Examining data from a 

contemporary, well-characterized cohort of patients with CKD of multiple etiologies – the 

Chronic Renal Insufficiency Cohort (CRIC) study – Ricardo et al. showed that relative to 

patients with BMI 20 to <25 kg/m2, overweight (BMI 25 to <30 kg/m2) and obese (BMI ≥30 

kg/m2) patients experienced 34% (95% CI 17 to 48%) and 43% (95% CI 29 to 54%) lower 

relative risks of progressive CKD, defined as 50% or more decline in eGFR or the provision of 

maintenance dialysis or kidney transplantation; mortality rates were virtually identical, 

suggesting that competing risks were not responsible for these findings 34.  Nevertheless, the 

current analyses provide compelling evidence that dapagliflozin yields sizeable reductions in risk 

irrespective of BMI and the underlying rate of CKD progression. 

Previous studies using other SGLT2 inhibitors have explored effects on cardiovascular 

and kidney endpoints stratified by BMI.  Okhuma et al. examined the effects of canagliflozin and 

placebo in 10,128 Canagliflozin Cardiovascular Assessment Program (CANVAS) participants 

stratified by the following BMI categories: <25, 25 to <30, and ≥30 kg/m2 37.  Canagliflozin 

significantly reduced the risk of the primary composite endpoint (cardiovascular death or non-

fatal myocardial infarction or stroke); the relative hazard was numerically lowest in the obese 

group, but there was no statistical evidence of heterogeneity.  Absolute effects on body weight 

were modest, but more pronounced in obese participants; relative effects on body weight were 



 
 

similar across BMI categories.  Ji et al. conducted a similar analysis from the EMPA-REG 

OUTCOME trial 38.  Empagliflozin reduced the risks of all-cause mortality, hospitalized heart 

failure or cardiovascular death, and “worsening nephropathy” (a composite of progression to 

macroalbuminuria, doubling of serum creatinine to an eGFR ≤45 mL/min/1.73m2, provision of 

dialysis or death due to kidney disease) by 32%, 34%, and 39%, respectively; there was no 

heterogeneity by BMI category.  More recently, Adamson et al. showed similar relative benefits 

of dapagliflozin across the spectrum of BMI on cardiovascular death or heart failure 

exacerbation and other cardiovascular endpoints in patients with heart failure with reduced 

ejection fraction enrolled in the DAPA-HF trial 39.  Our results extend those of Okhuma et al., Ji 

et al., and Adamson et al. by examining patients with CKD and kidney as well as cardiovascular 

endpoints.   

There are several strengths to this analysis.  Data were derived from a randomized trial 

and major kidney and cardiovascular events were adjudicated by an independent panel.  Trial 

participants were diverse by age, sex, country of origin, and primary cause of kidney disease.  

The majority of participants were on guideline-recommended therapies at baseline; nearly all 

participants were treated with RAAS inhibitors and other agents proven to reduce rates of 

cardiovascular disease.  Effects of dapagliflozin were consistent whether considering risks of 

discrete events (which are generally observed among “rapid progressors”) as well as eGFR slope.  

There are also several limitations. Despite its widespread use in population-based studies, the 

Quételet index (BMI) is an imperfect proxy for obesity.  The BMI fails to distinguish body 

weight related to intracellular water (largely housed in the skeletal muscle), extracellular water 

(which tends to accumulate in advanced CKD) and adipose tissue.  Moreover, the simplification 

of the height correction to the second power more thoroughly reduces the correlation between the 



 
 

index and height in men versus women (hence, the reason to explore effect modification by  

sex) 40.  The DAPA-CKD trial was stopped early following a recommendation from the 

Independent Data Monitoring Committee.  As a result, the trial accrued fewer than 75% of its 

anticipated number of events, and the precision of our estimated treatment effects within the 

BMI subgroups was diminished.  Moreover, foreshortening of the trial may have reduced the 

likelihood of identifying clinically meaningful effect modification.  We did not collect eGFR 

after the completion of the trial, which might have increased the observed difference in eGFR 

slope between groups if a fraction of the initial decline observed in treated participants were 

reversible.  Finally, body weight was not a pre-specified endpoint in the DAPA-CKD trial, and 

measures to ensure accurate and precise determination of changes in body weight over time were 

not in place.    

In conclusion, among patients with CKD and albuminuria, with or without type 2 

diabetes, kidney and cardiovascular benefits of dapagliflozin were evident and consistent across 

the spectrum of BMI.  
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Table 1: Baseline characteristics in patients with chronic kidney disease based on BMI categoriesa  
 

 
Lean or Ideal  

(n=888)  
Overweight  

(n=1491)  
Grade 1 obesity  

(n=1136)  
Grade 2/3 obesity 

(n=781)  

 Dapagliflozin 
n=451 

Placebo 
n=437 

Dapagliflozin 
n=757 

Placebo 
n=734 

Dapagliflozin 
n=579 

Placebo 
n=557 

Dapagliflozin 
n=362 

Placebo 
n=419 

Age, years, mean (±SD) 58.6±14.4 59.3±14.6 62.4±11.8 62.6±12.1 62.9±11.0 63.2±10.6 62.7±10.4 61.7±11.0 
Female sex, n (%) 173 (38.4) 164 (37.5) 210 (27.7) 218 (29.7) 190 (32.8) 174 (31.2) 136 (37.6) 158 (37.7) 
Raceb, n (%) 

Asian 292 (64.7) 302 (69.1) 333 (44.0) 289 (39.4) 98 (16.9) 108 (19.4) 26 (7.2) 19 (4.5) 
Black or African American  9 (2.0) 5 (1.1) 24 (3.2) 21 (2.9) 32 (5.5) 28 (5.0) 39 (10.8) 32 (7.6) 
White 119 (26.4) 93 (21.3) 332 (43.9) 363 (49.5) 392 (67.7) 362 (65.0) 280 (77.3) 345 (82.3) 
Other 31 (6.9) 37 (8.5) 68 (9.0) 61 (8.3) 57 (9.8) 59 (10.6) 17 (4.7) 23 (5.5) 

BMI, kg/m2, mean (±SD)  22.3±1.6 22.1±1.8 27.0±1.4 27.0±1.4 31.7±1.4 31.7±1.4 39.4±4.8 39.4±4.5 
Current smoker, n (%) 60 (13.3) 79 (18.1) 117 (15.5) 105 (14.3) 61 (10.5) 74 (13.3) 44 (12.1) 43 (10.3) 
Blood pressure, mmHg, mean (±SD) 

Systolic 132.2±17.5 134.1±18.4 135.4±17.1 136.6±17.2 139.8±16.8 138.5±16.6 140.4±17.6 140.9±16.6 
Diastolic 76.1±10.9 77.5±10.7 77.0±10.5 76.9±10.4 78.6±10.5 77.6±9.8 78.5±10.8 78.4±10.1 

eGFR, mL/min/1.73m2, mean 
(±SD) 42.6±12.3 41.7±11.8 43.2±12.0 43.0±12.4 44.2±12.6 43.2±12.7 42.5±12.4 44.0±12.5 

Median UACR (Q1–Q3) 975  
(472–1986) 

949  
(461–2069) 

949  
(494–1854) 

875  
(448–1789) 

987  
(462–1913) 

994  
(514–1824) 

901  
(414–1882) 

950  
(505–1946) 

UACR >1000 mg/g, n (%) 221 (49.0) 211 (48.3) 366 (48.3) 334 (45.5) 288 (49.7) 278 (49.9) 171 (47.2) 206 (49.2) 
HbA1c, %, mean (±SD) 6.6±1.5 6.7±1.8 7.0±1.7 7.0±1.7 7.3±1.8 7.2±1.7 7.6±1.7 7.3±1.7 
Type 2 diabetes, n (%) 253 (56.1) 246 (56.3) 483 (63.8) 480 (65.4) 417 (72.0) 399 (71.6) 300 (82.9) 321 (76.6) 
Median duration of diabetes, 
years (Q1–Q3) 

11.6  
(6.3–19.3) 

13.4  
(6.8–20.6) 

13.2  
(7.3–21.0) 

14.3  
(7.2–21.0) 

15.0  
(7.1–20.6) 

13.6  
(7.4–20.2) 

15.1  
(7.5–20.8) 

15.2  
(8.7–20.6) 

Cardiovascular diseasec, n (%) 131 (29.0) 118 (27.0) 266 (35.1) 242 (33.0) 257 (44.4) 244 (43.8) 158 (43.6) 191 (45.6) 
Prior medication, n (%) 

ACE inhibitor/ARB 441 (97.8) 419 (95.9) 746 (98.6) 723 (98.5) 569 (98.3) 541 (97.1) 353 (97.5) 409 (97.6) 
Diuretic 121 (26.8) 106 (24.3) 280 (37.0) 275 (37.5) 294 (50.8) 288 (51.7) 232 (64.1) 280 (66.8) 
Insulin 116 (25.7) 112 (25.6) 256 (33.8) 231 (31.5) 242 (41.8) 225 (40.4) 199 (55.0) 213 (50.8) 

aLean or ideal: <25 kg/m2; Overweight: 25–<30 kg/m2; Grade 1 obesity: 30–<35 kg/m2; Grade 2/3 obesity: ≥35 kg/m2 



 
 

bAs reported by the investigator; ‘other’ includes Native Hawaiian or other Pacific Islander; American Indian or Alaska Native and 
Other.  
cIncluded participants with a history of peripheral artery disease, angina pectoris, myocardial infarction, percutaneous coronary 
intervention, coronary artery bypass graft, heart failure, valvular heart disease, abdominal aorta aneurysm, atrial fibrillation, atrial 
flutter, ischemic stroke, transient ischemic attack, hemorrhagic stroke, carotid artery stenosis, cardiac pacemaker insertion, vascular 
stent, coronary artery stenosis, ventricular arrhythmia, implantable cardioverter-defibrillator, non-coronary revascularization or 
surgical amputation. 
ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; eGFR, estimated glomerular filtration rate; UACR, urinary 
albumin-to-creatinine ratio 



 
 

Table 2: Safety of dapagliflozin in patients with chronic kidney disease based on BMI 
categoriesa  
 

  Dapagliflozin  
(n=2146) 

Placebo  
(n=2144) 

Discontinuation due to adverse 
event, n (%) 

Lean or ideal  30 (6.7) 37 (8.5) 
Overweight  36 (4.8) 40 (5.5) 
Grade 1 obesity  34 (5.9) 27 (4.8) 
Grade 2/3 obesity  18 (5.0) 19 (4.5) 

Any serious adverse eventb, n (%) Lean or ideal 126 (28.0) 126 (28.8) 
  Overweight  197 (26.1) 232 (31.7) 
  Grade 1 obesity  181 (31.3) 190 (34.1) 
  Grade 2/3 obesity  128 (35.4) 177 (42.2) 

Adverse events of interest, n (%) 
Amputationc Lean or ideal  2 (0.4) 6 (1.4) 

Overweight  17 (2.2) 13 (1.8) 
Grade 1 obesity  10 (1.7) 13 (2.3) 
Grade 2/3 obesity  6 (1.7) 5 (1.2) 

Any definite or probable 
diabetic ketoacidosis 

Lean or ideal  0 0 
Overweight  0 1 (0.1) 
Grade 1 obesity  0 0 
Grade 2/3 obesity  0 0 

Fracturec Lean or ideal  12 (2.7) 15 (3.4) 
Overweight  32 (4.2) 27 (3.7) 
Grade 1 obesity  26 (4.5) 19 (3.4) 
Grade 2/3 obesity  15 (4.1) 8 (1.9) 

Renal related adverse eventd Lean or ideal  32 (7.1) 38 (8.7) 
Overweight  46 (6.1) 62 (8.5) 
Grade 1 obesity  34 (5.9) 41 (7.4) 
Grade 2/3 obesity  43 (11.9) 45 (10.7) 

Major hypoglycemiae Lean or ideal  1 (0.2) 8 (1.8) 
Overweight  4 (0.5) 7 (1.0) 
Grade 1 obesity  6 (1.0) 6 (1.1) 
Grade 2/3 obesity  3 (0.8) 7 (1.7) 

Volume depletiond Lean or ideal  26 (5.8) 13 (3.0) 
Overweight  43 (5.7) 30 (4.1) 
Grade 1 obesity  28 (4.8) 23 (4.1) 
Grade 2/3 obesity  30 (8.3) 23 (5.5) 

aLean or ideal: <25 kg/m2, (n: dapagliflozin=450; placebo=437); Overweight: 25–<30 kg/m2, (n: 
dapagliflozin=756; placebo=731); Grade 1 obesity: 30–<35 kg/m2, (n: dapagliflozin=578; 
placebo=557); Grade 2/3 obesity: ≥35 kg/m2, (n: dapagliflozin=362; placebo=419).    
bIncludes death. 
cSurgical or spontaneous/non-surgical amputation, excluding amputation due to trauma. 
dBased on pre-defined list of preferred terms.  
eAdverse event confirmed by the investigator based on i) Symptoms of severe impairment in 
consciousness or behavior, ii) need of external assistance, iii) intervention to treat hypoglycemia, 
iv) prompt recovery of acute symptoms following the intervention 
 



 
 

Figure Legends 
Figure 1: Primary endpoint in patients with chronic kidney disease based on BMI 
categories: (A) Lean or ideal <25 kg/m2, (B) Overweight 25–<30 kg/m2, (C) Grade 1 obesity 
30–<35 kg/m2, (D) Grade 2/3 obesity ≥35 kg/m2 

 
Figure 2: Primary and secondary outcomes in patients with chronic kidney disease based 
on BMI categories 
Lean or ideal: <25 kg/m2; Overweight: 25–<30 kg/m2; Grade 1 obesity: 30–<35 kg/m2; Grade 
2/3 obesity: ≥35 kg/m2    
 
Figure 3: eGFR slopes in patients with chronic kidney disease based on BMI categories: (A) 
Lean or ideal <25 kg/m2, (B) Overweight 25–<30 kg/m2, (C) Grade 1 obesity 30–<35 kg/m2, 
(D) Grade 2/3 obesity ≥35 kg/m2 
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