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Abstract 
Background and Aims Sodium–glucose cotransporter 2 inhibitors decrease blood pressure in patients with 
type 2 diabetes, but the consistency and magnitude of blood pressure lowering with dapagliflozin in patients with chronic 
kidney disease (CKD) is unknown. We conducted a prespecified analysis of the DAPA-CKD trial to investigate the effect of 
dapagliflozin on systolic blood pressure (SBP) in patients with CKD, with and without type 2 diabetes. 

Methods A total of 4304 adults with baseline estimated glomerular filtration rate (eGFR) 25–75 mL/min/1.73m2 and 

urinary albumin-to-creatinine ratio (UACR) 200-5000 mg/g were randomized to either dapagliflozin 10 mg or placebo once 
daily; median follow-up was 2.4 years. The primary endpoint was a composite of sustained ≥50% eGFR decline, end-stage 
kidney disease, or death from a kidney or cardiovascular cause. Change in SBP was a prespecified outcome. 

Results Baseline mean (SD) SBP was 137.1 mmHg (17.4). By Week 2, dapagliflozin compared to placebo reduced 

SBP by 3.6 mmHg (95% CI 2.8-4.4 mmHg), an effect maintained over the duration of the trial (2.9 mmHg, 2.3-3.6 mmHg). 
Time-averaged reductions in SBP were 3.2 mmHg (2.5-4.0 mmHg) in patients with diabetes and 2.3 mmHg (1.2-3.4 mmHg) 
in patients without diabetes. The time-averaged effect of dapagliflozin on diastolic blood pressure (DBP) was 1.0 mmHg 

(0.6-1.4 mmHg); 0.8 mmHg (0.4-1.3 mmHg) in patients with diabetes and 1.4 mmHg (0.7-2.1 mmHg) in patients without 
diabetes. Benefits of dapagliflozin on the primary composite and secondary endpoints were evident across the spectrum of 
baseline SBP and DBP. 

Conclusion In patients with CKD and albuminuria, randomization to dapagliflozin was associated with modest reduc- 
tions in systolic and diastolic BP. (Am Heart J 2024;270:125–135.) 

F

S
R

E
0

rom the a Department of Clinical Pharmacy and Pharmacology, University of Gronin- 
gen, University Medical Centre Groningen, Groningen, The Netherlands, b The George 
Institute for Global Health, Sydney, New South Wales, Australia, c Nephrology, Dialysis 
and Renal Transplant Unit, IRCCS Azienda Ospedaliero-Universitaria di Bologna, 40138 
Bologna, Italy, d Department of Medical and Surgical Sciences (DIMEC), Alma Mater Stu- 
diorum University of Bologna, 40138 Bologna, Italy, e Department of Internal Medicine, 
University of Groningen, University Medical Centre Groningen, Groningen, The Nether- 
lands, f The National Medical Science and Nutrition Institute Salvador Zubiran, Mexico 
City, Mexico, g Steno Diabetes Centre Copenhagen, Gentofte, Denmark, h Department 
of Clinical Medicine, University of Copenhagen, Copenhagen, Denmark, i School of Car- 
diovascular and Metabolic Health, University of Glasgow, Glasgow, UK, j Renal & Trans- 
plant Unit, Queen Elizabeth University Hospital, Glasgow, UK, k Arbor Research Collab- 
orative for Health, Ann Arbor, MI, l Pontificia Universidade Catolica do Parana, Curitiba, 
Brazil, m BioPharmaceuticals R&D, AstraZeneca, Gothenburg, Sweden, n Department 
of Renal Medicine, University College London, London, UK, o Department of Internal 
Medicine, UT Southwestern Medical Centre, Dallas, TX, p Department of Medicine, Stan- 
ford University School of Medicine, Stanford, CA, q Department of Epidemiology and 
Population Health, Stanford University School of Medicine, Stanford, CA, r Department 
of Health Policy, Stanford University School of Medicine, Stanford, CA 
ubmitted January 12, 2024; accepted February 12, 2024 
eprint requests. Glenn M. Chertow, MD, MPH, Stanford University School of Medicine, 

3180 Porter Drive, A219, Palo Alto, CA 94304, Tel: (650) 725-4738. 
-mail address: gchertow@stanford.edu . 
002-8703 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Background 

Hypertension is common among patients with chronic
kidney disease (CKD). According to the United States Re-
nal Data System (USRDS), more than 90% of patients with
CKD have ar ter ial hyper tension and frequently develop
associated complications; 1 data from international reg-
istries suggest similarly high prevalence of hypertension
in other regions. 2 , 3 The relation between blood pressure
and CKD is bi-directional. It is well established that per-
sistent, severe elevations in blood pressure can result
in impaired kidney function as well as widespread arte-
r iosclerotic vascular disease; hyper tension of var iable du-
ration and severity is commonly observed, with or with-
out evidence of hypervolemia, as a consequence of CKD.
Attenuation of ar ter ial hyper tension is an essential man-
agement goal for the treatment of CKD to reduce the risk
© 2024 The Authors. Published by Elsevier Inc. This is an open access article under the 
CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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of cardiovascular complications, including heart failure,
stroke, and arrhythmia, including atr ial fibr illation, ven-
tricular ectopy, and sudden death. 4 , 5 

Sodium–glucose cotransporter 2 (SGLT2) inhibitors
have emerged as a potent therapy to reduce the risk of
progressive kidney disease and cardiovascular events in
patients with CKD. 6 , 7 These agents reduce absorption
of glucose and sodium in the proximal tubule, thereby
increasing glycosuria and diuresis, typically reducing in-
travascular volume which can contribute to a reduction
in blood pressure. 8 Treatment with SGLT2 inhibitors has
consistently been associated with reduction in blood
pressure in clinical trials enrolling patients with type 2
diabetes, the majority of whom have had preserved kid-
ney function. 9 The consistency and magnitude of blood
pressure lowering effects of SGLT2 inhibitors in a broad
population of patients with CKD, with and without type
2 diabetes, have not been well established. 

We performed a prespecified analysis of data from the
Dapagliflozin and Prevention of Adverse Outcomes in
Chronic Kidney Disease (DAPA-CKD) trial to investigate
the effects of the SGLT2 inhibitor dapagliflozin on sys-
tolic and diastolic blood pressures (SBP and DBP) and
to determine whether the effects of dapagliflozin on kid-
ney, cardiovascular and safety outcomes were consistent
across the spectrum of baseline blood pressure values. 

Methods 

Study design 

DAPA-CKD was a randomized, double-blind, placebo-
controlled, multicentre clinical trial (clinicaltri-
als.gov/study/NCT03036150); manuscr ipts descr ibing
trial design, baseline characteristics, primary results, ef-
fects on estimated glomerular filtration rate (eGFR) slope
and albuminuria, and effects stratified by diabetes status
and other clinical characteristics have been previously
published. 6 , 10-14 The trial was conducted at 386 sites in
21 countries from February 2017 through June 2020. All
participants provided written informed consent before
any study-specific procedure commenced. Participant
safety was overseen by an independent data and safety
monitoring committee. 

Participants 
Adults with or without type 2 diabetes, with eGFR 25-

75 mL/min/1.73m2 and urinary albumin-to-creatinine ra-
tio (UACR) 200-5000 mg/g were eligible for participation.
We required participants to be treated with a stable maxi-
mally tolerated dose of renin-angiotensin-aldosterone sys-
tem (RAAS) inhibitor for ≥4 weeks unless medically
contraindicated. Key exclusion cr iter ia included docu-
mented diagnosis of type 1 diabetes, polycystic kidney
disease, lupus nephritis, or anti-neutrophil cytoplasmic
antibody-associated vasculitis. A complete list of inclu-
sion and exclusion cr iter ia and the trial protocol have
been previously published. 6 , 11 , 14 

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 approx-
imate 1:1 ratio of the 2 regimens. Randomization was
stratified by diabetes status (yes or no) and UACR ( ≤ or
> 1000 mg/g). 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 (AEs), concomitant ther-
apies, and study drug adherence. 

Endpoints 
Primary composite endpoint was time to ≥50% decline

in eGFR (confirmed by a second serum creatinine mea-
surement after at least 28 days), onset of kidney failure
(defined as maintenance dialysis for at least 28 days, kid-
ney transplantation, or eGFR < 15 mL/min/1.73m2 con-
firmed by a second measurement after at least 28 days),
or death from kidney or cardiovascular cause. Secondary
endpoints were time to: (1) a composite kidney end-
point of ≥50% sustained decline in eGFR, kidney failure
or death from kidney disease; (2) a composite cardiovas-
cular endpoint defined as hospitalization for heart failure
or cardiovascular death; and (3) death from any cause.
All efficacy endpoints were adjudicated by a masked, in-
dependent Clinical Events Committee, except for quan-
titative assessments of eGFR which were obtained from
our central laboratory. Change in systolic blood pressure
(SBP) was a prespecified outcome. 

Safety 

Given extensive pr ior exper ience with dapagliflozin,
we limited our ascertainment of AEs to serious AEs
(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 ketoaci-
dosis). 

Statistical analysis 
All analyses presented here followed the intention-to-

treat principle. We compared short-term (2 weeks) and
time-averaged effects of dapagliflozin and placebo on SBP
and DBP, adjusting for factors affecting randomization
(presence of diabetes and UACR < 1000 or ≥1000 mg/g)
and baseline SBP. We analyzed the time-averaged effects
of dapagliflozin on SBP and DBP by fitting repeated
measures models using restricted maximum likelihood.
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Figure 1. Changes in SBP over time and as stratified by the 
presence type 2 diabetes. SBP, systolic blood pressure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

These models included categorical fixed effects for treat-
ment, visit, and 3-way interaction term between base-
line SBP and DBP category, visit, and treatment assign-
ment. We utilized an unstructured var iance-covar iance
matrix that allows for a general pattern of (SD) and cor-
relations for SBP and DBP determinations at different
timepoints. We conducted time-to-event analyses using
proportional hazards (Cox) regression stratified by fac-
tors affecting randomization (diabetes status and UACR)
and adjusted for baseline eGFR, yielding hazard ratios
(HR) and 95% confidence intervals (95% CI) calculated
from model parameter coefficients and SE, respectively.
To explore whether the effects of dapagliflozin on pri-
mary composite and secondary endpoints were modi-
fied by the presence and/or severity of hypertension,
we stratified participants according to the following cat-
egories of SBP: < 120, 120 to < 130, 130 to < 140, 140
to < 150, and ≥150 mmHg. We compared results across
the spectrum of SBP by including a multiplicative interac-
tion term between randomized treatment group and SBP
category. We conducted a companion analysis in which
we stratified participants by presence or absence of re-
sistant hypertension at baseline (defined as use of three
or more antihypertensive agents including 1 or more di-
uretic agents or 4 or more antihypertensive agents of any
class) and another in which we considered SBP as a con-
tinuous variable, and completed the same for DBP. For
all analyses of effect modification, we assessed for non-
uniformity of HRs with Akaike’s information cr iter ion. 

We performed exploratory analyses additionally strat-
ified by the presence or absence of diabetes and cat-
egories of baseline eGFR and UACR. We considered P -
value < .05 to be statistically significant. We performed
all analyses with SAS version 9.4 (SAS Institute) or R ver-
sion 4.0.2 (R Foundation). 

Results 

Of the 4304 participants in the DAPA-CKD trial (2152
randomized to each dapagliflozin and placebo), 4303
(99.9%) had data available on baseline blood pressure.
Table 1 shows baseline characteristics by baseline SBP
categories ( < 120, 120−< 130, 130−< 140, 140−< 150,
and ≥150 mmHg). Participants with higher baseline SBP
had higher UACR and were more likely to have a history
of cardiovascular disease. 

Effects of dapagliflozin on SBP 

Figure 1 shows changes in SBP over time. At Week
2, mean SBP was 3.6 mmHg (95% CI 2.8-4.4 mmHg)
lower in patients randomized to dapagliflozin compared
to those randomized to placebo, an effect that was
largely maintained over the duration of the trial (2.9
mmHg [95%CI 2.3-3.6 mmHg]); Figure 1 , panel A ).
Time-averaged reductions in SBP were 3.2 mmHg (2.5-
4.0 mmHg) in patients with diabetes and 2.3 mmHg
(1.2-3.4 mmHg) in patients without diabetes (interaction
P = .50). ( Figure 1 , panels B and C). Figure 2 shows the
effect of dapagliflozin on mean SBP across several pre-
specified subgroups, as well as by baseline SBP, and by
the presence or absence of resistant hypertension. 

Effects of dapagliflozin on DBP 

Figure 3 shows changes in DBP over time. At Week
2, mean DBP was 1.5 mmHg (1.1-2.0 mmHg) lower in
patients randomized to dapagliflozin compared to those
randomized to placebo, an effect that was partially main-
tained over the duration of the trial (1.0 mmHg [0.6-
1.4 mmHg]; Figure 3 , panel A). In contrast to effects on
SBP, where the blood pressure lowering effects of da-
pagliflozin in patients with diabetes were numerically
larger, the time-averaged effect of dapagliflozin on DBP
was 0.8 mmHg (0.4-1.3 mmHg) in patients with diabetes
and 1.4 mmHg (0.7-2.1 mmHg) in patients without dia-
betes ( P = .36). ( Figure 3 , panels B and C). 

Effects of dapagliflozin on primary composite and 

secondary endpoints by baseline SBP 

Figure 4 shows a forest plot of the primary composite
and secondary endpoints by baseline SBP categories and
by presence or absence of resistant hypertension at base-
line. The effects of dapagliflozin were consistent among
participants across the range of SBP; the reason(s) for
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Table 1. Baseline characteristics by SBP categories. 

SBP < 120 (n = 630) SBP 120 to < 130 (n = 807) SBP 130 to < 140 (n = 1095) SBP 140 to < 150 (n = 859) SBP ≥150 (n = 913) 

Dapagliflozin Placebo Dapagliflozin Placebo Dapagliflozin Placebo Dapagliflozin Placebo Dapagliflozin Placebo 
N = 321 N = 309 N = 426 N = 381 N = 535 N = 560 N = 417 N = 442 N = 453 N = 460 

Age – year 57.8 (13.3) 56.9 (13.8) 59.8 (13.0) 59.3 (12.9) 62.4 (12.0) 61.8 (11.3) 63.2 (11.3) 64.2 (11.1) 64.5 (9.7) 65.3 (10.6) 
Female sex – n (%) 117 (36.4) 110 (35.6) 146 (34.3) 121 (31.8) 177 (33.1) 180 (32.1) 125 (30.0) 153 (34.6) 144 (31.8) 152 (33.0) 
Race – n (%) 

Asian 166 (51.7) 144 (46.6) 176 (41.3) 143 (37.5) 176 (32.9) 200 (35.7) 124 (29.7) 134 (30.3) 107 (23.6) 97 (21.1) 
Black or African American 15 (4.7) 8 (2.6) 14 (3.3) 13 (3.4) 18 (3.4) 28 (5.0) 23 (5.5) 17 (3.8) 34 (7.5) 21 (4.6) 
White 122 (38.0) 140 (45.3) 197 (46.2) 201 (52.8) 302 (56.4) 298 (53.2) 236 (56.6) 246 (55.7) 267 (58.9) 281 (61.1) 
Other 18 (5.6) 17 (5.5) 39 (9.1) 24 (6.3) 39 (7.3) 34 (6.1) 34 (8.1) 45 (10.2) 45 (9.9) 61 (13.3) 

Body mass index (kg/m2 ) 28.0 (6.5) 27.4 (5.8) 28.3 (5.7) 29.3 (6.2) 29.5 (5.8) 30.0 (6.4) 30.4 (6.0) 30.2 (6.1) 30.3 (5.9) 30.5 (6.3) 
Current smoker – n (%) 40 (12.5) 42 (13.6) 64 (15.0) 61 (16.0) 58 (10.8) 87 (15.5) 58 (13.9) 47 (10.6) 63 (13.9) 64 (13.9) 
Blood pressure – mmHg 

Systolic 111.1 (7.0) 112.2 (6.7) 125.0 (2.9) 125.0 (2.9) 134.6 (3.0) 134.4 (3.0) 144.2 (2.9) 144.0 (3.0) 161.6 (11.0) 162.1 (11.5) 
Diastolic 68.7 (8.9) 69.8 (8.2) 75.5 (8.4) 75.4 (7.7) 77.6 (9.1) 77.8 (8.3) 80.3 (10.2) 79.3 (9.6) 83.0 (11.4) 82.3 (12.5) 

eGFR – mL/min/1.73m2 43.2 (12.4) 41.8 (11.8) 44.4 (12.4) 43.5 (11.9) 43.4 (11.9) 43.5 (12.7) 41.9 (12.1) 43.5 (13.0) 43.2 (12.7) 42.2 (12.1) 
HbA1c – % 6.8 (1.8) 6.7 (1.8) 6.8 (1.7) 7.0 (1.8) 7.3 (1.8) 7.1 (1.7) 7.2 (1.7) 7.1 (1.6) 7.2 (1.7) 7.2 (1.7) 
UACR (Q1–Q3) 697 

(402, 1363) 
682 
(408, 1240) 

796 
(395, 1619) 

791 
(435, 1574) 

923 
(443, 1792) 

907 
(465, 1811) 

1105 
(541, 2117) 

953 
(508, 1973) 

1282 
(573, 2606) 

1388 
(662, 2426) 

UACR > 1000 mg/g – n (%) 113 (35.2) 110 (35.6) 183 (43.0) 159 (41.7) 256 (47.8) 257 (45.9) 227 (54.4) 217 (49.1) 269 (59.4) 288 (62.6) 
Type 2 diabetes – n (%) 173 (53.9) 151 (48.9) 249 (58.4) 236 (61.9) 382 (71.4) 386 (68.9) 304 (71.9) 327 (74.0) 347 (76.6) 351 (76.3) 
Duration of diabetes – year 
(Q1–Q3) 

13.0 
(6.5, 21.1) 

14.6 
(8.0, 20.2) 

11.6 
(6.1, 18.6) 

13.1 
(7.7, 19.4) 

13.9 
(7.0, 20.8) 

12.9 
(6.8, 19.6) 

14.2 
(6.8, 21.3) 

14.2 
(7.7, 21.1) 

15.2 
(8.4, 20.9) 

15.6 
(7.9, 21.6) 

CV disease – n (%) 98 (30.5) 93 (30.1) 135 (31.7) 121 (31.8) 217 (40.6) 213 (38.0) 180 (43.2) 175 (39.6) 183 (40.4) 195 (42.4) 
Prior medication – n (%) 

ACE inhibitor/ARB 312 (97.2) 299 (96.8) 420 (98.6) 370 (97.1) 525 (98.1) 550 (98.2) 409 (98.1) 427 (96.6) 446 (98.4) 451 (98.0) 
Diuretic 108 (33.6) 109 (35.3) 168 (39.4) 156 (40.9) 221 (41.3) 236 (42.1) 183 (43.9) 212 (48.0) 248 (54.7) 241 (52.4) 
Insulin ∗ 95 (54.9) 79 (52.3) 130 (52.2) 132 (55.9) 215 (56.3) 198 (51.3) 173 (56.9) 169 (51.7) 201 (57.9) 206 (58.7) 

∗ in participants with diabetes. Data are represented as mean (SD) unless indicated otherwise. ACE, angiotensin converting enzyme; ARB, angiotensin receptor blockers; CV, cardiovascular; eGFR, estimated glomerular filtration 
rate; SBP, systolic blood pressure; UACR, urinary albumin-creatinine ratio. 
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Figure 2. Effect of dapagliflozin on mean SBP across prespecified subgroups. eGFR, estimated glomerular filtration rate; systolic 
blood pressure; UACR, urinary-albumin-to-creatinine. 

Figure 3. Changes in DBP over time and as stratified by type 
2 diabetes status. DBP, diastolic blood pressure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the somewhat disparate results in one category (baseline
SBP 140−< 150 mmHg) are unknown and may be due
to chance. Figure 5 shows the HR (dapagliflozin versus
placebo) for the primary composite endpoint consider-
ing baseline SBP as a continuous variable in all partic-
ipants ( panel A ) and participants with ( panel B ) and
without ( panel C ) type 2 diabetes. These figures suggest
a more pronounced benefit of dapagliflozin among par-
ticipants with lower baseline SBP, although there was no
statistical evidence of heterogeneity. There was no addi-
tional effect modification on the primary composite end-
point by baseline eGFR (randomized treatment × base-
line SBP × baseline eGFR; interaction P = .96) or base-
line UACR (randomized treatment × baseline SBP × base-
line UACR; interaction P = .29). Figure 6 shows the HR
(dapagliflozin versus placebo) for the primary composite
endpoint considering baseline DBP as a continuous vari-
able in all participants ( panel A ) and participants with
( panel B ) and without ( panel C ) type 2 diabetes. 

Safety 

The risk of any SAE was similar between dapagliflozin
and placebo and did not vary across baseline SBP cate-
gories ( Table 2 ). There were no notable numerical imbal-
ances in AEs related to volume depletion except among
participants with baseline SBP < 120 mmHg. 

Discussion 

In this prespecified analysis of data from the DAPA-CKD
trial, we demonstrate that treatment with dapagliflozin
results in a modest but clinically meaningful placebo-
adjusted reduction in SBP, evident soon after initiation of
therapy and maintained over the course of the trial. The
magnitude reduction in SBP was similar to that provided
by several commonly prescr ibed antihyper tensive agents
or following renal denervation. 15-19 There were small cor-
responding changes in DBP as well. The benefits of da-
pagliflozin on the primary endpoint – a composite of
progressive kidney disease (including kidney failure) or
death due to kidney or cardiovascular disease – as well
as on all other secondary endpoints, were evident across
the spectrum of baseline SBP and DBP. 

These results confirm and extend previously published
studies examining the effects of SGLT2 inhibitors on
blood pressure. 20 , 21 In patients with type 2 diabetes,
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Figure 4. Primary and secondary endpoints according to baseline SBP and by the presence or absence of resistant hypertension at 
baseline. ∗Continuous ordinal interaction. Absolute risk reduction rates are based on n/N%. eGFR, estimated glomerular filtration rate; 
SBP, systolic blood pressure. 

Figure 5. Spline curves for relationship treatment effects for 
primary outcome as function of baseline SBP. SBP, systolic 
blood pressure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

hypertension and normal or near normal kidney func-
tion, all of whom were treated with either angiotensin-
converting enzyme (ACE) inhibitors or angiotensin re-
ceptor blockers (ARBs) and at least 1 additional anti-
hypertensive drug, dapagliflozin (placebo-adjusted) re-
duced mean 24-hour ambulatory SBP by 4.3 mmHg. 20 A
post-hoc analysis of the CREDENCE trial reported that in
patients with CKD (eGFR 30-90 mL/min/1.732 and type
2 diabetes, with UACR 300-5000 mg/g), canagliflozin re-
duced SBP by 3.5 mmHg (placebo-adjusted), an effect
similar in magnitude to what we observed. 21 The mag-
nitude of blood pressure lowering effects observed in
DAPA-CKD are also in keeping with results from meta-
analyses of published SGLT2 inhibitor trials. 22 , 23 In con-
trast to earlier trials exclusively enrolling participants
with type 2 diabetes, DAPA-CKD included participants
with and without type 2 diabetes and with more ad-
vanced CKD (stages G2-G4/A2-A3) who are more likely
to exhibit resistant hypertension. 

The 2017 Hypertension Guidelines put forth by the
American College of Cardiology (ACC) and American
Heart Association (AHA) along with nine other profes-
sional organizations redefined hypertension as SBP 130-
139 mmHg or DBP 80-89 mmHg (stage 1) and SBP ≥140
mmHg or SBP ≥90 mmHg (stage 2); the guidelines de-
fined SBP 120-129 mmHg and DBP < 80 mmHg as “el-
evated blood pressure.” The guidelines highlighted the
very high prevalence of hypertension in the adult pop-
ulation (in the US and other countries) and evidence
in support of heightened risk of cardiovascular disease
and mortality among persons with hypertension or ele-
vated blood pressure relative to those with normal blood
pressure. 24 Patients with CKD exhibit much higher rates
of hypertension than persons with normal or near nor-
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Table 2. Safety according to baseline SBP. 

Outcome, n (%) Dapagliflozin (n = 2149) Placebo (n = 2149) Odds ratio (95%CI) P -interaction 

SBP < 120 (n = 629) 321 308 
SBP 120 to < 130 (n = 807) 426 381 
SBP 130 to < 140 (n = 1,094) 534 560 
SBP 140 to < 150 (n = 859) 417 442 
SBP ≥150 (n = 909) 451 458 

Discontinuation due to AEs .64 
SBP < 120 (n = 629) 18 (5.6) 18 (5.8) 1.01 (0.51, 2.00) 
SBP 120 to < 130 (n = 807) 22 (5.2) 19 (5.0) 1.06 (0.57, 2.01) 
SBP 130 to < 140 (n = 1,094) 22 (4.1) 34 (6.1) 0.66 (0.38, 1.15) 
SBP 140 to < 150 (n = 859) 24 (5.8) 20 (4.5) 1.22 (0.66, 2.26) 
SBP ≥150 (n = 909) 32 (7.1) 32 (7.0) 1.05 (0.63, 1.76) 

Any SAEs ∗ .87 
SBP < 120 (n = 629) 82 (25.5) 93 (30.2) 0.80 (0.56, 1.14) 
SBP 120 to < 130 (n = 807) 97 (22.8) 113 (29.7) 0.70 (0.51, 0.97) 
SBP 130 to < 140 (n = 1,094) 157 (29.4) 180 (32.1) 0.88 (0.68, 1.14) 
SBP 140 to < 150 (n = 859) 128 (30.7) 151 (34.2) 0.84 (0.63, 1.11) 
SBP ≥150 (n = 909) 169 (37.5) 192 (41.9) 0.84 (0.64, 1.10) 

Volume depletion .60 
SBP < 120 (n = 629) 28 (8.7) 12 (3.9) 2.36 (1.2, 4.9) 
SBP 120 to < 130 (n = 807) 33 (7.7) 24 (6.3) 1.25 (0.73, 2.17) 
SBP 130 to < 140 (n = 1,094) 23 (4.3) 18 (3.2) 1.36 (0.72, 2.57) 
SBP 140 to < 150 (n = 859) 20 (4.8) 16 (3.6) 1.34 (0.69, 2.66) 
SBP ≥150 (n = 909) 23 (5.1) 20 (4.4) 1.18 (0.64, 2.19) 

Acute kidney injury .70 
SBP < 120 (n = 629) 22 (6.9) 20 (6.5) 1.06 (0.57, 2.0) 
SBP 120 to < 130 (n = 807) 24 (5.6) 31 (8.1) 0.67 (0.38, 1.17) 
SBP 130 to < 140 (n = 1094) 33 (6.2) 48 (8.6) 0.70 (0.44, 1.11) 
SBP 140 to < 150 (n = 859) 33 (7.9) 35 (7.9) 1.0 (0.61, 1.64) 
SBP ≥150 (n = 909) 43 (9.5) 54 (11.8) 0.79 (0.51, 1.20) 

∗ Includes death. AE, adverse event; SAE, serious adverse event; SBP, systolic blood pressure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mal kidney function, and suffer large excess of associ-
ated complications, particularly heart failure, stroke, and
arrhythmia, including sudden death. 1 While lifestyle in-
terventions, including exercise, weight loss, and dietary
modification (including salt restriction) are typically rec-
ommended for patients with and without CKD, they are
rarely sufficient to bring hypertensive patients toward
the “elevated” or normal blood pressure range. ACE in-
hibitors and ARBs (either/or) are considered first-line
agents for the treatment of hypertension in the general
population and are strongly recommended for patients
with CKD. Particularly in patients with CKD and albu-
minuria or proteinuria, high-quality evidence has demon-
strated ACE inhibitors and ARBs impart meaningful ben-
efits in terms of slowing progression of CKD, 25-27 and
potentially improve or preserve left ventricular function
relative to other antihypertensive agents that can lower
SBP and/or DBP but do not reduce the risk of progres-
sive kidney disease or cardiovascular events. 28-31 Since
randomized clinical trials have demonstrated substantial
benefits of SGLT2 inhibitors in patients with CKD and
albuminuria, these agents should be prescribed for rea-
sons other than lowering blood pressure. However, use
of dapagliflozin in addition to, or in place of, antihyper-
tensive agents other than ACE inhibitors or ARBs could
improve control of hypertension and provide incremen-
tal benefits, while ameliorating potential AEs, avoiding
less well-tolerated antihypertensive agents or using them
at lower doses than might otherwise be required. 

The mechanism for blood pressure lowering effects is
thought to be explained by modest natriuresis and diure-
sis. Several studies have reported that SGLT2 inhibitors
induce transient increases in urine volume and natriure-
sis in patients with type 2 diabetes, accompanied by
a plasma volume contraction and increases in hemat-
ocrit. 32 , 33 However, these studies were not performed in
patients with standardized sodium intake, which would
be required to reliably assess effects on natriuresis and
blood pressure. In a carefully designed study during
which participants were subject to standardized sodium
restriction, dapagliflozin did not increase 24-hour sodium
or volume excretion after 4 days or 14 days of treatment
in participants with type 2 diabetes or in those with
CKD without type 2 diabetes, suggesting that mecha-
nisms other than diuresis may account for the blood pres-
sure lowering properties of dapagliflozin. 34 , 35 These may
include inhibition of the sympathetic nerve system or
restoration of endothelial function as suggested by stud-
ies demonstrating improvements in pulse wave velocity
and endothelial glycocalyx during SGLT2 inhibition. 36-38 
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Figure 6. Spline curves for relationship treatment effects for 
primary outcome as function of baseline DBP. DBP, diastolic 
blood pressure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

These analyses have several strengths. Data were de-
rived from a randomized trial and major kidney and car-
diovascular events were adjudicated by an independent
panel. Tr ial par ticipants were diverse by age, sex, coun-
try 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 ACE inhibitors or ARBs and other agents proven
to reduce rates of cardiovascular disease. We saw mod-
est but clinically meaningful reductions in SBP that were
consistent across subgroups categorized by an array of
baseline characteristics. We observed benefits of da-
pagliflozin on kidney and cardiovascular disease across
the spectrum of baseline SBP and DBP. There are also
several limitations. DAPA-CKD was not designed to de-
termine the effects of dapagliflozin on blood pressure.
As such, there were no instructions provided on recom-
mended equipment, physical location, timing, number of
repeated measurements, or other methods of blood pres-
sure determination. Other than the requirement that par-
ticipants be treated with guideline recommended, max-
imally tolerated doses of ACE inhibitors or ARBs, the
approach to hypertension management was left to the
discretion of the investigators, vis-a-vis the blood pres-
sure target and the approaches – pharmacologic and
nonpharmacologic – undertaken to achieve the desired
level of control. There were no specific dietary recom-
mendations provided to trial participants. Since antihy-
pertensive agents other than ACE inhibitors and ARBs
were not consistently administered, we were unable to
determine whether the antihypertensive effects of da-
pagliflozin were enhanced or diminished with coadmin-
istration of other agents. However, we have previously
demonstrated that the kidney and cardiovascular bene-
fits of dapagliflozin were consistently observed with and
without use of several cardiovascular medications, in-
cluding commonly prescribed antihypertensive classes,
including beta adrenergic antagonists, calcium channel
blockers, and diuretic agents. 39 Finally, we should note
that the average effect of dapagliflozin on SBP falls below
that observed for medications (or devices) developed
for the control of hyper tension; never theless, among pa-
tients who are receiving dapagliflozin for other approved
indications, its effect on SBP may offer some incremental
benefit. 

In summary, among participants enrolled in the DAPA-
CKD trial with and without type 2 diabetes with CKD
stages G2−G4/A2−A3, dapagliflozin yielded a roughly
3 mmHg placebo-adjusted reduction in SBP. The bene-
ficial effects of dapagliflozin on kidney and cardiovascu-
lar events were evident across the spectrum of SBP and
DBP. These findings should inform clinical decisions un-
dertaken when aiming to optimize control of hyperten-
sion in patients with CKD. 

Funding 

The DAPA-CKD trial and support for publication of this
manuscript was funded by AstraZeneca. 

Conflict of interest 
HJLH has received a grant/contract from AstraZeneca,

Boehringer Ingelheim, Janssen, Novo Nordisk and has
received consulting fees from AstraZeneca, Abbvie,
Boehringer Ingelheim, CSL Behring, Bayer, Chinook,
Dimerix, EliLilly, Gilead, Goldfinch, Merck, Novartis,
NovoNordisk, Janssen, Travere Pharmaceuticals. He has
received honoraria from AstraZeneca and Novo Nordisk,
and travel grant from Eli-Lilly. 

MP, PV, and RT report no conflicts of interest. 
NJ reports travel grants from AstraZeneca. 
RC-R has received support from AstraZeneca for this

manuscript as being a member of the DAPA-CKD steer-
ing committee. He has received grants from AstraZeneca,
GlaxoSmithKline, and Novo Nordisk; and honoraria as



American Heart Journal
Volume 270

Heerspink et al 133

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

speaker fees from AstraZeneca, Bayer, Boehringer Ingel-
heim, Amgen, and Janssen. He has received support for
a leadership/fiduciary role from the Latin American Soci-
ety of Nephrology as a member of the Diabetes Commit-
tee. 

PR has received honoraria to Steno Diabetes Cen-
tre Copenhagen for DAPA-CKD steering committee
participation from AstraZeneca for this manuscript.
He has received grants from AstraZeneca, Novo
Nordisk, and Bayer; and consulting fees from Astel-
las, Astra Zeneca, Boehringer Ingelheim, Bayer, Gilead,
Novo Nordisk, Merck, and Sanofi. He has also re-
ceived honoraria/payment from Eli-Lilly as speaker
fees. 

PBM reports lecture fees and travel to meetings sup-
port from Vifor, Astrazeneca, Pharmacosmos, Napp,
Astellas, lecture fees from Novartis, Astellas, GSK and
grants from Boehringer Ingelheim outside the submitted
work. 

RP-F has received research grants from Fresenius Med-
ical Care, National Council for Scientific and Technolog-
ical Development, grants (paid to employer) from Astra
Zeneca, Boehringer-Lilly, Novo Nordisk, Akebia, Bayer for
participation in advisory boards and educational activi-
ties. RP-F is employed by Arbor Research Collaborative
for health, which runs the DOPPS studies. 

JJVM has received payments to his employer, Glas-
gow University, as support on the current manuscript
from AstraZeneca. He has received payment/honoraria
for lecture fees from Abbott, Alkem Metabolics, Eris Life-
sciences, Astra Zeneca, Blue Ocean Scientific Solutions
Ltd., Boehringer Ingelheim, Canadian Medical and Sur-
gical Knowledge, Emcure Pharmaceuticals Ltd., Euro-
pean Academy of CME, Hikma Pharmaceuticals, Imagica
Health, and Intas Pharmaceuticals. 

AML is an employee and stockholder of AstraZeneca. 
DCW has received support from AstraZeneca for the

current manuscript and consultancy fees from Amgen,
Boehringer Ingelheim, Eledon, GlaxoSmithKline, Gilead,
George Clinical, Galderma, Janssen, Mundipharma,
Merck Sharp and Dohme, ProKidney, Tricida, Vifor, and
Zydus. He has received honoraria from Astellas, As-
traZeneca, Boehringer Ingelheim, Intas, and Vifor; and
travel grants from AstraZeneca, Astellas. He has received
a grant for the NIHR HTA programme and has played a
leadership/fiduciary role as the NIHR National specialty
Lead for Renal Disorders (UK). 

GMC has received fees from AstraZeneca for serving
as a member of the DAPA-CKD steering committee. Dr.
Chertow has served on the Board of Directors of Satel-
lite Healthcare, a non-profit dialysis provider. He has
served as Chair or Co-Chair of Trial Steering Committees
with Akebia, AstraZeneca, CSL Behring, Sanifit, and Ver-
tex. He has served as an Advisor to Applaud, Ardelyx,
CloudCath, Durect, Eliaz Therapeutics, Miromatrix, Out-
set, Physiowave, Renibus, and Unicycive. He has served
on Data Safety Monitoring Boards with Bayer, Mineralys,
and ReCor. 

CRediT authorship contribution 

statement 

Hiddo JL Heerspink: Writing – review & editing, Vali-
dation, Methodology, Investigation, Formal analysis, Con-
ceptualization. Michele Pr ovenzano: Wr iting – review
& editing, Validation, Formal analysis. Priya Vart: Writ-
ing – review & editing, Software, Formal analysis, Data
curation. Niels Jongs: Writing – review & editing, Soft-
ware, Formal analysis, Data curation. Ricardo Correa-
Rotter: Writing – review & editing, Methodology, Investi-
gation, Formal analysis. Peter Rossing: Writing – review
& editing, Visualization, Validation, Methodology, Inves-
tigation, Formal analysis, Conceptualization. Patrick B.
Mark: Writing – review & editing. Roberto Pecoits-
Filho: Writing – review & editing, Validation, Method-
ology, Investigation. John JV McMurray: Writing – re-
view & editing, Validation, Investigation, Formal analy-
sis. Anna Maria Langkilde: Writing – review & editing,
Validation, Methodology, Investigation, Formal analysis,
Conceptualization. David C. Wheeler: Writing – review
& editing, Validation, Methodology, Investigation, For-
mal analysis, Conceptualization. Robert B. Toto: Writ-
ing – review & editing, Methodology, Investigation, For-
mal analysis. Glenn M. Chertow: Writing – review &
editing, Validation, Methodology, Investigation, Formal
analysis. 

Data availability 

Data underlying the findings described in this
manuscript may be obtained in accordance with
AstraZeneca’s data sharing policy described at
https://astrazenecagrouptrials.pharmacm.com/ST/ 
Submission/Disclosure . 

Data for studies directly listed on Vivli can
be requested through Vivli at www.vivli.org .
Data for studies not listed on Vivli could be re-
quested through Vivli at https://vivli.org/members/
enquiries- about- studies- not- listed- on- the- vivli- platform/ . 
AstraZeneca Vivli member page is also available out-
lining further details: https://vivli.org/ourmember/
astrazeneca/ . 

Acknowledgments 

The authors thank all investigators, trial teams, and
patients for their participation in the trial. The au-
thors would also like to acknowledge Paulina Paksaite
and Parita Sheth, inScience Communications, Springer
Healthcare Ltd, London, UK, for assistance in editing and
preparation of figures. This support was funded by As-
traZeneca. Dr. Toto’s contribution to this manuscript was

https://astrazenecagrouptrials.pharmacm.com/ST/Submission/Disclosure
http://www.vivli.org
https://vivli.org/members/enquiries-about-studies-not-listed-on-the-vivli-platform/
https://vivli.org/ourmember/astrazeneca/


134 Heerspink et al American Heart Journal
April 2024

 

 

 

 

 

 

 

 

 

 

 

 

 

suppor ted in par t by endowments from the Mary M. Con-
roy Professorship in Kidney Diseases and the Houston J
and Florence A Dosswell Centre for Development of New
Approaches for the Treatment of Hypertension. 

References 

1. Renal Data System. USRDS 2021 Annual Data Report: Atlas of 
Chronic Kidney Disease and End-Stage Renal Disease in the 
United States. Bethesda, MD: National Institutes of Health, 
National Institute of Diabetes and Digestive and Kidney Diseases;
2021. https://adr.usrds.org/2021/chronic- kidney- disease/ 
2- identification- and- care- of- patients- with- ckd . Accessed February 
14, 2022. 

2. Alencar de Pinho N, Levin A, Fukagawa M, et al. Considerable 
international variation exists in blood pressure control and 
antihypertensive prescription patterns in chronic kidney disease. 
Kidney Int 2019;96:983–94. doi: 10.1016/j.kint.2019.04.032 . 

3. Ene-Iordache B, Perico N, Bikbov B, et al. Chronic kidney disease
and cardiovascular risk in six regions of the world (ISN-KDDC): a 
cross-sectional study. Lancet Glob Health 2016;4:e307–19. 
doi: 10.1016/s2214-109x(16)00071-1 . 

4. Cheung AK, Rahman M, Reboussin DM, et al. Effects of intensive 
BP control in CKD. J Am Soc Nephrol 2017;28:2812–23. 
doi: 10.1681/asn.2017020148 . 

5. KDIGO. 2021 clinical practice guideline for the management of 
blood pressure in chronic kidney disease. Kidney Int 
2021;99:S1–s87. doi: 10.1016/j.kint.2020.11.003 . 

6. Heerspink HJL, Stefánsson BV, Correa-Rotter R, et al. 
Dapagliflozin in patients with chronic kidney disease. N Engl J 
Med 2020;383:1436–46. doi: 10.1056/NEJMoa2024816 . 

7. Perkovic V, Jardine MJ, Neal B, et al. Canagliflozin and renal 
outcomes in Type 2 diabetes and nephropathy. N Engl J Med 
2019;380:2295–306. doi: 10.1056/NEJMoa1811744 . 

8. Heerspink HJ, Perkins BA, Fitchett DH, et al. Sodium glucose 
cotransporter 2 inhibitors in the treatment of diabetes mellitus: 
cardiovascular and kidney effects, potential mechanisms, and 
clinical applications. Circulation 2016;134:752–72. 
doi: 10.1161/circulationaha.116.021887 . 

9. Oliva RV, Bakris GL. Blood pressure effects of sodium-glucose 
co-transport 2 (SGLT2) inhibitors. J Am Soc Hypertens 
2014;8:330–9. doi: 10.1016/j.jash.2014.02.003 . 

10. Heerspink HJL, Jongs N, Chertow GM, et al. Effect of 
dapagliflozin on the rate of decline in kidney function in patients 
with chronic kidney disease with and without type 2 diabetes: a 
prespecified analysis from the DAPA-CKD trial. Lancet Diabetes 
Endocrinol 2021;9:743–54. 
doi: 10.1016/s2213-8587(21)00242-4 . 

11. Heerspink HJL, Stefansson BV, Chertow GM, et al. Rationale and 
protocol of the Dapagliflozin And Prevention of Adverse 
outcomes in Chronic Kidney Disease (DAPA-CKD) randomized 
controlled trial. Nephrol Dial Transplant 2020;35:274–82. 
doi: 10.1093/ndt/gfz290 . 

12. Jongs N, Greene T, Chertow GM, et al. Effect of dapagliflozin on
urinary albumin excretion in patients with chronic kidney disease 
with and without type 2 diabetes: a prespecified analysis from 

the DAPA-CKD trial. Lancet Diabetes Endocrinol 2021;9:755–66.
doi: 10.1016/s2213-8587(21)00243-6 . 

13. Persson F, Rossing P, Vart P, et al. Efficacy and safety of 
dapagliflozin by baseline glycemic status: a prespecified analysis
from the DAPA-CKD trial. Diabetes Care 2021;44:1894–7. 
doi: 10.2337/dc21-0300 . 

14. Wheeler DC, Stefansson BV, Batiushin M, et al. The dapagliflozin
and prevention of adverse outcomes in chronic kidney disease 
(DAPA-CKD) trial: baseline characteristics. Nephrol Dial 
Transplant 2020;35:1700–11. doi: 10.1093/ndt/gfaa234 . 

15. Heran BS, Galm BP, Wright JM. Blood pressure lowering efficacy
of alpha blockers for primary hypertension. Cochrane Database 
Syst Rev 2012:CD004643. 
doi: 10.1002/14651858.CD004643.pub3 . 

16. Wong GW, Boyda HN, Wright JM. Blood pressure lowering 
efficacy of beta-1 selective beta blockers for primary 
hypertension. Cochrane Database Syst Rev 2016;3:Cd007451. 
doi: 10.1002/14651858.CD007451.pub2 . 

17. Heran BS, Wong MM, Heran IK, Wright JM. Blood pressure 
lowering efficacy of angiotensin converting enzyme (ACE) 
inhibitors for primary hypertension. Cochrane Database Syst Rev 
2008;2008:Cd003823. 
doi: 10.1002/14651858.CD003823.pub2 . 

18. Makani H, Bangalore S, Supariwala A, et al. Antihypertensive 
efficacy of angiotensin receptor blockers as monotherapy as 
evaluated by ambulatory blood pressure monitoring: a 
meta-analysis. Eur Heart J 2014;35:1732–42. 
doi: 10.1093/eurheartj/eht333 . 

19. Stavropoulos K, Patoulias D, Imprialos K, et al. Efficacy and safety
of renal denervation for the management of arterial hypertension:
a systematic review and meta-analysis of randomized, 
sham-controlled, catheter-based trials. J Clin Hypertens 
(Greenwich) 2020;22:572–84. doi: 10.1111/jch.13827 . 

20. Weber MA, Mansfield TA, Cain VA, et al. Blood pressure and 
glycaemic effects of dapagliflozin versus placebo in patients with 
type 2 diabetes on combination antihypertensive therapy: a 
randomised, double-blind, placebo-controlled, phase 3 study. 
Lancet Diabetes Endocrinol 2016;4:211–20. 
doi: 10.1016/s2213-8587(15)00417-9 . 

21. Ye N, Jardine MJ, Oshima M, et al. Blood pressure effects of 
canagliflozin and clinical outcomes in Type 2 diabetes and 
chronic kidney disease: insights from the CREDENCE trial. 
Circulation 2021;143:1735–49. 
doi: 10.1161/circulationaha.120.048740 . 

22. Baker WL, Smyth LR, Riche DM, et al. Effects of sodium-glucose 
co-transporter 2 inhibitors on blood pressure: a systematic review 

and meta-analysis. Journal of the American Society of 
Hypertension 2014;8:262–75 e269. 
doi: 101016/jjash201401007 . 

23. Baker WL, Buckley LF, Kelly MS, et al. Effects of sodium-glucose 
cotransporter 2 inhibitors on 24-hour ambulatory blood pressure: 
a systematic review and meta-analysis. J Am Heart Assoc 
2017;6:e005686. doi: 10.1161/JAHA.117.005686 . 

24. Whelton PK, Carey RM, Aronow WS, et al. 2017 
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/ 
NMA/PCNA guideline for the prevention, detection, evaluation, 
and management of high blood pressure in adults: a report of the
American College of Cardiology/American Heart Association 
Task Force on Clinical Practice Guidelines. Circulation 
2018;138:e484–594. 
doi: 10.1161/CIR.0000000000000596 . 

25. Maschio G, Alberti D, Janin G, et al. Effect of the 
angiotensin-converting-enzyme inhibitor benazepril on the 
progression of chronic renal insufficiency. The 
angiotensin-converting-enzyme inhibition in progressive renal 

https://adr.usrds.org/2021/chronic-kidney-disease/2-identification-and-care-of-patients-with-ckd
https://doi.org/10.1016/j.kint.2019.04.032
https://doi.org/10.1016/s2214-109x(16)00071-1
https://doi.org/10.1681/asn.2017020148
https://doi.org/10.1016/j.kint.2020.11.003
https://doi.org/10.1056/NEJMoa2024816
https://doi.org/10.1056/NEJMoa1811744
https://doi.org/10.1161/circulationaha.116.021887
https://doi.org/10.1016/j.jash.2014.02.003
https://doi.org/10.1016/s2213-8587(21)00242-4
https://doi.org/10.1093/ndt/gfz290
https://doi.org/10.1016/s2213-8587(21)00243-6
https://doi.org/10.2337/dc21-0300
https://doi.org/10.1093/ndt/gfaa234
https://doi.org/10.1002/14651858.CD004643.pub3
https://doi.org/10.1002/14651858.CD007451.pub2
https://doi.org/10.1002/14651858.CD003823.pub2
https://doi.org/10.1093/eurheartj/eht333
https://doi.org/10.1111/jch.13827
https://doi.org/10.1016/s2213-8587(15)00417-9
https://doi.org/10.1161/circulationaha.120.048740
https://doi.org/101016/jjash201401007
https://doi.org/10.1161/JAHA.117.005686
https://doi.org/10.1161/CIR.0000000000000596


American Heart Journal
Volume 270

Heerspink et al 135

 

 

 

insufficiency study group. N Engl J Med 1996;334:939–45. 
doi: 10.1056/nejm199604113341502 . 

26. Randomised placebo-controlled trial of effect of ramipril on 
decline in glomerular filtration rate and risk of terminal renal 
failure in proteinuric, non-diabetic nephropathy. The GISEN 

Group (Gruppo Italiano di Studi Epidemiologici in Nefrologia). 
Lancet 1997;349:1857–63 . 

27. Brenner BM, Cooper ME, de Zeeuw D, et al. Effects of losartan 
on renal and cardiovascular outcomes in patients with type 2 
diabetes and nephropathy. N Engl J Med 2001;345:861–9. 
doi: 10.1056/NEJMoa011161 . 

28. Agodoa LY, Appel L, Bakris GL, et al. Effect of ramipril vs 
amlodipine on renal outcomes in hypertensive nephrosclerosis: a 
randomized controlled trial. Jama 2001;285:2719–28. 
doi: 10.1001/jama.285.21.2719 . 

29. Wright JT, Bakris G, Greene T, et al. Effect of blood pressure 
lowering and antihypertensive drug class on progression of 
hypertensive kidney disease: results from the AASK trial. Jama 
2002;288:2421–31. doi: 10.1001/jama.288.19.2421 . 

30. . Major outcomes in high-risk hypertensive patients randomized 
to angiotensin-converting enzyme inhibitor or calcium channel 
blocker vs diuretic: The Antihypertensive and Lipid-Lowering 
Treatment to Prevent Heart Attack Trial (ALLHAT). Jama 
2002;288:2981–97. doi: 10.1001/jama.288.23.2981 . 

31. Lewis EJ, Hunsicker LG, Clarke WR, et al. Renoprotective effect of
the angiotensin-receptor antagonist irbesartan in patients with 
nephropathy due to type 2 diabetes. N Engl J Med 
2001;345:851–60. doi: 10.1056/NEJMoa011303 . 

32. Heerspink HJL, de Zeeuw D, Wie L, et al. Dapagliflozin a 
glucose-regulating drug with diuretic properties in subjects with 
type 2 diabetes. Diabetes, Obes Metabolism 2013;15:853–62. 
doi: 10.1111/dom.12127 . 
33. Wilcox CS, Shen W, Boulton DW, et al. Interaction between the 
sodium-glucose-linked transporter 2 inhibitor dapagliflozin and 
the loop diuretic bumetanide in normal human subjects. J Am 

Heart Assoc 2018;7:e007046. 
doi: 10.1161/jaha.117.007046 . 

34. Scholtes RA, Muskiet MHA, van Baar MJB, et al. Natriuretic effect
of two weeks of dapagliflozin treatment in patients with type 2 
diabetes and preserved kidney function during standardized 
sodium intake: results of the DAPASALT trial. Diabetes Care 
2021;44:440–7. doi: 10.2337/dc20-2604 . 

35. Sen T, Scholtes R, Greasley PJ, et al. Effects of dapagliflozin on 
volume status and systemic haemodynamics in patients with 
chronic kidney disease without diabetes: results from DAPASALT 
and DIAMOND. Diabetes, Obesity and Metabolism 

2022;24:1578–87. doi: 10.1111/dom.14729 . 
36. Solini A, Giannini L, Seghieri M, et al. Dapagliflozin acutely 

improves endothelial dysfunction, reduces aortic stiffness and 
renal resistive index in type 2 diabetic patients: a pilot study. 
Cardiovasc Diabetol 2017;16:138. 
doi: 10.1186/s12933-017-0621-8 . 

37. Cooper S, Teoh H, Campeau MA, et al. Empagliflozin restores the
integrity of the endothelial glycocalyx in vitro. Mol Cell Biochem 

2019;459:121–30. doi: 10.1007/s11010-019-03555-2 . 
38. Papadopoulou E, Loutradis C, Tzatzagou G, et al. Dapagliflozin 

decreases ambulatory central blood pressure and pulse wave 
velocity in patients with type 2 diabetes: a randomized, 
double-blind, placebo-controlled clinical trial. J Hypertens 
2021;39:749–58. doi: 10.1097/hjh.0000000000002690 . 

39. Chertow GM, Correa-Rotter R, Vart P, et al. Effects of 
dapagliflozin in chronic kidney disease, with and without other 
cardiovascular medications: DAPA-CKD trial. J Am Heart Assoc 
2023;12:e028739. doi: 10.1161/jaha.122.028739 . 

https://doi.org/10.1056/nejm199604113341502
http://refhub.elsevier.com/S0002-8703(24)00033-4/sbref0026
https://doi.org/10.1056/NEJMoa011161
https://doi.org/10.1001/jama.285.21.2719
https://doi.org/10.1001/jama.288.19.2421
https://doi.org/10.1001/jama.288.23.2981
https://doi.org/10.1056/NEJMoa011303
https://doi.org/10.1111/dom.12127
https://doi.org/10.1161/jaha.117.007046
https://doi.org/10.2337/dc20-2604
https://doi.org/10.1111/dom.14729
https://doi.org/10.1186/s12933-017-0621-8
https://doi.org/10.1007/s11010-019-03555-2
https://doi.org/10.1097/hjh.0000000000002690
https://doi.org/10.1161/jaha.122.028739

	Dapagliflozin and Blood Pressure in Patients with Chronic Kidney Disease and Albuminuria
	Background
	Methods
	Study design
	Participants
	Procedures
	Endpoints
	Safety
	Statistical analysis

	Results
	Effects of dapagliflozin on SBP
	Effects of dapagliflozin on DBP
	Effects of dapagliflozin on primary composite and secondary endpoints by baseline SBP
	Safety

	Discussion
	Funding
	Conflict of interest
	CRediT authorship contribution statement
	Data availability

	Acknowledgments
	References


