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OBJECTIVES The authors sought to examine the effect of dapagliflozin across the spectrum of risk in patients enrolled

in DAPA-HF.

BACKGROUND In the DAPA-HF (Dapagliflozin And Prevention of Adverse-outcomes in Heart Failure) trial, the sodium-

glucose cotransporter 2 inhibitor dapagliflozin decreased the risk of worsening HF events and cardiovascular death in

patients with HF and reduced ejection fraction.

METHODS The MAGGIC (Meta-analysis Global Group in Chronic Heart Failure) and the PARADIGM-HF (Prospective

comparison of ARNI with ACEI to Determine Impact on Global Mortality and morbidity in Heart Failure) PREDICT-HF (Risk

of Events and Death in the Contemporary Treatment of Heart Failure) risk models were used to categorize patients

according to risk score quintiles. The authors analyzed rates of the primary composite outcome of a worsening HF event

or cardiovascular death, its components, and all-cause mortality according to risk quintile and whether risk modified the

effect of dapagliflozin.

RESULTS The MAGGIC score was available for 4,740 of 4,744 patients in DAPA-HF (median score 22 [IQR: 18–25]).

A1-point increase was associated with an 8.2% (95% CI: 6.9%–9.4%) higher relative risk of the primary endpoint

(P < 0.001). The benefit of dapagliflozin over placebo for the primary endpoint was similar across the spectrum of

MAGGIC risk score (interaction P ¼ 0.71). Applying the overall relative risk reduction (26%) with dapagliflozin added to

standard therapy resulted in 7 fewer patients in the highest MAGGIC risk quintile experiencing a primary outcome,

compared with 2 in the lowest quintile, per 100 person-years of treatment. The findings with PREDICT-HF were similar,

although this model led to better risk discrimination.

CONCLUSIONS The benefits of dapagliflozin were consistent across the broad spectrum of baseline risk in DAPA-HF.

(J Am Coll Cardiol HF 2022;10:104–118) © 2022 The Authors. Published by Elsevier on behalf of the American College of

CardiologyFoundation.This is anopenaccessarticleunder theCCBY license (http://creativecommons.org/licenses/by/4.0/).
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AB BR E V I A T I O N S

AND ACRONYM S

KCCQ = Kansas City

Cardiomyopathy Questionnaire

LVEF = left ventricular

ejection fraction

NNT = number needed to treat

NYHA = New York Heart

Association

= systolic blood pressure
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R isk in patients with heart failure (HF) is
poorly defined by individual clinical vari-
ables such as age, creatinine, or left ventricu-

lar ejection fraction (LVEF) (1-5). Physicians
informally integrate variables when assessing pa-
tients clinically, but the metric most often used in
practice, the New York Heart Association (NYHA)
classification, focuses on functional limitation related
to symptoms. Whereas it is modestly discriminating,
NYHA class has a limited role in predicting risk,
because of the lack of standardization and subjec-
tivity and the small number of categories available
(ie, most patients are placed in either class II or class
III, although classes I to IV are theoretically available)
(1-5). At one end of the NYHA functional class spec-
trum, well-treated patients may have few symptoms
and little functional limitation but remain at substan-
tial risk, as illustrated in prior trials recruiting pa-
tients predominantly in NYHA functional class II (6).
At the other end of the spectrum, patients in NYHA
functional class IV are rarely enrolled in trials,
because in many cases this is a transient state from
which patients either improve or deteriorate to the
point of hospital admission or death. Scores inte-
grating all relevant variables give a better assessment
of risk. Several are available, and the MAGGIC (Meta-
analysis Global Group in Chronic Heart Failure) score
is one of the most widely used because it requires
only standard clinical variables available in most
health care settings (6-10). However, it was devel-
oped before the widespread use of natriuretic pep-
tides, and the only validated outcome it predicts is
all-cause death (7). Recently, a new prediction tool,
the PARADIGM-HF (Prospective comparison of ARNI
with ACEI to Determine Impact on Global Mortality
and morbidity in Heart Failure) PREDICT-HF (Risk
of Events and Death in the Contemporary Treatment
of Heart Failure), was developed using the PARA-
DIGM-HF trial and validated in other large data sets,
and includes natriuretic peptides (11). We calculated
the baseline risk of patients in the Dapagliflozin And
Prevention of Adverse-outcomes in Heart Failure trial
using the MAGGIC and the PREDICT-HF risk scores.
We also examined the effect of dapagliflozin,
compared with placebo, according to baseline risk.

METHODS

DAPA-HF was a prospective, randomized, double-
blind, controlled trial in patients with HF with
reduced ejection fraction (HFrEF), in which
dapagliflozin 10 mg once daily was compared
with placebo, added to standard care (12-14).
Ethics committees at each participating institution
approved the protocol, and all patients gave
written informed consent.

STUDY PATIENTS. Men and women in NYHA
functional class II–IV with an LVEF #40%, an
elevated NT-proBNP level, and optimally
treated with pharmacological and device
therapy were eligible. Key exclusion criteria
included symptoms of hypotension or sys-
tolic BP (SBP) <95 mm Hg, eGFR <30 mL/min/
1.73 m2, type 1 diabetes mellitus, and another

condition likely to prevent patient participation in
the trial or greatly limit life expectancy (see design
paper for a full list of exclusion criteria) (12).

STUDY OUTCOMES. The primary outcome was the
composite of an episode of worsening HF (unplanned
hospitalization or an urgent visit resulting in intra-
venous therapy for HF) or cardiovascular death,
whichever occurred first. For the purposes of this
analysis, we examined the primary composite
outcome, its components, and the prespecified sec-
ondary endpoint of all-cause mortality.

Prespecified safety analyses included adverse
events leading to discontinuation of trial treatment
and adverse events of interest (ie, volume depletion,
renal events, major hypoglycemia, fractures, diabetic
ketoacidosis, amputation).

MAGGIC RISK SCORE. Briefly, the MAGGIC score was
developed using a multivariable risk model built after
examination of 31 candidate variables in 39,372 pa-
tients enrolled in 30 clinical trials and cohort studies
(7,15). Thirteen independent predictors of all-cause
mortality were identified: age (per 10 years), male
sex, BMI (per 1 kg/m2 increase up to 30 kg/m2), cur-
rent smoking, diabetes, SBP (per 10 mm Hg increase),
NYHA functional class, LVEF (per 5% increase up to
40%), COPD, HF duration >18 months, creatinine (per
10 mmol/L up to 350 mmol/L), ACE inhibitor/ARB use,
and b-blocker use (significant interactions between
LVEF and age and LVEF and SBP were also identified).
A simple integer score was derived. The maximum
score is 57, and an online risk calculator is available
(http://www.heartfailurerisk.org/).

PREDICT-HF RISK SCORE. The PREDICT-HF risk
calculator was developed from a multivariable risk
model built after examination of 63 candidate vari-
ables in 8,011 patients enrolled in the PARADIGM-HF
(Prospective comparison of ARNI with ACEI to
Determine Impact on Global Mortality and morbidity
in Heart Failure) trial and validated in 7,016 patients
in the ATMOSPHERE (Aliskiren Trial to Minimize
Outcomes in Patients with Heart Failure) and 2,794
patients in the Swedish Heart Failure Registry (11).
Thirty independent predictors of all-cause mortality

SBP



FIGURE 1 Distribution of MAGGIC and PREDICT-HF Risk Scores and Probability of Primary Composite Outcome According to Treatment Assignment

The gray bars represent the distribution of MAGGIC and PREDICT-HF risk scores in DAPA-HF (left-hand Y-axis). The right-hand Y-axis represents the predicted

probability of a primary composite outcome event over the median follow-up time of 18.2 months by randomized treatment.
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were identified (Supplemental Table 1). For this anal-
ysis we developed a PREDICT-HF pseudoscore from
the sum of the multiplication of each variable in the
model by the b-coefficient. Baseline survival was then
estimated using a constant from PARADIGM-HF, the
derivation cohort. For the purposes of comparison
with the MAGGIC risk score, a PREDICT-HF score was
multiplied by a factor of 10. The maximum score
observed was 83.8. An online risk calculator is avail-
able (http://www.predict-hf.com).

STATISTICAL ANALYSIS. Patients were divided into
quintiles of each of the MAGGIC and PREDICT-HF
scores. The effect of dapagliflozin compared with
placebo on each prespecified outcome across the
spectrum of risk was examined in a Cox regression
model. The interaction between risk and treatment
on the occurrence of each outcome was tested in a
Cox regression model with an interaction term be-
tween score quintile and treatment. For the com-
posite endpoint of total (including recurrent) HF
hospitalizations and cardiovascular death, we used a
semiparametric proportional rates model to test the
treatment effect and to quantify the treatment dif-
ference. Prespecified adverse events were also
examined according to risk score category. The asso-
ciation between a 1-point increase in MAGGIC and
PREDICT-HF score and risk of outcomes was exam-
ined by adding a factor indicating the risk score into
the models described above. The increase in risk
associated with a 1-point increase was calculated by
the exponentiating the b-coefficient for the score
variable from these models (ie, the hazard or rate
ratio per 1-point increase in score).
The MAGGIC score assigns 2 points to patients with
a duration of HF of 18 months or longer. However,
duration of HF in DAPA-HF was recorded in the cat-
egories 0 to 3 months, 3 to 6 months, 6 to 12 months, 1
to 2 years, 2 to 5 years, and >5 years. For the main
analysis we added 2 points to a patient’s score for an
HF duration $1 year and in a sensitivity analysis
(Supplemental Table 2) did this for patients with HF
for $2 years.

Serum potassium, hemoglobin, bilirubin, aspartate
aminotransferase, urea, and NT-proBNP levels were
available in DAPA-HF. For the remaining laboratory
values (albumin, uric acid, % monocytes, absolute
neutrophils, chloride, low-density lipoprotein, and
triglycerides), the medians from the PARADIGM-HF
cohort were used.

Model discrimination for all-cause death was
assessed by means of Harrell’s C-statistic. All analyses
were conducted using STATA version 16.1. A P value
of <0.05 was considered statistically significant.

RESULTS

Overall, 4,744 patients aged 22 to 94 years were ran-
domized. The mean age was 66.3 years, 76.6% of
participants were men, and 67.5% of patients were in
NYHA functional class II, 31.6% in functional class III,
and 0.9% in functional class IV.

MAGGIC RISK SCORE. Baseline MAGGIC risk score.
Figure 1 shows the distribution of MAGGIC risk scores
in DAPA-HF (calculable in 4,740 patients). The me-
dian score was 22 (IQR: 18–25; range 3–43 points).
Table 1 shows the number and proportion of

https://doi.org/10.1016/j.jchf.2021.09.002
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TABLE 1 Baseline Characteristics According to MAGGIC Risk Score Quintile

MAGGIC Risk Score Quintile

P Value for
Trend

Q1
(n ¼ 950)

Q2
(n ¼ 1,116)

Q3
(n ¼ 892)

Q4
(n ¼ 1,034)

Q5
(n ¼ 748)

MAGGIC Risk Score range 3-16 17-20 21-23 24-27 28-43

Age, y 56.2 � 9.1 63.1 � 9.1 67.4 � 9.1 71.4 � 8.4 75.9 � 6.9 <0.001

Sex <0.001

Female 276 (29.1) 304 (27.2) 203 (22.8) 217 (21.0) 109 (14.6)

Male 674 (70.9) 812 (72.8) 689 (77.2) 817 (79.0) 639 (85.4)

Race 0.60

White 658 (69.3) 795 (71.2) 635 (71.2) 725 (70.1) 516 (69.0)

Asian 231 (24.3) 247 (22.1) 200 (22.4) 242 (23.4) 196 (26.2)

Black or African American 43 (4.5) 53 (4.7) 44 (4.9) 54 (5.2) 32 (4.3)

Other 18 (1.9) 21 (1.9) 13 (1.5) 13 (1.3) 4 (0.5)

Region 0.11

Asia/Pacific 227 (23.9) 247 (22.1) 194 (21.7) 238 (23.0) 190 (25.4)

Europe 440 (46.3) 499 (44.7) 415 (46.5) 462 (44.7) 338 (45.2)

North America 105 (11.1) 140 (12.5) 119 (13.3) 169 (16.3) 141 (18.9)

South America 178 (18.7) 230 (20.6) 164 (18.4) 165 (16.0) 79 (10.6)

NYHA functional classification <0.001

II 843 (88.7) 863 (77.3) 621 (69.6) 589 (57.0) 283 (37.8)

III 107 (11.3) 247 (22.1) 263 (29.5) 433 (41.9) 448 (59.9)

IV 0 (0.0) 6 (0.5) 8 (0.9) 12 (1.2) 17 (2.3)

Heart rate, beats/min 72.5 � 11.9 71.2 � 11.2 71.4 � 12.2 71.2 � 11.6 71.2 � 11.5 0.033

Systolic blood pressure, mm Hg 126.3 � 16.9 123.6 � 16.4 122.5 � 15.8 119.5 � 15.6 115.6 � 14.5 <0.001

Left ventricular ejection fraction, % 34.2 � 5.1 31.9 � 6.4 30.3 � 7.0 30.0 � 6.9 28.1 � 7.1 <0.001

NT-proBNP, pg/mL 1,067.6
(648.5-1,747.7)

1,265.7
(775.7-2,267.9)

1,404.6
(859.9-2,549.4)

1,690.8
(1,064.5-3,074.7)

2,306.2
(1,287.1-4,403.6)

<0.001

KCCQ-TSS 79.2 (61.5-93.8) 79.2 (60.4-92.7) 78.1 (58.3-91.7) 77.1 (57.3-91.7) 75.0 (57.3-89.6) <0.001

Body mass index 30.2 � 6.3 29.0�6.2 28.2�5.6 27.1�5.4 25.6�5.0 <0.001

Principal cause of HF <0.001

Ischemic 465 (48.9) 625 (56.0) 504 (56.5) 586 (56.7) 491 (65.6)

Nonischemic 393 (41.4) 400 (35.8) 318 (35.7) 374 (36.2) 202 (27.0)

Unknown 92 (9.7) 91 (8.2) 70 (7.8) 74 (7.2) 55 (7.4)

Medical history

Hospitalization for HF 430 (45.3) 534 (47.8) 421 (47.2) 498 (48.2) 365 (48.8) 0.17

Atrial fibrillation 262 (27.6) 395 (35.4) 344 (38.6) 460 (44.5) 357 (47.7) <0.001

Type 2 diabetesa 239 (25.2) 407 (36.5) 403 (45.2) 503 (48.6) 431 (57.6) <0.001

Estimated GFR, mL/min/1.73 m2 of body surface area 79.5 � 17.7 70.7 � 17.9 64.5 � 17.4 59.3 � 16.7 51.4 � 14.9 <0.001

Estimated GFR rate <60 mL/min/1.73 m2 126 (13.3) 313 (28.0) 384 (43.0) 567 (54.8) 536 (71.7) <0.001

Device therapy

Implantable cardioverter-defibrillatorb 161 (16.9) 283 (25.4) 235 (26.3) 302 (29.2) 258 (34.5) <0.001

Cardiac-resynchronization therapyc 33 (3.5) 65 (5.8) 63 (7.1) 100 (9.7) 92 (12.3) <0.001

HF medication at randomization visit

Diuretic 762 (80.2) 931 (83.4) 762 (85.4) 886 (85.7) 665 (88.9) 0.001

ACE inhibitor 612 (64.4) 644 (57.7) 495 (55.5) 562 (54.4) 347 (46.4) <0.001

ARB 251 (26.4) 315 (28.2) 242 (27.1) 291 (28.1) 205 (27.4) 0.67

Sacubitril-valsartan 60 (6.3) 122 (10.9) 104 (11.7) 121 (11.7) 100 (13.4) <0.001

b-blocker 942 (99.2) 1,099 (98.5) 859 (96.3) 980 (94.8) 674 (90.1) <0.001

Mineralocorticoid receptor antagonist 689 (72.5) 813 (72.8) 636 (71.3) 719 (69.5) 513 (68.6) 0.019

Digitalis 151 (15.9) 193 (17.3) 159 (17.8) 229 (22.1) 155 (20.7) <0.001

Values are range, mean� SD, n (%), or median (IQR), unless otherwise indicated. Percentages may not total 100 because of rounding. a993 patients (41.8%) in the dapagliflozin group and 990 in the placebo
group (41.8%) had a history of diabetes at baseline. An additional 82 patients in the dapagliflozin group and 74 in the placebo group had previously undiagnosed diabetes defined as a glycated hemoglobin
level of 6.5% or greater ($48 mmol/mol) measured in a central laboratory at both screening and randomization. bEither implantable cardioverter-defibrillator or cardiac resynchronization therapy with a
defibrillator. cCardiac resynchronization therapy with or without a defibrillator.

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin-receptor blocker; ARNI ¼ angiotensin receptor-neprilysin inhibitor; LVEF ¼ left ventricular ejection fraction; MRA ¼ mineralocorticoid receptor
antagonist; NT-proBNP ¼ N-terminal pro-B-type natriuretic peptide; NYHA ¼ New York Heart Association; KCCQ-TSS¼ Kansas City Cardiomyopathy Questionnaire total symptom score: range from 0 to 100,
with higher scores indicating fewer symptoms and physical limitations associated with HF. A score of 75 or above is considered to reflect satisfactory health status.
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TABLE 2 Clinical Outcomes According to MAGGIC Risk Score Quintile

Outcome

MAGIC Risk Score Quintile

Interaction
P Value

Q1 (n ¼ 950) Q2 (n ¼ 1,116) Q3 (n ¼ 892) Q4 (n ¼ 1,034) Q5 (n ¼ 748)

Dapagliflozin Placebo Dapagliflozin Placebo Dapagliflozin Placebo Dapagliflozin Placebo Dapagliflozin Placebo

Primary composite outcomea

No. of events (%) 37/489
(7.6)

47/461
(10.2)

73/568
(12.9)

97/548
(17.7)

59/435
(13.6)

94/457
(20.6)

113/516
(21.9)

139/518
(26.8)

104/362
(28.7)

125/386
(32.4)

Rate (95% CI) 5.2
(3.7-7.1)

7.1
(5.3-9.4)

8.9
(7.0-11.1)

13.0
(10.7-15.9)

9.5
(7.3-12.2)

14.7
(12.0-17.9)

16.2
(13.5-19.5)

20.3
(17.2-23.9)

22.0
(18.2-26.7)

25.6
(21.5-30.6)

HR (95% CI) 0.73 (0.47-1.12) 0.71 (0.52-0.96) 0.63 (0.46-0.88) 0.80 (0.62-1.02) 0.84 (0.65-1.09) 0.71

Worsening HF eventa

No. of events (%) 19/489
(3.9)

22/461
(4.8)

46/568
(8.1)

67/548
(12.2)

42/435
(9.7)

55/457
(12.0)

70/516
(13.6)

96/518
(18.5)

60/362
(16.6)

86/386
(22.3)

Rate (95% CI) 2.7
(1.7-4.2)

3.3
(2.2-5.0)

5.6
(4.2-7.5)

9.0
(7.1-11.4)

6.7
(5.0-9.1)

8.6
(6.6-11.2)

10.0
(7.9-12.7)

14.0
(11.5-17.1)

12.7
(9.9-16.4)

17.6
(14.3-21.8)

HR (95% CI) 0.79 (0.43-1.45) 0.65 (0.44-0.94) 0.77 (0.51-1.15) 0.72 (0.53-0.98) 0.69 (0.49-0.96) 0.96

Cardiovascular death

No. of events (%) 21/489
(4.3)

29/461
(6.3)

36/568
(6.3)

46/548
(8.4)

30/435
(6.9)

53/457
(11.6)

65/516
(12.6)

77/518
(14.9)

75/362
(20.7)

68/386
(17.6)

Rate (95% CI) 2.9
(1.9-4.4)

4.3
(3.0-6.1)

4.2
(3.0-5.8)

5.8
(4.3-7.7)

4.6
(3.2-6.6)

7.8
(6.0-10.2)

8.8
(6.9-11.2)

10.3
(8.2-12.9)

14.9
(11.9-18.7)

12.4
(9.8-15.8)

HR (95% CI) 0.67 (0.38-1.17) 0.74 (0.48-1.14) 0.59 (0.37-0.92) 0.85 (0.61-1.18) 1.20 (0.86-1.66) 0.10

All-cause death

No. of events (%) 27/489
(5.5)

34/461
(7.4)

46/568
(8.1)

54/548
(9.9)

37/435
(8.5)

63/457
(13.8)

82/516
(15.9)

93/518
(18.0)

84/362
(23.2)

85/386
(22.0)

Rate (95% CI) 3.7
(2.5-5.4)

5.0
(3.6-7.0)

5.3
(4.0-7.1)

6.8
(5.2-8.9)

5.7
(4.1-7.8)

9.3
(7.2-11.8)

11.1
(9.0-13.8)

12.4
(10.1-15.2)

16.7
(13.5-20.7)

15.5
(12.5-19.2)

HR (95% CI) 0.73 (0.44-1.21) 0.79 (0.53-1.17) 0.61 (0.41-0.91) 0.89 (0.66-1.20) 1.07 (0.79-1.45) 0.24

First and recurrent HF
hospitalization and
cardiovascular death

No. of events 50 59 95 142 90 129 162 212 170 200

Rate (95% CI) 6.8
(5.2-9.0)

8.7
(6.7-11.2)

11.1
(9.1-13.6)

17.9
(15.2-21.1)

13.9
(11.3-17.1)

19.0
(16.0-22.6)

22.0
(18.9-25.7)

28.5
(24.9-32.6)

33.8
(29.0-39.2)

37.0
(32.2-42.5)

Rate ratio
(95% CI)

0.78 (0.49-1.26) 0.64 (0.45-0.90) 0.72 (0.50-1.03) 0.77 (0.59-1.01) 0.89 (0.66-1.19) 0.68

Values are n/N (%) or n, unless otherwise indicated. MAGGIC risk score range per quintile: Q1 3-16, Q2 17-20, Q3 21-23, Q4 24-27, Q5 28-43. Event rates presented per 100 patient-years. HRs and 95% CIs
were estimated with the use of Cox regression models, stratified according to diabetes status, with a history of hospitalization for HF and treatment-group assignment as explanatory variables (for all-cause
mortality history of hospitalization for HF was not included in the model). aThe primary outcome was a composite of worsening HF (hospitalization or an urgent visit resulting in intravenous therapy for HF) or
death of cardiovascular causes.
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patients in the different MAGGIC risk score cate-
gories analyzed.
Pat ient character i s t i cs . By merit of inclusion in
the MAGGIC risk score, compared with patients with
lower scores, those with higher scores were older,
were more often male, and had lower SBP, LVEF,
eGFR, and BMI (Table 1). Patients with higher scores
were more likely to be in NYHA functional class III/IV
than II and to have diabetes. Fewer patients with
higher scores were taking a b-blocker or an ACE in-
hibitor. With regard to baseline characteristics not
included in the MAGGIC risk score, patients with
higher scores had higher NT-proBNP levels, had
worse Kansas City Cardiomyopathy Questionnaire
(KCCQ)-total symptom scores (TSS) and were more
likely to have an ischemic etiology and atrial fibrilla-
tion. With respect to background HF treatment, MRA
use was less, and diuretic therapy, use of digoxin, and
sacubitril/valsartan, and device therapy were greater
in patients with a high score.

OUTCOMES RELATED TO MAGGIC RISK SCORE.

Pr imary compos i te outcome. Each 1-point increase
in score was associated with an 8.2% (95% CI: 6.9%–

9.4%) higher relative risk of the primary composite
outcome of a worsening HF event or cardiovascular
death (Figure 1) (P < 0.001).

The unadjusted incidence of the primary outcome
according to baseline risk category and randomized
treatment is shown in Table 2 and Figure 2A (as a rate
per 100 person-years of follow-up). The incidence of
this endpoint in the placebo group increased incre-
mentally with increasing score. The relative risk
reduction with dapagliflozin, compared with placebo,
was consistent across the range of risk scores exam-
ined as a categorical variable (Table 2, Figure 2A). As a
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result, the absolute treatment effect was greater in
patients with higher risk scores. For example,
applying the overall proportional risk reduction (26%)
with dapagliflozin to patients with a risk score of 28 to
43 points would lead to approximately 7 fewer pa-
tients per 100 person-years of treatment experiencing
the primary outcome; this compares with approxi-
mately 2 in the category with 3 to 16 points. The
number needed to treat (NNT) in each quartile of
MAGGIC risk score to prevent 1 event per 100 person-
years of treatment was 55 (Q1), 30 (Q2), 27 (Q3), 19
(Q4), and 16 (Q5).

Ind iv idual components of pr imary compos i te
outcome. As shown in Table 2 and Figures 2B and 2C,
the rate of both cardiovascular death and worsening
HF events, individually, in the placebo group
increased stepwise with increasing score. Each 1-
point increase in score was associated with an 8.8%
(95% CI: 7.2–10.4) higher risk of cardiovascular death
(P < 0.001).

The effect of dapagliflozin compared with placebo
was generally consistent across the spectrum of risk
examined as a categorical variable (Table 2, Figures 2B
and 2C) or continuous variable. Although there was a
suggestion that risk of cardiovascular death (and all-
cause death, see below) was not reduced by dapagli-
flozin in the highest risk group, the P value for the
interaction between risk score and treatment effect
was 0.10 for cardiovascular death and 0.96 for wors-
ening HF. This inconsistency was not observed with
the PREDICT-HF score, as described below.

All -cause morta l i ty . As shown in Table 2 and
Figure 2D, the rate of death from any cause increased
stepwise with increasing risk category. Each 1-point
increase in score was associated with an 8.6%
(95% CI: 7.1%–10.1%) higher relative risk of death of
any cause (P < 0.001). The effect of dapagliflozin
compared with placebo was consistent across the
spectrum of risk examined as a categorical variable
(Table 2, Figure 2D) or continuous variable.
Recurrent events ana lys i s . As shown in Table 2,
the rate of the composite outcome of total (first and
recurrent) HF hospitalizations and cardiovascular
death increased in a stepwise fashion with increasing
score. Each 1-point increase in score was associated
with a 9.2% (95% CI: 7.8%–10.7%) increase in the risk
of total HF hospitalizations and cardiovascular death.
The effect of dapagliflozin compared with placebo
was consistent across the spectrum of risk examined
as a categorical variable (Table 2).

MAGGIC risk score sensitivity analyses. As
described in Methods, further analyses were
conducted to assess for the misclassification of HF
duration. The findings were consistent with the main
analyses (Supplemental Table 2).

Adverse events and study drug discontinuation
The occurrence of prespecified safety outcomes by
MAGGIC risk score category is shown in Table 3.
Volume depletion was the commonest event. In pa-
tients randomized to placebo, volume depletion
occurred in 2.8% of patients in the lowest risk score
category and 10.9% of those in the highest risk score
category. The next most common adverse effect was
renal dysfunction, which occurred in 2.0% of patients
in the lowest risk score category and 12.7% of those in
the highest risk score category. There were no dif-
ferences in adverse events between dapagliflozin and
placebo overall, or across the categories of risk score
(Table 3). Supplemental Table 3 shows the number of
patients with an interruption in study drug, those
with a reduction in study drug dose, and those who
permanently discontinued the study drug for any
reason other than death. All 3 of these events
occurred more frequently in higher-risk patients, but
there was no significant difference between dapagli-
flozin and placebo across categories of risk score.

PREDICT-HF SCORE. Basel ine PREDICT-HF score .
Figure 1 shows the distribution of PREDICT-HF risk
scores (calculable in all 4,744 patients). The median
score was 57 (IQR: 53–62; range 38–84). Table 4
shows the number and proportion of patients in
the different PREDICT-HF risk score quintiles
analyzed. The concordance between the PREDICT-
HF and MAGGIC quintiles is displayed in
Supplemental Figure 1.

Pat ient character i s t i c s . Similar gradients in age,
sex SBP, LVEF, BMI, NT-proBNP, NYHA functional
class, and comorbidities were seen across the range of
PREDICT-HF scores as observed for MAGGIC, consis-
tent with the inclusion of these variables in the score,
although several were steeper across the PREDICT-HF
quintiles (eg, age and NT-proBNP) (Table 4). The
PREDICT-HF score also generated differences in race
and region, which were not present across the MAG-
GIC quintiles (Latin America and Asian race are
included as variables in the PREDICT-HF model).
With respect to background treatment for HF, b-
blocker and sacubitril/valsartan use was less (consis-
tent with their inclusion in the PREDICT-HF model),
and diuretic and digoxin use greater, among patients
in the highest quintile of risk. Of the baseline char-
acteristics not included in PREDICT-HF, patients with
higher scores, as compared with lower scores, had a
higher heart rate, lower eGFR, and worse KCCQ-TSS

https://doi.org/10.1016/j.jchf.2021.09.002
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FIGURE 2 Clinical Outcomes by MAGGIC Risk Score Quintile

MAGGIC risk score range per quintile: Q1 ¼ 3–16; Q2 ¼ 17–20; Q3 ¼ 21–23; Q4 ¼ 24–27; Q5 ¼ 28–43. (A) Primary composite outcome; (B) cardiovascular death;

(C) worsening heart failure event; and (D) all-cause mortality.

TABLE 3 Occurrence of Prespecified Adverse Events by MAGGIC Risk Score Quintile

Event

MAGGIC Risk Score Quintile

Q1 (n ¼ 950) Q2 (n ¼ 1,113) Q3 (n ¼ 890) Q4 (n ¼ 1,034) Q5 (n ¼ 745)

Dapagliflozin
(n ¼ 489)

Placebo
(n ¼ 461)

Dapagliflozin
(n ¼ 566)

Placebo
(n ¼ 547)

Dapagliflozin
(n ¼ 434)

Placebo
(n ¼ 456)

Dapagliflozin
(n ¼ 516)

Placebo
(n ¼ 518)

Dapagliflozin
(n ¼ 360)

Placebo
(n ¼ 385)

Volume depletion 16 (3.3) 13 (2.8) 31 (5.5) 25 (4.6) 41 (9.4) 25 (5.5) 46 (8.9) 57 (11.0) 44 (12.2) 42 (10.9)

Renal adverse
event

17 (3.5) 9 (2.0) 29 (5.1) 30 (5.5) 26 (6.0) 31 (6.8) 49 (9.5) 51 (9.8) 32 (8.9) 49 (12.7)

Fracture 6 (1.2) 4 (0.9) 10 (1.8) 12 (2.2) 7 (1.6) 9 (2.0) 13 (2.5) 12 (2.3) 13 (3.6) 13 (3.4)

Amputation 2 (0.4) 1 (0.2) 5 (0.9) 2 (0.4) 2 (0.5) 2 (0.4) 2 (0.4) 4 (0.8) 2 (0.6) 3 (0.8)

Major
hypoglycemia

1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.2) 2 (0.4) 2 (0.4) 2 (0.4) 0 (0.0) 0 (0.0)

Diabetic
ketoacidosis

0 (0.0) 0 (0.0) 2 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0)

Values are n (%). MAGGIC risk score range per quintile: Q1 3-16, Q2 17-20, Q3 21-23, Q4 24-27, Q5 28-43. The safety population included all the patients who had undergone randomization and received at
least 1 dose of dapagliflozin or placebo (n ¼ 2,368 in both treatment groups).

Docherty et al J A C C : H E A R T F A I L U R E V O L . 1 0 , N O . 2 , 2 0 2 2

Effect of Dapagliflozin According to Baseline risk in DAPA-HF F E B R U A R Y 2 0 2 2 : 1 0 4 – 1 1 8

110



TABLE 4 Baseline Characteristics According to PREDICT-HF Model for All-Cause Mortality by Score Quintile

PREDICT-HF Score Quintile
P Value for

TrendQ1 (n ¼ 949) Q2 (n ¼ 949) Q3 (n ¼ 949) Q4 (n ¼ 949) Q5 (n ¼ 948)

PREDICT-HF Score range 38.288-52.234 52.235-55.609 55.610-58.835 58.836-62.815 62.816- 84.377

Age, y 61.4 � 10.8 64.6 � 10.7 66.7 � 10.1 68.3 � 10.5 70.8 � 9.9 <0.001

Sex <0.001

Female 287 (30.2) 261 (27.5) 220 (23.2) 200 (21.1) 141 (14.9)

Male 662 (69.8) 688 (72.5) 729 (76.8) 749 (78.9) 807 (85.1)

Race <0.001

White 732 (77.1) 655 (69.0) 671 (70.7) 629 (66.3) 646 (68.1)

Asian 155 (16.3) 237 (25.0) 228 (24.0) 264 (27.8) 232 (24.5)

Black or African American 51 (5.4) 40 (4.2) 36 (3.8) 44 (4.6) 55 (5.8)

Other 11 (1.2) 17 (1.8) 14 (1.5) 12 (1.3) 15 (1.6)

Region 0.56

Asia/Pacific 156 (16.4) 233 (24.6) 222 (23.4) 257 (27.1) 228 (24.1)

Europe 493 (51.9) 427 (45.0) 442 (46.6) 389 (41.0) 403 (42.5)

North America 219 (23.1) 144 (15.2) 131 (13.8) 109 (11.5) 74 (7.8)

South America 81 (8.5) 145 (15.3) 154 (16.2) 194 (20.4) 243 (25.6)

NYHA functional classification <0.001

II 815 (85.9) 728 (76.7) 663 (69.9) 581 (61.2) 416 (43.9)

III 131 (13.8) 217 (22.9) 278 (29.3) 352 (37.1) 520 (54.9)

IV 3 (0.3) 4 (0.4) 8 (0.8) 16 (1.7) 12 (1.3)

Heart rate, beats/min 70.2 � 10.9 70.1 � 11.1 72.2 � 11.6 72.1 � 12.2 72.9 � 12.2 <0.001

Systolic blood pressure, mm Hg 125.1 � 16.1 123.8 � 16.1 122.4 � 16.1 120.2 � 16.1 117.6 � 16.1 <0.001

Left ventricular ejection fraction, % 33.0 � 6.2 32.2 � 6.3 31.4 � 6.6 30.3 � 6.9 28.4 � 7.0 <0.001

Median NT-proBNP (IQR), pg/mL 717.5
(506.0-1,070.3)

1,044.1
(711.8-1,461.1)

1,419.4
(997.1-2,194.6)

2,002.1
(1,293.3-3,153.5)

3,691.0
(2,302.8-5,988.9)

<0.001

KCCQ-TSS 81.2 (64.6-93.8) 79.2 (60.4-93.8) 79.2 (61.5-93.8) 76.0 (58.3-91.7) 68.8 (52.1-87.5) <0.001

Body mass index 30.0 � 6.2 28.9 � 6.1 28.5 � 5.8 27.2 � 5.6 26.1 � 5.2 <0.001

Principal cause of HF 0.007

Ischemic 508 (53.5) 530 (55.8) 544 (57.3) 514 (54.2) 578 (61.0)

Nonischemic 363 (38.3) 328 (34.6) 329 (34.7) 365 (38.5) 302 (31.9)

Unknown 78 (8.2) 91 (9.6) 76 (8.0) 70 (7.4) 68 (7.2)

Medical history

Hospitalization for HF 416 (43.8) 439 (46.3) 440 (46.4) 445 (46.9) 511 (53.9) <0.001

Atrial fibrillation 270 (28.5) 301 (31.7) 399 (42.0) 396 (41.7) 452 (47.7) <0.001

Type 2 diabetesa 236 (24.9) 357 (37.6) 421 (44.4) 456 (48.1) 513 (54.1) <0.001

Estimated GFR, mL/min/1.73 m2 of body
surface area

74.6 � 19.2 69.5 � 18.8 65.0 � 17.8 63.0 � 18.2 56.8 � 18.3 <0.001

Estimated GFR rate <60 mL/min/1.73 m2 215 (22.7) 303 (32.0) 401 (42.3) 429 (45.2) 578 (61.0) <0.001

Device therapy

Implantable cardioverter-defibrillatorb 276 (29.1) 239 (25.2) 256 (27.0) 228 (24.0) 243 (25.6) 0.07

Cardiac-resynchronization therapyc 69 (7.3) 61 (6.4) 78 (8.2) 67 (7.1) 79 (8.3) 0.31

HF medication at randomization visit

Diuretic 713 (75.1) 786 (82.8) 808 (85.1) 819 (86.3) 882 (93.0) <0.001

ACE inhibitor 524 (55.2) 520 (54.8) 533 (56.2) 557 (58.7) 527 (55.6) 0.36

ARB 241 (25.4) 272 (28.7) 265 (27.9) 270 (28.5) 259 (27.3) 0.43

Sacubitril-valsartan 162 (17.1) 114 (12.0) 100 (10.5) 72 (7.6) 60 (6.3) <0.001

b-blocker 934 (98.4) 924 (97.4) 917 (96.6) 893 (94.1) 890 (93.9) <0.001

Mineralocorticoid receptor antagonist 655 (69.0) 661 (69.7) 669 (70.5) 696 (73.3) 689 (72.7) 0.018

Digitalis 117 (12.3) 142 (15.0) 202 (21.3) 195 (20.5) 231 (24.4) <0.001

Values are range, mean � SD, n (%), or median (IQR), unless otherwise indicated. Percentages may not total 100 because of rounding. a993 patients (41.8%) in the dapagliflozin group and
990 in the placebo group (41.8%) had a history of diabetes at baseline. An additional 82 patients in the dapagliflozin group and 74 in the placebo group had previously undiagnosed diabetes
defined as a glycated hemoglobin level of 6.5% or greater ($48 mmol/mol) measured in a central laboratory at both screening and randomization. bEither implantable cardioverter-
defibrillator or cardiac resynchronization therapy with a defibrillator. cCardiac-resynchronization therapy with or without a defibrillator.

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin-receptor blocker; ARNI ¼ angiotensin receptor-neprilysin inhibitor; LVEF ¼ left ventricular ejection fraction;
MRA ¼ mineralocorticoid receptor antagonist; NT-proBNP ¼ N-terminal pro-B-type natriuretic peptide; NYHA ¼ New York Heart Association. KCCQ-TSS ¼ Kansas City Cardiomyopathy
Questionnaire total symptom score: range from 0 to 100, with higher scores indicating fewer symptoms and physical limitations associated with HF. A score of 75 or above is considered to
reflect satisfactory health status.
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TABLE 5 Clinical Outcomes According to PREDICT-HF Risk Score Quintile

Outcome

PREDICT-HF Risk Score Quintile: Model for All-Cause Mortality

Q1 (n ¼ 949) Q2 (n ¼ 949) Q3 (n ¼ 949)

Dapagliflozin Placebo Dapagliflozin Placebo Dapagliflozin Placebo

Primary composite outcomea

No. of events (%) 24/487 (4.9) 31/462 (6.7) 39/475 (8.2) 66/474 (13.9) 67/472 (14.2) 98/477 (20.6)

Rate (95% CI) 3.3 (2.2-4.9) 4.7 (3.3-6.7) 5.6 (4.1-7.7) 9.7 (7.6-12.4) 9.9 (7.8-12.6) 14.8 (12.1-18.0)

HR (95% CI) 0.70 (0.41-1.19) 0.58 (0.39-0.86) 0.68 (0.50-0.92)

Worsening HF eventa

No. of events (%) 16/487 (3.3) 21/462 (4.6) 25/475 (5.3) 35/474 (7.4) 42/472 (8.9) 67/477 (14.0)

Rate (95% CI) 2.2 (1.3-3.6) 3.2 (2.1-4.9) 3.6 (2.4-5.3) 5.2 (3.7-7.2) 6.2 (4.6-8.4) 10.1 (7.9-12.8)

HR (95% CI) 0.69 (0.36-1.33) 0.70 (0.42-1.18) 0.62 (0.42-0.91)

Cardiovascular death

No. of events (%) 11/487 (2.3) 13/462 (2.8) 17/475 (3.6) 38/474 (8.0) 31/472 (6.6) 49/477 (10.3)

Rate (95% CI) 1.5 (0.8-2.7) 1.9 (1.1-3.3) 2.4 (1.5-3.9) 5.4 (3.9-7.4) 4.4 (3.1-6.2) 6.9 (5.2-9.2)

HR (95% CI) 0.74 (0.33-1.64) 0.44 (0.25-0.79) 0.63 (0.40-0.99)

All-cause death

No. of events (%) 15/487 (3.1) 16/462 (3.5) 27/475 (5.7) 46/474 (9.7) 37/472 (7.8) 63/477 (13.2)

Rate (95% CI) 2.0 (1.2-3.4) 2.4 (1.5-3.9) 3.8 (2.6-5.5) 6.5 (4.9-8.7) 5.2 (3.8-7.2) 8.9 (7.0-11.4)

HR (95% CI) 0.82 (0.40-1.66) 0.58 (0.36-0.93) 0.59 (0.39-0.88)

First and recurrent HF
hospitalization and
cardiovascular death

No. of events 32 40 49 87 87 136

Rate (95% CI) 4.3 (3.1-6.1) 5.9 (4.3-8.1) 6.9 (5.2-9.1) 12.3 (10.0-15.2) 12.4 (10.0-15.3) 19.3 (16.3-22.8)

Rate ratio (95% CI) 0.71 (0.39-1.30) 0.56 (0.36-0.87) 0.64 (0.46-0.91)

Values are n/N (%), unless otherwise indicated. PREDICT-HF risk score range per quintile: Q1 ¼ 38.288-52.234, Q2 ¼ 52.235-55.609, Q3 ¼ 55.610-58.835, Q4 ¼ 58.836-62.815, Q5 ¼ 62.816-84.377. Event
rates presented per 100 patient-years. HRs and 95% CIs were estimated with the use of Cox regression models, stratified according to diabetes status, with a history of hospitalization for HF and treatment-
group assignment as explanatory variables (for all-cause mortality history of hospitalization for HF was not included in the model). aThe primary outcome was a composite of worsening HF (hospitalization or
an urgent visit resulting in intravenous therapy for HF) or death of cardiovascular causes.
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scores and more frequently had a history of diabetes,
atrial fibrillation, and HF hospitalization. Unlike for
the MAGGIC risk score, there was no difference in
device use across the quintiles.

OUTCOMES RELATED TO PREDICT-HF SCORE.

Pr imary compos i te outcome. Each 1-point increase
in score was associated with an 11.5% (95% CI: 10.3%–

12.7%) higher relative risk of the primary composite
outcome (Figure 1) (P < 0.001).

The unadjusted incidence of the primary outcome
according to baseline risk category and randomized
treatment is shown in Table 5 and Figure 3A (as a rate
per 100 person-years of follow-up). The incidence of
this endpoint in the placebo group increased incre-
mentally with increasing score, and the gradient in
event rate was steeper than for the MAGGIC score
(7.2-fold vs 3.6-fold difference between highest and
lowest quintiles).

The effect of dapagliflozin was consistent across
the range of risk scores examined as a categorical
variable (Table 5, Figure 3A). As a result, the absolute
treatment effect was greater in patients with higher
risk scores. Applying the overall proportional risk
reduction (26%) with dapagliflozin to patients in the
highest quintile of risk would lead to approximately 9
fewer patients per 100 person-years of treatment
experiencing the primary outcome; this compares
with approximately 1 in the lowest risk quintile. The
NNT in each quartile of PREDICT-HF score to prevent
1 event per 100 person-years of treatment was 82 (Q1),
40 (Q2), 26 (Q3), 23 (Q4), and 12 (Q5).
Ind iv idua l components of pr imary compos i te
outcome. As shown in Table 5 and Figures 3B and 3C,
the rate of both cardiovascular death and worsening
HF events, individually, in the placebo group
increased stepwise with

increasing score. Each 1-point increase in score
was associated with a 13.3% (95% CI: 11.8%–14.8%)
higher relative risk of cardiovascular death (P <

0.001).
The effect of dapagliflozin was generally consistent

across the spectrum of risk examined as a categorical
variable (Table 5, Figures 3B and 3C) or continuous
variable. The P value for the interaction between risk
score and treatment effect was 0.05 for cardiovascu-
lar death and 0.68 for worsening HF.

Al l -cause morta l i ty . As shown in Table 5 and
Figure 3D, the rate of all-cause death increased



TABLE 5 Continued

PREDICT-HF Risk Score Quintile: Model for All-Cause Mortality

Interaction P Value

Q4 (n ¼ 949) Q5 (n ¼ 948)

Dapagliflozin Placebo Dapagliflozin Placebo

Primary composite outcomea

106/472 (22.5) 113/477 (23.7) 150/467 (32.1) 194/4481 (40.3)

16.3 (13.5-19.8) 17.2 (14.3-20.7) 25.3 (21.5-29.7) 34.0 (29.6-39.2)

0.95 (0.73-1.24) 0.74 (0.60-0.92) 0.30

Worsening HF eventa

68/472 (14.4) 78/477 (16.4) 86/467 (18.4) 125/481 (26.0)

10.5 (8.3-13.3) 11.9 (9.5-14.9) 14.5 (11.7-17.9) 21.9 (18.4-26.1)

0.89 (0.64-1.23) 0.65 (0.50-0.86) 0.68

Cardiovascular death

56/472 (11.9) 51/477 (10.7) 112/467 (24.0) 122/481 (25.4)

8.1 (6.2-10.5) 7.2 (5.4-9.4) 17.6 (14.70-21.2) 18.7 (15.6-22.3)

1.13 (0.77-1.65) 0.94 (0.73-1.21) 0.05

All-cause death

70/472 (14.8) 63/477 (13.2) 127/467 (27.2) 141/481 (29.3)

10.1 (8.0-12.7) 8.9 (6.9-11.3) 20.0 (16.8-23.8) 21.5 (18.2-25.4)

1.15 (0.81-1.61) 0.92 (0.73-1.18) 0.06

First and recurrent HF
hospitalization and
cardiovascular death

159 162 240 317

23.0 (19.7-26.8) 22.9 (19.6-26.7) 37.8 (33.3-42.9) 49.0 (43.9-54.7)

1.01 (0.75-1.34) 0.76 (0.60-0.97) 0.20
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stepwise with increasing risk category. Each 1-point
increase in score was associated with a 12.5%
(95% CI: 11.1%–13.9%) higher risk of death of any
cause (P < 0.001). The effect of dapagliflozin was
consistent across the spectrum of risk examined as a
categorical variable (Table 5, Figure 3D) or continuous
variable.
Recurrent events ana lys i s . As shown in Table 5,
the rate of the composite outcome of total HF hospi-
talizations and cardiovascular death increased in a
stepwise fashion with increasing score. Each 1-point
increase in score was associated with a 12.3%
(95% CI: 11.3%–13.2%) higher risk of this outcome. The
effect of dapagliflozin was consistent across the
spectrum of risk examined as a categorical variable
(Table 5).
Adverse events and study drug discontinuation. The
occurrence of prespecified safety outcomes by
PREDICT-HF quintile is shown in Table 6 and
Supplemental Table 4. As with the MAGGIC score,
patients in the highest quintile of risk had higher
rates of volume depletion and renal dysfunction than
did those in the lowest quintile, but there was no
difference between dapagliflozin and placebo across
quintiles.

MODEL DISCRIMINATION. For all-cause death, the C-
statistic for the MAGGIC and PREDICT-HF risk scores
was 0.63 and 0.71, respectively.
DISCUSSION

There was a broad spectrum of risk among the pa-
tients in DAPA-HF. The relative risk reduction with
dapagliflozin added to standard therapy was consis-
tent across this spectrum of risk, and as a result the
absolute risk reduction was greatest in those at
highest baseline risk (Central Illustration) (14).

THE RANGE OF MAGGIC RISK SCORES IN

DAPA-HF. The MAGGIC score was derived from
39,372 patients enrolled in 30 clinical trials and cohort
studies and validated in 51,043 patients in the
Swedish HF registry (7,15)

In the derivation cohort, the median score was 23
points (IQR: 16–28 points; range 0–52 points). In
PARADIGM-HF, the median score was 20 points (IQR:
16–24 points; range 4–40 points), the lower median
and range reflecting the exclusion of patients with
low SBP and low eGFR, and high use of b-blockers, all
of which are prognostic variables in the MAGGIC score
(16) In the EMPHASIS-HF (Eplerenone in Mild Pa-
tients Hospitalization And SurvIval Study in
Heart Failure trial), where all patients were in NYHA
functional class II and 87% were treated with a b-
blocker, the median MAGGIC score, 21, was similar to
PARADIGM-HF, although the range of scores was
narrower (7–38) (6) Conversely, in the recent VICTO-
RIA trial, the median score was 23 (IQR: 18–27), with

https://doi.org/10.1016/j.jchf.2021.09.002


FIGURE 3 Clinical Outcomes by PREDICT-HF Risk Score Quintile

PREDICT-HF risk score range per quintile: Q1 ¼ 38.288–52.234; Q2 ¼ 52.235–55.609; Q3 ¼ 55.610–58.835; Q4 ¼ 58.836–62.815; Q5 ¼ 62.816–84.377. (A) Primary

composite outcome; (B) cardiovascular death; (C) worsening heart failure event; and (D) all-cause mortality.

TABLE 6 Occurrence of Prespecified Adverse Events by PREDICT-HF Risk Score Quintile

Event

PREDICT-HF Risk Score

Q1 (n ¼ 949) Q2 (n ¼ 946) Q3 (n ¼ 948) Q4 (n ¼ 948) Q5 (n ¼ 945)

Dapagliflozin
(n ¼ 487)

Placebo
(n ¼ 462)

Dapagliflozin
(n ¼ 473)

Placebo
(n ¼ 473)

Dapagliflozin
(n ¼ 472)

Placebo
(n ¼ 476)

Dapagliflozin
(n ¼ 471)

Placebo
(n ¼ 477)

Dapagliflozin
(n ¼ 465)

Placebo
(n ¼ 480)

Volume depletion 23 (4.7) 19 (4.1) 25 (5.3) 28 (5.9) 30 (6.4) 38 (8.0) 46 (9.8) 33 (6.9) 54 (11.6) 44 (9.2)

Renal adverse
event

16 (3.3) 16 (3.5) 29 (6.1) 26 (5.5) 21 (4.4) 28 (5.9) 38 (8.1) 34 (7.1) 49 (10.5) 66 (13.8)

Fracture 8 (1.6) 10 (2.2) 7 (1.5) 9 (1.9) 7 (1.5) 8 (1.7) 15 (3.2) 9 (1.9) 12 (2.6) 14 (2.9)

Amputation 4 (0.8) 0 (0.0) 0 (0.0) 1 (0.2) 2 (0.4) 2 (0.4) 3 (0.6) 4 (0.8) 4 (0.9) 5 (1.0)

Major
hypoglycemia

1 (0.2) 0 (0.0) 2 (0.4) 0 (0.0) 1 (0.2) 4 (0.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Diabetic
ketoacidosis

0 (0.0) 0 (0.0) 1 (0.2) 0 (0.0) 1 (0.2) 0 (0.0) 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0)

Values are n (%). PREDICT-HF risk score range per quintile: Q1 ¼ 38.288-52.234, Q2 ¼ 52.235-55.609; Q3 ¼ 55.610-58.835; Q4 ¼ 58.836-62.815; Q5 ¼ 62.816-84.377.
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CENTRAL ILLUSTRATION Dapagliflozin Was Effective at Reducing the Risk of Cardiovascular Death or Worsening
Heart Failure Across a Wide Spectrum of Risk in DAPA-HF

2 DAPA-HF Patients With a 2-Year History of HF
and 1 Previous HF Hospitalization

DAPA-HF Enrolled Patients Across a Wide Spectrum of
Baseline Risk of CV Death or Worsening HF Events

Dapagliflozin, Compared With Placebo, Was Effective at
Reducing the Risk of CV Death or Worsening HF Events

Across the Spectrum of Baseline Risk in DAPA-HF

Age
LVEF
NYHA
NT-proBNP
T2DM
Beta-blocker
ARNI
PREDICT-HF risk of CV
death at 2 years
PREDICT-HF risk of
HFH/CV death at 2 years

71y
26%

II
1,500 pg/mL

−
+
+

2.6%

6.8%

68y
24%

II
1,600 pg/mL

+
+
−

7.3%

17.7%

Dapagliflozin Better Placebo Better
0.2 0.60.4 1.0 1.4

1
2
3
4
5

0.70 (0.41−1.19)

All patients
PREDICT-HF quintiles

0.74 (0.65−0.85)

0.58 (0.39−0.86)
0.68 (0.50−0.92)

0.30

HR
(95% CI)

Interaction
P Value

0.95 (0.73−1.24)
0.74 (0.60−0.92)
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Docherty, K.F. et al. J Am Coll Cardiol HF. 2022;10(2):104–118.

ARNI ¼ angiotensin receptor-neprilysin inhibitor; CV ¼ cardiovascular; HF ¼ heart failure; HFH ¼ heart failure hospitalization; LVEF ¼ left ventricular ejection fraction;

NYHA ¼ New York Heart Association; NT-proBNP ¼ N-terminal prohormone of B-type natriuretic peptide; T2DM ¼ type 2 diabetes mellitus.
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the higher median and IQR likely reflecting the larger
proportion of patients in NYHA functional class III–IV
(41% vs 32% in DAPA-HF), with diabetes (47.1% vs
41.8%) and a lower eGFR (61.5 vs 65.8 mL/min/
1.73 m2) (17). In the contemporary United States
outpatient Change the Management of Patients With
Heart Failure study registry (n ¼ 3,497), the median
score was 22 (IQR: 8–27), the lower quartile possibly
reflecting the larger proportion of patients in NYHA
functional class I in this “real-world” data set (18).
The median MAGGIC score in DAPA-HF was also 22
(IQR: 18–25; range 3–43 points).

Although 68% of patients in DAPA-HF were in
NYHA functional class II, and only 1% in functional
class IV, the incidence of the primary outcome ranged
from 7.1 to 25.6 per 100 person-years of follow-up in
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the 3- to 16-points versus the 28- to 43-points MAG-
GIC categories (lowest and highest quintiles, respec-
tively), emphasizing the limited relationship between
physician assessment of functional limitation and risk
of hospitalization and death. As highlighted previ-
ously, the value of multivariable risk assessment in
discriminating risk is illustrated by comparison with
single-variable subgroups, which are always reques-
ted and published alongside the overall results of
trials (11,16). Those in the highest quintile of the
MAGGIC score were at higher risk than were patients
in any of the prespecified subgroups in DAPA-HF
including patients in NYHA functional classes III–IV,
in which the rate of the primary outcome was 20.8
per 100 person-years in the placebo group and in
patients with a NT-proBNP above the median value
(1,437 pg/mL) in which the rate of the primary
outcome was 22.7 per 100 person-years (14). The
contrast was even more striking using the recently
developed PREDICT-HF tool, where the rates in the
lowest and highest quintiles ranged from 4.7 to 34.0
per 100 person-years of follow-up (11). These exam-
ples illustrate how multivariable models are more
discriminating than any individual prognostic vari-
able, no matter how powerful a predictor. Such
comprehensive multivariable risk scores also provide
a single integrated measure to compare patient pop-
ulations and across trials, which otherwise requires
assessment of many individual variables. As dis-
cussed in the next section, such scores also permit
like-with-like comparison of the effects of different
therapies, which can be difficult given the often
diverse patient populations enrolled in trials.
Effect of dapagl ifloz in accord ing to MAGGIC and
PREDICT-HF r i sk category . The benefit of dapagli-
flozin, expressed as a relative risk reduction, was
broadly consistent across the spectrum of patient
risk, generally without evidence of an interaction
between risk score and effect of treatment. This was
true, by and large, for the primary composite
outcome, both its components and all-cause mortal-
ity. Consequently, the greatest absolute benefit of
dapagliflozin was obtained in patients at highest ab-
solute risk. For example, when the overall propor-
tional risk reduction for treatment with dapagliflozin
was applied to the highest quintile of MAGGIC score,
approximately 7 fewer patients would experience a
first occurrence of the primary composite outcome
per 100 person-years of treatment; in the lowest risk
category, approximately 2 fewer patients would
experience this outcome. The corresponding numbers
using PREDICT-HF were 9 and 1 per 100 person-years
of treatment. When considering total HF hospitali-
zations and cardiovascular death, using the MAGGIC
score we calculated that treatment with dapagliflozin
compared with placebo would result in 9 fewer events
per 100 person-years of treatment in the highest risk
quintile, compared with 2 fewer in the lowest risk
category; the corresponding numbers were 12 and 1
using PREDICT-HF. Clearly, within the overall DAPA-
HF population, there was a substantial subset of pa-
tients not just at high risk but also with much to gain
from adding dapagliflozin to standard therapy and
that these benefits accrue in a relatively short period.
The NNT in the highest MAGGIC risk category to avoid
1 primary outcome per 100 person-years of treatment
was only 16 (analyzing first events) and only 12 using
PREDICT-HF. Even those in the lowest risk category
had a clinically worthwhile benefit with the NNT to
prevent 1 primary endpoint per 100 person-years of
treatment of 55 using the MAGGIC score and 82 using
PREDICT-HF. The corresponding NNTs for the highest
and lowest MAGGIC risk groups in PARADIGM-HF
were 25 and 66, respectively.
STUDY LIMITATIONS. Many other risk scores exist,
each with strengths and weaknesses. Our findings
also apply only to selected patients with HFrEF ful-
filling the DAPA-HF enrollment criteria. Owing to the
unavailability of certain laboratory values in DAPA-
HF, we imputed median values from PARADIGM-HF
to allow calculation of the PREDICT-HF score;
although this may have limited the accuracy of the
calculated PREDICT-HF score in DAPA-HF patients,
actual availability of these variables would likely
have increased model discrimination.

CONCLUSIONS

Although two-thirds of patients in DAPA-HF were in
NYHA class II, many were at high risk of adverse
outcomes and obtained a large absolute benefit from
the addition of dapagliflozin to standard therapy for
HFrEF over a relatively short period. However, even
patients at lower risk obtained a worthwhile benefit
from dapagliflozin.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: Even among

patients with predominantly mild symptoms (ie, in NYHA func-

tional class II) receiving good standard HF therapy, there is a

wide spectrum of future risk of death and HF hospitalization

which can be estimated using several predictive tools.

COMPETENCY IN PATIENT CARE AND PROCEDURAL

SKILLS: Because the relative reduction in risk with effective

therapies rarely varies across patient subgroups, the absolute risk

reduction is greatest in those at highest baseline risk, high-

lighting the importance of identifying and treating such

individuals.

TRANSLATIONAL OUTLOOK: One of the risk calculators

(MAGGIC) used in this study gave only modest risk discrimina-

tion. The other (PREDICT-HF) performed better, probably

because it included NT-proBNP. Even better discrimination may

be possible with additional biomarkers, and this should be

investigated further.
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