
Hypertension

Hypertension is available at www.ahajournals.org/journal/hyp

Hypertension. 2022;79:2685–2695. DOI: 10.1161/HYPERTENSIONAHA.122.19744� December 2022    2685

 
Correspondence to: Luis M. Ruilope, Cardiorenal Translational Laboratory and Hypertension Unit, Institute of Research imas12, Hospital 12 de Octubre, Madrid 28041, 
Spain. Email ruilope@icloud.com
Supplemental Material is available at https://www.ahajournals.org/doi/suppl/10.1161/HYPERTENSIONAHA.122.19744.
For Sources of Funding and Disclosures, see page 2694.
© 2022 The Authors. Hypertension is published on behalf of the American Heart Association, Inc., by Wolters Kluwer Health, Inc. This is an open access article under 
the terms of the Creative Commons Attribution Non-Commercial-NoDerivs License, which permits use, distribution, and reproduction in any medium, provided that the 
original work is properly cited, the use is noncommercial, and no modifications or adaptations are made.

ORIGINAL ARTICLE

Blood Pressure and Cardiorenal Outcomes With 
Finerenone in Chronic Kidney Disease in Type 2 
Diabetes
Luis M. Ruilope , Rajiv Agarwal , Stefan D. Anker , Gerasimos Filippatos , Bertram Pitt, Peter Rossing ,  
Pantelis Sarafidis , Roland E. Schmieder , Amer Joseph, Nicole Rethemeier , Christina Nowack , George L. Bakris ,  
on behalf of the FIDELIO-DKD Investigators

BACKGROUND: Chronic kidney disease is frequently associated with hypertension and poorly controlled blood pressure can 
lead to chronic kidney disease progression. Finerenone, a nonsteroidal mineralocorticoid receptor antagonist, significantly 
improves cardiorenal outcomes in patients with chronic kidney disease and type 2 diabetes. This analysis explored the 
relationship between office systolic blood pressure (SBP) and cardiorenal outcomes with finerenone in FIDELIO-DKD trial 
(Finerenone in Reducing Kidney Failure and Disease Progression in Diabetic Kidney Disease).

METHODS: Patients with type 2 diabetes, urine albumin-to-creatinine ratio 30 to 5000 mg/g, and estimated glomerular 
filtration rate of 25 to <75 mL/min per 1.73 m2 receiving optimized renin-angiotensin system blockade, were randomized to 
finerenone or placebo. For this analysis, patients (N=5669) were grouped by baseline office SBP quartiles.

RESULTS: Finerenone reduced office SBP across the baseline office SBP quartiles, including patients with baseline office SBP of 
>148 mm Hg. Overall, patients with lower baseline office SBP quartile and greater declines from baseline in SBP were associated 
with better cardiorenal outcomes. The risk of primary kidney and key secondary cardiovascular composite outcomes was 
consistently reduced with finerenone versus placebo irrespective of baseline office SBP quartiles (P for interaction 0.87 and 0.78, 
respectively). A time-varying analysis revealed that 13.8% and 12.6% of the treatment effect with finerenone was attributed to 
the change in office SBP for the primary kidney composite outcome and the key secondary cardiovascular outcome, respectively.

CONCLUSIONS: In FIDELIO-DKD, cardiorenal outcomes improved with finerenone irrespective of baseline office SBP. 
Reductions in office SBP accounted for a small proportion of the treatment effect on cardiorenal outcomes.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCT02540993.

GRAPHIC ABSTRACT: A graphic abstract is available for this article. (Hypertension. 2022;79:2685–2695. DOI: 10.1161/
HYPERTENSIONAHA.122.19744.) • Supplemental Material
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Arterial hypertension is highly prevalent in patients 
with chronic kidney disease (CKD) and type 2 
diabetes (T2D).1,2 CKD commonly coexists with 

hypertension and poorly controlled blood pressure (BP) 

contributes to the progression of CKD.1,2 A urine albu-
min-to-creatinine ratio (UACR) over 30 mg/g and an 
estimated glomerular filtration rate (eGFR) <60 mL/
min/1.73 m2 are reported to be strongly associated 
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with a high prevalence of hypertension, diabetes, or 
both.3

Existing evidence suggests that BP lowering to 
<130/80 mm Hg is associated with renoprotection in 
patients with albuminuric CKD.4 The Kidney Disease 
Improving Global Outcomes clinical practice guidelines 
propose a target systolic BP (SBP) up to 120 mm Hg, 
quantified with standardized office BP measurement, 
for the treatment of high BP in patients with nondialy-
sis CKD with or without T2D.5 Renin-angiotensin sys-
tem inhibitors, such as angiotensin-converting enzyme 
inhibitors and angiotensin receptor blockers, are recom-
mended as first-line agents for the treatment of hyper-
tension in patients with albuminuric CKD because of 
their antihypertensive and renoprotective effects.1,3 Ste-
roidal mineralocorticoid receptor antagonists (MRAs) 
such as spironolactone and eplerenone have been 
shown to be effective for the treatment of resistant or 

refractory hypertension,6–8 as well as improving albumin-
uria and proteinuria.9 Steroidal MRAs were also reported 
to improve endothelial dysfunction and reduce vascular 
stiffening in clinical trial settings.10

Finerenone is a novel, selective, nonsteroidal MRA 
antagonist that significantly delayed kidney disease 
progression and reduced the risk of cardiovascular out-
comes in patients with CKD and T2D in the FIDELIO-
DKD trial (Finerenone in Reducing Kidney Failure and 
Disease Progression in Diabetic Kidney Disease).11,12 In 
this report, we analyze the relationship between office 
SBP and the effect of finerenone on cardiorenal out-
comes in FIDELIO-DKD.

METHODS
Data Availability
The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

Study Design and Participants
The study design, inclusion and exclusion criteria, and the treat-
ment protocols of FIDELIO-DKD were previously described in 
detail and further information are available in the Supplemental 
Material.11,13 In brief, FIDELIO-DKD was a global, phase 3, 
randomized, double-blind, placebo-controlled, parallel-group, 
event-driven trial comparing finerenone versus placebo in 
patients treated with the maximum tolerated labeled dose 
of angiotensin-converting enzyme inhibitors or angiotensin 
receptor blockers. Eligible participants were aged 18 years or 
more, and had a clinical diagnosis of T2D, with either: a UACR 
≥30 to <300 mg/g, an eGFR ≥25 to <60 mL/min per 1.73 
m2 and a history of diabetic retinopathy; or a UACR ≥300 to  
≤5000 mg/g and an eGFR ≥25 to <75 mL/min per 1.73 m2.

Procedures and Outcomes
Patients were randomized (1:1) to once-daily oral treatment 
with finerenone or matching placebo. Office BP was recorded 
at baseline and was measured at all visits throughout the trial 

Nonstandard Abbreviations and Acronyms

BP	 blood pressure
CKD	 chronic kidney disease
eGFR	 estimated glomerular filtration rate
FIDELIO-DKD	� Finerenone in Reducing Kidney 

Failure and Disease Progression in 
Diabetic Kidney Disease

FIGARO-DKD	� Finerenone in Reducing Cardio-
vascular Mortality and Morbidity in 
Diabetic Kidney Disease

HR	 hazard ratio
LS	 least squares
MRA	� mineralocorticoid receptor antagonist
SBP	 systolic blood pressure
T2D	 type 2 diabetes
UACR	 urine-albumin-to-creatinine ratio

NOVELTY AND RELEVANCE

What Is New?
In FIDELIO-DKD trial (Finerenone in Reducing Kidney 
Failure and Disease Progression in Diabetic Kidney Dis-
ease), finerenone reduced office systolic blood pressure 
(SBP) in patients on antihypertensive therapy across 
baseline office SBP quartiles, including patients with 
baseline office SBP of >148 mm Hg

What Is Relevant?
Finerenone’s cardiorenal benefits may be partially attrib-
uted to antihypertensive effects as measured in the 
office in patients with chronic kidney disease and type 2 

diabetes; however, it remains to be determined whether 
the effects with finerenone are hemodynamic or nonhe-
modynamic in nature.

Clinical/Pathophysiological Implications?
Finerenone’s cardiorenal benefits were consistent in 
patients with chronic kidney disease and type 2 diabetes, 
irrespective of baseline office SBP and were unaffected 
by arterial hypertension.
Office SBP reduction was noted in patients with elevated 
blood pressure on optimized renin–angiotensin system 
blockade.
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to the end-of-study visit. During each visit, office BP was mea-
sured in accordance with published guidelines, with patients in 
sitting position after a 5-minute rest.14,15 The mean of 3 con-
secutive office BP readings, each reading with an interval of 1 
minute or more in-between, and all 3 readings recorded within 
20 minutes, were used in this analysis.14,15 If office BP was 
considered uncontrolled during the study period, it was permit-
ted to add non-potassium-sparing diuretics as a first treatment 
choice. Thereafter, the addition and titration of antihypertensive 
medication was performed according to local guideline recom-
mendations at the discretion of the investigator.

The primary composite outcome of FIDELIO-DKD was 
time to first occurrence of kidney failure, sustained eGFR 
decline ≥40% from baseline over 4 weeks or more, or renal 
death. The key secondary composite outcome was time to 
first occurrence of cardiovascular death, nonfatal myocardial 
infarction, nonfatal stroke, or hospitalization for heart failure. 
Other secondary outcomes included a composite of time to 
first occurrence of kidney failure, a sustained decrease of 
at least 57% in eGFR from baseline over 4 weeks or more, 
or renal death (secondary kidney outcome) and change in 
UACR from baseline to month 4. Both primary and sec-
ondary efficacy and safety outcomes have been previously 
reported.11,12

Statistical Analysis
Baseline characteristics of patients, grouped by quartiles of 
baseline office SBP, were expressed as means (SD), medians 
and quartiles for continuous variables, or absolute numbers and 
percentages for categorical variables. Treatment differences of 
office SBP (and office diastolic BP) over the course of the trial 
were analyzed using a mixed model in each quartile of baseline 
office SBP and in the overall population.

To assess any potential heterogeneity of the treatment effect 
on efficacy outcome events regarding baseline office SBP, a 
Cox proportional hazards model (stratified by region, eGFR, and 
albuminuria categories at screening), which included quartiles 
of baseline office SBP and their interaction with treatment as 
covariates, was used. Treatment effects were expressed as 
hazard ratios (HRs) with corresponding 95% CIs.

To examine whether the finerenone treatment effect on 
efficacy outcomes was mediated by office SBP changes, a 
separate stratified Cox model was used, considering the com-
plete time course of office SBP by means of a time-varying 
covariate for office SBP. Alternatively, to avoid increased num-
bers of values potentially missing not at random at later visits 
in the study, a landmark analysis, at the time point of maximal 
placebo-adjusted office SBP change (ie, the month 4 visit) and 
including treatment, baseline office SBP and change in office 
SBP from baseline to month 4 as covariates, was performed. 
For both the time-updated Cox model and the landmark analy-
sis, the proportion of treatment effect explained by office SBP 
was calculated as 100% × ([HR0-HR1]/[HR0-1]), where HR1 
and HR0 represent the HRs based on the models with and 
without the adjustment for office SBP values, respectively). 
In a second step, an interaction term between treatment and 
time-varying office SBP or office SBP change to month 4 was 
added into the adjusted Cox models to evaluate whether the 
size of the treatment effect further depended on office SBP 
values. Furthermore, the relationship of cardiorenal outcomes 
with office SBP was investigated by means of unstratified Cox 

models by treatment group, using cubic B-splines of time-vary-
ing office SBP with 3 equally spaced knots and adjusted for 
age, race, sex, smoking history, history of cardiovascular dis-
ease and baseline body mass index, heart rate, UACR, eGFR, 
and glycated hemoglobin.

RESULTS
Patients
Among the 5734 patients, a total of 5669 patients 
(98.9%) without critical violations of Good Clinical Prac-
tice and with available office SBP data were analyzed 
over a median follow-up of 2.6 years. In the overall study 
population, the baseline mean (SD) values for office SBP 
and office diastolic BP were 138.0 (14.4) mm Hg and 
75.8 (9.7) mm Hg, respectively. The study population 
was grouped into quartiles (Q) of office SBP at baseline 
(Q1, ≤128.7 mm Hg; Q2, >128.7 to ≤138.3 mm Hg; Q3, 
>138.3 to ≤148.0 mm Hg; Q4, >148.0 mm Hg).

Baseline characteristics were generally similar 
between office SBP quartiles and treatment groups 
(Table 1; Table S1). As expected, the use of antihyperten-
sive agents increased with higher office SBP quartiles 
(Table S2). Overall, patients received an average of 3.3 
antihypertensive therapies at baseline.

Effect of Finerenone on Office BP
In the mixed model analysis, treatment with finerenone 
resulted in a modest and consistent reduction from base-
line in office SBP compared with placebo, with an overall 
least squares (LS) mean difference between treatment 
groups of –2.71 mm Hg (95% CI, –3.29 to –2.12) over 
the course of the trial (Figure  1A). There was also a 
slight reduction in office diastolic BP from baseline with 
finerenone compared with placebo throughout the trial 
(LS mean difference, –1.03 mm Hg [95% CI, –1.37 to 
–0.69]; Figure 1B).

A maximum treatment difference of –3.84 mm Hg 
(95% CI, –4.59 to –3.10) in LS mean change in office 
SBP from baseline between finerenone and placebo was 
observed at month 4. In both groups, increasing quar-
tiles of office SBP had greater declines in office SBP; 
however, declines were greater in the finerenone group. 
The LS mean changes in office SBP from baseline to 
month 4 across increasing quartiles of office SBP in the 
finerenone group was: +4.99, –0.85, –5.63, and –11.76 
mm Hg, compared with the following LS mean changes 
in the placebo group: +9.01, +2.43, –2.40, –6.44 mm Hg 
(Figure 2). Over the duration of the trial, office SBP was 
lower with finerenone compared with placebo, and this 
effect was relatively stable after month 4. Differences 
between finerenone and placebo by office SBP quartiles 
were more pronounced from month 1 to 36 for Q1 and 
Q3, month 1 to 28 for Q2, and month 1 to 16 for Q4, as 

https://www.ahajournals.org/doi/suppl/10.1161/HYPERTENSIONAHA.122.19744
https://www.ahajournals.org/doi/suppl/10.1161/HYPERTENSIONAHA.122.19744


Original





 A
rticle




2688    December 2022� Hypertension. 2022;79:2685–2695. DOI: 10.1161/HYPERTENSIONAHA.122.19744

Ruilope et al Effect of Finerenone on BP in FIDELIO-DKD

illustrated by the P for the treatment group comparison 
being ≤0.05.

The proportion of patients with treatment-resistant 
hypertension defined as office BP ≥140/90 mm Hg 
and taking 3 or more antihypertensives (including a 
diuretic) was consistently lower for finerenone versus 
placebo throughout the trial, with the largest difference 
observed at month 4 (Figure S1). Overall, the number of 
patients taking 4 or more antihypertensives increased 
as the trial progressed, and this was most evident in 
the placebo group. The largest difference between the 
finerenone and placebo group was observed at month 

24, when 47.4% and 53.4% of patients, respectively, 
were taking 4 or more antihypertensives (Figure S2). 
At baseline, a total of 23.3% of patients in the highest 
office SBP quartile (Q4) received more than 3 antihy-
pertensives excluding diuretics compared with 16.5% 
in Q1, 17.8% in Q2, and 19.3% in Q3; values were 
similar between the treatment groups. By month 36, a 
total of 40.5% of patients in the highest office SBP 
quartile (Q4) received more than 3 antihypertensives 
excluding diuretics (finerenone, 36.4% versus placebo, 
43.9%) compared with 24.8% in office SBP Q1 (finere-
none, 21.3% versus placebo, 28.4%), 29.2% in Q2 

Table 1.  Patient Baseline Characteristics by Baseline Office SBP Quartile

Characteristic 

Baseline office SBP

Q1 (≤128.7 mm Hg) 
n=1448 

Q2 (>128.7 to ≤138.3 
mm Hg) n=1346 

Q3 (>138.3 to ≤148.0 
mm Hg) n=1492 

Q4 (>148.0 mm Hg) 
n=1383 

Age, y, mean (SD) 64.3 (9.4) 65.1 (9.0) 66.3 (8.7) 66.6 (9.0)

Sex, male, n (%) 1035 (71.5) 939 (69.8) 1056 (70.8) 952 (68.8)

Race, n (%)

  White 816 (56.4) 856 (63.6) 980 (65.7) 938 (67.8)

  Black 59 (4.1) 57 (4.2) 63 (4.2) 84 (6.1)

  Asian 489 (33.8) 341 (25.3) 349 (23.4) 261 (18.9)

Duration of diabetes, y, mean (SD) 16.1 (8.6)* 16.6 (8.9) 16.5 (8.7) 17.0 (8.9)†

HbA1c, %, mean (SD) 7.6 (1.3)* 7.7 (1.4) 7.7 (1.3) 7.7 (1.3)‡

Office SBP, mm Hg, mean (SD) 119.9 (7.5) 133.6 (2.7) 142.8 (2.9) 156.2 (7.1)

eGFR, mL/min/1.73 m2, mean (SD) 44.0 (12.3) 44.8 (12.8) 44.7 (12.6) 43.9 (2.5)

eGFR, mL/min/1.73 m2, n (%)

  <25 35 (2.4) 31 (2.3) 34 (2.3) 35 (2.5)

  25 to <45 766 (52.9) 683 (50.7) 773 (51.8) 757 (54.7)

  45 to <60 487(33.6) 482 (35.8) 500 (33.5) 430 (31.1)

  ≥60 160 (11.0) 150 (11.1) 185 (12.4) 161 (11.6)

UACR, mg/g; median (IQR) 690 (375–1247) 833 (425–1579) 924 (496–1748) 1020 (561–1923)‡

UACR, mg/g, n (%)

  <30 13 (0.9) 4 (0.3) 2 (0.1) 4 (0.3)

  30 to <300 242 (16.7) 177 (13.2) 151 (10.1) 115 (8.3)

  ≥300 1193 (82.4) 1165 (86.6) 1339 (89.7) 1263 (91.3)

Serum potassium, mEq/L, mean (SD) 4.4 (0.5) 4.4 (0.5) 4.4 (0.5) 4.4 (0.5)

Medication use at baseline, n (%)

  ACEi 475 (32.8) 467 (34.7) 541 (36.3) 455 (32.9)

  ARB 971 (67.1) 878 (65.2) 948 (63.5) 927 (67.0)

  Diuretics 736 (50.8) 738 (54.8) 859 (57.6) 878 (63.5)

  Statins 1073 (74.1) 999 (74.2) 1102 (73.9) 1037 (75.0)

  Potassium-lowering agents 43 (3.0) 26 (1.9) 32 (2.1) 35 (2.5)

  Glucose-lowering therapies 1405 (97.0) 1320 (98.1) 1450 (97.2) 1344 (97.2)

  Insulin and analogues 882 (60.9) 871 (64.7) 950 (63.7) 929 (67.2)

  GLP-1RA 101 (7.0) 85 (6.3) 108 (7.2) 100 (7.2)

  SGLT-2 inhibitors 89 (6.1) 69 (5.1) 50 (3.4) 51 (3.7)

ACEi indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; eGFR, estimated glomerular filtration rate; GLP-1RA, 
glucagon-like peptide-1 receptor agonist; HbA1c, glycated hemoglobin; IQR, interquartile range; Q, quartile; SBP, systolic blood pressure; SGLT-2, 
sodium-glucose co-transporter-2; and UACR, urine albumin-to-creatinine ratio.

*Data missing for 4 patients.
†Data missing for 3 patients.
‡Data missing for 1 patient.
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(finerenone, 27.7% versus placebo, 30.6%), and 30.8% 
in Q3 (finerenone, 29.0% versus placebo, 33.0%). 
Additionally, the proportions of patients achieving a tar-
get office BP of <140/90 mm Hg or <130/80 mm Hg 
was consistently higher for finerenone versus placebo 
over the course of the trial (Figure S3).

Kidney and Cardiovascular Outcomes by 
Baseline Office SBP Quartiles
Increasing office SBP quartiles were associated with 
increasing incidence rates of kidney and cardiovascular 
outcomes. Finerenone lowered the risk of primary kidney 

Figure 1. Change in office systolic blood pressure (SBP) and office diastolic blood pressure (DBP) over the course of FIDELIO-
DKD trial (Finerenone in Reducing Kidney Failure and Disease Progression in Diabetic Kidney Disease).
Effect of finerenone and placebo on (A) office SBP and (B) office DBP. A modest and consistent reduction in office SBP was observed with 
finerenone compared with placebo. There was also a slight reduction in office DBP with finerenone compared with placebo over the duration of 
the trial. Data expressed as mean (SD). Overall least squares (LS) mean difference is provided for the change from baseline.
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and key secondary cardiovascular outcome events com-
pared with placebo (HR, 0.82 [95% CI, 0.73–0.93], and 
HR, 0.86 [95% CI, 0.75–0.99], respectively). These 
effects were consistent across baseline office SBP 
quartiles (P for interaction, 0.87 and 0.78, respectively; 
Figure 3). The risk for the secondary kidney composite 
outcome was also lower with finerenone (HR, 0.76 [95% 
CI, 0.65–0.90]) in the primary analysis, and this effect 
was again similar across the different office SBP quar-
tiles (P for interaction, 0.85; Figure 3). A greater reduc-
tion in UACR from baseline to month 4 with finerenone 
compared with placebo was also observed, and this 
treatment effect was consistent across the office SBP 
quartiles (Figure S4).

Treatment Effect of Finerenone on Kidney and 
Cardiovascular Outcomes Adjusted for Change 
in Office SBP
Assessment of the treatment effect of the primary kid-
ney composite outcome adjusted for time-varying office 
SBP showed that 13.8% of the finerenone treatment 
effect was explained by office SBP, and no indication 
of treatment effect variation across the office SBP 

values (P for interaction, 0.56; Table 2). Spline-modeling 
showed an increased risk of the kidney outcome event 
with increasing time-varying office SBP in both treat-
ment groups with a high degree of overlap between CIs 
(Figure S5A). Given that the maximum placebo-adjusted 
office SBP change from baseline was observed at 
month 4 and was generally maintained throughout the 
trial, a landmark analysis at month 4 was also used to 
assess the relationship between treatment with finere-
none and the efficacy outcomes adjusted for baseline 
office SBP and change in office SBP from baseline to 
month 4. Results for the landmark analysis at month 4 
were comparable with that observed in the time-varying 
analysis (14.0% of the treatment effect being explained 
by office SBP; P for interaction, 0.049). Similar findings 
were observed for the secondary kidney composite out-
come (Table 2; Figure S5C). A correlation analysis also 
showed that log UACR change from baseline to month 4 
correlated weakly with office SBP change from baseline 
to month 4 (Figure S6).

For the key secondary cardiovascular composite out-
come, the HR for treatment adjusted for time-varying 
office SBP showed that 12.6% of the treatment effect 
was explained by office SBP (P for interaction, 0.50). 

Figure 2. Change in office systolic blood pressure (SBP) by baseline office SBP quartiles during FIDELIO-DKD trial 
(Finerenone in Reducing Kidney Failure and Disease Progression in Diabetic Kidney Disease).
Effect of finerenone and placebo on office SBP by office SBP quartile at baseline. Data expressed as least squares (LS) mean (±95% CI). 
Overall LS mean difference is provided. Q indicates quartile.
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Adjustment for baseline office SBP and change in office 
SBP from baseline to month 4 led to a higher HR for 
the cardiovascular composite outcome, correspond-
ing to 31.2% of the treatment effect being explained 

by office SBP (P for interaction, 0.95; Table 2); this can 
be attributed mainly to early occurrences of cardiovas-
cular events and exclusion of time at risk in the first 4 
months for this landmark analysis. While spline-modeling 

Figure 3. Primary and key secondary outcomes by baseline office systolic blood pressure (SBP) quartile.
Effect of finerenone on kidney and cardiovascular (CV) outcomes across baseline office SBP quartiles. A similar benefit was observed for the 
primary kidney composite (time to first occurrence of kidney failure, sustained estimated glomerular filtration rate (eGFR) decline ≥40% from 
baseline over 4 weeks or more, or renal death), the key secondary CV composite (time to first occurrence of CV death, nonfatal myocardial 
infarction, nonfatal stroke, or hospitalization for heart failure) and the secondary kidney composite (time to first occurrence of kidney failure, a 
sustained decrease of at least 57% in eGFR from baseline over 4 weeks or more, or renal death) outcomes. PY indicates patient-years; and Q, 
quartile.

Table 2.  Cox Proportional Hazards Model Including Time-Varying Office SBP, or Baseline Office SBP and Office SBP Changes 
From Baseline to Month 4

Outcome 
HR0 primary analysis 
(95% CI) 

Analysis method for 
HR1 

HR1 adjusted analysis 
(95% CI)* 

Proportion 
explained (%)† 

P for interac-
tion‡ 

Primary kidney composite outcome 0.82 (0.73–0.93) Time-varying covariate 0.85 (0.75–0.96) 13.8 0.56

Landmark at month 4 0.85 (0.75–0.96) 14.0 0.049

Key secondary CV composite outcome 0.86 (0.75–0.99) Time-varying covariate 0.88 (0.76–1.01) 12.6 0.50

Landmark at month 4 0.90 (0.78–1.05) 31.2 0.95

Secondary kidney composite outcome 0.76 (0.65–0.90) Time-varying covariate 0.79 (0.67–0.94) 13.2 0.45

Landmark at month 4 0.79 (0.67–0.94) 12.5 0.80

CV indicates cardiovascular; HR, hazard ratio; and SBP, systolic blood pressure.
*HR for treatment from stratified Cox proportional hazards model, adjusted for time-varying office SBP or adjusted for baseline office SBP and change in office SBP 

from baseline to month 4 and landmarked at the month 4 visit.
†Proportion of treatment effect explained by office SBP=100%×([HR0−HR1]/[HR0−1]), where HR0 is the HR from the primary analysis model, and HR1 is the HR 

from the model adjusted for office SBP.
‡P of interaction between treatment and time-varying office SBP, or office SBP change to month 4, respectively, from model as in additionally including this  

interaction term. 
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indicated a steeper increase in risk of the cardiovascular 
composite outcome with increasing time-varying office 
SBP for placebo compared with finerenone, the high 
degree of overlap between CIs did not imply an interac-
tion between treatment with finerenone and office SBP 
for the cardiovascular composite outcome (Figure S5B).

Safety Outcomes in Patients by Baseline Office 
SBP Quartiles
Incidence of any treatment-emergent adverse event 
was similar between treatment arms across the office 
SBP quartile groups and serious adverse events were 
generally less common in the finerenone treatment 
arm (Table 3). Incidence of investigator-reported treat-
ment-emergent hyperkalemia was similarly increased 
in patients treated with finerenone across the office 
SBP quartiles, that is, around 2-fold compared with 
placebo. Incidence of treatment-emergent acute kid-
ney injury was low across all office SBP quartiles and 
treatment groups (Table 3; Table S3).

DISCUSSION
In the overall FIDELIO-DKD cohort, finerenone has a 
modest effect on office BP in patients with CKD and 
T2D. A reduction in office SBP was observed across the 
baseline office SBP quartiles of the study population, 
with the greatest decline observed in patients treated 
with finerenone in the highest office SBP quartile of 
>148.0 mm Hg. The benefit of finerenone on kidney 
and cardiovascular outcomes was similar across quar-
tiles of baseline office SBP and an analysis adjusted 
for change in office SBP demonstrated a persistent 

efficacy of finerenone. This suggests that in addition 
to reduction in BP as measured in the office, other 
mechanisms are likely to improve cardiorenal outcomes 
with finerenone. However, it remains to be determined 
to what extent cardiorenal protection with finerenone is 
due to effects on non-hemodynamic or hemodynamic 
factors such as 24-hour BP or other measures of BP 
load on the vasculature.

Exploratory analysis adjusting for change in office 
SBP suggested that a small proportion of the effect of 
finerenone on the kidney and cardiovascular outcomes 
(<14% in the time-varying analysis) may be attributed to 
changes in office SBP. Therefore, the benefit observed in 
delaying CKD progression and reducing cardiovascular 
events with finerenone would seem to also be associated 
with other mechanisms in addition to office BP. During 
FIDELIO-DKD, the cardiovascular benefits of finerenone 
were apparent earlier than the kidney benefits (with sep-
aration of the Kaplan-Meier curves occurring from ≈ 4 
and 12 months, respectively).11,12 One potential hypoth-
esis is that early cardiovascular benefits may be partly 
driven by short-term natriuretic or hemodynamic mecha-
nisms (involving a decrease of hemodynamic stress bio-
markers B-type natriuretic peptide and amino-terminal 
pro-B-type natriuretic peptide),11,16 whereas a reduction 
in inflammation and fibrosis may underlie the long-term 
kidney and cardiovascular protection. The aldosterone-
mineralocorticoid receptor axis is associated with the 
pathogenesis and progression of CKD and cardiovas-
cular disease, as well as resistant hypertension6,17,18 and 
overactivation of mineralocorticoid receptor is known 
to result in downstream transcription of profibrotic and 
hypertrophic genes.19,20 In preclinical studies, finerenone 
was found to reduce proinflammatory mediators and 

Table 3.  Safety Outcomes by Baseline Office SBP Quartile

Patients with treatment-emergent 
AEs, n (%) 

Baseline Office SBP

Q1 (≤128.7 mm Hg)
Q2 (>128.7 to ≤138.3 
mm Hg)

Q3 (>138.3 to ≤148.0 
mm Hg) Q4 (>148.0 mm Hg)

Finerenone 
(n=726) 

Placebo 
(n=721) 

Finerenone 
(n=662) 

Placebo 
(n=683) 

Finerenone 
(n=777) 

Placebo 
(n=712) 

Finerenone 
(n=661) 

Placebo 
(n=715) 

Any AE 630 (86.8) 636 (88.2) 566 (85.5) 582 (85.2) 675 (86.9) 607 (85.3) 597 (90.3) 653 (91.3)

Mild 229 (31.5) 206 (28.6) 195 (29.5) 222 (32.5) 207 (26.6) 170 (23.9) 191 (28.9) 166 (23.2)

Moderate 281 (38.7) 281 (39.0) 256 (38.7) 255 (37.3) 332 (42.7) 295 (41.4) 276 (41.8) 326 (45.6)

Severe 120 (16.5) 149 (20.7) 115 (17.4) 105 (15.4) 136 (17.5) 142 (19.9) 130 (19.7) 161 (22.5)

Any AE leading to discontinuation 
of study drug

48 (6.6) 47 (6.5) 46 (6.9) 30 (4.4) 63 (8.1) 46 (6.5) 50 (7.6) 45 (6.3)

Any SAE 237 (32.6) 254 (35.2) 215 (32.5) 189 (27.7) 236 (30.4) 263 (36.9) 214 (32.4) 265 (37.1)

Any SAE leading to discontinuation 
of study drug

13 (1.8) 24 (3.3) 19 (2.9) 16 (2.3) 24 (3.1) 18 (2.5) 19 (2.9) 20 (2.8)

Any hyperkalemia 132 (18.2) 77 (10.7) 112 (16.9) 62 (9.1) 145 (18.7) 56 (7.9) 127 (19.2) 60 (8.4)

Any hyperkalemia leading to discon-
tinuation of study drug

18 (2.5) 4 (0.6) 12 (1.8) 8 (1.2) 17 (2.2) 7 (1.0) 17 (2.6) 6 (0.8)

Any acute kidney injury 24 (3.3) 35 (4.9) 40 (6.0) 23 (3.4) 34 (4.4) 36 (5.1) 31 (4.7) 42 (5.9)

AE indicates adverse event; Q, quartile; SAE, serious adverse event; and SBP, systolic blood pressure.

https://www.ahajournals.org/doi/suppl/10.1161/HYPERTENSIONAHA.122.19744
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fibrosis in the kidney and the heart at doses that had 
just a mild effect on BP reduction.21,22 This is in contrast 
with the steroidal MRA eplerenone, with which little or 
no effect on these parameters were found.21,22 However, 
it must be noted that these preclinical animal studies 
used suboptimal methods for measuring BP and did not 
assess treatment effects on 24-hour BP load on the vas-
culature. Therefore, further clinical evidence is required 
to confirm that the anti-inflammatory and antifibrotic 
effects of finerenone played a contributing role toward 
the cardiorenal benefits observed in this trial.

In addition to the kidney and cardiovascular benefits 
found in FIDELIO-DKD, finerenone lowered the mean 
UACR in patients, and this was maintained over the 
duration of the trial.11 However, no meaningful correla-
tion between change in UACR and office SBP change 
to month 4 was observed in the present study. Thus, it 
could be hypothesized that over the course of disease, 
the better preservation of kidney function in the finere-
none group could have allowed for easier control of BP. 
Alternatively, it is possible that a stronger correlation 
might exist between the change in UACR with 24-hour 
BP to month 4 than with office SBP to month 4. Thus, we 
cannot exclude the possibility that a substantial reduc-
tion of 24-hour BP with finerenone might have largely 
accounted for the reduction in UACR throughout the trial.

Over the duration of FIDELIO-DKD, there was an 
overall increase in office SBP for patients in the lowest 
baseline office SBP quartile and an overall decrease in 
office SBP for patients in the highest office SBP quartile 
for both treatment arms; these were likely because of a 
regression-to-the-mean effect (Figure 2). A factor that 
may have played a role was the modification of back-
ground antihypertensive treatment throughout the trial, 
which was permitted at the discretion of the investiga-
tors in line with local guideline recommendations. Thus, 
interruption or down-titrations of antihypertensive medi-
cations could have occurred for patients with low office 
BP, and the opposite for patients with high office BP. The 
number of antihypertensive medications taken through-
out the trial was broadly similar across treatment arms 
(Figure S2), with a slightly lower proportion of patients 
receiving finerenone receiving ≥4 medications as the 
trial progressed; this may have resulted in a more con-
servative estimate in the difference in office BP lowering 
observed with finerenone versus placebo.

There are limitations in this analysis that must be 
acknowledged. While patients with CKD commonly expe-
rience nocturnal hypertension,23–25 this trial only recorded 
office BP. Furthermore, in FIDELIO-DKD, baseline office 
BP was better controlled than the BP of patients typically 
seen in everyday nephrology practice.26 It should be noted 
that FIDELIO-DKD included patients with predominantly 
stage 3 or 4 CKD with severely elevated albuminuria and 
T2D. The FIGARO-DKD trial (Finerenone in Reducing 
Cardiovascular Mortality and Morbidity in Diabetic Kidney 

Disease), which is complimentary in design to FIDELIO-
DKD but included patients with T2D and stage 2 to 4 
CKD with moderately elevated albuminuria or stage 1 or 
2 CKD with severely elevated albuminuria also showed a 
similar modest reduction in office SBP with finerenone, 
suggesting a similar effect of finerenone on office BP 
across a broader CKD population.27

CONCLUSIONS
In FIDELIO-DKD, the overall benefit of finerenone on 
kidney and cardiovascular outcomes occurred indepen-
dently of baseline office SBP in the presence of a mod-
est reduction in office SBP. Analyses adjusted for office 
SBP changes in FIDELIO-DKD suggest that office SBP 
change with finerenone may have contributed to a pro-
portion of its outcome. Thus, we postulate that the mech-
anisms underlying the treatment effect of finerenone 
and contributing to kidney and cardiovascular benefits 
in patients with CKD and T2D could be of hemodynamic 
and non-hemodynamic nature. However, it remains to 
be determined to what extent the cardiorenal protection 
with finerenone demonstrated in FIDELIO-DKD is due 
to effects on non-hemodynamic or hemodynamic factors 
such as 24-hour BP or other measures of BP load on 
the vasculature.

Perspectives
The novel, selective, nonsteroidal MRA, finerenone 
reduced the risk of kidney and cardiovascular events 
in patients with CKD and T2D while having a modest 
effect on office BP in the phase 3 FIDELIO-DKD trial. 
This analysis sought to further investigate the relation-
ship between office SBP and the cardiorenal benefits 
of finerenone in FIDELIO-DKD. Results reported here 
show lower baseline office SBP and greater declines in 
office SBP were associated with better cardiorenal out-
comes. However, the treatment effects with finerenone 
were similar across different office SBP levels, and an 
exploratory analysis adjusting for change in office SBP 
suggested that a small proportion of the cardiorenal 
benefits were attributed to the effect of finerenone on 
office BP reduction. Since the results described here 
are based on the assessment of office BP, it remains to 
be determined to what extent the cardiorenal protection 
with finerenone is due to effects on non-hemodynamic 
or hemodynamic factors such as 24-hour BP or other 
measures of BP load on the vasculature.
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