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Aims The Routine vs. Aggressive risk factor driven upstream rhythm Control for prevention of Early persistent atrial fi-
brillation (AF) in heart failure (HF) (RACE 3) trial demonstrated that targeted therapy of underlying conditions im-
proved sinus rhythm maintenance at 1 year. We now explored the effects of targeted therapy on the additional
co-primary endpoints; sinus rhythm maintenance and cardiovascular outcome at 5 years.

...................................................................................................................................................................................................
Methods
and results

Patients with early persistent AF and mild-to-moderate stable HF were randomized to targeted or conventional
therapy. Both groups received rhythm control therapy according to guidelines. The targeted group additionally re-
ceived four therapies: angiotensin-converting enzyme inhibitors and/or angiotensin receptor blockers (ARBs), sta-
tins, mineralocorticoid receptor antagonists (MRAs), and cardiac rehabilitation. The presence of sinus rhythm and
cardiovascular morbidity and mortality at 5-year follow-up were assessed. Two hundred and sixteen patients con-
sented for long-term follow-up, 107 were randomized to targeted and 109 to conventional therapy. At 5 years,
MRAs [76 (74%) vs. 10 (9%) patients, P < 0.001] and statins [81 (79%) vs. 59 (55%), P < 0.001] were used more in
the targeted than conventional group. Angiotensin-converting enzyme inhibitors/ARBs and physical activity were
not different between groups. Sinus rhythm was present in 49 (46%) targeted vs. 43 (39%) conventional group
patients at 5 years (odds ratio 1.297, lower limit of 95% confidence interval 0.756, P = 0.346). Cardiovascular mor-
tality and morbidity occurred in 20 (19%) in the targeted and 15 (14%) conventional group patients, P = 0.353.

...................................................................................................................................................................................................
Conclusion In patients with early persistent AF and HF superiority of targeted therapy in sinus rhythm maintenance could not

be preserved at 5-year follow-up. Cardiovascular outcome was not different between groups.
...................................................................................................................................................................................................
Trial registration
number

Clinicaltrials.gov NCT00877643.
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Introduction

Atrial fibrillation (AF) is a progressive disease. Particularly in patients
with heart failure (HF), it is associated with cardiovascular morbidity
and mortality, especially early after start of AF.1,2 In addition, quality
of life is impaired.3 Maintenance of sinus rhythm has been associated
with improved prognosis.4,5 Long-term maintenance of sinus rhythm,
however, is a challenge, despite the introduction of ablation, espe-
cially in persistent AF and HF patients.6,7 This may be one of the rea-
sons why most trials so far could not demonstrate a beneficial effect
of a rhythm control strategy on outcome.7 Treatment of risk factors
is essential for AF management.8 It improves cardiovascular risk fac-
tors and outcome in AF patients and patients with other cardiovascu-
lar comorbidities.5,9–11 In addition, it contributes to sinus rhythm
maintenance and prevents further deterioration of the atrial sub-
strate that is caused by underlying conditions of AF and by AF itself.12

However, not all studies on risk factor management were superior
to conventional treatment. Reduction of blood pressure alone in
patients undergoing ablation did not reduce AF recurrence rate.13

Also important to consider, until now most studies were limited to
populations with a combination of paroxysmal AF and persistent AF,
were not focusing on early AF, and had short follow-up durations.

Therefore, the Routine vs. Aggressive risk factor driven upstream
rhythm Control for prevention of Early AF in HF (RACE 3) trial
aimed to improve underlying conditions of AF by long-term targeted
therapy in order to enhance maintenance of sinus rhythm and reduce
cardiovascular morbidity and mortality.14,15 We hypothesize that in
patients with early persistent AF and stable mild to moderate HF
continuous targeted therapy of underlying conditions over a 5-year
period, will improve long-term maintenance of sinus rhythm and re-
duce cardiovascular morbidity and mortality, in comparison to con-
ventional therapy.

Methods

Study design
The RACE 3 study design has been previously published.14,15 In brief, the
RACE 3 is a randomized, prospective multicentre, open-label, blinded
endpoint trial (Clinicaltrials.gov identifier NCT00877643). Patients with a
short history of symptomatic persistent AF [total AF history <5 years, to-
tal persistent AF duration >7 days but <6months, <_1 electrical cardiover-
sion (ECV)] and mild to moderate stable HF were included. The study

Graphical Abstract

What’s new?

• In patients with early persistent atrial fibrillation (AF) and heart
failure (HF) targeted therapy reduced blood pressure and
cholesterol levels.

• Superiority of targeted therapy in sinus rhythm maintenance
could not be preserved at 5-year follow-up in patients with AF
and HF, as was seen at 1 year.
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has been performed in compliance of the Declaration of Helsinki. The
study was approved by The Institutional Review Board of all participating
hospitals, and all patients gave written informed consent. Patients were
randomized to targeted therapy of underlying conditions or conventional
therapy. All patients received treatment according to the AF and HF
guidelines and were treated with rhythm control therapy. Patients were
scheduled for ECV 3 weeks after inclusion. If AF relapsed, repeat ECV, an-
tiarrhythmic drugs, and atrial ablations were allowed. In addition, the tar-
geted therapy group received four therapies: (i) angiotensin-converting
enzyme inhibitors (ACE-Is) and/or angiotensin receptor blocker (ARBs),
(ii) statins, (iii) mineralocorticoid receptor antagonists (MRAs), and (iv)
cardiac rehabilitation. Angiotensin-converting enzyme inhibitors, ARBs,
and MRAs were dosed aiming to achieve the highest tolerated doses.
Blood pressure target was below 120/80 mmHg. Cardiac rehabilitation
included supervised physical activity for 9–11 weeks, dietary restrictions,
and counselling by a nurse on drug adherence and exercise maintenance,
once every 6 weeks, starting 1 week after inclusion. Self-reported physical
activity was only assessed for the targeted group during nurse visits during
the first year of follow-up. During the first year, all patients had outpatient
clinic visits at 1, 3, 6, 9, and 12 months after the first study ECV
(Supplementary material online, Figure S1). After 1 year, patients were
asked for consent for long-term follow-up. A total of 216 of 245 patients
gave consent for long-term follow-up. The follow-up protocol was de-
cided early on, but after start of the study. Follow-up visits, including
counselling, were deliberately reduced (Supplementary material online,
Figure S2). Patients participating in the long-term follow-up randomized
to conventional therapy had outpatient clinic visits once a year. Patients
in the targeted group had outpatient clinical visits every 6 months, alter-
nating with telephonic counselling by a nurse every other 6 months
(Figure 1, Supplementary material online, Figure S2). During every outpa-
tient clinic visit, self-reported physical activity was assessed for both
groups. For the targeted therapy group, self-reported physical activity
was additionally assessed during telephonic counselling by a nurse. Total
follow-up duration was 5 years.

Co-primary endpoints
The first co-primary endpoint of this analysis was the presence of sinus
rhythm, defined as sinus rhythm during at least six-seventh of assessable
time, at the 7-day Holter monitoring at 5 years. If the 5-year Holter was
not available, we used the best available clinical information for rhythm
status as a proxy for the determination of this co-primary endpoint status.
If the patient had died, the clinical and AF status before death were
assessed.

The second co-primary endpoint was the composite of death from
cardiovascular causes and cardiovascular morbidity including hospitaliza-
tion for HF, stroke, systemic embolism, myocardial infarction, percutane-
ous coronary intervention, coronary artery bypass graft, bleeding, life-
threatening arrhythmic events, pacemaker, implantable cardioverter-defi-
brillator, or cardiac resynchronization therapy defibrillator.

Additionally, analyses were done for changes in blood pressure, body
mass index (BMI), N-terminal pro-brain natriuretic peptide (NT-
proBNP), cholesterol levels, sodium levels in 24-h urine collection, left
atrial volume, and left ventricular function at 5-year follow-up. Atrial fibril-
lation burden on 7-day Holter monitoring at 5 years was also assessed.
Atrial fibrillation burden was defined as time in AF on 7-day Holter moni-
toring divided by actual duration of Holter monitoring, calculated in
percentage.

An endpoint review committee, unaware of the treatment-group
assignments, adjudicated safety and cardiovascular morbidity and mortal-
ity. All 7-day Holters were analysed for the presence of sinus rhythm (pri-
mary endpoint) at a central core lab blinded for therapy.

Statistical analysis
The trial was designed to determine whether targeted therapy is of added
value to conventional therapy for sinus rhythm maintenance in patients
with early persistent AF and HF. Analyses were predefined. Baseline char-
acteristics are presented as mean ± standard deviation for normally dis-
tributed data, as median and interquartile range for non-normally
distributed continuous data, and as number of patients and percentage
for categorical data. The primary analysis for efficacy consisted of a com-
parison of the occurrence of the primary endpoint between the targeted
and the conventional group by calculating the odds ratio (OR), with cor-
responding confidence limits according to the Miettinen–Nurminen
method. The null-hypothesis of no treatment benefit was rejected if the
lower limit of the 95% confidence interval (95% CI) exceeded one, which
is equivalent to two-sided testing at an alpha level of 0.05. Analyses were
conducted with R [version 3.3.3 (www.r-project.org)] and SPSS version
23 or higher.

Results

Two hundred and sixteen of 245 patients consented to long-term fol-
low-up (Figure 1), 107 randomized to targeted and 109 to conven-
tional therapy. Baseline characteristics between the targeted vs.
convention group were comparable, with exception of verapamil use
[2 (2%) vs. 10 (9%), P = 0.034] and left ventricular end-diastolic diam-
eter indexed [24.5 (21.9–26.3) vs. 25.3 (22.0–27.2), P = 0.047], re-
spectively (Table 1). Hypertension was present in 130 (60%) patients,
mean CHA2DS2-VASc was 2 (1–3).

Targeted therapies applied during 5-year follow-up show a differ-
ence in MRA use [76 (74%) vs. 10 (9%) patients; P < 0.001] and statin
use [81 (79%) vs. 59 (55%) patients; P < 0.001] (Table 2, Figure 2).
Supervised cardiac rehabilitation in first year of follow-up was com-
pleted by 110 (92%) targeted therapy patients. Self-reported physical
activity at 5-year follow-up was comparable between the groups
(Table 2). The number of patients receiving any antiarrhythmic drug
[25 (23%) vs. 17 (16%), P = 0.169], sotalol [7 (7%) vs. 3 (3%),
P = 0.212], flecainide [8 (8%) vs. 4 (4%), P = 0.249], amiodarone [10
(10%) vs. 10 (10%), P = 1.000], number of repeat ECV [180 vs. 151,
P = 0.106], and number of pulmonary vein isolation [12 vs. 13,
P = 0.531] were comparable between the targeted and conventional
therapy group, respectively (Figure 1, Supplementary material online,
Table S1).

At 5-year follow-up, sinus rhythm was present in 49 of 107
patients (46%) in the targeted vs. 43 of 109 patients (39%) in the con-
ventional therapy group (OR 1.297, with lower limit of 95% CI 0.756,
two-sided P = 0.346) (Graphical Abstract). In a secondary analysis, we
limited the analysis to patients with available 5-year Holter monitor-
ing and found sinus rhythm in 41 of 85 patients (48%) in the targeted
vs. 35 of 74 patients (47%) in the conventional group (OR 1.038, with
lower limit of 95% CI 0.557, two-sided P = 0.906) (Supplementary
material online, Table S2). Of the patients that completed the 5-year
follow-up, 82 (80%) patients of the targeted and 69 (66%) patients of
the conventional group had sinus rhythm at 1-year follow-up
(Supplementary material online, Table S3). Maintenance of sinus
rhythm decreased after 1 year and was comparable between the
groups throughout the rest of follow-up (Supplementary material on-
line, Table S3). No difference was seen in AF burden between the
groups at 5 years (Supplementary material online, Table S4).
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250 patients underwent
randomisation

126 patiens were randomised to
conventional therapy

2 patients died
during first year of

follow-up

29 patient declined
consent for long
term follow-up

216 patients gave consent for long
term follow-up

109 patiens were randomised to
conventional therapy

Long term follow-up:

- 14 patient did not have Holter
monitoring at 5 years follow-up
           - 4 patients due to logistical
           reasons due to COVID19
           - 1 due to logistical reasons
           other than COVID19
           - 8 patients refused Holter
           monitoring
           - 1 patient was unable for
           medical reasons (terminal
           cancer)

Long term follow-up:

- 10 patient did not have Holter
monitoring at 5 years follow-up
           - 6 patients due to logistical
           reasons due to COVID19
           - 1 patient lost to follow-up
           after M48
           - 1 patient refused Holter
           monitoring
           - 2 patients were unable for
           medical reasons (dementia;
           subdural hematoma)

107 patiens were randomised to
targeted therapy

4 patients died during long
          term follow-up
          - 2 patients died after
          M30 & last ECG
          available was AF
          - 1 patient died after
          M48 & last ECG
          available was AF
          - 1 patient died after
          M57 & last ECG
          available was AF

4 patients died during long
          term follow-up
          - 2 patients died after
          M36 & last ECG
          available was AF
          - 1 patient died after
          M36 & last ECG
          available was SR
          - 1 patient died after
          M48 & last ECG
          available was AF

49 patients had
sinus rhythm at 5

years

10 patients without
repeat ECV, AAD or

atrial ablation

30 patients with
repeat ECV and/or

AAD

3 patiens with
repeat ECV or AAD
with atrial ablation

6 patiens with
repeat ECV, AAD
and atrial ablation

7 patients without
repeat ECV, AAD or

atrial ablation

50 patients with
repeat ECV and/or

AAD

1 patiens with atrial
ablation

0 patients with
repeat ECV, AAD
and atrial ablation

9 patients without
repeat ECV, AAD or

atrial ablation

27 patients with
repeat ECV and/or

AAD

1 patiens with
repeat ECV or AAD
with atrial ablation

6 patients with
repeat ECV, AAD
and atrial ablation

13 patients without
repeat ECV, AAD or

atrial ablation

52 patients with
repeat ECV and/or

AAD

1 patiens with
repeat ECV or AAD
with atrial ablation

0 patients with
repeat ECV, AAD
and atrial ablation

58 patients had AF
at 5 years

43 patients had
sinus rhythm at 5

years

66 patients had AF
at 5 years

119 patiens were randomised to
targeted therapy

1 patient: because of a positive exercise test at screening; CAG
          showed significant coronary artery disease necessitating
          CABG
1 patient: idiopathic increased CK levels and therefore not
          suitable to use statin
1 patient: spontaneous conversion to SR after 1 week
1 patient: heart failure >12 months (total 60 months)
1 patient: heart failure and present AF episode >12 months

Figure 1 Trial profile. Two hundred and forty-five of the 250 randomized patients were included in the 1-year follow-up analysis. For the 5-year
follow-up, 216 gave consent. AAD, antiarrhythmic drugs; AF, atrial fibrillation; CABG, coronary artery bypass grafting; CAD, coronary artery disease;
CAG, coronary angiogram; COVID19, coronavirus disease 2019; ECG, electrocardiography; ECV, electrical cardioversion; SR, sinus rhythm.
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Table 1 Baseline characteristics—targeted therapy vs. conventional therapy

Characteristic Total population

(n 5 216)

Targeted therapy

(n 5 107)

Conventional therapy

(n 5 109)

Age (years) 64.8 ± 8.3 64.4 ± 8.4 65.2 ± 8.2

Male sex, no. (%) 171 (79%) 85 (79%) 86 (79%)

Total duration AF (months) 3.2 (1.9–5.5) 3.6 (1.9–6.9) 3.0 (1.9–4.8)

Total persistent AF (months) 2.3 (1.4–4.0) 2.2 (1.4–3.7) 2.5 (1.4–4.0)

Previous ECV, no. (%) 195 (91%) 95 (90%) 100 (92%)

Duration of HF (months) 2.0 (1.0–4.0) 2.0 (1.0–4.0) 2.0 (1.0–3.5)

Hospital admission for HF, no. (%) 25 (12%) 12 (11%) 13 (12%)

LVEF <45%, no. (%) 61 (28%) 32 (30%) 29 (27%)

LVEF >_45%, no. (%) 155 (72%) 75 (70%) 80 (73%)

Hypertension, no. (%) 130 (60%) 59 (55%) 71 (65%)

Diabetes, no. (%) 19 (9%) 8 (7%) 11 (10%)

Coronary artery disease, no. (%) 27 (12%) 15 (14%) 12 (11%)

Valvular disease, no. (%) 19 (9%) 9 (8%) 10 (9%)

Cardiomyopathy, no. (%) 12 (6%) 7 (7%) 5 (5%)

Ischaemic thromboembolic complication, no. (%) 9 (4%) 5 (5%) 4 (4%)

Chronic obstructive pulmonary disease, no. (%) 17 (8%) 8 (7%) 9 (8%)

CHA2DS2-VASc scorea 2.0 (1.0–3.0) 2.0 (1.0–3.0) 2.0 (1.0–3.0)

Symptoms, no. (%)

Palpitations 93 (43%) 43 (40%) 50 (46%)

Dyspnoea 171 (79%) 85 (79%) 86 (79%)

Fatigue 132 (61%) 68 (64%) 64 (59%)

EHRA class 2.0 (2.0–2.0) 2.0 (2.0–2.0) 2.0 (2.0–2.0)

Length (cm) 179 ± 8 180 ± 8 178 ± 8

Weight (kg) 91 ± 14 93 ± 13 90 ± 14

Body mass index (kg/m2) 28 (26–31) 28.6 (26–31) 27.9 (25–31)

Blood pressure (mmHg)

Systolic 129 ± 15 131 ± 16 128 ± 14

Diastolic 83 (77.–90) 85.0 (76–90) 82.0 (78–90)

Heart rate at rest (beats/min) 87 (77–96) 85.0 (76–93) 89.0 (78–99)

New York Heart Association functional class, no. (%)

I 45 (21%) 22 (21%) 23 (21%)

II 148 (69%) 74 (69%) 74 (68%)

III 23 (11%) 11 (10%) 12 (11%)

Potassium (mmol/L) 4.3 ± 0.4 4.3 ± 0.4 4.3 ± 0.4

NT-proBNP (ng/L) 1045 (695–1556) 1057 (695–1542) 1005 (703–1611)

Total cholesterol (mmol/L) 5.0 ± 1.2 5.0 ± 1.1 5.0 ± 1.2

LDL cholesterol (mmol/L) 3.1 ± 1.0 3.0 ± 1.0 3.1 ± 1.0

HDL cholesterol (mmol/L) 1.2 (1.0–1.4) 1.2 (1.1–1.4) 1.2 (1.0–1.4)

Triglycerides (mmol/L) 1.7 (1.1–2.2) 1.8 (1.2–2.3) 1.5 (1.1–2.1)

Glucose (mmol/L) 5.8 (5.3–6.5) 5.8 (5.3–6.5) 5.8 (5.2–6.5)

HbA1c (%) 5.9 (5.6–6.2) 5.9 (5.6–6.1) 5.8 (5.6–6.3)

Medication in use, no. (%)

Beta-blocker 189 (88%) 92 (86%) 97 (89%)

Verapamil/diltiazem 12 (6%) 2 (2%) 10 (9%)

Digoxin 51 (24%) 27 (25%) 24 (22%)

ACE-inhibitor 75 (35%) 33 (31%) 42 (39%)

Angiotensin receptor blocker 48 (22%) 23 (21%) 25 (23%)

Mineralocorticoid receptor antagonist 3 (1%) 1 (1%) 2 (2%)

Statin 72 (33%) 34 (32%) 38 (35%)

Diuretic 86 (40%) 44 (41%) 42 (39%)

Anticoagulant 213 (99%) 105 (98%) 108 (99%)

Antiplatelet 14 (6%) 9 (8%) 5 (5%)

Continued
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The composite of cardiovascular mortality and morbidity oc-
curred in a total of 35 patients (16%, 3.2% per year) and was not
different between the groups [20 (19%) patients in the targeted
and 15 (14%) in the conventional group, P = 0.353] (Figure 3,

Table 3). Total follow-up of 5 years was completed by 207 patients.
Death from any cause occurred in eight patients, four patients in
each group, and one was lost to follow-up after 4 years (Supple-
mentary material online, Table S5).

....................................................................................................................................................................................................................

Table 1 Continued

Characteristic Total population

(n 5 216)

Targeted therapy

(n 5 107)

Conventional therapy

(n 5 109)

Echocardiographic variables

Left atrial size, long axis (mm) 43 (40–47) 43 (40–48) 44 (40–47)

Left atrial volume (mL) 81 (65–98) 82 (65–99) 79 (65–96)

Left atrial volume indexed (mL/m2) 38 (31–48) 38 (31–48) 38 (32–48)

Left ventricular end-diastolic diameter (mm) 52 ± 6 51 ± 6 52 ± 6.

Left ventricular end-diastolic diameter index (mm/m2) 25 (22–27) 25 (22–26) 25 (23–27)

Left ventricular end-systolic diameter (mm) 37 ± 8 37 ± 8 38 ± 8

Left ventricular end-systolic diameter index (mm/m2) 18 (15–20) 17 (15–20) 18 (15–20)

Left ventricular ejection fraction (%) 53 (43–60) 53 (43–58) 52 (43–60)

Exercise test

Maximum load (W) 132 (105–160) 134 (106–163) 131 (100–160)

Maximum heart rate (beats/min) 163 ± 28 162 ± 30 164 ± 27

24 h urine excretion

Sodium (mmol/24 h) 161.0 (121.0–209.0) 160.0 (120.0–203.0) 163.0 (122.5–214.5)

Potassium (mmol/24 h) 75.0 (57.0–90.1) 74.8 (55.8–90.2) 75.0 (59.5–88.6)

Creatinine (mmol/24 h) 13.4 (10.5–15.8) 13.0 (10.9–15.6) 13.4 (10.0–15.8)

Data are presented as mean (SD), number of patients (%), or median (IQR).
ACE, angiotensin-converting enzyme; AF, atrial fibrillation; ECV, electrical cardioversion; EHRA, European Heart Rhythm Association class for symptoms; HbA1c, haemoglobin
A1c; HDL, high-density lipoprotein; HF, heart failure; LDL, low-density lipoprotein; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-brain natriuretic
peptide.
aThe CHA2DS2-VASc score assesses thromboembolic risk. C = congestive heart failure/LV dysfunction, H = hypertension; A2 = age >_75 years; D = diabetes mellitus;
S2 = stroke/transient ischaemic attack/systemic embolism; V = vascular disease; A = age 65–74 years; Sc = sex category (female sex).

....................................................................................................................................................................................................................

Table 2 Treatment at 5-year follow-up

Total population

(N 5 207)a

Targeted

therapy (N 5 102)

Conventional

therapy (N 5 105)

P-value

MRA 86 (42%) 76 (75%) 10 (9%) <0.001

Spironolactone (mg) 25 (12–50) 38 (25–50) 12 (12–25) 0.130

Eplerenon (mg) 50 (25–50) 50 (25–50) 25 (25–25) 0.062

Statin 140 (68%) 82 (80%) 58 (55%) <0.001

Simvastatin (mg) 40 (20–40) 40 (20–40) 40 (40–40) 0.724

Rosuvastatin (mg) 10 (8–10) 10 (5–10) 10 (10–10) 0.095

ACE-inhibitor and/or ARB 159 (76%) 80 (78%) 79 (75%) 0.624

Enalapril (mg) 20 (9–20) 12 (5–20) 20 (18–20) 0.405

Perindopril (mg) 4 (2–8) 3 (2–6) 4 (4–8) 0.062

Losartan (mg) 75 (50–100) 50 (50–100) 100 (50–100) 0.384

Telmisartan (mg) 40 (40–80) 40 (30–80) 80 (40–80) 0.408

Physical activity during follow-up 146 (71%) 73 (72%) 73 (70%) 0.763

Duration >150 min/weekb 118 (57%) 58 (57%) 60 (57%) 1.000

Data are presented as number of patients (%) or median (IQR).
ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; MRA, mineralocorticoid receptor antagonist.
aData are excluding eight patients that died during LTF and one patient lost to follow-up.
bInternational physical activity norm.
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Both groups had significant improvements of blood pressure, NT-
proBNP, cholesterol levels, and left ventricular ejection fraction at
5 years (Table 4). The targeted group improved significantly more in
systolic blood pressure, total cholesterol, and LDL cholesterol com-
pared to the conventional group (Table 4).

Discussion

We studied the long-term results of targeted therapy compared to
conventional therapy in patients with early persistent AF and stable
mild to moderate HF. Our data show that after follow-up of 5 years,
targeted therapy was beneficial in reduction of blood pressure and
cholesterol levels. However, the benefit that was seen in sinus
rhythm maintenance at 1 year for the patients randomized to tar-
geted therapy could not be upheld during long-term follow-up.
Cardiovascular morbidity and mortality occurred in a 3.2% per year
and was comparable between the two groups.

We now demonstrate that despite the promising results of tar-
geted therapy at 1 year, the superior efficacy in sinus rhythm mainte-
nance could not be preserved at 5-year follow-up, even with
significantly higher use of MRAs and statins and significantly lower
blood pressures and cholesterol levels in the targeted group com-
pared to the conventional group. Why did we not observe benefit of
targeted therapy at 5-year follow-up?

First, long-term sinus rhythm maintenance remains a challenge.
Even with recent studies showing improvement in success of sinus
rhythm maintenance with ablation, recurrence rate of AF during
long-term follow-up remains high, especially in patients with persis-
tent AF and HF.7 Additionally, despite the attempt to target risk fac-
tors at an early stage of AF, patients in the RACE 3 trial had early
persistent AF and early HF, with relatively enlarged left atria.
Therefore, reduction of blood pressure by MRAs and cholesterol lev-
els by statins might simply not have prevented AF recurrences due to
the more advanced stage of atrial remodelling as a result from long
existing underlying risk factors and HF, compared to patients in stud-
ies with high success of rhythm control therapy.5,6 Similar results
were seen in patients after ablation, where aggressive treatment of
blood pressure showed no reduction in AF recurrences.13

Of note, NT-proBNP levels decreased significantly in both groups
during follow-up but did not differ between the groups, presumably
due to the lack of differences in sinus rhythm maintenance between
the groups at 5 years. Importantly, no difference was seen in BMI be-
tween the groups at 5 years. This is in contrast with our 1-year
follow-up data and previous studies with cardiac rehabilitation.10,15

Even though our cardiac rehabilitation programme was simply imple-
mentable to get patients active, the short supervised period, absence
of weight reduction, and the comparable outcome on physical activ-
ity in both groups at 5 years could have contributed to the lack of
benefit of targeted therapy.16 Keeping patients physically active
remains difficult.17 More intensive counselling and extension of su-
pervised exercise in the 5-year follow-up possibly could have im-
proved outcome on physical activity and consequently maintain the
weight loss and BMI reduction as seen at 1-year follow-up.
Furthermore, with the new digital tools available nowadays, patients
could be monitored and motivated in an easier way and more fre-
quently. Studies that showed beneficial effects had a more aggressive

approach with strict counselling, in highly motivated patients.10 This
again stresses that long-term lifestyle changes are difficult to obtain.17

In addition, our long-term follow-up results may suggest that treat-
ment of underlying conditions should be applied in a personalized
matter.

Lastly, the intention of the trial was to aggressively treat underlying
conditions using targeted therapy, not applying aggressive rhythm

Figure 2 Intervention medication during 5-year follow-up.
Targeted therapy medication use presented in percentages for both
randomized groups during 5-year follow-up. ACE-I, angiotensin-
converting enzyme inhibitors; ARB, angiotensin receptor blockers;
MRA, mineralocorticoid receptor antagonists; T = 0, after randomi-
zation; T = 1, 1-year follow-up; T = 2, 2-year follow-up; T = 3, 3-
year follow-up; T = 4, 4-year follow-up; T = 5, 5-year follow-up.
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Figure 3 Kaplan–Meier composite outcome according to randomization group. The secondary outcome was the composite of cardiovascular
morbidity and mortality.

....................................................................................................................................................................................................................

Table 3 Composite primary outcome and its components during the 5-year follow-up

Targeted therapy (N 5 107) Conventional therapy (N 5 109) P-value

Composite outcomea 20 (19%) 15 (14%) 0.353

Individual componentsb

Cardiovascular death 3 1

Arrhythmic 1 0

Non-arrhythmic 1 0

Stroke 1 1

Hospital admission for heart failure 3c 3

Stroke 3 2

Ischaemic stroke (1 fatal) 3 0

Haemorrhagic (1 fatal) 0 2

Systemic embolism 1 1

Myocardial infarction 5d 3

Percutaneous coronary intervention 3 3

Coronary artery bypass graft 2 2

Bleeding 7e 3

Life-threatening arrhythmic events 1 0

Pacemaker 3 2

Implantable cardioverter-defibrillator 1 0

Cardiac resynchronization therapy defibrillator 0 0

Data are presented as number of patients (%).
aTime to first cardiovascular event according to the RACE 3 protocol definition: Composite of death from cardiovascular causes and cardiovascular morbidity including hospi-
talization for heart failure, stroke, systemic embolism, myocardial infarction, percutaneous coronary intervention, coronary artery bypass graft, bleeding, life-threatening arrhyth-
mic events, pacemaker, implantable cardioverter defibrillator or cardiac resynchronization therapy defibrillator.
bIndividual components can contain multiple cardiovascular events per patient. However, if 1 patient has a certain cardiovascular event multiple times (for example multiple hos-
pitalizations for heart failure) only 1 event is presented in this table.
cTotal amount of heart failure hospitalization was 12 in 3 patients; 1 patient had 7 hospitalizations, 1 had 3, and 1 had 2.
dTotal amount of myocardial infarctions was 9 in 8 patients; 1 patient had 2 myocardial infarctions.
eTotal amount of bleedings was 13 in 10 patients; 1 patient had 3 bleedings, 1 patient had 2.
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control therapy including ablation. Only a small number of our
patients underwent ablation, also because they all had persistent AF.
If the RACE 3 trial was done in present time, more patients probably
would have undergone an ablation. Recent studies showed that early
rhythm control is associated with less cardiovascular events and
higher sinus rhythm maintenance rate at 2-year follow-up.5 In addi-
tion, ablation is superior to antiarrhythmic drugs, although data on
patients with persistent AF are lacking.4,6,7,18

Progressive forms of AF are known to have worse outcome com-
pared to paroxysmal AF.2,19 The comparable results on cardiovascu-
lar morbidity and mortality between the groups should be seen as
explorative, due to the small sample size no definitive conclusions
can be drawn. However, overall the cardiovascular mortality of our
patients was comparable to those with stable HF patients in the
Catheter Ablation vs. Antiarrhythmic Drug Therapy for Atrial
Fibrillation (CABANA) trial (3%), but lower than in the Catheter
Ablation vs. Standard Conventional Therapy in Patients with Left
Ventricular Dysfunction and Atrial Fibrillation (CASTLE-AF) trial
(17%), and higher than in the Early Treatment of Atrial Fibrillation for
Stroke Prevention (EAST-AFNET 4) trial (1%).4,5,20 Hospitalization
for HF was low (3%) compared to CABANA HF (9%) and CASTLE-
AF (65%) patients, but higher compared to EAST (2%).4,5,20

Differences in outcome between the trials could be as a result of con-
trasts in severity of HF between the studies. CASTLE-AF included
only HF with reduced ejection fraction patients, in EAST only a third
had HF, and CABANA included HF patients without limitations of
history of HF, whereas all RACE 3 patients had a short history of sta-
ble mild to moderate HF, mostly HFpEF.4,5

Even though ACE-Is and ARBs were instituted in a relatively high
number of patients in both groups and MRAs and statins were used
in the majority of the targeted patients, we did not observe a differ-
ence in cardiovascular outcome. Evidently, the number of patients in
RACE 3 was too small to draw definitive conclusions. Nonetheless, it
did result in well-controlled blood pressures and proper cholesterol
levels at 5-year follow-up, with even a significantly lower blood pres-
sure and cholesterol levels in the targeted group. In a group with
comparable risk factors, it has been shown that aggressive treatment
of hypertension results in better prognosis of cardiovascular
events.9,11

Limitations
Limitations of this study include the small number of patients, being
powered for sinus rhythm maintenance at 1 year, and not primarily
being designed to assess differences in cardiovascular outcome. Due
to the limited samples size results and outcomes are not conclusive.
Furthermore, this was an open design study without use of placebo.
Moreover, first year of follow-up was more comprehensive, with
more visits for both groups and supervised physical activity for
11 weeks for the targeted group. No data on physical activity in the
conventional group at 1-year follow-up were available. In the addi-
tional follow-up, only self-reported physical activity was assessed for
both groups. Finally, with risk factor management being a more
prominent recommendation throughout the years, becoming incor-
porated in standard care, this might also have mitigated any potential
differences in results.

Conclusion

The RACE 3 study shows that in patients with early persistent AF
and mild to moderate HF reduction of blood pressure and choles-
terol levels with targeted therapy of underlying conditions on top of
conventional therapy does not preserve improvement in sinus
rhythm maintenance at 5-year follow-up, as seen at 1 year. We ob-
served no differences in cardiovascular morbidity and mortality be-
tween the groups, a larger sample size is needed for conclusive
results on cardiovascular outcome.

Supplementary material

Supplementary material is available at Europace online.
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