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Aims While elevated resting heart rate measured at a single point of time has been associated with cardiovascular outcomes, utility 
of continuous monitoring of nocturnal heart rate (NHR) has never been evaluated. We hypothesized that dynamic NHR 
changes may predict, at short term, impending cardiovascular events in patients equipped with a wearable cardioverter-de
fibrillator (WCD).

Methods 
and results

The WEARIT-France prospective cohort study enrolled heart failure patients with WCD between 2014 and 2018. Night- 
time was defined as midnight to 7 a.m. NHR initial trajectories were classified into four categories based on mean NHR in the 
first week (High/Low) and NHR evolution over the second week (Up/Down) of WCD use. The primary endpoint was a 
composite of cardiovascular death and heart failure hospitalization. A total of 1013 [61 (interquartile range, IQR 53–68) 
years, 16% women, left ventricular ejection fraction 26% (IQR 22–30)] were included. During a median WCD wear duration 
of 68 (IQR 44–90) days, 58 patients (6%) experienced 69 events. After considering potential confounders, High-Up NHR 
trajectory was significantly associated with the primary endpoint compared to Low-Down [adjusted hazard ratio (HR) 6.08, 
95% confidence interval (CI) 2.56–14.45, P < 0.001]. Additionally, a rise of >5 bpm in weekly average NHR from the pre
ceding week was associated with 2.5 higher composite event risk (HR 2.51, 95% CI 1.22–5.18, P = 0.012) as well as total 
mortality (HR 11.21, 95% CI 3.55–35.37, P < 0.001) and cardiovascular hospitalization (HR 2.70, 95% CI 1.51–4.82, P <  
0.001).

Conclusion Dynamic monitoring of NHR may allow timely identification of impending cardiovascular events, with the potential for ‘pre- 
emptive’ action.
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What’s new?

• In patients equipped with wearable cardioverter-defibrillator, dy
namic changes in nocturnal heart rate (NHR) were demonstrated 
to correlate in a temporal fashion with hard clinical endpoints 
such as cardiovascular death and hospitalization for heart failure.

• These observations suggest that longitudinal monitoring of NHR 
could be a valuable addition to the risk assessment arsenal for pre
diction of cardiovascular events, thereby opening avenues for near- 
term prevention.

Introduction
The past two decades have witnessed growing evidence for a strong re
lationship between high heart rate and adverse cardiovascular events.1,2

The resting heart rate has often been inferred from ECGs done ran
domly at different times during the day, which may be subject to 
some variability, thereby introducing some deviation from a true resting 
state.3 On the other hand, nocturnal heart rate (NHR) during sleep, 
being a state of true physiological rest, is likely to be a more accurate 
marker of resting heart rate, but has not been well studied as a prognos
tic risk marker. In addition, studies have traditionally relied on heart rate 
assessments at one fixed time point, often early in the course, to predict 
long-term outcomes.4 However, similar to other risk markers, dynamic 
measurements of heart rate changes over time could improve the spe
cificity of this marker and also potentially allow timely, specific pre- 
emptive action.

Using data from a large, nationwide cohort of patients with heart fail
ure equipped with a wearable cardioverter-defibrillator (WCD) cap
able of recording all heart beats over the entire duration of use, we 
assessed whether dynamic monitoring of NHR allows timely identifica
tion of adverse cardiovascular events.

Methods
Study design and patient population
The WEARIT-France study (Clinical Trials.gov Identifier: NCT03319160) is 
a prospective nationwide cohort study assessing the use of the WCD in pa
tients with heart failure across 88 French cardiology centres. The complete 
methodology has been described before.5 This study complies with the 
Declaration of Helsinki and an ethics committee approved the research 
protocol. All patients who agreed to participate were entered into the 
study after having given their informed consent.

The wearable cardioverter-defibrillator
The WCD technology used in the WEARIT-France study is a commercially 
available external defibrillator (LifeVest, ZOLL Cardiac Management 
Solutions, PA), guided by an algorithm to detect ventricular tachyarrhythmia 
events.6,7 The functioning of WCD has already been described8,9 and current 
indications are summarized in the last guidelines.10,11 During the index hospi
talization when WCD therapy was initiated, the treating physician systemat
ically assessed the appropriateness of WCD prescription and educated the 
patient regarding the transient risk for sudden cardiac death, functioning of 
the WCD, and benefits expected from the device. Additionally, just before 
discharge, a technical expert from the WCD company imparted 2 h of 
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practical education to the patient, encompassing the nature of the disease, in
dication for WCD, alarm management, and remote transmission. The local 
remote monitoring team monitored daily wear duration on a regular basis.

Collected data and study end points
At the time of enrolment, medical history, comorbidities, symptoms, and 
other baseline characteristics were collected in addition to the indication 
for WCD. The WCD is equipped with four electrodes allowing the calcu
lation of heart rate based on the R–R intervals, which is computed as the 
mean of all the heart rate provided every 5 min. The WCD prescription 
period is 90 days in France and the observation period was therefore limited 
to this period.

The telemonitoring platform also allows for heart rate monitoring. We 
specifically focused on NHR, which was defined as the mean heart 
rate from midnight to 7 a.m. because of lower heart rate variability (see 
Supplementary material online, Figure S1). In addition, we monitored 
NHR changes over time. To analyse mid-term predictive value of initial 
NHR trajectories over the WCD use period, patients were classified into 
four groups (High-Up, High-Down, Low-Up, Low-Down) based on NHR 
trajectory using a cut-off mean of 70bpm during the first seven nights of 
use (High if ≥70 bpm or Low if <70 bpm) and then according to an increase 
(Up) or decrease (Down) of NHR between Week 1 and Week 2 (see 
Supplementary material online, Figure S2). Similar to previous publications,1

mean cut-off of 70 bpm was determined because mean NHR was 68.8 
(10.3) in this population. To assess the short-term dynamics of NHR, we de
fined ΔNHR as the difference between the weekly average NHR and that of 
the preceding week for each subject.

The primary endpoint was a composite of cardiovascular death and heart 
failure-related hospitalization. Endpoints were centrally adjudicated by an inde
pendent clinical events committee composed of three experts who adjudi
cated the events, by analysing the medical records/electrogram information, 
independent of each other and blinded to NHR and any additional information.

Statistical analysis
Preparation of this report was carried out in accordance with the 
STrengthening the Reporting of Observational studies in 
Epidemiology (STROBE) statement.12 Descriptive statistics were used 
to report major clinical characteristics and frequency of events. 
Continuous variables are presented as mean (standard deviation) or 
median and interquartile range (IQR) where appropriate and compared 
with Welch’s t-test or Wilcoxon–Mann–Whitney test. Nominal vari
ables were expressed as number and percentage and compared using 
the Pearson’s χ2 test.

The time to event for each individual was defined from the first day of 
WCD wear to the day of first primary event, censoring, or end of follow- 
up (90 days), whichever came first. Cumulative incidence curves stratified 
by the initial NHR trajectories (High-Up, High-Down, Low-Up, 
Low-Down) were calculated by one minus the Kaplan–Meier estimator. 
Difference was assessed by the log-rank statistic. A multivariable Cox re
gression model with subjects’ baseline characteristics as covariates was 
used to estimate the hazard ratios (HRs) of NHR initial trajectories for pri
mary endpoint, adjusting on age, sex, body mass index, New York Heart 
Association class, left ventricular ejection fraction, prior hospitalization for 
heart failure, history of atrial fibrillation or kidney disease, and beta- 
blocker use.

Nocturnal heart rate dynamics were plotted in the primary endpoint and 
the non-primary endpoint groups to evaluate changes in trajectory over 
time. A nested case–control methodology was used matching 1 case for 
7–9 controls to remove the effect of time since start of wear. In this way, 
on the day of an event (e.g. Day 14), a case is compared to a matched con
trol of the same sex and on the same day of WCD wear.

To evaluate short-term dynamics of NHR (i.e. weekly changes in NHR), 
we used a prospective approach computing ΔNHR independently from the 
event. ΔNHR was defined as the difference between the weekly average 
NHR from 2 weeks back (W-2) and the week before (W-1) for each sub
ject. Since a previous publication showed a significant HR increase in the last 
10 days before an adverse cardiovascular event,13 we assumed that a week 
represented adequate duration to reflect a clinically relevant change, but 
was not too long to miss any significant events. The ΔNHRs were updated 
weekly until the week just preceding the week of the event or until the end 

of observation period in case of no event (see Supplementary material 
online, Figure S3). ΔNHR was modelled as a continuous and a categorical 
covariate. The association between each endpoint and ΔNHR (W-1 minus 
W-2) as continuous covariates (per 5 bpm increase from W-2 to W-1) 
andcategorical covariate (change > 5 bpm from W-2 to W-1) was as
sessed by the Cox model14,15 with adjustment for baseline NHR (2 weeks 
back: W-2) and for the confounders: age, sex, body mass index, New York 
Heart Association class, left ventricular ejection fraction, prior hospitaliza
tion for heart failure, history of atrial fibrillation or kidney disease, and 
beta-blocker use. The relationship between ΔNHR as a continuous vari
able and the HR for the primary endpoint was also examined by cubic 
spline curve with three knots, using a reference value of 60 bpm.

We performed sensitivity analysis among both genders, patients without 
history of atrial fibrillation and patients with New York Heart Association 
Class I and II, with respect to both mid-term NHR trajectories and short- 
term dynamics of NHR.

Analyses were performed using R software (version 4.1.3). All statistical 
tests performed were two-sided. A P-value of <0.05 was considered stat
istically significant. The proportional hazards assumption was tested and 
found satisfied.

Results
Baseline patient characteristics
Among 1157 patients enrolled in the WEARIT-France study, 1013 
(88%) wore the WCD more than 2 weeks and were analysed. 
Clinical characteristics of the patients are listed in Table 1. The median 
age was 61 (IQR 53–68) years, 167 (16%) were females and median left 
ventricular ejection fraction was 26% (IQR 22–30). New York Heart 
Association status was Class I or II in 723 (71%) patients. A total of 
76 (8%) patients had renal disease requiring therapy, 103 (10%) patients 
had history of atrial fibrillation, 71 (7%) had previous stroke. Regarding 
medical therapies, 905 (89%) patients were prescribed beta-blockers, 
879 (87%) angiotensin-converting enzyme inhibitor or angiotensin re
ceptor blocker, and 160 (16%) amiodarone.

Follow-up and primary endpoint 
evaluation
Median WCD wear time period was 68 (IQR 44–90) days in the overall 
patient population, with 58 (7%) patients experiencing events: 10 
deaths (including 5 cardiovascular deaths) and 97 patients with cardio
vascular hospitalizations (including 58 patients with heart failure-related 
hospitalizations) (Table 2).

At the end of wear time period, 548 (54.1%) received an implantable 
cardioverter-defibrillator, and left ventricular ejection fraction im
proved in 343 (33.9%). When comparing patients with and without 
event, 49.5 vs. 53.8%, respectively had an implantable cardioverter- 
defibrillator implantation and 4.1 vs. 35.9% had improved left ventricu
lar ejection fraction (global P-value ≤ 0.001).

Initial nocturnal heart rate trajectories
Considering the whole population, the mean NHR was 68 ± 11 bpm 
during the first 2 weeks of WCD use and 64 ± 11 bpm during the 
last 2 weeks of WCD use (P < 0.001).

Looking at initial NHR trajectories classified into 4 groups (High-Up, 
High-Down, Low-Up, Low-Down), 123 (12%) patients were in the 
High-Up, 214 (22%) in the High-Down, 294 (30%) in the Low-Up, 
and 355 (36%) in the Low-Down group (27 patients were not classified 
because of missing NHR). The primary endpoint rate in the High-High 
group was significantly higher compared to the other groups (Log Rank 
P < 0.001; Figure 1). In multivariate Cox analysis, High-Up trajectory re
mained significantly associated with worse outcome [adjusted HR 6.08, 
95% confidence interval (CI) 2.56–14.45; Low-Down as reference, 
P < 0.001] along with history of heart failure hospitalization 

http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad062#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad062#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad062#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad062#supplementary-data
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(HR 2.26, 95% CI 1.25–4.10, P = 0.007), whereas angiotensin- 
converting enzyme inhibitor/angiotensin receptor blocker use was 
associated with lower occurrence of primary endpoint (HR 0.30, 
95% CI 0.16–0.57, P < 0.001). In sensitivity analyses, the risk asso
ciated with a High-Up trajectory was confirmed in both sexes, in pa
tients without history of atrial fibrillation, and in patients with 
New York Heart Association Class I and II [HR 95% CI 6.09 (2.25– 
16.50), P < 0.001 for males, 8.85 (1.21–64.63), P = 0.032 for females; 
5.58 (2.22–14.05), P < 0.001 for patients without atrial fibrillation, 
8.75 (2.28–33.62), P = 0.002 for New York Heart Association 
Class I and II].

Short-term dynamics of nocturnal heart 
rate
Heart rate dynamics according to the primary endpoint are repre
sented in Figure 2. In the group with cardiovascular events, NHR in
creased starting 7 to14 days before the event, whereas it decreased 
progressively in the group without primary endpoint. In the last 7 
days before the event (from −8 to −1 day), NHR increased by +2  
bpm (IQR −3;  + 6) in the group with primary endpoint, whereas it de
creased by −1 (IQR −1; −1) in the non-event group (Figure 2).

The distribution of ΔNHR is graphically shown in Supplementary 
material online, Figure S4. Most patients had only minimal change in 
NHR from the preceding week [median ΔNHR—0.44 bpm (IQR 
−2.44; 1.53)] during the WCD wear period. The restricted cubic spline 
model showed that increase in ΔNHR correlated linearly with higher 
risk for primary endpoint (Figure 3).

The association between individual components of the primary 
endpoint and NHR at the first night of WCD use as well as ΔNHR 
is summarized in Table 3. As a continuous covariate, both NHR at first 
night and ΔNHR were associated with total mortality and cardiovas
cular hospitalization. When considering ΔNHR as a continuous vari
able, each 5 bpm increase in ΔNHR was associated with a 41% 
higher risk of adverse events. This association was even stronger 
when considering ΔNHR as a categorical variable; an increase of 
ΔNHR > 5 bpm was associated with a 2.5-fold higher risk of primary 
endpoint (HR 2.51, 95% CI 1.22–5.18, P = 0.012), an 11-fold higher 
risk of death (HR 11.21, 95% CI 3.55–35.37, P < 0.001), and an almost 
three-fold higher risk of cardiovascular hospitalization (HR 2.70, 95% 
CI 1.51–4.82, P < 0.01). When considering subgroup analysis, similar 
results were obtained in males and females. In patients without history 
of atrial fibrillation, an increase of ΔNHR > 5 bpm was associated with 
two-fold higher risk of primary endpoint (HR 2.51; 95% CI 1.16–5.40, 
P = 0.019). Regarding patients with New York Heart Association 

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

Table 1 Clinical characteristics of patients at baseline (N = 1013)

All population (N = 1013) No event (N = 955) Event (N = 58) P-value

Age, yrs 61 (53, 68) 61 (53, 68) 62 (54, 69) 0.505

Male sex, N (%) 846 (84) 800 (84) 46 (79) 0.374

BMI, kg/m2 25.6 (23.1, 28.7) 25.6 (23.1, 28.7) 25.6 (23.4, 27.4) 0.720

NYHA class, N (%) 0.005

I and II 723 (71%) 691 (72%) 32 (55%)

III and IV 290 (29%) 264 (28%) 26 (45%)

Left ventricular ejection fraction, (%) 26 (22, 30) 26 (23, 30) 25 (20, 29) 0.104

Medical history, N (%)

Myocardial infarction 830 (82%) 780 (82%) 50 (86%) 0.512

Valvular disease 129 (13%) 119 (12%) 10 (17%) 0.386

Atrial fibrillation 103 (10%) 95 (9.9%) 8 (14%) 0.347

Renal disease 76 (7.5%) 67 (7.0%) 9 (16%) 0.034

Stroke 71 (7.0%) 64 (6.7%) 7 (12%) 0.117

Medical therapy, N (%)

Beta-blockers 905 (89%) 854 (89%) 51 (88%) 0.721

Diuretics 817 (81%) 767 (80%) 50 (86%) 0.270

ACE-I/ARBs 879 (87%) 837 (88%) 42 (72%) <0.001

Amiodarone 160 (16%) 147 (15%) 13 (22%) 0.155

Data are presented as n (%) or mean ± SD. 
ACE-I/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; BMI, body mass index; NYHA, New York Heart Association.

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

Table 2 Summary of events

Patients,  
N = 1013

Events

Death 10 (1.0) 10

- Cardiovascular cause 5 (0.5) 5

- Non-cardiovascular cause 5 (0.5) 5

Hospitalization 133 (13) 160

- Cardiovascular hospitalization 97 (9.6) 112

Hospitalization for heart failure 58 (5.6) 64

Other cardiovascular 

hospitalization

44 (4.3) 48

- Non-cardiovascular hospitalization 45 (4.4) 48

Lines in bold are event categories. Lines preceded by “ - ” (such as “ - Cardiovascular 
cause ”) are subcategories of the event in bold.

http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad062#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad062#supplementary-data
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Class I and II, an increase of NHR ≥ 5 as compared to the previous 
week was associated with point estimates for HR > 2 but was not sig
nificant due to loss of power.

Discussion
In this study, we found that NHR was associated with adverse cardiovas
cular events in a heart failure population within a short- to mid-term 
timeframe. Moreover, dynamic changes in NHR were demonstrated to 
correlate in a temporal fashion with hard clinical endpoints such as car
diovascular death and hospitalization for heart failure. Weekly rise of 
NHR > 5 bpm was especially associated with high risk, suggesting poten
tially actionable cut-offs for clinical application. While needing further val
idation in future studies, these observations suggest that NHR, especially 
with longitudinal monitoring, could be a valuable addition to the risk as
sessment arsenal for prediction of cardiovascular events.

Prediction of cardiovascular events
Because of the high rate of re-hospitalizations, high mortality, poor 
quality of life, and the substantial cost sustained by national healthcare 
systems, much effort has been made to identify the parameters/risk fac
tors that can effectively contribute to prediction and prevention of de
compensation events and hospitalizations in patients with heart 
failure.16 Previous studies showed that heart rate was another param
eter associated with adverse outcome in different settings, especially in 

heart failure.17 Nevertheless, prediction of cardiovascular events with 
‘static’ heart rate assessment, reflecting one-time status, has limitations 
as it can be affected by a number of factors, potentially affecting speci
ficity. In addition, event risk is a dynamic, time-varying phenomenon; 
therefore, it makes sense that continuous measurements would be 
preferable to a single one.18 In this regard, dynamic monitoring holds 
promise, wherein each patient serves as his/her own control and 
changes over time may yield higher sensitivity as well as specific risk as
sessment. Vazir et al.4 reported that, compared to the previous visit, an 
increase >5 bpm in resting heart rate was associated with 1.06 times 
higher risk of cardiovascular death or hospitalization for heart failure. 
However, HR assessment was irregular as it was evaluated at any 
time from every 2 weeks to every 4 months. A closer and automated 
measurement of heart rate over time, as in this study, could identify 
events with better accuracy and in a timely manner to avoid hospitaliza
tion or death. We assessed the mean NHR weekly and found that an 
increase of > 5 bpm was associated with a more than two-fold risk 
of cardiovascular death or hospitalization for heart failure.

Remote monitoring and connected devices
Telemedicine can allow for remote monitoring and management of pa
tients with chronic cardiovascular diseases, making it possible to assess 
medication adherence and detecting early signs of decompensation be
fore it results in additional complications or hospital readmission. Even 
though this has mostly been done with invasive devices,19 advances in 
technology now make it possible to use non-invasive solutions.20,21
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Moreover, the large population of patients with implanted and wear
able devices (such as implantable cardioverter-defibrillator, cardiac re
synchronization therapy and WCD) with rapid expansion of remote 
monitoring technology presents an important opportunity, which 
needs to be leveraged to improve risk prediction.

To the best of our knowledge, this work is the first to use heart rate 
collected in an automatic and continuous manner. Indeed, in prior work 
attempting to predict cardiovascular events, heart rate was measured 
manually or derived from a single 12 lead ECG.4,13,22 While we studied 
a selected population of patients equipped with a WCD, signal acquisi
tion is becoming easier with the recent development of a wide range of 
connected devices,23 which have become deeply entrenched in our dai
ly lives. Despite the promise of remote patient monitoring, this technol
ogy has thus far remained relatively underutilized. In the era of artificial 
intelligence, remote and increasingly personalized patient care, one can 
imagine that heart rate could be monitored with a simple connected 
watch, greatly expanding the applicability of this concept.24 With 
such connected devices, continuous data acquisition has the potential 
to open up avenues for near-term prevention, where dynamic changes 
in monitored parameters can be used to take corrective, ‘pre-emptive’ 
action, avoiding adverse events.

Near-term prevention
Long-term risk prediction is often disappointing with imperfections in risk as
sessment as well as solutions (for instance, an implantable cardioverter- 
defibrillator along with its side effects).25,26 Near-term prevention, which relies 
upon prompt action in response to warning signs, could allow timely inter
vention to avoid the adverse outcome but without the inconvenience of 

‘permanent’ therapy.27 In fact, cardiovascular risk is dynamic and modulated 
by a variety of environmental factors, seasonal variations, and circadian 
rhythms.28 In the present study, we have demonstrated that dynamic mon
itoring of NHR has the potential to be not only a reliable predictor of cardio
vascular events in patients with heart failure but could also pave the way 
towards near-term prevention of cardiovascular events. Underlying mechan
isms for heart rate increase before the event remain to be fully elucidated and 
compensatory tachycardia in response to volume overload could be one of 
the possible mechanisms. Nonetheless, the important point is that the NHR 
rise preceded major events such as hospitalization or death by a time period 
which appears reasonably sufficient for timely clinical intervention. One can 
imagine that in the future, combining clinical characteristics and remote mon
itoring will allow to identify specific groups at risk of coronary event or heart 
failure acutization or maybe sudden cardiac arrest. Therefore, we will be able 
to pre-empt these events and take specific measures.

Limitations
In this study, we have presented novel findings that may help refine use 
of heart rate as a marker to eventually improve short-term prediction 
and survival in heart failure populations; however, we need to acknow
ledge some limitations. First, this work should be viewed as a 
proof-of-concept study, as heart rate was collected using a WCD 
with limited follow-up, and may be not applicable to the entire heart fail
ure population. However, as already mentioned, similar information is 
obtainable for other implanted devices and wearable sensors; as a result, 
this approach can be further tested and expanded in the future. Our 
study population consisted mainly in patients with ischaemic cardiomy
opathy, so caution has to be exercised in extrapolating results to other 
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causes of heart failure. Moreover, a high proportion of the patients were 
on beta-blockers; whether the magnitude of risk associations would be 
different in patients not on heart rate modulating drugs warrants further 
evaluation. Finally, further work is needed to confirm the associations re
ported in this study as well as the effectiveness of a strategy based on 
NHR monitoring to reduce hospitalization and mortality.

Conclusions
In patients with WCD, continuous dynamic monitoring of NHR helps 
to predict adverse cardiovascular events. It holds promise as a means 

of improving risk prediction prior to timely pre-emptive action, enab
ling reduction of adverse outcomes in populations at risk.

Supplementary material
Supplementary material is available at Europace online.
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Table 3 Association between NHR covariates and outcomes

Continuous analysis Continuous analysis Categorical analysis

NHR at first night of 
WCD use (per 5 bpm 
increase)

Δ NHR (per 5 bpm 
increase)

Δ NHR increase > 5 bpm

HR (95%CI) P-value HR (95%CI) P-value HR (95%CI) P-value

Cardiovascular death or heart failure hospitalization 1.23 (1.13–1.35) <0.001 1.41 (1.13–1.77) 0.003 2.51 (1.22–5.18) 0.012

All death 1.28 (1.04–1.56) 0.023 1.64 (1.15–2.36) 0.007 11.21 (3.55–35.37) <0.001

Cardiovascular hospitalization 1.14 (1.05–1.23) 0.015 1.42 (1.18–1.70) <0.001 2.70 (1.51–4.82) <0.001

bpm, beats per minute; HR, hazard ratio; NHR, nocturnal heart rate; WCD, wearable cardioverter-defibrillator.
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