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A B S T R A C T   

Background: An evidence-based approach for risk stratification of subclinical atrial fibrillation (AF) and hereby 
AF screening is lacking. This study aimed to investigate whether established cardiovascular diseases (CVD) could 
help to identify the population more likely to benefit from AF screening. 
Methods: The LOOP Study randomized AF-naïve individuals aged ≥70 years and with additional stroke risk 
factors to either screening with implantable loop recorder (ILR) and subsequent anticoagulation upon detection 
of new-onset AF episodes ≥6 min, or usual care. In this sub-study, all participants were divided into two risk 
groups according to the presence/absence of CVD (defined as ischemic heart disease, heart failure, previous 
stroke, valvular heart disease, or peripheral artery disease). 
Results: A total of 1997 (33.3%) had CVD at baseline and experienced higher incidences of stroke or systemic 
arterial embolism (SAE), ischemic stroke, stroke/SAE/cardiovascular death, and all-cause death (adjusted HR 
1.34 [1.06–1.69], 1.31 [1.02–1.69], 1.49 [1.23–1.79], and 1.59 [1.36–1.85], respectively) than those without. 
For ILR screening versus usual care, there was no decrease in stroke/SAE, ischemic stroke, or stroke/SAE/car-
diovascular death among participants with CVD (adjusted p-values >0.05), whereas significant reductions in 
these outcomes were obtained by screening among those without CVD (adjusted HR 0.64 [0.44–0.93], 0.54 
[0.35–0.82], 0.64 [0.46–0.87], respectively); adjusted p-values for interaction ≤0.05. 
Conclusions: In an elderly, at-risk population, ILR screening did not prevent stroke significantly in individuals 
with CVD, whereas screening was associated with approximately 40% stroke risk reduction among those without 
CVD. However, these findings should be considered as hypothesis-generating and warrant further study.   

Abbreviations: AF, Atrial fibrillation; CI, Confidence interval; CVD, Cardiovascular disease; HR, Hazard ratio; IHD, Ischemic heart disease; ILR, Implantable loop 
recorder; OAC, Oral anticoagulation; PAD, Peripheral artery disease; SAE, Systemic arterial embolism; SBP, Systolic blood pressure; SD, Standard deviation. 
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1. Introduction 

Globally, stroke is the second leading cause of death and has a 70% 
increase in incidence over the last two decades [1]. As a potential cause 
of cardioembolism [2], atrial fibrillation (AF) increases the stroke risk by 
five-fold [3]. In patients with clinically diagnosed AF, CHA2DS2-VASc 
score constitutes a well-established scheme to guide stroke prevention 
with oral anticoagulation (OAC) [4–6]. However, as the rapid techno-
logical progress enables more feasible screening for previously unknown 
AF, an evidence-based risk assessment approach with respect to man-
agement of subclinical AF is urgently needed [6]. 

The LOOP Study (Atrial Fibrillation detected by Continuous ECG 
Monitoring using Implantable Loop Recorder to prevent Stroke in High-risk 
Individuals) was a randomized controlled trial to assess systematic AF 
screening with implantable loop recorder (ILR) in elderly individuals 
[7]. Nevertheless, it reported only a 20% non-significant stroke risk 
reduction by screening, without any remarkable interaction with 
CHA2DS2-VASc score [8]. Indeed, better risk stratification of subclinical 
AF is demanded. It is well known that various cardiovascular diseases 
(CVD) predispose AF patients to additional stroke risk [3–6,9–13]. The 
key question to address would be whether these conditions could 
contribute to identify the appropriate population to warrant screening 
for subclinical AF and subsequent OAC initiation upon AF detection. 

With this post hoc analysis of the LOOP Study, we aimed to inves-
tigate the influence of preexisting CVD on effects of long-term contin-
uous AF screening, which will aid to fill the knowledge gaps about risk 
stratification of subclinical AF. 

2. Methods 

2.1. The LOOP Study 

In the LOOP Study, participant enrolment and intervention assign-
ment (by a computer-generated randomization scheme) were done at 
four centers in Denmark between January 2014 and May 2016. Eligible 
participants were 70–90 years old and with at least one of four condi-
tions: arterial hypertension, diabetes mellitus, congestive heart failure, 
or previous stroke. The main exclusion criteria were history of AF, 
cardiovascular implantable electronic device, and treatment with OAC. 
The participants were randomized in a ratio 1:3 to either the interven-
tion group with ILR monitoring and subsequent OAC initiation when any 
new-onset AF episodes lasting ≥6 min were detected, or a control group 
with usual care. Details of the trial design and the main results from the 
primary analysis have been published previously [7,8]. 

The trial was registered at Clinical-Trials.gov (NCT02036450) and 
approved by the Regional Scientific Ethics Committee for the Capital 
Region of Denmark (H-4-2013-025) before study conduct. All partici-
pants gave oral and written informed consent at inclusion. The trial was 
done in accordance with the Declaration of Helsinki. 

2.2. Study population 

In this post hoc analysis, all LOOP participants were included and 
further divided into two cardiovascular risk groups, i.e. participants 
with and without established CVD at baseline (eFig. 1 in the Supple-
ment). Here, established CVD included any history of ischemic heart 
disease (IHD, as defined by acute myocardial infarction, coronary artery 
bypass graft, or percutaneous coronary intervention), congestive heart 
failure, stroke, valvular heart disease, or peripheral artery disease (PAD, as 
defined by peripheral artery bypass graft or percutaneous peripheral 
intervention). Participants with a history of hypertension and/or dia-
betes alone were not considered as having CVD. 

2.3. Outcomes 

The primary outcome was a composite endpoint of stroke or systemic 

arterial embolism (SAE). Secondary outcomes included: 1) ischemic 
stroke; 2) the composite of stroke, SAE, or cardiovascular death; and 3) 
all-cause death. Other outcomes of interest were AF diagnosis, OAC 
initiation, ILR-detected AF episodes ≥5.5 hours and ≥24 hours. 

A clinical endpoint committee blinded to randomization assignment 
was responsible for adjudication of the primary and secondary outcomes 
[7]. Any ILR-detected AF episodes with duration ≥6 min were evaluated 
by at least one experienced physician. 

2.4. Statistical analysis 

Baseline characteristics are presented as means with standard de-
viations (SD) and compared using t-test for continuous variables, 
whereas categorical variables are presented as frequencies with per-
centages and compared using chi-squared test. 

The outcomes were analyzed with the time-to-first-event principle. 
Crude event rates (events per 100 person-years) were calculated by a 
Poisson distribution, while cumulative incidences were estimated using 
the Kaplan-Meier estimator for all-cause death and the Aalen-Johansen 
estimator with death as competing risk for all other outcomes. For 
groupwise comparisons, hazard ratio (HR) was determined in Cox 
proportional-hazards models. The interactions between CVD and ILR 
screening efficacy was assessed by adding an interaction term. The Cox 
models were also subjected to multivariate adjustment for the following 
baseline characteristics: sex, age, alcohol consumption, smoking pack 
years, body mass index, hypertension, diabetes mellitus, and the number 
of baseline CVD (not included for comparisons across CVD strata). The 
influence of baseline CVD on ILR screening efficacy was further evalu-
ated according to sex and age, which are both well-known stroke risk 
factors in patients with clinical AF [3–6,12]. Here, a restricted cubic 
spline method was applied to examine age as a continuous variable, with 
separate effects of age on hazards of the outcomes estimated in each 
randomization group. Additionally, risk factor management between 
the randomization groups was explored by assessing systolic blood 
pressure (SBP) changes for 3-year follow-up versus baseline in a con-
strained linear mixed model with unstructured covariance pattern, as 
high blood pressure is a predominant and modifiable stroke risk factor 
[14–16]. 

In a supplementary analysis, all study participants were reclassified 
into two new risk groups according to the presence of atherosclerotic 
phenotypes (defined as stroke, IHD, or PAD at baseline). Thus, ILR 
screening effects on the primary and secondary outcomes were deter-
mined among participants with and without stroke/IHD/PAD. 

The statistical analysis was performed using R version 4.1.0 and a 
statistical significance was defined by two-sided p-values ≤0.05. 

3. Results 

Of 6004 participants included, 4007 (66.7%) had no CVD at baseline 
and 1997 (33.3%) had a history of ≥1 CVD. Baseline characteristics in 
participants with and without CVD are summarized in Table 1. Partici-
pants without CVD were significantly younger, more likely to be female, 
and had lower tobacco exposure and slightly higher body mass index. 
Among participants with CVD at baseline, the majority (77.8%) had only 
one CVD, with previous stroke being the most common (52.9%). 

3.1. Baseline CVD and outcomes 

Cumulative incidences of the primary and secondary outcomes ac-
cording to preexisting CVD in the entire study cohort are displayed in 
Figure 1. The primary outcome of stroke/SAE occurred in 132 partici-
pants with CVD (130 strokes and two SAEs) and 186 participants 
without CVD (185 strokes and one SAE). The event rates were 1.32 [95% 
confidence interval (CI): 1.11–1.57] and 0.90 [95% CI: 0.78–1.04] per 
100 person-years, respectively. The risk difference between these two 
groups was significant (HR 1.47 [95% CI: 1.18–1.84]) and remained 
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present in the multivariate model (adjusted HR 1.34 [95% CI: 
1.06–1.69]). For the secondary outcomes, the presence of CVD was 
associated with significantly increased risks of ischemic stroke (adjusted 
HR 1.31 [95% CI: 1.02–1.69]), stroke/SAE/cardiovascular death 
(adjusted HR 1.49 [95% CI: 1.23–1.79]), and all-cause death (adjusted 
HR 1.59 [95% CI: 1.36–1.85]) compared with no CVD (eTable 1 in the 
Supplement). 

In total, 625 (15.6%) of 4007 participants without preexisting CVD 
had AF during follow-up: 288 (28.7%) in the ILR group versus 337 
(11.2%) in the control group. For participants with CVD (n = 1997), AF 
was diagnosed in 402 (20.1%): 189 (37.9%) in the ILR group versus 213 
(14.2%) in the control group. A history of CVD was associated with 
increased likelihood of AF diagnosis both in the ILR group (adjusted HR 
1.32 [95% CI: 1.09–1.59]) and the control group (adjusted HR 1.24 
[95% CI: 1.03–1.48]); eTable 2 and eFigure 2 in the Supplement. Par-
ticipants with preexisting CVD were also more likely to develop AF 
episodes ≥5.5 hours and ≥24 hours as detected by ILR, than those 
without (adjusted HR 1.39 [95% CI: 1.07–1.79] and 1.64 [95% CI: 
1.05–2.56], respectively). 

3.2. ILR screening efficacy according to baseline CVD 

Among participants with CVD, ILR screening did not reduce the risk 
of stroke/SAE (HR 1.05 [95% CI: 0.71–1.56]; adjusted HR 1.13 [95% CI: 
0.76–1.68]) as compared with usual care (Table 2; eFigure 3 in the 
Supplement). For those without CVD, stroke/SAE occurred at a rate of 
0.64 [95% CI: 0.44–0.90] per 100 person-years in the ILR group and 
0.99 [95% CI: 0.84–1.16] per 100 person-years in the control group, 
corresponding to HR 0.65 [95% CI: 0.44–0.94]. This screening benefit 
remained significant after multivariate adjustment (adjusted HR 0.64 
[95% CI: 0.44–0.93]); adjusted p-value for interaction 0.041. Based on 
the 6-year cumulative incidences among participants without CVD 
(3.25% [95% CI: 2.11%–4.38%] for the ILR group versus 5.86% [95% 
CI: 4.85%–6.86%] for the control group), the number needed to screen 
was estimated to be 39 in this participant group to avoid one stroke/SAE 
after six years. For secondary outcomes, the event rates were compa-
rable across the randomization groups in the presence of CVD (Fig. 2). 
Among participants without CVD, ILR screening appeared to be bene-
ficial with respect to ischemic stroke and stroke/SAE/cardiovascular 
death (adjusted HR 0.54 [95% CI: 0.35–0.82] and 0.64 [95% CI: 
0.46–0.87], respectively), but not all-cause death. The interactions be-
tween baseline CVD and randomization were significant for all sec-
ondary outcomes (adjusted p-value for interaction ≤0.05 for all). 

ILR screening effects on the primary and secondary outcomes ac-
cording to sex in participants with and without CVD are presented in 
eFigure 4 in the Supplement. The influence patterns of preexisting CVD 
were similar in men as in women, and no statistical significance was 
reached for interactions between sex and ILR screening efficacy in either 
CVD risk group. Likewise, no significant effect modifications of age on 
screening benefits were found in either participants with or without CVD 
(eFigure 5–8 in the Supplement). 

An increased incidence of AF diagnosis was obtained by ILR 
screening both among participants with and without CVD (eTable 2 in 
the Supplement), corresponding to adjusted HR of 3.59 [95% CI: 
2.94–4.38] and 3.09 [95% CI: 2.64–3.61], respectively. This increase 
was comparable across the randomization groups (adjusted p-value for 
interaction 0.25). With respect to OAC initiation, the event rates for ILR 
versus usual care were 9.79 [95% CI: 8.41–11.33] per 100 person-years 
versus 3.07 [95% CI: 2.68–3.50] per 100 person-years in the CVD group 
(adjusted HR 3.20 [95% CI: 2.62–3.90]), and 6.33 [95% CI: 5.59–7.14] 
per 100 person-years versus 2.49 [95% CI: 2.24–2.75] per 100 person- 

Table 1 
Overview of baseline characteristics according to preexisting cardiovascular 
disease.   

Without 
cardiovascular 
diseasea (n = 4007) 

With cardiovascular 
diseasea (n = 1997) 

p- 
value 

Assignment to ILR group 
(%) 

1002 (25.0) 499 (25.0) >0.99 

Male sex (%) 1872 (46.7) 1295 (64.8) 
<

0.001 

Age, years (SD) 74.6 (4.0) 75.0 (4.3) 
<

0.001 
Alcohol consumption, 

standard drink per 
week (SD) 

7.2 (8.1) 7.4 (8.2) 0.33 

Smoking pack years (SD) 15.0 (21.9) 20.8 (25.5) <

0.001 
Body mass index, kg/m2 

(SD) 27.8 (4.7) 27.4 (4.3) 
<

0.001 
Systolic blood pressure, 

mmHg (SD) 
150.9 (19.1) 148.1 (20.1) 

<

0.001 
Diastolic blood pressure, 

mmHg (SD) 
84.9 (10.9) 82.6 (11.7) <

0.001 
Pulse rate, beats per min 

(SD) 
72.5 (12.4) 69.2 (12.1) <

0.001  

CHA2DS2-VASc score (%) 
2 755 (18.8) 35 (1.8) 

<

0.001 
3 1738 (43.4) 269 (13.5) 
≥4 1514 (37.8) 1693 (84.8)  

Number of cardiovascular diseasesa (%) 
0 4007 (100.0) – 

– 
1 – 1554 (77.8) 
2 – 372 (18.6) 
≥3 – 71 (3.6)  

Comorbidities (%) 

Hypertension 3776 (94.2) 1668 (83.5) 
<

0.001 

Diabetes Mellitus 1234 (30.8) 476 (23.8) <

0.001 
Heart Failure – 266 (13.3) – 
Previous stroke – 1056 (52.9) – 
Ischemic heart diseaseb – 791 (39.6) – 
Valvular heart disease – 244 (12.2) – 
Peripheral artery 
diseasec – 161 (8.1) –  

Concomitant medication (%) 

Beta-blockers 799 (19.9) 727 (36.4) <

0.001 
Calcium channel 
blockers 1553 (38.8) 693 (34.7) 0.002 

Digoxin 1 (0.0) 7 (0.4) 0.004 
Renin-angiotensin 
inhibitors 

2746 (68.5) 1244 (62.3) <

0.001 
Mineralocorticoid 
receptor antagonists 

112 (2.8) 102 (5.1) <

0.001 

Thiazide diuretics 918 (22.9) 344 (17.2) 
<

0.001 

Loop diuretics 323 (8.1) 233 (11.7) 
<

0.001 

Platelet inhibitors 1265 (31.6) 1641 (82.2) <

0.001 

Statins 1970 (49.2) 1530 (76.6) <

0.001 

Antidiabetic drugs 1088 (27.2) 426 (21.3) 
<

0.001 

Abbreviation: ILR, implantable loop recorder; SD, standard deviation. 
Missing observations: Alcohol consumption n = 3; Body mass index n = 1; Blood 
pressure n = 7; Pulse rate n = 21. 

a Cardiovascular disease defined as any history of ischemic heart disease, 
congestive heart failure, stroke, valvular heart disease, or peripheral artery 
disease. 

b Ischemic heart disease defined as previous acute myocardial infarction, 
coronary bypass surgery, or percutaneous coronary intervention. 

c Peripheral artery disease defined as previous peripheral artery bypass sur-
gery or percutaneous peripheral intervention. 
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years in the risk group without preexisting CVD (adjusted HR 2.54 [95% 
CI: 2.17–2.98]). 

3.3. Blood pressure management 

The average SBP at baseline was 150.90 mmHg and 148.12 mmHg 
for participants without and with CVD, respectively. Over the first three 
years of follow-up, there was no difference in SBP reduction between the 
ILR group (4.00 mmHg [95% CI: 2.32–5.68]) and the control group 
(3.64 mmHg [95% CI: 2.54–4.75]) among participants with CVD. For 
participants without CVD, SBP reduction was significantly greater in the 
ILR group (3.73 mmHg [95% CI: 2.57–4.89]) than the control group 
(2.34 mmHg [95% CI: 1.58–3.10]); p-value for difference 0.036. 

3.4. ILR screening efficacy according to atherosclerotic phenotypes 

When investigating participants according to stroke/IHD/PAD at 
baseline in the supplementary analysis, similar screening effects were 
observed; eFig. 9 in the Supplement. ILR screening led to significant risk 
reduction in stroke/SAE only among participants without stroke/IHD/ 
PAD (adjusted HR 0.62 [95% CI: 0.43–0.90]), but not those with 
(adjusted HR 1.23 [95% CI: 0.82–1.85]); adjusted p-value for 

interaction 0.017. 

4. Discussion 

This post hoc analysis of the LOOP Study investigated the effects of 
ILR screening for AF in an elderly, at-risk population according to the 
presence/absence of established CVD. The main findings were as fol-
lows: 1) the history of CVD was associated with increased risks of AF 
diagnosis and cardiovascular outcomes; 2) participants with CVD 
experienced higher excess of longer AF episodes (≥5.5 hours and ≥24 
hours) as detected by ILR, than those without; and 3) in the absence of 
CVD, an approximately 40% stroke risk reduction was obtained by ILR 
screening, whereas no significant screening benefits were observed 
among participants with CVD. 

The increased availability of consumer-based technologies for heart 
rhythm monitoring has accentuated the interest in AF screening [6], as 
AF itself constitutes a predominant risk factor for morbidity and mor-
tality [3,17]. Nevertheless, data on benefits of anticoagulation upon 
detection of subclinical AF are scarce and hence, an evidence-based risk 
assessment approach for identification of the appropriate population for 
AF screening has yet to be developed [6]. The LOOP Study intended to 
evaluate the best-case scenario for AF screening in a selected population 

Fig. 1. Cumulative incidences of primary and secondary outcomes according to cardiovascular disease at baseline in the entire study cohort. 
Graphical presentation of cumulative incidences of primary and secondary outcomes in the entire study cohort, according to the presence of cardiovascular disease 
(defined as any history of ischemic heart disease, congestive heart failure, stroke, valvular heart disease, or peripheral artery disease). Cumulative incidences were 
plotted using the Kaplan-Meier method for all-cause death and the Aalen-Johansen method for all other outcomes with death as competing risk. Hazard ratios were 
based on univariate Cox proportional-hazards regression. 
Abbreviation: HR, hazard ratio; CI, confidence interval. 
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of elderly individuals with high stroke risks based on CHA2DS2-VASc 
score, where all AF episodes ≥6 min were expected to be detected by ILR 
and lead to initiation of OAC [7,8]. As a recent meta-analysis of studies 
of patients with clinical AF reported indifferent stroke risks between 
asymptomatic and symptomatic AF [18], the lack of a significant 

screening benefit in the LOOP Study would thus imply that subclinical 
AF may constitute a different entity than clinical AF. Indeed, a previous 
sub-analysis of the ILR group found no association between symptoms 
and device-detected AF burden, and more importantly, a spontaneous 
reduction in AF burden among the majority of the participants with AF 

Table 2 
Event rates, relative risks, and interactions between cardiovascular disease at baseline and randomization assignment on the primary and secondary outcomes.   

Events per 100 person-years 
(95% CI) 

Relative risk Interaction between 
cardiovascular diseasea 

and ILR screening 

ILR group Control 
group 

Hazard ratio 
(95% CI) 

Adjusted hazard ratio 
(95% CI)b 

p- 
value 

Adjusted p- 
valueb 

Stroke or systemic arterial embolism Participants with 
cardiovascular diseasea 

1.37 
(0.95–1.92) 

1.31 
(1.06–1.59) 

1.05 
(0.71–1.56) 

1.13 
(0.76–1.68) 

0.08 0.04 

Participants without 
cardiovascular diseasea 

0.64 
(0.44–0.90) 

0.99 
(0.84–1.16) 

0.65 
(0.44–0.94) 

0.64 
(0.44–0.93) 

Ischemic stroke Participants with 
cardiovascular diseasea 

1.21 
(0.82–1.73) 

1.12 
(0.89–1.38) 

1.09 
(0.72–1.65) 

1.18 
(0.77–1.79) 

0.02 0.01 

Participants without 
cardiovascular diseasea 

0.48 
(0.31–0.71) 

0.88 
(0.74–1.04) 

0.55 
(0.36–0.84) 

0.54 
(0.35–0.82) 

Stroke, systemic arterial embolism, or 
cardiovascular death 

Participants with 
cardiovascular diseasea 

2.30 
(1.74–2.98) 

2.14 
(1.82–2.49) 

1.08 
(0.80–1.46) 

1.20 
(0.89–1.63) 

0.03 0.005 

Participants without 
cardiovascular diseasea 

0.91 
(0.67–1.21) 

1.40 
(1.22–1.60) 

0.66 
(0.48–0.90) 

0.64 
(0.46–0.87) 

All-cause death Participants with 
cardiovascular diseasea 

3.34 
(2.67–4.13) 

3.05 
(2.67–3.47) 

1.09 
(0.85–1.40) 

1.23 
(0.96–1.59) 

0.33 0.05 

Participants without 
cardiovascular diseasea 

1.58 
(1.26–1.96) 

1.72 
(1.52–1.94) 

0.92 
(0.72–1.18) 

0.86 
(0.67–1.11) 

Crude rates in the ILR group and the control group are presented as events per 100 person-years (95% CI). Hazard ratios and assessment of interaction were based on 
Cox proportional-hazards model. 
Abbreviation: ILR, implantable loop recorder; CI, confidence interval. 

a Cardiovascular disease defined as any history of ischemic heart disease, congestive heart failure, stroke, valvular heart disease, or peripheral artery disease. 
b Multivariate model adjusted for sex, age, alcohol consumption, smoking pack years, body mass index, history of hypertension, history of diabetes, and the number 

of preexisting cardiovascular disease. 

Fig. 2. ILR screening efficacy on primary and secondary outcomes according to cardiovascular disease at baseline (adjusted analysis). 
Results of multivariate models for the primary and secondary outcomes according to baseline cardiovascular disease (defined as any history of ischemic heart disease, 
congestive heart failure, stroke, valvular heart disease, or peripheral artery disease), adjusting for sex, age, alcohol consumption, smoking pack years, body mass 
index, history of hypertension, history of diabetes mellitus, and the number of preexisting cardiovascular disease. Adjusted hazard ratios with 95% CI and adjusted p- 
values for interaction of baseline cardiovascular disease on ILR screening effects on the primary and secondary outcomes were shown. 
Abbreviation: ILR, implantable loop recorder; CI, confidence interval. 
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[36]. Moreover, the absence of any noticeable interactions between 
screening effects and CHA2DS2-VASc scores in the primary analysis 
might also indicate a potential limitation of using this scheme for risk 
stratification for AF screening. 

The present study demonstrated that a history of CVD was associated 
with an increased risk of stroke/SAE. This seemingly accords with 
numerous prior studies linking CVD to heightened stroke risk in patients 
with clinical AF [3–6,9–13]. In the ASSERT study (Asymptomatic Atrial 
Fibrillation and Stroke Evaluation in Pacemaker Patients and the Atrial 
Fibrillation Reduction Atrial Pacing Trial), the absolute stroke rates in 
patients with device-detected atrial tachyarrhythmias were also re-
ported to be positively correlated with CHADS2 score [19]. Additionally, 
we found higher incidences of AF diagnosis and longer AF episodes 
(≥5.5 hours and ≥24 hours) detected by ILR among participants with 
CVD than those without. Especially the latter is noteworthy and could 
partly explain the increased stroke risk in the CVD group, as an associ-
ation between AF duration and stroke risk has been ascertained by 
several studies [20–22]. However, in our study, ILR screening and 
subsequent OAC did not successfully reduce the stroke risk among CVD 
participants, compared with usual care. On the other hand, a significant 
screening benefit on stroke prevention was achieved among participants 
without CVD. Our findings tie well with a previous Danish nationwide 
registry study wherein Christiansen et al. observed that the AF-related 
increase in stroke risk became more modest when other concomitant 
stroke risk factors were present [10]. Furthermore, the lack of screening 
benefits among participants with established CVD seems less likely to be 
caused by higher AF detection with usual care during study follow-up, as 
the relative risks of AF diagnosis for ILR versus controls were compa-
rable across the CVD risk strata. Nevertheless, it could be speculated that 
high level patient care and monitoring due to established CVD might 
already have been able to detect those most clinically relevant AF, why 
ILR screening did not appear to contribute to additional stroke preven-
tion in this patient population. Another possible explanation could also 
be “competing” stroke etiologies, as high-risk individuals with several 
other cardiovascular risk factors that could drive non-cardioembolic 
strokes, might barely benefit from AF screening. Specifically, IHD, 
PAD, and calcific valvular stenosis – as an expression of underlying 
systemic atherosclerosis – are interrelated to coexisting extracranial and 
intracranial atherosclerosis [23–26], thus predisposing to heightened 
risks of large-artery strokes and atherosclerotic lacunar strokes [27–31]. 
This could potentially explain the lacking response on ILR screening in 
the presence of CVD in our study. Indeed, it is noteworthy that reclas-
sifying the study participants according to the presence of atheroscle-
rotic phenotypes (stroke/IHD/PAD) yielded similar screening effects in 
the supplementary analysis. The notion about competing etiology is 
further supported by a previous study of 777 patients with embolic 
stroke of undetermined source, which reported a lesser extent of AF 
detected in the patients with carotid atherosclerosis than those without 
[32]. Likewise, another study of patients with cryptogenic stroke also 
pointed to the existence of a negative correlation between carotid 
atherosclerosis and patent foramen ovale [33]. Hence, both studies 
indicate that atherosclerotic diseases could act as competing conditions 
to other established stroke causes. Moreover, an interesting observation 
in this study was the slightly better blood pressure management in the 
ILR group than the control group among participants without CVD, 
while SBP reduction appeared to be of similar magnitude for both 
randomization groups in the presence of CVD. As elevated SBP is a well- 
known stroke risk factor [15,16], our finding may well translate into a 
greater possibility of further optimization of risk factor management 
upon AF detection in individuals without established CVD, which could 
partly explained the remarkable screening benefits in this risk group, but 
not those with CVD. 

Current European guidelines recommend systematic electrocardio-
gram screening to be considered in individuals aged ≥75 years or at high 
stroke risk [6], while the most recent US Preventive Services Task Force 
Recommendation Statement states a lack of sufficient evidence to 

endorse AF screening [34]. However, this post hoc analysis of the LOOP 
Study demonstrates that the effects of systematic AF screening on stroke 
prevention was considerably upheld by high-risk individuals without 
established CVD. This finding is arguably consistent with that of the 
STROKESTOP study (Systematic ECG Screening for Atrial Fibrillation 
Among 75 Year Old Subjects in the Region of Stockholm and Halland, 
Sweden), where Svennberg et al. reported a significant benefit of inter-
mittent screening in individuals at high stroke risk as solely based on age 
without requirement of specific comorbidities [35]. Hence, further 
studies on the interaction between cardiovascular risk profile and AF 
screening efficacy are needed to inform screening strategy and clinical 
management of subclinical or screen-detected AF. 

4.1. Study limitations 

Several limitations may warrant further consideration. First, this was 
a post hoc analysis and our findings would thus only be hypothesis 
generating. Second, CVD definition was based on baseline comorbid-
ities, which would lead to misclassification bias of the participants who 
had acquired a CVD diagnosis during follow-up. Third, the medical 
history of valvular heart disease was recorded at randomization by the 
study nurses without any formal disease definition specified in the 
protocol, while further details about types of valvular heart disease and 
information about other cardiac disease such as congenital heart disease 
were lacking. 

5. Conclusions 

Among individuals aged ≥70 years with additional stroke risk fac-
tors, the presence of CVD conferred increased risks of AF diagnosis and 
cardiovascular outcomes. However, continuous AF screening did not 
prevent stroke significantly in individuals with preexisting CVD, 
whereas screening was associated with an approximately 40% stroke 
risk reduction in those without CVD. These findings should be consid-
ered as hypothesis-generating and warrant further study. 
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