
Open access 

  1Zwartkruis VW, et al. Open Heart 2021;8:e001786. doi:10.1136/openhrt-2021-001786

 ► Additional supplemental 
material is published online only. 
To view, please visit the journal 
online (http:// dx. doi. org/ 10. 
1136/ openhrt- 2021- 001786).

To cite: Zwartkruis VW, 
Geelhoed B, Suthahar N, et al. 
Atrial fibrillation detected at 
screening is not a benign 
condition: outcomes in screen- 
detected versus clinically 
detected atrial fibrillation. 
Results from the Prevention of 
Renal and Vascular End- stage 
Disease (PREVEND) study. Open 
Heart 2021;8:e001786. 
doi:10.1136/
openhrt-2021-001786

Part of the work was presented 
during the EHRA 2021 Online 
Congress and published as 
a conference abstract (EP 
Europace, Volume 23, Issue 
Supplement_3, May 2021, 
euab116.144, https://doi.org/10. 
1093/europace/euab116.144).

Received 14 July 2021
Accepted 29 November 2021

For numbered affiliations see 
end of article.

Correspondence to
Professor Michiel Rienstra;  m. 
rienstra@ umcg. nl

Atrial fibrillation detected at screening 
is not a benign condition: outcomes in 
screen- detected versus clinically 
detected atrial fibrillation. Results from 
the Prevention of Renal and Vascular 
End- stage Disease (PREVEND) study

Victor W Zwartkruis    ,1 Bastiaan Geelhoed,1 Navin Suthahar    ,1 
Stephan J L Bakker    ,2 Ron T Gansevoort,2 Isabelle C van Gelder,1 
Rudolf A de Boer    ,1 Michiel Rienstra    1

Arrhythmias and sudden death

© Author(s) (or their 
employer(s)) 2021. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Aims It is unknown whether screen- detected atrial 
fibrillation (AF) carries cardiovascular risks similar to 
clinically detected AF. We aimed to compare clinical 
outcomes between individuals with screen- detected and 
clinically detected incident AF.
Methods We studied 8265 participants (age 49 ± 
13 years, 50% women) without prevalent AF from the 
community- based Prevention of Renal and Vascular 
End- stage Disease (PREVEND) study. By design of the 
PREVEND study, 70% of participants had a urinary albumin 
concentration >10 mg/L. Participants underwent 12- lead 
ECG screening at baseline and every 3 years. AF was 
considered screen- detected when first diagnosed during 
a study visit and clinically detected when first diagnosed 
during a hospital visit. We analysed data from the baseline 
visit (1997–1998) up to the third follow- up visit (2008). We 
used Cox regression with screen- detected and clinically 
detected AF as time- varying covariates to study the 
association of screen- detected and clinically detected AF 
with all- cause mortality, incident heart failure (HF) and 
vascular events.
Results During a follow- up of 9.8 ± 2.3 years, 265 
participants (3.2%) developed incident AF, of whom 60 
(23%) had screen- detected AF. The majority of baseline 
characteristics were comparable between individuals with 
screen- detected and clinically detected AF. Unadjusted, 
both screen- detected and clinically detected AF were 
strongly associated with mortality, incident HF, and 
vascular events. After multivariable adjustment, screen- 
detected and clinically detected AF remained significantly 
associated with mortality (HR 2.21 (95% CI 1.09 to 
4.47) vs 2.95 (2.18 to 4.00), p for difference=0.447) and 
incident HF (4.90 (2.28 to 10.57) vs 3.98 (2.49 to 6.34), p 
for difference=0.635). After adjustment, screen- detected 
AF was not significantly associated with vascular events, 
whereas clinically detected AF was (1.12 (0.46 to 2.71) vs 
1.92 (1.21 to 3.06), p for difference=0.283).
Conclusion Screen- detected incident AF was associated 
with an increased risk of adverse outcomes, especially 

all- cause mortality and incident HF. The risk of outcomes 
was not significantly different between screen- detected AF 
and clinically detected AF.

INTRODUCTION
Atrial fibrillation (AF) is a major risk factor 
for mortality, heart failure (HF) and vascular 
events such as myocardial infarction (MI) 
and stroke.1–3 Combined with an estimated 
lifetime risk of up to 1 in 3, and a prevalence 

Key questions

What is already known about this subject?
 ► Screening for atrial fibrillation (AF) improves early 
detection. However, it remains unclear whether indi-
viduals with screen- detected AF have a similar risk 
of adverse outcomes compared with patients with 
clinically detected AF.

What does this study add?
 ► In a large population- based cohort, screen- detected 
incident AF was associated with an increased risk 
of adverse outcomes, especially all- cause mortality 
and heart failure. There were no significant differ-
ences in risk between screen- detected AF and clin-
ically detected AF.

How might this impact on clinical practice?
 ► Current guidelines make no distinction between 
screen- detected AF or clinically detected AF, and 
both are generally treated similarly. Given the find-
ings of this study, this approach seems justifiable 
until ongoing AF screening trials provide more de-
finitive answers. In addition, this study highlights 
that AF screening trials should focus not only on the 
prevention of stroke and mortality but also on the 
prevention of heart failure.
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that is increasing even further due to rising life expec-
tancy and rising prevalence of comorbidities, this makes 
AF a major healthcare challenge.1 4

Early detection and screening for AF are considered 
increasingly important, since effective therapies are avail-
able and early treatment of AF may improve outcomes.5–9 
Various screening strategies have been shown to increase 
the detection rate of AF.10 11 Nevertheless, studies have yet 
to convincingly demonstrate that screening and subse-
quent treatment of AF can actually improve outcomes 
and prognosis.12–14

Despite the fact that unequivocal evidence from 
outcome trials is still lacking, European guidelines 
already recommend AF screening in individuals ≥65 
years.1 In addition, current guidelines make no distinc-
tion between patients with clinically detected AF and 
patients with screen- detected AF, and, therefore, recom-
mend similar treatment for both groups.1 However, it is 
unclear whether individuals with screen- detected AF are 
comparable to individuals with clinically detected AF, 
and whether they have a similar risk of mortality, HF and 
vascular events.15 Therefore, we aimed to compare clin-
ical characteristics and adverse outcomes between indi-
viduals with screen- detected AF and clinically detected 
AF.

METHODS
Study population and procedures
The study was performed with data from the PREVEND 
(Prevention of Renal and Vascular End- stage Disease) 
cohort study, which has been described in more detail 
elsewhere.16 17 In short, PREVEND is a population- based 
cohort, which was designed to study if increased urinary 
albumin excretion is associated with renal and cardiovas-
cular (CV) disease. From 1997 to 1998, 8592 community- 
dwelling individuals from the city of Groningen, The 
Netherlands were included in the study. A detailed over-
view of participant recruitment is provided in online 
supplemental figure S1. By design, approximately 70% of 
participants had a urinary albumin concentration (UAC) 
>10 mg/L, while the other 30% had a UAC <10 mg/L. At 
baseline, participants underwent various examinations, 
including anthropometric measurements, assessment of 
cardiometabolic risk factors, measurement of blood pres-
sure and ankle brachial index and collection of blood 
and urine. Follow- up visits were performed every 3 years. 
A 12- lead ECG was made during the baseline visit and 
every follow- up visit. For the present study, we excluded 
participants with previously diagnosed AF based on 
hospital ECGs made prior to the date of inclusion (n=37), 
participants with AF on their baseline ECG (n=42) and 
participants without reliable ECG data (n=248), leaving 
8265 participants. The PREVEND study was approved by 
the Medical Ethical Committee of the University Medical 
Center Groningen and was conducted in accordance with 
the Declaration of Helsinki. All participants provided 
written informed consent.

Ascertainment of AF
Incident AF was diagnosed if atrial fibrillation or flutter 
was present on a 12- lead ECG obtained during one of the 
three PREVEND follow- up visits or during an outpatient 
visit or hospital admission in either of the two hospi-
tals that together cover the whole city of Groningen. 
All PREVEND ECGs from the baseline visit up to the 
third follow- up visit as well as all available hospital ECGs 
(including those obtained prior to study inclusion) were 
screened for AF using previously described methods,18 
which are summarised in the online supplemental notes. 
If first diagnosed at a PREVEND follow- up visit, AF was 
considered screen- detected. If first diagnosed during 
a hospital visit, AF was considered clinically detected. 
When participants had screen- detected AF, their general 
practitioner (GP) was informed. Further follow- up and 
treatment of AF were left at the discretion of the GP.

Clinical outcomes, risk factors and comorbidities
Information regarding vascular events was derived from 
the Dutch National Medical Registry, which contains 
hospital discharge diagnoses from all hospitals in the Neth-
erlands.18 19 Discharge diagnoses were coded according 
to the ninth revision of the International Classification of 
Diseases (ICD- 9). Vascular events included acute MI and 
ischaemic heart disease (ICD- 9 codes 410, 411), percu-
taneous transluminal angioplasty and bypass grafting of 
the coronary arteries or peripheral vessels (ICD- 9 code 
36) as well as haemorrhagic and ischaemic stroke (ICD- 9 
codes 433, 434). A committee of HF experts adjudicated 
all HF cases according to previously published criteria,17 
which are summarised in the online supplemental notes. 
Data on mortality were obtained through the municipal 
registration and Statistics Netherlands.20 Risk factors and 
comorbidities (hypertension, diabetes, peripheral artery 
disease, history of MI, history of stroke and prevalent HF) 
were defined using previously described definitions for 
PREVEND,18 which are described in the online supple-
mental notes.

Follow-up
The follow- up duration was calculated as the time 
between the baseline screening visit to the last contact 
date, death or 31 December 2008 (end of the third 
PREVEND follow- up visit), whichever came first.

Statistical analyses
Clinical characteristics at baseline were compared 
between participants with screen- detected AF and clin-
ically detected AF. For continuous data, characteristics 
were compared using the independent samples t test 
for normally distributed data or Mann- Whitney U test 
for non- normally distributed data. For binary data, Pear-
son’s χ2 test or Fisher’s exact test was used depending on 
sample size.

Incidence rates per 1000 person- years with 95% CIs 
were calculated for incident AF as well as the clinical 
outcomes of interest (death, incident HF and vascular 
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events). For AF, incidence rates were also calculated per 
age group and for men and women separately. For the 
outcomes, incidence rates were calculated separately for 
participants with screen- detected AF, participants with 
clinically detected AF and participants without AF. For 
the outcomes, separate incidence rates were also calcu-
lated for events occurring before AF and events occur-
ring after AF.

Next, we used Cox regression models to assess the asso-
ciation of screen- detected AF and clinically detected AF 
with all- cause mortality, incident HF and vascular events. In 
order to account for the fact that events could occur prior 
to incident AF, screen- detected AF and clinically detected 
AF were entered into the Cox regression models as time- 
varying covariates. Thus, participants who developed 
incident AF were counted as participants without AF prior 
to the moment of AF diagnosis (non- exposed time) and 
were counted as participants with AF from the moment of 
AF diagnosis onwards (exposed time). For each outcome, 
we built three Cox regression models: (1) an unadjusted 
model including screen- detected AF and hospital- AF 
only, (2) model 1 additionally adjusted for age and sex 
and (3) model 2 additionally adjusted for relevant clin-
ical characteristics (hypertension, diabetes, stroke, MI, 
peripheral artery disease, prevalent HF and natriuretic 
peptides).18 In order to assess whether screen- detected 
AF was significantly more or significantly less associated 
with outcomes compared with clinically detected AF, we 
calculated p values for the difference in HRs between 
both AF types. The Cox proportional hazards assump-
tion was assessed graphically using Kaplan- Meier curves 
for each outcome,21 which revealed no violations of the 
proportional hazards assumption. For analyses with inci-
dent HF as the outcome, we excluded participants with 
prevalent HF (n=18). Given the design of PREVEND with 
overselection of individuals with microalbuminuria, all 

Cox regression analyses were adjusted for baseline UAC. 
Analyses were performed using SPSS V.25. A p value <0.05 
was considered statistically significant.

RESULTS
AF incidence and participant characteristics
The included PREVEND participants had a mean 
age of 49 ± 13 years, and 50% were women. During a 
mean follow- up duration of 9.8 ± 2.3 years, 265 individ-
uals (3.2%) developed incident AF. Of all incident AF 
cases, 60 (23%) were screen- detected and 205 (77%) 
were clinically detected. In men, 26% of incident AF 
cases were screen- detected, compared with 15% for 
women (p=0.051). AF incidence rates were higher for 
older compared with younger participants, and for men 
compared with women (figure 1).

Compared with those with clinically detected AF, partic-
ipants with screen- detected AF less often had peripheral 
artery disease or elevated natriuretic peptides (table 1). 
Otherwise, there were no significant baseline differences 
between participants with screen- detected and clinically 
detected AF.

Outcomes
During the follow- up period, 605 (7.3%) participants 
died, 262 (3.2%) developed incident HF and 806 (9.8%) 
had a vascular event. In the screen- detected AF group, 
9 (15.0%) participants died, 11 (18.3%) developed inci-
dent HF and 12 (20.0%) had at least one vascular event. 
In the clinically detected AF group, 64 (32.2%) partici-
pants died, 71 (34.6%) developed incident HF and 100 
(48.8%) had a vascular event.

In participants with clinically detected AF, the majority 
of incident HF cases and vascular events occurred prior 
to AF diagnosis, which was not the case in those with 

Figure 1 Incidence rates per 1000 person- years of screen- detected and clinically detected atrial fibrillation per age category 
in men and women. AF, atrial fibrillation.
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screen- detected AF (figure 2). In both groups, coronary 
events (ie, events related to myocardial ischaemia) made 
up the majority of vascular events, and the incidence of 
stroke was relatively low (figure 3). Incidence rates for 
outcomes occurring after AF diagnosis were generally 
higher in participants with clinically detected AF than in 
participants with screen- detected AF, although CIs over-
lapped (figure 3).

In the unadjusted Cox regression analyses, both screen- 
detected AF and clinically detected AF were signifi-
cantly associated with all- cause mortality, incident HF 
and vascular events. The corresponding HRs were not 

significantly different between screen- detected AF and 
clinically detected AF (table 2).

After adjustment for age and sex, screen- detected AF 
was still significantly associated with all- cause mortality 
and incident HF, but not with vascular events. Clinically 
detected AF remained significantly associated with all 
three outcomes after adjustment for age and sex. There 
were no significant differences between the HRs of 
screen- detected AF and clinically detected AF (table 2).

After multivariable adjustment for risk factors and 
comorbidities, screen- detected AF remained significantly 
associated with all- cause mortality (HR 2.21, 95% CI 1.09 
to 4.47) and incident HF (HR 4.90, 95% CI 2.28 to 10.57), 
but not with vascular events (HR 1.12, 95% CI 0.46 to 
2.71). Clinically detected AF remained significantly asso-
ciated with all- cause mortality (HR 2.95, 95% CI 2.18 to 
4.00), incident HF (HR 3.98, 95% CI 2.49 to 6.34) and 
vascular events (HR 1.92, 95% CI 1.21 to 3.06). The 
multivariable adjusted HRs were not statistically different 
between screen- detected AF and clinically detected AF 
for all- cause mortality (p for difference=0.447), incident 
HF (p for difference=0.635) or vascular events (p for 
difference=0.283).

DISCUSSION
In this study, we demonstrated that screen- detected AF 
is associated with adverse outcomes, particularly all- 
cause mortality and incident HF, in participants from 
the population- based PREVEND study. We did not find 
significant differences between screen- detected AF and 
clinically detected AF in terms of their association with 
mortality, incident HF or vascular events.

Table 1 Clinical characteristics at baseline of the total study population and participants with screen- detected AF or clinically 
detected AF

Clinical characteristics
Total study population
(n=8265)

Screen- detected AF 
(n=60)

Clinically detected AF 
(n=205) P value

Male sex 4120 (50%) 48 (80%) 137 (67%) 0.051

Age 49 ± 13 60 ± 8 62 ± 9 0.163

BMI (kg/m2) 26 ± 4 28 ± 5 28 ± 4 0.247

Hypertension 2613 (32%) 41 (68%) 138 (67%) 0.882

Diabetes 310 (4%) 4 (7%) 19 (9%) 0.562

History of MI 251 (3%) 5 (8%) 36 (18%) 0.084

History of stroke 81 (1%) 3 (5%) 6 (3%) 0.428

History of PAD 291 (4%) 2 (3%) 26 (13%) 0.032

Previously diagnosed HF 18 (0.2%) 1 (2%) 5 (2%) 1.000

NT- proBNP >125 ng/L 926 (11%) 18 (30%) 93 (45%) 0.048

eGFR <60 mL/min/1,73 m2 466 (6%) 3 (5%) 18 (9%) 0.425

UAC ≥10 mg/L 5759 (70%) 45 (75%) 159 (78%) 0.679

CHA2DS2- VASc score 1.1 ± 1.0 1.5 ± 1.2 2.0 ± 1.1 0.192

Data presented as mean ± SD or count (%). P values represent the difference between participants with screen- detected AF and 
clinically detected AF.
AF, atrial fibrillation; BMI, body mass index ; eGFR, estimated glomerular filtration rate; HF, heart failure; MI, myocardial infarction; NT- 
proBNP, N- terminal pro- brain natriuretic peptide; PAD, peripheral artery disease; UAC, urinary albumin concentration.

Figure 2 Incidence of outcomes before and after diagnosis 
of atrial fibrillation. AF, atrial fibrillation; CD- AF, clinically 
detected atrial fibrillation; SD- AF, screen- detected atrial 
fibrillation.
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Outcomes in screen-detected AF
In recent years, a wide range of screening methods have 
been shown to improve early detection of AF.10 11 While 

it is generally assumed that screen- detected AF is associ-
ated with adverse outcomes, only few studies have actually 
assessed the risk of adverse outcomes in screen- detected 

Figure 3 Outcome incidence rates per 1000 person- years after diagnosis of atrial fibrillation. AF, atrial fibrillation.

Table 2 Association of screen- detected AF and clinically detected AF with outcomes

Outcomes
Time- varying 
covariate

HR
(95% CI) P value

HR(SD- AF) / HR(CD- AF)
(95% CI) P for difference

Model 1: unadjusted
All- cause mortality Screen- detected AF 5.66 (2.92 to 10.98) <0.001 0.52 (0.26 to 1.06) 0.070

Clinically detected AF 10.83 (8.23 to 14.26) <0.001

Incident heart failure Screen- detected AF 12.10 (5.93 to 24.70) <0.001 1.02 (0.45 to 2.29) 0.970

Clinically detected AF 11.92 (7.63 to 18.61) <0.001

Vascular events Screen- detected AF 3.27 (1.46 to 7.33) 0.004 0.73 (0.29 to 1.83) 0.505

Clinically detected AF 4.47 (2.84 to 7.05) <0.001

Model 2: adjusted for age and sex

All- cause mortality Screen- detected AF 2.24 (1.16 to 4.36) 0.017 0.58 (0.29 to 1.16) 0.122

Clinically detected AF 3.90 (2.96 to 5.13) <0.001

Incident heart failure Screen- detected AF 5.16 (2.52 to 10.58) <0.001 1.12 (0.50 to 2.53) 0.780

Clinically detected AF 4.60 (2.93 to 7.21) <0.001

Vascular events Screen- detected AF 1.24 (0.55 to 2.79) 0.598 0.64 (0.25 to 1.58) 0.330

Clinically detected AF 1.96 (1.25 to 3.07) 0.003

Model 3: adjusted for age, sex, prevalent heart failure, hypertension, diabetes, stroke, myocardial infarction, peripheral artery disease, and NT- proBNP

All- cause mortality Screen- detected AF 2.21 (1.09 to 4.47) 0.028 0.75 (0.35 to 1.58) 0.447

Clinically detected AF 2.95 (2.18 to 4.00) <0.001

Incident heart failure Screen- detected AF 4.90 (2.28 to 10.57) <0.001 1.23 (0.52 to 2.92) 0.635

Clinically detected AF 3.98 (2.49 to 6.34) <0.001

Vascular events Screen- detected AF 1.12 (0.46 to 2.71) 0.802 0.58 (0.22 to 1.56) 0.283

Clinically detected AF 1.92 (1.21 to 3.06) 0.006

P values denote the significance of the time- varying covariates (screen- detected AF or clinically detected AF) in terms of their association 
with each clinical outcome (all- cause mortality, incident heart failure or vascular events). The P values for difference represent the difference 
in HRs between screen- detected AF and clinically detected AF.
AF, atrial fibrillation; CD- AF, clinically detected AF; NT- proBNP, N- terminal pro- brain natriuretic peptide; SD- AF, screen- detected AF.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://openheart.bm

j.com
/

O
pen H

eart: first published as 10.1136/openhrt-2021-001786 on 30 D
ecem

ber 2021. D
ow

nloaded from
 

http://openheart.bmj.com/


Open Heart

6 Zwartkruis VW, et al. Open Heart 2021;8:e001786. doi:10.1136/openhrt-2021-001786

AF, or studied how this risk compares to the risk in clini-
cally detected AF.

In a recent pharmacy- based opportunistic screening 
study, which used single time point hand- held ECGs, 
the risk of all- cause mortality and CV hospitalisation was 
significantly higher in participants with screen- detected 
AF compared with those without AF, and there were no 
significant differences in risk between screen- detected 
AF and known prevalent AF.22 Although we compared 
screen- detected AF with clinically detected incident AF 
(rather than prevalent AF), our findings seem to be in 
line with the results of this pharmacy- based screening 
study.

Other studies have mostly focused on outcomes in two 
populations that are somewhat different, yet related to 
our population with screen- detected AF: (1) patients 
with subclinical AF (SCAF) and atrial high- rate episodes 
(AHRE) as detected by cardiac implantable electronic 
devices (CIEDs) and (2) patients with asymptomatic 
(silent) AF.

Studies in patients with CIEDs, such as the Asymptom-
atic Atrial Fibrillation and Stroke Evaluation in Pace-
maker Patients and the Atrial Fibrillation Reduction 
Atrial Pacing Trial (ASSERT), have demonstrated that 
SCAF/AHRE is associated with vascular events, HF hospi-
talisation and mortality.23–26 Our results seem largely in 
line with these studies. However, comparisons between 
SCAF/AHRE and screen- detected AF should be made 
with caution, since patients with CIEDs may be different 
from the general AF population.27

Studies in asymptomatic AF are also relevant to the 
topic of screen- detected AF, since individuals with screen- 
detected AF are frequently asymptomatic.27–30 In the 
EurObservational Research Programme - Atrial Fibril-
lation (EORP- AF) registry, patients with asymptomatic 
AF had a substantially higher risk of mortality compared 
with their symptomatic counterparts, although it has 
to be noted that asymptomatic patients were less often 
treated with oral anticoagulants (OACs).31 By contrast, in 
patients with persistent AF from the RAte Control versus 
Electrical cardioversion for persistent atrial fibrillation 
(RACE) study, asymptomatic AF was associated with a 
lower risk of CV morbidity and mortality than symptom-
atic AF, although the difference may in part have been 
caused by the lower prevalence of HF in the asymptom-
atic group.32 Our findings seem more in line with recent 
results from the Global Anticoagulant Registry in the 
Field - Atrial Fibrillation (GARFIELD- AF) study, which 
found no difference in outcomes between asymptom-
atic and symptomatic patients with at least one stroke 
risk factor.33 Importantly, studies in asymptomatic AF 
have some limitations when applied to the setting of AF 
screening. First, many of these studies were performed 
in selected (mostly hospital- based) populations, which 
may be different from the general population targeted 
with screening. Furthermore, not all individuals with 
screen- detected AF are asymptomatic: in the population- 
based Lifelines study, which used single time point ECG 

screening similar to PREVEND, palpitations were in fact a 
major independent predictor of previously undiagnosed 
AF.34

After multivariable adjustment, screen- detected AF 
remained significantly associated with all- cause mortality 
and incident HF, but not with vascular events. This might 
be due to the small number of vascular events, particu-
larly stroke, that occurred in participants with screen- 
detected AF. The low incidence of stroke seems consistent 
with previous AF screening trials22 27 and could possibly 
be explained by initiation OACs after diagnosis of screen- 
detected AF. Based on our data, we cannot draw definitive 
conclusions about the risk of stroke and other vascular 
events in (untreated) screen- detected AF. However, 
recently published results from the STROKESTOP II trial 
indicate that AF screening and subsequent treatment 
initiation may lead to a modest, yet significant reduction 
of stroke incidence in the general population.35

Overall, in our study, the association of screen- detected 
AF with incident HF was stronger than its association 
with mortality and vascular events. This highlights that 
future studies should focus not only on preventing stroke 
and mortality but also on preventing HF in patients with 
screen- detected AF.24

Clinical characteristics of individuals with screen-detected AF 
and clinically detected AF
Another aim of our study was to compare clinical char-
acteristics between individuals with screen- detected and 
clinically detected AF. We found that both groups had 
largely similar baseline characteristics, with only a few 
differences. Participants with clinically detected AF had 
higher natriuretic peptide levels at baseline, which may 
indicate that they were more likely to have previously 
unrecognised or subclinical HF at baseline, and that AF 
may have been detected during hospital visits for HF. 
Indeed, in participants with clinically detected AF, the 
majority of incident HF cases were diagnosed prior to AF. 
By contrast, HF was mostly diagnosed after AF in partic-
ipants with screen- detected AF. Furthermore, the higher 
proportion of women in the clinically detected AF group 
seems in line with previous studies in symptomatic versus 
asymptomatic AF, which have consistently demonstrated 
that patients with symptomatic AF are more likely to be 
women compared with asymptomatic individuals.31–33

Strengths and limitations
Our study was performed in a large population- based 
cohort with almost 10 years of follow- up and solid vali-
dation of incident AF and endpoints. Due to the linkage 
with hospital registries, we were able to provide a reliable 
and direct comparison between screen- detected and clin-
ically detected AF.

Limitations include the lack of data about type of AF 
(paroxysmal, persistent or permanent) and symptoms. 
This information should be taken into account in future 
studies, as it may help explain why AF remains unrec-
ognised in some but not in others. During the three- yearly 
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PREVEND visits, only single time point ECGs were made, 
and, therefore, cases of paroxysmal AF may have been 
missed. Although the use of ICD- 9- based discharge codes 
from the Dutch National Medical Registry has been 
shown to be highly reliable,18 36 we cannot fully rule out 
that some vascular outcomes were missed or misclassi-
fied. Data on the primary reason for the hospitalisations 
or outpatient visits during which AF was diagnosed were 
not available. Furthermore, data regarding medication 
use during follow- up were unavailable: since OACs may 
have been initiated in a large proportion of individuals 
with incident AF, the incidence of vascular events in our 
study was likely an underestimation. Since we used data 
up to 2008, results might be different in the present- day 
setting due to advances in the treatment of AF in recent 
years. Finally, the PREVEND cohort is predominantly 
Caucasian and enriched for microalbuminuria, which 
may limit generalisability.

CONCLUSIONS
This study demonstrates that individuals with screen- 
detected AF are at increased risk of adverse outcomes, 
particularly all- cause mortality and incident HF. We did 
not find significant differences in risk between screen- 
detected and clinically detected AF. However, randomised 
trials are needed to assess if outcomes can be improved 
by treating individuals with screen- detected AF similarly 
to patients with clinically detected AF. Our results high-
light that AF screening trials should focus not only on 
the prevention of stroke and mortality but also on the 
prevention of HF in individuals with screen- detected AF.
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Supplementary Notes 
 

ECG screening for identification of atrial fibrillation1:  

All 12-lead ECGs that were obtained during the PREVEND follow-up visits, as well as all available 

ECGs that were obtained during outpatient visits or hospital admissions in the two hospitals in the 

city of Groningen were screened for AF. All ECGs (n = 40 890) were digitally stored and electronically 

screened for absence of PR interval, atrial flutter, or ectopic atrial rhythm using a program written 

specifically for this purpose. The performance of the electronic screening program was validated by 

manually screening all ECGs from the PREVEND baseline visit and comparing the results of the 

electronic and manual screening. This validation procedure revealed that the electronic screening 

program had 100% sensitivity for the detection of AF, compared to manual screening. 

 

All ECGs with suspected AF based on electronic screening (n = 1844) were manually reviewed by two 

independent observers (R.A. Vermond, E.G. Marcos). When both observers agreed that AF was 

present on the ECG, or when an inconsistency was found, the ECG was additionally validated by two 

independent cardiologists (M. Rienstra, P. van der Harst). The date of the first ECG with certain AF 

was used as the date of AF diagnosis. AF found to be present in 344 participants. Of these, 242 AF 

cases (37 prevalent AF, 205 incident AF) were first diagnosed on a hospital ECG, and 102 (42 

prevalent AF, 60 incident AF) were first diagnosed on a PREVEND ECG. 

 

Adjudication of heart failure events2:  

Patient files (including data from hospitalisations and outpatient visits) from the two hospitals in the 

city of Groningen were reviewed for prevalent or incident heart failure, based on the presence of 

symptoms, signs, and structural or functional cardiac abnormalities, as defined by the guidelines of 

the European Society of Cardiology.3 Permission to access the patient records was granted by the 

Medical Ethical Committees of both hospitals.  

 

All suspected heart failure cases identified from the patient records were further evaluated by an 

endpoint adjudication committee consisting of seven independent heart failure experts. Each case 

was validated by two of four cardiologists (A.A. Voors, D.J. van Veldhuisen, P. van der Harst, R.A. de 

Boer), who reviewed anonymised versions of the patient files. If both experts agreed on the 

diagnosis of heart failure, patients were classified as having definite heart failure. In case of 

disagreement between the two cardiologists,  a full committee of seven experts in the field (A.A. 

Voors, D.J. van Veldhuisen, J.L. Hillege, P. van der Harst, R.A. de Boer, R.T. Gansevoort, W.H. van 

Gilst) made a joint decision. 

 

Definition of risk factors and comorbidities1:  

Risk factors and comorbidities were defined as follows: 

- Hypertension: systolic blood pressure >140 mmHg, diastolic blood pressure >90 mmHg, or 

self-reported use of antihypertensive drugs.  

- Diabetes: fasting plasma glucose >7.0 mmol/L, non-fasting plasma glucose >11.1 mmol/L, or 

use of antidiabetic drugs.  

- Peripheral artery disease: ankle brachial index <0.9.  

- History of myocardial infarction: self-reported myocardial infarction requiring hospitalisation 

for at least three days. 

- History of stroke: self-reported stroke requiring hospitalisation for at least three days. 

- Prevalent heart failure: heart failure as adjudicated by the heart failure expert committee, 

with date of diagnosis prior to the PREVEND inclusion date. 
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