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KEY MESSAGES

« BNP, NT-pro BNP, NT-ANP and MR-pro ANP and hsTnl levels are higher in patients with AF than without AF

« With a sensitivity at 100%, BNP had the highest specificity of 60% (BNP level 50.1ng/L), followed by NT-pro
BNP with a specificity of 53% (179ng/l)

ABSTRACT

Background: Atrial fibrillation (AF) is a common treatable risk factor for stroke. Screening for
paroxysmal AF in general practice is difficult, but biomarkers might help improve screening
strategies.

Objectives: We investigated six blood biomarkers for predicting paroxysmal AF in general practice.
Methods: This was a pre-specified sub-study of the SCREEN-AF RCT done in Germany. Between
12/2017-03/2019, we enrolled ambulatory individuals aged 75years or older with a history of
hypertension but without known AF. Participants in the intervention group received active AF
screening with a wearable patch, continuous ECG monitoring for 2x2 weeks and usual care in the
control group. The primary endpoint was ECG-confirmed AF within six months after randomisation.
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High-sensitive Troponin | (hsTnl), brain natriuretic peptide (BNP), N-terminal pro-B-type natriuretic
peptide (NT-pro BNP), N-terminal pro atrial natriuretic peptide (NT-ANP), mid-regional pro atrial
natriuretic peptide (MR-pro ANP) and C-reactive protein (CRP) plasma levels were investigated at
randomisation for predicting AF within six months after randomisation.

Results: Blood samples were available for 291 of 301 (96.7%) participants, including 8 with AF
(3%). Five biomarkers showed higher median results in AF-patients: BNP 78 vs. 41 ng/L (p=0.012),
NT-pro BNP 273 vs. 186ng/L (p=0.029), NT-proANP 4.4 vs. 3.5nmol/L (p=0.027), MR-pro ANP 164
vs. 125pmol/L (p=0.016) and hsTnl 7.4 vs. 3.9ng/L (p=0.012). CRP levels were not different
between groups (2.8 vs 1.9mg/L, p=0.1706).

Conclusion: Natriuretic peptide levels and hsTnl are higher in patients with AF than without and
may help select patients for AF screening, but larger trials are needed.

TRIAL REGISTRATION
ClinicalTrials.gov Identifier:
NCT02392754; www.
DZHK.de: SCREEN-AF
DZHK15

Introduction paroxysmal and clinically unnoticed. A disabling or
fatal ischaemic stroke can be the first manifestation of
previously undetected AF [3]. When AF is diagnosed,
oral anticoagulant therapy (OAC) is highly effective for
stroke prevention [4].

Screening to improve the early detection of AF seems

an attractive strategy for stroke prevention but currently

Atrial fibrillation (AF) is one of the most common car-
diac arrhythmias. Its prevalence increases with age [1].
Risk factors such as hypertension increase the likeli-
hood of its occurrence [2]. AF is a major risk factor for
stroke. It can be challenging to detect since it is often
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its role is controversial. According to the European Society
of Cardiology, a ‘systematic ECG screening should be con-
sidered to detect AF in individuals aged 75years or older
or those at high risk of stroke’ [5]. However, the US
Preventive Services Task Force recommends against rou-
tine ECG screening for AF, citing insufficient evidence [6].
And although evidence is arising that AF screening in the
primary care setting is feasible [7-9], strategies to improve
the efficiency, effectiveness and number needed to
screen (NNS) are required.

Several plasma biomarkers have been shown to be
predictive of future AF, including natriuretic peptides
[10], troponin and C-reactive protein (CRP) [11,12].
However, most studies investigated brain natriuretic
peptide (BNP) or N-terminal pro-B-type BNP (NT-pro
BNP) but not N-terminal pro atrial natriuretic peptide
(NT-ANP) or mid-regional pro atrial natriuretic peptide
(MR-pro ANP) In vivo, NT-pro ANP, can be further
cleaved into smaller fragments, making the mid-regional
pro-ANP, respectively amino acids 53-90, (MR-pro ANP)
the preferred detection site of this natriuretic peptide
[13]. After thoracic surgery or in post-stroke patients
[14,15], BNP has been shown to identify patients who
are more likely to have AF detected by ECG monitoring.

We hypothesised that natriuretic peptides would
identify patients who have a higher probability of AF
detection with prolonged - that is, at least 24h or lon-
ger - ECG monitoring.

Methods
Study design

The SCREEN-AF trial was an investigator-initiated, multi-
centre, open-label, randomised clinical trial investigating
non-invasive home-based AF screening interventions
among primary care patients aged 75years or older.
Participants were recruited from general practices in
Canada and Germany. The current pre-specified sub-study
analysis on blood biomarkers was conducted only in the
German study population. The SCREEN-AF main trial’s
study protocol and primary results have been published
[9]. This biomarker sub-study involved additional informed
consent to provide a blood sample at baseline. The
SCREEN-AF trial and sub-study were approved by ethics
committees representing all sites. The SCREEN-AF trial
was registered under ClinicalTrials.gov  Identifier
(NCT02392754) and DZHK.de (SCREEN-AF DZHK15).

Recruitment of general practitioners and patients

General practitioners were recruited via telephone
using pre-existing contact lists at the Department of

General Practice (University Medical Centre Gottingen)
and the Department of General Practice and Primary
Care (University Medical Centre Hamburg-Eppendorf).
Practices were located in Lower Saxony (n=17),
Thuringia (n=1), North Rhine-Westphalia (n=1) or
Hamburg (n=2). All participating practices screened
their electronic medical records for potentially eligible
patients and sent invitation letters to everyone meet-
ing eligibility criteria.

Eligible to participate were community-dwelling
male and female individuals aged 75years or older
without known AF or atrial flutter who were not
receiving OAC but were considered potential OAC can-
didates if AF was diagnosed based on their CHADS2
(congestive heart failure, hypertension, age = 75years,
diabetes, stroke) score > 2, indicating moderate or
high risk for stroke, and no OAC contraindications. All
participants had a history of hypertension requiring
antihypertensive medication and were in sinus rhythm
at the time of enrolment (assessed by 30-second pulse
palpation and heart auscultation by the enrolling
study physician). Exclusion criteria were previously
documented AF or atrial flutter, a pacemaker, defibril-
lator, implanted loop recorder or life expectancy of
less than six months. Participants provided written
informed consent and were not paid to participate.

If a patient was interested, a mobile study team
(physician, nurse and medical student) arranged an
individual appointment at the general practice to enrol
the patient and perform study procedures at baseline
and again at 3months; the patients’ general practi-
tioner conducted 6-month visits.

Study interventions

Participants were randomly allocated (1:1) to the
screening or control group via web-based randomisa-
tion using computer-generated random block sizes of
4 and 6 [16].

The control group received standard primary care
(no AF screening) and a follow-up exam by the gen-
eral practitioner at six months. AF in this group was
detected if a patient reported cardiac symptoms and
received diagnostic (12-lead ECG) or as an incidental
finding if the ECG was done for other reasons, e.g.
prior to elective surgery.

The screening group received a 2-week ambulatory
continuous ECG patch monitor (cECG) at baseline and
again at three months, in addition to standard clinical
care and follow-up exam at six months. The Zio XT
(iRhythm Technologies) was used, a small adhesive
patch applied to the chest providing single-lead cECG



and allowing the patient to shower [17,18]. Further
details are reported elsewhere [9].

In Germany, all — control and screen - participants
of the main SCREEN-AF trial were offered participation
in a blood biomarker sub-study. At baseline, all blood
samples were taken and pre-processed by a member
of the flying study team in the rooms of each general
practice, before being transported to the Ilab.
Biomarkers were measured by commercially available
immunoassays from Abbott (BNP, NT-pro BNP, hsTnl,
CRP), Biomedica (NT-ANP) and BRAHMS (MR-pro ANP).
A creatinine level was also measured. The patient’s
characteristics (Table 1) were assessed at baseline by
self-report and extracted from the patient’s medical
record provided by the general practitioner.

Outcomes

Biomarker levels - four natriuretic peptides (BNP, NT-pro
BNP, NT-ANP, MR-pro ANP), hsTnl and CRP - were cor-
related with the primary outcome of the SCREEN-AF
main trial (AF detection at six months post-
randomisation). In the intervention and control group,
AF was defined as one or more episodes of continuous
AF or atrial flutter lasting more than five minutes on
continuous ECG or diagnosed by 12-lead ECG or other
source documentation. All AF events underwent central
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adjudication by two arrhythmia physicians (authors of
the main trial) blinded to a randomisation group. Using
the 25%, 50% and 75% quantiles of biomarker levels as
cut-off values, the proportion of correctly classified
patients (either with or without AF) was calculated, as
well as the highest specificity for each of the six bio-
markers while keeping sensitivity at 100%.

Statistical analysis

All analyses of this sub-study were performed using
SAS software version 9.4 (TS1M7) (SAS Institute, Cary
NC). Further details are described elsewhere [9].

The descriptive patient characteristics are pre-
sented as meanztstandard deviation for normally
distributed continuous variables, median and inter-
quartile range for non-normally distributed continu-
ous variables and categorical variables and as count
and percentage for categorical variables with few
categories. The six biomarkers were compared
between patients with and without AF using the
Wilcoxon test. The predictive ability for each of the
six biomarkers was estimated using the receiver
operating characteristic (ROC) curve and the area
under the curve (AUC). All analyses are explorative
and the corresponding P-values are considered
descriptive measures.

Table 1. Characteristics of all patients included in the biomarker analysis (n=291).

Screening Group Control Group

All (n=291) (n=143) (n=148)
Age, mean+SD 80+3 80+3 80+3
Sex
Female 171 (59%) 82 (57%) 89 (60%)
Male 120 (41%) 61 (43%) 59 (40%)
Baseline BP, mean+SD 145+19 / 77+9 144+19 / 77+9 146+18 / 76 !
BMI, mean+SD 27.46+3.88 27.53+3.97? 27.4+3.79
CHA,DS,-VASc, mean+SD 41 4+1, 4+1
Medical history
Diabetes 59 (20%) 29 (20%) 30 (20%)
Hyperlipidemia 128 (44%) 66 (46%) 62 (42%)
Coronary artery disease 65 (22%) 33 (23%)? 32 (22%)
Myocardial infarction 25 (9%) 13 (9%) 12 (8%)
Congestive heart failure 20 (7%) 7 (5%) 13 (9%)
Severe aortic or mitral valve disease 1 (0.3%) 1 (0.7%) 0 (0%)
Cardiac surgery
Coronary Artery Bypass Grafting 17 (6%) 6 (4%) 11 (7%)
Valve Surgery 0 (0%) 0 (0%) 0 (0%)
Peripheral artery disease 25 (9%) 11 (8%)? 14 (9%)
Chronic kidney disease 28 (10%) 15 (10%) 13 (9%)3
Dialysis 0 (0%) 0 (0%) 0 (0%)
Sleep apnoea 23 (8%) 14 (10%) 9 (6%)
Ischaemic stroke/TIA/systemic embolism 37 (13%) 19 (13%)? 18 (12%)
COPD 26 (9%) 11 (8%) 15 (10%)
Smoker
Current 16 (5%) 10 (7%) 6 (4%)
Past 105 (38%) 50 (38%)* 55 (39%)>
History of any palpitations in past year 86 (30%) 41 (29%) 45 (30%)
(patient self-report)
Creatinine (mg/dl), mean+SD 1.03+0.33 1.02+0.34 1.04+0.33
Detected atrial fibrillation 8 (2.7%) 7 (4.9%) 1 (0.7%))

SD: standard deviation.'3Missing data: 'n=145 Control,2n=142 Screening, 3n=146 Control, “n=132 Screening.
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Results

Between 11 December 2017 and 26 March 2019, 301
German patients from 21 general practices were ran-
domised (151 in the screening and 150 in the control
group). Blood samples were available for 291 patients.
These patients were included in this biomarker analysis
(143 from the screening and 148 from the control group)
(Figure 1).

Sixteen practices kept a screening log and sent out a
total of 669 invitation letters to eligible patients, which
resulted in a response rate of 37% (248 patients enrolled
and randomised). Fifty-three patients were recruited by
the five practices that did not keep a log. Therefore, the
number of invitation letters from these practices is
unknown.

Baseline characteristics

Patients” baseline characteristics in the intervention
and control groups were similar (Table 1) and compa-
rable to the characteristics of the entire SCREEN-AF
study population, including average age, prevalence of
comorbidities and average CHA2DS2-VASc score [9]. All
German patients were of Caucasian ethnicity.

Occurrence of atrial fibrillation

At six months, 8 of 291 (2.7%) German patients were
newly diagnosed with AF, 7 of 143 (4.9%) in the
screening group, 1 of 148 (0.7%) in the control group,
similar to the entire SCREEN-AF study population (5.3%
and 0.5%) [9]. In the control group patient, a 12-lead-
ECG established the diagnosis. In the screening group
6AF cases were detected by the ZIO patch with a

duration of the most extended episode ranging from
50min to 11days. In one case, a Holter monitor out-
side the study intervention was used to establish the
diagnosis. Therefore, seven of the eight AF cases in
this analysis were rated as paroxysmal AF and one
case as persistent AF, lasting longer than seven days.

Biomarker plasma levels

Blood levels for all four natriuretic peptides and hsTnl
were higher in patients with AF compared to patients
without AF CRP levels were not different between
groups (Table 2).

Predicting atrial fibrillation using biomarkers

Figure 2 shows a receiver operating characteristic
(ROC) curve analysis for different biomarkers for iden-
tifying patients developing atrial fibrillation. The area
under the curve was between 0.64 5 and 0.75.

Cut-off values

Excluding CRP, all biomarkers are allowed to correctly
classify 75-100% of AF patients at the 50% quantile.
Approximately 51% of patients without AF were cor-
rectly classified at the same cut-off. If sensitivity was
kept at 100%, BNP and NT-pro BNP showed the high-
est specificity of 60%, respectively 53% (Table 3).

Discussion
Main findings

Natriuretic peptide and high-sensitive Troponin | levels
were higher in community-dwelling primary care

Figure 1. Flow diagram SCREEN-AF sub-trial (*1 withdrew consent for biomarker analysis, 3 did not give consent for biomarker

analysis, 6 blood samples not available).



patients with paroxysmal AF and persistent AF lasting
longer than seven days. If the sensitivity was to remain
100%, BNP and NT-pro BNP showed a specificity of
60% and 53%, respectively.

Biomarkers to improve screening for AF

Multiple studies have shown that natriuretic peptides
are not only elevated in patients with congestive heart
failure but also in patients with AF and therefore might
be helpful in patient selection for prolonged rhythm
monitoring for AF detection [19,20, 21]. However, most
studies focused on selected populations, such as hos-
pitalised patients who had suffered a recent stroke,
myocardial infarction or underwent surgery [14,15,22].
For example, Karolina et al. found that MR-proANP
might be a good predictor of new-onset atrial fibrilla-
tion in patients with acute myocardial infarction [22].
More similar to the primary care setting, Schnabel
et al. focused on a community setting using the data
of 3,120 Framingham cohort participants to show that
BNP can improve AF risk stratification [22].
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In a secondary analysis of the randomised LOOP
Study, patients with an NT-pro BNP level > 125pg/mL
had an increased risk of AF diagnosis [23]. The
population-based cohort study STROKESTOP Il demon-
strated that NT-pro BNP could help to identify patients
at higher risk of AF using the same cut-off level of >=
125ng/L to offer extended ECG screening to patients
[24]. In a similar diagnostic setting but a different
patient population (stroke patients), Wasser et al.
showed that using a BNP cut-off level of 30ng/L
detected 83% of AF cases [15]. We extend these find-
ings to a population of elderly patients in primary care
with hypertension as the leading risk factor.

Since a triage test needs to have a very high sensi-
tivity, BNP and NT-pro BNP showed the most favour-
able results, with the highest specificity at 100%-
sensitivity levels. Comparing these two markers, half-
life length does not play a role. BNP with a half-life of
20min even had a higher specificity than NT-pro BNP
with a half-life of 60-120 min [25].

As congestive heart failure is also a common
co-morbidity among primary care patients, it might be

Table 2. Biomarker levels in patients with and without AF.

Patients with AF

Patients without AF

(n=8) (n=283) p-value*
BNP (ng/L), median (IQR) 8 (64.5-112) 41 (27-77) 0.0121
NT-pro BNP (ng/L), median (IQR) 273 (201.05-587.1) 186 (111.1-319) 0.0293
NT-ANP (nmol/L), median (IQR) 4 (3.7-7.3) 5 (2.6-4.68) 0.0270
MR-pro ANP (pmol/L), median (IQR) 164 (136.59-302.14) 125 (92.84-169.43) 0.0158
hsTnl (ng/L), median (IQR) 7.4 (4.15-16.2) 9 (3.1-5.9) 0.0129
CRP (mg/L), median (IQR) 2.8 (1.65-5.7) 9 (1.1-3.7) 0.1706

*Two-sided P-value comparing patients with and without AF.

Figure 2. ROC curves of different biomarkers to identify patients developing atrial fibrillation (patients included n=291).
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Table 3. Proportion of correctly classified patients

quantiles.

according to the biomarker cut-off values

for the 25%, 50% and 75%

25% - quantile

50% - quantile

75% - quantile

Highest specificity*
(biomarker level)

BNP (ng/L),
Patients with AF
Patients without AF

NT-pro BNP (ng/L),

Patients with AF
Patients without AF
NT-ANP (nmol/L),
Patients with AF
Patients without AF

MR-pro ANP (pmol/L),

Patients with AF
Patients without AF
hsTnl (ng/L),
Patients with AF
Patients without AF
CRP (mg/L),
Patients with AF
Patients without AF

28
8/8 (100%)
78/283 (27.56%)
1147
8/8 (100%)
73/210 (25.80%)
2.66
8/8 (100%)
73/283 (25.8%)
94.97
8/8 (100%)
73/283 (25.8%)
3.1
8/8 (100%)
107/283 (37.81%)
1.1
8/8 (100%)
77/283 (27.21%)

42
8/8 (100%)
147/136 (51.94%)
187.4
7/8 (87.5%)
145/283 (51.24%)
35
6/8 (75%)
144/283 (50.88%)
126.02
7/8 (87.5%)
145/283 (51.24%)
4.1
6/8 (75%)
151/283 (53.36%)
1.9
5/8 (62.5%)
145/283 (51.24%)

81

3/8 (37.5%)

216/67 (76.33%)
320.1

3/8 (37.5%)

214/283 (75.62%)
4.78

4/8 (50%)

215/283 (75.97%)
169.96

3/8 (37.5%)

214/283 (75.62%)
6.1

5/8 (62.5%)

219/283 (77.39%)
3.7

3/8 (37.5%)

214/283 (75.62%)

60.29 % (50.1ng/L)

52.94 % (179ng/L)

4485 % (3.3nmol/L)

45.59 % (120.47 nmol/L)

47.06 % (3.55ng/L)

28.68 % (1.15mg/L)

*Highest specificity (correctly identified patients without AF) while maintaining 100% sensitivity (correctly identify 8/8 patients with AF).

challenging to use biomarkers to screen for AF in
patients with CHF and vice versa, respectively, to
determine heart failure in patients with AF. However,
compared to high-sensitive Troponin T (hsTnT),
galectin-3, ST2, fibrinogen, urate and CRP, NT-pro BNP
had the best accuracy [26]; compared to MR-pro ANP,
NT-pro BNP had a similar diagnostic value to establish
the diagnosis of acute heart failure in AF-patients [27].

Strengths and limitations

The main limitation is the small number of participants
and, therefore, the small number of AF events in this
analysis, which was due to a delayed recruitment start
in Germany in the international SCREEN-AF trial. Our
biomarker analysis was too small to compare the diag-
nostic power of the different natriuretic peptides.
However, despite the limited power, our results showed
statistically significant differences in median values for
high-sensitive Troponin | and natriuretic peptide levels
investigated between patients with and without devel-
oping AF.

We also did not investigate the biomarkers at differ-
ent points in time. Patients developing AF may have
had higher levels during the follow-up at three months
and serial measurements might improve the sensitivity
of a biomarker (but also increase costs if done in clin-
ical practice).

The follow-up in the SCREEN-AF main trial, includ-
ing all patients in this biomarker analysis was longer
(six months) than the screening period (2x2 weeks)
[9]. We aimed to show that two short episodes of con-
tinuous ECG-monitoring for 2 weeks are more effective

in finding AF than six months of usual care. Longer
follow-up is necessary to determine whether the EGC
patch detects AF earlier than usual care or detects epi-
sodes that escape usual care monitoring. For compari-
son, in stroke patients, 3 x 10-day Holter-ECG-monitoring
detects AF earlier than usual care during three years of
follow-up [28]. Additionally, the value of repeated
screening (e.g. annual 2weeks ECG monitoring)
deserves future study.

Clinical implications

Several factors, such as age, chronic kidney disease
or congestive heart failure (CHF), influence natri-
uretic peptide and/or troponin levels. Patients in
which CHF is clinically suspected should receive an
echocardiogram. If the patient has a known history
of CHF and no signs of an acute exacerbation, an
elevated BNP or NT-pro BNP level might be chal-
lenging to interpret. In the future, established cut-off
levels might provide guidance since natriuretic pep-
tide levels are elevated in patients with CHF and AF.
But levels are even higher if both diseases are pres-
ent [29].

Conclusion

Natriuretic peptide levels and hsTnl are higher in
patients with AF than without. In the future, biomark-
ers may help to select ambulatory patients at high risk
for AF for AF-screening using prolonged ECG monitor-
ing. More extensive studies, including multivariable



prediction model trials are needed to assess if bio-
markers add value when combined with baseline char-
acteristics. And if so, to define optimal cut-off levels
and to determine if combinations of biomarkers will
provide improved yield.
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