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Introduction

THE CASE OF MRS. ROBERTS

Mrs. Roberts is a 73 years old lady who was a primary school teacher during her active 
working life. She visits her general practitioner (GP) infrequently, most often for osteoar-
thritis related complaints of knees and hips.

Now, she consults her GP for coughing along with a sense of headache and light-
headedness, a combination of complaints she never experienced before. Upon physical 
examination, the GP notices a fast and irregular pulse and a subsequent electrocardiogram 
(ECG) confirms his suspicion: Mrs. Roberts has atrial fibrillation.

As recommended in the Dutch College of General Practitioners’ guidelines on the man-
agement of atrial fibrillation, the GP considers initiating oral anticoagulation for stroke 
prevention after balancing the individual risk of stroke against the risk of bleeding associ-
ated with anticoagulation. Based on her CHA2DS2-VASc score of 2, the GP estimates the 
stroke risk of Mrs. Roberts to be around 2 % each year, but what about her risk of bleeding?

The health record of Mrs. Roberts mentions three falls, and the GP knows she sometimes 
uses over-the-counter non-steroidal anti-inflammatory drugs (NSAIDs) as painkillers for 
her osteoarthritis. In addition, the daughter of Mrs. Roberts recently consulted the GP 
because she feared her mother suffered some cognitive decline: she showed increasing clum-
siness and more difficulties in remembering things. How would this affect her medication 
compliance? Could her coughing be the result of heart failure as a concomitant problem 
with her atrial fibrillation? How frail is Mrs. Roberts?

The GP considers the risk of stroke high enough to warrant anticoagulation, despite the 
associated risk of bleeding. He prescribes a vitamin K antagonist and plans to carefully 
monitor Mrs. Roberts for her medication use and possible comorbid conditions.

ATRIAL FIBRILLATION

Atrial fibrillation (AF) is the most common cardiac arrhythmia. Its prevalence in the 
population at large is 1–2 %,[1] and one in every four adults will eventually develop 
AF.[2] In the Netherlands, the healthcare costs associated with AF well exceed €500 
million each year, mostly spent on inpatient hospital care and interventions.[3] Many 
factors can contribute to the development of AF, including genetic predisposition, 
structural heart disease and hypertension. Structural remodelling of the atria of 
the heart advances with increasing age, making AF predominantly a disease of the 
elderly. Its prevalence rises from 4 % in those aged 65 years to over 15 % in elderly 
over 85 years of age.[4] As a consequence of the aging population, and in addition 
to improved detection, the number of patients with AF is expected to increase in the 
coming decades to over half a million patients in the Netherlands by 2060.[5]
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RISKS IN ATRIAL FIBRILLATION

Patients with atrial fibrillation are at high risk of a multitude of adverse outcomes. 
Most importantly, the risk of ischaemic stroke is on average increased five-fold.[6] 
In the treatment of AF, preventing of stroke therefore is a primary goal.

Oral anticoagulants can effectively prevent stroke with a relative risk reduction of 
66 %,[7–11] but inherently carry the risk of bleeding complications. Consequently, 
they should only be prescribed to patients whose risk of stroke is high enough 
to outweigh risk of bleeding. To estimate this stroke risk prior to anticoagulant 
treatment, prediction models have been developed of which the CHA2DS2-VASc 
is the most commonly used.[12] In this model, several patient characteristics are 
summed to result in a score, shown in Table 1. Subsequently, for patients with a 
high CHA2DS2-VASc score (corresponding to a high risk of stroke) anticoagulants 
are indicated, while for those with a low score (i.e. low risk of stroke) the benefits 
are considered not to outweigh the risk of bleeding.

TABLE 1. The original CHA2DS2-VASc score[12]

Risk Factor Score

Congestive heart failure/LV dysfunction 1

Hypertension 1

Age ≥ 75 years 2

Diabetes mellitus 1

Stroke/TIA/TE 2

Vascular disease (prior myocardial infarction, peripheral artery disease, or aortic plaque) 1

Age 65–74 years 1

Sex category (i.e. female sex) 1

TE = thromboembolism

Studies have shown, however, that many AF patients at high risk of stroke do not 
receive anticoagulants.[13] Furthermore, there is currently a heavy debate[14–18] 
about whether in patients with a low CHA2DS2-VASc score (a score of 1 or 2) such 
as Mrs. Roberts anticoagulants are indicated. Is stroke risk in females with a score 
2 truly 2 % per year, and does the 66 % relative risk reduction of anticoagulants 
outweighs the annual bleeding risk?

Moreover, not only stroke prevention is important in AF, but also dealing with 
the increased risk of heart failure,[19] hospitalisation,[20] mortality[21] and mul-
tiple other adverse events, such as renal failure[22] or cognitive decline.[23]
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ATRIAL FIBRILLATION IN GENERAL PRACTICE

Many patients with AF are managed in general practice. They may present with 
their very first symptoms here, and treatment may be initiated. General practitio-
ners need to monitor the disease course, and timely refer to secondary care in case 
specialist care is needed. Furthermore, GPs are often responsible for managing any 
co-occurring (chronic) conditions, each with potential complications and treatment 
interactions.

Altogether, atrial fibrillation poses tremendous challenges to general practitio-
ners, patients and the healthcare system. This thesis aims to address major ele-
ments of these challenges by focussing on the following research domains relevant 
for general practice:
– The predictive ability of the CHA2DS2-VASc model in different patient settings;
– Improving anticoagulant treatment of patients with atrial fibrillation in general 

practice;
– Concomitant events in atrial fibrillation other than stroke, including heart 

failure, hospitalisation and mortality.

OUTLINE OF THIS THESIS

In Chapter 1, we present the results of a systematic review and meta-analysis of 
studies that validated the CHA2DS2-VASc prediction model, stratifying studies 
into general population and hospital care settings. In Chapter 2 we addressed the 
reasons for non-adherence to the prevailing practice guideline on the management 
of atrial fibrillation in general practice. To improve the adherence to guidelines, 
we performed a large cluster randomised trial in general practice evaluating the 
effectiveness of an automatic decision support system for anticoagulant treatment 
recommendations, the results of which are described in Chapter 3. In Chapter 4, 
we describe the risk of concomitant events other than ischaemic stroke for patients 
with atrial fibrillation and whether these events can be predicted using existing 
stroke prediction models. In Chapter 5, we describe the prevalence of heart fail-
ure in high-risk community-dwelling patients with atrial fibrillation and study 
whether the biomarker NTproBNP can efficiently be used for heart failure screen-
ing. In Chapter 6 we present the results of a case study addressing misclassification 
in data from routine healthcare and describe its influence on the validation of the 
CHA2DS2-VASc prediction model. Finally, the possible implications of our find-
ings on future research on improving stroke risk prediction in patients with atrial 
fibrillation are discussed.
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ABSTRACT

BACkgRounD: The CHA2DS2-VASc decision rule is widely recommended for 
estimating stroke risk in patients with atrial fibrillation (AF) though validation 
studies show ambiguous and conflicting results.

oBjECTIVES: We aimed to (1) review existing studies validating CHA2DS2-VASc 
in AF patients not (yet) anticoagulated, 2) meta-analyse estimates of stroke risk per 
score, and 3) explore sources of heterogeneity across the validation studies.

METHoDS: We performed a systematic literature review and random effects 
meta-analysis of studies externally validating CHA2DS2-VASc in AF patients 
not on anticoagulants. To explore between-study heterogeneity in stroke risk, we 
stratified studies to the clinical setting in which patient enrolment started, and 
performed meta-regression.

RESuLTS: In total 19 studies were evaluated with over two million person-years 
of follow-up. In studies recruiting AF patients in hospitals, stroke risk for a score 
of zero, one and two were 0.4 % (approximate 95 % prediction interval (PI) 0.2 to 
3.2 %), 1.2 % (95 % PI 0.1 – 3.8 %) and 2.2 % (95 % PI 0.03 – 7.8 %), respectively. This 
was consistently higher than studies recruiting patients from the open general 
population, with risks of 0.2 % (95 % PI 0.0 – 0.9 %), 0.7 % (0.3 – 1.2 %) and 1.5 % (95 % 
PI 0.4 – 3.3 %) for score zero to two respectively. Heterogeneity as reflected by the 
wide prediction intervals could not be fully explained by meta-regression.

ConCLuSIonS: Studies validating CHA2DS2-VASc demonstrate high heteroge-
neity in predicted stroke risks for different scores.
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1
INTRODUCTION

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia[1]and a ma-
jor risk factor for ischaemic stroke.[2] Anticoagulants – such as vitamin K antagonists 
(VKA) or direct oral anticoagulants (DOACs) – can effectively reduce stroke risk,[3,4] 
but their relative benefits and harms depend on the absolute risk of stroke while off 
treatment, given that they inherently carry a risk of (major) bleeding complications. 
Hereto, clinical decision rules have been developed to estimate stroke risk in AF pa-
tients, with the CHA2DS2-VASc rule as the most well-known example.[5] Published 
as an update to the CHADS2 rule[6], the CHA2DS2-VASc was first recommended in 
the 2010 ESC practice guideline.[7] A swift uptake in clinical practice was followed, 
but subsequent validation studies showed ambiguous and conflicting results. This 
is for instance exemplified by the ongoing debate on the optimal threshold below 
which stroke risk is low enough to omit anticoagulation.[8–12]

Therefore, the aim of the present study was to evaluate the current evidence-
base of using CHA2DS2-VASc for predicting stroke in AF patients. Hereto, we 
performed the following steps: 1) review existing studies validating CHA2DS2-
VASc for AF patients not (yet) anticoagulated, 2) meta-analyse estimates of the 
c-statistic and stroke risk per score, and 3) explore sources of heterogeneity across 
the validation studies.

METHODS

Throughout the planning and conducting of this systematic review we followed 
the CHARMS recommendations for framing the review question, critical appraisal, 
and data extraction for systematic reviews of prediction modelling studies.[13] See 
Table 1 for details.

The CHA2DS2-VASc score

The CHA2DS2-VASc clinical decision rule was developed in 2010 by Lip et al. as an 
update to the original CHADS2 rule[6] by including additional predictors for stroke. 
Patients were assigned points for congestive heart failure (1 point), hypertension (1 
point), age above 75 years (2 points), diabetes (1 point) and prior stroke (2 points), 
age above 65 (1 point), vascular disease (1 point) and female sex (1 point). Risk 
categories were defined using the total sum of scored points, and consisted of ‘low’ 
(0 points), ‘intermediate’ (1 point) and ‘high (≥ 2 points). Using these categories, the 
c-statistic was 0.61 (0.51–0.70) in the derivation cohort.[5] See Supplemental Material 
1. No efforts were made to adjust the c-statistic for potential over-optimism.[14]
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Data sources and search strategy

We performed a systematic search to identify all studies that validated the 
CHA2DS2-VASc rule in patients with non-valvular AF. Medline and Embase were 
searched from January 1st 2001 till March 1st 2017. The search syntax was based on 
the broad Ingui search filter for identifying prediction studies,[15] and augmented 
with the filter by Geersing et al.[16] and the term ‘Atrial Fibrillation’ with its MeSH 
heading (Supplemental Material 2). Cross-reference checks were performed using 
the reference lists of each selected article.

Study selection

As CHA2DS2-VASc was specifically developed to guide anticoagulant decision 
making, notably for selecting AF patients in whom anticoagulant therapy can be 
safely withheld, we focused on studies validating this decision rule in AF patients 
not already treated with anticoagulants. To identify articles eligible for this review, 
the following inclusion criteria were used:
– Original research articles on the external validation of CHA2DS2-VASc (i.e. 

validation in patients not used for the derivation of the score);
– Including adults aged > 18 years with non-valvular AF;
– AF patients not yet treated with anticoagulation, or data presented separately 

for those not anticoagulated. Treatment with antiplatelet therapy was allowed;
– Allowing for extraction of c-statistic and/or absolute stroke or thrombo-embolic 

risks at different risk scores of CHA2DS2-VASc.
Studies including patient populations that dictate specific treatment decisions re-
gardless of the score on a clinical decision rule, e.g. those after cardiac surgery, with 

TABLE 1: Framing the review aim using CHARMS key items

Item Comment

1. Type of model CHA2DS2-VASc rule

2. Intended scope of review 1) review existing studies validating CHA2DS2-VASc 
for AF patients not (yet) anticoagulated, 2) meta-
analyse estimates of c-statistic and stroke risk per 
score, and 3) explore sources of heterogeneity across 
the validation studies.

3. Type of modelling studies External validation studies of CHA2DS2-VASc

4. Target population to whom the model applies Patients with non-valvular AF not already treated 
with oral anticoagulants.

5. outcomes to be predicted Any of ischaemic stroke and/or TIA; all types of 
stroke; systemic thromboembolism or a combination 
thereof.

6. Time span One year risk of the outcome

7. Intended moment of using the model At the time of diagnosis of AF, and annually when 
revising anticoagulant treatment indication.
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1
mechanical heart valves or mitral valve stenosis, after ablation or left appendage 
closure, were excluded.

A single reviewer (SvD) performed the study selection and included all eligible 
articles after consensus with a second reviewer (GJG).

If different articles used subsets of the same data source, the article studying 
the patient population most representative for our study domain was included 
after consensus between reviewers, or after consultation with the corresponding 
authors where needed.

Critical appraisal and risk of bias assessment

We critically appraised the selected studies according to the Checklist for critical 
Appraisal and Data Extraction for Systematic Reviews of Prediction Modelling 
Studies (CHARMS) guidelines.[13] From the checklist we identified twelve items 
relevant for external validation studies (see Supplemental Material 3 for an over-
view). Two independent reviewers (SvD, FK) scored the risk of bias for each item 
(no risk of bias, risk of bias or unclear) and decided on a summary risk of bias es-
timate where studies without high risk on any item were considered at low risk of 
bias. Any disagreements were resolved by consensus with a third reviewer (GJG).

Data extraction and quantitative synthesis

Data extraction was independently performed by two reviewers (SvD, FK), dis-
agreements were resolved by discussion. We stratified studies in those recruiting 
patients from an unselected general population setting – e.g. primary care data-
bases or healthcare insurance data – and studies enrolling a selected subsample 
of AF patients, e.g. recruited during a hospital admission or during a visit to an 
outpatient cardiology department. We subsequently extracted the following infor-
mation from each validation study, if reported:
– Setting: setting (e.g. general population or hospital care setting), locations and 

periods of recruitment;
– Study characteristics, i.e. the study design and the source of the data, the num-

ber of patients and total duration of follow-up, geographic region;
– Outcomes: type of outcomes studied (ischaemic stroke; all strokes including 

hemorrhagic stroke; or thromboembolism, commonly defined as ischaemic 
stroke, TIA, systemic embolism or a combination thereof);

– Population characteristics: the annual incidence of the main outcome, mean pa-
tient age, proportion of patients with (congestive) heart failure, hypertension, 
diabetes, a history of prior stroke or TIA, vascular disease, and proportion of 
females; the distribution across individual scores of CHA2DS2-VASc rule; and 
the proportion of patients using a platelet inhibitor;
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– Validation study results: the c-statistic(s), the annual outcome risk per score, 
and corresponding estimates of uncertainty.

Data preparation

In accordance with previous recommendations, we rescaled the extracted c-statistic 
by applying the logit transformation.[17] If more than one c-statistic was reported, 
e.g. when calculated using aforementioned risk categories or one for a continuous 
score, the highest c-statistic was used. The error variance of the logit c-statistic 
was estimated from the reported confidence interval[18] or standard error (Delta 
method). If no information on uncertainty was reported, we used the approxima-
tion as reported by Debray et al.[17]

Furthermore, we rescaled annual stroke risk estimates by applying the square 
rooted transformation.[19] The corresponding variance was estimated using Pois-
son approximations and, again, applying the Delta method.[17]

Data analysis

We applied random effects meta-analysis using restricted maximum likelihood 
estimation (REML) to summarise estimates of model discrimination (logit c-
statistic) and annual risk per score (square root risks).[17,20] In accordance with 
recent guidelines, confidence intervals were calculated using the Hartung-Knapp-
Sidik-Jonkman method.[21] We calculated approximate 95 % prediction intervals 
(95 % PI) to ascertain the potential impact of between-study heterogeneity. These 
intervals indicate the range of performances (e.g. c-statistic or stroke rates per 
CHA2DS2-VASc score) that can be expected in future validation studies with simi-
lar characteristics as the ones included in our review. Additionally, we calculated 
the probability that the annual stroke risk was below a certain threshold if in ‘real 
life’ practice the CHA2DS2-VASc rule assigned an AF patient with a score 0, 1 or 
2.[22]

Finally, we performed random effects meta-regression to investigate potential 
sources of heterogeneity. For study characteristics, we included the outcome under 
study, the number of person years of follow-up and the dichotomised risk of bias 
as covariates. For summarised patient characteristics, covariates of interest were 
mean age of the study population, proportion of females, mean CHA2DS2-VASc 
score, prevalence of heart failure and prevalence of platelet inhibitor use. See 
Supplemental Material 7. All analyses were performed with the package metafor 
(univariate meta-analysis) 1.9–8 in R 3.3.0.
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1
RESULTS

Included studies

The process of study selection is shown in Figure  1. The initial search yielded 
17,667 results, from which 8096 duplicates were discarded. After reading title and 
abstract we excluded 19,245 articles, primarily because these included patients 
outside the domain of interest (~60 %), did not address risk prediction (~30 %) or 
did not externally validate CHA2DS2-VASc (~5 %).

In total, 126 studies were subjected to full text evaluation. Of these, inclusion 
criteria were not met in 107 studies, resulting in a fi nal selection of 19 validation 
studies.

FIguRE 1. Process of study selection
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The key characteristics of each study are presented in Table 2. Seven studies (in 
total 163,610 AF patients with in total 365,501 person years of follow-up) were 
performed in AF patients recruited from the general (unselected) population, and 
twelve studies (in total 683,138 AF patients and 1,738,930 person years follow-up) 
included a subsample of patients from the hospital care setting.

The outcomes under study consisted of 1) ischaemic stroke (ten studies), or 2) 
all thromboembolic events in eight studies, that is, ischaemic strokes and systemic 
thromboembolism (defined as peripheral embolism in six studies and peripheral 
embolism and/or pulmonary embolism in two studies), or 3) all types of stroke 
(ischaemic plus haemorrhagic stroke) in one study. Most studies originated from 
Europe and North America, and five were performed in East Asia. The number of 
included patients ranged from 154 to 198,697 and the follow-up time from 11 to 53 
months (Table 2).

TABLE 2. Overview of the included studies
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Hobbs [23] 2011 UK Non-selected ischaemic stroke 665 55.3 26.4 3.6

olesen [24] 2011 Denmark Hospital TE 73538 34.7 12.0 7.6

Sandhu [25] 2011 Canada Hospital all stroke incl. ICH 4476 n.r. 12.0 6.2

Abu-Assi [26] 2013 Spain Non-selected TE 186 81.6 42.7 2.2

guo [27] 2013 China Hospital TE 885 79.0 22.8 3.7

Singer [28] 2013 USA Non-selected TE 10927 n.r. 35.8 2.1

Forslund [29] 2014 Sweden Non-selected ischaemic stroke 9959 0.0 12.0 2.0

komatsu [30] 2014 Japan Hospital TE 332 33.0 53.0 2.1

Siu [31] 2014 China Hospital ischaemic stroke 3881 0.0 38.4 9.3

Abumuaileq [32] 2015 Spain Hospital TE 154 97.4 11.0 5.8

Saliba [33] 2015 Israel Non-selected ischaemic stroke 41140 n.r. 11.1 4.5

Suzuki [34] 2015 Japan Hospital ischaemic stroke 3588 41.8 16.8 1.3

van den Ham [35] 2015 UK Non-selected ischaemic stroke 60594 n.r. 25.2 3.0

Aspberg [36] 2016 Sweden Hospital ischaemic stroke 152153 n.r. 26.4 3.3

Chao [37] 2016 Taiwan Hospital ischaemic stroke 186570 0.0 40.8 3.7

nielsen [38] 2016 Denmark Hospital ischaemic stroke 198697 n.r. 29.0 3.2

Xing [39] 2016 China Hospital TE 413 68.3 23.9 14.3

Allan [40] 2017 UK Non-selected ischaemic stroke 40139 n.r. 26.4 3.8

McAlister [41] 2017 Canada Hospital TE 58451 n.r. 31.0 4.2

TE=thromboembolism; ICH=intra-cranial haemorrhage; n.r.=not reported
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Risk of bias

The risk of bias of the included studies is summarised in Supplemental Material 
4. For details on individual studies, see Supplemental Material 5. Overall, two of 
seven studies performed in the general population were considered at risk of bias, 
as was the majority of studies enrolling patients from a hospital care setting. In 
general, the source of the data and the eligibility criteria caused no concern for bias. 
Some studies did not provide information on the use of antiplatelet therapy. This 
could induce biased results on the predictive accuracy of CHA2DS2-VASc since, 
albeit to a limited extent, antiplatelet therapy may reduce the occurrence of stroke 
and thus underestimate the predictive accuracy of the rules.[3] The definition and 
measurement of the predictors – i.e. the variables included in the CHA2DS2-VASc 
rule – and the outcome under study frequently differed across studies. Mostly, these 
were clearly defined. Predictors were mostly assessed blinded for the outcome. 
No study explicitly reported whether the outcomes were assessed blinded for the 
initial CHA2DS2-VASc score, potentially introducing bias for outcomes requiring 
subjective interpretation such as TIA.[13]

In six studies (two in unselected and four in selected patients) the number of 
outcome events was lower than the generally recommended ~100 events for vali-
dation of a decision rule.[42] In addition, the amount and handling of missing data 
was unclear in the majority of studies. As data are seldom missing completely at 
random, inadequate handling of missing data could introduce bias.[43–45]

Meta-analysis of discriminative ability

In both populations, there was substantial between-study heterogeneity. In studies 
enrolling patients from the general population, we found an average c-statistic of 
0.64 (95 % CI 0.56 to 0.71). The variation in discriminative performance of CHA2DS2-
VASc across studies is indicated in Supplemental Material 6 and reflected by the 
wide approximate 95 % prediction interval (95 % PI) that ranged from 0.45 to 0.79.

In studies recruiting from a hospital care setting, we found a somewhat higher 
average c-statistic of 0.71 (95 % CI 0.62 to 0.79). Again, the 95 % PI was wide, rang-
ing from 0.40 to 0.90. Based on ‘eye-balling, we identified three outlying studies. 
When we excluded two studies with high c-statistics,[24,30] summary estimates 
were similar to the results of studies in general population settings. After exclud-
ing one study with a low c-statistic[31] or all three outlying studies, discrimination 
remained highest in studies recruiting from hospitals, with a lower point estimate 
but more narrow 95 % prediction intervals (data not shown).
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Meta-analysis of stroke risk per score

Figure  2 shows the forest plots with the annual stroke risks and/or systemic 
thromboembolism for the scores 0 to 3.

For every score on CHA2DS2-VASc, there was substantial heterogeneity in 
both settings of care with wide approximate 95 % prediction intervals. In studies 
enrolling patients from the general population for example, the stroke risk for a 
CHA2DS2-VASc score of zero in a new validation study could lie between 0.0 % 
and 0.9 %. For score one and two, these were 0.3 % and 1.2 %, and 0.4 and 3.3 %, 
respectively. See Figure 2a.

Studies recruiting from a hospital care setting showed a more diverse distribu-
tion of risks per score, with higher pooled annual risks for all scores. For instance, 
the annual risk for a CHA2DS2-VASc score of 1 was 1.4 % (approximate 95 % PI 0.04 
to 6.5 %) in these studies, compared to 0.7 % (approximate 95 % PI 0.3 to 1.2 %) in 
studies enrolling AF patients from the general population. See Figure 2b. Although 
excluding one outlier[31] of the hospital-based studies in a sensitivity analysis re-
sulted in a lower risk for CHA2DS2-VASc score 1 of 1.2 %, this was still nearly twice 
as high as compared to the pooled estimate of studies enrolling patients from the 
general population. Furthermore, the prediction interval remained wide, ranging 
from 0.06 to 3.8. The differences between study populations did not sufficiently 
explain heterogeneity. See Figure 2c.

Excluding one study that recruited patients all 75 years of age and older[23] in 
an additional sensitivity analysis did not change the results. Two studies sampled 
from the same CPRD data source and including the same patients multiple times 
in our meta-analysis cannot be ruled-out. Excluding either the study by van den 
Ham[35] or by Allan[40] did not change our results (data not shown).

To further illustrate the interpretation of pooled stroke risks and their uncer-
tainty (due to estimation error and heterogeneity), we calculated the probability 
that patients with a certain CHA2DS2-VASc score have an annual stroke risk below 
1 %. For patients recruited from the general population, this probability was 98 % 
(score 0), 91 % (score ≤ 1) and 19 % (score ≤ 2). For patients recruited from a hospital 
care setting, these probabilities dropped to 71 %, 39 % and, respectively, 17 %.

Meta-regression and best available evidence

To further explore sources of heterogeneity in both discrimination and the stroke 
risk per score, we performed several meta-regression analyses. These demonstrate 
that it was difficult to identify any relevant sources, as regression coefficients for 
risk of bias, study characteristics or summarised patient characteristics were not 
statistically significant. Furthermore, we explored heterogeneity between studies 
considered as ‘best available evidence’. See Supplemental Material 7.
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FIguRE 2a. Stroke risk (events per 100 person-years) per score in studies recruiting from the gen-
eral population
Solid bars represent 95 % confidence intervals
Dashed bars represent 95 % confidence intervals, estimated
Grey bars represent 95 % prediction intervals
Summary estimate is c-statistic (95 % CI) [95 % PI]
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FIguRE 2b. Stroke risk (events per 100 person-years) per score in studies recruiting from hospitals
Solid bars represent 95 % confidence intervals
Dashed bars represent 95 % confidence intervals, estimated
Grey bars represent 95 % prediction intervals
Summary estimate is c-statistic (95 % CI) [95 % PI]
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FIguRE 2c. Stroke risk (events per 100 person-years) per score in studies recruiting from hospitals, 
excluding outliers
Solid bars represent 95 % confidence intervals
Dashed bars represent 95 % confidence intervals, estimated
Grey bars represent 95 % prediction intervals
Summary estimate is c-statistic (95 % C.I.) [95 % P.I.]
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DISCUSSION

This systematic review and meta-analysis thoroughly explores heterogeneity in 
the results of all currently available validation studies of CHA2DS2-VASc. Our 
analysis confirms that most validation studies of CHA2DS2-VASc yield conflicting 
results, with highly variable estimates for stroke risk per score. This heterogeneity 
partly appears to arise from population or case-mix differences across the valida-
tion studies, as stratified analyses showed lower stroke risk estimates for studies 
enrolling patients from the open general population as compared to studies using 
hospital-based recruitment strategies. Yet, substantial between-study heterogeneity 
remained and could not be resolved by adjusting for differences in study character-
istics, differences in risk of bias, or other differences in population characteristics.

Strengths and limitations

A major strength of this study is that we applied rigorous and state-of-the art sys-
tematic review and quantitative synthesis. Previous studies[46,47] found a similar 
modest discrimination of CHA2DS2-VASc, but did not provide stroke risk for each 
score or explored potential sources for heterogeneity such as case-mix differences. 
Another recent publication[48] also found substantial variation in stroke risks, 
but could not identify any source of this heterogeneity. Our systematic literature 
review and meta-analysis adds the following additional inferences. First, the study 
by Quinn does not provide a summarised estimate per CHA2DS2-VASc score, 
and the observed heterogeneity was summarised in indices of an I2-value or the 
Q-statistic. We did provide such summarised estimates per CHA2DS2-VASc-score 
and report the heterogeneity around these point estimates with 95 % prediction 
intervals that are easily appreciated in clinical practice. Furthermore, we used the 
CHARMS checklist specifically designed to appraise prediction modelling studies 
and assess their risk of bias. Lastly, in contrast to previous studies, we additionally 
calculated a summarised estimate of the c-statistic as a measure of discrimination.

Also, the NICE guidelines[49] provide a formal evaluation of CHA2DS2-VASc, 
and the score provided in a cost-effective method to estimate stroke risk and 
indicate anticoagulant treatment. However, stroke risks were based on a single 
study,[50] no summary estimate was provided and subsequently a measure of 
uncertainty was lacking.

Nevertheless, for full appreciation of our results several issues should be con-
sidered. The CHA2DS2-VASc rule has been advocated as superior to its precursor 
CHADS2 in identifying AF patients at ‘truly low’ risk of stroke, in particular for 
low scores on CHA2DS2-VASc (0 or 1). However, prompted by validation studies 
of CHA2DS2-VASc showing widely varying results, there has been much debate 
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on what score (in particular 0 or 1) truly defines low risk. This is reflected in our 
meta-analysis. Indeed, we found that future validation studies where patient enrol-
ment starts in hospital care may observe a very low stroke risk for CHA2DS2-VASc 
score zero (well below 1 %; the threshold above which it is often advocated that the 
benefits of anticoagulants outweigh the bleeding risk).[51,52] However, patients 
with a score of one, two or even three may also found to have such a low stroke 
risk. Conversely, future studies may also find an in fact high stroke risk (e.g. above 
3 %) already in patients with score zero, which we believe explains the confusion 
and recent debate on what score denotes a low risk.[8,9,53–55]

We undertook many efforts to explore sources of this large extent of between-
study heterogeneity, and several issues require further inspection. First, our results 
suggest that differences in risk of bias do not play an important role when sum-
marizing estimates of prediction model performance. Although several validation 
studies showed shortcomings, differences were small and even the most homoge-
neous group of studies at low risk of bias showed conflicting results in stroke risk 
per score.

Second, some heterogeneity could be explained by differences in case-mix across 
the validation studies. We observed a clinically relevant higher stroke risk in stud-
ies recruiting AF patients from a hospital care setting compared to those enrolling 
from the general population. It is possible that AF patients recruited from the 
hospital care setting represent more diseased patients with a higher baseline risk of 
stroke, independent of their overall CHA2DS2-VASc score. As an example, the type 
and burden of AF (paroxysmal, persistent or permanent) may have an association 
with stroke risk,[56] as may the severity and duration of a patient’s individual 
CHA2DS2-VASc risk factors, or risk factors not included in the CHA2DS2-VASc 
score such as renal failure.[57] Case-mix differences in such risk factors between 
patients sampled from hospital care and from the general population could, at least 
partly, explain the variation in validation studies and the observed difference in 
stroke risk in our results.

However, third, although we stratified studies to the clinical setting where 
patient enrolment started, this strategy did not sufficiently help to explain all 
heterogeneity across the validation studies. Adjustment for differences in study 
characteristics through meta-regression did not much affect the extent of between-
study heterogeneity. For instance, the definition of the outcome under study – only 
ischaemic stroke; ischaemic stroke and thromboembolism or indeed even any type 
of stroke including intra-cranial haemorrhage – could potentially influence the 
risks for each CHA2DS2-VASc score but including the different outcomes as a co-
variate in the meta-regression model did not affect the results. Similarly, additional 
summarised population characteristics such as mean CHA2DS2-VASc score or use 
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of platelet inhibitors did not account for the heterogeneous results. Importantly, 
we could not evaluate which combination of predictors contributed to a patient’s 
CHA2DS2-VASc score. It is believed that not all predictors in the CHA2DS2-VASc 
decision rule carry the same stroke risk[58,59] although this is not acknowledged 
in the rule as almost all its predictors contribute 1 point. Likewise, females with 
a score 1 (i.e. no other risk factor) are likely to be at lower risk than males with 1 
risk factor. However, the included validation studies often do not report stratified 
analyses for males and females and thus in this meta-analysis of aggregated data 
we were unable to account for this. Individual patient data meta-analysis would 
be needed to fully clarify issues such as stroke risk in females with no additional 
stroke risk factors.

Fourth, the age categories of the CHA2DS2-VASc are broad and thus a patient 
aged 65 will receive the same score as a 74 years old person for the ‘Age’ category, 
though stroke risk will likely not be equal. This also results in heterogeneity and 
variation found in the results of validation studies

Fifth, it has previously been shown that ethnicity has an effect on stroke risk[60,61] 
and stroke mortality[62]. Unfortunately we did not have enough data on ethnic-
ity to consider this variable in our meta-analysis. We did, however, include the 
geographic region as a covariate in the meta-regression model (data not shown), 
and in line with the findings by Quinn et al.[48] this could not sufficiently explain 
the large heterogeneity.

Sixth, we were only able to meta-analyse the stroke risk per score and the c-
statistic, as these were the measures most often and consistently reported in cur-
rent validation studies. Other measures such as decision curve analysis have been 
proposed to better investigate the clinical value of using a decision rule.[63,64] Un-
fortunately, these aspects of model performance are rarely consistently quantified. 
This renders meta-analysing such measures difficult, if not (yet) impossible, and 
can be considered a limitation to this current systematic review and meta-analysis 
of pooled c-statistics and strokes risks per score.

Furthermore, it is important to consider that we only included validation studies 
where patients did not (yet) use anticoagulants. By itself, the choice of includ-
ing only patients not on anticoagulation could result in a selected subtype of AF 
patients as this may have led to confounding ‘by contra-indication’[65] when 
anticoagulation is withheld due to (for instance) severe illness or bleeding risk. We 
however deliberately chose not to include populations already on anticoagulants 
as CHA2DS2-VASc is intended to be used for stroke risk prediction prior to antico-
agulant treatment decisions in AF patients.

Finally, it should be noted though that, essentially, heterogeneity is not uncom-
mon for studies validating diagnostic or prognostic decision rules, also in the field 
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of thrombotic disorders. Clinical decision rules like CHA2DS2-VASc are popular in 
daily clinical practice because they are helpful and easy-to-apply methods to tailor 
subsequent treatment decisions. Indeed, for younger patients without additional 
stroke risk factors (score of 0) and for more ‘high-risk’ patients (score of around 
2–3 or above), CHA2DS2-VASc clearly facilitates in anticoagulant treatment recom-
mendations. However, based on synthesis of the current evidence in the literature, 
tailoring treatment for patients at ‘low to intermediate risk’ (i.e. CHA2DS2-VASc 
scores 1 to 2) remains ambiguous, as is also reflected by the discussion in literature 
on the optimal threshold for initiating anticoagulant treatment.[8–12]

Clinical implications and future research questions

In the treatment of atrial fibrillation, adequate identification of different stroke risk 
groups is pivotal for anticoagulant treatment decisions. The main inference of our 
meta-analysis is that – albeit a simple, effective and easy-to-use tool at truly low 
and truly high risk patients – CHA2DS2-VASc may have difficulties in tailoring 
anticoagulant treatment adequately in AF patients at intermediate risk of stroke 
(roughly those with a score of 1 or 2). Differences in stroke risks between studies 
recruiting from hospitals or from the general population indicate that possible 
case-mix differences between populations should be taken into account in clinical 
decision-making but further uncertainty remains. Future research should focus on 
this issue, with further model revision, and considering additional co-morbidity 
items (e.g. renal impairment), (novel) biomarkers or imaging such as left atrial wall 
remodelling patterns in addition to existing prediction models for quantifying the 
thrombotic risk in AF patients.[66–68] These additional tests may ultimately result 
in a better clinical decision. Whether this can be achieved should be the focus of 
further investigation.

CONCLUSIONS

Studies validating CHA2DS2-VASc demonstrate high heterogeneity in predicted 
stroke risks for different scores.
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SUPPLEMENTAL MATERIAL 1. 

The annual risks of thromboembolism (ischaemic stroke, peripheral embolism, or 
pulmonary embolism) for CHA2DS2-VASc, adjusted for aspirin use[1]

Score CHA2DS2-VASc (events/persons)

0 0 (0/103)

1 0.7 (1/162)

2 1.9 (3/184)

3 4.7 (8/203)

4 2.3 (4/208)

5 3.9 (3/95)

6 4.5 (2/57)

7 10.1 (2/25)

8 14.2 (1/9)

9 100 (1/1)

The original study deriving the CHA2DS2-VASc consisting of 1084 AF patients 
with a follow-up of one year, considering ischaemic stroke, peripheral embolism, 
or pulmonary embolism as outcomes for thromboembolism.

SUPPLEMENTAL MATERIAL 2. SEARCH STRATEGY

Search string PubMed:

(((Validat* OR Predict*.ti. OR Rule*) OR (Predict* AND (Outcome* OR Risk* OR 
Model*)) OR ((History OR Variable* OR Criteria OR Scor* OR Characteristic* OR 
Finding* OR Factor*) AND (Predict* OR Model* OR Decision* OR Identif* OR 
Prognos*)) OR (Decision* AND (Model* OR Clinical* OR Logistic Models/)) OR 
(Prognostic AND (History OR Variable* OR Criteria OR Scor* OR Characteristic* 
OR Finding* OR Factor* OR Model*))) OR (stratification OR (“ROC Curve”[Mesh]) 
OR discrimination OR discriminate OR c-statistic OR (c AND statistic) OR (area 
under the curve) OR auc OR calibration OR indices OR algorithm OR multivari-
able)) AND (atrial fibrillation)

Search string Embase:

(((validat* OR predict*.ti. OR rule*) OR (predict* AND (outcome* OR risk* OR 
model*)) OR ((history/exp OR variable* OR criteria OR scor* OR characteristic* 
OR finding* OR factor*) AND (predict* OR model* OR decision* OR identif* OR 
prognos*)) OR (decision* AND (model* OR clinical* OR (logistic AND models))) 
OR (prognostic AND (‘history’/exp OR variable* OR criteria OR scor* OR char-
acteristic* OR finding* OR factor* OR model*))) OR (‘stratification’/exp OR (roc 
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AND curve) OR discrimination OR discriminate OR ‘c statistic’ OR (c AND statis-
tic) OR (area AND under AND the AND curve) OR ‘auc’/exp OR ‘calibration’/exp 
OR indices OR ‘algorithm’/exp OR multivariable)) AND (‘atrial fibrillation’/exp 
OR ‘atrial fibrillation’) AND ‘article’/it AND (2001:py OR 2002:py OR 2003:py OR 
2004:py OR 2005:py OR 2006:py OR 2007:py OR 2008:py OR 2009:py OR 2010:py 
OR 2011:py OR 2012:py) AND [embase]/lim

SUPPLEMENTAL MATERIAL 3. RISK OF BIAS ITEMS

Item

Source of data

Eligibility criteria

Details of antiplatelet therapy received

Definition and method for measurement of outcome

Same outcome definition in all patients

Outcome measurement blinded for predictors

Definition and method for measurement of predictors

Predictor measurement blinded for outcome

Number of events

Amount of missing data

Handling of missing data

Interpretation
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SUPPLEMENTAL MATERIAL 4. OVERVIEW RISK OF BIAS



41

Predictive performance of the CHA2DS2-VASc rule in atrial fibrillation

1
SUPPLEMENTAL MATERIAL 5. RISK OF BIAS OF INDIVIDUAL 
STUDIES
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Hobbs [2] 2011 - + + + + ± + + - ± ± +

olesen [3] 2011 + + + + + ± + + + ± + +

Sandhu [4] 2011 + + ± - + ± + + + ± ± +

Abu-Assi [5] 2013 + + + + + ± ± + - ± ± +

guo [6] 2013 + ± + + + ± + + - + + +

Singer [7] 2013 + + ± + + ± + + + ± ± +

Forslund [8] 2014 + + + + + ± + + + ± ± +

komatsu [9] 2014 + - + + + ± + ± + ± ± +

Siu [10] 2014 + ± + - ± ± ± + + ± - +

Abumuaileq [11] 2015 + + + + + ± + ± - + - +

Saliba [12] 2015 + + ± ± ± ± + + + ± ± +

Suzuki [13] 2015 + + + + - ± + ± - ± ± +

vd Ham [14] 2015 + + ± + + ± + + + ± ± +

Aspberg [15] 2016 + + ± + + ± + + + ± ± +

Chao [16] 2016 + + + + + ± + + + ± ± +

nielsen [17] 2016 + + ± + + ± + + + ± ± +

Xing [18] 2016 + - + + + ± ± ± - ± - -

Allan [19] 2017 + + ± + + ± + + + ± ± +

McAlister [20] 2017 + + ± + + ± + + + ± ± +

+ low risk of bias; ± unclear risk of bias; - high risk of bias
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SUPPLEMENTAL MATERIAL 6.

Discriminative ability of CHA2DS2-VASc in studies recruiting from the general 

population

0.4 0.5 0.6 0.7 0.8 0.9 1.0

C−statistic

C−stat

Non−selected

Summary estimate

van den Ham 2015

Saliba 2015

Singer 2013

Abu−Assi 2013

Hobbs 2011

0.638 (0.56−0.71) [0.448−0.793]

Solid bars represent 95 % confidence intervals
Dashed bars represent 95 % confidence intervals, estimated
Grey bars represent 95 % prediction intervals
Summary estimate is c-statistic (95 % CI) [95 % PI]
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Discriminative ability of CHA2DS2-VASc in studies recruiting from hospitals

0.4 0.5 0.6 0.7 0.8 0.9 1.0

C−statistic

C−stat

Hospital care

Summary estimate

McAlister 2017

Xing 2016

Chao 2016

Aspberg 2016

Suzuki 2015

Abumuaileq 2015

Siu 2014

Komatsu 2014

Guo 2013

Olesen 2011

0.711 (0.62−0.79) [0.397−0.902]

Solid bars represent 95 % confidence intervals
Dashed bars represent 95 % confidence intervals, estimated
Grey bars represent 95 % prediction intervals
Summary estimate is c-statistic (95 % CI) [95 % PI]
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SUPPLEMENTAL MATERIAL 7. META-REGRESSION AND BEST 
AVAILABLE EVIDENCE

Meta regression

To investigate potential sources of heterogeneity, we included study characteristics 
and summarised patient characteristics as covariates in the random effects model.

For categorical covariates, we studied the 95 % prediction interval. For instance, 
in studies enrolling patients from hospitals a meta-regression model with the out-
come under study as a categorical covariate, yielded approximate 95 % prediction 
intervals for risk of ischaemic stroke for score zero, one and two of 0.0 to 3.6 %, 0.1 
to 8.8 % and 0.0 to 11.1 %, respectively. For the outcome thromboembolism, this was 
0.0 to 2.3 %, 0.7 to 7.2 % and 0.1 to 10.1 %, respectively.

See table Model 1.

Model 1 - the type of outcome added as a categorical covariate, studies in hospital care patients

Ischaemic 
stroke TE All strokes

95 % PI 95 % PI

C-statistic 0.65 0.36 – 0.86 0.81 0.56 – 0.94 NA NA

Score 0 0.8 0.0 – 3.6 0.2 0.0 – 2.3 NA NA

Score 1 1.7 0.1 – 8.8 0.9 0.7 – 7.2 1.75 0.35 – 10.46

Score 2 2.9 0.0 – 11.1 2.1 0.1 – 10.1 NA NA

Score 3 3.9 0.0 –16.5 3.5 0.0 – 13.7 NA NA

NA = not available; 95 % PI = approximate 95 % prediction interval

Model 2 - Risk of bias added as a categorical covariate, studies in hospital care patients

Low risk High risk

95 % PI c-stat 95 % PI

C-statistic 0.76 0.33 – 0.95 0.71 0.30 – 0.94

Score 0 0.7 0.1 – 3.9 0,4 0.3 – 3.4

Score 1 1.4 0.2 – 7.6 1.4 0.2 – 7.5

Score 2 2.7 0.0 – 11.2 2.5 0.0 – 10.8

Score 3 4.0 0.1 – 14.0 3.5 0.00 – 13.2

95 % PI = approximate 95 % prediction interval

For continuous covariates, we created regression plots and visually assessed 
the 95 % prediction interval. As an example, for any observed annual incidence 
of the main outcome, future validation studies enrolling AF patients in hospitals 
may find a c-statistic between approximately 0.4 and 0.9. Likewise, the 95 % PI of 
a model containing the mean (or median) age of the study population remained 
wide for both discrimination and the stroke risk per score, see Figures. Adding 



45

Predictive performance of the CHA2DS2-VASc rule in atrial fibrillation

1
summarised patient characteristics as continuous covariates to the model did not 
cause for a meaningful reduction in the 95 % prediction interval. The same pattern 
was observed by adding the following covariates, both for studies recruiting form 
hospitals and studies recruiting from the general population (data not shown):
– The total number of person years of follow up in the study *;
– The (estimated) mean CHA2DS2-VASc score in the study population;
– Prevalence of heart failure in the study population;
– Prevalence of platelet inhibitor use in the study population;

* If not reported, the number of person years were calculated using the number 
of persons and the mean follow up time. If mean follow up was not reported, the 
median follow up time was used.

Best available evidence

We considered studies to provide best available evidence if they low/unclear 
risk of bias on less than five items, with clear reporting of the definition and the 
measurement of outcome and predictors, and with a sufficiently large number 
of outcomes. For studies enrolling non-selected patients, four studies[7,8,14,19] 
fulfilled these criteria. Among these, there was still substantial heterogeneity in 
the results. The reported stroke risks for CHA2DS2-VASc 0, 1 and 2 ranged from 
0.04 to 0.4, from 0.2 to 0.8, and 0.8 to 1.9, respectively. For five studies enrolling 
patients in hospital care that were considered to provide the best available evi-
dence,[3,15,16,20,21] corresponding stroke rates ranged from 0.4 to 1.2, 0.7 to 2.1 
and 1.9 to 3.7 for CHA2DS2-VASc 0, 1 and 2, respectively.
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Meta-regression with outcome incidence as a continuous covariate – discrimina-

tive ability
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Meta-regression with outcome incidence as a continuous covariate – stroke risk 
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Dots represent the observed c-statistic and stroke risk per score, respectively. Shaded area represents 
95 % confidence interval. Dashed lines represent approximate 95 % prediction interval.
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Meta-regression with mean age of the study population as a continuous covari-

ate – discriminative ability
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Dots represent the observed c-statistic and stroke risk per score, respectively. Shaded area represents 
95 % confidence interval. Dashed lines represent approximate 95 % prediction interval.
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ABSTRACT

BACkgRounD: Non-adherence to practice guidelines on stroke prevention in 
atrial fibrillation (AF) is common, yet the reasons why are unclear.

AIM: To assess current non-adherence and underlying reasons of general practitio-
ners (GPs) to practice guidelines on stroke prevention in AF.

DESIgn and settings: An observational cross-sectional study in Dutch general 
practice.

METHoDS: the management of AF patients from 19 practices was analysed, and 
reasons for non-adherence per individual patient assessed by asking the GP.

RESuLTS: The median age of 440 included patients was 76.0 (IQR 67.0 – 83.0) 
years, 55 % were male, and 61.6 % received cooperative care from the cardiologist. 
Undertreatment according to the CHADS2 and CHA2DS2-VASc decision rules oc-
curred in 93 (21.1 %) and 104 (23.6 %) patients, respectively. Overtreatment occurred 
in 84 (19.1 %) and 29 (3.4 %) patients, respectively. The main reasons mentioned by 
GPs for non-adherence per individual undertreated case was i) sustained sinus 
rhythm after an episode of AF, and ii) the cardiologist was considered responsible 
for the anticoagulation. Adverse effects or contra-indications to drugs, or patient’s 
preferences were seldomly mentioned as reasons for undertreatment.

ConCLuSIonS: Uncertainty about how to manage patients who have sinus 
rhythm after an episode of AF, and whom is responsible for anticoagulation seem to 
be more important reasons for GPs to non-adhere to guidelines on stroke prevention 
than fear of bleedings. These barriers may be overcome by clearer evidence-based 
recommendations on the management of patients with sinus rhythm after AF, and 
better agreement on responsibility of initiation and monitoring of anticoagulation 
therapy between GPs and cardiologists.
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INTRODUCTION

Atrial fibrillation (AF) is associated with an increased risk of stroke and mortality if 
left untreated.[1] Anticoagulants – such as vitamin K antagonists (VKA) and non-
VKA oral anticoagulants (NOACs) – are highly effective in preventing stroke [2–5] 
and superior to aspirin.[6] Importantly, anticoagulants inherently carry the risk of 
bleeding complications. Thus, prescription of anticoagulants should be based on 
the absolute risk of stroke and thereby restricted to those in whom the absolute 
stroke risk outweighs the risk of bleeding complications. Hereto, clinical decision 
rules have been developed, validated and subsequently recommended in current 
practice guidelines for daily use in clinical practice.

Previous studies showed that such decision rule-guided prescription of antico-
agulants in everyday clinical practice was modest to low.[7–10] Up to 40 % of the 
patients with AF in daily practice did not to receive adequate stroke prevention 
according to the often recommended CHADS2 rule.[11,12]

Knowledge of the exact reasons for non-adherence of physicians to available 
guidelines on AF is scarce and mainly based on vignette studies or qualitative 
studies in which physicians were asked to mention in general the reasons for 
non-adherence.[13–17] Although informative, such studies may be prone to bias 
by including highly selected and small numbers of patients. A quantitative study 
based on per individual assessment of the reasons for non-adherence in a large 
enough unselected patient population is lacking.

In the current study we included an unselected large group of primary care 
patients with AF, and we i) assessed the adherence to prevailing AF guidelines on 
stroke prevention and ii) identified reasons for non-adherence as mentioned by the 
general practitioners (GPs) per individual deviant managed case.

METHODS

Study population

Four large group practices participated with in total nineteen general practitioners 
and 26,400 enlisted persons. Practices covered urban, sub-urban, and rural areas in 
the Netherlands. All citizens in the Netherlands are registered with a GP, irrespec-
tive of cooperative care from a medical specialist, including patients living in a 
home for the elderly, but with the exception of those living in a nursing home or 
hospice. Our study population is therefore a representative sample of community-
dwelling persons with AF.
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Data collection

Between July 2012 and November 2012, patients with a diagnosis of atrial fibrilla-
tion (International Coding for Primary Care (ICPC) code K78) were identified from 
the electronic medical files of the participating general practices. Only electrocar-
diographically confirmed cases were included in the study. Patient characteristics, 
comorbidities, visits to a cardiologist in the last two years, and cardiovascular drug 
use were manually extracted from the files of the general practitioners. Next, for 
each patient with AF, anticoagulation status was recorded.

The medical ethical committee of the University Medical Centre Utrecht, the 
Netherlands approved the study protocol. Anonymised data was used for analysis.

The stroke prevention recommendations on AF available in the netherlands 
when the study was executed

At the time of the study, 2012, two different guidelines on AF were available with 
different recommendations for stroke prevention, with GPs following the 2010 
Dutch General Practice guidelines and cardiologists the 2010 ESC guidelines on 
AF.

The Dutch General Practice Guidelines on AF recommended the CHADS2 clini-
cal decision rule for risk stratification of patients with AF for anticoagulation.[18] 
This rule assigns 1 point for Congestive heart failure, Hypertension, Age 75 years 
or older and Diabetes, and 2 points for prior Stroke/TIA.[19] A platelet inhibitor 
was recommended for those with a score 0 (low risk of stroke) and 1 (intermedi-
ate risk), and oral anticoagulation for scores ≥ 2 (high risk). In our study, patients 
with a CHADS2 score of 0 or 1 who did not receive a platelet inhibitor, or patients 
with a score ≥ 2 without anticoagulation were considered as undertreated. Those 
with a CHADS2 score of 0 or 1 who received anticoagulation were considered as 
overtreated. Patients receiving a combination of an anticoagulant and a platelet 
inhibitor were analysed as receiving anticoagulation.

non-adherence to the stroke recommendations by the general practitioner

The general practitioner was asked to fill out a questionnaire on reasons for non-
adherence per individual case not managed according to the CHADS2-based rec-
ommendations. We classified afterwards their arguments into categories; related to 
overtreatment or undertreatment.

In additional analyses, we also evaluated the adherence to the newer CHA2DS2-
VASc, the decision rule that cardiologists used in the Netherlands during the study 
period.[20,21] Compared to the CHADS2, this score assigns one additional point 
for vascular disease and female sex, and one or two points for age 65 to 75, and 
75 years and older, respectively. According to CHA2DS2-VASc, we considered 
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patients undertreated if no stroke prevention (either aspirin or VKA/NOAC) was 
prescribed for score 1, or no anticoagulation (VKA/NOAC) for a score ≥ 2. Patients 
on anticoagulation with a CHA2DS2-VASc score 0 were considered overtreated.

Data analysis

First, we calculated the proportion of patients not managed according to the 2010 
Dutch General Practice guidelines on AF recommending the CHADS2 decision 
rule, and divided them in overtreated and undertreated. Next, we calculated the 
proportion of patients not managed according to the 2010 ESC guidelines on AF 
recommending the CHA2DS2-VASc rule and divided them in undertreated and 
overtreated. Reasons for non-adherence as mentioned by the GPs were assessed 
per individual case non-adherent to CHADS2. Data was analysed with SPSS ver-
sion 20.0 for Mac OSX (SPSS inc.).

RESULTS

Patient characteristics

In total, 440 community-dwelling persons had electrocardiographically-confirmed 
AF, which corresponds to a prevalence of 1.7 %. The median age was 76 (IQR 67.0 
– 83.0) years, and 55 % were male. Hypertension (58 %), heart failure (29 %), and 
vascular diseases (21 %) were the most common co-morbidities. See Table 1.

TABLE 1. Patient characteristics of 440 patients with atrial fibrillation

Patient characteristics Patients n = 440

Median age (IQR) 76.0 (67.0 – 83.0)

Mean CHADS2 score (SD) 2.0 (1.43)

CHADS2 score 0 16.8

CHADS2 score 1 23.2

CHADS2 score ≥ 2 60.0

Female sex 45.5

History of heart failure 29.3

Hypertension 57.7

Age ≥ 75 years 55.9

Diabetes mellitus 19.1

Prior stroke/TIA 18.4

Vascular disease* 21.4

Age between 65 and 75 years 23.2

Numbers are percentages unless otherwise specified.
IQR = inter quartile range
* Vascular disease constitutes of coronary artery disease and peripheral vascular disease.
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In total, 177 (40.2 %) patients were not managed according to CHADS2; 93 (21.1 %) 
were undertreated, and 84 (19.1 %) overtreated. 119 AF patients were not managed 
according to CHA2DS2-VASc: 104 (23.6 %) were undertreated, and 15 (3.4 %) over-
treated.

The majority of patients (61.6 %) received cooperative care from the cardiologist, 
and non-adherence to CHA2DS2-VASc in this specific subgroup was lower; 16.6 % 
undertreated, and 3.7 % overtreated, respectively.

Questions posed to general practitioners on AF guidelines adherence

Of the 19 GPs, 17 (89.5 %) completed the questions on guideline adherence. The 
majority of them (69 %) considered stroke prevention to be the primary responsibil-
ity of the cardiologist. Four GPs admitted not to be familiar with the guideline 
recommendations and the CHADS2 decision rule, and in total eight GPs did not 
know the CHA2DS2-VASc rule at the time of the study. The remaining 11 GPs 
familiar with either rule filled out that they ‘always’ (53 %), ‘sometimes’ (24 %), and 
‘never’ (33 %) used a rule for deciding on stroke prevention in AF.

Reasons mentioned by gPs for undertreatment according to CHADS2

In 37 patients (40 % of the reasons for undertreatment) the GP mentioned suspected 
sinus rhythm for more than one year after a period of AF. In 25 cases (27 %) the GP 
could not reproduce the reason, and he/she thought that the cardiologist moni-
tored the stroke prevention management. Of these 25 patients, 17 (68.0 %) indeed 
consulted a cardiologist in the two years before the study, but the remaining 8 
(32.0 %) did not. In 9 cases a contra-indication for anticoagulation, and in 4 cases 
patient’s preferences were mentioned as the reasons for undertreatment according 
to CHADS2. In none of the cases the GP mentioned adverse effects of anticoagula-
tion, see also Table 2.

Reasons mentioned by gPs for overtreatment according to CHADS2

In 62 patients (74 %) the reasons for overtreatment as mentioned by the GPs was 
considering the cardiologist responsible for the stroke prevention management. Of 
these 62 patients, 48 (77.4 %) indeed consulted a cardiologist in the two years before 
the study, but 14 (22.6 %) had not. In 10 patients, the reason was preferring the 
CHA2DS2-VASc score over the CHADS2. Indeed, all 10 overtreated according to 
CHADS2 were adequately managed according to CHA2DS2-VASc. In 10 patients 
the GP could not provide a reason for the overtreatment according to CHADS2.
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DISCUSSION

In our cross-sectional practice study among AF patients in the primary care set-
ting, stroke prevention was not according to the CHADS2 decision rule in 40.2 % 
of the patients, and in 27.0 % not according to CHA2DS2-VASc. Undertreatment 
was more common than overtreatment according to CHADS2 (21.1 % vs. 19.1 %), 
and CHA2DS2-VASc (23.6 % vs. 3.4 %). GPs mentioned suspected sinus rhythm for 
more than a year after a period of AF as the main reason for withholding adequate 
stroke prevention. The mean reason for overtreatment was that GPs considered 
the cardiologist responsible for the anticoagulation. Contra-indications for anti-
coagulation, interactions with other drugs, or patient preferences were seldomly 
mentioned as reasons for non-adherence.

Strengths and limitations

We could include a large representative sample of community-dwelling patients 
with AF from primary care in our study. The distribution over the CHADS2 score 
of our population was comparable to that of other population-based studies.
[19,22–25] We included electrocardiographically-confirmed AF to prevent includ-
ing misclassified cases. Our study design allowed us to receive case-specific barri-
ers to guideline adherence.

That we did not evaluate the cardiologist’s opinion could be considered as a 
limitation.

TABLE 2. Reasons mentioned by GPs for inadequate stroke prevention according to the CHADS2 
decision rule score per individual non-adherent case with atrial fibrillation (N = 177)

Reasons
93 undertreated cases
n (%) *

84 overtreated cases
n (%) *

Cardiologist considered to be responsible for anticoagulation 25 (26.9) 62 (73.8)

A comorbid condition meriting another choice 3 (3.2) 15 (17.9)

Considered contra-indicated 9 (9.7) 0 (0.0)

Prior adverse effects on oACs 0 (0.0) 0 (0.0)

Did not monitor anticoagulation for more than a year 8 (8.6) 4 (4.8)

Patient’s preference 4 (4.3) 0 (0.0)

Did not know I should apply the CHADS2 rule 2 (2.2) 0 (0.0)

Suspected sinus rhythm after an episode of AF 37 (39.8) 0 (0.0)

CHA2DS2-VASc applied instead of CHADS2 1 (1.1) 10 (11.9)

other reasons or ‘unknown’ 7 (7.5) 13 (15.5)

* Cells do not add up to hundred percent because more than one answer was allowed.
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Comparison with existing literature

A previously published meta-analysis on underuse of anticoagulation in AF pa-
tients found a pooled prevalence of undertreatment of 40 % in patients identified as 
being at high risk of stroke.[11] In our current study, we found a substantially lower 
prevalence of undertreatment of around 20 % with the CHADS2 or CHA2DS2-VASc 
decision rule as the reference.

Previous survey-based studies exploring reasons for non-adherence to stroke 
prevention in atrial fibrillation found that older age, high BMI, and male gender 
were positively related to anticoagulation use, while previous stroke, dementia, 
and low stroke risk were negatively related.[26–28] Vignette studies exploring bar-
riers to prescribing anticoagulants showed that physicians often mention bleeding 
risk as the main barrier.[16,17] A systematic review summarised increasing age, 
comorbidities, and inability to comply with treatment as important barriers.[15] 
In interviews, clinicians also mentioned patients’ social situation and past med-
ication-taking behaviour as challenges to anticoagulation therapy.[13] In a study 
published in 2004, GPs and cardiologists were asked for reasons 227 AF patients 
admitted for a stroke were not on anticoagulation on admission. ‘Contra-indicated’ 
and ‘no indication’ were mentioned as the most important reasons.[29] In a re-
cent primary care study, GPs mentioned ‘not indicated’, ‘contra-indicated’, and 
‘non-compliance’ as main reasons for not prescribing anticoagulants in a sample 
of 15 patients with AF while recommended in the prevailing guideline. This was, 
however, only in a small selection of patients.[30]

The aforementioned studies included small numbers of often selected patients, 
without considering reasons for non-adherent per individual case. This may have 
created bias, including ‘preferred answering’ and recall bias of physicians.

Our study clearly shows that co-morbidities, non-compliance, adverse effects 
and contra-indications do not play an essential role according to the GPs when 
considering each individual non-adherent to stroke prevention according to 
CHADS2. ‘Suspected sinus rhythm’ was an important reason for undertreatment 
in our study. Multiple Holter studies make this to a dubious argument as nearly 
all patients studied because of suspicion of sinus rhythm after an episode of AF 
showed to have paroxysms of AF, including asymptomatic episodes.[31,32] On the 
other hand, a recent large study suggested a lower stroke and mortality risk for 
those with paroxysmal AF than patients in permanent AF.[33] In a recently pub-
lished small proof-of-principle study, it was shown that patients who underwent 
closing of the left atrial appendix had less ischaemic stroke and less bleeds during 
follow up while not receiving anticoagulation than those randomised to care as 
usual with continuation of anticoagulation.[34]
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Guidelines on AF recommend the same stroke prevention for those with par-
oxysmal and permanent/persistent AF. They also recommend to continue anti-
coagulation after cardioversion or pulmonary vein isolation. They do, however, 
not specifically address what to do in cases with suspected sinus rhythm after 
an episode of AF.[35–37] Thus, there is a need for clear guidance how to manage 
patients with (long periods of) sinus rhythm after an episode of AF, because these 
patients may – possibly unjustified – not receive anticoagulation.

An easy to tackle barrier to adherence was uncertainty about who was respon-
sible for anticoagulation; the cardiologist or the GP. Regional agreement about 
whom is responsible for initiation, and monitoring of the anticoagulation would 
improve adherence to stroke prevention in AF.

Implications for practice

Evidence-based recommendations are needed on how to manage patients sus-
pected of sinus rhythm after a period of AF, and GPs and cardiologists should 
work more closely together in patients with AF.

CONCLUSIONS

Non-adherence to stroke prevention guidelines is common in community-dwelling 
patients with AF. Suspected sinus rhythm and uncertainty about whether the GP or 
cardiologist is responsible are critical reasons for non-adherence.
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ABSTRACT

BACkgRounD: Guidelines on atrial fibrillation (AF) recommend using the 
CHA2DS2-VASc clinical decision rule for estimating stroke risk and to subsequently 
guide decision-making on oral anticoagulant therapy. Nevertheless, underuse of 
anticoagulants exists, especially in primary care. Providing general practitioners 
(GPs) with an automated decision support based on CHA2DS2-VASc may improve 
anticoagulant use and eventually prevent more strokes.

AIM: to study the impact of an automated decision support on stroke prevention 
in patients with AF.

DESIgn: A cluster randomised trial in general practice.

METHoDS: A total of 38 practices were randomised. In the index practices, GPs 
were provided with an automatically generated CHA2DS2-VASc based anticoagu-
lant treatment recommendation. The GPs in the reference practices provided care 
as usual. The primary outcome was the incidence of ischaemic stroke, TIA and/or 
thromboembolism (TE). Secondary outcomes were bleeding and the proportion of 
patients on guideline recommended anticoagulant treatment.

RESuLTS: In total, 1129 AF patients were included in the 19 index practices and 
1226 AF patients in the 19 reference practices. The median age was 77 (interquartile 
range (IQR) 68 – 75) years, and 48 % were male. The median CHA2DS2-VASc score 
was 3.0 (IQR 2.0 – 5.0). Underuse of anticoagulants as recommended for patients 
with CHA2DS2-VASc score ≥ 2 was 6.6 %. After a median follow-up of 2.7 years 
(IQR 2.3 – 3.0), the incidence rate per 100 person-years of ischaemic stroke/TIA/
TE was 1.96 in the index group and 1.42 in the reference group (hazard ratio (HR) 
1.3, 95 % C 0.8 – 2.1). No difference was observed in the rate of bleeding (0.79 ver-
sus 0.82), or in the underuse (7.2 % versus 8.2 %) or overuse (8.0 % versus 7.9 %) of 
anticoagulation.

ConCLuSIon: In this study in patients with AF in general practice, underuse of 
anticoagulants was relatively low. Nevertheless, providing general practitioners 
with CHA2DS2-VASc based decision support did not result in a reduction in stroke 
incidence, nor did it affect bleeding risk or anticoagulant over- or underuse.
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INTRODUCTION

Atrial fibrillation (AF) is the most common cardiac arrhythmia[1] and a major risk 
factor for ischaemic stroke. Left untreated, stroke risk may increase fivefold and 
one in every five strokes is believed to be a direct consequence of atrial fibrillation.
[2] The effectiveness of oral anticoagulants – both vitamin K antagonists (VKA) 
and direct oral anticoagulants (DOAC) – in preventing stroke in patients with AF is 
well established.[3–7] Practice guidelines on AF[8–10] provide clear anticoagulant 
treatment recommendations based on stroke risk prediction using the CHA2DS2-
VASc clinical decision rule.[11]

However, underuse of anticoagulants in patients with AF is common, notably in 
primary care.[12–14] A meta-analysis published in 2010[15] showed that underuse 
of anticoagulants often exceeded 30 % in AF patients at high risk of stroke as based 
on risk factors or the CHADS2 decision rule.[16] Many studies aimed to improve 
stroke prevention, for instance by evaluating automated decision support.[17–20] 
However, most used surrogate primary endpoints such as the relative increase 
in anticoagulant use, and were not powered to demonstrate an effect on a more 
clinically relevant outcome such as ischaemic stroke incidence. Additionally, such 
decision support often activates alerts with treatment recommendations when 
a patient’s record is activated, i.e. only at the time of consultation. In busy daily 
practice, such unrequested alerts are easily ignored, thereby reducing the poten-
tial effect of such automated interventions. A strategy to improve anticoagulant 
treatment in all patients with AF (i.e. not only in those attending the GP) with 
ischaemic stroke and/or thromboembolism (TE) as the primary outcome has not 
yet been evaluated. In a cluster randomised trial, we assessed the effectiveness of 
an automated CHA2DS2-VASc decision support providing GPs with a treatment 
recommendation for all community-dwelling AF patients on the occurrence of 
the composite endpoint ischaemic stroke, TIA and/or thromboembolism; and on 
bleeding and the proportion of patients on guideline recommended anticoagulant 
treatment.

METHODS

Design

This study entitled CAFe (Cost-effectiveness of balancing stroke and bleeding risk using 
CHA2DS2-VASc in primary care patients with Atrial Fibrillation) is a pragmatic, paral-
lel cluster randomised trial, trial registration number NTR3741 (www.trialregister.
nl). Clusters are general care practices of varying size, and include both solo and 
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group practices. General practices in the region of Utrecht, the Netherlands were 
invited to participate. The initial invitation letter outlined an evaluation of the 
treatment of atrial fibrillation as the general purpose of the study but did not men-
tion the specific aim of improving anticoagulant treatment in atrial fibrillation.

From February 2013 until September 2014 a planned total of 38 practices were 
enrolled in the study, covering urban, suburban and rural areas. After inclusion, 
practices were allocated by computer-generated randomisation to one of two 
groups. The clusters were stratified according to the number of electronic files 
screened for AF diagnosis (< 110, 110–180 and > 180 records).

After randomisation, only general practitioners in de index cluster received 
information on the specific study aim.

Patients

At baseline, an automated search in the 38 practices was used to identify all pa-
tients aged 18 years and older, diagnosed with AF as based on the International 
Classification of Primary Care (ICPC)[21] code K78 ‘atrial fibrillation/flutter’. In 
addition, files of patients with other ICPC codes for cardiac arrhythmias (K97 ‘Par-
oxysmal tachycardia’ and K80 ‘Ectopic beats/Extra-systoles’) as well as patients 
with a prescription of antiarrhythmic drugs (amiodarone, sotalol, digoxine and 
flecainide) or oral anticoagulants (acenocoumarol, phenprocoumon) were selected. 
Subsequently, all patient files thus identified were manually scrutinized by a 
clinical researcher (SD) for an electrocardiographically-confirmed AF diagnosis, 
following recommendations from the European Society of Cardiology.[22]

The CHA2DS2-VASc clinical decision rule and anticoagulant use

The CHA2DS2-VASc clinical decision rule was developed in 2010 as an update to 
the original CHADS2 rule[16] by including additional predictors for stroke. Its aim 
was to help detect patients with AF at low risk of stroke, TIA and/or TE. Patients 
are assigned points for presence of congestive heart failure (1 point), hypertension 
(1 point), age above 75 years (2 points), diabetes (1 point) and prior stroke (2 points), 
age above 65 (1 point), vascular disease (1 point) and female sex (1 point). For the 
exact definition of the predictors in CHA2DS2-VASc, see Supplemental Material 1.

For every patient included in the study, the correctness of each CHA2DS2-VASc 
variable was manually verified and where necessary corrected by the researcher 
(SD) using all available information in the electronic patient file including diagnos-
tic test results, out-of-hours office reports and specialists’ letters.

These verified CHA2DS-VASc variables were automatically extracted from the 
electronic patient file and for every patient the CHA2DS2-VASc score was calcu-
lated. The ATC codes of anticoagulant and antiplatelet drug prescriptions in the 
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year previous to study inclusion were automatically extracted after verification, 
and where necessary correction, by manually studying the electronic patient files.

Intervention and control group

Index group – CHA2DS2-VASc based strategy
Based on the 2013 Guideline Atrial Fibrillation (2nd revision) of the Dutch College 
of General Practitioners,[23] patients with a CHA2DS2-VASc score of either 0 or 1 
were considered as best treated without anticoagulant treatment, whereas those 
with a score ≥ 2 should receive anticoagulation. This differs from the prevailing 
guideline by the European Society of Cardiology at the time of our study, mention-
ing that anticoagulation should be considered for patients with CHA2DS2-VASc 
score of 1.[22] Platelet inhibitors are not recommended for the prevention of stroke 
in either guideline.

An off-site computer calculated the CHA2DS2-VASc score and the recommended 
treatment as defined above for each patient in the index group practices. Based 
on this calculation, general practitioners in the index practices received a list of 
all identified AF patients in their practice whose treatment was not according to 
these guideline recommendations. This list was personally handed to practitioners 
by the researcher (SD). It contained the patients’ CHA2DS2-VASc score, their cur-
rent treatment and the recommended treatment. Practitioners in the intervention 
practices were advised to follow the recommendation to optimise anticoagulant 
treatment in shared decision with the patient. They were allowed to deviate from 
the recommended treatment, without stating the reasons why. One month later, 
practitioners received an e-mail reminding of the list with treatment recommenda-
tions, along with additional general information on atrial fibrillation, stroke risk 
prediction and stroke prevention, all based upon the Dutch College of General 
Practitioners’ guidelines.

Control group – care as usual
Practitioners in the reference group neither received information on the true aim 
of the study, nor any list of AF patients in their practice, nor any treatment recom-
mendations, nor extra information on atrial fibrillation and stroke risk. They were 
asked to provide care as usual.

outcomes

We evaluated the effect of the automated decision support, based on the 
CHA2DS2-VASc score and its associated anticoagulant treatment recommenda-
tions, at individual patient level. The primary outcome was a composite of stroke, 
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TIA and/or thromboembolism. Stroke was defined as a focal neurological deficit 
of sudden onset lasting >  24 hours not attributable to other identifiably causes. 
TIA was defined as a focal neurological deficit of sudden onset lasting < 24 hours. 
Thromboembolism was defined as peripheral embolism or pulmonary embolism. 
Peripheral embolism was defined as a sudden occlusion of an artery to an extrem-
ity or a visceral organ outside the brain, heart, eyes, and lungs, not attributable to 
concomitant atherosclerosis or other aetiology. Pulmonary embolism was defined 
as radiographic confirmation of a pulmonary arterial occlusion.

The secondary endpoints were i) bleeding and ii) the proportion of patients on 
guideline recommended anticoagulant treatment. Bleeding was further catego-
rised as major bleeding or clinically relevant non-major bleeding as defined by the 
2015 ISTH definitions.[24] Major bleeding was defined as i) fatal bleeding; and/or 
ii) bleeding in a critical area or organ, such as intracranial, intraspinal, intraocular, 
retroperitoneal, intra-articular or pericardial, or intramuscular with compartment 
syndrome; and/or iii) bleeding causing a fall in haemoglobin level of 20 g/L (1.24 
mmol/L) or more, or leading to transfusion of two or more units of whole blood 
or red cells. Clinically relevant non-major bleeding was defined as bleeding i) 
requiring medical intervention by a healthcare professional; and/or ii) leading to 
hospitalisation or increased level of care; and/or iii) prompting a face to face (i.e., 
not just a telephone or electronic communication) evaluation. The diagnosis of the 
composite primary outcome stroke/TIA/TE and the secondary outcome bleed-
ing was made at the discretion of the treating physician, i.e. either the GP or a 
specialist. All outcomes were manually extracted from the electronic patient files, 
after verification using all available information from diagnostic tests, out-of-hours 
office reports and specialists’ letters.

Sample size

We anticipated 80 % of the study population to have a CHA2DS2-VASc score ≥ 2, 
of which 50 % would not receive anticoagulants. An incidence rate of stroke/TIA/
TE in the total population of 5.3 per 100 person-years was expected. To show a 
decrease in incidence rate to 3.2 per 100 person-years if anticoagulant treatment of 
patients with CHA2DS2-VASc ≥ 2 is 100 %, with a power of 80 %, 1380 patients in 
total are needed with two years follow-up. To account for clustering in our study 
design,[25] we used an intra-cluster coefficient of 0.01, based on previous research 
in general practice.[26] Accounting for 10 % loss-to-follow-up, we planned to in-
clude 38 practices with an expected average of 75 AF patients per practice (total 
2,850 patients known with AF).
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Ethics

All data extracted from the electronic patient files was de-identified by a “trusted 
third party”. The decision support used a linking code and only within the practice 
could it be linked to the individual patient. This study complied with the Data 
protection law in the Netherlands. The medical ethics committee of the Univer-
sity Medical Centre Utrecht, the Netherlands, judged the CAFe study protocol as 
exempt from review as it was conducted outside the criteria for the Medical Re-
search Involving Human Subjects Act (WMO). Participating general practitioners 
provided written informed consent.

Statistical analysis

There was no missing data in any of the baseline variables. Continuous variables 
were expressed as mean with standard deviation, or median with interquartile 
range (IQR). Categorical variables were expressed as percentages.

The incidence rate of the composite primary endpoint ischaemic stroke, TIA and/
or thromboembolism, in both groups, was expressed as the number of events per 
100 person-years follow-up. Patients were censored at time of first stroke/TIA/TE, 
time of death, loss to follow-up or end of study, whichever came first. To calculate 
the effect of the intervention accounting for clustering, we used Cox proportional 
hazard analysis with a random effect for clusters. Proportional hazards assump-
tions were checked by graphically evaluating the cumulative hazard, and tested 
for independence of scaled Schoenfeld residuals and time.

Cox proportional hazard was also used to calculate the effect of the automated 
treatment recommendation on the occurrence of the secondary endpoint, bleeding. 
The secondary endpoint, treatment according to guideline recommendations, was 
calculated as the proportion of patients with a CHA2DS2-VASc score 0 or 1 not on 
anticoagulant therapy, or patients with a CHA2DS2-VASc score ≥ 2 on anticoagu-
lant therapy. Overuse was calculated as the proportion of patient with a score 0 or 
1 on anticoagulants, and underuse as the percentage of patients with a score ≥ 2 
not using anticoagulants. We used generalised estimating equation linear model-
ling to test for differences between the proportion of patients treated according to 
guideline recommendations at baseline and at follow-up, and calculated the effect 
of the intervention by adding this as an interaction term to the model.

As an additional analysis we assessed underuse according to the prevailing 
guideline of the European Society of Cardiology, where patients with CHA2DS2-
VASc score ≥ 1 were recommended anticoagulation.

All analyses were performed in R3.3.2 with the package survival 2.40–1 and 
geepack 1.2–1.
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Results are reported according to the CONSORT 2012 statement and extension 
for cluster randomised trials.[27]

RESULTS

Baseline characteristics

Figure  1 shows the study flow diagram. In total 38 practices were randomised, 
with in total 2,355 AF patients; 1,129 in the 19 index practices and 1,226 in the 19 
reference practices (median of 49 (IQR 37 – 66) and 44 (IQR 28 – 63) AF patients per 
practice, respectively).

TABLE 1. Baseline characteristics of the individual patients in the index group and the reference 
group

Index group
n = 1,129 (%)

Reference group
n = 1,226 (%)

Median Age (IQR) 77 (68 – 84) 77 (67 – 84)

Age < 65 years 194 (17.2) 214 (17.5)

Age 65 – 75 years 277 (24.5) 321 (26.2)

Age ≥ 75 years 658 (58.3) 691 (56.4)

Female sex 558 (49.4) 566 (46.2)

Heart failure 215 (19) 217 (17.7)

Hypertension 666 (59) 745 (60.8)

Diabetes 225 (19.9) 304 (24.8)

Prior Stroke/TIA 178 (15.8) 208 (17)

Vascular disease § 290 (25.7) 322 (26.3)

Anticoagulant use * 992 (87.9) 1076 (87.8)

Vitamin K antagonist 978 (98.6) 1068 (99.3)

Direct oral anticoagulant 37 (3.7) 32 (3.0)

CHA2DS2-VASc score 0 59 (5.2) 68 (5.5)

1 104 (9.2) 103 (8.4)

2 168 (14.9) 213 (17.4)

3 242 (21.4) 229 (18.7)

4 263 (23.3) 251 (20.5)

5 147 (13) 196 (16)

6 89 (7.9) 110 (9.0)

7 44 (3.9) 37 (3.0)

8 9 (0.8) 17 (1.4)

9 4 (0.4) 2 (0.2)

IQR = Interquartile range
* Percentage exceeds100 % due to prescriptions of multiple drugs in the year before baseline data 
collection
§ Vascular disease is defined as coronary heart disease, peripheral vascular disease or previous 
thromboembolism. See Supplemental Material 1.
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The baseline characteristics of the individual patients are presented in Table 1. 
The median age was 77 in both study arms. The median CHA2DS2-VASc scores 
were 3 (IQR 2.0 – 5) and 3.5 (IQR 2.0 – 5) in the index and control group respectively. 
Underuse was 8.8 % in the total index group (73 (7.6 %) of the 966 (85.6 %) patients 
with a CHA2DS2-VASc score ≥ 2) and 8.5 % in the total control group (83 (7.9 %) 
of 1055 (86.1 %) patients with a score ≥ 2). According to the ESC guideline recom-
mending anticoagulation for patients with CHA2DS2-VASc score ≥  1, underuse 
was 9.2 % in the total index group (104 (9.7 %) of the 1070 (94.8 %) patients with a 
CHA2DS2-VASc score ≥ 1) and 9.1 % in the total control group (111 (9.6 %) of 1058 
(94.5 %) patients with a score ≥ 1).

FIguRE 1. CONSORT study fl ow diagram
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Ischaemic stroke, TIA and thromboembolism

During a median follow-up of 2.7 (IQR 2.3 – 3.0) years, the composite of ischaemic 
stroke, TIA and/or thromboembolism occurred in 97 (4.1 %) patients in total. The 
incidence rate in the index group was 2.0 per 100 person-years, and in the reference 
group 1.4 per 100 person-years (HR 1.3, 95 % CI 0.8 – 2.1). Of the 54 strokes/TIA/TE 
in the index group, five (9.3 %) occurred in patients not on anticoagulation defined 
as high risk (underuse), and three (5.6 %) in patients on anticoagulation defined as 
low risk (overuse). Forty-three strokes/TIA/TE occurred in the reference group; 
one (2.3 %) in a patient not on anticoagulants while indicated (underuse) and two 
(4.7 %) on anticoagulants while not indicated (overuse).

Bleeding

The incidence rate of major bleeding was 0.79 per 100 person-years in the index 
group, and 0.82 per 100 person-years in the reference group (HR 0.9, 95 % CI 0.5 
– 1.9). For clinically-relevant non-major bleeding, these numbers were 2.8 and 2.5 
per 100 person-years, respectively (HR 1.1, 95 % CI 0.9 – 1.4). For any bleeding, 
this was 2.9 in the index group, and 2.5 in the reference group (HR 1.2, 95 % CI 
0.9 – 1.5). Of the twenty-two bleeds in the index group, one (4.5 %) occurred in a 
high risk patient not using anticoagulation, another occurred in a low risk patient 
using anticoagulation. In the reference group, two (8.0 %) of the 25 bleeds occurred 
in patients at high risk not on anticoagulation.

Change in anticoagulant use and treatment according to guideline 
recommendations

At any time during follow-up, in 317 patients (13.5 %) anticoagulant treatment was 
(temporarily) initiated or stopped; or changed from VKA to DOAC or vice versa. 
This was 12.6 % in the index group and 14.3 % in the reference group. In total 78 
(3.3 %) patients started a DOAC.

Ten of the 138 new users initiated anticoagulants after experiencing a stroke/
TIA/TE. For the 71 patients that discontinued anticoagulants during the study, 18 
did so after experiencing a bleeding.

Table  2 shows the proportion of patients treated according to the CHA2DS2-
VASc, and the proportion overuse and underuse of anticoagulants in both groups. 
No statistically significant change was observed for the proportion of patients 
treated according to the guideline recommendations (p = 0.08), or the effect of the 
intervention (p-value for interaction = 0.52)
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TABLE 2. Correct use, overuse and underuse of anticoagulants at baseline and after a median fol-
low-up of 2.2 years based on CHA2DS2-VASc *

Index n = 1129 (%) Reference n = 1226 (%)

Baseline Correct use 957 (84.8) 1039 (84.7)

Underuse 73 (6.5) 83 (6.8)

Overuse 99 (8.8) 104 (8.5)

After 2.2 years of follow-up Correct use 958 (84.9) 1029 (83.9)

Underuse 81 (7.2) 100 (8.2)

Overuse 90 (8) 97 (7.9)

* Correct use is defined as a CHA2DS2-VASc score 0 or 1 not on anticoagulant therapy, or patients 
with a CHA2DS2-VASc score ≥ 2 on anticoagulant therapy. Overuse is defined as a score 0 or 1 on 
anticoagulants. Underuse is defined as a score ≥ 2 not using anticoagulants.

DISCUSSION

In this cluster-randomised trial among 2,355 patients with atrial fibrillation, a 
CHA2DS2-VASc based decision support did not seem to affect the hazard of 
ischaemic stroke, TIA and/or thromboembolism. The incidence rate of ischaemic 
stroke/TIA/TE was 1.96 in the index group and 1.42 in the reference group (HR 
1.3, 95 % CI 0.8 – 2.1). In addition, no difference was observed in the rate of bleed-
ing, or in treatment according to guideline recommendations.

Several previous studies investigated the effect of automated decision support, 
both in the secondary and primary care setting (Table 3). In secondary care patients 
with AF, two recent studies found a positive effect. The electronic alert system 
evaluated by Silbernagel et al.,[28] recommending oral anticoagulation for those 
with a CHA2DS2-VASc score ≥ 1 in men or ≥ 2 in women (entailing 96 % of the 
study population), resulted in an improvement in anticoagulant drug prescrip-
tion (22 % in the index group versus 15.9 % in the control group, relative risk (RR) 
1.4, p = 0.02). Wang et al.[29] found an increase in antithrombotic use in patients 
eligible for anticoagulants (89 %) based on a CHA2DS2-VASc score ≥ 1 from 77 % to 
89 % (p < 0.001).

In general practice, however, results are less positive. In a Dutch study from 
2017, Arts et al.[17] found in an AF population with a baseline underuse of anti-
coagulants of 47 % that a decision support tool did not improve adherence to the 
guideline recommending anticoagulants for those with CHA2DS2-VASc score ≥ 2. 
Similarly Eckman et al.[19] showed that underuse based on a decision analytic 
model recommending most patients with a CHA2DS2-VASc score ≥ 2 anticoagula-
tion decreased from 44.7 % to 44.5 % (p = 0.59) after one year in the intervention 
practices. In a study by Holt et al.[20] a 37 % underuse based on anticoagulants for 
a CHADS2 ≥ 2 reduced to 34 % after 6 months of using automated screen reminders 
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for anticoagulant use (adjusted difference with control group 1.21 %, p  =  0.21). 
Another study applied a decision tool to AF patients in general practice in Aus-
tralia, recommending anticoagulants for patients with a CHA2DS2-VASc ≥ 1 and 
low bleeding risk. They found a slight increase in anticoagulant use from 89.3 % to 
92.2 % (p = 0.02).[18]

In contrast to previous research, our study evaluated a decision support specifi-
cally presenting GPs with treatment recommendations for all their AF patients, i.e. 
irrespective of any consultation. We used the clinically relevant endpoint ischaemic 
stroke, TIA and/or thromboembolism, as opposed to underuse of anticoagulants 
alone. Furthermore, automated decision support often relied on diagnosis codes 
in electronic patient files and concerns over inaccuracies have been raised.[30] To 
avoid this, data in our study were manually checked for correctness of AF status, 
CHA2DS2-VASc score and anticoagulation status. Despite these strengths, how-
ever, our study adds to the fairly consistent evidence base that improving stroke 
prevention in AF using automated decision support may not be effective. Several 
points need further attention in this respect.

First, one promising exception to the ineffectiveness of decision support in AF 
is the study by Robson et al.[31] It describes positive trends in anticoagulant use 
in general practice after the introduction of an extensive program consisting of 
guidance and education, evaluative feedback, and computer prompted remind-
ers. The proportion of AF patients with CHA2DS2-VASc ≥ 1 (denominator of the 
total population unknown) using anticoagulants increased from 53 % to 60 % after 
introduction, though the observational nature of that study hampers drawing any 
definitive conclusions. It could be hypothesised that decision support alone (either 
computer prompts at the time of consultation or a list of treatment recommenda-
tions for all AF patients) is not sufficient for improving anticoagulant use in AF and 
that more extensive interventions are needed.

Second, importantly, our study showed at the outset a low proportion of under-
use of anticoagulants of 6.6 % at baseline. Previous practice studies found underuse 
as high as 30 %[15], a substantial difference even when taking into consideration 
the change in definition of high risk patients from CHADS2 to the currently used 
CHA2DS2-VASc. More contemporary studies, however, showed low rates of un-
deruse similar to our study.[32,33] With such initial high rates of stroke prevention 
according to CHA2DS2-VASc at the outset, it is difficult to proof a benefit of any 
intervention aiming to further increase anticoagulant use. Additionally, despite 
careful consideration of an automatically provided treatment recommendation, 
GPs in shared decision-making with their patient may still deviate from guideline 
recommendations for valid reasons. Many factors such as comorbid disorders, 
psychosocial circumstances, or patient preferences may lead to taking the ‘cal-
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culated risk’ of stroke by not taking anticoagulants although indicated. On the 
other hand, we previously demonstrated that underuse of anticoagulants in AF in 
general practice seems less related to such patient characteristics and more related 
to problems in organising care (in particular defining the physician responsible 
for making anticoagulant decisions).[34] Our intervention aimed to overcome such 
reasons for underuse of anticoagulants but did not show an effect on guideline 
recommended treatment.

A third possible explanation for the ineffectiveness of our intervention is that 
the GPs in the index group did not pay sufficient attention to the treatment recom-
mendations altogether. This has also been shown in previous studies that reported 
low uptake (<  5 %) of decision support tools.[17,35] While our study benefitted 
from by-passing a common pitfall of ‘too many notifications’[36] by providing a 
one-time list with individual treatment recommendations, this list could still have 
easily been neglected by the GPs.

Strengths and limitations

Strengths of our study include the large and representative sample of community-
dwelling AF patients, with on average more than 2 years follow-up and the 
clinically relevant primary outcome, ischaemic stroke. We furthermore manually 
verified correctness of the AF diagnosis, the CHA2DS2-VASc score and the antico-
agulant treatment status at baseline by scrutinising the complete electronic patient 
file, ascertaining the proportion of anticoagulant underuse and thereby ensuring 
that the automatically generated treatment recommendations were based on valid 
data.

A limitation is the lower statistical power than calculated a priori as the propor-
tion of underuse in our study at 6 % was far lower than expected. As a result the 
incidence of stroke and hence statistical power was low, though we are confident 
that an even larger study population would not result in different inferences. 
Additionally, due to our pragmatic approach, the treatment recommendation 
could easily be neglected, although all GPs were highly motivated to participate 
in the study and we aimed not to interfere with daily clinical practice. It cannot be 
excluded, however, that a more stringent, labour intensive intervention such as 
described by Robson et al.[31] may have an effect on stroke incidence.

Clinical implication and future considerations

In our study we found high rates of appropriate anticoagulant use in patients with 
AF from the community, and no effect of implementing an automated decision 
support on stroke risk or in the correctness of prescribed anticoagulants.
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Making additional improvement to an already highly accurate use of antico-
agulants according to guidelines is a challenge for future research. Insight in the 
amount of underuse in a particular care setting may be needed before any pro-
posed intervention is evaluated. Perhaps (repeated) education or quality auditing, 
preferably in small peer-groups,[37] or the implementation of multidisciplinary 
care programs[38] for (anticoagulant) management could have a beneficial effect. 
Several studies evaluated, for instance, a consultant or pharmacist-led intervention 
with positive results on correct anticoagulant treatment.[39–41] Finally, the addi-
tion of patient involvement in a study protocol and decision-making on optimal 
anticoagulant use is currently lacking, and this approach may perhaps yield unex-
pected positive effects.

CONCLUSION

In this study in community-dwelling patients with atrial fibrillation, the use of 
anticoagulants was high. Providing general practitioners with automated decision 
support aimed to optimise a CHA2DS2-VASc based treatment recommendation 
neither resulted in a reduction in incidence of stroke, TIA and/or thromboem-
bolism, nor did it affect bleeding risk or guideline recommended anticoagulant 
treatment.
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SUPPLEMENTAL MATERIAL 1. DEFINITIONS OF THE CHA2DS2-
VASC VARIABLES

Congestive heart failure was defined as the presence of signs and symptoms 
suggestive of heart failure, with confirmatory findings of cardiac dysfunction on 
echocardiography, either with preserved or reduced ejection fraction.

Hypertension was defined as a repeated systolic blood pressure measurement of 
140 mmHg or higher.

Diabetes was defined as a repeated fasting blood glucose measurement of ≥ 7.0 
mmol/L (126 mg/dL) or a non-fasting glucose measurement of ≥  11.1 mmol/L 
(200 mg/dL). Previous stroke or TIA was defined as a focal neurological deficit of 
sudden onset lasting > 24 hours or < 24 hours, respectively.

Vascular disease was defined as either coronary heart disease, peripheral artery 
disease or previous thromboembolism. Coronary heart disease was defined as prior 
myocardial infarction (both ST-elevated myocardial infarction or non-ST-elevated 
myocardial infarction), angina pectoris or prior percutaneous coronary intervention 
(PCI) or coronary artery bypass graft surgery (CABG). Peripheral artery disease 
was defined as symptoms of intermittent claudication with ankle-branchial index 
≤ 0.9 or prior surgery or percutaneous intervention on the abdominal or thoracic 
aorta or lower extremity vessels.
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ABSTRACT

Purpose: Patients with atrial fibrillation (AF) are at increased risk of many adverse 
events. Besides prevention of stroke, integrated care aims to prevent all clinically 
relevant outcomes. Whether models typically used to predict stroke can also iden-
tify anticoagulated patients at high risk of these outcomes is unknown.

We aimed to i) describe the risks of cardiac and non-cardiac hospitalisation and 
mortality in community-dwelling anticoagulated AF patients, ii) search for exist-
ing prediction models developed for stroke prediction in AF, and iii) validate these 
models for predicting mortality and hospitalisation.
Methods: In a cohort of 2,068 AF patients, we calculated incidence rates (IRs) of 
ischaemic stroke, hospitalisations and mortality. We systematically searched for ex-
isting stroke prediction models in AF. We calculated for every model the observed 
risk per score and c-statistic.
Results: During a median follow-up of 2.7 (IQR 2.2 – 3.0) years, the IR per 100 
person-years was 22.1 for hospitalisations and 6.7 for all-cause mortality. Non-
cardiac events outnumbered cardiac events (IRs 15.7 versus 7.6 per 100 person-
years for hospitalisation, p < 0.001 and 5.0 versus 1.7, p < 0.001 for mortality). Four 
stroke prediction models were validated. The proportion of patients considered 
at ‘low risk’ by each model ranged from 3 % (CHA2DS2-VASc) to 35 % (ATRIA). 
The median c-statistic of all models was 0.65 for mortality outcomes, and 0.57 for 
hospitalisation outcomes.
Conclusions: In well-anticoagulated community-dwelling AF patients stroke risk 
is exceeded by risks of hospitalisation and mortality, importantly mainly for non-
cardiac causes. The ATRIA model may be considered most suitable for predicting 
adverse events other than stroke.
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INTRODUCTION

Atrial fibrillation (AF) is the most common cardiac arrhythmia with a prevalence 
of 1–2 % in the general population, increasing to over 15 % in those aged 85 years 
and older.[1,2] It is a major risk factor for stroke,[3] and prevention of stroke using 
oral anticoagulants – i.e. vitamin K antagonists (VKA) or direct oral antagonists 
(DOAC) – forms the mainstay of (chronic) treatment of AF. To estimate stroke risk 
and indicate anticoagulant treatment, multiple clinical prediction models have 
been developed and validated.[4–7] With adequate anticoagulation, patient stroke 
rates fell below 2 % per year in the recent DOAC trials.[8–10]

However, it is increasingly recognised that after initiation of anticoagulation AF 
patients remain at increased risk of many other adverse events: hospital admis-
sion,[11–13] renal failure and death remain higher in patients with atrial fibrillation 
compared to non-AF patients of similar age.[14] Such adverse events in addition to 
many other co-morbidities may, through shared pathophysiological processes like 
inflammation, fibrosis, hypercoagulability and endothelial dysfunction, further 
accelerate the progression and burden of AF but also of related diseases like for 
instance heart failure.[15–17]

Thus, not surprisingly, targeting adverse events beyond stroke alone by means 
of integrated disease managements is recommended by the ESC guideline on AF.[6] 
Hereto, the prediction of risks of both cardiac and non-cardiac hospitalisation 
and mortality is an important first step. Because in patients with AF a prediction 
model is already used to predict stroke, it seems ideal to assess whether the same 
prediction model to predict stroke can also be applied to predict all (cardiac and 
non-cardiac) adverse events as it is preferable to use a single prediction model. 
Whether existing prediction models used for estimating stroke risk and initiating 
anticoagulation can be used to predict other adverse outcomes in anticoagulated 
AF patients is, however, yet unknown.

The aim of our study was three-fold. First, to describe the risks for cardiac 
and non-cardiac hospitalisations and mortality in a cohort of older community-
dwelling AF patients already treated with oral anticoagulants; second, to perform 
a systematic literature review to identify and appraise existing prediction models 
for stroke risk in AF patients, and finally, to subsequently validate these models 
for predicting clinically relevant adverse (cardiac and non-cardiac) events in the 
cohort of anticoagulated AF patients.
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METHODS

Study population

The cohort of anticoagulated community-dwelling AF patients was part of the 
CAFe trial, a large prospective cluster-randomised trial evaluating automated 
decision-support on the treatment and outcome of patients with atrial fibrillation 
in general practice in the Netherlands (Trial registration number NTR3741, www.
trialregister.nl).

General practices in the region Utrecht, the Netherlands were invited to par-
ticipate in the CAFe study. From February 2013 until September 2014 a planned 
total of 38 practices enrolled in the study. At baseline, an automated search in 
the registers of these 38 practices identified all patients diagnosed with AF based 
on the International Classification of Primary Care (ICPC)[18] code K78 ‘atrial 
fibrillation/flutter’. In addition, files were scrutinised containing ICPC codes for 
cardiac arrhythmias (K97 ‘Paroxysmal tachycardia’ and K80 ‘Ectopic beats/Extra-
systoles’) as well as files of patients receiving a prescription of antiarrhythmic 
drugs (i.e. amiodarone, sotalol, digoxine and flecainide) and oral anticoagulants 
(i.e. acenocoumarol, phenprocoumon) . Subsequently, for every identified patient, 
the electronic patient file was manually screened by the researchers for correctness 
of AF diagnosis, i.e. whether it was indeed confirmed by electrocardiography. For 
the current study, all patients (already) using oral anticoagulants at baseline were 
included.

Sex and age (in years) were extracted from the electronic patient file. Correctness 
of ICPC codes of relevant cardiovascular and non-cardiovascular comorbidities 
was checked by screening the electronic patient file, and subsequently extracted.

Finally, ATC codes of all drug prescriptions, including oral anticoagulants and 
platelet inhibitors, in the year previous to study inclusion were collected. Drugs 
were categorised into pharmacological subgroups based on second or third level 
ATC code, see Supplemental Material 1.

outcomes

Follow-up lasted a minimum of two years. At follow-up all electronic patient files 
of the included patients with AF were manually scrutinised. Using all available 
information in the electronic patient file, the following outcome variables were 
recorded in the two years after baseline data collection:
– admittance to a home for the elderly (yes/no);
– hospitalisation (yes/no), further classified as:
 –  cardiac hospitalisation
 –  non-cardiac hospitalisation including diagnosis at hospital admission
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– mortality (yes/no), further classified as:
 –  cardiac mortality
 –  non-cardiac mortality including cause of death
Patients were censored at the time of the adverse event, at the time of death, at the 
time of loss to follow up or at the end of the follow-up, whichever came first.

Systematic review of prediction models

We formulated our review aim using the Checklist for critical Appraisal and Data 
Extraction for Systematic Reviews (CHARMS),[19] see Supplemental Material 2. 
To search for all relevant prediction models in AF, we used a previously published 
systematic search[20] on prediction studies and atrial fibrillation from January 1st 
2001 until January 1st 2016, see Supplemental Material 3. For this study, we in-
cluded all studies developing a stroke prediction model, specifically in patients 
with non-valvular AF that used clinical patient characteristics for individual risk 
predictions. Models including predictors that cannot easily be obtained in primary 
or community care – such as echocardiographic measurements or novel laboratory 
biomarkers – were excluded.

Two independent reviewers (SD, AT) used the Checklist for critical Appraisal 
and Data Extraction for Systematic Reviews (CHARMS)[19] for data extraction 
and critical appraisal of the included studies. Any disagreements were resolved 
by discussion.

Ethics Statement

As only de-identified data obtained from routine care were used, the medical ethics 
committee of the University Medical Center Utrecht, the Netherlands, judged the 
CAFe study protocol as exempt from review as it was conducted outside the crite-
ria for the Medical Research Involving Human Subjects Act (WMO). Participating 
general practitioners provided written informed consent.

Data analyses

In every patient, a predictor was considered present if the electronic patient file 
contained a respective diagnosis code(s) (ICPC code), whereas a predictor was 
considered absent when the electronic patient file did not contain a respective 
diagnosis code. As such, there was (strictly speaking) no missing data for the avail-
able ICPC codes.

Incidence rates for each outcome of interest (admittance to a home for the elderly; 
cardiac, non-cardiac and all-cause hospitalisation; and cardiac, non-cardiac and 
all-cause mortality) were expressed as the number of events per 100 person-years 
of follow-up. We tested for differences between the incidence of outcomes from 
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cardiac causes versus non-cardiac causes using a Poisson test with a p-value of 0.05 
as indicative for statistical significance.

We validated each prediction model for each outcome separately. Though the 
reporting of calibration – that is, the agreement between predictions and the 
observed outcome – is strongly advocated,[21] we a priori anticipated models to 
predominantly assign patients with a point-based score, as is most conventional for 
stroke risk prediction models in atrial fibrillation. Consequently, we described the 
observed incidence of each outcome per score. If available, we categorised scores 
into risk categories as defined in the original development studies. Discrimination 
of each model for the separate outcomes was expressed as the C-statistic, indicating 
the proportion in which a prediction model in a random pair of patients allocates 
the higher score to the patient that experiences the adverse event. For all prediction 
models we used Cox proportional hazards models. All analyses were performed in 
R 3.3.2 with the package rms 5.1–0.

Results are reported in accordance with the TRIPOD statement.[21]

RESULTS

Patient characteristics

In the total number of 38 participating general practices, we identified 2,355 pa-
tients with a confirmed diagnosis of AF, of which a total 2,068 (88 %) already used 
anticoagulation at baseline and they were included in the current study. The me-
dian age was 78 (interquartile range (IQR) 69 to 84) years and 1,255 (61 %) was 75 
years or older, and 51 % of the patients were male. Of the common cardiovascular 

TABLE 1. Characteristics of 2,068 community-dwelling AF patients using anticoagulants

n = 2,068 (%)

Median age (IQR) 78 (69 – 84)

Age < 65 years 283 (13.7)

Age 65 – 74 years 530 (25.6)

Age ≥ 75 years 1255 (60.7)

Female Sex 1017 (49.2)

Heart failure 419 (20.3)

Hypertension 1296 (62.7)

Diabetes 503 (24.3)

Stroke 368 (17.8)

Renal Disorder 331 (16)

Vascular disease 571 (27.6)

IQR = interquartile range
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risk factors, hypertension was most prevalent (63 %). See Table  1 for the patient 
characteristics. At baseline 97.1 % of patients used a VKA, and 2.9 % used a DOAC 
(all dabigatran). Supplemental Material I shows the subgroups of most frequently 
prescribed drugs in the year before the start of the study.

outcomes

Total follow-up was 5,133 person-years (median follow up 2.7 years, IQR 2.2 to 
3.0 years). Despite anticoagulant treatment, stroke occurred in 87 patients with an 
incidence rate of 1.73 per 100 person-years.

Admissions to home for the elderly and hospital

In total 61 patients were institutionalised to a home for the elderly (incidence rate 
1.19 per 100 person-years) and 879 patients were admitted at least once to the 
hospital (22.1 per 100 person-years). Hospitalisation occurred most frequently for 
non-cardiac causes as compared to cardiac causes (incidence rates 15.7 and 7.6 per 
100 person-years, respectively). Table 2 shows the reasons for non-cardiac hospi-
talisation. Infectious diseases, internal diseases, cancer and pulmonology condi-
tions accounted for half of all admission. About one third was admitted to surgery 
or orthopaedics, 116 because of falls of which 75 (65 %) had traumatic fractures.

TABLE 2. Non-cardiac causes for hospitalisation

n (%) n (%)

Cancer 72 (10.5)

Breast 8 (11.1)

Digestive tract 24 (33.3)

Respiratory tract 8 (11.1)

Urogenital tract 21 (29.2)

Neurologic 3 (4.2)

Hematologic 3 (4.2)

Other 5 (6.9)

Infectious/Internal disease 232 (34.0)

Urogenital tract 28 (12.1)

Respiratory tract 63 (27.2)

Digestive tract 16 (6.9)

Skin 16 (6.9)

Other infectious disease 12 (5.2)

Other internal disease 97 (41.8)

orthopaedics 120 (17.6)

Elective 45 (37.5)

Fractures 75 (62.5)

Surgery 119 (17.4)
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TABLE 2. Non-cardiac causes for hospitalisation (continued)

n (%) n (%)

Vascular 27 (22.7)

Fall, no fractures 41 (34.5)

Other 51 (42.9)

Pulmonology 36 (5.3)

COPD 21 (58.3)

Other 15 (41.7)

neurology 40 (5.9) 40 (100)

urology/gynaecology 27 (4.0) 27 (100)

other 37 (5.4) 37 (100)

Mortality

In total 343 patients died (crude incidence rate 6.7/100 person-years), of whom 
87 patients (incidence rate 1.7/100 person-years) died from a cardiac cause. In the 
258 non-cardiac deaths (incidence rate 5.0/100 person-years) cancer and infectious 
disease again were the most frequent causes.

Systematic review and included prediction models

The systematic literature search identified 10 studies that were subjected to full text 
evaluation. Of these, inclusion criteria were not met in four studies, resulting in a 
final selection of six model development studies. See Figure 1 for a flowchart of the 
systematic literature review. For the QStroke model[22] data on ethnicity, social 
deprivation score, smoking status and multiple clinical measurements were not 
available, as was ‘time in therapeutic range’ (TTR) in the AMADEUS model.[23] 
We were unable to validate these models, leaving a total of four models.[4,24–26]

Results of the critical appraisal of the included studies are shown in Supplemen-
tal Material 4. The data used to develop the models originated from a prospective 
cohort (two studies) and from routinely collected insurance claim healthcare data 
(two studies). All models assigned patients a point-based score, and categorised 
scores into three (n = 3) or four (n = 1) risk categories. Two models predicted stroke, 
two models predicted ischaemic stroke and/or thromboembolism, defined as “sud-
den occlusion of an artery to a visceral organ or extremity”[25] and “peripheral 
embolism or pulmonary embolism”,[4] respectively.

All models included age stratified in two (n = 1), three (n = 1) or more categories 
(n = 2), previous stroke/TIA, diabetes, heart failure and hypertension. Three con-
sidered female sex a risk factor. One model included renal disease.

Two models were internally validated using bootstrapping, one used a random 
1/3 sample of the total dataset. Two studies reported on an external validation in 
an independent population.
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FIguRE 1. Flowchart of the systematic literature review

Validation of the prediction models

Table 3 shows the distribution of patients across scores on CHADS2, Framingham 
Stroke Risk Score, CHA2DS2-VASc and ATRIA. Using the risk categories as pre-
sented in the original development studies, there were substantial differences in 
the proportion of patients considered at low risk by each model. As a consequence, 
the observed incidence rates for patients in the low risk category varied widely 
for all outcomes, see Table 4. This is further illustrated by Figure 2, showing the 
number of patients and all-cause hospitalisations in the ‘low risk’ and the ‘inter-
mediate/high risk’ categories for each model. For instance, the Framingham and 
the CHA2DS2-VASc models classified only 2.9 % and 2.7 % patients as low risk, 
respectively with as a result very few all-cause hospitalisations in this category (6.1 
and 4.7 per 100 person-years). Conversely, the ATRIA model considered 34.7 % of 
patients as low risk, with a resulting IR of 15.7 %.
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TABLE 3. The distribution of 2,068 community-dwelling AF patients using anticoagulants across 
scores on the CHADS2, Framingham Stroke Risk Score, CHA2DS2-VASc and ATRIA models.

CHADS2 Framingham CHA2DS2-VASc ATRIA

Score 0 224 (10.8) 44 (2.1) 55 (2.7) 58 (2.8)

1 528 (25.) 17 (0.8) 148 (7.2) 104 (5.0)

2 669 (32.4) 63 (3.0) 338 (16.3) 69 (3.3)

3 368 (17.8) 55 (2.7) 424 (20.5) 95 (4.6)

4 175 (8.5) 64 (3.1) 476 (23.0) 179 (8.7)

5 85 (4.1) 99 (4.8) 329 (15.9) 213 (10.3)

6 19 (0.9) 97 (4.7) 187 (9.0) 256 (12.4)

7 103 (5.0) 79 (3.8) 329 (15.9)

8 144 (7.0) 26 (1.3) 312 (15.1)

8+ 1381 (66.5) 6 (0.3) 452 (21.9)

Category * Low 224 (10.8) 61 (2.9) 55 (2.7) 718 (34.7)

Int. 528 (25.5) 182 (8.8) 148 (7.2) 256 (12.4)

High 1316 (63.6) 1825 (88.3) § 1865 (90.2) 1094 (52.9)

Numbers are counts (%); Int = intermediate
* Low risk category as defined in the original development studies:
CHADS2 = 0 points; Framingham = 0–1 points; CHA2DS2-VASc = 0 points; ATRIA 0–5 points
§ Two highest risk categories combined

TABLE 4. Incidence rates for each score on the CHADS2, Framingham Stroke Risk Score, CHA2DS2-
VASc and ATRIA models.

Table 4.1 All-cause hospitalisation:

CHADS2 Framingham
CHA2DS2-
VASc ATRIA

n py IR n py IR n py IR n py IR

Score 0 59 609 9.7 7 117 6.0 7 150 4.7 7 150 4.7

1 200 1353 14.8 3 48 6.2 40 400 10.0 30 225 13.3

2 306 1662 18.4 15 168 8.9 125 883 14.2 28 146 19.2

3 175 873 20.1 13 145 8.9 187 1084 17.3 29 214 13.6

4 87 403 21.6 28 165 16.9 210 1183 17.8 67 379 17.7

5 37 187 19.8 37 262 14.1 152 761 20.0 84 445 18.9

6 15 47 32.2 42 254 16.6 104 416 25.0 114 504 22.6

7 46 262 17.5 35 184 19.0 161 596 27.0

8 61 364 16.8 14 60 23.3 145 551 26.3

8+ 627 3347 18.7 5 14 36.7 214 762 28.1

Category * Low 59 609 9.7 10 165 6.1 7 150 4.7 245 1558 15.7

Int. 200 1353 14.8 56 479 11.7 40 400 10.0 114 504 22.6

High 620 3171 19.6 813 § 4489 18.1 832 4583 18.2 520 1909 27.2
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Table 4.2 All-cause mortality

CHADS2 Framingham
CHA2DS2-
VASc ATRIA

n py IR n py IR n py IR n py IR

Score 0 10 609 1.6 1 117 0.9 1 142 0.7 1 157 0.6

1 60 1353 4.4 0 48 0.0 3 336 0.9 2 242 0.8

2 102 1662 6.1 0 168 0.0 35 700 5.0 5 175 2.9

3 85 873 9.7 4 145 2.8 51 845 6.0 7 234 3.0

4 49 403 12.2 6 165 3.6 75 897 8.4 13 417 3.1

5 32 187 17.2 10 262 3.8 84 579 14.5 18 509 3.5

6 6 47 12.9 12 254 4.7 57 288 19.8 33 595 5.6

7 9 262 3.4 26 141 18.4 58 735 7.9

8 21 364 5.8 10 37 26.7 72 660 10.9

8+ 281 3347 8.4 2 7 30.8 135 903 15.0

Category * Low 10 609 1.6 1 165 0.6 1 142 0.7 46 1733 2.7

Int. 60 1353 4.4 10 479 2.1 3 336 0.9 33 595 5.6

High 274 3171 8.6 333 § 4489 7.4 340 3494 9.7 265 2297 11.5

py = person-years/100; IR = incidence rate per 100 person-years
* Low risk category as defined in the original development studies:
CHADS2 = 0 points; Framingham = 0–1 points; CHA2DS2-VASc = 0 points; ATRIA 0–5 points
§ Two highest risk categories combined

Discrimination

For each individual outcome, discrimination was modest and c-statistics of the 
different models were comparable. For example, the c-statistics for all-cause hospi-
talisation ranged from 0.56 (CHADS) to 0.58 (ATRIA).

Discrimination for mortality outcomes was slightly better than for hospitality 
outcomes for all models (median of c-statistics of all models 0.65 for all mortality 
outcomes combined compared to 0.57 for all hospitalisation outcomes combined).

DISCUSSION

In a prospective cohort of community-dwelling anticoagulated patients with atrial 
fibrillation, rates of hospitalisation and mortality were high and more often due to 
non-cardiac causes rather than to cardiac causes and exceeding the risk of stroke. 
We validated four easy-to-apply models to predict clinically relevant outcomes 
other than stroke in anticoagulated AF patients. Substantial differences were found 
in the number of patients classified as low risk and their respective risk, discrimi-
nation between different models was comparable but rather low for each outcome.
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For full appreciation of these results, several points need further consideration. 
Stroke risk and prevention with oral anticoagulants traditionally form the main-
stay in the treatment of atrial fi brillation, with well-addressed concerns about 
undertreatment.[27] Current literature shows a trend of increasing uptake of oral 
anticoagulants[28,29] and consequently rates of hospitalisation and mortality now 
far exceed that of ischaemic stroke. For this study, we only used data of patients 
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that were already on anticoagulants, and indeed this included over 85 % of all AF 
patients currently enlisted with the participating GPs from this study with an 
incidence rate of stroke of 1.7 per 100 person-years.

Previous research studied the occurrence of adverse events other than stroke 
with somewhat conflicting results. For instance, elderly patients in the ORBIT-AF 
registry and the Euro Heart Survey were more frequently hospitalised than the 
patients in our study with rates of ~30 %/year, and mainly for cardiovascular 
disease not otherwise specified.[11,30] Conversely, in primary care AF patients in 
Germany hospitalisation occurred in 18.5 % of patients each year, largely similar 
to our findings.[31] For mortality, similar differences between patient populations 
are observed. Patients in our cohort died mainly from non-cardiac causes, whereas 
in the contemporary DOAC trials[32] and in the EORP AF registry in cardiology 
clinics,[33] death from a cardiac cause was most frequent with IRs around 2.2 % 
and per 100 person-years. These conflicting findings on the comparative risks 
for cardiac and non-cardiac hospitalisation and mortality in AF patients may be 
explained by the clinical setting and patient population of each study, further 
exemplified by a Danish study where particularly in older AF patients non-cardiac 
hospitalisation outnumbered cardiac hospitalisation[34], similar as in our study. 
Where in cardiology clinic populations cardiac arrhythmia related admissions and 
interventions (including e.g. ablation procedures) may (still) predominate, the 
possibly older and multi-morbid community-dwelling population with chronic AF 
are at risk of adverse outcomes across multiple organ systems. In our cohort, we 
predominantly observed hospitalisations for infectious diseases and cancer. This 
further strengthens recent recommendations, also from the European Society of 
Cardiology, that managing AF patients requires an integrated approach using mul-
tidisciplinary teams, likely including at least community care specialists, cardiolo-
gists and hospitalists.[6] Considering the growing body of evidence suggesting the 
interplay of co-morbidities, aging and processes such as inflammation and fibrosis 
that subsequently interact with AF, its symptoms and its complications,[11,16] this 
recommendation applies even more so to older chronic AF patients most often pre-
dominantly managed in general practice, like the patients included in our cohort.

By targeting relevant adverse events beyond stroke in those patients at highest 
risk, this integrated approach could be an effective and efficient strategy in manag-
ing chronic AF. Herein, risk prediction and identification of patients at increased 
risk may be considered an important first step. Rather than developing new predic-
tion models to estimate other adverse events beyond stroke risk in individual AF 
patients, ideally already existing prediction models for stroke can be helpful for 
this task. It is not uncommon for a prediction model to be used for other purposes 
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than originally intended, such as predicting fatal cardiovascular events with the 
Framingham model while developed for non-fatal events only.[35]

This, however, has not extensively been studied yet. Although previous studies 
have looked into predicting different adverse events, they assessed only one or two 
prediction models,[36] or included specific populations, e.g. AF patients with heart 
failure[37] or after atrial fibrillation ablation.[38]

Our study, on the other hand, investigates the value of multiple prediction mod-
els based upon a systematic literate review for the prediction of multiple adverse 
events. It shows that such models can certainly be of value, for three reasons.

First, the prediction models differed substantially in the proportion of AF pa-
tients considered at low risk for each outcome and, subsequently, in the observed 
incidence rates for ‘low risk patients’. Although the Framingham and CHA2DS2-
VASc model considered only ~3 % of AF patients as ‘low risk’ and seem unfit to 
identify a reasonable target population for integrated care planning, the ATRIA 
model considered 35 % of patients as ‘low risk’. Based on this characteristic it 
certainly seems a candidate model to be used for predicting adverse events other 
than stroke.

Second, all models showed similar c-statistics for the several outcomes under 
study. Although modest at best, these are not different from those commonly 
reported in studies validating a model for predicting stroke.[20,39] Despite poor 
discrimination, models for predicting stroke are widely recommended[5–7] and 
indispensable for tailoring anticoagulant therapy in atrial fibrillation. Provided 
they identify a realistic proportion of patients as low risk, they may be of equal 
value for predicting adverse events as well.

Third, the included models mostly consisted of traditional cardiovascular risk 
factors, though discrimination for non-cardiac outcomes was comparable to 
cardiac outcomes. It may be hypothesised that a patient’s score on each model 
represents a frailty of adverse outcomes in general rather than a cardiovascular risk 
profile. This clinically relevant insight further strengthens the potential of using 
stroke risk prediction models in integrated care planning, despite discrimination 
overall being modest.

Strengths and limitations

Strengths of our study include the large and representative cohort of community-
dwelling AF patients using anticoagulation and a follow-up of over two years. 
Practices covered urban, suburban and rural areas and patients were included ir-
respective of (co-)treatment by a cardiologist. We furthermore were able to perform 
a thorough systematic literature review identifying all currently available easy-to-
use prediction models for stroke prevention in AF patients.
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An important limitation is the lack of biomarker information in our study. Cur-
rently under great interest,[40,41] these hold promises for better risk prediction in 
atrial fibrillation. Our study however aims at risk prediction in general practice, 
where (novel) biomarkers are not available.

Clinical implication and future considerations

Our results show that in the current era of highly effective anticoagulants, com-
munity-dwelling patients with atrial fibrillation are at high risk of adverse events 
other than ischaemic stroke and that risk prediction using existing models may be 
an important first step towards integrated AF care. Our findings suggest that the 
Framingham and CHA2DS2-VASc model may be unable to support physicians in 
identifying target populations for such care, as AF patients are rarely considered 
as ‘low risk’. The ATRIA seems a promising model classifying meaningful pro-
portions of patients into risk categories, with increasing incidence rates for each 
relevant adverse outcome. Future steps include the effect of using such a model in 
integrated care for AF patients. The increasing availability of biomarkers, not only 
novel tests under scientific evaluation but also established markers available as 
point-of-care test in general practice, may hold promises for better risk prediction 
and stratification.

CONCLUSION

In well-anticoagulated community-dwelling patients with atrial fibrillation stroke 
risk is effectively reduced and thus fairly low, whereas risks of hospitalisation and 
mortality remain high, importantly mainly for non-cardiac causes. Of the currently 
available stroke prediction models, the ATRIA model may be considered for pre-
dicting adverse events other than stroke.
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SUPPLEMENTAL MATERIAL 1. MOST FREQUENTLY 
PRESCRIBED DRUGS, PER PHARMACOLOGICAL SUBGROUP

ATC group n %

Beta blocking agents 1397 67,6

Agents acting on the renin-angiotensin system 1121 54,2

Diuretics 1007 48,7

Drugs for peptic ulcer and gastro-oesophageal reflux disease 896 43,3

Lipid modifying agents, plain 885 42,8

Antibacterials for systemic use 775 37,5

Calcium channel blockers 511 24,7

Anxiolytics, hypnotics and sedatives 469 22,7

Drugs for obstructive airway diseases 454 22

Corticosteroids, dermatological preparations 433 20,9

Drugs for constipation 431 20,8

Blood glucose lowering drugs, excl. insulins 372 18

Antiarrythmics, class I and III 355 17,2

Platelet aggregation inhibitors, excl. heparin 323 15,6

opioids 309 14,9

Corticosteroids for systemic use, plain 304 14,7

other analgesics and antipyretics 259 12,5

Calcium supplements 252 12,2

Vitamins 225 10,9

Antiinflammatory and antirheumatic products, non-steroids 203 9,8

Decongestants and other nasal preparations for topical use 203 9,8

Antifungals for dermatological use 190 9,2

Antidepressants 183 8,8

Drugs used in benign prostatic hypertrophy 175 8,5

Drugs affecting bone structure and mineralisation 150 7,3

Antihistamines for systemic use 134 6,5

Insulins and analogues 130 6,3

Antacids 119 5,8

Iron preparations 95 4,6

Vitamin B12 and folic acid 85 4,1

Heparin 72 3,5

Antipsychotics 56 2,7
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SUPPLEMENTAL MATERIAL 2. CHARMS REVIEW AIM

Item

1. Type of model Stroke prediction models for patients with atrial 
fibrillation

2. Intended scope of review Identify and appraise models to inform physicians’ 
decision making

3. Type of modelling studies Prediction model development studies

4. Target population to whom the model applies Adult patients with non-valvular atrial fibrillation

5. outcomes to be predicted Stroke, Stroke/TIA, thrombo-embolism or a 
combination thereof

6. Time span One year or longer

7. Intended moment of using the model Any moment in time after initial diagnosis of atrial 
fibrillation

SUPPLEMENTAL MATERIAL 3. SEARCH STRATEGY

Search string PubMed:

(((Validat* OR Predict*.ti. OR Rule*) OR (Predict* AND (Outcome* OR Risk* OR 
Model*)) OR ((History OR Variable* OR Criteria OR Scor* OR Characteristic* OR 
Finding* OR Factor*) AND (Predict* OR Model* OR Decision* OR Identif* OR 
Prognos*)) OR (Decision* AND (Model* OR Clinical* OR Logistic Models/)) OR 
(Prognostic AND (History OR Variable* OR Criteria OR Scor* OR Characteristic* 
OR Finding* OR Factor* OR Model*))) OR (stratification OR (“ROC Curve”[Mesh]) 
OR discrimination OR discriminate OR c-statistic OR (c AND statistic) OR (area 
under the curve) OR auc OR calibration OR indices OR algorithm OR multivari-
able)) AND (atrial fibrillation)

Search string Embase:

(((validat* OR predict*.ti. OR rule*) OR (predict* AND (outcome* OR risk* OR 
model*)) OR ((history/exp OR variable* OR criteria OR scor* OR characteristic* 
OR finding* OR factor*) AND (predict* OR model* OR decision* OR identif* OR 
prognos*)) OR (decision* AND (model* OR clinical* OR (logistic AND models))) 
OR (prognostic AND (‘history’/exp OR variable* OR criteria OR scor* OR charac-
teristic* OR finding* OR factor* OR model*))) OR (‘stratification’/exp OR (roc AND 
curve) OR discrimination OR discriminate OR ‘c statistic’ OR (c AND statistic) OR 
(area AND under AND the AND curve) OR ‘auc’/exp OR ‘calibration’/exp OR 
indices OR ‘algorithm’/exp OR multivariable)) AND (‘atrial fibrillation’/exp OR 
‘atrial fibrillation’) AND ‘article’/it



Chapter 4

108

SUPPLEMENTAL MATERIAL 4. CRITICAL APPRAISAL OF THE 
INCLUDED STUDIES

Author and year 
of publication gage 2001 [1] Wang 2003 [2] Lip 2010 [3] Singer 2013[4]

Rule CHADS2 Framingham CHA2DS2-VASc ATRIA

Data source Insurance 
beneficiaries

Framingham 
prospective cohort

Euro Heart Survey Insurance health 
plan members

outcome Stroke Stroke, or stroke and 
death

Stroke/Thrombo-
embolism

Stroke/Thrombo-
embolism

Predictors Age > 75 (1) Age 11 categories 
(with 0–10 points)

Age > 65 or > 75 
(with respectively 1 
or 2 points)

Age < 65 / 65–74 / 
75–84 / > 85 (with 
respectively 0 / 3 / 5 
/ 6 points)

Recent CHF 
exacerbation (1)

– LV or RV 
dysfunction (1)

Chronic heart failure 
(1)

Diabetes type 1 or 
2 (1)

Diabetes (5) Diabetes unspecified 
(1)

Diabetes unspecified 
(1)

– Female (6) Female (1) Female (1)

Previous Stroke/
TIA (2)

Prior Stroke/TIA (6) Previous stroke/
TIA/TE (2)

Previous Stroke 
(adjusted points for 
Age)

History of 
hypertension (1)

Systolic blood 
pressure 5 categories 
(0–4)

Hypertension (1) Hypertension (1)

– – Coronary heart 
disease or peripheral 
vascular disease (1)

–

– – – Proteinuria (1)

– – – eGFR < 45 or ESRD 
(1)

Patient selection Beneficiaries 
with chronic or 
recurrend AF during 
hospitalisation

Patients in the 
original and 
offspring cohort of 
the Framingham 
Heart Study

Patients visiting 
cardiology clinics 
participating in the 
Euro Heart Survey

Healthplan 
members with 
outpatient ICD code 
atrial fibrillation

Treatment 
received 
described

Clearly described Clearly described Clearly described Not described

Data collection Manual record 
review

During Framingham 
follow-up visits, or 
review of inpatient/
outpatient clinic 
visits

During clinic visit 
at enrolment and 1 
year follow-up

ICD-9 codes, drug 
prescriptions and 
lab measurements 
extracted from 
relevant databases
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Author and year 
of publication gage 2001 [1] Wang 2003 [2] Lip 2010 [3] Singer 2013[4]

Predictors

candidate 
predictors

Independent 
predictors in either 
the AFI or SPAF 
rules (based on data 
from aspirin clinical 
trials)

Use of hypertensive 
medication, prior 
MI, prior congestive 
HF, prior stroke/
TIA, current 
smoking, ECG LVH, 
diabetes, heart 
murmur suspected 
of valvular heart 
disease except mitral 
stenosis

Based on 
Birmingham/
NICE stroke risk 
stratification schema

10 candidate 
predictors from 
literature: age, 
female sex 
prior ischaemic 
stroke, diabetes, 
heart failure, 
hypertension, CAD, 
PAD, urine dipstick 
proteinuria, and 
low eGFR or ESRD 
requiring dialysis. In 
addition, total WBC 
as an inflammatory 
marker and an 
episode of herpes 
zoster

definition Relevant and clear 
definition

Relevant and clear 
definition

Relevant and clear 
definition

Relevant, definition 
based on ICD code

assessed blinded 
for outcome

Unclear Unclear but 
prospective study 
design

Unclear but 
prospective study 
design

Unclear but 
prospective study 
design

outcome

definition Hospitalisation for 
stroke or TIA, ICD 
code

Panel of 3 members 
using all relevant 
information

As diagnosed by a 
neurologist

Medical records 
reviewed by 2 
physicians

same outcome in 
all patients

Yes Yes Yes Yes

assessed blinded 
for predictors

Unclear No Unclear Unclear

Sample size 
and number of 
outcomes

1733 patients
71 admitted for 
stroke, 23 admitted 
for TIA

705 patients
111 strokes, 485 
stroke or death 
without censoring 
OAC;
83 strokes, 382 
stroke or death with 
censoring

1084 patients
25 events

In total sample: 
10927 patients and 
685 TE events
In 2/3 derivation 
sample: 7284 
patients and 456 TE 
events

Missing data

% missing data Not reported 13 % missing 
covariate data

31 % of cases with 
missing outcome 
data

3.5 % WBC, 2.8 % 
eGFR, 22.2 % 
proteinuria

handling missing 
data

N.A. Patients excluded Patients excluded Lab measurements 
assumed to be 
normal

Follow-up Mean 1.2 years, 
median 1.0

Mean 4.3 years, 
mean 4.0 years after 
censoring OAC

1 year Median 2.4 years
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Author and year 
of publication gage 2001 [1] Wang 2003 [2] Lip 2010 [3] Singer 2013[4]

Model 
development

type of model Exponential survival 
model

Cox proportional 
hazard model

Logistic regression 
model

Cox proportional 
hazard model

predictor 
selection

Selection beforehand Age and blood 
pressure forced 
into model, other 
predictors forward 
selected with p > 0.1

Predictors backward 
selected with p > 0.1, 
variables in the final 
model if p < 0.05

Backward selection 
with variables in 
the final model 
p < 0.05 in > 60 % of 
bootstrap samples

events per 
variable

> 10 > 10 < 10 > 50

correction for 
optimism

none none none bootstrapping

Model 
performance

c-statistic
stroke risk per score

c-statistic
calibration O:E with 
Hosmer-Lemeshow 
test
stroke risk per score

c-statistic
stroke risk per score

c-statistic
Goodness-of-fit for 
calibration
Stroke risk per score

Model 
evaluation

internal 
validation

Bootstrapping Bootstrapping none Random split 
sample 2/3 
derivation, 1/3 
validation

external 
validation

none none none External 
contemporary 
ATRIA-CVRN 
cohort

Results c-statistic 0.82 (95 % 
C.I. 0.80–0.84)
Stroke risk per score

c-statistic 0.66 (SD 
0.03) for stroke
Stroke risk per score

c-statistic 0.61 (95 % 
C.I. 0.51–0.70)
Stroke risk per score

c-statistic in 
derivation 0.74 (95 % 
C.I. 0.72–0.76);
c-statistic in internal 
validation 0.72 (95 % 
C.I. 0.68–0.75)
c-statistic in external 
validation 0.70 (95 % 
C.I. 0.67–0.72)

CHF = congestive heart failure; LV = left ventricle; RV = right ventricle; TE = thrombo-embolism; 
eGFR = estimated glomerular filtration rate; ESDR = end stage renal disease; MI = myocardial infarc-
tion; HF = heart failure; LVH = left ventricular hypertrophy; CAD = coronary artery disease; PAD 
= peripheral artery disease; WBC = white blood cell count; OAC = oral anticoagulant; N.A. = not 
applicable; O:E = observed:expectated
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ABSTRACT

Aims: Heart failure (HF) often co-exists in atrial fibrillation (AF) but is often 
unrecognised due to overlapping symptomatology. Furthermore, AF can cause 
elevated natriuretic peptide levels, impairing its diagnostic value for HF-detection. 
Our aims were twofold; first, to assess the prevalence of previously unknown HF 
in community-dwelling patients with AF, and second to determine the diagnostic 
value of the natriuretic peptide NTproBNP for HF-screening in AF patients.
Methods and results: Individual participant data from four HF-screening studies 
in older community-dwelling persons were combined. Presence or absence of HF 
was in each study established by an expert panel following the criteria of the Euro-
pean Society of Cardiology. We performed a two-stage patient-level meta-analysis 
to calculate traditional diagnostic indices.

Of the 1,941 individuals included in the 4 studies, 196 (10.1 %) had AF at baseline. 
HF was uncovered in 83 (43 %) of these 196 patients with AF, versus 381 (19.7 %) 
in those without AF at baseline. Median NTproBNP levels of AF patients with and 
without HF were 744 pg/mL and 211 pg/mL, respectively. At the cut-point of 125 
pg/mL, sensitivity was 93 %, specificity 35 %, and positive and negative predictive 
values 51 % and 86 %, respectively. Only 23 % of all AF patients had an NTproBNP 
level below the 125 pg/mL cut-point, with still a 13 % prevalence of HF in this 
group.
Conclusion: The prevalence of HF is high among community-dwelling patients 
with AF. Given its diagnostic accuracy, screening for HF with NTproBNP is inef-
ficient in AF patients and straightforward echocardiography should be considered.
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INTRODUCTION

Atrial fibrillation (AF) and heart failure (HF) are both associated with an increased 
risk of hospitalisations and mortality, and with high healthcare costs.[1,2] They 
share common causes, may both, at least partly, be considered as accelerated aging 
of the heart and one disease likely develops in the presence of the other.[3,4] Pa-
tients with concomitant heart failure and atrial fibrillation have a worse prognosis 
than those with either disease in isolation,[5–12] and if occurring simultaneously it 
may be necessary to adjust anticoagulation therapy,[13,14] and the prescription or 
dosage of beta-blockers.[15]

Heart failure, however, is frequently unrecognised in patients with AF. Both 
diseases share key symptoms, e.g. shortness of breath and reduced exercise toler-
ance. To improve uncovering heart failure in high risk patients with AF, simple 
diagnostic approaches are needed, in particular in community healthcare settings 
where extensive imaging tests such as echocardiography are not readily available.

In patients admitted to the hospital for acute dyspnoea, however, amino-terminal 
pro B-type natriuretic peptides (NTproBNP) had a lower diagnostic capacity to 
uncover heart failure in patients with AF, than in those without AF,[16] as both 
may cause elevated serum B-type natriuretic peptide levels due to (episodes of) 
increased left ventricular wall stress. It is unknown whether NTproBNP can ef-
ficiently be used to screen for heart failure in patients with atrial fibrillation or 
whether a different diagnostic work-up scheme needs to be considered. We were 
able to use individual participant data from four screening studies for heart failure 
in general practice to address the current aims: first, we assessed the prevalence 
of heart failure in community-dwelling older high-risk patients with atrial fibril-
lation. Next, in this population we investigated whether a simple initial test with 
NTproBNP can efficiently be used to screen for heart failure.

METHODS

Data source and study population

We used the individual participant data from four screening studies which each 
focussed on uncovering heart failure in community-dwelling people aged 60 years 
and over, and at increased risk for heart failure. The studies included, respectively 
people (1) ≥ 65 years with chronic obstructive pulmonary disease, (2) ≥ 65 years 
with a recent contact with the general practitioner for shortness of breath, (3) ≥ 65 
years with multimorbidity/polypharmacy in combination with shortness of breath 
or reduced exercise tolerance (assessed by questionnaire), and (4) ≥ 60 years with 
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type 2 diabetes. These screening studies were performed in the period 2001 to 2010, 
and described in detail elsewhere.[18–21] All four studies were approved by the 
medical ethics committee of the University Medical Center Utrecht, the Nether-
lands, and all participants in each study gave written informed consent.

We combined anonymised individual participant data from each study into a 
single dataset. Data harmonisation of variables was not needed because the four 
individual studies had a homogenous design.

Definitions and measurements

All patients underwent a similar diagnostic assessment in the four original studies 
with a standardised case record form with information on symptoms, smoking sta-
tus, and medication use, and measurements of height, weight, and blood pressure. 
The pulse was taken, followed by auscultation of the heart and lungs, palpation 
of the apex beat in both supine and left lateral position, and measurement of the 
jugular venous pressure. Finally, inspection of the legs for oedema and/or signs of 
venous insufficiency was carried out.

A standard 12-lead electrocardiogram (ECG) was recorded and classified accord-
ing to the Minnesota coding criteria[22] by a single cardiologist blinded to any 
other diagnostic information.

Serum concentrations of N-terminal pro B-type natriuretic peptide (NTproBNP) 
were measured with a non-competitive immune-radiometric assay (Roche, 
Mannheim, Germany).

Tissue Doppler analysis, M-mode, and two-dimensional transthoracic echo-
cardiography were used in accordance with the American Society of Echocar-
diography guidelines.[23,24] The left ventricular ejection fraction was calculated 
quantitatively by tracing (Simpson’s), or if necessary semi-quantitatively by two-
dimensional visual estimate (“eyeballing”). With pulsed wave Doppler of the 
mitral and pulmonary venous inflow, and tissue Doppler imaging of the mitral 
annulus motion the following items were measured: the ratio of peak early (E) dia-
stolic filling velocity to peak of atrial (A) contraction (E/A) ratio, the early diastolic 
mitral annular velocity (e’) at both the septal and lateral wall, and the average of 
both velocities was used to calculate the E/e’ ratio.[25]

outcome definition

In all studies, an expert panel decided on presence or absence of heart failure. In 
line with the three recent ESC heart failure guidelines: heart failure was considered 
present if patients had symptoms (and signs) suggestive of heart failure and struc-
tural or functional abnormalities with echocardiography in rest.[26–29] Originally, 
those with heart failure according to the panel were classified as HF with a reduced 
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ejection fraction (HFrEF) if the LVEF < 45 %, HF with a preserved ejection fraction 
(HFpEF) if i) LVEF ≥ 45 %, and ii) E/e’ > 13, and/or LA volume index > 34 ml/m2, 
and/or increased wall thickness or LV mass, and as isolated right-sided HF if i) 
LVEF ≥ 45 %, and ii) a calculated systolic pulmonary artery pressure > 40 mmHg 
in the absence of evident left ventricular failure. For the current study, following 
the most recent guidance from the European Society of Cardiology, we reclassified 
it into: HFrEF if LVEF < 40 %, HF mid-range ejection fraction (HFmrEF) if LVEF 
40–49 %, and HFpEF if LVEF ≥ 50 %.

The diagnosis of HF was made by the expert panel based on all diagnostic test 
information including medical history, signs and symptoms, imaging tests includ-
ing echocardiography, ECG and laboratory tests. For two studies[18,19], the results 
of NTproBNP were not available for the panel to prevent incorporation bias in the 
analysis of the added diagnostic value. The panels consisted of an experienced GP, 
and either two cardiologists or one cardiologist and one pulmonologist. In case of 
disagreement, the final diagnosis was made by the majority vote. Reproducibility 
of the panel diagnosis was evaluated by re-assessment of a random sample of 10 % 
of diagnosis and showed high kappa values (range 0.74[30] to 0.92.[18])

Data analysis

Missing data was sparse, but before logistic regression analysis multiple impu-
tation for each study separately was applied.[31] We used descriptive statistics 
expressing baseline characteristics as proportions or median with interquartile 
range. To evaluate the diagnostic value of NTproBNP, we divided patients into 
two groups: 1) those with an ECG-confirmed atrial fibrillation and 2) those without 
atrial fibrillation. For both groups, we calculated the median levels of NTproBNP 
with interquartile ranges for patients with and without heart failure and tested for 
differences using independent sample t-tests with NTproBNP on a log-transformed 
scale.

To evaluate the diagnostic value of NTproBNP we performed two-stage mixed-
effects regression meta-analysis.[32] To quantify discrimination of NTproBNP as a 
continuous variable, we plotted ROC curves and calculated the c-statistic with 95 % 
confidence interval for each study, assessing variation between studies. Consecu-
tively we performed random-effects meta-analysis to combine the four studies.

Next, we used the recommended exclusionary cut-point of 125 pg/mL (14.75 
pmol/L)[29] to calculate sensitivity, specificity for each individual study in all 
patients and in those with and without AF separately, assessing any variation 
between studies. Using the bivariate approach[33] we obtained a summarised 
estimate sensitivity and specificity with 95 % confidence intervals for all four 
studies combined. Using the same bivariate approach, we subsequently calculated 
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positive predictive value (PPV) and negative predictive value (NPV) as described 
by Leeflang et al.[34] This bivariate approach, a random-effects method, models 
pairs of (logit transformed) sensitivity and specificity and predictive values from 
the studies, thereby incorporating any correlation that might exist between these 
measures. We calculated the proportion of patients with an NTproBNP level be-
low the 125 pg/mL cut-point and the prevalence of heart failure in this group. 
Additionally, we applied a higher cut-point of 400 pg/mL as recommended by 
NICE[35] and previously evaluated against the ESC recommended cut-point of 
125 pg/mL.[36] All analyses were performed in R 3.3.0 with packages mice 2.25 
for multiple imputation, lme4 1.1–12 for first stage mixed-effects regression analy-
sis, metafor1.9–8 for random-effects meta-analysis of c-statistic and mada 0.5.7 for 
bivariate random-effects meta-analysis of sensitivity and specificity, and positive 
and negative predictive values.

During the conduct and reporting of our study we used items from the PRISMA-
IPD[17] statement where applicable.

RESULTS

A total of 1,941 patients were included. In 28 patients atrial fibrillation was es-
tablished with the electrocardiogram at the baseline assessment, and another 168 
patients were already known with ECG-confirmed AF. Table 1 shows the character-
istics of the total study population. Patients with atrial fibrillation were, compared 
to those without AF, older, more often male and more often had a history of prior 
myocardial infarction, TIA/stroke, COPD or hypertension.

Nearly half of those with AF used oral anticoagulants (all vitamin K antagonists).

newly detected non-acute heart failure and nTproBnP levels

In total, 464 patients (24.0 %) were diagnosed with previously unrecognised heart 
failure; 72.2 % with HFpEF (LVEF ≥  50 %), 11.1 % with HFmrEF (LVEF 40–49 %), 
14.9 % with HFrEF (LVEF < 40 %), and 1.8 % with right-sided HF. In patients with 
AF, the prevalence of newly detected HF was 42.5 % (HFpEF 66 %, HFmrEF 11 %, 
HFrEF 15 %, right-sided HF 0.07 %). These prevalences were considerably higher 
than in those without AF: 21.9 % (HFpEF 73 %, HFmrEF 11 %, HFrEF 15 %, and 
right-sided HF 0.01 %). Among the four studies separately, the lowest prevalence 
of heart failure was 15 %[21] and the highest 36 %.[20]

In total, median NTproBNP levels were 744.2 pg/mL (88.0 pmol/L) in patients 
with AF and newly discovered HF, 194.5 pg/mL (23.0 pmol/L) in newly detected 
HF cases without AF (p  <  0.001), 211.4 pg/mL (25.0 pmol/L) in patients with 
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AF but without HF, and 93.0 pg/mL (11.0 pmol/L) in those with neither disease 
(p < 0.001). See Figure 1 for the NTproBNP levels, stratified by the four individual 
studies.

Discriminative diagnostic value of nTproBnP

There was some variation in the c-statistic of NTproBNP among the four screen-
ing studies, see Supplemental Material I for the ROC curves and the c-statistics 
of NTproBNP for diagnosing heart failure in each study separately. Using a two-
stage meta-analytical approach, the summary estimate c-statistic of NTproBNP of 
patients from all studies together was 0.77 (95 % CI 0.68 – 0.84). For patients with 
and without known AF, these numbers were 0.75 (95 % CI 0.74 – 0.81) and 0.76 (95 % 
CI 0.67 – 0.83).

TABLE 1. Baseline characteristics of 1,941 older people from the community with an increased risk 
for unrecognised HF (≥ 60 years and type 2 diabetes, ≥ 65 years and chronic obstructive pulmonary 
disease, ≥ 65 years and shortness of breath, and ≥ 65 and multimorbidity), divided in those with and 
without AF

Total
n = 1,941 (%)

with AF
n = 196 (%)

without AF
n = 1,745 (%) p-value

Median age (IQR) 72.3 (67.4–77.7) 75.0 (69.0–79.0) 72.0 (67.1–77.0)

Male sex 964 (49.7) 117 (59.7) 847 (48.5) 0.004

Current smoking 273 (14.1) 21 (10.7) 252 (14.4) 0.19

Comorbidities

History of MI 169 (8.7) 25 (12.8) 144 (8.3) 0.047

COPD* 714 (36.8) 81 (41.3) 633 (36.3) 0.19

Hypertension 1104 (56.9) 118 (60.2) 986 (56.5) 0.36

History of TIA/Stroke 196 (10.1) 34 (17.3) 162 (9.3) < 0.001

Diabetes† 821 (42.3) 84 (42.9) 737 (42.2) 1.00

Cardiovascular drugs

Loop diuretics 172 (8.9) 43 (21.9) 129 (7.4) < 0.001

Thiazide diuretics 465 (24.0) 47 (24.0) 418 (24.0) 1.00

MRA (spironolactone) 30 (1.0) 7 (3.6) 23 (1.3) 0.34

ACE-inhibitors/ARB 772 (39.8) 87 (44.4) 685 (39.3) 0.19

Beta-blockers 557 (28.7) 115 (58.7) 442 (25.3) < 0.001

Digoxin 27 (1.4) 23 (11.7) 4 (0.2) < 0.001

Vitamin K antagonists 152 (7.8) 95 (48.5) 57 (3.3) < 0.001

Platelet inhibitors 581 (29.0) 65 (33.2) 516 (29.6) 0.34

AF = atrial fibrillation, MI = myocardial infarction, COPD = chronic obstructive pulmonary disease, 
MRA = mineralocorticoid receptor antagonists, ACE-inhibitors = angiotensin convertase enzyme 
inhibitors, ARB = angiotensin II receptor blockers.
* Prevalence of COPD when excluding one study with only patients with COPD.[18]
† Prevalence of diabetes when excluding one study with only patients with diabetes.[19]
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nTproBnP cut-point 125 pg/mL and 400 pg/mL

Using the ESC recommended exclusionary cut-point of 125 pg/mL (14.75 pmol/L)
[29] for detecting or excluding heart failure, the summary sensitivity and specific-
ity in the total study population were 78 % (95 % CI 56 – 91 %), and 62 % (95 % CI 
52 – 72 %), respectively, and the positive predictive value (PPV) 39 % (95 % C.I. 30 
– 48 %), and negative predictive value (NPV) 90 % (95 % CI 76 – 96 %). For patients 
with AF, sensitivity and specificity were 93 % (95 % CI 78 – 98 %), and 35 % (95 % CI 
24 – 48 %), respectively. Positive predictive value and negative predictive values 
were 51 % (95 % CI 38 – 65 %) and 86 % (95 % CI 65 – 95 %), respectively (Table 2). For 
the values among the four studies separately, see Supplemental Material II.

In total, 53 % of patients had an NTproBNP level below the cut-point of 125 pg/
mL. For patients with AF this proportion was 23 %, and the prevalence of heart 
failure in this group was 13 %. Of patients without AF 53 % had an NTproBNP 
below 125 pg/mL, in which 10 % heart failure was uncovered.
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Using a previously evaluated higher exclusionary cut-point of 400 pg/mL in-
stead of 125 pg/mL[36] sensitivity and specificity in AF patients were 73 % (95 % CI 
61 – 82 %), and 61 % (95 % CI 49 – 73 %), respectively. Positive predictive value and 
negative predictive values were 59 % (95 % CI 42 – 74 %) and 75 % (95 % CI 61 – 86 %), 
respectively. The proportion of AF patients with an NTproBNP level below this 
cut-point of 400 pg/mL increased compared to cut-point 125 pg/mL from 23 % to 
45 %, but the prevalence of missed HF increased as well from 13 % to 25 %.

DISCUSSION

In this study among 1,941 community-dwelling older people with a high-risk of 
heart failure, heart failure was uncovered in about 1 in every 4 participants, and 
nearly 50 % in those known with AF. The discriminative value (c-statistic) of NT-
proBNP for diagnosing heart failure was similar for those with (0.75) and without 
AF (0.76). Only 23 % of all AF patients had an NTproBNP level below the 125 pg/
mL cut-point, with still a 13 % prevalence of HF in this group.

To the best of our knowledge, this is the first study that evaluated NTproBNP as 
a tool for selective screening for non-acute heart failure in community-dwelling 
patients with atrial fibrillation. Two earlier studies showed that in acute dyspneic 
AF patients in the emergency department setting the c-statistic of NTproBNP for 
detecting HF was 0.89[16] and 0.91, respectively.[37] The overall diagnostic accu-
racy for detecting non-acute HF in patients with AF was much lower in patients 
evaluated in the cardiology outpatient clinic.[38,39] The c-statistic of NTproBNP 
for detecting left ventricular systolic or diastolic dysfunction or valvular disease 
was 0.64 [38] and for detecting heart failure 0.78.[39] This is in line with our results 
(0.75), although both studies selectively included AF patients suspected of heart 
failure, while in our four studies all AF patients were screened. Importantly, these 
published studies were performed in settings in which echocardiography was 

TABLE 2. Diagnostic performance measures of NTproBNP using the exclusionary cutpoint of 125 
pg/mL.

group Sensitivity Specificity PPV nPV

Proportion 
below cut-
point

Prevalence of heart 
failure in those 
below cut-point

All patients 78 (56–91) 62 (52–72) 39 (30–48) 90 (76–96) 53 (50–57) 10 (4–21)

AF patients 93 (78–98) 35 (24–48) 51 (38–65) 86 (65–95) 23 (13–29) 13 (3–42)

no AF patients 74 (52–88) 65 (55–73) 36 (27–46) 90 (75–96) 56 (53–60) 10 (4–20)

Numbers are percentages with 95 % CI; AF = atrial fibrillation; PPV=positive predictive value; 
NPV=negative predictive value
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readily available, thus actually lacking the need for evaluation of the diagnostic 
accuracy of natriuretic peptides. This is different for primary care were access to 
echocardiography is limited, and where readily available laboratory tests that help 
to select those requiring referral for echocardiography to definitely confirm HF and 
determine the type of HF are needed.

Our results suggest that NTproBNP testing for screening for heart failure in high-
risk community-dwelling patients with atrial fibrillation is unnecessary given the 
high prior change of 43 % of concurrent HF. With such a high prior risk of HF and the 
low chance that these patients have a lower NTproBNP value than the exclusionary 
cut-point of 125 pg/mL (only 23 %), NTproBNP does not really help the general 
practitioner in selecting those needing echocardiography. Instead, in older com-
munity patients with AF straightforward echocardiography should be considered.

The underlying mechanism of elevated NTproBNP values is increased wall 
stress in the left ventricle (LV), and to a far lower degree also the right ventricle and 
the atria.[40,41] These levels are very high in studies including patients from the 
emergency department or inpatients, predominantly driven by the abrupt high LV 
wall stress caused by acute HF, values that are in general much higher than caused 
by only AF.[16,37,42,43] Also non-acute HF causes a relatively milder left ventricu-
lar wall stress, and thus lower NTproBNP levels than in acute HF. Importantly, 
those with AF have substantially higher levels of NTproBNP than those with sinus 
rhythm, irrespective of the presence of newly detected slow-onset HF.[38,44]

Several studies tried to assess alternative cut-points for NTproBNP for diagnos-
ing HF in patients with atrial fibrillation presenting at the emergency department. 
These studies, however, are hampered by the fact that the prior risk of previ-
ously unknown HF was very high with 92 % and 63 %, and thus straightforward 
echocardiography should always be considered.[16,37] Even at an extremely high 
NTproBNP cut-points of 3,460 pg/mL the positive predictive value was relatively 
poor with 79 %.[16] In a study in AF patients evaluated in the outpatient setting 
(prior risk of structural heart disease 73 %) a cut-point of 1,764 pg/mL resulted in 
a sensitivity of 69 % and specificity of 77 %, a PPV of 89 % and an NPV of 50 %.[39] 
Jug et al. reported an ‘optimal’ cut-point of 1,297 pg/mL[38], however, without 
mentioning diagnostic accuracy data.

We did not assess an ‘optimal’ cut-point, but instead assessed the efficiency and 
proportion of missed cases for the ESC-guideline recommended exclusionary cut-
point of 125 pg/mL (14.75 pmol/L) in AF patients and, alternatively, 400 pg/mL. 
Further increasing the cut-point for patient with AF in our primary care domain 
would increase the proportion of AF patients with an NTproBNP level below this 
cut-point, but further increase the proportion of missed cases of heart failure specu-
lating on the likely option that they would not be referred for echocardiography.
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Strengths and limitations

The availability of a large dataset, with few missing data, from a representative 
sample of high-risk patients from the older population from the community, and 
the complete work-up of participants and applying the same standardised diag-
nostic procedures and allocation of presence or absence of HF is the major strength 
of our study.

A limitation is that individual studies did show variation in the prevalence of 
heart failure and diagnostic measures, and that expressing statistical heterogeneity 
(e.g. by means of a 95 % prediction interval) between only four studies is method-
ologically not straightforward. We chose to combine all studies nonetheless since 
they all included clinically similar high risk community-dwelling patients and 
study methods and materials were similar. Furthermore, information on the type of 
atrial fibrillation was lacking. Natriuretic peptide levels differ for paroxysmal and 
persistent atrial fibrillation[45] and the time spent in AF (so-called ‘AF burden’).
[46] We were unable to take these possible differences into account.

CONCLUSION

In community-dwelling older people with atrial fibrillation, unrecognised HF is 
very common with nearly 50 %, and straightforward echocardiography seems to 
be the preferred diagnostic strategy to confirm or exclude HF, that is, without prior 
measurement of NTproBNP levels.
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SUPPLEMENTAL MATERIAL 1. ROC CURVES FOR ALL 
PATIENTS, THOSE WITH AF AND THOSE WITHOUT AF FOR 
THE INDIVIDUAL STUDIES
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SUPPLEMENTAL MATERIAL 2. DIAGNOSTIC INDICES IN 
INDIVIDUAL STUDIES

Cut-point 125 mg/mL

Study 1 2 3 4

Prevalence 48 54 49 31

Sensitivity 125 pg/mL All 95 (88–98) 76 (68–82) 78 (68–86) 53 (45–60)

AF 96 (80–99) 96 (82–99) 92 (65–99) 80 (60–91)

no AF 93 (84–97) 71 (61–78) 75 (64–84) 48 (40–56)

Specificity 125 pg/mL All 59 (54–63) 55 (49–62) 56 (51–62) 76 (71–80)

AF 25 (13–43) 35 (20–54) 31 (19–48) 51 (33–68)

no AF 61 (56–65) 58 (51–64) 59 (54–65) 77 (73–81)

PPV 125 pg/mL All 30 (25–36) 49 (42–56) 32 (26–38) 45 (38–53)

AF 53 (39–67) 61 (46–74) 31 (19–48) 59 (42–74)

no AF 26 (21–32) 46 (38–54) 32 (25–39) 43 (35–51)

nPV 125 pg/mL All 98 (96–99) 80 (73–85) 91 (86–94) 81 (77–84)

AF 88 (53–98) 90 (59–98) 92 (65–99) 74 (51–88)

no AF 98 (96–99) 79 (72–85) 90 (85–94) 81 (77–85)

Numbers indicate percentages (95 % CI); PPV = positive predictive value; NPV = negative predictive 
value

Cut-point 400 mg/mL

Study 1 2 3 4

Prevalence 48 54 49 31

Sensitivity 400 pg/mL All 48 (38–58) 38 (30–46) 46 (35–56) 23 (17–30)

AF 70 (49–84) 73 (55–86) 92 (65–99) 70 (50–84)

no AF 42 (31–53) 29 (21–38) 38 (28–50) 14 (10–21)

Specificity 400 pg/mL All 93 (91–95) 93 (89–96) 89 (85–92) 97 (95–98)

AF 65 (46–81) 70 (51–84) 46 (30–62) 69 (50–83)

no AF 95 (92–96) 96 (93–98) 94 (91–96) 99 (97–99)

PPV 400 pg/mL All 57 (46–67) 76 (64–85) 52 (41–63) 73 (59–83)

AF 64 (45–80) 72 (53–85) 37 (22–54) 66 (47–82)

no AF 53 (40–66) 80 (65–90) 62 (48–75) 79 (60–90)

nPV 400 pg/mL All 91 (88–93) 73 (68–78) 86 (82–90) 77 (73–80)

AF 71 (51–85) 71 (52–85) 94 (73–99) 72 (53–86)

no AF 92 (89–94) 73 (67–78) 86 (82–89) 77 (73–80)

Numbers indicate percentages (95 % CI); PPV = positive predictive value; NPV = negative predictive 
value
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ABSTRACT

Background: Research on prognostic prediction models frequently uses data from 
routine healthcare. The disadvantage is the risk of misclassification of predictors 
which may strongly affect the associations studied. There is no doubt that such 
misclassification could lead to the derivation of suboptimal prediction models. The 
extent to which such misclassification affects the validation of existing prediction 
models is currently unclear.
AIM: A case study to quantify the amount of misclassification in routine care data 
and its effect on the validation of an existing risk prediction model; the CHA2DS2-
VASc clinical prediction model for predicting mortality in patients with atrial 
fibrillation (AF).
Methods: In a prospective cohort in general practice in the Netherlands, we used 
computerised retrieved data from the electronic medical records of patients with 
AF as index predictors. Additionally, manually collected data after scrutinising all 
complete medical files were used as reference predictors. Comparing the index 
with the reference predictors, we assessed misclassification in individual predic-
tors by calculating Cohen’s kappas and univariable hazard ratios (HR) for mortal-
ity. Predictive performance was quantified by the c-statistic and by determining 
calibration of multivariable models.
Results: In total 2,363 AF patients were included. After a median follow-up of 2.7 
(IQR 2.3 – 3.0) years, 368 patients died (incidence rate 6.2 deaths per 100 person-
years). Misclassification in individual predictors ranged from substantial (Cohen’s 
kappa 0.56 for prior history of heart failure) to minor (kappa 0.90 for a history of 
type 2 diabetes). The HR from univariable Cox analysis was 2.1 for heart failure 
using index predictors, and 1.7 with reference predictors. For type 2 diabetes HRs 
were 0.81 and 0.83, respectively. The overall model performance was not affected 
by the misclassification between index and reference predictors of the CHA2DS2-
VASc model with a c-statistic of 0.684 for index and 0.681 for reference predictors, 
and similar calibration.
Conclusion: Even in the presence of substantial predictor misclassification in 
routine healthcare data, the overall performance of a prediction model was not 
negatively affected. Although our study should be repeated for other often applied 
prediction models, our findings suggest that routinely available health care data 
are a useful source when validating prognostic models, despite misclassification in 
some of the variables.
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INTRODUCTION

Prognostic prediction models aim to estimate the probability that a certain outcome 
may develop in the future, and in many medical fields they are essential in assist-
ing clinical decision making. Studies on prediction models include development, 
validation, updating and implementation, and frequently rely on large datasets 
from routine healthcare.[1] Derived from, for instance, electronic health records 
or administrative databases, these data offer great potential for clinical research. 
After a prediction model is developed and its potential usefulness is recognised it 
is typically validated, possibly using routine health care data, in different health 
care settings and various countries to justify its application.

Yet, while the validity of routine healthcare data[2] and implications of poten-
tial misclassification on studied associations[3–7] are well-addressed in general, 
misclassification in predictors in the context of prognostic research specifically, has 
received little attention. Even though the RECORD statement[2] suggests to as-
sess the accuracy of categorical routine health care variables by comparing them 
to a reference standard using diagnostic test accuracy measures (i.e. sensitivity, 
specificity, positive and negative predictive values) or kappa coefficients, it is still 
unknown whether this approach sufficiently captures the potential bias and/or 
imprecise inferences that may arise when validating existing prediction models.

Using the well-known CHA2DS2-VASc model as a case study, we aimed to 
further explore the influence of predictor misclassification on the validation of a 
prediction model when using routine health care or registry data.

First, we quantified the amount of misclassification present in routine care 
registry data of a representative sample of patients with atrial fibrillation (AF) in 
general practice. Second, we assessed the influence of predictor misclassification 
on the accuracy of the CHA2DS2-VASc model to predict mortality when validated 
on such data.

METHODS

Clinical setting and the CHA2DS2-VASc prediction rule

For this study, we assessed the prediction of all-cause mortality in patients with 
atrial fibrillation using the previously developed and validated CHA2DS2-VASc 
prediction rule. AF is the most common cardiac arrhythmia, with a prevalence of 
1–2 % in the general population.[8] It is a major risk factor for ischaemic stroke, 
hence the prediction (and subsequent reduction) of stroke risk is a mainstay in 
the treatment of AF.[9] Practice guidelines[10–12] recommend the use of a clinical 
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prediction rule, of which the CHA2DS2-VASc rule is now most commonly recom-
mended and used. This rule was developed in 2010 by Lip et al.[13], as an update 
to the earlier CHADS2 score,[14] and originally intended to predict either an 
ischaemic stroke, peripheral embolism, or pulmonary embolism by assigning AF 
patients points for congestive heart failure (1 point), hypertension (1 point), age 
above 75 years (2 points), diabetes (1 point) and prior stroke (2 points), age above 
65 (1 point), vascular disease (1 point) and female sex (1 point). See Table 1.

TABLE 1. The original CHA2DS2-VASc score[13]

Predictor Score

Congestive heart failure/LV dysfunction 1

Hypertension 1

Age ≥ 75 years 2

Diabetes mellitus 1

Stroke/TIA/TE 2

Vascular disease (prior myocardial infarction, peripheral artery disease, or aortic plaque) 1

Age 65–74 years 1

Sex category (i.e. female sex) 1

TE = thromboembolism

Index predictors: routine care ICPC codes

We used data from the CAFe study, a large prospective cohort study of patients 
with AF in general practice in the Netherlands aimed to validate the accuracy of 
the CHA2DS2-VASc prediction model and to quantify the effect of an automated 
treatment decision support tool (Trial registration number NTR3741) in a cluster 
randomised trial. From February 2013 until September 2014, 38 general practices 
were enrolled. All patients with electrocardiographically confirmed AF were in-
cluded in the CAFe cohort. Follow-up lasted a minimum of two years. Every 
three months the electronic patient file of these AF patients was captured into a 
designated research database, containing diagnosis codes, free text records and test 
results. In the Netherlands, general practitioners (GPs) are encouraged to record 
‘diagnosis codes’ according to the International Classification of Primary Care 
(ICPC)[15] during routine care consultations. In the general practices, personal 
details are registered through linkage to administrative data from the municipal 
authorities, of which age and sex are captured into the research database. For the 
remaining predictor values in CHA2DS2-VASc, the corresponding ICPC codes 
were automatically retrieved and considered as the index predictors. For an over-
view of the ICPC codes used, see Table 2.
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TABLE 2. Automatically extracted ICPC codes for the index predictors in the CHA2DS2-VASc mod-
el and the definition of the reference predictors used for manually scrutinising the electronic patient 
file.

Predictor ICPC code(s) for index predictors Definition for reference predictors

Congestive heart 
failure

K77 heart failure Signs and symptoms suggestive of heart 
failure, with structural or functional 
abnormalities on echocardiography, either 
with preserved or reduced ejection fraction

Hypertension K86 Hypertension without organ 
damage
K87 Hypertension with organ 
damage/secondary hypertension

Repeated systolic blood pressure 
measurement of 140 mmHg or higher

Age Age in years Age in years

Diabetes T90 Type I and Type II Diabetes Repeated fasting blood glucose measurement 
of ≥ 7.0 mmol/L (126 mg/dL) or a non-fasting 
glucose measurement of ≥ 11.1 mmol/L (200 
mg/dL)

Stroke/TIA K89 TIA
K90 Cerebrovascular accident 
(stroke)

Focal neurological deficit of sudden onset 
lasting > 24 hours or < 24 hours, respectively

Vascular disease K74 Angina pectoris
K75 Acute myocardial infarction
K76 Other chronic ischaemic heart 
disease
K91 Atherosclerosis
K92 Other peripheral arterial 
disease
K03 Other pain suspected to 
originate from the cardiovascular 
tract

Coronary heart disease: prior myocardial 
infarction (both ST-elevated myocardial 
infarction or non-ST-elevated myocardial 
infarction), angina pectoris or prior 
percutaneous coronary intervention (PCI) or 
coronary artery bypass graft surgery (CABG)
Peripheral artery disease: symptoms of 
intermittent claudication with ankle-brachial 
index ≤ 0.9 or prior surgery or percutaneous 
intervention on the abdominal or thoracic 
aorta or lower extremity vessels
Previous thrombo-embolism

Sex category Female sex Female sex

Reference predictors: manually verified predictors

Except for the predictors ‘Age’ and ‘Sex category’, which were obtained from the 
municipal authorities, the correctness of the routinely recorded ICPC codes cor-
responding to the remaining CHA2DS2-VASc predictors was manually checked 
using all available information from the electronic patient file including diagnostic 
test results, out-of-hours office reports and specialists’ letters. Hereto, each patient 
file was thoroughly scrutinised and the value of each ICPC code corresponding 
to the predictors in the CHA2DS2-VASc was recorded and used as the reference 
predictors. The definitions of the reference predictors are shown in Table 2.

For each patient two values for the CHA2DS2-VASc predictors were included 
in the dataset; one based on the ICPC codes recordings (index) and one based on 
the manual check of these ICPC codes by scrutinising the complete patient file 
(reference).
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outcome

Our aim was to study potential misclassification in the prediction variables, not 
in the outcome. Although the CHA2DS2-VASc was developed to predict either 
ischaemic stroke, peripheral embolism, or pulmonary embolism, we therefore used 
all-cause mortality as the outcome for two reasons. First, stroke may be difficult to 
diagnose, especially stroke as the cause of (unexpected) death. For this case study 
we therefore used the outcome all-cause mortality as this is not subject to any 
interpretation. Second, such mortality data may often be captured in municipal 
authorities, as was the case for the general practices in our study, further avoid-
ing misclassification in the outcome. We manually checked vital status using the 
electronic patient file. Follow-up was a minimum of two years.

Ethics

All data extracted from the electronic patient files was de-identified by a ‘trusted 
third party’. This study complied with the Data Protection Law in the Netherlands. 
The medical ethics committee of the University Medical Centre Utrecht, the Neth-
erlands, judged the CAFe study protocol as exempt from review as it was con-
ducted outside the criteria for the Medical Research Involving Human Subjects Act 
(WMO). Participating general practitioners provided written informed consent.

Data analyses

The following analyses were performed to assess misclassification in the predictors 
based on routinely recorded ICPC codes (index) and determine the consequences 
of such misclassification on the prediction of all-cause mortality:
1. We compared the index predictor values with the reference predictor values 

using Cohen’s kappa[16] and calculated sensitivity, specificity, and positive and 
negative predictive values of the dichotomous index predictors with respect to 
the reference predictors.

2. For each patient we calculated the CHA2DS2-VASc score using either the index 
predictors or the reference predictors. We tabulated the two distributions of 
these CHA2DS2-VASc scores and the discordance. Next, for each CHA2DS2-
VASc score based on index predictors and reference predictors we calculated 
the mortality rate per 100 person-years.

3. We performed univariable Cox proportional hazard analyses to compare the 
hazard ratios (HRs) of the individual CHA2DS2-VASc predictors from either 
the index or reference data.

4. We then used Cox proportional hazard models to analyse the predictive per-
formance of both scores. Additionally, we assessed whether the influence of 
misclassification differed for models with or without ‘Age’ and ‘Sex category’ as 
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these were assumed not to be misclassified. For both models, the c-index was 
calculated. For both models, the c-index was calculated.

5. We finally re-fitted the CHA2DS2-VASc rule using the reference predictors, 
yielding the optimal baseline hazard and hazard ratios. Predictive performance 
of this reference model was assessed using the c-statistic and the model’s 
calibration for predicting mortality within two years. The re-fitted model was 
subsequently validated using the index predictors of the patients as input val-
ues and again the discrimination and calibration were estimated and compared 
to the reference model; the difference then occurring can only be caused by 
misclassification.

All analyses were performed in R 3.32 with the packages survival 2.40–1 and rms 
5.1–0.

RESULTS

A total of 2,363 patients with atrial fibrillation were included in the cohort. The 
median age was 77 (IQR 68 – 84) years, and 52.3 % were male. During a follow-up 
of 5,901 person years (median 2.7, IQR 2.3 – 3.0) years, in total 368 patients died 
(crude incidence rate 6.2/100 person-years), mostly from non-cardiac causes (74 %).

Misclassification in individual predictor values

There was substantial variation in the amount of misclassification between the 
index predictors, see Table 3. For instance, the prevalence of (a history of) heart 
failure according to the ICPC codes was 28.1 %, whereas by manually checking 
all available information in the electronic patient file the prevalence was 18.3 % 
(Cohen’s kappa 56.1). The prevalence of other index and reference predictors were 
more comparable; e.g. for hypertension 60.8 % and 59.9 % (kappa 70.9), respectively, 
and for diabetes 24.3 % and 22.5 % (kappa 89.7), respectively. As a result, sensitiv-
ity was lowest for heart failure (55 %) and highest for diabetes (89 %). Specificity 
ranged from 83 % (hypertension) to 99 % (diabetes).
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TABLE 3. Prevalence of individual ICPC codes (index predictors) and manually verified diagnoses 
(reference predictors) and measures of misclassification

ICPC codes (index 
predictors

Manually verified 
diagnoses 
(reference 
predictors) kappa Sensitivity Specificity PPV nPV

Heart failure 28.1 18.3 56.1 54.5 95.7 83.3 84.3

Hypertension 60.8 59.9 70.9 87.8 83.3 89.1 81.6

Diabetes 24.3 22.5 89.7 88.6 98.8 95.8 96.4

Stroke 18.7 16.4 75.5 74.8 97.1 85.5 94.4

Vascular disease 34.6 26 60.4 63.1 93.7 84.2 82.7

ICPC = International Classification of Primary Care; PPV = positive predictive value; NPV = nega-
tive predictive value

CHA2DS2-VASc scores and observed mortality

With respect to the reference predictors, the index predictors assigned patients the 
correct CHA2DS2-VASc scores in between 40.7 % (for score 7) and 85.0 % (for score 
0); see Figure 1. The median CHA2DS2-VASc score using index data was 4.0 (IQR 
2 – 5), for the reference data this was 3.0 (IQR 2 – 5).

Table 4 shows the incidence rates of all-cause mortality for each CHA2DS2-VASc 
score calculated with index and reference predictors.

TABLE 4. Incidence rate of all-cause mortality for each CHA2DS2-VASc score as calculated with 
ICPC codes (index predictors) or manually verified diagnoses (reference predictors).

ICPC codes (index predictors)
Manually verified diagnoses (reference 
predictors)

Score No. of patients (%) No. of events py IR No. of patients (%) No. of events py IR

1 124 (5.3) 2 338 0.6 125 (5.3) 2 346 0.6

2 194 (8.2) 2 541 0.4 203 (8.6) 4 567 0.7

3 307 (13.0) 29 892 3.3 344 (14.6) 37 994 3.7

4 356 (15.1) 48 1041 4.6 417 (17.7) 54 1208 4.5

5 404 (17.2) 67 1186 5.6 431 (18.3) 83 1274 6.5

6 292 (12.4) 86 887 9.7 254 (10.8) 89 795 11.2

7 187 (7.9) 70 590 11.9 139 (5.9) 60 441 13.6

8 82 (3.5) 37 262 14.1 54 (2.3) 27 187 14.4

9 33 (1.4) 26 127 20.5 16 (0.7) 10 60 16.7

1 8 (0.3) 1 23 4.3 4 (0.2) 2 14 14.3

py = person-years/100; IR = incidence rate (number  of events/100 person-years)
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FIguRE 1. CHA2DS2-VASc scores assigned by index predictors and reference predictors
The concordance of CHA2DS2-VASc scores as calculated using the index predictors (x-axis) and as 
calculated using the reference predictors (y-axis). Numbers are percentages.

univariable analyses

The hazard ratios (HRs) of the individual CHA2DS2-VASc predictors were higher 
for the index predictors compared to the reference predictors, except for ‘Vascular 
disease’ (Table 5).

The CHA2DS2-VASc score as a continuous covariate resulted in the same hazard 
ratio of 1.4 per 1 point increase in the score for both type of predictors (index or 
reference). The c-statistics of these models were 0.682 (95 % CI 0.653 – 0.712) and 
0.685 (95 % CI 0.655 – 0.715), respectively.

Multivariable analyses

In a multivariable model without age and sex the HRs showed only minor differ-
ences except, again, for heart failure. These differences attenuated when includ-
ing age and sex in the model, both obtained from the municipal authorities and 
therefore devoid of misclassification.

The c-statistic of the model developed using the reference predictors was 0.715 
(95 % CI 0.571 – 0.629). From this model, we used the baseline hazard and coefficients 
for validation with the index predictors as input values, resulting in a c-statistic of 
0.600 (95 % CI 0.571 – 0.629). Even though there was a slight underestimation of 
the probability of survival across most risk deciles when using routine health care 
data, differences in calibration were minimal (Figure 2).
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Even though there was an underestimation of the probability of survival across 
all risk deciles when using routine health care data, especially in the lower range of 
predicted probabilities, differences in calibration were minimal (Figure 2).

TABLE 5. Hazard ratios from univariable and multivariable Cox proportional hazard analyses us-
ing the ICPC codes (index predictors) or manually verified diagnoses (reference predictors).

5a. Hazard ratios (95 % CI) from univariable analyses

ICPC codes (index predictors)
Manually verified diagnoses 
(reference predictors)

Heart failure 3.1 (2.9 – 3.3) 2.5 (2.2 – 2.7)

Hypertension 1.1 (0.9 – 1.4) 1.1 (0.9 – 1.3)

Diabetes 1.6 (1.3 – 1.8) 1.6 (1.3 – 1.8)

Stroke 2.0 (1.8 – 2.3) 2.0 (1.8 – 2.2)

Vascular disease 1.7 (1.6 – 1.9) 1.9 (1.7 – 2.1)

Score 1.4 (1.4 – 1.5) 1.4 (1.4 – 1.5)

5b. Hazard ratios (95 % CI) from multivariable analyses, without (left-hand side) and with (right-
hand side) ‘Age’ included in the model

ICPC codes (index 
predictors)

Manually verified 
diagnoses 
(reference 
predictors)

ICPC codes (index 
predictors)

Manually verified 
diagnoses (reference 
predictors)

Heart failure 2.7 (2.5 – 3.0) 2.2 (1.9 – 2.4) 2.1 (1.9 – 2.3) 1.7 (1.5 – 1.9)

Hypertension 1.0 (0.7 – 1.2) 1.0 (0.8 – 1.2) 0.8 (0.6 – 1.0) 0.8 (0.6 – 1.1)

Diabetes 1.3 (1.1 – 1.6) 1.3 (1.0 – 1.5) 1.4 (1.2 – 1.6) 1.3 (1.1 – 1.5)

Stroke 1.8 (1.6 – 2.0) 1.9 (1.6 – 2.1) 1.6 (1.4 – 1.9) 1.6 (1.4 – 1.9)

Vascular disease 1.3 (1.1 – 1.5) 1.5 (1.3 – 1.8) 1.1 (0.9 – 1.4) 1.4 (1.2 – 1.6)

Age 65 – 75 years 2.5 (1.8 – 3.1) 2.5 (1.9 – 3.1)

Age ≥ 75 years 6.3 (5.7 – 6.9) 6.8 (6.3 – 7.4)

Sex category 1.0 (0.8 – 1.2) 1.1 (0.9 – 1.3)
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DISCUSSION

We illustrated the impact of potential misclassification in routine healthcare data 
when such data was used as predictors in a prognostic prediction model. In our 
validation of the CHA2DS2-VASc rule in patients with atrial fibrillation, we found 
substantial misclassification in the predictor values from routinely collected gen-
eral practice diagnosis codes, but this did not affect the accuracy of the model to 
predict mortality.

In recent years, the availability of data routinely collected during healthcare 
delivery has grown substantially,[17] whereas in the past epidemiologic research 
often was dependent on dedicated prospective cohorts.[18] With the availability 
of faster computers and software programs, everyday health care data, possibly 
linked to other data sources has a great potential for large-scale observational 
clinical studies. Indeed, in the field of AF for instance studies evaluating popula-
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tions with over 100,000 AF patients are becoming the new standard, rather than 
an exception.[19–21] Importantly though, these studies mostly rely on diagnosis 
disease codes (e.g. ICD-10 codes, READ codes or ICPC coding) as generated dur-
ing daily clinical practice. Following studies on investigating the completeness of 
morbidity coding[22] or the methods and reporting of validity assessment[23], the 
quality of these data has been questioned. While these studies certainly contribute 
to knowledge on the validity of routine healthcare data itself, it does not provide 
full insight in the validity of applying such data in prediction model studies. This 
is important, because the number of prediction models used in everyday practice 
is rapidly increasing.[24–26]

To the best of our knowledge, our study is the first to quantify the influence 
of predictor misclassification in routine healthcare data on the results of a study 
validating a clinical prediction model.

For full appreciation of our findings, several remarks should be made. First, 
several processes leading to misclassification in data from routine healthcare can 
be hypothesised. At the most basic level, simple coding mistakes such as typing 
errors or choosing the wrong diagnosis code may lead to the inadvertent presence 
or absence of a diagnosis code. Furthermore, if an initially suspected disease (e.g. 
heart failure, or coronary heart disease) is not confirmed after future diagnostic 
testing, the diagnosis code needs active removal from the electronic patient file or 
it will lead to ‘false positives’. Practitioners conversely may also omit diagnosis 
codes for certain diseases frequently occurring and managed concomitantly. For 
instance, recording ‘hypertension’ and ‘coronary heart disease’ (both included in 
the CHA2DS2-VASc model) together as ‘cardiovascular disease’ may cause ‘false 
negatives’ in the index predictors. After manually scrutinising the patient file we 
were able to incorporate the correct diagnoses into the reference predictors.

Second, a further cause for misclassification may be suboptimal diagnostic crite-
ria for a certain disease. We found substantial variation in the validity of data from 
routine healthcare where, for instance, ‘a history of heart failure’ showed notable 
misclassification. It can be difficult to diagnose heart failure, especially in absence 
of echocardiography as is often the case in general practice. Indeed it has been 
shown that heart failure is often over-diagnosed in general practice, similarly as 
in our study.[27] Diabetes, on the contrary, is predominantly diagnosed in general 
practice based on well-defined diagnostic criteria, and showed very limited mis-
classification. When using routine care data in epidemiological research, potential 
difficulties in diagnosis of diseases and thus variation between data sources in the 
variables under study (e.g. electronic patient records or administrative databases) 
should be considered.[28]
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Third, as a result of misclassification in predictors the total CHA2DS2-VASc score 
for a given patient differed substantially between data sources. This may have 
large implications if a cut-point is applied as is the case with the CHA2DS2-VASc 
score.[10] Well-defined specific treatment recommendations apply for those with a 
score of 0, 1 or ≥ 2 and miscalculation by only one point will impact the proportion 
of patients eligible for anticoagulant treatment. As an illustration, of the patients 
in whom such treatment was indicated (CHA2DS2-VASc score ≥ 2) based on index 
predictors, nearly 20 % had a score 0–1 based on reference predictors and thus no 
strict indication for treatment. Likewise, validation studies of prediction rules com-
monly report the observed risk per score, and, for example, for a CHA2DS2-VASc 
score of 1 based on index predictors, this risk was nearly twice as high as the same 
score based on the reference predictors.

Fourth, while misclassification in individual predictors was substantial, 
the discrimination and calibration of full models containing all predictors of 
CHA2DS2-VASc was comparable between routinely collected index data and the 
reference data. The misclassification in the former, thus, seem to ‘average out’ in 
multivariable analyses. Our results suggest that while a data source shows low 
performance on the ‘traditional’ measures of accuracy (kappa, sensitivity/specific-
ity and predictive values), one may still observe valid estimates when validating a 
multivariable prediction model.

Lastly, we observed distinct differences in a model with and without ‘Age’ and 
‘Sex’ as a covariate. Presumably, such variables may be obtained from the munici-
pality with (near) perfect classification. Studies relying on routine care data, either 
prognostic studies or otherwise, may benefit from including such types of vari-
ables to attenuate the influence of misclassification. For models not including such 
predictors, overall model performance may be more prone to misclassification.

Strengths and limitations

Strengths of our study include the large sample size of manually collected data that 
served as the reference standard against which routine care data was compared. 
We verified the disease status, predictor values and outcomes in over 2,000 health 
records. Manually scrutinising electronic patients files is a resource intensive 
process, and we believe this amount approaches what may be considered the maxi-
mum feasible amount. Furthermore, we could collect clinical data from general 
practice, but also could include specialists’ letters with diagnoses and test results 
from secondary care. Consequently, we were able to study an often-used clinical 
prediction rule without any missing data.

A limitation of our study is that, irrespective of clear definitions for manually 
checking the predictors, some information (e.g. description of signs and symptoms 
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in free text fields) leave room for different interpretation. The final judgment was 
made by the researcher, based essentially on the same data that was used by the 
GP to record the initial ICPC diagnosis code. We did not subject patients to any 
new clinical assessment. As such, some misclassification might also have occurred 
in our reference data. Furthermore, we only evaluated a single prediction model. 
How our results apply to other prognostic prediction models should be the focus 
of future research. In addition, our study used all-cause mortality as the outcome 
while the CHA2DS2-VASc rule was specifically designed to predict stroke risk. 
While this avoided misclassification in the outcome, the influence of misclassifica-
tion on the performance of its intended purpose requires further research.

Future considerations

Our results provide evidence that misclassification in routine healthcare data can 
be substantial and that several aspects (e.g. the risk of the outcome with a certain 
score) of the validation of a clinical prediction rule may be influenced, while other 
aspects (such as discrimination and calibration of the prognostic score) may not. 
Future studies should focus on the influence of different misclassification patterns 
on validation performance, e.g. in a simulation study. In addition, when data on 
true predictor status is available, this can be used to correct for misclassification in 
routine health care data.[5] Insight is needed in the amount of reference data neces-
sary to ensure reliable prediction model performance. This can advise researchers 
on the efforts required to obtain any reference data (e.g. the proportion of patient 
files that needs manual checking). Ultimately, future research on these topics can 
further inform applied researchers on when routine health care data can reliably be 
used to evaluate prediction models.

CONCLUSION

In this case study of CHA2DS2-VASc, we observed that even in the presence of 
substantial predictor misclassification in routine healthcare data, the overall per-
formance of a prediction model was not negatively affected. Although our study 
should be repeated for other often applied prediction models, our findings suggest 
that routinely available health care data are a useful source when validating prog-
nostic models, despite misclassification in some of the variables.
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STROKE RISK PREDICTION OF PATIENTS WITH ATRIAL 
FIBRILLATION IN GENERAL PRACTICE

Atrial fibrillation (AF) is the most common cardiac arrhythmia. Its prevalence 
in the general population is 1–2 % and rises steeply with age up to over 15 % in 
patients 85 years and older.[1,2] One in four middle-aged adults will eventually 
develop AF.[3]

Patients with AF are at high risk of a kaleidoscope of adverse outcomes.[4] Most 
importantly, the risk of ischaemic stroke is increased on average five-fold,[5] to 
well over 5 % each year in patients aged 75 years and older depending on risk 
factors.[6] Clearly, stroke prevention therefore is a key element in the treatment of 
AF. Also, common concurrent diseases such as heart failure need early detection 
and adequate treatment.

Patients with AF are frequently treated in general practice, where the population 
is often characterised by a high age, frequent multimorbidity,[7,8] and polyphar-
macy.[9,10] General practitioners need to manage both AF and any co-occurring 
(chronic) conditions, each with potential complications and treatment interactions. 
Atrial fibrillation therefore poses tremendous challenges to physicians, patients 
and the healthcare system.

This thesis aimed to address some of the major challenges, most notable for the 
primary care setting. The main findings include:
– In a meta-analysis of 19 validation studies, it was shown that there is large 

unexplained heterogeneity in stroke risks for different scores on the CHA2DS2-
VASc prediction model (Chapter 1);

– A survey among general practitioners revealed that uncertainty about how to 
manage patients who have sinus rhythm after an episode of AF, and about who 
is responsible for anticoagulation are important reasons for non-adherence to 
guidelines on stroke prevention (Chapter 2);

– A cluster randomised trial showed that an automated decision support is inef-
fective in optimising anticoagulant therapy and preventing stroke in general 
practice (Chapter 3);

– In a prospective cohort study we showed that anticoagulated patients with atrial 
fibrillation are at high risk of hospitalisation and mortality, predominantly for 
non-cardiac reasons, (Chapter 4);

– Using a meta-analysis of individual patient data from four screening studies, 
we were able to assess a high prevalence of previously unknown heart failure in 
patients with AF and concluded that NTproBNP was of limited value for heart 
failure screening in AF, (Chapter 5);
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– Predictor misclassification in routine healthcare data has limited impact on the 
validation of existing prognostic prediction models, in this case the CHA2DS2-
VASc model (Chapter 6).

RISK PREDICTION IN ATRIAL FIBRILLATION

Anticoagulants – either vitamin K antagonists (VKAs) or direct oral anticoagu-
lants (DOAC) – are very effective in preventing ischaemic stroke in AF, [11–15] 
and on average their benefit of a 66 % relative reduction in stroke risk to patients 
with atrial fibrillation is indisputable. However, treatment decisions for individual 
patients can be less of a clear-cut case. Stroke risk differs among individual patients 
with AF as does risk of (major) bleeding complications inherently caused by oral 
anticoagulants. Essentially, both risks determine the individual harm-benefit ratio 
of anticoagulants, but may also affect the choice for the type (VKA or DOAC) and 
the dose intensity (normal or reduced) of anticoagulants. Weighing of stroke risk 
versus bleeding risk therefore is key in the management of atrial fibrillation. While 
recognising that predicting bleeding risk is of equal importance, in this general 
discussion I will focus on stroke risk prediction in patients with atrial fibrillation. 
Notably, the possible implication of the findings in this thesis on research aiming 
to improve stroke risk prediction in AF patients will be discussed.

To predict stroke risk in individuals with atrial fibrillation, in 2010 Lip et al. pub-
lished the CHA2DS2-VASc model as developed in a cohort of AF patients visiting 
cardiology clinics.[16] In the very same year, before studies on external validation 
of the model were published, CHA2DS2-VASc was included in the Guidelines for 
the management of atrial fibrillation of the European Society of Cardiology,[17] first 
as a complement to, and later as a replacement[18] of the original CHADS2 score 
developed by Gage et al. in 2001.[19] This swift introduction of CHA2DS2-VASc in 
the 2010 ESC guideline was followed by other practice guidelines, including those 
from NICE in the United Kingdom[20], the American Heart Association[21] and 
primary care organisations.[22,23] This effectively made CHA2DS2-VASc the most 
used prediction model driving anticoagulant treatment decisions.

The results of the meta-analysis presented in Chapter 1 of this thesis, however, 
showed that the exact stroke risk predicted by the CHA2DS2-VASc model remains 
uncertain, resulting in two partly complementary problems. First, patients cur-
rently believed to have a stroke risk low enough to withhold anticoagulation (based 
in a CHA2DS2-VASc score 0 or 1) may still have a stroke risk well over 2 % per year 
that merits stroke prevention therapy. Second, patients considered at high risk of 
stroke (i.e. those with a CHA2DS2-VASc score ≥ 2) are recommended anticoagulant 
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treatment while some have a stroke risk even as low as 1 %. These problems likely 
cause preventable strokes and bleeds respectively, and hence call for improvement 
in stroke risk prediction and subsequent optimisation of preventive treatment. 
Below, I will propose two distinct pathways to improve stroke risk prediction:

Improving stroke risk prediction by re-evaluating the existing individual (weights 
of the) CHA2DS2-VASc predictors including an evaluation of possible interaction 
terms, thus updating the existing rule to new data at hand; Evaluating additional 
novel stroke risk predictors, including clinical parameters, biomarkers, and/or 
imaging parameters.

Next, I propose the necessary steps future research should take to address these 
possible pathways of optimising stroke risk prediction in AF patients.

1. updating the existing CHA2DS2-VASc rule

An important first pathway towards improved prediction of stroke in patients 
with atrial fibrillation using the CHA2DS2-VASc model includes: i) re-evaluating 
the individual CHA2DS2-VASc predictors using more (recent) patient data, and 
ii) evaluation whether addition of interaction terms between these predictors 
improves the performance of the score.

1.1. Re-evaluating the individual CHA2DS2-VASc predictors
Since the development of the first stroke prediction models[19,24,25] that ultimate-
ly led to the development of CHA2DS2-VASc, the disease entities of some of the 
predictors changed in subsequent decades. As a result, the predictive weights as-
sociated with each may also have changed. It is now widely recognised that ‘heart 
failure’ for example may be categorised in heart failure with preserved, mid-range or 
reduced ejection fraction.[26,27] Prognosis of the latter improved due to changes in 
treatment.[28,29] As a result, heart failure as a predictor for stroke in patients with 
AF likely changed as well. Several recent studies could indeed no longer could an 
association between (well-treated) heart failure and risk of stroke in AF,[30–33] 
though others still did.[6,34]. Such contradictions are found also for other predic-
tors in CHA2DS2-VASc. Both diabetes and vascular disease were associated with 
stroke in AF patients recruited in hospitals with CHA2DS2-VASc score 1 in Tai-
wan,[34] while this was not the case in comparable patients in neighbouring Hong 
Kong.[35] Future research should confirm or reject such contemporary diseases 
as true predictors for stroke. In addition, the disease severity and subtypes should 
be considered. For example, the duration of diabetes seems to influence the risk 
of stroke,[36] as may the type of diabetes (type 1 versus type 2). The severity and 
control of hypertension in anticoagulated AF patients influences stroke risk.[37,38] 
As another example, the predictor ‘vascular disease’ included in CHA2DS2-VASc 
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consists of a heterogeneous group of conditions. Peripheral artery disease seems 
to be a stronger predictor than coronary artery disease[39] and the definition of 
the latter varies across validation studies.[40–42] Re-evaluating and updating the 
definition of these predictors in future research may improve stroke predictions of 
CHA2DS2-VASc.

As a consequence, the individual weights of the predictors in CHA2DS2-VASc are 
in need for a re-evaluation. Currently all predictors in the CHA2DS2-VASc model 
are assigned 1 or 2 points to the total score. Given the aforementioned examples of 
changing disease definitions over time as well as the impact of disease severity of 
the different predictors, this very likely represents a simplification of the clinical 
reality of stroke risk in AF patients. Indeed, several studies have shown substan-
tially higher hazard ratios (HRs) for predicting stroke in AF of diabetes and high 
age compared to the other predictors,[6,34] while others found remarkably similar 
HRs.[32,33]. Re-evaluating and subsequent tailoring the weights of the individual 
CHA2DS2-VASc predictors may result in a score that better reflects the total risk of 
stroke in a patient with AF.

Furthermore, the predictor ‘Age’ needs considerable attention in this respect. 
Currently the age category is broad, assigning the same points to patients aged 65 
and 74 years old. Adjusting the age categories may improve risk prediction as for 
example in Asians it has been suggested that a relevant increased risk of stroke can 
be observed already from 50 years of age.[43,44] In addition, inclusion of age in 
the model as a continuous predictor should be considered as it is well-known that 
categorisation of a continuous measurement leads to loss of predictive informa-
tion.[45]

1.2 Evaluation of interactions between CHA2DS2-VASc predictors
The next step is the evaluation whether the addition of interactions between 
existing predictors improves the predictive accuracy of CHA2DS2-VASc. It is cur-
rently recognised that ‘Female sex’ increases stroke risk mostly in the presence of 
additional risk factors, notably age. Women with a CHA2DS2-VASc score 1 (for 
‘Sex class’ only) are, contrary to males with score 1, considered to be at low risk 
of stroke, i.e. lower than men.[46] However, this ‘interaction’ effect of female sex 
may differ for each of the individual CHA2DS2-VASc predictors. This is illustrated 
by data from a large Danish cohort[6]. In male AF patients, diabetes as a sole risk 
factor is associated with a HR of 4.5 (95 % CI 2.0 – 9.9) while this is 1.4 (95 % CI 
0.2 – 10.0) in females. Conversely, vascular disease in males has a HR of 1.0 (95 % 
CI 0.3 – 3.10) while for females this is 3.7 (95 % CI 1.2 – 11.9). Although confidence 
limits are wide and differences are not statistically significant, a 63 year-old male 
AF patient with diabetes seems at higher risk of stroke than a 63 year-old female 
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with diabetes and AF, whereas his individual CHA2DS-VASc score paradoxically 
is lower than hers (score of 1 versus 2, respectively).

Furthermore, other possible interaction terms may be investigated, notably age. 
High age in itself is a strong predictor of stroke, but any interplay in stroke risk 
with other predictors in CHA2DS2-VASc is not accounted for. This hypothesis is 
supported again by data from Olesen et al.[6] It showed that heart failure or hy-
pertension are stronger predictors of stroke in older patients compared to younger 
patients, while this was not the case for diabetes.

2. Evaluation of additional stroke risk predictors

The second pathway to improved prediction of stroke is the identification of novel 
predictors for stroke other than those already included in CHA2DS2-VASc: e.g., 
clinical parameters, biomarkers, and echocardiographic parameters.

2.1 Clinical parameters
Several clinical parameters not included in CHA2DS2-VASc are associated with 
stroke risk in AF patients, of which renal failure seems most important.[31,47,48] 
Renal failure has been included in the ATRIA[49] and also in the QStroke stroke 
prediction model,[50] though adding renal failure as a predictor to CHA2DS2-VASc 
showed no incremental value. Friberg et al.[51] found no significant improvement 
in c-statistic nor in the net reclassification index (NRI, expressing the improve-
ments in risk predictions)[52] of the CHA2DS2-VASc score if assigning 1 or 2 points 
for end stage renal disease. Similarly, both Banerjee et al.[53] and Roldan et al.[54] 
added 1 or 2 points to the CHA2DS2-VASc score for different categories of esti-
mated glomerular filtration rate and observed no significant change in c-statistic 
nor in NRI. Both c-statistic and NRI, however, are criticised for their inability to 
express the incremental value of a predictor when added to a prediction model.
[55–57] After updating CHA2DS2-VASc the value of renal value in stroke risk 
prediction needs confirmation using appropriate measures, such as decision curve 
analyses.[58]

Obstructive sleep apnoea syndrome (OSAS) is a well-known risk factor for 
stroke,[59] and often concurrent in patients with atrial fibrillation.[60] Its value 
as a predictor of stroke in AF has been evaluated in a retrospective study in AF 
patients referred for polysomnography. OSAS was detected in 85 % of patients 
with atrial fibrillation.[61] In those with OSAS, risk of stroke was on average 25 % 
compared to 8 % in those without (adjusted odd ratio of 3.7, 95 % CI 1.2 to 10.6). 
This relation was also confirmed in a case-control study by Mansukhani et al,[62] 
showing that OSAS patients with a history of stroke more often suffered from AF 
than OSAS patients without previous stroke (adjusted OR 8.3, 95 % CI 3.1 – 23.4). 
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On the other hand, based on health insurance data of Taiwanese patients, Chang et 
al[63] did not find a difference in the prevalence of OSAS between AF patients with 
and without stroke, and no change in c-statistic nor NRI when OSAS was added 
as a predictor to CHA2DS2-VASc. Further research across different care settings is 
needed to provide definite evidence for OSAS as a stroke risk factor in AF.

Also, potential risk differences between people with different ethnic backgrounds 
should be taken into account when predicting stroke in patients with atrial fibril-
lation. In patients with AF, Lip et al.[64] summarised consistent rates of stroke in 
community-based cohort studies in China, Japan, Singapore and Taiwan of ~14 %, 
but a far lower rate in South Korea of 2.8 %. Importantly, however, while in Chinese 
studies warfarin use was extremely low (0.5 – 2.7 %), this was not reported for 
the study in South Korea thus hampering straightforward comparison. Using a 
large routine healthcare database, though, Shen et al.[65] confirmed stroke risk 
differences between ethnic groups showing that compared to Caucasian ethnicity, 
African-American ethnicity was associated with an adjusted HR for stroke risk 
of 1.6 (95 % CI 1.3 – 1.9). In a similar data source, stroke rate in Caucasians was 
14.8 per 1000 person-years, compared to 29.3 per 1000 person-years in African 
Americans.[66] Such findings underline the importance of considering ethnicity 
also to explain heterogeneity across validation studies of CHA2DS2-VASc[67,68] 
and a possibility for improving stroke risk prediction. In this respect, Kabra et 
al.[69] evaluated the inclusion of ethnic background in CHA2DS2-VASc. African-
American ethnicity increased stroke risk as compared to Caucasian ethnicity 
(hazard ratio 1.4, 95 % CI 1.3 – 1.4 after adjusting for CHA2DS2-VASc score and 
anticoagulation, consistent with that found by Shen et al.) and was even found to 
be a stronger predictor than heart failure, hypertension, diabetes mellitus, or a his-
tory of vascular disease. Importantly, however, the c-statistic did not change when 
assigning 1 additional point for African-American background in CHA2DS2-VASc, 
calibration improved. Further research is needed to confirm the improvement of 
CHA2DS2-VASc by incorporating ethnic background as a predictor and, similar to 
the approaches described above, possible interaction of ethnicity with the existing 
CHA2DS2-VASc variables need evaluation.

2.2 Biomarkers
The role of biomarkers has been under increasing attention in recent years.[70] Sev-
eral blood parameters have been identified as predictors for stroke in AF patients, 
albeit with different underlying principles.

Cardiac biomarkers are released under influence of myocyte stress or injury. The 
B-type natriuretic peptide (BNP or NTproBNP) – well-known for its diagnostic 
value in suspected heart failure (see also Chapter 6 of this thesis) – was identified 
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as an independent stroke risk predictor in anticoagulated patients in the trials 
investigating the effectiveness of direct oral anticoagulants (adjusted HR 2.4 for 
the highest compared to the lowest quartile group in two studies),[71,72] as was 
troponin (HR 2.0 for high vs. low in three studies).[71,73,74] Also more novel ‘car-
diac’ markers have been evaluated, e.g. growth differentiation factor 15, galectin-3 
and amyloid proteins,[75,76] though their value in predicting stroke in patients 
with AF has not yet been confirmed.

It is believed that atrial fibrillation is linked to inflammation[77,78] and different 
markers for inflammatory response have been evaluated. C-reactive protein (CRP) 
is associated with several adverse outcomes in patients with AF, including myo-
cardial infarction[79] and mortality.[80,81] Studies observed a correlation between 
CRP and stroke risk factors (Spearman’s correlation for increasing CHADS2 score 
0.15, p < 0.001)[81] and thrombotic state (Spearman’s correlation for fibrinogen 0.42 
(p  <  0.001) and for Von Willebrand Factor (vWF) 0.38 (p  <  0.001), respectively).
[82] In the RE-LY trial,[79] the highest CRP quartile showed an adjusted HR of 1.7 
(95 % CI 1.3 – 2.2) compared to the lowest quartile for the composite endpoint of 
ischaemic stroke, systemic embolism, myocardial infarction, pulmonary embolism, 
and vascular death. In the same study, another marker for inflammation, interleu-
kin-6 (IL-6), was associated with a HR of 2.5 (95 % CI 1.9 – 3.3), and a comparable 
HR of 2.4 (95 % CI 1.8 – 3.1) was found in a prospective cohort of inpatients with 
atrial fibrillation.[83] The addition of such measurements to CHA2DS2-VASc has 
yet to be investigated.

Finally, markers for coagulation and endothelial (dys)function seem promising 
additions to CHA2DS2-VASc for predicting stroke. Especially D-dimer, a well-
established biomarker in the diagnosis of thromboembolism, has repeatedly been 
identified as a predictor for stroke in anticoagulated AF patients. In a small pro-
spective cohort, D-dimer as a continuous measurement showed a HR of 1.4 (95 % 
CI 1.0 – 1.9, unit of increment not reported) and the addition of 1 or 2 points for 
a D-dimer level ≥ 0.5ug/mL increased the c-statistic of CHADS2 from 0.78 to 0.83 
or 0.85, respectively.[84] In a prospective cohort in Japan, the risk of stroke, TIA or 
peripheral embolism in the absence of risk factors was high at 3.8 % per year for AF 
patients with a D-dimer level > 0.15 ug/mL.[85] Finally, in the Aristotle trial[86] a 
high D-dimer level was associated with stroke/systemic embolism (HR 1.7, 95 % 
CI 1.1 – 2.6) and the c-statistic of CHADS2 improved from 0.646 to 0.655. The vWF, 
though not commonly measured in routine practice, also seems an independent 
risk factor for stroke. Although no independent association was found by Conway 
et al.[87] for vWF levels (mean level in the study population 145 IU/dL) below 131 
IU/dL compared to 158 IU/dL, the HR was 3.7 (95 % CI 2.0 – 4.5) for an optimal 
cut-point of 6 pg/mL (mean level in the study population 4 pg/mL, no IU/dL 
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reported) in the study by Pinto et al.[83]. Furthermore, a level > 194 IU/dL showed 
a HR of 2.2 (95 % CI 1.5 – 3.2) in a prospective tertiary hospital based study (median 
vWF level in the study population 190 IU/dL) by García-Fernández et al.[88] It was 
shown that the c-statistic of CHA2DS2-VASc remained unchanged after addition of 
vWF, but future research in different settings need to confirm this finding.

2.3 Echocardiographic parameters
In addition to clinical parameters and blood measurements, cardiac imaging has 
been suggested to improve stroke risk prediction. Transthoracic echocardiography 
is a simple imaging technique and widely available in secondary care. It is recom-
mended for every patient with atrial fibrillation for the assessment of structural 
heart disease (e.g. valvular disease), and ventricular size and function (systolic and 
diastolic).[89] It may additionally be considered for improving stroke risk predic-
tion as well.[20]

A simple measurement of the left atrial size was first identified as a stroke risk 
factor some 25 years ago. The SPAF investigators[90] found an adjusted relative 
risk (RR) of 1.6 (95 % CI 1.0 – 2.5) for atrial enlargement on the occurrence of 
thromboembolism. For comparison, in the same study a history of hypertension 
or thrombo-embolism were both associated with an adjusted RR of 1.9. Later 
prospective studies confirmed an increasing stroke risk with increasing atrial size 
in patients with atrial fibrillation. In a small sample of AF patients without risk 
factors for stroke at baseline, increased risk of cardiovascular events after 15 years 
of follow-up was shown if the left atrial size was large (adjusted HR 4.5, 95 % CI 
1.6 – 12.7).[91]

Besides atrial size, Saha et al.[92] showed that poor atrial function (e.g. low 
‘strain’) was related to a high CHADS2 score (OR 0.9, 95 % CI 0.8 – 1.0). Addition 
of both measurements to CHADS2 increased its performance in predicting cardiac 
events or death (p-value for chi-square test < 0.003). In a cross-sectional study, two 
measurements for left atrial strain were significantly lower in AF patients with a 
history of stroke as compared to patients without (OR 0.8 and 0.02, respectively).
[93] Large contemporary longitudinal studies to assess the value of adding atrial 
function to a stroke prediction model such as CHA2DS2-VASc, however, are miss-
ing.

As many cardiac thrombi causing stroke in patients with atrial fibrillation 
originate from the left atrial appendage (LAA), thrombus formation in LAA, its 
morphology and function is of particular interest in stroke risk prediction. In the 
SPAF trial,[94] risk of stroke or thromboembolism was higher in 38 (10 %) patients 
with a thrombus in the LAA as compared to those without thrombus (unadjusted 
RR 2.7, p  =  0.04). Additionally, in AF patients at high risk of stroke the risk of 
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cardio-embolic events was increased 2.5-fold if the flow velocity as a measure of 
LAA function was reduced[95]

Other echocardiographic findings, or even different imaging modalities includ-
ing MRI may in the future be of value in refining prediction of stroke in atrial 
fibrillation.[96,97] Currently, though, the value of such measurements in predicting 
stroke is unknown and the availability of such measurements is limited in daily 
practice.

DIRECTIONS FOR FUTURE RESEARCH

To improve the prediction of stroke in patients with atrial fibrillation, future re-
search should take the necessary steps along the pathways described above. These 
steps may include conducting original studies but, importantly, could also rely on 
existing data.

The IPD meta-analysis of existing studies

For updating the CHA2DS2-VASc model by re-evaluating the individual predic-
tors and any possible interaction, an analysis using individual patient data (IPD) of 
previously conducted studies in AF could be performed. In Chapter 1 of this thesis 
I identified multiple high quality validation studies that can provide the means to 
very efficiently address many, if not all, of the shortcomings of CHA2DS2-VASc in 
its current form.

Such an IPD meta-analysis offers several advantages. First, combining individual 
patients data form existing validation studies of CHA2DS2-VASc in a meta-analysis 
will result in a large sample size that allows for more robust modelling. In addition 
to a high number of outcome events that allows for the prediction of subtypes of out-
comes (e.g. only stroke; the combination of stroke and TIA; or all thrombo-embolic 
events), interactions between CHA2DS2-VASc predictors that occur infrequently 
can efficiently be evaluated. Second, better standardisation can be achieved for 
the predictors.[98] For instance, IPD can provide insight in stroke risk differences 
for patients with uncontrolled hypertension as compared to controlled (i.e. treated) 
hypertension for future definitions of proven stroke risk predictors or even allow 
for modelling blood pressure as a continuous measurement, with possibly inclu-
sion of interaction terms for treatment with hypertension. Third, the development 
of an update of CHA2DS2-VASc can directly be validated in the IPD dataset.[99] 
This allows for evaluating the performance of a model across different settings of 
care. The meta-analysis in Chapter 1 showed a different performance of CHA2DS2-
VASc in studies recruiting patients from the general population compared to those 
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recruiting hospital patients, and such differences in populations, subgroups and 
settings can be taken into account when using IPD meta-analysis.

This makes an extensive analysis of existing individual patient data of previ-
ously conducted studies an essential first step and, importantly, it makes any new 
prospective validation study of CHA2DS2-VASc redundant.

Routine care data

Another promising and highly efficient source of data is routine healthcare.[98] 
Patient data, either collected during routine clinical practice such as electronic 
patient files or collected for administrative purposes such as hospital discharge 
records or health insurance databases, is increasingly stored digitally and in stan-
dardised manner (e.g. using ICD-10, READ or ICPC codes). Future research can 
benefit from this trend in finding stroke risk predictors other than those included 
in CHA2DS2-VASc. Exposure status of candidate predictors as mentioned above 
(e.g. renal failure or OSAS) may be obtained from routine care databases, as does 
the occurrence of stroke. Of course, the validity of such data sources is then of 
utmost importance and methodologic research should focus on ways to assess 
and improve data validity and quality.[100–102] Chapter 6 of my thesis provides 
an example of such practice and shows substantial misclassification in predictor 
values between diagnosis codes (ICPC) collected during routine care, in a com-
parison with values manually collected by scrutinising the complete patient file. 
While this study concludes that for validating a prediction model the influence of 
this misclassification is only minor, for updating a model such as CHA2DS2-VASc 
this may be different.

Biobanks

One specific source of readily available data for investigating stroke risk prediction 
are ‘biobanks’. Here, large amounts of biomaterial such as blood samples are stored 
for future (scientific) use. Combined with information on clinical parameters such 
as the presence of atrial fibrillation and the occurrence of stroke, this biomaterial 
provides great opportunities to identify biomarkers as stroke predictors. Ideally, 
such biobanks are further linked to prospective cohorts or routine care data sources 
for the collection of data on multiple (types of) potential stroke predictors and out-
comes at once. One local example includes the Utrecht Cardiovascular Cohort[103] 
that records standardised information on patients with cardiovascular disease or 
major cardiovascular risk factors referred to the University Medical Center Utrecht 
for diagnostic testing or treatment. The combination of both biomarker measure-
ments and standardised routine care data offers extremely valuable input for stud-
ies aiming to improve stroke risk prediction in atrial fibrillation.
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original studies

Individual patient data, routine care data and existing biobanks, however, may not 
be able to provide all necessary answers for the issues described above. Although 
these sources can be used to both generate and test hypotheses, original studies 
are still needed in the future. Examples include original case-control or case-cohort 
designs for efficient identification of stroke risk factors not measured in existing 
validation studies or during routine healthcare. Prospective cohorts and even 
clinical trials such as the one described in Chapter 3 of this thesis may be needed 
to validate future prediction models and assess the impact of their use in daily 
practice.

Clearly though, the most important and most promising first steps that will lead 
to the urgently needed improvement in stroke risk prediction rely on data that 
is readily available. All that is needed is the willingness of researchers to share 
their individual patient data, the efforts of clinicians and other care providers to 
accurately record data during routine practice and a large dose of commitment and 
cooperation.

OPTIMISING STROKE RISK PREDICTION VERSUS 
APPLICABILITY IN DAILY PRACTICE

Ultimately, optimised stroke risk prediction should lead to optimised patient 
outcome. As a means to stroke prevention, therefore, prediction models first and 
foremost need to be easily applicable in daily clinical practice. Assigning different 
weights to predictors, using continuous measurements, or including interaction 
terms will certainly complicate stroke risk models. Furthermore, the measurement 
of biomarkers or echocardiographic parameters may require time and equipment 
that is not available at the point of care. The competing interests of optimising 
stroke risk prediction versus applicability in daily practice need continuous at-
tention. Strategies applying more complicated stroke prediction models only in 
patients identified as low to intermediate stroke risk by traditional (simple) mod-
els, i.e. those in who uncertainty on anticoagulant treatment decisions remains, 
may be considered. Furthermore, technological advances may be used to improve 
the applicability of complicated prediction models. Examples include web-based 
calculators such as deployed by the Qstroke model[50], automated stroke risk 
predictions based on data from routine healthcare such as evaluated in Chapter 3 
of my thesis, or mobile phone applications.
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CLOSING REMARKS

Atrial fibrillation brings many challenges to physicians, but also to scientists in 
search for ways to improve patient care. The prediction of stroke is a major part of 
AF care and this thesis aimed to address some important issues. However, stroke 
prediction is only the beginning. I have not touched upon the topic of predicting 
the risk of bleeding, or how to incorporate such risks in the treatment with antico-
agulants. Furthermore, as shown in Chapter 4 of this thesis, patients with AF are at 
risk of many adverse events other than stroke and it is still unclear how to reduce 
these risks. Continuous efforts are needed to clarify these issues and, ultimately, 
improve the entire spectrum of care for patients with atrial fibrillation.
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Summary

INTRODUCTION

Atrial fibrillation (AF) is the most common cardiac arrhythmia. The prevalence in 
the general population is 1–2 %, rising to over 15 % in elderly over 85 years of age.
[1,2] It is well-known as a major risk factor for ischaemic stroke, but AF is also 
associated with increased risk of hospitalisation,[3] mortality[4] and a multitude of 
other adverse events.[5]

In this thesis, we address the management of these risks in patients with AF, 
particularly in general practice. We focus on three domains: the prediction of isch-
aemic stroke in AF; preventive treatment with anticoagulants; and adverse events 
other than stroke, including hospitalisation, mortality and heart failure.

STROKE RISK PREDICTION IN ATRIAL FIBRILLATION

In stroke prevention in AF, the benefits of the highly effective anticoagulants need 
to be balanced against their associated risk of bleeding complications. For this, 
practice guidelines on the management of AF recommend predicting stroke risk in 
every individual patient with AF, and subsequently anticoagulation only for those 
at high risk of stroke. In Chapter 1 of this thesis, we evaluate the performance of the 
CHA2DS2-VASc prediction model as developed in 2010 by Lip et al.[6] Although 
widely used for predicting stroke risk in patients with AF, external validation stud-
ies of CHA2DS2-VASc show ambiguous and conflicting results.

We performed systematic literature review of existing studies validating 
CHA2DS2-VASc in AF patients not (yet) anticoagulated and a random effects 
meta-analysis of estimates of stroke risk per score. To explore between-study 
heterogeneity in stroke risk, we stratified studies to the clinical setting in which 
patient enrolment started, and performed meta-regression.

In total 19 studies were evaluated with over two million person-years of follow-
up. In studies recruiting AF patients in hospitals, stroke risk for a score of zero, 
one and two were 0.4 % (approximate 95 % prediction interval (PI) 0.2 to 3.2 %), 
1.2 % (95 % PI 0.1 – 3.8 %) and 2.2 % (95 % PI 0.03 – 7.8 %), respectively. This was 
consistently higher than studies recruiting patients from the open general popula-
tion, with risks of 0.2 % (95 % PI 0.0 – 0.9 %), 0.7 % (0.3 – 1.2 %) and 1.5 % (95 % PI 
0.4 – 3.3 %) for score zero to two respectively. Heterogeneity as reflected by the 
wide prediction intervals could not be fully explained by meta-regression.

We conclude that studies validating CHA2DS2-VASc demonstrate high heteroge-
neity in predicted stroke risks for different scores. As such, it may have difficulties 
in tailoring anticoagulant treatment adequately in AF patients at intermediate risk 
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of stroke (roughly those with a score of 1 or 2). Differences in stroke risks between 
studies recruiting from hospitals or from the general population indicate that pos-
sible case-mix differences between populations should be taken into account in 
clinical decision-making but further uncertainty remains.

ANTICOAGULANT TREATMENT IN ATRIAL FIBRILLATION

While their benefits for prevention of stroke in AF are evident, anticoagulants are 
often underused. In a meta-analysis in 2010, Ogilvie et al.[7] found many studies to 
report underuse of anticoagulants in 30 % of patients at high risk of stroke.

In Chapter 2 of this thesis, we evaluate the reasons for non-adherence to practice 
guidelines on stroke prevention in AF in general practice.

In an observational cross-sectional study in Dutch general practice, the manage-
ment of 440 AF patients from 19 general practices was analysed, and reasons for 
non-adherence to the CHADS2 score,[8] the precursor of CHA2DS2-VASc, per 
individual patient assessed by asking the GP.

The median age of the included patients was 76.0 (interquartile range (IQR) 16.0) 
years, 55 % were male, and 61.6 % received cooperative care from the cardiologist. 
Undertreatment according to the CHADS2 and CHA2DS2-VASc decision rules oc-
curred in 93 (21.1 %) and 104 (23.6 %) patients, respectively. Overtreatment occurred 
in 84 (19.1 %) and 29 (3.4 %) patients, respectively. The main reasons mentioned by 
GPs for non-adherence per individual undertreated case was i) sustained sinus 
rhythm after an episode of AF, and ii) the cardiologist was considered responsible 
for the anticoagulation. We hypothesise that these barriers may be overcome by 
clearer evidence-based recommendations on the management of patients with 
(presumed) sinus rhythm after AF, and better agreement on responsibility of initia-
tion and monitoring of anticoagulation therapy between GPs and cardiologists. 
Interestingly, adverse effects or contra-indications to drugs, or patient’s preferences 
were seldom mentioned as reasons for undertreatment.

As a next step, in order to improve the anticoagulant management of patients 
with AF, we undertook a large cluster-randomised trial assessing the effectiveness 
of automated CHA2DS2-VASc based decision support on stroke prevention in 
patients with AF in general practice, that we describe in Chapter 3

We randomised a total of 38 practices. In the index practices, GPs were provided 
with an automatically generated CHA2DS2-VASc based anticoagulant treatment 
recommendation. The GPs in the reference practices provided care as usual. The 
primary outcome was the incidence of ischaemic stroke, TIA and/or thromboem-
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bolism (TE). Secondary outcomes were bleeding and the proportion of patients on 
guideline recommended anticoagulant treatment.

In total, 1129 AF patients were included in the 19 index practices and 1226 AF 
patients in the 19 reference practices. The median age was 77 (IQR 68 – 75) years, 
and 48 % were male. The median CHA2DS2-VASc score was 3.0 (IQR 2.0 – 5.0). Un-
deruse of anticoagulants as recommended for patients with CHA2DS2-VASc score 
≥ 2 was 6.6 %. After a median follow-up of 2.7 (IQR 2.3 – 3.0) years, the incidence 
rate per 100 person-years of ischaemic stroke/TIA/TE was 1.96 in the index group 
and 1.42 in the reference group (hazard ratio (HR) 1.3, 95 % C 0.8 – 2.1). No differ-
ence was observed in the rate of bleeding (0.79 versus 0.82), or in the underuse 
(7.2 % versus 8.2 %) or overuse (8.0 % versus 7.9 %) of anticoagulation.

We conclude that in this study in patients with AF in general practice, underuse 
of anticoagulants is relatively low. Nevertheless, providing general practitioners 
with CHA2DS2-VASc based decision support does not seem to result in a reduc-
tion in stroke incidence, nor does it affect bleeding risk or anticoagulant over- or 
underuse.

RISK OF HOSPITALISATION, MORTALITY AND HEART FAILURE 
IN PATIENTS WITH ATRIAL FIBRILLATION

In the subsequent two chapters of this thesis, we focus on the increased risk in AF 
patients of adverse events other than stroke alone. Their clinical importance in 
increasingly recognised, as exemplified by recent practice guidelines recommend-
ing integrated AF care aiming to prevent all clinically relevant outcomes, including 
hospitalisation and mortality. In Chapter 4 we explore whether models typically 
used to predict stroke can also identify anticoagulated patients at high risk of these 
outcomes.

In a cohort of 2,068 anticoagulated AF patients in general practice, we described 
the risks of cardiac and non-cardiac hospitalisation and mortality, systematically 
searched for existing prediction models developed for stroke prediction in AF, and 
validated these models for predicting hospitalisation and mortality by calculating 
the observed risk per score as incidence rates (IRs) and c-statistic.

During a median follow-up of 2.7 (IQR 2.2 – 3.0) years, the IR per 100 person-years 
was 22.1 for hospitalisations and 6.7 for all-cause mortality. Non-cardiac events 
outnumbered cardiac events (IRs 15.7 versus 7.6 per 100 person-years for hospi-
talisation, p < 0.001 and 5.0 versus 1.7, p < 0.001 for mortality). The proportion of 
patients considered at ‘low risk’ by each model ranged from 3 % (CHA2DS2-VASc) 
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to 35 % (ATRIA). The median c-statistic of all models was 0.57 for hospitalisation 
outcomes, and 0.65 for mortality outcomes.

We conclude that in well-anticoagulated community-dwelling AF patients stroke 
risk is exceeded by risks of hospitalisation and mortality, importantly mainly for 
non-cardiac causes. The ATRIA model may be considered most suitable for predict-
ing adverse events other than stroke.

Heart failure (HF) is another important adverse condition that frequently co-
occurs in patients with AF, and vice versa. They share common causes and one 
disease may likely develop or progress in presence of the other. However, heart 
failure in patients with AF is often unrecognised due to overlapping symptomatol-
ogy. Furthermore, AF can cause elevated natriuretic peptide levels, impairing its 
diagnostic value for HF-detection. In Chapter 5 we therefore describe the preva-
lence of previously unknown HF in community-dwelling patients with AF, and 
the diagnostic value of the natriuretic peptide NTproBNP for HF-screening in AF 
patients.

We combined individual participant data from four HF-screening studies in 
older community-dwelling persons. The presence or absence of HF was in each 
study established by an expert panel following the criteria of the European Society 
of Cardiology. We performed a two-stage patient-level meta-analysis to calculate 
traditional diagnostic indices.

Of the 1,941 individuals included in the fur studies, 196 (10.1 %) had AF at base-
line. HF was uncovered in 83 (43 %) of these 196 patients with AF, versus 381 (19.7 %) 
in those without AF at baseline. Median NTproBNP levels of AF patients with and 
without HF were 744 pg/mL and 211 pg/mL, respectively. At the cut-point of 125 
pg/mL, sensitivity was 93 %, specificity 35 %, and positive and negative predictive 
values 51 % and 86 %, respectively. Only 23 % of all AF patients had an NTproBNP 
level below the 125 pg/mL cut-point, with still a 13 % prevalence of HF in this 
group.

We concluded that the prevalence of HF is high among community-dwelling 
patients with AF. Given its diagnostic accuracy, screening for HF with NTproBNP 
is inefficient in AF patients and straightforward echocardiography should be con-
sidered.

MISCLASSIFICATION IN ROUTINE CARE DATA

Much research evaluated in this thesis, like in many other fields in medical sci-
ence, relies on data collected during routine clinical practice. Therefore, finally, 
in Chapter 6 of this thesis, we focus on potential misclassification in such routine 
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care data, specifically in studies on prognostic prediction models. Misclassification 
of predictors may strongly affect the associations studied. There is no doubt that 
this could lead to the derivation of suboptimal prediction models. The extent to 
which such misclassification affects the validation of existing prediction models is 
currently unclear.

We therefore quantified the amount of misclassification in routine care data and 
its effect on the validation of an existing risk prediction model in a case study using 
the CHA2DS2-VASc clinical prediction model for predicting mortality in patients 
with atrial fibrillation.

In a prospective cohort in general practice in the Netherlands, we used comput-
erised retrieved data from the electronic medical records of patients known with 
AF as index predictors. Additionally, manually collected data after scrutinising all 
complete medical files were the reference predictors. Comparing the index with 
the reference predictors, we assessed misclassification in individual predictors by 
calculating Cohen’s kappas and univariable hazard ratios (HR) for mortality. We 
quantified predictive performance by calculating the c-statistic and by determining 
calibration of multivariable models.

In total 2,363 AF patients were included. After a median follow-up of 2.7 (IQR 
2.3 – 3.0) years, 368 patients died (incidence rate 6.2 deaths per 100 person-years). 
Misclassification in individual predictors ranged from substantially (Cohen’s 
kappa 0.56 for prior history of heart failure) to minor (kappa 0.90 for a history of 
type 2 diabetes). The (HR) from univariable Cox analysis was 2.1 for heart failure 
using index predictors, and 1.7 with reference predictors. For type 2 diabetes HRs 
were 0.81 and 0.83, respectively. The overall model performance was not affected 
by the misclassification between index and reference predictors of the CHA2DS2-
VASc model with a c-statistic of 0.684 for index and 0.681 for reference predictors, 
and similar calibration.

We conclude that even in the presence of substantial predictor misclassification 
in routine healthcare data, the overall performance of a prediction model was not 
negatively affected. Although our study should be repeated for other often applied 
prediction models, our findings suggest that routinely available health care data 
indeed are a useful source when validating prognostic models, despite misclas-
sification in some of the variables.

In the general Discussion concluding this thesis, we focus on stroke risk predic-
tion as a crucial part of the management of AF. We identify two pathways along 
which more accurate prediction of stroke may be achieved.

First, the CHA2DS2-VASc prediction model needs updating. Each predictor in 
the model, as well as the assigned weight, needs to be re-evaluated. Furthermore, 
any possible interaction terms need consideration.
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Second, additional predictors may be added to the CHA2DS2-VASc model. 
These include clinical parameters, of which renal failure is the most promising 
predictors; biomarkers derived from the blood, either with a cardiac origin, as-
sociated with inflammation, or with coagulation or endothelial (dys)function; and 
echocardiographic markers of the size and function of the left atrium and/or left 
atrial appendage.

We conclude that individual patient data from existing studies, readily available 
data from routine clinical practice, and the growing availability of biomaterial in 
designated biobanks provide great opportunities for efficiently improving stroke 
risk prediction models. The applicability of future more sophisticated, and un-
doubtedly more complicated, models need careful attention in future research and 
clinical practice. Because ultimately, better stroke prediction should lead to better 
anticoagulant treatment and in the end better prevention of stroke in patients with 
atrial fibrillation.
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INLEIDING

Atriumfibrilleren (AF) is de meest voorkomende hartritmestoornis. De prevalentie 
in de algemene bevolking is 1–2 %, en stijgt tot meer dan 15 % in patiënten van 85 
jaar en ouder.[1,2] AF is niet alleen een bekende risico factor voor ischaemisch CVA, 
het is ook geassocieerd met een verhoogd risico op hospitalisatie,[3] mortaliteit[4] 
en een verscheidenheid aan andere nadelige gevolgen.[5]

In dit proefschrift bespreken we de behandeling van deze risico’s, in het bijzonder 
voor AF patiënten in de eerste lijn. We richten ons daarbij op drie domeinen: het voor-
spellen van ischaemisch CVA bij AF; de preventieve behandeling met antistolling; en 
nadelige gevolgen van AF naast CVA zoals hospitalisatie, mortaliteit en hartfalen.

HET RISICO OP CVA VOORSPELLEN BIJ ATRIUMFIBRILLEREN

Bij de preventie van CVA bij AF moeten de voordelen van de zeer effectieve antico-
agulantia afgewogen worden tegen het risico op bloedingscomplicaties. Richtlijnen 
voor de behandeling van AF adviseren daarom om bij iedere individuele AF patiënt 
het risico op CVA te voorspellen, en vervolgens alleen in het geval van een hoog 
CVA risico anticoagulantia voor te schrijven. In Hoofdstuk 1 van dit proefschrift 
evalueren we de waarde van de CHA2DS2-VASc beslisregel zoals ontwikkeld in 
2010 door Lip et al.[6] Hoewel deze regel veelvuldig wordt gebruikt om het risico 
op CVA bij patiënten met AF te voorspellen, zijn de resultaten in externe validatie 
onderzoeken twijfelachtig en tegenstrijdig.

Wij deden daarom een systematische literatuur review van externe validatie 
onderzoeken van CHA2DS2-VASc in AF patiënten die (nog) geen anticoagulantia 
gebruikten. Vervolgens deden we een random effects meta-analyse van het voor-
spelde risico op CVA per score. Om heterogeniteit in kaart te brengen stratificeer-
den wij onderzoeken naar het domein waar de patiëntinclusie startte, en pasten 
meta-regressie toe.

In totaal werden 19 onderzoeken met een follow-up van meer dan twee miljoen 
persoonsjaren geëvalueerd. In onderzoeken die AF patiënten in het ziekenhuis 
includeerden was het CVA risico voor score nul, één en twee respectievelijk 0,4 % 
(95 % predictie interval (PI) 0,2 tot 3,2 %), 1,2 % (95 % PI 0,1 – 3,8 %) en 2,2 % (95 % 
PI 0,03 – 7,8 %). Dit was consequent hoger dan onderzoeken die patiënten in de 
algemene bevolking includeerden, met risico’s van 0,2 % (95 % PI 0,0 – 0,9 %), 0,7 % 
(95 % PI 0,3 – 1,2 %) en 1,5 % (95 % PI 0,4 – 3,3 %) voor respectievelijk score nul tot 
twee. Heterogeniteit zoals uitgedrukt door het brede predictie interval kon niet 
volledig worden verklaard door meta-regressie.
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We concluderen dat in externe validatie onderzoeken het voorspelde risico op 
CVA voor verschillende scores van CHA2DS2-VASc veel heterogeniteit vertoont. 
Besluiten rond de behandeling met anticoagulantia van patiënten met een interme-
diaire risico op CVA (rond score 1 tot 2) blijven daarmee ingewikkeld. Verschillen 
in CVA risico’s tussen onderzoeken die patiënten includeerden in ziekenhuizen of 
in de algemene bevolking tonen aan dat mogelijke case-mix verschillen moeten 
worden meegewogen bij deze behandelbeslissingen, maar enige onzekerheid zal 
blijven bestaan.

BEHANDELING MET ANTICOAGULANTIA IN 
ATRIUMFIBRILLEREN

Hoewel de voordelen van anticoagulantia bij het voorkómen van CVA evident zijn, 
is er vaak sprake van onderbehandeling. In een meta-analyse in 2010 beschreven 
Ogilvie et al.[7] dat in vele onderzoeken gemiddeld 30 % van de AF patiënten 
met een hoog risico op CVA dikwijls niet met anticoagulantia werd behandeld. 
In Hoofdstuk 2 van dit proefschrift bestuderen wij daarom de redenen voor het 
afwijken van de richtlijn voor CVA preventie bij atriumfibrilleren in de eerste lijn.

In een observationeel cross-sectioneel onderzoek in de Nederlandse eerste lijn 
werd de behandeling van 440 AF patiënten in 19 huisartspraktijken geanalyseerd, 
en werden de redenen voor het afwijken van de CHADS2 beslisregel[8], de voorlo-
per van CHA2DS2-VASc, voor iedere patiënt bij de huisarts uitgevraagd.

De mediane leeftijd van de geïncludeerde patiënten was 76,0 (interkwartiele 
range (IQR) 67 – 83) jaar, 55 % was man en 62 % was onder mede-behandeling 
van een cardioloog. Er was sprake van onderbehandeling volgens de CHADS2 
en CHA2DS2-VASc beslisregel in respectievelijk 93 (21,1 %) en 104 (23,6 %) pa-
tiënten. Overbehandeling kwam voor in respectievelijk 84 (19,1 %) en 29 (3,4 %) 
patiënten. Als belangrijkste redenen om af te wijken van de richtlijn noemden 
huisartsen i) blijvend sinusritme na een periode van AF, en ii) de cardioloog werd 
verantwoordelijk geacht voor de behandeling met anticoagulantia. Mogelijk kun-
nen deze drempels worden weggenomen door wetenschappelijk onderbouwde, 
duidelijke aanbevelingen voor de behandeling van patiënten met (verondersteld) 
sinus ritme na een periode van AF, en daarnaast betere afstemming tussen huisarts 
en cardioloog over de verantwoordelijkheden rond het starten en vervolgen van 
anticoagulantia. Opvallend genoeg werden bijwerkingen of contra-indicaties voor 
anticoagulantia, of de voorkeur van de patiënt zelden genoemd als reden voor 
onderbehandeling.
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Om de behandeling met anticoagulantia van patiënten met AF in de eerste lijn 
vervolgens te optimaliseren, verrichtten we een groot cluster-gerandomiseerd 
onderzoek naar de effectiviteit van een geautomatiseerde beslisondersteuning 
voor CVA preventie op basis van CHA2DS2-VASc, waarvan de resultaten staan 
beschreven in Hoofdstuk 3

We randomiseerden 38 huisartspraktijken. Huisartsen in de index praktijken 
ontvingen een automatisch opgesteld behandeladvies voor anticoagulantia op ba-
sis van CHA2DS2-VASc. Huisartsen in de referentie groep leverden gebruikelijke 
zorg. De primaire uitkomst was de incidentie van ischaemisch CVA, TIA en/of 
thrombo-embolie (TE). Secundaire uitkomsten waren bloeding en het percentage 
patiënten dat volgens de richtlijn met anticoagulantia werd behandeld.

In totaal werden 1.129 AF patiënten geïncludeerd in 19 index praktijken en 1.226 
AF patiënten in 19 referentie praktijken. De mediane leeftijd was 77 (IQR 68 – 75) 
jaar, 48 % was man. De mediane CHA2DS2-VASc score was 3.0 (IQR 2.0 – 5.0). 
Onderbehandeling met antistolling zoals geadviseerd voor patiënten met een 
CHA2DS2-VASc score ≥ 2 kwam voor in 6,6 % van de populatie. Na een mediane 
follow-up van 2,7 (IQR 2,3 – 3,0) jaar was de incidentie-dichtheid (‘incidence rate’ 
IR) per 100 persoonsjaren van ischaemisch CVA/TIA/TE 1,96 in de index groep 
en 1,42 in de referentie groep (hazard ratio (HR) 1,3; 95 % C 0,8 – 2,1). Er werd 
geen verschil gevonden in het risico op bloeding (HR 0,79 versus 0,82), of in on-
derbehandeling (7,2 % versus 8,2 %) of overbehandeling (8,0 % versus 7,9 %) met 
anticoagulantia.

Wij concluderen dat in deze studie in AF patiënten in de eerste lijn onderbehan-
deling met anticoagulantia relatief laag is. Een behandeladvies voor huisartsen op 
basis van CHA2DS2-VASc leidt niet tot een daling in de IR van CVA, en heeft geen 
invloed op het risico op bloeding, of op overbehandeling en onderbehandeling met 
anticoagulantia.

RISICO OP HOSPITALISATIE, MORTALITEIT EN HARTFALEN IN 
PATIëNTEN MET ATRIUMFIBRILLEREN

In de volgende hoofdstukken van dit proefschrift richten we ons op het verhoogde 
risico op andere negatieve uitkomsten dan CVA in patiënten met AF. Het belang 
hiervan wordt in toenemende mate onderkend, met als voorbeeld de geïntegreerde 
AF zorg die wordt aanbevolen in recente behandelrichtlijnen met als doel alle 
negatieve uitkomsten te voorkomen, inclusief hospitalisatie en mortaliteit. In 
Hoofdstuk 4 onderzoeken wij of beslisregels die bedoeld zijn voor het voorspellen 
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van het risico op CVA, patiënten met anticoagulantia en een hoog risico op deze 
uitkomsten zouden kunnen identificeren.

In een cohort van 2.068 AF patiënten in de eerste lijn die anticoagulantia gebruik-
ten beschreven wij het risico op cardiale en niet-cardiale hospitalisatie en mortali-
teit, zochten wij systematisch naar bestaande beslisregels voor het voorspellen van 
CVA in AF, en valideerden deze regels voor het voorspellen van hospitalisatie en 
mortaliteit door het berekenen van het geobserveerde risico per score als incidentie 
dichtheid en de c-statistic.

Gedurende een mediane follow-up van 2,7 (IQR 2,2 – 3,0) jaar was de IR per 100 
persoonsjaren 22,1 voor hospitalisatie en 6,7 voor mortaliteit ongeacht de oorzaak. 
Niet-cardiale uitkomsten kwamen vaker voor dan cardiale uitkomsten (IR 15,7 
versus 7,6 per 100 persoonsjaren voor hospitalisatie, p < 0,001 en 5,0 versus 1,7, 
p < 0,001 voor mortaliteit). Het percentage patiënten dat door elk van de beslisre-
gels werd beschouwd als ‘laag risico’ varieerde van 3 % (CHA2DS2-VASc) tot 35 % 
(ATRIA). De mediane c-statistic van alle modellen was 0,57 voor hospitalisatie en 
0,65 voor mortaliteit.

Wij concluderen dat in AF patiënten die anticoagulantia gebruiken in de eerste 
lijn, het risico op hospitalisatie en mortaliteit het risico op CVA overstijgt, voor-
namelijk vanwege niet-cardiale oorzaken. De ATRIA beslisregel zou overwogen 
kunnen worden om andere negatieve uitkomsten dan CVA te voorspellen.

Ook hartfalen (HF) is een belangrijke aandoening die vaak voorkomt onder 
patiënten met AF, en vice versa. Ze delen dezelfde oorzaken en de ene aandoening 
kan ontstaan of verergeren in aanwezigheid van de ander. Door overlappende 
symptomen wordt HF echter vaak niet herkend in patiënten met AF. Daarnaast 
zorgt AF voor verhoging van natriuretische peptiden in het bloed waarmee de 
diagnostische waarde hiervan wordt beperkt. In Hoofdstuk 5 beschrijven wij 
daarom de prevalentie van voorheen onbekend HF in AF patiënten in de eerste 
lijn, en de diagnostische waarde van de natriuretische peptide NTproBNP voor HF 
screening in AF patiënten.

Wij combineerden individuele patiënten data van vier onderzoeken naar HF 
screening onder oudere patiënten in de eerste lijn. De aan- of afwezigheid van HF 
werd in elke studie vastgesteld door een panel van experts aan de hand van de 
criteria van de European Society of Cardiology. Wij verrichtten een meta-analyse 
van data op individueel patiëntniveau in twee stappen om de gebruikelijke diag-
nostische uitkomstmaten te berekenen.

Van de 1.941 patiënten uit de vier studies, hadden 196 (10,1 %) AF bij de baseline 
meting. HF werd vastgesteld bij 83 (43 %) van deze 196 patiënten met AF, versus bij 
381 (19,7 %) patiënten zonder AF. De mediane NTproBNP waarden in AF patiënten 
met en zonder HF waren respectievelijk 744 pg/mL en 211 pg/mL. Slechts 23 % 
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van alle AF patiënten had een NTproBNP waarde lager dan het afkappunt 125 pg/
mL, en 13 % in deze groep had evengoed HF.

We concluderen dat de prevalentie van HF in AF patiënten in de eerste lijn 
hoog is. Gezien de diagnostische waarde is het gebruik van NTproBNP voor HF 
screening bij patiënten met AF niet efficiënt en zou echocardiografie overwogen 
moeten worden.

MISCLASSIFICATIE IN ROUTINE ZORG DATA

Veel onderzoek dat in dit proefschrift aan bod komt, net als veel onderzoek in 
andere sectoren in de medische wetenschap, maakt gebruik van gegevens die 
tijdens routinematige gezondheidszorg zijn verzameld. Daarom richten wij ons 
tenslotte in Hoofdstuk 6 op mogelijke misclassificatie in deze routine zorg data, 
in het bijzonder in onderzoek naar prognostische beslisregels. Misclassificatie in 
predictoren kan onderzoeksresultaten sterk beïnvloeden. Dit leidt ongetwijfeld tot 
de ontwikkeling van suboptimale beslisregels, maar in hoeverre misclassificatie de 
validatie van een bestaande beslisregel beïnvloedt is vooralsnog onduidelijk.

Wij kwantificeerden daarom de hoeveelheid misclassificatie in routine zorg data 
en het effect ervan op de validatie van een bestaande beslisregel, met als voorbeeld 
de CHA2DS2-VASc klinische beslisregel voor het voorspellen van mortaliteit in 
patiënten met atriumfibrilleren. In een prospectief cohort in de Nederlandse eerste 
lijn gebruikten we automatisch verkregen gegevens uit het elektronisch dossier 
van patiënten met AF als index predictoren. Handmatig verzamelde data na het 
bestuderen van het complete medisch dossier dienden vervolgens als referentie 
predictoren. We beoordeelden misclassificatie door het vergelijken van de index 
en referentie predictoren met het uitrekenen van Cohen’s kappa en univariabele 
hazard ratios voor mortaliteit. We kwantificeerden de voorspellende waarde van 
multi-variabele modellen door het uitrekenen van de c-statistic en de calibratie. In 
totaal werden 2.363 AF patiënten geïncludeerd. Gedurende een mediane follow-up 
van 2,7 (IQR 2,3 – 3,0) jaar overleden 368 patiënten (IR 6,2 per 100 persoons-jaren). 
Misclassificatie in individuele predictoren varieerde van aanzienlijk (Cohen’s 
kappa 0,56 voor een voorgeschiedenis van hartfalen) tot beperkt (kappa 0,90 voor 
een voorgeschiedenis van diabetes type 2). De HR uit univariabele Cox analyse was 
2,1 voor hartfalen gebruik makend van index predictoren, en 1,7 gebruik makend 
van referentie predictoren. Voor diabetes type 2 waren de HRs respectievelijk 0,81 
en 0,83. De voorspellende waarde van de volledige CHA2DS2-VASc beslisregel 
werd niet beïnvloed door misclassificatie, met een c-statistic van 0.684 voor index 
predictoren en van 0,681 voor referentie predictoren, met gelijke calibratie.
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We concluderen dat zelfs bij aanzienlijke misclassificatie in predictoren in routine 
zorg data, de waarde van een beslisregel niet negatief wordt beïnvloed. Hoewel 
ons onderzoek herhaald zal moeten worden met andere veelgebruikte beslisregels 
lijkt op basis van onze resultaten dat ongeacht misclassificatie in sommige varia-
belen, routine zorg data een waardevolle bron zijn bij het valideren van klinische 
beslisregels.

De general Discussion waarmee dit proefschrift afsluit, behandelt het voorspel-
len van het risico op CVA als cruciaal onderdeel van de behandeling van AF. We 
bediscussiëren twee trajecten die kunnen leiden tot het nauwkeuriger voorspellen 
van CVA.

Ten eerste zal de CHA2DS2-VASc beslisregel herzien moeten worden. Elke 
predictor in de beslisregel, alsmede het toegekend aantal punten moet opnieuw 
worden geëvalueerd. Daarnaast moeten mogelijke interactietermen worden over-
wegen.

Ten tweede zouden nieuwe predictoren aan CHA2DS2-VASc toegevoegd kun-
nen worden. Hieronder vallen klinische kenmerken, waarvan nierinsufficiëntie 
de meest veelbelovende is; biomarkers die gemeten kunnen worden in het bloed, 
afkomstig uit het hart, of gerelateerd aan ontsteking, coagulatie of endotheel (dys)
functie; en echocardiografische metingen van de grootte en functie van het linker 
atrium en/of het linker hartoor.

We concluderen dat individuele patiënten data uit bestaande onderzoeken, ruim-
schoots voorhanden zijnde routine zorg data, en de toenemende beschikbaarheid 
van biomateriaal in speciale biobanken uitgelezen mogelijkheden bieden om het 
voorspellen van CVA efficiënt te verbeteren. De toepasbaarheid van toekomstige 
geavanceerde, en daardoor ongetwijfeld complexere, beslisregels verdient verdere 
aandacht in onderzoek en in de klinische praktijk. Uiteindelijk moet namelijk een 
betere voorspelling van het risico op CVA leiden ook tot betere behandeling met 
anticoagulantia en ten slotte een betere preventie van CVA bij patiënten met atri-
umfibrilleren.
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