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Abstract
Background: In this study, the relationship between AF- related quality of life (AFEQT) 
at baseline in AF- patients and the improvement on perceived symptoms and general 
state of health (EHRA, European Heart Rhythm Association score) at 12 months was 
assessed across predefined age categories.
Methods: Between November 2014 and October 2019 patients diagnosed with AF 
de novo in four hospitals embedded within the Netherlands Heart Network were pro-
spectively followed for 12 months. These AF- patients were categorized into quartiles 
based on their AFEQT score at diagnosis and EHRA score was measured at diagnosis 
and 12 months of follow- up. Stratified analyses were performed using age categories 
(<65 vs. ≥65 years; <75 vs. ≥75 years).
Results: In total, 203/483 (42.0%) AF- patients improved in EHRA score after 
12 months of follow- up. AF- patients in the lowest AFEQT quartile were more likely 
to improve, compared to patients in the highest AFEQT quartile (OR [95%CI]:4.73 
[2.63– 8.50]). Furthermore, patients ≥65 years and patients <75 years at diagnosis 
with lower AFEQT scores at baseline were most likely to improve in EHRA score after 
12 months, compared to similarly aged patients with higher AFEQT scores at baseline.
Conclusion: The present study indicates that AF- patients with a lower quality of life 
at diagnosis were most likely to improve their EHRA score after 12 months. This ef-
fect was most prominent in patients ≥65 years of age and patients <75 years of age, 
compared to patients >65 and ≥75 years, respectively. Future research should focus 
on further defining characteristics of these age groups to enable the implementation 
of age- tailored treatment.
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1  |  INTRODUC TION

Atrial fibrillation (AF) is the most common sustained arrhythmia 
with a profound effect on the quality of life (QoL) of patients.1– 3 
AF presents itself in various forms and with various adverse out-
comes, which can impact the patients’ general state of health 
both in the short-  and the long- terms. Therefore, AF management 
requires strategies to manage the patients’ physical symptoms, 
but also the psychological well- being.3,4 There is great variabil-
ity within the AF- patient population in the change in symptoms 
and response to therapy, making improvement hard to predict.5 
Therefore, assessing indicators for symptom improvement may 
provide valuable information for selecting appropriate treatment 
options in the clinic.5

The prevalence of AF increases sharply between 60 and 
65 years, after which it steadily increases until the age of 80– 
85 years.6,7 Furthermore, age strongly influences the occurrence 
of AF- related symptoms and declines in functional capacity as 
younger patients report more dizziness and palpitations, while 
older patients tend to feature a greater degree of dyspnea and 
fatigue.8 Underlying comorbidities have been reported as one of 
the most important drivers for the limiting effects of AF on physi-
cal capacity.9 Elderly patients tend to experience more comorbid-
ities. Moreover, age is prominently featured in various clinical risk 
stratification schemes routinely employed in AF management.10,11 
For instance, the CHA2DS2- VASc stroke risk stratification score 
uses age categories (<65, ≥65– 74, and ≥75 years) to help guide 
clinicians in predicting high- risk patients.10 Therefore, it is crucial 
to account for the patients’ age at the diagnosis of AF to obtain an 
accurate estimate of the predicted progression of their perceived 
general state of health, and subsequently, tailor treatment accord-
ing to the patients’ predicted disease trajectory.

A widespread and simple to use method to assess and quantify 
symptoms related to AF is the European Heart Rhythm Association 
(EHRA) score. The EHRA score helps classify patients based on the 
limitations they experience during normal daily activity. Previous 
studies have indicated that this score is associated with Health 
Related Quality of Life (HRQoL).12,13 The evaluation of HRQoL by 
health professionals is emerging as an important factor in the as-
sessment and follow- up of patients with AF to aid in providing 
patient- centered care.14 A commonly used and validated way to de-
termine the AF- related quality of life is the Atrial Fibrillation Effect 
on Quality of Life (AFEQT) questionnaire.15 Based on the relation-
ship between the score of the AFEQT questionnaire and AF- related 
symptoms, HRQoL at diagnosis could potentially be used to predict 
future improvement in AF- symptoms.12,16 As age is a prominent fac-
tor in both the experienced symptoms at the onset of AF and the dis-
ease course, we hypothesize that the relationship between HRQoL 
and perceived AF- symptoms differs across age- groups.5,8,9 By es-
tablishing the relationship between age, HRQoL and AF- symptoms, 
patient subgroups can be identified with suboptimal health bene-
fits during the AF disease course. In particular, insights on vulner-
able patient subgroups may help tailor AF management policies to 

maximize clinical outcomes based on patient characteristics and 
patient- reported outcome measures.

Therefore, we assessed the relationship between HRQoL 
(AFEQT) at baseline and the improvement on perceived symp-
toms and general state of health (EHRA score) at 12 months in 
AF- patients. Furthermore, we assessed potential differences be-
tween predefined age categories in this relationship to identify 
patient subgroups with the greatest potential for improvement in 
AF- symptoms.

2  |  METHODS

2.1  |  Study population

In this prospective cohort, patients newly diagnosed with AF in 
the outpatient clinics in any of the four hospitals embedded within 
the Netherlands Heart Network (NHN) in the time period between 
November 2014 and October 2019 were included. In short, the 
NHN is a joint effort of healthcare providers in primary, secondary, 
and tertiary cares in 800 000 head population in a rural and urban 
region in the southeast of the Netherlands, with the aim to improve 
the quality of care for cardiac patients by optimizing the complete 
healthcare chain.17

Patients were included in this study when they were ≥18 years, 
newly or recently diagnosed with non- valvular AF, were competent 
to read and agree on the informed consent, and had provided writ-
ten informed consent.

2.2  |  Procedure

In the hospitals embedded within the NHN a regional care stand-
ard has been implemented for AF- patients who visit the outpatient 
AF clinic to standardize the procedures and quality of care within 
the region. During 45– 60 min patient consultation sessions within 
these outpatient AF clinics, AF- nurses provide education to the AF- 
patients and complete the required registrations to improve guide-
line adherence of cardiologists through better documentation of 
patient information. The education strategy contains information on 
available treatment options and the importance of treatment com-
pliance, enabling patients to make well- informed decisions on their 
treatment. Furthermore, the AF- nurse makes an inventory of the 
general health status and AF- related complaints of the patient to in-
form the medical specialists with more detailed patient information 
to support the shared decision- making process. The AF- nurses col-
lect data on the patients’ demographics, anthropometry, patient vi-
tals, various AF- related risk stratification scores, onset of symptoms, 
and results from the AFEQT questionnaire on HRQoL. For this study, 
the AF- nurse assessed eligibility, provided information on the study 
and obtained written informed consent. AF- patients included in the 
study were followed- up after 12 months (T1) to evaluate the initi-
ated treatment and to record patient characteristics and outcomes.
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In total, 561 AF- patients had an available EHRA score at both 
baseline and after 12 months of follow- up. AF- patients with a miss-
ing AFEQT score (n = 76) or missing information on selected con-
founders (CHA2DS2VASc: n = 1; OSAS: n = 1) were excluded from 
analyses. In total, 483 (86.1%) AF- patients with complete informa-
tion were eligible for analyses.

2.3  |  Outcome measure

The extent of AF- related symptoms and patients’ perception of 
their general state of health was measured using the EHRA at 
diagnosis (T0) and after 12 months of follow- up (T1). The EHRA 
score is a 4 level scale ranging from EHRA class I (no symptoms) 
to EHRA class IV (disabling symptoms; normal daily activity dis-
continued).18 Improvement on the perceived symptoms of AF was 
determined by comparing EHRA scores at 12 months of follow-
 up (T1) with the EHRA score at time of diagnosis (T0). Any point 
improvement of EHRA score was perceived as clinically relevant. 
Therefore, the unmodified EHRA score was used during this study. 
Patients with a lower EHRA score at T1, compared to T0, were 
categorized as EHRA improver (1), while patients with an equal 
or higher EHRA score at T1 compared to T0 were categorized as 
EHRA non- improver (0).

2.4  |  Exposure assessment and 
background variables

Patients completed the AFEQT questionnaire at baseline to assess 
their perceived HRQoL. In contrast to more generic QoL question-
naires, which often include non- health- related features of life, the 
AFEQT questionnaire focuses on AF- related HRQoL, in which the 
impact of AF and treatment on an individual’s QoL are determined. 
To this end, the AFEQT is a validated and reliable questionnaire fea-
turing 20- items targeted at AF- patients to quantify HRQoL across 
4 subdomains, including symptoms, daily activities, treatment con-
cerns and treatment satisfaction using a 7- point Likert response 
scale.15 The overall AFEQT score is calculated based on the answers 
from the first three subdomains (18 questions) and ranges from 0 (se-
vere impairment/low QoL) to 100 (no limitation/high QoL). Patients 
were categorized into quartiles ranging from low to high based on 
the AFEQT scores observed in this study, with the highest quartile 
as reference (AFEQT score; Q1: <54.63; Q2: ≥54.63- <75.00; Q3: 
≥75.00– 89.05; Q4: ≥89.05.

Additional background variables from patients as recorded 
by AF- nurses were age (0: ≥65; 1: <65 years), gender (0: man; 1: 
woman), CHA2DS2VASc score at T0 (0: 0– 1; 1: ≥2), HAS- BLED 
score at T0 (0: 0– 1; 1: ≥2), body mass index (BMI; 0: <25; 1: 
≥25 kg/m2), diabetes mellitus (0: yes; 1: no), hypertension (0: no; 
1: yes), obstructive sleep apnea syndrome (OSAS; 0: no; 1: yes), 
and location of AF- diagnosis (0: GP; 1: Hospital). The recorded 
background variables were selected based on their inclusion as 

cardiovascular risk factors in guidelines from the European Society 
of Cardiology.19

2.5  |  Statistical analyses

Patient characteristics at baseline were described using general de-
scriptive analyses on outcome measures and background variables.

In addition, multivariable- adjusted logistic regression analyses 
were performed to estimate Odds ratios (ORs) and 95% confidence 
intervals (CIs) to assess the association between AFEQT score at 
baseline (T0) and the improvement of EHRA score between base-
line (T0) and 12 months of follow- up (T1). Categorized age, gender, 
CHA2DS2VASc score, HAS- BLED score were included in all models 
as a priori confounders. Potential confounders (i.e. BMI, DM, hyper-
tension, OSAS, and location of AF- diagnosis) were added to the un-
stratified multivariable- adjusted model using backward elimination 
(p < .10). Based on this procedure DM and OSAS were included in all 
statistical models.

In separate analyses, patients were stratified into age groups 
(<65/≥65 years, and <75/≥75 years) based on cut- offs included in 
the CHA2DS2VASc score, a routinely employed risk prediction rule 
for estimating the risk of stroke in patients with non- valvular AF. 
Confounder subsets in stratified analyses were identical to overall 
analyses to maintain the comparability of models.

Furthermore, tests for multicollinearity between the 
CHA2DS2VASc and HAS- BLED scores were performed. No indica-
tions of multicollinearity were observed. In addition, sensitivity anal-
yses were performed with the independent adjustment of models by 
CHA2DS2VASc and HAS- BLED scores which showed similar results 
to main analyses (data not shown). Moreover, sensitivity analyses on 
EHRA improvement were performed excluding patients with a score 
of EHRA I. Results attenuated strongly and became non- statistically 
significant (data not shown). Lastly, sensitivity analyses were per-
formed to assess whether analyses could be performed to assess the 
relationship between the AFEQT score and decrease in EHRA score. 
Unfortunately, the number of patients who reported a decrease in 
EHRA score was too low (n = 43) to obtain robust results upon fur-
ther stratifying patients.

All analyses were performed using IBM SPSS (IBM SPSS Statistics 
for Windows, version 26.0, IBM Corp.). p- values <.05 were consid-
ered statistically significant.

3  |  RESULTS

Baseline characteristics of AF- patients, categorized into quartiles 
based on the AFEQT score ranging from low HRQoL (Q1) to high 
HRQoL (Q4), are presented in Table 1. Patients with a lower AFEQT 
score were more often female (Q1: 55.0%; Q4: 26.4%), had a higher 
mean age (Q1: 70.6 ± 10.6; Q4: 9.4 ± 9.4) and a higher CHA2DS2VASc 
score (2+; Q1: 80.0%; Q4: 71.1%) compared to patients with a higher 
AFEQT score. Patients in the fourth AFEQT score quartile (Q4) 
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more often had a higher HAS- BLED score at baseline (2+; Q1: 41.6; 
Q4: 47.2%), were more often overweight or obese (Q1: 66.7%; Q4: 
71.6%) and less often had a diagnosis of hypertension (Q1: 60.0; Q4: 
50.4%), compared to patients in lower AFEQT quartiles. Finally, pa-
tients in lower AFEQT quartiles more often experienced AF at the 
time of completion, when compared to patients in higher AFEQT 
quartiles (Q1: 37.2%; Q4: 18.3%).

3.1  |  Improvement in EHRA score

In total, 203 (42.0%) AF- patients improved in EHRA score. In patients 
who improved in EHRA score a mean (SD) improvement of −1.31 (0.55) 
was observed. Results from multivariable- adjusted analyses on the as-
sociation between AFEQT score and the improvement in EHRA score 

after 12 months of follow- up are presented in Table 2. Patients with a 
lower AFEQT score at baseline, indicating a lower HRQoL, more often 
improved in EHRA score, compared to patients in the highest AFEQT 
quartile at baseline (Q4; Table 2). This association was statistically 
significant across the Q1– Q3 quartiles and became stronger across 
quartiles with lower AFEQT scores. Furthermore, the mean observed 
EHRA improvement was larger across decreasing AFEQT quartiles, al-
though standard deviations were relatively wide (mean [SD]: Q1: −1.39 
[0.55]; Q2: −1.31 [0.57]; Q3: −1.20 [0.50]; Q4: −1.27 [0.60]).

3.2  |  Results stratified by age (<65; ≥65)

In total, 68/134 (50.7%) of the patients diagnosed with AF <65 years 
of age and 135/349 (38.7%) of the patients diagnosed with AF 

TA B L E  1  Baseline characteristics of AF- patients categorized into quartiles based on the AFEQT score at baseline

AFEQT score at baseline, n (%)

First quartile (Q1) (4.63 to 
<54.63)

Second quartile (Q2) (≥54.63 
to <75.00)

Third quartile (Q3) (≥75.00 
to <89.05)

Fourth quartile (Q4) 
(≥89.05 to 100)

Total 120 (100) 120 (100) 122 (100) 121 (100)

Gender

Men 54 (45.0) 61 (50.8) 69 (56.6) 89 (73.6)

Women 66 (55.0) 59 (49.2) 53 (43.4) 32 (26.4)

Age

Mean (SD) 70.6 (10.6) 69.9 (9.6) 67.9 (9.3) 67.9 (9.4)

CHA2DS2VASc score (T0)

0– 1 24 (20.0) 24 (20.0) 30 (24.6) 35 (28.9)

2+ 96 (80.0) 96 (80.0) 92 (75.4) 86 (71.1)

HAS- BLED (T0)

0– 1 58 (48.3) 74 (61.7) 77 (63.1) 64 (52.9)

2+ 62 (41.6) 46 (38.3) 45 (36.9) 57 (47.2)

OSASb

No 115 (95.8) 117 (97.5) 115 (94.3) 119 (98.3)

Yes 5 (4.2) 3 (2.5) 7 (5.7) 2 (1.7)

Diabetes mellitus

No 100 (83.3) 99 (82.5) 102 (83.6) 104 (86.0)

Yes 20 (16.7) 21 (17.5) 20 (16.4) 17 (14.0)

BMI

<25 36 (33.3) 35 (34.0) 36 (36.4) 27 (28.4)

≥25 72 (66.7) 68 (66.0) 63 (63.6) 68 (71.6)

Hypertension

No 48 (40.0) 48 (40.0) 53 (43.4) 60 (49.6)

Yes 72 (60.0) 72 (60.0) 69 (56.6) 61 (50.4)

Location of diagnosis

GP 46 (39.0) 27 (22.7) 42 (35.0) 42 (34.7)

Hospital 72 (61.0) 92 (77.3) 78 (65.0) 79 (65.3)

Atrial fibrillation at completion of AFEQT questionnaire

No 71 (62.8) 91 (80.5) 95 (78.5) 94 (81.7)

Yes 42 (37.2) 22 (19.5) 26 (21.5) 21 (18.3)
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≥65 years of age improved in EHRA score by at least one point. 
On average, those who improved in symptoms improved by −1.24 
(0.49) and −1.34 (0.58) (mean [SD]), for age at diagnosis of <65 and 
≥65 years, respectively. Results from multivariable- adjusted analy-
ses testing the association between AFEQT and the improvement 
of EHRA score after 12 months of follow- up stratified into age cat-
egories of <65 and ≥65 years are presented in Table 3. Results for 
patients aged ≥65 years at AF- diagnosis were similar to unstrati-
fied analyses. However, multivariable- adjusted ORs were stronger 
compared to overall analyses for the first and second quartile of 

AFEQT score, when compared to the fourth quartile (OR [95%CI]: 
6.07 [2.89– 12.74] and 4.75 [2.29– 9.84], respectively). In patients 
with an AF- diagnosis before 65 years solely the first AFEQT score 
quartile was statistically significantly associated with an increased 
EHRA score, compared to the fourth AFEQT quartile (OR [95%CI]: 
2.77 [1.00– 7.67]). Similar to overall analyses, a positive association 
was observed for diabetes mellitus in patients with an AF- diagnosis 
before 65 years of age. However, this association was not statisti-
cally significant (OR [95%CI]: 3.06 [0.76– 12.31]).

3.3  |  Results stratified by age (<75; ≥75)

In total, 138/330 (41.8%) of the AF- patients diagnosed <75 years of 
age and 65/153 (42.4%) of the AF- patients diagnosed ≥75 years of age 
improved in EHRA score by −1.31 (0.56) and −1.29 (0.52) (mean [SD]), 
respectively. Results from multivariable- adjusted analyses testing the 
association between AFEQT and the improvement of EHRA score 
after 12 months of follow- up stratified into age categories of <75 and 
≥75 years are presented in Table 4. Both age groups showed similar 
associations to overall analyses presented in Table 2. The association 
between improved EHRA score was the strongest in the first AFEQT 
score quartile, compared to the fourth AFEQT quartile in patients in 
the category <75 years (OR [95% CI]: 5.46 [2.67– 11.15]). Similar to 
other analyses, the strength of the association increased across de-
creasing AFEQT score quartiles in stratified analyses on <75 years. 
This increase was less prominently visible in analyses stratified on 
≥75 years at AF- diagnosis. In analyses on this stratum, the strong-
est association with EHRA improvement was observed in the second 
AFEQT quartile, when compared to the fourth. In addition, the asso-
ciation with EHRA improvement comparing the third and the fourth 
AFEQT quartile was non- significant in this stratum.

TA B L E  2  Overall associations with improvement of EHRA score 
after 12 months (T1)

AFEQT score 
(T0)

Total study 
population, n (%)

Improvement of EHRA 
score (T1)

n (%)
Adj. OR 
(95% CI)a

First quartile 
(4.63 to 
<54.63)

120 (24.8) 70 (58.3) 4.73 (2.63– 
8.50)

Second quartile 
(≥54.63 to 
<75.00)

120 (24.8) 58 (48.3) 3.42 (1.91– 
6.15)

Third quartile 
(≥75.00 to 
<89.05)

122 (25.3) 49 (40.2) 2.33 (1.30– 
4.18)

Fourth quartile 
(≥89.05 to 
100)

121 (25.1) 26 (21.5) 1 (Ref.)

a Multivariable- adjusted models were corrected for age (<65; ≥65), 
gender (men; women), HAS_BLED (0– 1; ≥2), CHA2DS2- VASc (0– 1; ≥2), 
Diabetes mellitus (no; yes) and OSAS (no; yes).
Bold indicates statistically significant p- values.

TA B L E  3  Associations stratified by age categories (<65; ≥65 years) with improvement of EHRA score after 12 months (T1)

Age <65 Age ≥65

Total study 
population, n (%)

Improvement of EHRA score (T1)
Total study 
population, n (%)

Improvement of EHRA score 
(T1)

n (%) Adj. OR (95%CI) n (%) Adj. OR (95%CI)

AFEQT score (T0)a

First quartile (4.63 
to <54.63)

33 (24.6) 20 (60.6) 2.77 (1.00– 7.67) 87 (24.9) 50 (57.5) 6.07 
(2.89– 12.74)

Second quartile 
(≥54.63 to 
<75.00)

31 (23.1) 15 (48.4) 1.54 (0.55– 4.37) 89 (25.5) 43 (48.3) 4.75 (2.29– 9.84)

Third quartile 
(≥75.00 to 
<89.05)

37 (27.6) 21 (56.8) 2.30 (0.85– 6.23) 85 (24.4) 28 (32.9) 2.40 (1.13– 5.10)

Fourth quartile 
(≥89.05 to 100)

33 (24.6) 12 (36.4) 1 (Ref.) 88 (25.2) 14 (15.9) 1 (Ref.)

a Multivariable- adjusted models were corrected gender (men; women), HAS_BLED (0– 1; ≥2), CHA2DS2- VASc (0– 1; ≥2), Diabetes mellitus (no; yes) and 
OSAS (no; yes).
Bold indicates statistically significant p- values.
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4  |  DISCUSSION

In the present study, we aimed to assess the relationship between 
AFEQT score at baseline in AF- patients and the improvement in 
EHRA score at 12 months of follow- up. In addition, we aimed to 
identify patient subgroups that most commonly experienced EHRA 
score improvement during this time period. In summary, AF- patients 
with a lower AFEQT score at diagnosis were more likely to improve 
their EHRA score during follow- up, when compared to patients with 
a higher AFEQT score at diagnosis. In analyses stratified by age cat-
egories, patients above the age of 65 and below the age of 75 with 
lower AFEQT scores at baseline were most likely to improve their 
EHRA score between baseline and 12 months of follow- up.

The findings of this study highlight the importance of accounting 
for both the patients’ perception of their general state of health and 
patient characteristics, such as age, at the moment of diagnosis to 
predict symptom improvement in the year post- diagnosis. While the 
clinical value of the interrelatedness of the AFEQT questionnaire and 
EHRA score has been described in previous studies, little is known on 
the predictive value of these factors over time.12,13,16,20 Krisai et al.16 
state that patient- reported QoL might be a more robust and compre-
hensive patient- reported metric, when compared to symptom status, 
because of the stability over time independent from AF- treatment and 
the better prediction of future adverse cardiac events. Previous stud-
ies have indicated that low QoL is associated with the prevalence of 
specified AF- related symptoms, such as dyspnea at rest, exercise intol-
erance and chest discomfort or tightness.12,16 In light of these findings, 
the results from the present study indicate that patients with a low QoL 
may gain the most from specialized and intensive treatment regimens 
(e.g. multidisciplinary cardiac rehabilitation), as these patients likely 
experience a higher disease- burden at the onset of AF.16 At present, 
most AF- treatment protocols, aside from stroke prevention through 
anticoagulation medication use, are based on evaluating and resolving 
the symptomatic burden of patients.9 Inclusion of patient- reported 

outcome measures into regular care, such as QoL, can provide insight 
on the symptomatic burden, aiding clinicians in shared- decision making 
prior to treatment. In addition, the availability of the HRQoL at diagno-
sis may help guide clinicians in setting realistic expectations of antici-
pated symptom improvements during patient consultations.5 However, 
it remains paramount to consider the patient's unique characteristics 
and risk factors when assessing patient- reported outcomes in the clinic 
to obtain an accurate estimation of patient disease progression.

Cardiovascular risk factors, such as age, are routinely employed 
to estimate the stroke risk of AF- patients within the CHA2DS2- VASc 
score.10,21,22 As such, cardiovascular risk factors can be seen as 
important predictors for the disease course of AF. Because of the 
general importance of age as a predictor of stroke risk within the 
CHA2DS2- VASc score with an increase in stroke risk across increas-
ing age cut- offs (<65, ≥65– 74 and ≥75 years, respectively), similar 
age cut- offs were employed in this study.10 Our results indicate that 
patients with a low HRQoL above 65 and below 75 years old have 
the greatest potential to show improvement in symptoms, when com-
pared to patients under 65 and above 75 years of age, respectively. 
These observations need further validation in future large- scale stud-
ies. Validation of these results will enable future research to further 
define patient subgroups for which symptom improvements or other 
cardiovascular outcomes can be predicted using patient- reported 
outcome measures. Using this information, treatment recommenda-
tions can be made based on the risk stratification of patient groups 
by evidence- based cut- offs (e.g. by combining information on HRQoL 
and age) because of additional insight into the predicted disease 
course. This would enable clinicians to tailor treatment strategies to 
the expected patient- specific disease course based on both clinical 
and patient- reported characteristics, likely increasing the effective-
ness of treatment regimens and averted negative clinical outcomes.

Besides identifying patient subgroups who are most likely to 
benefit from intensive treatment regimens, future studies should 
also focus on linking the disease course of cardiovascular patients 

TA B L E  4  Associations stratified by age categories (<75; ≥75 years) with improvement of EHRA score after 12 months (T1)

Age <75 Age ≥75

Total study 
population Improvement of EHRA score (T1)

Total study 
population

Improvement of EHRA score 
(T1)

n (%) n (%) Adj. OR (95%CI) n (%) n (%) Adj. OR (95%CI)

AFEQT score (T0)a

First quartile (4.63 to 
<54.63)

71 (21.5) 44 (62.0) 5.46 (2.67– 11.15) 49 (32.0) 26 (53.1) 3.75 (1.31– 10.71)

Second quartile (≥54.63 
to <75.00)

77 (23.3) 35 (45.5) 2.80 (1.40– 5.62) 43 (28.1) 23 (53.5) 4.93 (1.68– 14.45)

Third quartile (≥75.00 to 
<89.05)

96 (29.1) 40 (41.7) 2.43 (1.25– 4.73) 26 (17.0) 9 (34.6) 2.11 (0.62– 7.19)

Fourth quartile (≥89.05 
to 100)

86 (26.1) 19 (22.1) 1 (Ref.) 35 (22.9) 7 (20.0) 1 (Ref.)

a Multivariable- adjusted models were corrected for gender (men; women), HAS_BLED (0– 1; ≥2), CHA2DS2- VASc (0– 1; ≥2), Diabetes mellitus (no; yes) 
and OSAS (no; yes).
Bold indicates statistically significant p- values.
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with patient- reported predictors at diagnosis, such as HRQoL. One 
such cardiovascular outcome has been described in previous re-
search by Freeman et al. in which EHRA score was associated with a 
higher risk of hospitalizations.12 In the same study, the EHRA score 
was inversely correlated with AFEQT score.12 Based on these find-
ings we speculate that the AFEQT- derived HRQoL at diagnosis can 
also be used as a predictor to predict disease course of AF- patients, 
aside from symptoms. Future research is needed to specify asso-
ciation between QoL at diagnosis and outcomes such as resource 
utilization and costs (e.g. hospitalization and treatment) and the oc-
currence of adverse cardiac events (e.g. MACE). Robust information 
on the interrelatedness of the patients’ perception of their general 
state of health, patient- relevant outcomes and healthcare resource 
utilization could, in turn, provide valuable avenues for the imple-
mentation into value- based healthcare.23,24 Based on the findings 
from this study, patients with a low HRQoL and an age between 65 
and 75 years might prove to be valuable targets for which greater 
health benefits can be attained through the implementation of 
patient- tailored treatment policies. However, further information is 
needed on why symptom improvements were less frequently ob-
served in patients below 65 years and above 75 years of age. In 
addition, more information is needed on which treatment strategies 
and lifestyle recommendations are especially beneficial for these 
specific patient groups to provide the most optimal healthcare.

This study was subject to some limitations. Firstly, no information 
was available on the use of rate or rhythm control in our patient pop-
ulation. Because of this caveat, we were unable to discern whether 
there was a difference in patients within the AFEQT quartiles with 
regard to these treatment types. Previous studies have indicated that 
the presence of symptoms is associated with the selection of rate or 
rhythm control in AF- patients.25,26 Furthermore, patients with an age 
above 75 years more often are prescribed rate control medication.25,26 
In general, patients with more prominent AF- symptoms are more 
likely to be managed with rhythm control, which likely also leads to 
improved symptom control.27– 29 Not controlling for these differences 
in treatment may have confounded our results, because it makes it 
difficult to discern whether EHRA improvement has occurred either 
as an effect of elapsing time or treatment. Second, we scored patients 
according to the original EHRA score, instead of the modified EHRA 
score (mEHRA).13,18 Because of this, we were unable to distinguish 
whether patients who were not affected in their normal daily activity 
were either not troubled by symptoms (mEHRA class 2a) or troubled 
by symptoms (mEHRA class 2b).13 As we were mainly interested in full 
point improvements on the EHRA score, we do not believe that the 
use of the unmodified EHRA score affected our results. Furthermore, 
we restricted our stratified analyses to selected age categories for 
this study. It is likely that other patient characteristics, such as gen-
der and BMI, may also be used to define patient subgroups that show 
varying associations between AFEQT and EHRA. Analyses on these 
subgroups was beyond the scope of this study. Moreover, statistical 
floor effects may have influenced the results within this study as pa-
tients with EHRA class I at baseline were unable to further improve 
on their symptoms. In addition, we observed that patients in lower 

AFEQT quartiles more often experienced AF at the time of completing 
the AFEQT questionnaire. Therefore, this group of patients might also 
have experienced more symptoms at baseline, and such, may have had 
more opportunity to improve. Furthermore, in stratified analyses, the 
number of patients diagnosed <65 years of age was limited, which may 
have affected the robustness of results in these particular analyses. 
Finally, because of the limited number of patients who decreased in 
EHRA score between baseline and follow- up we were unable to assess 
the worsening of symptoms in this study.

In conclusion, the present study indicates that AF- patients with 
a lower QoL at baseline were most likely to improve their EHRA 
score after 12 months. This effect was most prominent in patients 
≥65 years of age and patients <75 years of age, compared to pa-
tients <65 and ≥75 years, respectively. Future research should focus 
on verifying these results and on further defining characteristics of 
patients within these age groups to enable the implementation of 
age- tailored treatment. In addition, future research should elaborate 
on whether patient- reported outcome measures, such as QoL, can 
be used to predict the cardiovascular disease course.

COMPLIANCE WITH ETHIC AL STANDARDS

All participants provided written informed consent at the onset of 
the study. The protocol of the AF- NET study was submitted for ap-
proval to the Medical Research Ethics Committee United (MEC- U) in 
the Netherlands (reference number: 14.083). The MEC- U confirmed 
that the Medical Research Involving Human Subjects Act does not 
apply to the AF- NET study and, therefore, official approval of this 
study by the MEC- U is not required.

ACKNOWLEDG MENTS
We would like to thank all AF- nurses for their contributions to the 
study through the collection of information, assessment of eligibility 
and collection of informed consent. Lastly, we would like to thank 
the sponsors of the NHN for their support.

CONFLIC T OF INTERE S T
All authors declare no conflicts of interest. The sponsors of the 
Netherlands Heart Network were not in any way involved in the de-
sign, conduct, analysis, or writing of this manuscript.

AUTHOR CONTRIBUTIONS
L.T. and H.C. conceived the study. L.T., H.C., and J.P. carried out the 
statistical analyses and drafted the manuscript. All authors contrib-
uted to the interpretation of the data. H.V., P.V., P.P., S.J., G.S., J.D., 
H.K., and L.D. critically revised the manuscript. All authors approved 
the final manuscript as submitted.

DATA AVAIL ABILIT Y S TATEMENT
The datasets generated during and/or analyzed during the current 
study are available from the corresponding author on reasonable 
request.



    |  57L.J.H.J. THEUNISSEN ET aL.

ORCID
Henricus- Paul Cremers  https://orcid.org/0000-0003-3059-296X 
Jeroen A. A. van de Pol  https://orcid.org/0000-0002-2106-5634 

R E FE R E N C E S
 1. Lafuente- Lafuente C, Mahé I, Extramiana F. Management of atrial 

fibrillation. BMJ (Online). 2009;339:40– 5.
 2. Lip GY, Tse HF. Management of atrial fibrillation. Lancet. 

2007;370:604– 18.
 3. Aliot E, Botto GL, Crijns HJ, Kirchhof P. Quality of life in patients 

with atrial fibrillation: How to assess it and how to improve it. 
Europace. 2014;16:787– 96.

 4. Thrall G, Lane D, Carroll D, Lip GYH. Quality of life in patients with 
atrial fibrillation: a systematic review. Am J Med. 2006;119:448.e1– 
448.e19. https://doi.org/10.1016/j.amjmed.2005.10.057

 5. Kwon JY, Sawatzky R, Baumbusch J, Ratner PA. Patient- reported 
outcomes and the identification of subgroups of atrial fibrillation 
patients: a retrospective cohort study of linked clinical registry and 
administrative data. Qual Life Res. 2021;30(6):1547– 1559. https://
doi.org/10.1007/s1113 6- 021- 02777 - 6.

 6. Wasmer K, Eckardt L, Breithardt G. Predisposing factors for atrial 
fibrillation in the elderly. J Geriatric Cardiol. 2017;14:179– 84.

 7. Wilke T, Groth A, Mueller S, Pfannkuche M, Verheyen F, Linder 
R, et al. Incidence and prevalence of atrial fibrillation: an analysis 
based on 8.3 million patients. Europace. 2013;15:486– 93.

 8. Reynolds MR, Lavelle T, Essebag V, Cohen DJ, Zimetbaum P. 
Influence of age, sex, and atrial fibrillation recurrence on quality 
of life outcomes in a population of patients with new- onset atrial 
fibrillation: The Fibrillation Registry Assessing Costs, Therapies, 
Adverse events and Lifestyle (FRACTAL) study. Am Heart J. 
2006;152:1097– 103.

 9. Jones J, Stanbury M, Haynes S, et al. Importance and assessment of 
quality of life in symptomatic permanent atrial fibrillation: patient 
focus groups from the RATE- AF Trial on behalf of the RAte control 
Therapy Evaluation in permanent Atrial Fibrillation (RATE- AF) trial 
group. Cardiology. 2020;145:666– 75.

 10. Lip GYH, Nieuwlaat R, Pisters R, Lane DA, Crijns HJGM, et al. 
Refining clinical risk stratification for predicting stroke and throm-
boembolism in atrial fibrillation using a novel risk factor- based 
approach: the Euro Heart Survey on atrial fibrillation. Chest. 
2010;137:263– 72.

 11. Pisters R, Lane DA, Nieuwlaat R, de Vos CB, Crijns HJGM, Lip GYH, 
et al. A novel user- friendly score (HAS- BLED) to assess 1- year risk 
of major bleeding in patients with atrial fibrillation: the euro heart 
survey. Chest. 2010;138:1093– 100.

 12. Freeman JV, Simon DN, Go AS et al. Association between atrial fibril-
lation symptoms, quality of life, and patient outcomes: results from the 
Outcomes Registry for Better Informed Treatment of Atrial Fibrillation 
(ORBIT- AF). Circ Cardiovasc Qual Outcomes. 2015;8:393– 402.

 13. Wynn GJ, Todd DM, Webber M, Bonnett L, McShane J, Kirchhof 
P, et al. The European Heart Rhythm Association symptom classifi-
cation for atrial fibrillation: validation and improvement through a 
simple modification. Europace. 2014;16:965– 72.

 14. Tailachidis P, Tsimtsiou Z, Galanis P, Theodorou M, Kouvelas D, 
Athanasakis K. The Atrial Fibrillation Effect on QualiTy- of- Life 
(AFEQT) questionnaire: cultural adaptation and validation of the 
Greek version. Hippokratia. 2016;20:264– 7.

 15. Spertus J, Dorian P, Bubien R, et al. Development and valida-
tion of the Atrial Fibrillation Effect on QualiTy- of- life (AFEQT) 
questionnaire in patients with atrial fibrillation. Circulation. 
2011;4:15– 25.

 16. Krisai P, Blum S, Aeschbacher S, Beer JH, Moschovitis G, 
Witassek F, et al. Associations of symptoms and quality of 

life with outcomes in patients with atrial fibrillation. Heart. 
2020;106:1847– 52.

 17. Cremers H- P, Hoorn C, Theunissen L, Voort P, Polak P, Jong S, 
et al. Regional collaboration to improve atrial fibrillation care: pre-
liminary data from the Netherlands heart network. J Arrhythm. 
2019;35:604– 11.

 18. Kirchhof P, Auricchio A, Bax J, et al. Outcome parameters for tri-
als in atrial fibrillation: Recommendations from a consensus con-
ference organized by the German atrial fibrillation competence 
NETwork and the European heart rhythm association. Europace. 
2007;9(11):1006– 23.

 19. Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomström- 
Lundqvist C, et al. 2020 ESC Guidelines for the diagnosis and man-
agement of atrial fibrillation developed in collaboration with the 
European Association for Cardio- Thoracic Surgery (EACTS). Eur 
Heart J. 2020;42(5):373– 498. https://doi.org/10.1093/eurhe artj/
ehaa612. Published online August 29.

 20. Ikemura N, Kohsaka S, Kimura T, Ueda I, Katsumata Y, Nishiyama 
T, et al. Assessment of sex differences in the initial symp-
tom burden, applied treatment strategy, and quality of life in 
Japanese patients with atrial fibrillation. JAMA Network Open. 
2019;2:e191145.

 21. Olesen JB, Lip GYH, Lane DA, Køber L, Hansen ML, Karasoy D, 
et al. Vascular disease and stroke risk in atrial fibrillation: a nation-
wide cohort study. Am J Med. 2012;125(826):e13– 826.e23.

 22. Friberg L, Rosenqvist M, Lip GYH. Evaluation of risk stratifica-
tion schemes for ischaemic stroke and bleeding in 182 678 pa-
tients with atrial fibrillation: the Swedish Atrial Fibrillation cohort 
study. Eur Heart J. 2012;33. https://doi.org/10.1093/eurhe artj/
ehr488.

 23. Porter ME, Teisberg EO. Redefining health care: creating value- 
based competition on results. 15th ed. Boston, MA: Harvard 
Business School Press; 2006.

 24. Porter ME. A strategy for health care reform —  toward a value- 
based system. N Engl J Med. 2009;361:109– 12.

 25. Steinberg BA, Holmes DN, Ezekowitz MD, Fonarow GC, Kowey PR, 
Mahaffey KW, et al. Rate versus rhythm control for management of 
atrial fibrillation in clinical practice: results from the outcomes reg-
istry for better informed treatment of atrial fibrillation (ORBIT- AF) 
registry. Am Heart J. 2013;165:622– 9.

 26. Kozieł M, Mihajlovic M, Nedeljkovic M, et al. Symptom manage-
ment strategies: rhythm versus rate control in patients with atrial 
fibrillation in the Balkan region: data from the BALKAN- AF Survey. 
Int J Clin Pract. 2021. 75(6). https://doi.org/10.1111/ijcp.14080.

 27. Chung MK, Shemanski L, Sherman DG, Greene HL, Hogan DB, 
Kellen JC, et al. Functional status in rate-  versus rhythm- control 
strategies for atrial fibrillation: results of the Atrial Fibrillation 
Follow- up Investigation of Rhythm Management (AFFIRM) func-
tional status substudy. J Am Coll Cardiol. 2005;46:1891– 9.

 28. Guglin M, Chen R, Curtis AB. Sinus rhythm is associated with fewer 
heart failure symptoms: insights from the AFFIRM trial. Heart 
Rhythm. 2010;7:596– 601.

 29. Jenkins LS, Brodsky M, Schron E, et al. Quality of life in atrial fibril-
lation: The Atrial Fibrillation Follow- up Investigation of Rhythm 
Management (AFFIRM) study. Am Heart J. 2005;149:112– 20.

How to cite this article: Theunissen LJHJ, Cremers H- P, van 
Veghel D, van der Voort PH, Polak PE, de Jong SFAMS, et al. 
Age- dependency of EHRA improvement based on quality of 
life at diagnosis of atrial fibrillation. J Arrhythmia. 
2022;38:50– 57. https://doi.org/10.1002/joa3.12671

https://orcid.org/0000-0003-3059-296X
https://orcid.org/0000-0003-3059-296X
https://orcid.org/0000-0002-2106-5634
https://orcid.org/0000-0002-2106-5634
https://doi.org/10.1016/j.amjmed.2005.10.057
https://doi.org/10.1007/s11136-021-02777-6
https://doi.org/10.1007/s11136-021-02777-6
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1093/eurheartj/ehr488
https://doi.org/10.1093/eurheartj/ehr488
https://doi.org/10.1111/ijcp.14080
https://doi.org/10.1002/joa3.12671

