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ABSTRACT
Background: Examining characteristics of patients with atrial fibrilla-
tion (AF) has the potential to help in identifying groups of patients who
might benefit from different management approaches.
Methods: Secondary analysis of online survey data was combined with
clinic referral data abstraction from 196 patients with AF attending an
AF specialty clinic. Cluster analyses were performed to identify distinct,
https://doi.org/10.1016/j.cjco.2023.08.005
2589-790X/� 2023 The Authors. Published by Elsevier Inc. on behalf of the Canadia
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
R�ESUM�E
Contexte : L’examen des caract�eristiques des patients atteints de
fibrillation auriculaire (FA) pourrait permettre de mieux cerner les
groupes qui pourraient b�en�eficier de diff�erentes approches de prise en
charge.
M�ethodologie : Nous avons combin�e une analyse secondaire de
donn�ees issues d’un sondage en ligne et les donn�ees issues de
Atrial fibrillation (AF), the most common arrhythmia in
the general population, is associated with a 5-fold in-
crease in stroke.1-3 Characterized by symptoms that
include irregular heartbeat, fatigue, and shortness of
breath, AF significantly impacts quality of life.4 Despite
all being classified as one disease, different AF subtypes,
n Cardiovascular Society. This is an open access article under the CC BY-NC-

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
https://doi.org/10.1016/j.cjco.2023.08.005
https://doi.org/10.1016/j.cjco.2023.08.005
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cjco.2023.08.005&domain=pdf
https://doi.org/10.1016/j.cjco.2023.08.005
http://creativecommons.org/licenses/by-nc-nd/4.0/


homogeneous clusters of AF patients defined by 11 relevant variables:
CHA2DS2-VASc score, age, AF symptoms, overall health, mental
health, AF knowledge, perceived stress, household and recreation ac-
tivity, overall AF quality of life, and AF symptom treatment satisfaction.
Follow-up analyses examined differences between the cluster groups
in additional clinical variables.
Results: Evidence emerged for both 2- and 4-cluster solutions. The 2-
cluster solution involved a contrast between patients who were doing
well on all variables (n ¼ 129; 66%) vs those doing less well (n ¼ 67;
34%). The 4-cluster solution provided a closer-up view of the data,
showing that the group doing less well was split into 3 meaningfully
different subgroups of patients who were managing in different ways.
The final 4 clusters produced were as follows: (i) doing well; (ii)
stressed and discontented; (iii) struggling and dissatisfied; and (iv)
satisfied and complacent.
Conclusions: Patients with AF can be accurately classified into
distinct, natural groupings that vary in clinically important ways.
Among the patients who were not managing well with AF, we found 3
distinct subgroups of patients who may benefit from tailored ap-
proaches to AF management and support. The tailoring of treatment
approaches to specific personal and/or behavioural patterns, along-
side clinical patterns, holds potential to improve patient outcomes (eg,
treatment satisfaction).

l’orientation clinique de 196 patients atteints de FA d’une clinique
sp�ecialis�ee en FA. Des analyses par grappes ont �et�e r�ealis�ees pour
cerner des groupes homogènes et distincts de patients atteints de FA,
d�efinis grâce à 11 variables pertinentes : score CHA2DS2-VASc, âge,
symptômes de FA, �etat de sant�e g�en�eral, �etat de sant�e mentale,
niveau de connaissances sur la FA, niveau de stress perçu, activit�es
r�ecr�eatives et domestiques, qualit�e de vie g�en�erale avec la FA, et
satisfaction concernant le traitement des symptômes de FA. Des ana-
lyses ult�erieures ont permis de se pencher sur les diff�erences entre les
groupes pour d’autres variables cliniques.
R�esultats : Deux solutions de regroupement des patients sont appa-
rues possibles à l’analyse : en 2 groupes ou en 4 groupes. Le
regroupement en 2 groupes mettait en relief le contraste entre les
patients qui avaient des r�esultats favorables pour tous les paramètres
(n ¼ 129; 66 %) et ceux qui avaient des r�esultats moins favorables
(n ¼ 67; 34 %). Le regroupement en 4 groupes permettait d’observer
les donn�ees plus en d�etail, et d�emontrait que le groupe avec des
r�esultats moins favorables se subdivisait en 3 sous-groupes avec des
distinctions pertinentes, qui vivaient leur maladie de façon diff�erente.
Les 4 groupes finaux �etaient les suivants : (i) patients avec une
exp�erience positive; (ii) patients vivant du stress et du
m�econtentement; (iii) patients vivant des difficult�es et une insa-
tisfaction; et (iv) patients vivant une satisfaction complaisante.
Conclusions : Les patients atteints de FA peuvent être class�es avec
exactitude dans des groupes naturels distincts dont les diff�erences
sont d’int�erêt clinique. Parmi les patients chez qui la prise en charge
de la FA n’est pas optimale, il existe 3 sous-groupes diff�erents qui
pourraient tirer profit d’une approche de soutien et de prise en charge
adapt�ee à leur profil. La personnalisation des approches th�erapeu-
tiques selon le type de comportements et de traits de personnalit�e, en
plus du tableau clinique, pourrait permettre d’am�eliorer les r�esultats
des patients (p. ex. la satisfaction par rapport au traitement).
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such as valvular and nonvalvular AF, are associated with
differing risks of complications.5 Beyond these subtypes,
considerable variability/heterogeneity exists in patients’
AF symptomatology, treatment response, and risk fac-
tors.4,6 Recently, researchers have recognized the impor-
tance of profiling this complex patient population to
better understand subgroups and associated outcomes.
Cluster analyses have been shown to facilitate the novel
categorization of populations with a mixture of complex
characteristics.7 For heterogenous AF patients, such
classifications have the potential to be highly informative
in guiding interventions that can be tailored to meet the
unique needs of patients with AF.

Several studies have analyzed combinations of complex
characteristics, to phenotype patients with AF. Clusters have
been reported for symptoms in hospitalized adults with
persistent AF,8 health and quality-of-life trajectories of
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patients receiving care at AF clinics,9 risk patterns in older
adults with AF,7 and illness representations and cognitive-
behavioral responses to AF symptoms.10 Such clustering has
been described as clinically significant for identifying patients
who are at risk of poor health outcomes,10 prioritizing treat-
ment approaches,7 and ensuring that treatment strategies are
appropriate.9 Yet, with the exception of Taylor et al.,10 the
emphasis in previous research has been on clinical character-
istics, with limited consideration of additional patient char-
acteristics other than sex and age. Despite this, the Ferrans
et al. (2005)11 revised version of Wilson and Cleary’s model
suggested that “personal characteristics” together with “clinical
characteristics” are important to quality of life. Still, few
studies have considered personal (and potentially modifiable)
patient characteristics in the AF population in combination
with clinical characteristics. For example, perceived stress,12,13

physical activity and/or exercise,14,15 and knowledge16 are
modifiable and are highly relevant to patients living with AF.
By integrating both personal and clinical characteristics,
clustering offers the potential for broader profiling, and in
turn, the tailoring of approaches beyond the treatment-related
emphasis in AF management. The current research aims to
address this gap through the inclusion of both clinical and
personal variables to explore the possibility of the existence of
distinct clusters of AF patients.

The research question that guided this study was as
follows: Can meaningful groups of AF patients who vary
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in their profiles of clinical and personal variables be
identified?
Material and Methods

Study design and setting

Secondary analysis of data collected using an online cross-
sectional survey of patients with AF attending a highly
specialized AF clinic in an urban area of Western Canada was
combined with data abstracted from clinician referral letters.
Upon referral, the specialty clinic provides integrated care,
including tests, education, disease management, acute in-
terventions, and advanced treatments; about half of all pa-
tients are referred for ablation consultation. The clinic’s
multidisciplinary team includes cardiologists and electro-
physiologists, as well as registered nurses, pharmacists, and
nurse practitioners.

Ethical considerations

Ethics approval for the study was granted by the University
of British ColumbiadOkanagan Behavioural Research Ethics
Board (#H19-03601). Prior to completing the survey, all
participants provided informed consent, including agreeing to
release their AF clinic referral letter to the research team.
Participants could choose to be entered in a drawing for 1 of 3
CAD$150 gift certificates.

Sample and recruitment

All patients of an urban-based AF clinic in Western Can-
ada who were aged over 18 years were eligible to participate. A
clinic booking clerk sent information to all patients with
upcoming appointments during the course of the recruitment
period. A research team member phoned patients, inviting
their participation. Interested patients were sent the link to the
survey by e-mail.

Data collection

Study data were collected through an approximately
30-minute online survey (see Rush et al.17 for more
detail). Selection of measures (ie, clinical and personal/
behavioural variables) was guided by the Ferrans et al.
(2005) framework. Clinical data were obtained via chart
review.
Measures

All study measures are described in detail in Table 1. In
brief, clinical data included Congestive Heart Failure, Hy-
pertension, Age (�75 years), Diabetes Mellitus, Stroke/
Transient Ischemic Attack, Vascular Disease, Age (65-74
years), Sex (Female) score (CHA2DS2-VASc), number of
chronic health conditions, number of medications, total
number of encounters with the specialty clinic and date of first
appointment, type and severity of AF, treatments and/or
intervention history and presence of mental health concern(s),
along with one self-report clinical measuredtime since last AF
symptoms. Personal self-reported data and measures included
sociodemographic characteristics, overall health/mental
health, AF knowledge, perceived stress, household and
recreational physical activity, health-related quality of life
(HRQoL), and AF symptom treatment satisfaction. Finally,
patients were asked an open-ended question about their ex-
periences with the AF clinic.

Data cleaning

Of the 196 participants who completed the survey, less
than 1% of data were missing for variables included in the
analyses. Missing survey data were replaced using multiple
imputation31 of individual survey items or total scale scores
where necessary. Missing clinic and/or referral data varied
from 0.0% (number of encounters with specialty clinic) to
50.5% (type and/or nature of AF), and were retained as
missing.

Analysis

SPSS (version 28, IBM, Armonk NY) and the factoextra
and mclust packages in R32-34 were used to conduct analyses.
Cluster analysis is a data-driven approach to explore the
possibility of the existence of distinct, homogeneous sub-
groups within a given selection of variables. Our analysis
included 11 variables, as follows: CHA2DS2-VASc, age, AF
symptoms, overall health, mental health, AF knowledge,
perceived stress, and household and recreation activity, overall
AF quality of life (QoL), and AF symptom treatment satis-
faction. Two quite different cluster analysis methods were
selected to reveal whether distinct, homogeneous subgroups
of AF patients exist. First, a traditional hierarchical cluster
analysis35 was used to generate a dendrogram to explore the
number of clusters. Dendrograms are tree or branch diagrams
that show the hierarchical relationship between groups of
participants; each branch represents groups or clusters of
similar participants. Dendrograms are inspected visually for
the point at which the vertical segments (ie, distance between
clusters) are highest, as a way of inferring the optimal number
of clusters evident in the data. Second, model-based cluster
analyses using finite mixture modeling (FMM), currently the
most popular approach to clustering,36 were conducted to
provide confirmation of the findings from the hierarchical
cluster analyses. The FMM analyses provided fit statistics for
1- to 15-cluster models, which are useful supplements to
traditional cluster analysis procedures that are based on visual
inspections. We combined a more traditional hierarchical
method (to generate the dendrogram) with the newer,
increasingly preferred FMM analyses, in order to confirm our
cluster results. Because the response scales for variables varied
widely (eg, 1 to 4 scale and 0 to 100 scales), the analyses were
conducted on the z scores for the variables to facilitate
interpretation of the cluster profiles. Variables with ordinal
response scales were treated as continuous variables, with time
since AF symptoms coded as 0-6 (higher numbers indicating
a longer time since last AF symptoms), and overall and
mental health coded as 1-4 (higher numbers indicating better
health).

Follow-up analyses of variance were used to determine
whether clusters differed in number of chronic health
problems, number of medications, number of appointments,
weeks since first appointment, severity of AF, and number
of previous cardioversions, and follow-up Fisher’s exact tests
were used for type and/or nature of AF (paroxysmal/



Table 1. Summary of study measures

Name Description Score range Score calculation Psychometric/interpretation information

Clinical data
CHA2DS2-VASc The CHA2DS2-VASc score provides an

estimate of stroke risk for AF patients,
with higher scores associated with higher
stroke risk.18

The total score ranges from 0 to 9 The CHA2DS2-VASc scores were
calculated following the scoring system
established by Lip et al.19 If the patient
had a history of congestive heart failure,
hypertension, diabetes mellitus, or
vascular disease, as indicated in the
referral letter, or if they were age 65e74
years or female, one point per parameter
was added to the score. Previous stroke/
transient ischemic attack or patient age
over 75 years added 2 points per
parameter to the score. A total of 25% of
patient referral data did not include
information about chronic conditions or
disease history, and scores for these
patients were calculated based solely on
age and sex.

A score of 0 carries a risk of .66% per year
(considered low risk); a score of 1 is
considered intermediate with a risk of
1.45% per year; and any score above 1 is
considered high risk, ranging from
2.92% for a score of 2 to 15.89%
annual risk for a score of 9.20

Number of chronic
health conditions

As reported by the referring clinician The total number ranges from 0 to 9* Scores were the sum of the patient’s
chronic health conditions

Not applicable

Number of medications As reported by the referring clinician The total number ranges from 0 to 10* Scores were the sum of the patient’s
medications

Not applicable

Total number of
encounters with the
AF specialty clinic
(eg, appointments,
services, call-backs)

Obtained according to the AF clinic
records

The total number ranges from 1 to 58* Scores were the sum of the total number of
encounters. Encounters per week
variable was calculated by dividing total
number of encounters with total weeks
since first appointment.

Not applicable

Date of first
appointment

Date was obtained from AF clinic records. The dates range from November 9, 2010
to December 14, 2021

Not applicable Not applicable

Type of AF Characterization of AF type as reported by
referring clinician.

Not applicable AF was characterized as “paroxysmal,”
“persistent,” or “permanent.”

Not applicable

Severity of AF Characterization of AF severity as reported
by referring clinician

The level of severity ranges from “0
(asymptomatic)”to “3 (severe)”

Clinician characterized patient AF severity
as “asymptomatic (0),” “mild (1),”
“moderate (2),” or “severe (3).”

Not applicable

AF treatment
intervention history

As indicated by the referring clinician Number of previous cardioversions ranged
from 0 to 6*

Whether the patient had previously had an
ablation (yes/no), number of
cardioversions, and whether on
anticoagulants (yes/no)

Not applicable

Presence of mental
health concern(s)

If referring clinician indicated that patient
had PTSD, depression, OCD, ADHD,
BPD, or problematic alcohol use at time
of referral

Not applicable Patient was given a dichotomous score
based on the presence (1) or absence (0)
of one or more mental health concerns.

Not applicable

Self-report clinical
measures

Time since last AF
symptoms

Participants were asked “When was the last
time you were aware of having an
episode of atrial fibrillation?”

The time since ranges from “1 (currently in
AF/earlier today)” to “6 (I was never
aware of having AF)”

Ordinal response choices included
currently in AF or earlier today (1),
within the past week (2), within the past
month (3), 1 month to 1 year ago (4),
more than 1 year ago (5), and I was
never aware of having AF (6).21

Not applicable
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Self-reported measures
Sociodemographic

characteristics
Age, sex, marital status, race/ethnicity,
education, and income

Not applicable Not applicable Not applicable

Overall health and
mental health

Participants were asked “How would you
rate your overall health?” and “How
would you rate your overall mental
health?”

The score ranges from “1 (poor)” to “4
(excellent).”

Questions included 4 response options as
follows: 1 (poor); 2 (fair); 3 (good); and
4 (excellent).

Single-item measures of self-rated health/
mental health are widely used, and have
demonstrated moderate correlations
with multi-item scales, as well as
associations with poor physical health
and increased health service
utilization.22

AF knowledge The knowledge about AF tool is a 24-item
questionnaire including questions about
AF symptoms, treatment, medications,
risk factors, and lifestyle23

The score ranges from 0 to 100. In the questionnaire, 3 multiple-choice
options are provided, one of which is
correct. Participants were given 1 point
if the correct answer was chosen, and no
points if a wrong answer was selected.
Knowledge scores were calculated as a
percentage (sum of correct answers
divided by 24 multiplied by 100).

Higher percent scores indicate a higher
level of knowledge. The knowledge
about AF questionnaire has
demonstrated content validity, factor
validity, known group validity,
convergent validity, and high reliability
(eg, internal consistency reliability
coefficient of .86).23

Perceived stress The abbreviated PSS-10 measures the
degree to which situations in one’s life
are appraised as stressful, ability to
control aspects of life, confidence in
handling problems, and being unable to
cope with demands.

The score ranges from 0 to 40. Participants responded to items on a scale
ranging from never (0) to very often (4).
Scores on the positive items were
reversed, and responses were summed to
create total scores.

Higher participant scores reflect greater
perceived stress.

Originally developed as a 14-item scale,24

the 10-item version has higher
psychometric properties25,26. A 2012
review identified 19 studies that together
had established internal consistency,
factorial reliability, and known group,
criterion, and convergent validity of the
PSS-10.27

Household and
recreational physical
activity

The Phone-FITT questionnaire28 is used
to measure both household and
recreational physical activity. The
questionnaire was adapted for use in an
online survey.

The lowest possible score is 0. However,
the maximum score is participant
dependent.

Participants were asked to indicate their
participation in various household and
recreational activities in a typical week
within the past month and to provide a
frequency (times per week), as well as
choose a duration from 1 (1e15
minutes) to 4 (1 hour or more) and an
intensity from 1 (breathing normally
and able to carry on a conversation) to 3
(too out of breath to carry on a
conversation). Scores are calculated as
the sum of the frequency, duration, and
intensity for activities.

Higher scores indicate higher physical
activity.

The questionnaire has demonstrated good
reliability (testeretest coefficients of .84
and .85 for the household and
recreational subscales, respectively), fair
content validity, and good convergent
validity (ie, correlations with
accelerometer counts of 0.30 and 0.45
for the household and recreational
subscales, respectively)28,29
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persistent), treatments and/or intervention history, and
presence of mental health concern(s), given the large
amount of missing data for these variables. A Fisher exact
test was used to determine whether the clusters differed
significantly by sex. Follow-up analyses of variance con-
trolling for sex and age were also conducted, comparing
clusters on all study variables, and yielded a similar pattern
of results, so unadjusted means are presented for simplicity.
Two-tailed P-values less than 0.05 were considered statisti-
cally significant.

Clusters were labelled according to their pattern of
composite characteristics relative to the other clusters.
The labels were generated to reflect the most distinct
differences in characteristics between the clusters in
scores on the variables included. Open-ended responses
were categorized according to the participant’s cluster
affiliation and examined by 2 research team members
(C.L.S., K.L.R.). Quotes from cluster members were
chosen using consensus to illustrate representative char-
acteristics of the clusters.
Results

Characteristics of the study population

During the 1-year recruitment period, 579 patients were
eligible for inclusion, and 352 (61%) agreed to be sent the
online survey link. Of those, 196 (56%) completed the sur-
vey. Participants were an average age of 65.3 years (range 33
to 91 years, standard deviation ¼ 10.3), were primarily male
(n ¼ 123; 63%), were Caucasian (n ¼ 176; 90%), were
married or common law partners (n ¼ 146; 75%), had pro-
fessional degrees (n ¼ 129; 66%), and had income over
$75,000 (n ¼ 99; 51%). Self-report variables are described in
Rush et al.,17 and clinical characteristics of the study popu-
lation are presented in Table 2.

The mean number of encounters with the specialty clinic
was 15 (range: 1 to 58). The mean overall weeks since the first
appointment with the AF speciality clinic was 106 weeks
(range: 0 to 526). Note that 41 patients were re-referrals, and
referral data were extracted from their most recent referral.
Clinic participation time was positively associated with the
number of appointments (Spearman r ¼ 0.58, P < 0.001).
Cluster analysis

The horizontal distances in the dendrogram from the
Ward hierarchical cluster analysis indicated both 2- and 4-
cluster solutions (see Fig. 1). In the 4-cluster solution, one
of the groups in the 2-cluster model split into 3 clusters.

The 2 best-fitting models generated by the FMM analyses
were for 2- and 4-cluster solutions. The Bayesian information
criterion values for these models were more than10 points
better than the coefficients for alternative models, indicating
superior model fit. Furthermore, for the 4-cluster solution, the
average of the classification uncertainties (0.02), and the
average of the highest classification probabilities (0.98) indi-
cated exceptionally clean and distinct cluster groupings.
Highly similar values emerged for the 2-cluster solution (0.01
and 0.99). In summary, converging findings resulted from the
traditional and model-based cluster analyses, which both



Table 2. Participant clinical characteristics

Characteristics
All participants (n ¼ 196)

M (SD)

Sex

P* Cohen’s d
Male (n ¼ 123)

M (SD)
Female (n ¼ 73)

M (SD)

CHA2DS2-VASc 1.59 (1.20) 1.15 (1.11) 2.33 (0.96) < 0.001 e1.11
Number of chronic health problems

(eg, hypertension, diabetes)
(n ¼ 41 missing)

2.45 (1.73) 2.48 (1.87) 2.38 (1.51) 0.725 0.06

Number of medications (n ¼ 49
missing)

2.87 (2.10) 2.79 (2.24) 2.98 (1.90) 0.591 e0.09

Weeks since 1st appointment 106.19 (132.78) 108.86 (131.97) 101.70 (134.92) 0.716 0.05
Total number of encounters with clinic 14.92 (13.14) 15.22 (12.75) 14.42 (13.85) 0.683 0.06
Number of encounters per week 1.31 (3.18) 1.35 (3.57) 1.25 (2.42) 0.824 0.03

n (%) n (%) n (%) Py Cramer’s V

Time since last AF symptoms 0.402 0.16
Today (1) 50 (25.5) 31 (25.2) 19 (26.0)
Within the past wk (2) 35 (17.9) 22 (17.9) 13 (17.8)
Within the past mo (3) 30 (15.3) 16 (13.0) 14 (19.2)
1 mo to 1 y ago (4) 50 (25.5) 37 (30.1) 13 (17.8)
More than 1 y ago (5) 23 (11.7) 12 (9.8) 11 (15.1)
I was never aware of having AF (6) 8 (4.1) 5 (4.1) 3 (4.1)

Type of AF 0.165 0.23
Paroxysmal 67 (69.1) 36 (65.5) 31 (73.8)
Persistent 26 (26.8) 17 (30.9) 9 (21.4)
Permanent 2 (2.1) 0 (0.0) 2 (4.8)
Other (‘exercise-induced’, ‘typical’) 2 (2.1) 2 (3.6) 0 (0.0)
n ¼ 99 missing

Severity 0.677 0.12
Asymptomatic (0) 5 (4.8) 2 (2.9) 3 (8.3)
Mild (1) 42 (40.0) 28 (40.6) 14 (38.9)
Moderate (2) 41 (39.0) 28 (40.6) 13 (36.1)
Severe (3) 17 (16.2) 11 (15.9) 6 (16.7)
n ¼ 91 missing

Previous ablation 0.535 0.06
Yes 33 (25.8) 19 (23.8) 14 (29.2)
No 95 (74.2) 61 (76.3) 34 (70.8)
n ¼ 68 missing

Previous cardioversion 0.098 0.15
Yes 60 (46.2) 34 (40.5) 26 (56.5)
No 70 (53.8) 50 (59.5) 20 (43.5)
n ¼ 66 missing

Anticoagulants 0.494 0.07
Yes 93 (62.4) 49 (58.3) 41 (68.3)
No 56 (37.5) 35 (41.7) 1 (31.7)
n ¼ 47 missing

Presence of mental health concerns 1.0 0.01
Yes 6 (3.2) 4 (3.4) 2 (2.9)
No 183 (96.8) 115 (96.6) 68 (97.1)
n ¼ 7 missing

AF, atrial fibrillation; CHA2DS2-VASc, Congestive Heart Failure, Hypertension, Age (�75 years), Diabetes, Stroke/Transient Ischemic Attack, Vascular
Disease, Age (65-74 years), Sex (Female) score; M, mean; SD, standard deviation.

* From independent samples t-tests.
y From Fisher-Freeman-Halton and Fisher’s exact tests.
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indicated that 2- and 4-cluster solutions provide credible
models for the data. Supplemental Figure S1 displays the
profiles of the 2-cluster solution, and Supplemental Figure S2
displays the 4-cluster solution using z-scores for
comparability.

Table 3 displays the cluster means and P-values for all
variables. Clusters differed on all 11 variables included in the
clustering analyses, with some differences being larger than
others (as described below). In follow-up analyses, the clusters
did not differ on the number of medications, weeks since first
appointment with the AF specialty clinic, severity of AF
symptoms, or number of previous cardioversions but they did
differ on the total number of appointments (see Table 3). No
cluster differences were present in type and/or nature of AF
(ie, paroxysmal or persistent), previous ablation, use of anti-
coagulants, or presence of mental illness. The clusters differed
significantly by sex; Fisher exact ¼ 8.61, P ¼ 0.032, with 85
of the male patients (69%) in cluster 1 (vs 44 female patients;
60%), 9 male patients in cluster 2 (7%) (vs 5 female patients;
7%), 16 male patients (13%) in cluster 3 (vs 21 female pa-
tients; 29%), and 13 male patients (11%) in cluster 4 (vs 3
female patients; 4%).



Figure 1. Dendrogram generated using hierarchical cluster analysis using Ward’s method and Euclidean distance to explore the number of clusters.
Ward’s method is an exploratory, agglomerative approach that maximizes differences between clusters while minimizing variability within clusters.35

The 2-cluster solution is displayed as the black group vs the combined colors group, whereas the 4-clusters are each displayed in differnt colors.
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The cluster differences are described along with cluster-
specific quotes from the open-ended survey responses.

Cluster 1 (doing well)

Patients in this cluster (n ¼ 129) were of average age,
had intermediate to high stroke risk, had last AF symptoms
more than 1 month previously, had the highest overall and
mental health state, had good knowledge of AF, had lowest
stress, were highly active, and had the highest quality of life
and AF treatment satisfaction. This group appeared to be
stable with well-controlled symptoms, and good physical
and mental health, and were knowledgeable about AF.
Slightly more of the patients in this cluster were male
(69%) vs female (60%).

About half (49.6%) contributed open-ended responses. A
69-year-old male participant said “My experience with the
AFib clinic was totally positive. I was very impressed”; and a
90-year-old female participant said “Have felt the AFib clinic
has been very attentive and helpful.” Some reported confi-
dence in their care providers, such as a 70-year-old male
describing how the “heart specialist will without a doubt fix
this little bump on the road,” and some appreciated being able
to access detailed information and ask questions (eg, “I very
much appreciated [receiving] basic info which I somehow
missed. I also appreciated being able to call and have several
questions answered before and after my ablation” (67-year-old
male).
Cluster 2 (stressed and discontented)

This group (n ¼ 14) was the youngest, had the lowest
stroke risk, had their last AF symptoms more than 1 month
previously, had high knowledge of AF, had the most stress,
had the lowest mental health scores, had the highest house-
hold activity, had low or average recreational activity, had high
QoL, had low or moderate treatment satisfaction, and had the
least number of appointments. This cluster had equal per-
centages of male and female patients (7% each).

About one third (35.7%) of these participants provided
open-ended text responses. Participants experienced stress
related to recurring or ongoing symptoms, treatment failure,
and/or difficulties accessing follow-up care. A 42-year-old
male patient recounted access challenges with symptom
reoccurrence, as follows:
“Two days after speaking with my cardiologist [re a management plan
and stress test] I had a second occurrence, which again required
cardioversion. I reached out to the office to try and arrange another
appointment, to discuss whether or not anything should be changed,
based on this second episode, but . . . I cannot get any type of
communication with my cardiologist.”
A 61-year male patient described his stress and discon-
tentment as follows:
“. . . even though I have returned to a sinus rhythm I am still
experiencing shortness of breath even with moderate exertion. It takes
too long to affect treatment regimens and the continuum of care and
treatment is disjointed and inconsistent.”



Table 3. Table of cluster means and P values

Cluster 1 (n ¼ 129;
65.8%)

Cluster 2 (n ¼ 14;
7.1%)

Cluster 3 (n ¼ 37;
18.9%)

Cluster 4 (n ¼ 16;
8.2%) P Partial h2*

Results of clustering
CHA2DS2-VASc 1.62 .71 2.08 1.00 < 0.001 0.09
Age 67.36 42.50 66.78 65.00 < 0.001 0.39
Time since last AF
symptoms

3.19 3.21 1.97 2.75 < 0.001 0.10

Overall health 2.92 2.86 2.65 2.50 0.033 0.05
Overall mental
health

3.35 2.93 3.05 3.25 0.025 0.05

AF knowledge 84.33 85.42 89.30 55.99 < 0.001 0.48
Perceived stress 11.25 17.36 14.65 13.00 < 0.001 0.09
Household activity 32.74 34.50 33.45 14.88 0.001 0.16
Recreational activity 35.73 31.13 48.14 27.00 < 0.001 0.08
Overall AF quality
of life

75.20 74.07 57.28 61.49 < 0.001 0.12

AF symptom
treatment
satisfaction

87.07 62.50 32.43 72.96 < 0.001 0.66

Results of follow-up
comparisons
# of chronic health
problems

2.53 1.78 2.40 2.30 0.648 0.01

# medications 3.04 1.50 2.93 2.73 0.120 0.04
Weeks since 1st
appointment

121.34 50.86 74.60 105.56 0.101 0.03

Total # of
encounters with
clinic

15.75 6.00 14.14 17.88 0.047 0.04

Number of
encounters per wk

1.01 1.62 2.32 1.15 0.170 0.03

Severity of AF (0e3) 1.59 1.50 1.85 2.0 0.315 0.03
# of cardioversions 0.65 0.91 0.68 0.64 0.872 0.01

Model-based cluster analyses using finite mixture modeling was conducted with 11 variables; this is an increasingly preferred cluster analysis because it allows for
possible variation in cluster sizes and shapes, while providing model fit coefficients for the many possible cluster solutions.36

AF, atrial fibrillation; CHA2DS2-VASc, Congestive Heart Failure, Hypertension, Age (�75 years), Diabetes, Stroke/Transient Ischemic Attack, Vascular
Disease, Age (65-74 years), Sex (Female) score.

* Partial h2 values were generated from follow-up analyses of variance comparing clusters on all outcome variables. Analyses of variance controlling for age and
gender were also conducted for all outcome variables with no differences in the pattern of results, so unadjusted scores are presented.
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Cluster 3 (struggling and dissatisfied)

Patients in this group (n ¼ 37) had the highest stroke risk,
the highest average age, the most AF symptoms within the
past week or more frequently, high stress, the highest
knowledge level, and the highest level of recreational activity
with the second-lowest level of mental health, the lowest
overall QoL and very low treatment satisfaction. This cluster
includes proportionately more female patients (29%) than
male patients (13%). This group appeared to be trying to
actively self-manage their poorly controlled AF.

Participants in this group shared the highest number of
open-ended text comments (n ¼ 19; 51.4%), with many
being appreciative about their clinic care but raising some
concerns about accessing staff. For example, a 71-year old
female patients stated the following: “They are extremely busy
so it is difficult to get to talk to any of the care providers with
questions and concerns about meds or symptoms . . ..” And a
66-year-old male patient suggested that “there is not enough
patient time to discuss the details of one’s condition and the
optimal therapies available.

Concerns were related to treatments not controlling their
symptoms, as a 74-year-old female patient elaborated as
follows:
“I have been taking diltiazem for 6 months and continue to be
lightheaded, occasionally dizzy and more weak than in the past. I used
to be able to have 1 drink, but in the last month, each time I do, I go
into Afib. I have had 5 episodes since dec 15th. Previously I would
barely have 1 a month. I take flecainide, to control it but it can take
up to 4 hours for the hr [heart rate] to come down. The Afib clinic
staff have been great in returning my calls re my symptoms, and I have
no issues with telehealth. I know in these times it is not realistic, but I
wish I could see a cardiologist in person.”
Cluster 4 (satisfied and complacent)

Patients in this cluster (n ¼ 16) were average age, had
intermediate stroke risk, had experienced AF symptoms
within the preceding month or more frequently, were the
group with the lowest level of AF knowledge, had somewhat
lower stress, had higher mental health scores, and had the
lowest household and recreational activity level. Despite
reporting low-level overall health, and average to low QoL,
this cluster had high treatment satisfaction and attended the
most appointments. This group had proportionately more
male patients (11%) than female patients (4%). Members of
this cluster, despite being more symptomatic, had the fewest
concerns, possibly owing to having low knowledge levels.
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Six patients (37.5%) provided comments ranging from
having little to say (“nothing” and “I do not experience any
symptoms”) to being grateful for the care they were receiving,
describing themselves as “extremely satisfied with access to
services and professionals and feeling grateful to be under the
care of [Drs names] and their caring staff” (69-year-old female).
In the latter category, another said he “had one call with the
Doctor from AFib Clinic and was happy for it” (62-year-old
male patient).
Discussion
This study explored the possibility of the existence of

distinct cluster groups of AF patients receiving specialty AF
clinic care with varying profiles of clinical and self-reported
personal variables. Findings from the cluster analysis pro-
vide support for distinct clusters, consistent with other
evidence showing the diversity in the AF population
relative to various combinations of characteristics.8,9

The initial clustering revealed 2 broad groups of AF
patientsdthose doing well (66%) and those doing less well
(34%). However, the use of a total of 11 variables provided
strong evidence that those in the group doing less well
could be further subdivided into 3 subgroups, with patients
classified accurately into significantly different profiles.
Each of the 3 clusters had differing combinations of mea-
sures by which they were doing well and others by which
they were not. This nuanced understanding of subgroups
of patients with AF receiving specialty care can guide cli-
nicians in providing support specific to the variable needs
across subgroups, while leveraging their capacities to
address their challenges.

Cluster 1, the largest group and doing well clinically and
personally, nevertheless had a moderate-to-high stroke risk
and would benefit from continuing reinforcement and sup-
port in self-care monitoring, maintenance, and management.
Cluster 2, the youngest group, was doing fairly well overall,
but had the poorest mental health and the highest stress level
of all clusters. The high AF-knowledge scores found in these
younger patients may have increased their worries. Addition-
ally, they are at an earlier life stage, so attending to job and
family demands, while dealing with the unpredictability of
AF, may heighten their stress and influence their coping
ability. In addition to standard AF care, these patients may
benefit from services focused on supporting their stress and
mental health needs.

Cluster 3 was the most symptomatic, had a low level of
satisfaction with AF symptom treatment, had a high stress
level, were predominantly female, and had the lowest level of
mental health and QoL while having the highest level of AF
knowledge and high activity scores. Services for patients in
this cluster warrant focusing on symptom management, sup-
porting self-care efforts, providing mental health support, and
promoting their active involvement in and control over their
treatment plan. Shared decision-making to align treatments
with personal goals may be especially helpful with this
group.37,38 Tools for patients and clinicians to facilitate shared
decision-making for AF continue to emerge.39

Cluster 4, which had more recently experienced AF
symptoms, despite having lower stress and high treatment
satisfaction levels, also had the lowest level of AF knowledge
and the lowest activity level. This cluster might benefit from
educational support and exercise rehabilitation and/or a pro-
gressive physical activity plan to empower self-management to
improve AF symptoms. Clinicians might consider imple-
menting collaborative goal setting to encourage patient con-
trol, as evidence shows that when this approach is used,
patients set priorities and ambitious goals and generate crea-
tive and individualized action plans.40

HRQoL has been an important focus of research profiling
patients with AF. By this measure, we found that 72.9% of
patients were doing well (good, not excellent; clusters 1 and 2),
and 27.1% were doing poorly (clusters 3 and 4). This finding
contrasts with Kwon et al.9 who reported that over 60% of
their patient population was doing poorly. However, our
between-cluster differences were based on variations in multiple
characteristics, of which HRQoL was only one. Greater vari-
ability was seen in other characteristics, particularly in treat-
ment satisfaction among different clusters. Clusters 1 and 4
were satisfied, whereas clusters 2 and 3 were dissatisfied, as was
evident from participants’ comments. Our findings imply that
focusing solely on isolated characteristics may hinder a
comprehensive understanding of the patient experience.

Our measure of effect size (partial h2) measures the pro-
portion of the variance in each outcome variable that can be
accounted for by cluster group membership. Using Cohen’s41

benchmarks to define small (h2 ¼ 0.01), medium (h2 ¼
0.06), and large (h2 ¼ 0.14) effects, our clusters differed with
medium to substantially large effects on many of the included
variables. Notably, clusters differed the most in treatment
satisfaction, AF knowledge, and age.

AF symptoms reduce HRQoL,4 and a meta-analysis found
that higher age and female sex were also associated with poorer
HRQoL, particularly in the physical domain.42 In our study,
clusters did not differ significantly by AF type or severity, nor
on treatment and/or intervention history. However, clusters 1
and 2 were relatively stable, with their last AF symptoms having
occurred more than 1 month previously, whereas clusters 3 and
4 had more recent AF symptoms. Although symptom recency
was measured at only one point in time, it provides a window
into the patients’ symptomology. We found a low level of as-
sociation between symptoms and treatment satisfaction, with
one of the stable clusters (2) reporting a low level of treatment
satisfaction, whereas one of the unstable clusters (4) had a high
level of treatment satisfaction. This finding demonstrates the
importance of considering treatment satisfaction within the
context of other patient attributes.

In contrast to previous studies,9 we observed significant sex
differences between clusters; cluster 3 (struggling/dissatisfied)
had proportionately more female patients, and cluster 4
(satisfied/complacent) had proportionately more male pa-
tients. Despite sharing similarities on some characteristics (ie,
stress, mental health, perception of health), these 2 clusters
differed in symptomology, stroke risk, HRQoL, treatment
satisfaction, knowledge, and activity. Cluster 3, with propor-
tionately more female patients, had the lowest treatment
satisfaction score, compared to the nearly double and triple
scores of clusters 1 and 4, which included proportionately
more male patients These observations confirm those of others
that female patients with AF experience greater symptom
frequency and burden, have a higher stroke risk, have lower
QoL, and are often offered fewer treatment options.8,43
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Through self-management and by taking an active role in
managing their condition,44,45 patients can positively impact
their symptoms and QoL. Yet, unlike for other cardiac con-
ditions (eg, cardiovascular disease and heart failure), little
guidance is available for clinicians that addresses behavioral or
emotional contributors to symptoms, as current treatment
approaches focus predominantly on heart rhythm and/or
rate.46 The present clustering of combined clinical and per-
sonal characteristics is an initial step toward understanding the
unique needs within this complex patient population that can
also help inform tailored self-management and interventions
and programs. The potential mechanisms underlying the
observed between-cluster differences in pattern combinations
of clinical and personal characteristics likely reflect complex
interactions between physiological and psychological factors
and their interplay with treatment interventions and patient
responses to treatment.47 An emerging body of literature has
shown the close interaction between psychological and AF
electrophysiological factors, which is important for individu-
alizing treatment and optimizing patients’ treatment satisfac-
tion and QoL.47 According to the Canadian AF management
guidelines, key to self-management is the patient’s perceived
understanding of the causes and consequences of symptom
manifestation, along with perceptions about its controlla-
bility.48 Misalignment of therapeutic treatment with patient
preferences and values can lead to dissatisfaction with
therapy.48 Future work is needed to explore patient experi-
ences more deeply, to elucidate the potential fundamental
factors and/or mechanisms underlying the cluster differences
observed in this study.
Strengths and Limitations
Findings from this cluster analysis add to a growing body

of evidence advancing an understanding of the heterogeneity
among AF patients and the recognition of unique sub-
groups.9,49 Understanding these profiles supports the devel-
opment of tailored approaches to AF management to address
the specific needs of each group. Our results should, however,
be interpreted in light of the study’s limitations. Our popu-
lation was predominantly male, Caucasian, married, and
highly educated. These patients also received care in a spe-
cialty AF clinic, and patients referred to tertiary clinics often
have a greater disease burden than do average AF patients.50

Analysis on a larger, more diverse sample would increase
transferability of findings. Overall, 34% of the eligible patients
receiving care at the AF specialty clinic participated in our
online survey (potential self-selection bias); however, our pa-
tient participants mirrored those in the larger clinic in terms of
demographic and clinical characteristics. We relied on clini-
cian referral letters to extract patient history data, resulting in
missing data on these clinical variables for up to half of our
patients, and thereby reducing our ability to understand dis-
ease burden and calculate stroke risk scores. We were unable
to cluster patients based on these clinical variables because the
large amount of missing data would have resulted in all cases
without complete data being dropped. However, the amount
of missing clinical data was roughly equal across the 4 clusters,
and we were able to include follow-up comparisons of
between-cluster differences on these clinical variables. Still,
our smaller sample size limited our ability to thoroughly
investigate potential cluster differences among different sub-
groups of patients with AF (eg, paroxysmal/persistent, impact
of psychiatric illness). Future research could address these
factors by evaluating whether cluster results remain similar
across different subpopulations of patients with AF (eg, those
with persistent AF and heart failure) when using larger sam-
ples or a tighter selection of patients (eg, populations with AF
and psychiatric illness).

The results from a cluster analysis depend on the variables
that were used in the analyses. However, measures were
selected based on Ferrans et al.’s (2005) model, and our
findings support the model’s proposition that both clinical
and personal variables are important to consider. Further, the
clusters that emerged in the present data were meaningful
interpretively, and they displayed good fit to the data. The
high classification probabilities and/or low uncertainties lead
us to expect that the observed cluster groups also are likely to
emerge in other datasets.
Conclusions
Using a robust clustering technique, a diverse sample of

patients with AF receiving specialty clinic care were classified
into 4 groups that differed in their combinations of clinical and
personal characteristics. Although the largest group was doing
well on all characteristics, the other 3 were not doing as well,
sharing some commonalities but differing on specific charac-
teristics that distinguished them from one another. Clusters
differed according to age and sex, with more female patients in
groups who were doing less well overall than male patients, and
with the youngest group experiencing the greatest mental
health and coping challenges. These findings have implications
for tailoring AF clinic management and support to address the
unique needs of patients. Tailored treatment approaches have
potential to impact patient outcomes, such as QoL and treat-
ment satisfaction for improved AF management. Due to sam-
ple size, we were unable to thoroughly investigate potential
cluster differences for different subgroups of patients with AF,
an area for future research. Overall, the findings of this study
advance knowledge by demonstrating that meaningfully
distinct groups of AF patients vary in their profiles of clinical
and personal variables. The findings have potential for
improving clinical practice by guiding tailored treatment ap-
proaches to improving patient outcomes.
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