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Abstract

Background: Multimorbidity is common in patients with atrial fibrillation (AF), yet comorbidity patterns are not well
documented.

Methods: The prevalence of 18 chronic conditions (6 cardiometabolic, 7 other somatic, 5 mental health) was obtained in
patients with new-onset AF from 2013-2017 from a 27-county region and controls matched I:1 on age, sex, and county of
residence. For AF patients and controls separately, clustering of conditions and co-occurrence beyond chance was es-
timated (using the asymmetric Somers’ D statistic), overall and for ages <65, 65-74, 75-84, and >85 years.

Results: Among 16,509 patients with AF (median age 76 years, 57% men), few (4%) did not have any of the 18 chronic
conditions, whereas nearly one-quarter of controls (23%) did not have any chronic conditions. Clustering of car-
diometabolic conditions was common in both AF patients and controls, but clustering of other somatic conditions was
more common in AF. Although the prevalence of most condition pairs was higher in AF patients, controls had a larger
number of condition pairs occurring together beyond chance. In persons aged <65 years, AF patients more frequently
exhibited concordance of condition pairs that included either pairs of somatic conditions or a combination of conditions
from different condition groups. In persons aged 65-74 years, AF patients more frequently had pairs of other somatic
conditions.

Conclusion: Patterns of co-existing conditions differed between patients with AF and controls, particularly in younger
ages. A better understanding of the clinical consequences of multimorbidity in AF patients, including those diagnosed at
younger ages, is needed.
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Introduction

Multimorbidity, defined as the co-occurrence of 2 or more
chronic conditions,' is common, affecting approximately
1 in 4 adults and more than two-thirds of adults aged
65 years and older in the United States.” * Multimorbidity is
particularly common in patients with cardiovascular dis-
ease, the majority of whom have multiple chronic cardio-
vascular conditions, but approximately two-thirds also have
non-cardiovascular chronic conditions.”® Patients with
multimorbidity experience poor health outcomes, including
reduced quality of life, disability, and increased hospitali-
zations and death.>”® Other consequences of multi-
morbidity include challenges with fragmented care and
challenges related to disease management due to disease-
disease interactions, disease-drug interactions, and drug-
drug interactions, which complicates decision-making and
burdens patients and their caregivers.>

A decade ago, the American Heart Association (AHA),
American College of Cardiology (ACC), and US Depart-
ment of Health and Human Services (HHS) summarized
data on common co-occurring conditions in patients with
4 cardiovascular conditions (ischemic heart disease, heart
failure (HF), atrial fibrillation (AF), and stroke), and pro-
vided recommendations to enhance clinical practice
guidelines for patients with cardiovascular disease and
multimorbidity.9 The most common chronic conditions in
patients with cardiovascular disease are hypertension (oc-
curring in 81-89% of patients) and hyperlipidemia (63-70%
of patients), with diabetes, anemia, arthritis, and chronic
kidney disease also among the top most common co-
morbidities.” While clinical practice guidelines have his-
torically focused on single diseases and provided limited
recommendations specific to comorbid conditions,” " re-
cent guidelines for patients with cardiovascular disease have
increasingly incorporated recommendations for patients
with comorbid conditions. The AHA/ACC/Heart Rhythm
Society (HRS) guidelines for the management of AF in-
clude special considerations for management of AF in
patients with HF, specific anticoagulation recommendations
for AF complicating acute coronary syndromes or percu-
taneous coronary intervention, chronic coronary disease,
peripheral artery disease, chronic kidney disease/kidney
failure, and valvular heart disease, as well as manage-
ment considerations for AF patients with obesity, Wolft-
Parkinson-White and preexcitation syndromes, hypertro-
phic cardiomyopathy, adult congenital heart disease, hy-
perthyroidism, pulmonary disease, cancer, and in the setting
of acute illness or surgery.'? However, patients with AF may
have multiple concomitant chronic conditions which need
to be taken into account for their management. A better
understanding of the most common combinations of chronic
conditions in patients with AF may be used to design future
studies targeting treatment strategies based on a patient’s

clustering of comorbid conditions. Thus, the goal of the
current study was to describe the patterns of clustering of
chronic conditions in patients with AF and how these
patterns differ from an age- and sex-matched cohort of
patients without AF from a large geographically-defined
region in the Midwest area of the United States.

Methods
Study population

This study was conducted using the expanded Rochester
Epidemiology Project (E-REP) medical records-linkage
system.'> The E-REP captures electronic medical record
data from the population residing within a 27-county region
of Southern Minnesota (19 counties) and Western Wis-
consin (8 counties). Data are available starting in 2010 and
include demographics, diagnostic and procedure codes,
laboratory results, lifestyle measures such as smoking
status, height, weight, body mass index (BMI), blood
pressure, outpatient prescriptions, healthcare utilization
including hospitalizations and emergency department visits,
and dates and causes of death. In 2015, the E-REP captured
electronic medical record data for 751,529 persons (65.9%
of the population) residing in the 27-county region. In
addition, the distributions of age, sex, race, ethnicity, and
education are similar for the E-REP compared to the US
Census 27-county population as well as the US Census
Upper Midwest population.'® This study was carried out in
accordance with the Declaration of Helsinki, and was ap-
proved by the Mayo Clinic (22-003812) and Olmsted
Medical Center (010-OMC-22) Institutional Review
Boards. The study was considered minimal risk by both
Institutional Review Boards; therefore, the requirement for
informed consent was waived. However, records of any
patient who had not provided authorization for their medical
records to be used for research, as per Minnesota statute
144.335, were not reviewed.

Atrial fibrillation cases and controls

A cohort of new-onset AF between January 1, 2013 and
December 31, 2017 was assembled. Data were available
starting in 2010, but we restricted our cohort to 2013 for-
ward to reduce the likelihood of including prevalent AF and
to allow sufficient look back to define comorbid chronic
conditions. To assemble our cohort, diagnostic codes for AF
or atrial flutter (International Classification of Diseases,
Ninth Revision (ICD-9) code 427.3 and International
Classification of Diseases, Tenth Revision (ICD-10) code
148) from inpatient and outpatient encounters among adults
(>18 years) were obtained. Electronic interpretations of
electrocardiograms (ECG) and Holter monitor reports were
available from Mayo Clinic and Mayo Clinic Health
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System. ECG and Holter reports indicating possible,
probable, likely, or cannot rule out AF/atrial flutter were
considered negative (no AF). Any remaining ECGs or
Holter reports with missing or inconclusive interpretations
to determine AF status were reviewed by trained nurse
abstractors. In addition, Current Procedural Terminology
(CPT) codes for ECGs (CPT codes 93000 and 93010) and
Holter monitors (CPT codes 93224-93227, 93230-93233,
and 93236) were pulled for Olmsted Medical Center be-
cause an electronic ECG database was not available. The
medical records were reviewed by trained nurse abstractors
to determine the rhythm for all ECGs and Holter monitors
using the same rules as previously described (excluding
possible, probable, likely, and cannot rule out diagnoses).

We used the following rules to validate the diagnosis of
AF and assign the incidence date of AF. We required a
diagnostic code plus evidence of AF or atrial flutter on either
an ECG or Holter monitor to confirm the diagnosis. Patients
with ECG or Holter monitor evidence of AF within 30 days
prior to 1 year after an AF diagnostic code were included.
The diagnostic code date was assigned as the incident AF
date. If AF was not confirmed at first diagnosis date, we
used subsequent diagnoses and employed the same rules
regarding timing and evidence of AF on an ECG or Holter
monitor. If the diagnosis of AF was not confirmed by ECG
or Holter, the patient was excluded. In addition, persons
whose incidence date occurred prior to January 1, 2013 or
who were non-residents of our region at the time of AF
diagnosis were excluded. A flow diagram describing the AF
cohort is provided in Supplemental Figure 1.

For each person with AF in our cohort, a single control
from the same population was matched (individual
matching, 1:1). Controls were matched to AF cases on age
(within 5 years), sex, and county of residence. The case’s
date of incident AF was used as the index date for the
matched control. The matched controls had no evidence of
AF prior to or on their index date, but were not excluded
based on development of AF after their index date.

Ascertainment of chronic conditions

A total of 18 chronic conditions were ascertained by
electronically retrieving diagnostic codes (ICD-9 and ICD-
10) from inpatient and outpatient encounters at all providers
indexed in the E-REP. The list of chronic conditions in-
cluded those identified by the US Department of Health and
Human Services (DHHS) for studying multimorbidity.'*'?
The list contains 20 chronic conditions, but autism and
human immunodeficiency virus were excluded due to low
prevalence (<0.5% of the population), along with cardiac
arrhythmias because all cases have AF. Although anxiety
was not one of the DHHS 20 conditions, it was added
because it is prevalent and a potentially important comorbid
condition in patients with cardiovascular disease. The

diagnostic codes used to define the 18 chronic conditions
have been defined previously.'® Diagnostic codes were
retrieved for a 3 year capture frame prior to the date of
incident AF (and corresponding index date in controls). A
single diagnostic code in the code set for a given chronic
condition was used to confirm the presence of the chronic
condition.

Statistical analysis

Analyses were completed using SAS software, version 9.4
(SAS Institute) and R software, version 4.0.3 (R Foundation
for Statistical Computing). Characteristics of patients with
AF and controls without AF were reported as frequencies
(percent) for categorical variables and means (standard
deviation) or medians (interquartile range; IQR) for con-
tinuous variables. Demographic characteristics of patients
with AF vs. controls were compared using standardized
mean differences, calculated as the difference in means or
proportions divided by the standard error. Differences in
chronic conditions between patients with AF and controls
were compared using conditional logistic regression.

To visualize patterns of chronic conditions in patients
with AF and controls, heat maps were produced using the
‘pheatmap’ package in R, each row representing a patient
and each column a chronic condition. The rows were or-
dered according to how patients clustered using agglom-
erative hierarchical clustering where each patient began as
their own cluster, then the two clusters that are most similar
were combined, and the process reiterated until one single
cluster containing all patients was created. Distance be-
tween clusters was assessed using the Jaccard index due to
the binary nature of the data, and the similarity of clusters
was determined using complete-linkage.'” For the presen-
tation of results, the chronic conditions were ordered ac-
cording to their clustering within the groups of
cardiometabolic conditions (hypertension, hyperlipidemia,
diabetes, coronary artery disease, congestive heart failure,
stroke), other somatic conditions (arthritis, cancer, chronic
kidney disease, chronic obstructive pulmonary disease,
asthma, osteoporosis, hepatitis), and mental health condi-
tions (depression, anxiety, substance abuse disorders,
schizophrenia, dementia/delirium).

Next, for AF patients and controls separately, preva-
lences of each pair of chronic conditions were determined,
and heat maps were constructed presenting pairwise
prevalences of the chronic conditions. Heat maps were
constructed overall and stratified by age group using the age
of the AF case for the case and the matched control: <65, 65-
74, 75-84, and >85 years. In addition, the asymmetric
version of Somers’ D statistic was used to measure the
degree of association between 2 chronic conditions ac-
counting for coincidental comorbidity,'®'? overall and
stratified by age groups. The Somers’ D statistic quantifies
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the non-random concordance of each pair of chronic con-
ditions beyond chance (ranging from —1 [perfect dis-
agreement] to 1 [perfect agreement] with O indicating by
chance alone). Accounting for agreement by chance alone
when measuring the degree of association is important as
coincidental comorbidity by chance increases with higher
prevalence. Significance for the Somer’s D statistic was
evaluated using a permutation approach with the
Benjamini-Hochberg procedure to control the false dis-
covery rate at 0.1%.° The same ordering of chronic con-
ditions (clustered by groups of cardiometabolic, other
somatic, and mental health conditions) was used for the
pairwise prevalence and co-occurrence heat maps.

Results

Between 2013 and 2017, 16,509 patients with new-onset
AF (mean (SD) age 74.4 (13.2) years, 56.5% men, 97.5%
White race, 1.3% Hispanic) were matched to 16,509 com-
munity controls (age 74.0 (13.0) years, 96.1% White race,
1.9% Hispanic). Demographic characteristics were well
balanced between patients with AF and matched controls
(all standardized mean differences <0.10; Supplemental
Table 1). The most common chronic conditions in pa-
tients with AF were hypertension, hyperlipidemia, arthritis,
diabetes, and coronary artery disease (Table 1). The prev-
alence of each chronic condition was higher in AF patients
compared to matched controls. The median (interquartile

range; IQR) number of chronic conditions out of the
18 conditions was 5 (3-7) in patients with AF and 3 (1-5) in
matched controls.

The majority of patients with AF had other chronic
conditions, with 90.1% having 2 or more of the 18 other
chronic conditions and 81.9% having 3 or more chronic
conditions. Very few patients with AF (4%) did not have any
of the 18 other chronic conditions (Supplemental Figure 2).
However, nearly one-quarter of controls (23%) did not have
any chronic conditions, 66.8% had 2 or more chronic
conditions, and 54.9% had 3 or more chronic conditions.
Heat maps for patients with AF and controls were con-
structed to visualize how chronic conditions clustered to-
gether (Figure 1). Cardiometabolic conditions, especially
hypertension, hyperlipidemia, and diabetes, clustered to-
gether in both patients with AF and matched controls
without AF. However, clustering of additional car-
diometabolic conditions was more common in patients with
AF. In addition, clustering of other somatic conditions was
more common in patients with AF.

The most common pairs of chronic conditions in both
patients with AF and their matched controls included pairs
of cardiometabolic conditions such as hypertension/
hyperlipidemia (in 60.4% of patients with AF and 40.8%
of controls) and hypertension/diabetes (40.4% in patients
with AF and 24.8% in controls; Supplemental Figure 3).
Arthritis paired with hypertension or hyperlipidemia was
also common in both patients with AF and controls, as well

Table |. Distributions of chronic conditions in patients with atrial fibrillation and age- and sex-matched controls without atrial

fibrillation.

Patients with AF (N=16,509)

Controls without AF (N=16,509) OR (95% Cl)

Hypertension 12992 (78.7)
Hyperlipidemia 11164 (67.6)
Diabetes 7399 (44.8)
Coronary artery disease 6916 (41.9)
Congestive heart failure 5751 (34.8)
Stroke 3066 (18.6)
Arthritis 7483 (45.3)
Cancer 5316 (32.2)
Chronic kidney disease 6047 (36.6)
COPD 4116 (24.9)
Asthma 1499 (9.1)

Osteoporosis 1980 (12.0)
Hepatitis 233 (1.4)

Depression 3389 (20.5)
Anxiety 2872 (17.4)
Substance abuse 1802 (10.9)
Schizophrenia 776 (4.7)

Dementia/Delirium 1814 (11.0)

8843 (53.6) 3.52 (3.33-3.71)
8611 (52.2) 201 (1.92-2.11)
5022 (30.4) 1.89 (1.80-1.98)
3020 (18.3) 3.45 (3.26-3.65)
976 (5.9) 9.50 (8.71-10.36)
1375 (8.3) 2.57 (2.39-2.76)
5418 (32.8) 1.77 (1.69-1.86)
3854 (23.3) 1.61 (1.53-1.69)
2409 (14.6) 3.54 (3.33-3.75)
2006 (12.2) 2.42 (2.28-2.57)
919 (5.6) 1.70 (1.56-1.85)
1511 (9.2) 141 (1.30-1.52)
102 (0.6) 231 (1.83-2.92)
2382 (14.4) 1.55 (1.46-1.65)
1857 (11.3) 170 (1.59-1.81)
706 (4.3) 2.90 (2.64-3.19)
467 (2.8) 171 (1.52-1.93)
1198 (7.3) 1.63 (1.50-1.76)

All results are reported as n (%).
AF, atrial fibrillation; COPD, chronic obstructive pulmonary disease.

Odds ratios were estimated using unadjusted conditional logistic regression models.
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Patients with atrial fibrillation

Age- and sex-matched controls

Figure |. Distribution of chronic conditions in patients with atrial fibrillation and age- and sex-matched controls without atrial
fibrillation. Left panel, patients with atrial fibrillation. Right panel, age- and sex-matched controls without atrial fibrillation. Each patient

is represented by a row in the heat map. Patients are clustered according to their chronic conditions. Purple indicates presence of the
condition while yellow indicates absence of the condition. The chronic conditions were ordered according to their clustering within
groups of cardiometabolic, other somatic, and mental health conditions. CAD, coronary artery disease; CHF, congestive heart failure;
CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease.

as coronary artery disease paired with hypertension or
hyperlipidemia. Chronic kidney disease paired with hy-
pertension and hyperlipidemia were also among the top
10 chronic condition pairs in patients with AF, but was not
among the top 10 condition pairs in the controls.

The prevalence of most condition pairs was higher in AF
patients compared to controls. However, when examining
the concordance of condition pairs beyond chance, controls
had a larger number of condition pairs occurring together
beyond chance compared to patients with AF (Figure 2).
Condition pairs where both conditions were car-
diometabolic and where both conditions were mental health
had highest concordance in both patients with AF and in
matched controls without AF. For example, hypertension
and hyperlipidemia commonly occurred together beyond
chance in both patients with AF and controls. In addition, all
other chronic conditions occurred together with hyperten-
sion more commonly than chance in controls, whereas in
patients with AF, some of the other somatic and mental

health conditions did not occur together with hypertension
beyond chance.

When stratified by age group (<65, 65-74, 75-48,
and >85 years), the prevalence of most condition pairs was
higher in patients with AF compared to controls without AF
for all age groups (Figure 3). However, differences in the
concordance of condition pairs beyond chance were ob-
served between patients with AF and controls without AF,
with the most pronounced differences in the youngest two
age groups (<65 and 65-74 years; Figure 4). In persons
aged <65 years, similar concordance of cardiometabolic
condition pairs and mental health condition pairs were
observed in patients with AF and controls. However, pa-
tients with AF more frequently exhibited concordance of
conditions pairs that included either pairs of other somatic
conditions or a combination of conditions from different
condition groups. In persons aged 65-74 years, patients with
AF more frequently had pairs of other somatic conditions
that occurred together beyond chance compared to controls
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Figure 2. Co-occurrence of chronic conditions in patients with atrial fibrillation and age- and sex-matched controls without atrial
fibrillation. Each plot includes patients with atrial fibrillation (upper right side of the plot) compared to age- and sex-matched controls
without atrial fibrillation (lower left side of the plot). Left panel, prevalence of condition pairs. Numbers in the boxes correspond to the
proportion of patients with both chronic conditions. Right panel, concordance of condition pairs beyond chance. An asterisk (*) indicates
the asymmetric Somers’ D statistic met statistical significance controlling for the false discovery rate at 0.1%. CAD, coronary artery
disease; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease.

without AF. In the oldest two age groups (75-
84 and >85 years), fewer condition pairs occurred together
beyond chance and the co-occurrence of condition pairs was
generally similar in patients with AF and controls.

Discussion

In this large study of more than 16,500 patients with new-
onset AF matched to patients without AF from the same
community, the prevalence of each of the 18 chronic
conditions was higher in AF patients compared to matched
controls. Only 4% of patients with AF did not have any of
the 18 chronic conditions, whereas nearly one-quarter of
controls (23%) did not have any chronic conditions. Dif-
ferences in clustering of chronic conditions were observed
between patients with AF and controls, particularly clus-
tering of the cardiometabolic conditions of coronary artery
disease, congestive heart failure, and stroke, as well as
clustering of other somatic conditions being more common
in patients with AF. For pairs of chronic conditions, dif-
ferences were observed between patients with AF and
controls in those <75 years only, with more frequent co-
occurrence of pairs of other somatic conditions in patients
with AF compared to controls.

Patients with AF experience greater risks of adverse
outcomes, including stroke, heart failure, hospitalization,
and death, compared with patients without AF.*'"* In
addition to AF conferring an excess risk of non-fatal and
fatal outcomes, patients with AF are frequently older and
have multimorbidity, which may contribute to challenges
with disease management and poor outcomes. Indeed, a

higher number of comorbidities is associated with lower
rates of anticoagulation in patients with AF even though
multimorbid patients may potentially benefit most from
anticoagulation therapy.’' Furthermore, both cardio-
vascular and non-cardiovascular comorbidities contribute to
excess risk of stroke, heart failure, hospitalization, and death
in patients with AF.>"**2?7% In the current study, some of
the most frequently occurring chronic conditions which
commonly clustered together, such as hypertension, dia-
betes, and coronary artery disease, are well known risk
factors for adverse outcomes in AF including stroke.

The majority of patients with AF have multimorbidity. In
nearly 85,000 persons with AF in the United Kingdom
captured by the Clinical Practice Research Datalink, 60% of
patients had at least 3 comorbidities (out of a list of
18 conditions) with trends of increasing comorbidity burden
over time from 48% in 1998 to 68% in 2017.>° These
estimates are lower than the current study, which reported
that 82% of patients with AF had 3 or more additional
chronic conditions. In a primary care registry network in
Belgium including 1830 patients with AF matched to
6622 controls without AF, the number of comorbidities was
higher in patients with AF compared to controls (mean
modified Charlson Comorbidity Index 5 vs. 4).% Patients
with AF had a higher prevalence of many chronic condi-
tions. However, similar prevalence of dementia, chronic
pulmonary disease, and cancers (history of tumors, leuke-
mia, and lymphoma) were observed in patients with AF and
controls, which is discrepant with our reported findings
herein of higher prevalence of dementia, chronic obstructive
pulmonary disease, and cancer in patients with AF.



Chamberlain et al.

Patients with atrial fibrillation, age <65 Patients with atrial fibrillation, age 65-74
833 2 2 | Hypertension &) 1 3 5 | Hypertension
9 6 22 2 2 | Hyperlipidemia 6 1 2 4 | Hyperlipidemia
60 v 522 2 2 | Diabetes < 41 7 2 3 | Diabetes
o 3 42108781 1|cap ; 31008 7 1 3|CcAaD
® 11 la 11026711 |CHF o 3 3 1 [@e 2 3 [ CHF
% i10 11133 31 1]|Stroke = SN 2 05431 2| Stroke
£ -1 2 01 5 3 1-7 1 2 | Arthritis = R 5 1@ 6 2 3 | Arthritis
40 S ENE3 1 0 13 2115431 1| Cancer E Bl 1 2 315§412Cancer
T (EEEE 102 1 4 2 280798 2 2 [ CKD S s 2 2[5 4 s 1886 2 3| CKD
5 NS 2 1 031 1 B2 1 6 71 1| COPD E B 2 2 (AR 3 3 1876 2 2 | COPD
E 2030210 0 021 1 2 105 43 0 1 |Asthma oy Bl 2 1 ofE2 13 104320 1[Asthma
I 110000 1000002110 0]|Osteoporosis @ 4421013211150 33 211 |Osteoporosis
u 10000000000 0O0N21 20 0]Hepatitis 2 100000000000 100 0 0|Hepatiis
2 - |EEElz: 1 1Bz 12210 2 2 |D i o EllEl: 1 28423220 5 2 3 | Depression
2 89 epression 5 p
T GHEl 2 1 0 141121008 |1 1 | Anxiety g B 4 3 1 1583 2 311 of8 4 1 2 | Anxiety
Qg, A3 1 0 10381 1 2 1 0 oS 2 1 | Substance abuse < a2 1 1 1281 121 1 02 1 2 | Substance abuse
< 1110000000000 11 151 |Schizophrenia 1110001000000 10 0% 1]|Schizophrenia
1100001000000 1100 Dementia/Delirium iy N1 o (1T FIR1 1 1 0 0 0F2NN1 o Dementia/Delirium
c @y Wwewnkx mwwnc @ m COVNAL YV SOQTUYC 20T
VQ'EEGD:IASESQEEG%,Q%‘Q'EE QEB<I-“§EE¥Q.E~AE.99§:§
03200 EcU0ES®ARAOE PgRUUEEsU0S8®axa OE
S8 RES " OBocafcwmcs 540 RES " OBooUcRES
g8 m nso Sa¢z®59o =0 <L ol 58
T B85 < <gf5%g80 S20 sra - gs§a
£3 2T @ ENB 8% g7 @ 287
=8 W O &©EE 2 " O stz
> o 585 > o] 233
I =2 E = z E
08 a
Patients with atrial fibrillation, age 75-84 Patients with atrial fibrillation, age 285
8 & 1 6 4 Hypertension 6 I8 o 37 Hypertension
3 70 5 49 | Hyperlipidemia 9 s |1 o I3 > s ||| Hyperlipidemia
0 56 1 g_s;]nt 2 6 | Diabetes A 3 B o BERNEN 2 2 Diabetes
© 57 ofigla 4 2 6 | CAD % 4 8l o 2 4| caD
< 5'5 3 4 46 0 7 325 (CHF o s k& 4 il o 2 4 CHF
uw BSY 1 7 2 4 06 4 2 2 4 |Stroke ;—3 SI§GR 3 7 26|07 5 1 38| Stroke
g 46 6 [0l 1 86 « 3 7 | Arthritis 2 8 8 4 [i§ o 2 8 Arthritis
£
S 2 4 47 0/7 6 3 2 4| Cancer S 55 30 A 2 2 Cancer
= s 3 i 450'13350(0 ] 7 5 4 fi0l o 25 CKD
2 6522 754-55¢0(76424|COPD S 5543856 460662 26|COPD
ﬁ 202 1 1 BR2 1 2 202211 1|Asthma E a2 201 1882 273 202201 1|Asthma
E B8l 4+ 2 1 1 @43 21 0431 1 2]|O0steoporosis - |@@s 4 2 s[f@e s 3 1 ole 5 1 26| Osteoporosis
b 000000D0O0OO0O0 0 0 0 0o 0 |Hepatitis 3 0 0000000O0O0O0OD0OD 0 0 0 0 o |Hepatitis
= 642204431 30 82 25|Depression = 563 3fe 64240 1 38| Depression
= B4 2 1 20802 3 312 08 2 1 4 [ Anxiety L B 442284431407 1 2 5 | Anxiety
& EEoRi 1 1 1 R0 il o o o f1 1 2 | Substance abuse g R o0/ I T 0 BTl o) S 1 1 | Substance abuse
2 2211011110000 11 0% 2|Schizophrenia < Eidlz 2 2 2320302120032 5 | Schizophrenia
B2 2 El202 1 0 1 0fBl2 1 1 Dementia/Delirium [Bills s « sfigls 6 3 15 0(7 4 1 2 | Dementia/Delirium
SEVOL YN 500 RV OC 2T T SOVNOLYIVL 00T NN E X0 m
.e'§£<:-gs58xagm;;.g%’g'a§ QEQ<I"6E8¥&EEEE_9£=§
23 200Esc00EST¥xa 8L Lg300UEscU0SCmA = Y E
$oR FES"OBoofeERmES c3 FER-0OFBco0ERES
g2 m Q ao g 7] =..3 0 oo 52
525 . <gEsvggo 528 geraTggo
&% 3 & 582 £3 § 8 REf
e 8 F8E £a 8 ZSE
> I b
" g ]
T =R T § E
oz a

Figure 3. Prevalence of chronic condition pairs in patients with atrial fibrillation and age- and sex-matched controls without atrial fibrillation by
age group. Each plot includes patients with atrial fibrillation (upper right side of the plot) compared to age- and sex-matched controls without
atrial fibrillation (lower left side of the plot). Numbers in the boxes correspond to the proportion of patients with both chronic conditions. Top
left panel, ages <65 years; top right panel, ages 65-74 years; bottom left panel, ages 75-84 years, bottom right panel, ages >85 years. CAD,
coronary artery disease; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease.

Recent studies have also assessed clustering of condi-
tions in patients with AF. In a single center registry of
9401 patients with AF in an intensive care cohort, 4 clusters
were observed.>” A first cluster consisted of the youngest,
highest proportion male, and highest proportion with
postoperative conditions (74%) and hypertension (64%;
postoperative hypertensive cluster), the second was char-
acterized by the highest proportions of chronic obstructive
pulmonary disease (17%) and diabetes (26%; non-
cardiovascular multimorbid cluster), a third included the
oldest with the highest prevalence of heart failure (86%;
cardiovascular multimorbidity cluster), and the fourth in-
cluded the largest proportion of valvulopathies (45%;
valvulopathy atrial dilation cluster). In a 1% Medicare

sample from 2015-2016, 4 clusters of non-cardiovascular
conditions were observed.*® One cluster had the lowest
prevalence of most conditions (minimal cluster), a second
was characterized by >40% prevalence of depression and
chronic lung disease along with high prevalence of anemia
(76%) and musculoskeletal disease (94%; depression-lung
cluster), a third included a high proportion of chronic kidney
disease (83%) and diabetes (67%; chronic kidney disease-
diabetes cluster), and the last included the highest preva-
lence of all conditions (multi-system cluster). In the Fushimi
AF Registry, 6 clusters of AF patients were observed in-
cluding (1) the youngest with lowest prevalence of co-
morbidities, (2) the elderly with low prevalence of
comorbidities, (3) those with high prevalence of
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Figure 4. Concordance of chronic condition pairs in patients with atrial fibrillation and age- and sex-matched controls without atrial
fibrillation by age group. Each plot includes patients with atrial fibrillation (upper right side of the plot) compared to age- and sex-
matched controls without atrial fibrillation (lower left side of the plot). An asterisk (*) indicates the asymmetric Somers’ D statistic met
statistical significance controlling for the false discovery rate at 0.1%. Top left panel, ages <65 years; top right panel, ages 65-74 years;
bottom left panel, ages 75-84 years, bottom right panel, ages >85 years. CAD, coronary artery disease; CHF, congestive heart failure;
CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease.

atherosclerotic risk factors but without atherosclerotic
disease, (4) those with atherosclerotic comorbidities, (5)
those with history of stroke, and (6) the very elderly.*
However, these aforementioned studies lacked a com-
parison of patients with AF to controls without AF. The
current study provides a unique perspective on multi-
morbidity in AF by comparing combinations of conditions
in patients with AF to controls without AF. Importantly, our
study was population-based and did not impose any re-
strictions based on patient age, setting of diagnosis (out-
patient, inpatient), or insurance coverage. In addition, we
estimated whether combinations of 2 conditions occurred
together more frequently than expected, providing insight as

to which combinations of conditions are more likely to
occur together in AF compared with controls. Finally, we
stratified our results by age and observed that clustering of
other somatic conditions was more common in patients with
AF, in particular among patients diagnosed at younger ages
(<75 years). In contrast, co-occurrence of pairs of conditions
was more similar for patients with AF and controls in those
75 years of age and older.

Implications

Our study has characterized multimorbidity in patients with
AF, describing clustering of conditions and co-occurrence
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of pairs of chronic conditions, and how these patterns differ
from persons who do not have AF. Although clinical
guidelines for AF have increasingly included recommen-
dations for management of AF in patients with comorbid
conditions,'****! these recommendations have been gen-
erally limited to considerations for patients with AF and a
single additional comorbid condition. However, as de-
scribed herein, patients with AF often have multiple con-
comitant chronic conditions which may complicate their
management. Our study has characterized multimorbidity in
patients with AF in a unique, population-based setting
providing further information that can be used to design
studies targeting treatment approaches based on clustering
of comorbid conditions. Clustering of cardiometabolic
conditions was common, but in younger patients diagnosed
with AF, pairs of other somatic conditions occurred more
frequently together beyond chance than in patients without
AF. Thus, our findings from a large community cohort
emphasize that in addition to cardiometabolic conditions,
other non-cardiovascular conditions, which may not be
directly related to the pathophysiology of AF, are important
to consider for the patients’ management. The results of our
findings provide needed context for AF treatment guide-
lines, which emphasize the importance of comprehensive
care of the multiple conditions that increase the risk of AF,
are exacerbated by AF, or contribute to outcomes in patients
with AF. Furthermore, in order to better inform treatment
recommendations for AF patients with multimorbidity,
additional research is needed to determine which specific
combinations of conditions impart worse prognosis in pa-
tients with AF. Such information can guide future studies
targeting treatment strategies based on a patient’s clustering
of comorbid conditions.

Limitations and strengths

We acknowledge the following limitations. First, the rules
we used to identify patients with AF, requiring a diagnostic
code plus evidence of AF on an ECG or Holter monitor,
likely resulted in missing some patients in our community
who have AF. In addition, patients with ECG or Holter
reports indicating possible, probable, likely, or cannot rule
out AF were not considered as having AF unless there was
another ECG or Holter indicating AF. However, these rules
were chosen to optimize the likelihood that patients in the
AF group truly had AF (high positive predictive value),
given results of a prior study that reported code-based al-
gorithms to identify AF are prone to misclassification.**
Second, because AF can be asymptomatic, symptoms may
be non-specific, and some patients may not seek care for
their symptoms, it is possible that some matched community
controls may have had undiagnosed AF and were mis-
classified as controls. Third, there may have been some
misclassification of the chronic conditions due to errors in

coding or assignment of codes for rule out of diagnoses. We
required only a single diagnosis code to ascertain the
chronic conditions, which while optimizing sensitivity,*
may have resulted in incorrectly classifying some patients as
having chronic conditions who did not. However, it is
unlikely differences in the misclassification would have
been observed between patients with AF and controls.
Fourth, we lacked information on severity of the chronic
conditions, duration of the conditions, and treatment for the
chronic conditions. Finally, although the E-REP population
is similar to the Upper Midwest population, the E-REP
includes a lower proportion of non-Whites and Hispanics
than the US as a whole.'®> Thus, our results may not be
generalizable to all patient populations because our Mid-
west population included mostly persons of White race.
Nevertheless, our study has many strengths including the
capture of data from multiple health care providers through
the REP records-linkage system, the large sample size al-
lowing for stratification of our results by age, and the ability
to compare multimorbidity patterns to similarly aged
community controls without AF.

Conclusions

In this matched study of patients with new-onset AF
compared to community controls without AF, differences
were observed in clustering of chronic conditions between
AF and controls. Patients with AF more commonly had
clustering of the cardiometabolic conditions of coronary
artery disease, congestive heart failure, and stroke, as well
as clustering of other somatic conditions. In addition, dif-
ferences were more pronounced in patients younger than
75 years of age, with more frequent concordance of pairs of
other somatic conditions in patients with AF compared to
controls. A better understanding of the clinical conse-
quences of multimorbidity in AF patients, including those
diagnosed at younger ages, is needed.
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