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A B S T R A C T

Background: We aimed to evaluate atrial fibrillation occurrence, reasons for healthcare visits, mortality,
causes of death and examined patterns by relative deprivation in the UK.
Methods: To study the atrial fibrillation (AF) incidence, mortality and case-fatality, we implemented a pro-
spective cohort study with the linked electronic health records of 5.6 million population in the United King-
dom Clinical Practice Research Datalink from 1998 to 2016. A matched case-control study was used to
investigate causes of hospitalisation and death comparing individuals with and without incident AF.
Results: During a median follow-up of 10.3 years, 199,433(3.6%) patients developed incident AF. Increased
risk of hospitalisation for heart failure, cardiovascular conditions and infection was present among patients
who later developed AF. Following an AF diagnosis, patients were frequently admitted to the hospital for
heart failure, lower respiratory tract infection, chronic obstructive pulmonary disease and ischemic heart dis-
ease. One in 5 AF patients died during the first year after diagnosis, and the mortality increased to 42.7% at
the fifth year. The excess deaths in AF cases compared to controls may result from cardiovascular diseases,
infection and metabolic disorders. Individuals from areas with higher deprivation in socioeconomic and liv-
ing status had both higher AF incidence and fatality.
Interpretation: We observed an elevated risk of hospitalisation for cardiovascular or respiratory diseases
among incident AF patients, and the considerable disparity in AF burden by socioeconomic deprivation
informs priorities for prevention and provision of patient care.
Funding: The study was supported by the GlaxoSmithKline, University College London Hospital and National
Institute for Health Research. The funders did not have any role in study design, data collection, data analysis,
interpretation, and writing of the report.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Background

Atrial fibrillation (AF) is the most frequent cardiac arrhythmia
worldwide, with 37.6 million cases [1] and an attributable 287,200
deaths in 2017 [2]. In the UK, there are an estimated 1.5 million
individuals living with AF [3], similar to the number of people with
MI and exceeding those of cerebrovascular diseases and heart failure
in 2020 [4, 5]. Despite the high cost of AF management [6, 7], little is
known of the healthcare utilisation of newly diagnosed AF.

Insights from the healthcare contacts of AF population may facili-
tate improvements in disease prevention and treatment strategies,
such as early detection and screening [8], risk factor and comorbid-
ities management and prediction of subsequent outcomes. Evidence
from previous AF epidemiology studies may be limited due to study
design and that the population is based on regional cohorts [9-12],
surveys [13, 14], or trials [15, 16]. Population registries have focused
on risk factors and subsequent diseases [17, 18]. A comprehensive
study investigating AF epidemiology, healthcare utilisation and out-
comes remains absent.
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Research in Context

We searched PubMed for studies published between March 21,
2001, and March 21, 2021, that included “atrial fibrillation” and
“Electronic health records” in their title. References from sys-
tematic reviews and clinical practice guidelines and relevant
studies recommended by experts were also reviewed. We
found no study simultaneously investigating atrial fibrillation
(AF) epidemiology, healthcare utilisation and outcomes. Evi-
dence from previous AF epidemiology studies frequently
referred to limitations in restricted populations or design.

Added value of this study

The study provides comprehensive evidence for the AF burden
on population health and healthcare utilisation. We found
approximately two in five AF patients had three or more
comorbidities at the time of diagnosis. The leading prevalent
comorbidities were hypertension, heart failure and chronic kid-
ney disease, and the main reasons for repeated hospitalisations
prior to AF diagnosis were ischaemic heart disease, lower respi-
ratory tract infection and heart failure, whereas patients fre-
quently admitted to the hospital after diagnosis for AF and
cardiopulmonary conditions. Excess deaths among AF cases
were mainly due to conditions involving the circulatory and
digestive system, metabolic disorders, and infection. Our find-
ings are based on population electronic health records derived
from routine care in the country. The results may hence be
applicable to the general clinical practice in comparable
populations.

Implications of all the available evidence

The repeated hospitalisations for ischemic heart disease and
heart failure in a given patient should draw the physicians
attention to the likelihood of ongoing undiagnosed AF. After AF
diagnosis, it is important to manage AF together with the
related cardiovascular comorbidities, as these conditions con-
tinue to be the main reasons for hospitalisation and the leading
cause of death among AF patients. At diagnosis, AF patients
from more deprived areas had more comorbidities, despite
being younger than those from wealthy areas. We found that
individuals from areas with higher deprivation in socioeco-
nomic and living status had both higher AF incidence and case
fatality. The discrepancy in AF incidence and mortality by dis-
parity warrants targeted prevention strategies, health-care
resource planning and utilisation in AF management of the gen-
eral population.
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Nationwide electronic health records (EHR) provide a unique
opportunity to investigate the AF progression and patient journey
[19], from clinical predisposition to prognosis, in the general popula-
tion receiving usual care. Thus, using the linked EHR of primary, sec-
ondary care and vital status from 5.6 million individuals in England,
we assessed the AF incidence, co-morbidities, reasons for healthcare
contacts, mortality and causes of death in AF patients. The study aims
to provide evidence based on population data on the state of AF in
the population for the development of more comprehensive and
effective care strategies.

2. Method

2.1. Data sources

The Clinical Practice Research Datalink (CPRD) was established in
1987 [20] and as of 2018 includes 7,998,501 patients in the UK with
linked data of primary care consultation, hospital data (Hospital Epi-
sodes Statistics, HES), national cancer registry (National Cancer Intel-
ligence Network) and death registry data (Office for National
Statistics, ONS) [21, 22]. The data are generally representative of the
age, gender and geographic distribution of the UK population [20,
23]. Previous validation studies of the UK EHR showed high quality
and completeness of clinical information recorded in the data [21, 22,
24]. The Medicines and Healthcare products Regulatory Agency Inde-
pendent Scientific Advisory Committee [17_205], under Section 251
of the National Health Service (NHS) Social Care Act 2006 approved
the data use for the present study. The study followed the REporting
of studies Conducted using Observational Routinely-collected health
Data recommendations [25].
2.2. Study population and design

We implemented two study designs, first a prospective cohort
study to assess AF incidence and second a matched case-control
study for mortality, cause of death and healthcare contacts.
2.2.1. Population-wide cohort for incidence, case-fatality, risk factors
and comorbidities

In the population-wide prospective cohort, we identified individ-
uals aged 18 years or older that had been registered in the current
primary care practice for at least one year. The study period was
between 1 January 1998 and 31 May 2016, and individuals were
excluded if they had a prior history of AF before study entry. Follow-
up ceased for the following reasons: death, the end date of registra-
tion with the practice, last day of the general practice data collection
or the end of the study period (31 May 2016).
2.3. Incidence

Atrial fibrillation was defined from the International Classification
of Diseases (ICD), tenth revision as I48 from HES and Read codes
G573400, G573500, 3272.00, G573000, G573300, G573.00, G573z00
from CPRD. Based on the definition, AF cases included a minor pro-
portion of atrial flutter [26, 27]. The definition was developed and
tested in cardiovascular disease research using linked bespoke stud-
ies and electronic health records platform (https://caliberresearch.
org/portal) [28]. Previous research has shown high validity and com-
pleteness of the disease definition in AF [29-31] and other conditions
[30]. Age-specific and sex-specific cumulative incidence were
obtained by dividing the number of incident cases by disease-free eli-
gible individuals in the cohort. Alternatively, in survival analyses, the
incidence rate was defined as time to initial diagnosis of AF.
2.4. Risk factors

We used the Index of Multiple Deprivation (IMD) 2015 quintile to
describe socioeconomic status, with a higher quintile representing
the more deprived areas [32]. For incident AF cases, we reported 13
common chronic conditions associated with AF reported in the litera-
ture [14, 33-36], or with high prevalence observed in the study
cohort: hypertension, diabetes, valvular disease, hyperthyroidism,
asthma, angina, ischemic heart disease (including unstable angina
and acute myocardial infarction), heart failure, stroke, cancer, chronic
kidney disease, chronic obstructive pulmonary disease and dementia.
Patients without a diagnosis were assumed to be free from that con-
dition. We reported the proportion of individuals with a diagnosis
recorded in their primary care or hospital admissions, before their
initial diagnosis of AF. CHA₂DS₂-VASc Score was calculated [37]. Diag-
nosis code lists for each condition were adapted from the CALIBER
code repository [28] (Supplementary table S1).

https://caliberresearch.org/portal
https://caliberresearch.org/portal
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2.4.1. Matched case-control for reasons for clinical visits, mortality risk
and cause of death

For each incident AF patient, a matched control was selected
according to the sex and age at the index date, which was defined as
cohort entry date for controls and the initial AF diagnosis for individ-
uals with AF.

2.5. Cause of healthcare contacts

We investigated the primary diagnoses at general practice (GP)
consultation and hospitalisation within five years before and after the
diagnosis date in individuals with AF and their age and sex-matched
controls. For each person, the most frequent GP visits recorded in
CPRD and primary diagnosis for hospital admissions documented in
HES were identified at year five, bi-yearly intervals from year two to
five, and yearly intervals. Subsequently, we summarised the top rea-
sons for clinical visits pre and post index date.

2.6. Mortality

We identified death, date of death and causes of death from the
Office of National Statistics (ONS) records. The cumulative case-fatal-
ity proportion was defined as the percent of deaths among all inci-
dence AF cases. Rates of death among AF patients and controls were
compared at 30-day, 1-year and 5-year.

2.7. Statistical analyses

Baseline characteristics were presented among AF patients and
matched controls. We reported frequencies (%) for categorical data
Par�cipants aged ≥ 18 years old registered 
in primary care with linked clinical data 

6,529,382

Par�cipants available for linkage
7,998,501

All par�cipants in the Clinical Prac�ce 
Research Datalink 

15,237,262

Par�cipants with valid records

5,601,803

Par�cipants in the study cohort 

5,557,405

199,433 (3.6%) incident AF cases

Fig. 1. Flow chart of the
and means with standard deviation for continuous data, and chi-
square and t tests were used to examine the difference between sex
and socioeconomic categories. The observed incidence and cumula-
tive case-fatality were reported and then standardised to the 2013
European Standard Population [31] by five-year age bands and sex.
The difference in the rate of death was compared by Kaplan-Meier
curves between AF cases and controls at 30-day, the first year and
fifth year, and by a priori population subgroups (categories of age,
gender, multiple deprivation, valvular disease and CHA₂DS₂-VASc
score categories) to control confounding in mortality analyses. For
subgroup analyses by multiple deprivation status at baseline, we
used Kaplan-Meier estimation to evaluate the proportional hazard
assumption. When appropriate, Cox regression model was applied to
estimate the AF incidence and mortality rate, adjusted by age and
sex. Primary cause of death within the fifth year of follow-up was
compared by disease and by ICD chapters.

We performed the analyses in the secured Data Safe Haven, meet-
ing the data safety and information governance requirements by Uni-
versity College London, NHS Digital and ONS. Analyses were
performed in Statistical Analysis System (version 9.4) and R (version
3.6.1). The funders did not have any role in study design, data collec-
tion, data analysis, interpretation, and writing of the report.
3. Results

We identified 5,557,405 eligible individuals in the UK contributed
clinical information between 1 January 1998 and 31 May 2016 in the
study (Fig. 1). There were 199,433 (3.6%) incident diagnoses of AF
over a median of 10.3 (interquartile range: 4.8-15.0) years of follow-
excluded 7,238,761 individuals who 
were ineligible for linkage  

excluded 1,061,689 individuals age <18
years at study entry and 407,430 
individuals not registered with the 
primary care service during the study 
period (1/1/1998-31/5/2016)

excluded 927,579 individuals with 
invalid entry and exit dates.

Excluded 44,238 pa�ents with a history 
of AF diagnosis 

study population.



Table 1
Characteristics of controls and individuals with incident atrial fibrillation at study entry

Individuals with incident atrial fibrillation

By sex By socioeconomic status
Comparisons All AF Male Female Quintile 1 Quintile 5

Age category at diagnosis (years) (n=199 433) (n=199 433) (n=99 281) (n=100 152) (n=33 632) (n=44 466)
Age at diagnosis (years) 75.7 (12.7) 75.8 (12.7) 72.7 (13.1) 78.9 (11.5) 76.3 (12.8) 75.0 (12.8)
Women 100152 (50.2%) 100152 (50.2%) �� �� 16797 (49.9%) 22241 (50%)
Socioeconomic status quintile
Quintile 1 (least deprived) 33360 (16.7%) 33632 (16.9%) 16835 (17%) 16797 (16.8%) �� ��
Quintile 5 (most deprived) 40915 (20.5%) 44466 (22.3%) 22225 (22.4%) 22241 (22.2%) �� ��
Smoking 32130 (16.1%) 86207 (43.2%) 53004 (53.4%) 33203 (33.2%) 13026 (38.7%) 21902 (49.3%)
CHA₂DS₂-VASc � 1 for men or �2 for women 171889 (86.2%) 173354 (86.9%) 82484 (83.1%) 90870 (90.7%) 28765 (86.5%) 38875 (87.4%)
Comorbidities
Hypertension 45182 (22.7%) 99644 (50.0%) 46309 (46.6%) 53335 (53.3%) 16224 (48.2%) 22886 (51.5%)
Diabetes 12487 (6.3%) 31099 (15.5%) 17064 (17.2%) 13945 (13.9%) 4471 (13.3%) 7704 (17.3%)
Valvular disease 1941 (1%) 20467 (10.3%) 9870 (9.9%) 10597 (10.6%) 3656 (10.9%) 4417 (9.9%)
Angina 14858 (7.5%) 37846 (19.0%) 20854 (21.0%) 16992 (17.0%) 5657 (16.8%) 9810 (22.1%)
Ischemic heart disease 10349 (5.2%) 33358 (16.7%) 19897 (20.0%) 13461 (13.4%) 5289 (15.7%) 7961 (17.9%)
Heart failure 791 (0.4%) 41925 (21.0%) 20236 (20.4%) 21689 (21.7%) 6254 (18.6%) 10297 (23.2%)
Stroke 7363 (3.7%) 23208 (11.6%) 10897 (11.0%) 12311 (12.3%) 3715 (11.0%) 5290 (11.9%)
Asthma 12828 (6.4%) 30252 (15.2%) 14059 (14.2%) 16193 (16.2%) 4908 (14.6%) 7425 (16.7%)
Hyperthyroidism 1932 (1%) 4825 (2.4%) 1028 (1.0%) 3797 (3.8%) 730 (2.2%) 1178 (2.6%)
Cancer 20306 (10.2%) 38976 (19.5%) 20263 (20.4%) 18713 (18.7%) 6805 (20.2%) 8354 (18.8%)
Chronic kidney disease 4121 (2.1%) 40362 (20.2%) 18985 (19.1%) 21377 (21.3%) 6222 (18.5%) 9750 (21.9%)
Chronic obstructive pulmonary disease 8207 (4.1%) 25795 (12.9%) 14182 (14.3%) 11613 (11.6%) 3377 (10.0%) 7306 (16.4%)
Dementia 4674 (2.3%) 12254 (6.1%) 4354 (4.4%) 7900 (7.9%) 2105 (6.3%) 2647 (6.0%)
Two or more comorbidities 36176 (18.1%) 118661 (59.5%) 57925 (58.3%) 60736 (60.6%) 18870 (56.1%) 27877 (62.7%)
Oral anticoagulants prescription
At study entry 2950 (1.5%) 20093 (10.1%) 11280 (11.4%) 8813 (8.8%) 3414 (10.2%) 4458 (10.0%)
During follow-up 4705 (2.4%) 64646 (32.4%) 35540 (35.8%) 29106 (29.0%) 11307 (33.6%) 14326 (32.2%)

Data are mean (SD) or n (%). Socioeconomic status refers to Index of Multiple Deprivation 2015 quintile, with SES 1 referring to the most affluent and SES 5 to the
most deprived socioeconomic quintile. Number of comorbidities refers to any of the 13 conditions listed. AF patients characteristics between sex difference: p all
<0.001 except for socioeconomic status quintile (p=0.30); between the least and most deprivation difference: p all <0.001 except for sex (p=0.84), dementia
prevalence (p=0.07), oral anticoagulants prescription at baseline (p=0.56)
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up. The median follow-up among AF patients after the initial diagno-
sis was 2.7 (0.7-6.0) years.

The mean age at AF diagnosis was 75.8 years (Standard Deviation
(SD): 12.7 years). Half of the incident AF cases were women, whereas
men developed AF at a younger age (72.3 (13.1) years) than women
(78.9 (11.5) years) (Table 1). Four in every five (84%) incident AF cases
had at least one comorbidity. The leading prevalent comorbid condi-
tions were hypertension, heart failure and chronic kidney disease;
60% had 2 or more comorbidities at the time of diagnosis. One in ten
AF patients were prescribed with oral anticoagulants at the time of
diagnosis, and the percentage increased to one in three during study
follow-up. Individuals with AF living in the most deprived areas had
a higher prevalence of cardiovascular and non-cardiovascular condi-
tions, also developing AF at a younger age than the least deprived
(Table 1).

3.1. Incidence

The observed incidence of AF per 1000 persons during the
study period ranged from 17.2 (20-24 years) to 234.3 (75-79
years) in men and 0.7 (20-24 years) to 219.2 (75-79 years) in
women (Fig. 2). In both sexes, cumulative AF incidence increased
with age, peaking in the 70s and declining further with increasing
age. The age and sex standardised cumulative AF incidence was
0.07% according to the 2013 European Standard Population. The
age-standardised cumulative AF incidence was 0.08% in men and
0.06% in women. Overall, the incidence rates at the first year, fifth
year and d year of follow-up were 0.23% (95% confidence interval:
0.22%, 0.23%), 1.28% (1.27%, 1.29%), and 3.12% (3.11%, 3.14%). The
age and sex-adjusted incidence rates showed a rising trend of AF
incidence with deprivation level (Fig. 3). After accounting for the
difference in age and sex, individuals living in the poorest area
had a 12% increased risk of developing AF than people living in
the wealthiest areas (p: <0.001, Fig. 3).
3.2. Healthcare contacts

To investigate AF progression, we compared the reason for seek-
ing frequent medical care between AF patients and 199,433 age and
sex-matched controls. The mean age was 75.8 years in patients and
75.7 years in controls (Supplementary table S2). The median follow-
up among controls after study entry was 6.6 (2.8-11.9) years. The
leading causes of hospitalisation among cases than controls prior to
the initial AF diagnosis were heart failure, unspecified stroke, lower
respiratory tract infection, ischemic heart disease (including acute
coronary syndrome and myocardial infarction), urinary tract infec-
tion and chest pain. (Fig. 4) Hospitalisation for chronic obstructive
pulmonary disease was frequently observed among AF patients the
year before diagnosis. (Supplementary Table S3) Following an AF
diagnosis, patients were often hospitalised for heart failure, lower
respiratory tract infection, chronic obstructive pulmonary disease
and ischemic heart disease.

Compared with controls, type 2 diabetes, osteoarticular pain,
chest and urinary tract infection were the leading conditions for fre-
quent GP consultations among AF patients prior to diagnosis. AF
patients were more likely to utilise healthcare resources than con-
trols at study entry, yet about 1 in 5 AF patients (41730, 20.9%) did
not have any primary care consultation or hospitalisation during the
year prior to their AF diagnosis. (Supplementary Table S4) During the
first year after the initial diagnosis, almost all AF cases received clini-
cal care. After diagnosis, AF, type 2 diabetes, gout, chest and urinary
tract infection were the leading reasons for frequent GP consultations
among AF patients than controls.

3.3. Mortality

In all AF cases, the 5-year case fatality increased with age, from 2%
(20-25 years) to 84% (�90 years) in men and from 6% to 82% in
women. (Fig. 2) Compared to controls, the rate of death among AF
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Fig. 3. Atrial fibrillation incidence and fatality by socioeconomical status
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Fig. 4. Top 10 reasons for hospitalisation in atrial fibrillation patients, compared to controls, within 5 years pre and post incident AF diagnosis.
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patients surged immediately after diagnosis but reduced over time.
(Fig. 5) Among incident AF cases, the mortality at 1 month, the first
year and fifth year were 7.8% (95% CI: 7.6%, 7.9%), 19.9% (19.7%,
20.1%), and 42.7% (42.4%, 42.9%), compared to 0.5% (0.5%, 0.57%), 5.8%
(5.7%, 5.87%), 26.0% (25.8%, 26.2%) among matched controls. (Supple-
mentary Table S5) Mortality rates are higher among women, those
with valvular disease, an elevated CHA₂DS₂-VASc score (� 1 for men
or �2 for women), and individuals from the most deprived areas.
(Supplementary table S5) Mortality among AF patients was inversely
associated with socioeconomic inequalities (Fig. 2). Compared to AF
patients living in the wealthiest neighbourhood, the risk of death
rose by 16% and 26% in patients living in the second most and most
deprived neighbourhoods, respectively (p <0.001, Fig. 2).

The most frequent causes of death in AF patients were ischemic
heart disease, stroke, acute myocardial infarction and dementia. (Fig. 6).
Contrarily, the top cause of death among non-AF controls was infection
(unspecified bronchopneumonia). Ischemic heart disease, stroke and
dementia account for a slightly lower proportion of all deaths. The dis-
tribution of causes of death showed different patterns in individuals
with and without AF (p-value for trend <0.001). A greater number of
deaths among individuals with AF than controls were due to conditions
such as the circulatory (41.8% and 34.7%, respectively) and digestive
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system (4.6% and 3.8%), metabolic disorders (1.4% and 1.2%), and infec-
tion (1.2% and 0.5%). (Supplementary Figure S1)

4. Discussion

The study provides comprehensive evidence for the AF burden on
population health and healthcare utilisation. The leading prevalent
Fig. 6. Leading primary cause of death in AF pa
comorbidities were hypertension, heart failure and chronic kidney
disease, and the main reasons for frequent primary care appoint-
ments prior to AF diagnosis were type 2 diabetes, pain and infection.
We found repeated hospitalisations for ischaemic heart disease,
lower respiratory tract infection and heart failure among patients
prior to initial AF diagnosis. After diagnosis, patients were admitted
to the hospital for AF, lower respiratory tract infection, heart failure,
tients and in age and sex matched control



8 S.-C. Chung et al. / The Lancet Regional Health - Europe 7 (2021) 100157
ischaemic heart disease and chronic obstructive pulmonary disease.
One in five patients died within the first year of diagnosis, and the
mortality doubled in 5 years after diagnosis. Excess deaths among AF
cases were mainly due to conditions involving the circulatory and
digestive system, metabolic disorders, and infection.

We found approximately three in five AF patients had two or
more comorbidities at the time of diagnosis. The high prevalence of
multiple morbidities was reported previously in the regional cohort
[12] and may be explained by the advanced median age of the inci-
dent AF population. In addition, the introduction of the national qual-
ity of care initiatives such as the Quality and Outcomes Framework
from 2004 [38] and the English NHS Commissioning for Quality and
Innovation (CQUIN) scheme from 2009 [39] may have facilitated bet-
ter case finding and management, subsequently contributing to the
high proportion of multi-comorbidities.

Cardiovascular conditions were the main reason for hospitalisa-
tion among AF patients. We found that hospitalisations for heart fail-
ure were more frequent in patients who later developed AF than their
age and sex-matched controls. This observation potentially suggests
that these patients may have already presented with atrial myopathy
prior to the diagnosis of AF, or have undetected episodes of paroxysmal
AF, in addition to AF as a risk factor for heart failure [40] Similarly,
increased risk of hospitalisation for stroke was present among cases one
year prior to AF diagnosis, having potentially attributed to a higher CVD
risk profile or due to sub-clinical or undiagnosed AF.

The study also shows that frequent hospitalisation for lower respi-
ratory tract and urinary infections in individuals with AF are 40% to
60% more than in controls in the year before developing AF, whereas
the age and sex distribution for individuals with these conditions
were similar in cases and controls. Although other confounders may
contribute to the excess hospitalisations for infection, the greater uri-
nary tract or respiratory tract infections in AF patients compared to
controls may indicate an underlying inflammatory driver for the
development of AF [40], or episodes of paroxysmal AF detected after
the hospitalisation [41].

Despite being associated with a marked increase in mortality, AF
itself is rarely a cause of death, and the majority of AF patients died of
cardiovascular complications, such as ischaemic heart disease, stroke,
and myocardial infarction . We observed AF patients compared to
controls are more likely to have excess deaths due to cardiovascular
diseases, infection and metabolic disorders.

The initial excess risk of death in cases compared to controls pla-
teaus and may be explained by the high short-term fatality in AF
with complications of poor prognosis such as sepsis. The excess mor-
tality risk reported in the present study is higher than that in AF
patients during a 30-year follow-up in the Olmsted County [11], but
similar to the estimates in the Framingham cohort [9].

5. Practice implications and future research

We found that individuals from areas with the highest deprivation
in socioeconomic and living status had a 12% greater risk of develop-
ing AF and a 26% higher AF fatality than people living in the wealthi-
est areas. At diagnosis, AF patients from the most deprived areas had
more comorbidities, despite being younger than those from wealthy
areas. The discrepancy in AF incidence and mortality by deprivation
warrants targeted prevention strategies, health-care resource plan-
ning and utilisation in AF management of the general population.

The repeated hospitalisations for ischemic heart disease and heart
failure in a given patient should draw the physician’s attention to the
likelihood of ongoing undiagnosed AF. Our findings thus support the
need for an in-depth characterisation of AF patients [42]. Where the
clinical suspicion is high, further investigation is warranted utilising
appropriate electrocardiographic monitoring [43] or an implantable
loop recorder [44]. After AF diagnosis, it is important to manage AF
together with the related cardiovascular comorbidities, as these con-
ditions continue to be the main reasons for hospitalisation and the
leading cause of death among AF patients.

We found one in three AF patients was prescribed oral antico-
agulant medication. In individuals with AF, 3.9% of deaths were
primarily attributable to stroke, suggesting that anticoagulants, as
reinforced in guidelines [7,45] are crucial for the prevention of
fatal strokes among AF patients. Respiratory disease is another
area that requires clinical attention in the care for AF, as patients
were 1.6 to 2 times more likely than AF-free controls to be admit-
ted to hospital for chronic obstructive pulmonary disease and
lower respiratory tract infection. Our findings support the current
practice guideline [7,45] for an integrated AF care utilising the
Atrial fibrillation Better Care pathway for anticoagulation for AF
patients with a high risk of subsequent stroke, symptom and
rhythm control, and comorbidity management [46].

Future research may be required on utilising patient interactions
with the health system to define higher risk groups requiring further
investigation for earlier detection of AF. Information on imaging, cir-
culating biomarkers, electrocardiographic features, combined with
AF-prone clinical contacts, and novel rhythm monitoring methods
[47] may contribute to early identification and possibly prophylactic
treatment of AF. Our results also suggest the need for a detailed anal-
ysis on multi-comorbidity comparing individuals with and without
AF and a comprehensive investigation of the social gradient in atrial
fibrillation risk, care and prognosis.

Our study applies a novel approach of integrating epidemiology
and patient journey to investigate AF burden and disparity on pop-
ulation health and healthcare utilisation. Major strengths of our
research are the power and generalisability based on population
electronic health records derived from routine care in the country.
The results may hence be applicable to the general clinical practice
in comparable populations. With data from 0.2 million AF patients,
the scale of our study enables sufficient statistical power for
detailed analyses. Second, the study offers an in-depth under-
standing how AF patients present to the healthcare system both
prior to and after diagnosis, and third, the two designs using both
prospective cohort and matched case-control study enabled inves-
tigations of incidence and prognosis. Fourth, all clinical exposures
and outcomes are included in the data, together with socio-demo-
graphic information, allowing a comprehensive study on risk fac-
tors and comorbidities. However, some limitations exist in our
analysis. First, despite its granularity, our data did not have
complete information on AF types (e.g. paroxysmal, persistent,
permanent) for all AF patients, which may associate with arrhyth-
mia burden and subsequent outcomes [48]. However, as previ-
ously noted, the clinical utility of such a temporal pattern/episode-
based classification remains inconclusive [49]. Second, some AF
cases may have been misclassified due to coding. This limitation
was managed with our method following validated AF definition
in EHR [24,50], and our study could reproduce results from land-
mark AF study with clinical adjudication [9]. Finally, as for every
observational analysis, there is the risk of unmeasured risk factors
or comorbidities. We overcame this limitation by including in
study key prognosis factors supported by the previous literature
relating to AF and analysing all conditions that participants in the
study were seeking care for.

6. Conclusion

We report the epidemiology and healthcare utilisation burden of
atrial fibrillation. AF patients had excess hospitalisations for heart
failure, cardiovascular conditions, infection and a higher risk of dying
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from cardiovascular causes. Individuals from areas with the highest
deprivation in socioeconomic and living status had a 12% greater risk
of developing AF and subsequently a 26% higher fatality than patients
living in the wealthiest areas. The needs of early detection of AF,
management of comorbidities and considerable disparity inform tar-
geted prevention strategies, healthcare resource planning and utilisa-
tion in AF management of the general population.
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