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Abstract

Background and 
Aims

Reports of outcomes after atrial fibrillation (AF) diagnosis are conflicting. The aim of this study was to investigate mortality 
and hospitalization rates following AF diagnosis over time, by cause and by patient features.

Methods Individuals aged ≥16 years with a first diagnosis of AF were identified from the UK Clinical Practice Research Datalink- 
GOLD dataset from 1 January 2001, to 31 December 2017. The primary outcomes were all-cause and cause-specific mor
tality and hospitalization at 1 year following diagnosis. Poisson regression was used to calculate rate ratios (RRs) for mortality 
and incidence RRs (IRRs) for hospitalization and 95% confidence intervals (CIs) comparing 2001/02 and 2016/17, adjusted 
for age, sex, region, socio-economic status, and 18 major comorbidities.

Results Of 72 412 participants, mean (standard deviation) age was 75.6 (12.4) years, and 44 762 (61.8%) had ≥3 comorbidities. All- 
cause mortality declined (RR 2016/17 vs. 2001/02 0.72; 95% CI 0.65–0.80), with large declines for cardiovascular (RR 0.46; 
95% CI 0.37–0.58) and cerebrovascular mortality (RR 0.41; 95% CI 0.29–0.60) but not for non-cardio/cerebrovascular 
causes of death (RR 0.91; 95% CI 0.80–1.04). In 2016/17, deaths caused from dementia (67, 8.0%), outstripped deaths 
from acute myocardial infarction, heart failure, and acute stroke combined (56, 6.7%, P < .001). Overall hospitalization rates 
increased (IRR 2016/17 vs. 2001/02 1.17; 95% CI, 1.13–1.22), especially for non-cardio/cerebrovascular causes (IRR 1.42; 
95% CI 1.39–1.45). Older, more deprived, and hospital-diagnosed AF patients experienced higher event rates.

Conclusions After AF diagnosis, cardio/cerebrovascular mortality and hospitalization has declined, whilst hospitalization for non-cardio/ 
cerebrovascular disease has increased.
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Structured Graphical Abstract

Did cause-specific mortality and hospitalization rates within one year of atrial fibrillation (AF) diagnosis change between 2001 and 2017?

For individuals newly diagnosed with AF, overall mortality declined by 28%. Cardiovascular and cerebrovascular mortality declined by 54% 
and 59%, while death from other causes did not change. Cardiovascular and cerebrovascular hospitalizations declined by 38% and 28%, 
while hospitalization for non-cardio/cerebrovascular causes increased by 42%. 

The decline in both admissions and mortality for cardiovascular and cerebrovascular disease is a key indicator for the effectiveness of 
AF-specific therapies, while the increase of hospitalizations for non-cardio/cerebrovascular causes suggests the need for more integrated, 
multidisciplinary care pathways.
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Introduction
Evaluating whether rates of mortality and hospitalization after atrial fib
rillation (AF) diagnosis have changed over time is essential to under
stand the success or failure of the current management of AF. 
Recent reports of temporal trends of mortality amongst patients 
with AF are conflicting. Most studies demonstrate that mortality has de
creased,1–4 others report that it has remained steady,5 and some sug
gest that it has marginally increased.6 To our knowledge, the reasons 
underlying the inconsistency between these reports are unknown.

Most studies have restricted analyses to all-cause mortality without 
investigating the underlying patterns, such as changes in mortality by 
subgroup or cause. In addition, though reports generally concur that 

hospitalization rates amongst individuals with AF have increased over 
time,3,7 little is known about temporal trends in cause-specific hospital
ization. In-depth analysis of how patient characteristics and cause- 
specific mortality and hospitalization vary over time could help explain 
the observed trends and inform the development of more targeted 
therapies or public health strategies.

To address this knowledge gap, we used a large longitudinal database 
of electronic health records (EHRs) that links primary care, secondary 
care, and the national death registry from a representative sample of 
the UK population. We performed a detailed assessment of health out
comes in patients with a new diagnosis of AF and analysed changes in 
cause-specific mortality and hospitalization over time and by sex, age, 
socio-economic status, and diagnostic care setting.
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Methods
The study findings are reported in accordance with the Reporting of Studies 
Conducted Using Observational Routinely Collected Health Data recom
mendations and CODE-EHR framework.8,9

Data source
We used EHRs from the Clinical Practice Research Datalink (CPRD) from 1 
January 2001, to 30 November 2018. Clinical Practice Research Datalink is 
one of the largest databases of longitudinal primary care records in the 
world and contains anonymized patient data from ∼7% of the UK popula
tion, providing a cohort which is broadly representative of the general 
population in terms of age, sex, and ethnicity.10 In order to contribute to 
the database, general practices and other health centres must meet pre- 
specified standards for research quality data (‘up-to-standard’).10,11

Diagnostic coding for AF in CPRD has been shown to be consistent and va
lid, with a positive predictive value of 98%.12 Primary care records were 
linked to hospital admissions using Hospital Episodes Statistics Admitted 
Patient Care data and mortality data from the Office for National 
Statistics. Scientific approval for this study was given by the CPRD 
Independent Scientific Advisory Committee.

Study population
Patients eligible for inclusion were all individuals aged 16 years and older 
who were registered with their general practice for at least 12 months.13

To identify AF cases between 1 January 2001 and 31 December 2017, 
we used a list of 11 diagnostic codes from hospital (International 
Classification of Diseases, tenth revision) and primary care (Read) coding 
schemes that included both AF and atrial flutter (see Supplementary data 
online, Table S1). We defined a new AF diagnosis as the first record of 
AF in primary care or hospital admission records from any diagnostic pos
ition.13–15 We excluded all individuals who had a diagnosis of AF before the 
study start date or within the first 12 months of registration with their gen
eral practice.13

Study outcomes
We investigated mortality rates at 1 year following diagnosis as well as the 
number of hospital admissions with an overnight stay within 1 year of diag
nosis (not counting the index admission for those who received their diag
nosis in the hospital). The cause of death was recorded in the Medical 
Certificate of Cause of Death. The cause of hospitalization was defined 
as the primary discharge diagnosis. Causes of death and hospitalization 
were mapped to 9 and 11 disease categories, respectively (see 
Supplementary data online, Table S2).13 In subgroup analyses, disease cat
egories were further grouped into cardiovascular, cerebrovascular, and 
non-cardio/cerebrovascular causes (see Supplementary data online, 
Table S2) to reflect that many AF-specific therapies have sought to reduce 
cardiovascular events and stroke.16

Baseline variables
We extracted baseline characteristics from each patient’s health record 
data including systolic and diastolic blood pressure, smoking status, body 
mass index (BMI), socio-economic status, and the prevalence of 18 com
mon chronic conditions (see Supplementary data online).13

Statistical analyses
Baseline characteristics are presented as frequencies (percentage) for cat
egorical data, medians and inter-quartile range for non-normally distributed 
continuous data, or means and standard deviation (SD) for normally distrib
uted continuous data. We report crude mortality and hospitalization rates 
as well as adjusted mortality rate and adjusted incident hospitalization by 
calendar year of diagnosis and subgroups (age, sex, socio-economic status, 

and place of diagnosis). Crude mortality rates were computed as the cumu
lative incidence of mortality at 1 year accounting for observation time 
(i.e. for those who died or were censored within 1 year). Cause-specific 
mortality rates were computed through cumulative incidence function 
while taking the competing risk of death from other causes into account.17

Hospitalizations were assessed as the number of hospital admissions per 
patient-years of follow-up within 1 year of AF diagnosis.

To examine trends over time and by subgroup, we used Poisson regres
sion models offset for observation time and present the resulting rate ratios 
(RRs) or incident RRs (IRRs) and corresponding 95% confidence intervals 
(CIs). All models account for the calendar year of diagnosis, age at diagnosis 
(as a continuous variable), sex, region (geographical division information 
provided by CPRD), socio-economic status, and baseline comorbidities. 
Follow-up time was defined as the date of AF diagnosis to the earliest of 
the following dates: death, de-registration from their practice, or the prac
tice ceased contributing data and for a maximum of 1 year. To further de
scribe observed temporal trends, we grouped the first 2 and the last 2 years 
of the study together and calculated adjusted RRs for mortality or IRRs for 
hospitalization. McNemar’s test was used to compare numbers of deaths 
from each cause. Statistical analyses were performed in R, version 4.0.1 
(R Foundation) with statistical significance set at P < .05.

Results
Patient population
We identified 72 412 patients who received a diagnosis of AF between 
2001 and 2017. For these cases, the mean age at diagnosis was 
75.6 years (SD 12.4), 31 283 (43.2%) were aged 80 years or older, 
34 903 (48.2%) were women, and 44 762 (61.8%) had 3 or more of 
the selected comorbidities. Over the study period, there was an in
crease in comorbidity burden—notably in the prevalence of diabetes, 
cancer, and chronic kidney disease (Table 1; Supplementary data 
online, Table S4). Just over half of cases were diagnosed during an in
patient admission (39 084, 53%), and these individuals were older 
with a higher comorbidity burden than individuals diagnosed in primary 
care (Table 1). At the time of AF diagnosis, individuals who were the 
most deprived had a higher prevalence of comorbidities than the 
most affluent (see Supplementary data online, Table S3), and women 
compared with men were older (78.46 vs. 72.95 years, P < .001), less 
frequently had prevalent ischaemic heart disease (21.0% vs. 29.4%, 
P < .001), and had a higher mean CHA2DS2-VASc score (3.90 vs. 2.53, 
P < .001).

Mortality
One-year mortality rates following AF were substantial (20.0%) and de
clined over the study period (adjusted RR per 5 years, 0.90, 95% CI 
0.88–0.92; RR 2016/17 vs. 2001/02, 0.72, 95% CI 0.65–0.80; Figure 1). 
When all-cause mortality rates were stratified by specific causes, we 
observed diverging trends between cardiovascular, cerebrovascular, 
and other causes. One-year mortality rates from cardiovascular causes 
and cerebrovascular causes declined from 7.3 and 2.6% in 2001/02 to 
3.0 and 1.1% in 2016/17, respectively (RR 2016/17 vs. 2001/02, cardio
vascular cause RR 0.46, 95% CI 0.37–0.58; cerebrovascular cause RR 
0.41, 95% CI 0.29–0.60). By contrast, 1-year mortality rates for non- 
cardio/cerebrovascular mortality did not change (RR 2016/17 vs. 
2001/02, 0.91; 95% CI 0.80–1.04). There was an increase in mortality 
rates from mental and neurological disorders, from 2.5% in 2001/02 
to 10.1% in 2016/17 (RR 2016/17 vs. 2001/02, 2.95; 95% CI 1.86– 
4.67; Figure 1B), and of these deaths, 87.2% were caused by dementia, 
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Alzheimer’s disease, and Parkinson’s disease (see Supplementary data 
online, Table S5).

Amongst patients who died in 2016/17, the most frequent cause of 
death was cancer (241 death, 29.0% of all deaths). Infections (86, 
10.4%), chronic respiratory disease (85, 10.2%), and mental and neuro
logical disorders (84, 10.1%) accounted for more deaths than cerebro
vascular disease (58, 7.0%; P < .001). Further analyses of individual 
causes of death revealed that more patients died from dementia in 
2016/17 than the combined total of acute myocardial infarction, heart 
failure, and acute stroke [67 (8.0%) vs. 56 (6.7%), P < .001] 
(Supplementary data online, Table S5).

Age-stratified analyses revealed that all-cause mortality declined 
across all age groups (Figure 2). Cause-specific analysis showed that 
cardiovascular mortality declined across age groups and more 
steeply in younger age groups. However, amongst individuals aged 
80 years or older, there was no decrease in mortality from non- 
cardio/cerebrovascular causes (RR 2016/17 vs. 2001/02, 1.05; 95% CI 
0.88–1.25).

Over the study period, overall mortality was marginally higher in men 
compared with women (RR 1.06; 95% CI 1.03–1.10), but causes of 
death presented sex-specific patterns (see Supplementary data 
online, Figure S1). With increasing age, the proportion of deaths 
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Table 1 Characteristics of patients at the time of diagnosis with atrial fibrillation

All patients Time period Place of diagnosis

2001–02 2016–17 Primary care Hospital admission
n = 72 412 n = 6954 n = 5119 n = 33 328 n = 39 084

Age (years) 75.61 (12.42) 75.63 (11.82) 75.14 (12.73) 74.35 (12.03) 76.68 (12.64)

Men 37 509 (51.8) 3 514 (50.5) 2 723 (53.2) 17 984 (54.0) 19 525 (50.0)

Ethnicity (White) 67 299 (94.5) 6 023 (88.9) 4 703 (94.5) 30 394 (94.5) 36 905 (94.4)

Socio-economic status quintile

1 (least deprived) 15 687 (21.7) 1 329 (19.1) 1 431 (28.0) 7 929 (23.8) 7 758 (19.9)

2 15 668 (21.6) 1 512 (21.8) 1 054 (20.6) 7 459 (22.4) 8 209 (21.0)

3 16 421 (22.7) 1 655 (23.8) 1 003 (19.6) 7 606 (22.8) 8 815 (22.6)

4 13 712 (18.9) 1 345 (19.4) 914 (17.9) 5 965 (17.9) 7 747 (19.8)

5 (most deprived) 10 895 (15.1) 1 108 (15.9) 716 (14.0) 4 357 (13.1) 6 538 (16.7)

Ever smoker 38 473 (53.1) 1 801 (25.9) 3 257 (63.6) 17 171 (51.5) 21 302 (54.5)

Systolic blood pressure (mm Hg) 136.58 (16.13) 143.49 (19.02) 132.83 (13.98) 137.43 (15.48) 135.79 (16.66)

Diastolic blood pressure (mm Hg) 77.26 (8.95) 80.56 (9.42) 75.80 (8.48) 78.56 (8.64) 76.05 (9.07)

Heart rate (b.p.m.) 77.94 (16.40) 80.56 (17.90) 76.81 (15.52) 78.80 (16.68) 76.97 (16.02)

BMI (kg/m2) 27.84 (6.29) 26.98 (5.84) 28.28 (6.68) 28.35 (6.25) 27.33 (6.30)

Chronic kidney disease 13 786 (19.0) 208 (3.0) 1 362 (26.6) 5 483 (16.5) 8 303 (21.2)

Cancer 15 823 (21.9) 995 (14.3) 1 482 (29.0) 6 365 (19.1) 9 458 (24.2)

Chronic obstructive pulmonary disease 17 672 (24.4) 1 631 (23.5) 1 256 (24.5) 7 358 (22.1) 10 314 (26.4)

Diabetes 12 206 (16.9) 804 (11.6) 1 207 (23.6) 4 946 (14.8) 7 260 (18.6)

Dyslipidaemia 11 720 (16.2) 509 (7.3) 1 163 (22.7) 5 369 (16.1) 6 351 (16.2)

Heart failure 13 846 (19.1) 1 901 (27.3) 693 (13.5) 5 549 (16.6) 8 297 (21.2)

Hypertension 41 326 (57.1) 3 067 (44.1) 3 218 (62.9) 19 170 (57.5) 22 156 (56.7)

Ischaemic heart disease 18 364 (25.4) 1 954 (28.1) 1 159 (22.6) 7 042 (21.1) 11 322 (29.0)

Stroke/TIA 10 310 (14.2) 1 057 (15.2) 687 (13.4) 4 260 (12.8) 6 050 (15.5)

Osteoarthritis 26 980 (37.3) 2 181 (31.4) 2 055 (40.1) 12 057 (36.2) 14 923 (38.2)

Thyroid disease 7 200 (9.9) 496 (7.1) 586 (11.4) 3 165 (9.5) 4 035 (10.3)

Three or more comorbidities 44 762 (61.8) 3 497 (50.3) 3 481 (68.0) 19 160 (57.5) 25 602 (65.5)

CHA2DS2-VASc score 3.19 (1.66) 3.11 (1.61) 3.21 (1.67) 3.01 (1.63) 3.34 (1.66)

Data are mean (SD) or n (%). Socio-economic status (SES) refers to Index of Multiple Deprivation 2015 quintile, with SES 1 referring to the most affluent and SES 5 to the most deprived 
socio-economic quintile. Number of comorbidities refers to any of the 18 conditions investigated. Category percentages refer to complete cases. 
BMI, body mass index; TIA, transient ischaemic attack.
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attributable to cardiovascular causes decreased in men (34.3% for age  
< 55 years to 26.8% for age ≥ 80 years) and increased in women 
(13.5% for age < 55 years to 28.1% for age ≥ 80 years).

Additionally, patients’ socio-economic background and the care set
ting in which patients received their diagnoses were associated with dif
ferences in mortality rate over the study period. At the same age 
and sex, patients in the most deprived socio-economic quintile 
had 22% higher mortality rates within 1 year than those in the least de
prived quintile (RR for most deprived vs. least deprived quintile, 1.22; 
95% CI 1.15–1.29). Whilst there was a progressive socio-economic gra
dient for all-cause and cardiovascular mortality, rates for non-cardio/ 
cerebrovascular mortality were only increased in patients in the two 

most deprived quintiles (Figure 3). One-year mortality was 2.5-fold 
higher in patients who received their diagnosis in hospital compared 
with primary care (RR for hospital diagnosis vs. primary care diagno
sis, 2.58; 95% CI 2.48–2.68). Cause-specific analysis revealed that 
non-cardio/cerebrovascular mortality (RR 2.96; 95% CI 2.81–3.12) 
contributed more to this pattern than cardiovascular or cerebrovas
cular mortality (RR 1.96, 95% CI 1.82–2.11; RR 2.39, 95% CI 2.12–2.70, 
respectively).

Hospitalizations
The number of hospital admissions within the first year following 
the index presentation with AF was high (1.72 hospitalizations per 

Figure 1 Temporal trends in all-cause and cause-specific mortality rates at 1 year following diagnosis of atrial fibrillation. (A) Crude rate of all-cause 
and cause-specific mortality following diagnosis of atrial fibrillation. Labels for years 2001–17 present individual causes of death as a share of the total 
number of deaths at 1 year. (B) Rate ratios from multivariable Poisson regression models comparing 1-year mortality rates in 2016/2017 with 2001/ 
2002 by first reported cause of death, adjusting for patients’ age, sex, socioeconomic status, region, and 18 baseline comorbidities. ‘Other’ refers to any 
other causes except the pre-defined nine disease categories for cause of death.
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patient-year at risk) and increased over the study period (IRR per 
5 years 1.05, 95% CI 1.04–1.06; IRR 2016/17 vs. 2001/02, 1.17, 95% 
CI 1.13–1.22; Figure 4). Admissions for AF accounted for 9.0% of hos
pitalizations within a year of diagnosis (0.15 hospitalizations per patient- 
year at risk) and remained steady over the study period (IRR per 5 years 
1.02; 95% CI 0.97–1.05). Infection was the most common cause of hos
pitalization within a year of AF diagnosis, and its frequency increased 
(IRR 2016/17 vs. 2001/02, 1.24, 95% CI 1.15–1.33). Admissions for car
diovascular and cerebrovascular diseases represented less than a fifth 
(18.6%) of all admissions (0.32 hospitalizations per patients year at 
risk, cardiovascular cause 0.27; cerebrovascular cause 0.05) and de
creased in frequency (IRR 2016/17 vs. 2001/02 cardiovascular cause 
0.62, 95% CI 0.56–0.69; cerebrovascular cause 0.72, 95% CI 0.56– 
0.92). In parallel, for non-cardio/cerebrovascular disease categories, ad
missions rose by 42% in 2016/17 compared with 2001/02 (IRR 1.42; 
95% CI 1.39–1.45). Notably, admissions for injuries and mental and 
neurological disorders rose by more than 50% (IRR 2016/17 vs. 
2001/02, 1.67, 95% CI 1.40–1.99; 1.65, 95% CI, 1.45–1.88, respectively).

Over the study period, sex-stratified patterns for hospital admissions 
were similar to those reported for mortality (IRR for men compared 
with women, 1.11; 95% CI 1.07–1.15), but the frequency of hospitaliza
tion was similar between individuals in the most and least deprived 
socio-economic quintiles (IRR for most deprived vs. least deprived 
quintile, 1.02; 95% CI 0.96–1.07) (see Supplementary data online, 
Figure S2). Similar to mortality, patients who received their AF diagnosis 

in hospital compared with primary care were at increased risk of hos
pitalization in the first year after diagnosis (IRR for hospital diagnosis vs. 
primary care diagnosis, 1.41; 95% CI 1.37–1.46), and this was consistent 
across disease categories. Individuals aged 80 years or older experi
enced a greater increase in hospitalization compared with younger 
individuals (IRR 2016/17 vs. 2001/02, age ≥ 80 years 1.39, 95% CI 
1.30–1.48; age 70–79 years 1.03, 95% CI 0.96–1.10; age < 70 years 
1.15, 95% CI 1.08–1.22; see Supplementary data online, Figure S3) 
with a 54% increase in hospitalization for non-cardiovascular or cere
brovascular causes by the end of the study period compared with 
the start (IRR 2016/17 vs. 2001/02, 1.54; 95% CI 1.44–1.65).

Discussion
This population-based study provides novel insights into the shifting 
patterns of causes of death and hospitalizations amongst patients 
with AF in a high-income country. Over 16 years, the individual-level 
comorbidity burden at the point of AF diagnosis has increased. 
Substantial declines in cardiovascular and cerebrovascular mortality 
are contrasted with increases in the numbers of deaths from chronic 
respiratory disease, dementia, and injuries. From 2001 to 2017, hospi
talization in the first year after AF diagnosis became more common, on 
account of increasing admissions from non-cardio/cerebrovascular 
causes, especially in older persons (Structured Graphical Abstract).

Figure 2 Temporal trends in all-cause and cause-specific mortality rates at 1 year following diagnosis of atrial fibrillation by age group. Crude mortality 
rates by age groups alongside rate ratios, 95% confidence intervals, and interaction P-values from multivariable Poisson regression models accounting for 
year of diagnosis, age (as a continuous variable), sex, socio-economic status, region, and 18 baseline comorbidities. Interaction P-values refer to the 
interaction between age group (categorized as age < 70, age 70–79, or age ≥ 80 years) and year of diagnosis.
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These findings build on and expand prior reports of declining mortal
ity, and increasing hospitalization burden, over recent decades amongst 
patients with AF in high-income countries. However, previous reports 
only considered all-cause mortality1,2 and/or provided an incomplete 
picture of the trends for different causes by subdividing mortality or 
hospitalization between cardiovascular or non-cardiovascular categor
ies4 or only investigating specific outcomes (such as heart failure and 
stroke).1,2,18 Other reports have described causes of death amongst 
randomized controlled trial populations, which may not be reflective 
of the real-world population with AF or routine practice.19 A previous 
UK-based analysis of individuals with AF including CPRD data from 
1998 to 2016 suggested that mortality was predominantly related to 
ischaemic heart disease and stroke,20 but as the authors did not assess 
trends over time, it is likely that this was driven by events at the start of 
the study period.

We found that the relative risk of death from cardiovascular or cere
brovascular causes after diagnosis of AF declined by more than 50% 
over 16 years. The decline in both admission and mortality for cardio
vascular and cerebrovascular disease is a key indicator for the effective
ness of these AF-specific therapies. In particular, the decrease in 
cerebrovascular events appears to tally with the increased utilization 
of oral anticoagulation (especially direct oral anticoagulants) for pa
tients with AF and elevated stroke risk in the UK.21

The changing characteristics of patients at the time of AF diagnosis 
may also have contributed to the observed reduction in cardiovascular 

and cerebrovascular events. The prevalence of ischaemic heart disease 
and heart failure was lower amongst patients at the time of AF diagnosis 
in 2017 than 2001, which accords with reports that have shown that 
the standardized incidence of each has decreased in the UK population 
over the last two decades.15,22 Thus, the improvement in cardiovascular 
outcomes observed in our cohort of patients with AF may be partly the 
result of more general trends in improvements in primary and second
ary prevention of cardiovascular disease. Moreover, patients diagnosed 
with AF in 2017 may also have been at a different point in their disease 
trajectory compared with patients diagnosed in 2001. Clinical thresh
olds for investigation for AF and documentation of diagnosis may 
have been altered by evidence since the early 1990s for effectiveness 
of oral anticoagulation in stroke prophylaxis,16 and reports have shown 
that the use of electrocardiographic recording has increased in popula
tions at risk of AF.23 Arrhythmic burden can alter stroke risk,24 so more 
frequent identification of paroxysmal or (previously) sub-clinical AF 
may have contributed to lower rates of cerebrovascular outcomes.

For patients aged 80 years and older, who made up 43% of the co
hort, the hospitalization burden for non-cardio/cerebrovascular events 
increased by over 50%. By the end of the study period, dementia was a 
more common cause of death within 1 year of AF diagnosis than acute 
myocardial infarction, heart failure, and stroke combined. Though this 
observation could be partly related to greater awareness and coding 
of dementia,25 it also strengthens the evidence that the relationship be
tween AF and dementia is a pressing research priority. Randomized 

Figure 3 Differences in mortality rates 1 year after diagnosis of atrial fibrillation by sex, socio-economic status, and place of diagnosis. Crude mortality 
rates by each category of sex, socio-economic status, and diagnostic setting alongside rate ratios and 95% confidence intervals from multivariable 
Poisson regression models accounting for year of diagnosis, age (as a continuous variable), sex, socio-economic status, region, and 18 baseline 
comorbidities.
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clinical trials are required to determine whether interventions (such as 
oral anticoagulation in low stroke risk patients or sub-clinical AF)26,27

can effectively prevent decline in cognitive function and avert or delay 
the onset of dementia.

The total number of comorbidities at the time of AF diagnosis in
creased over time, such that, by 2017, 7 in 10 patients had 3 or 
more of the investigated comorbidities at the time of AF diagnosis. 
Hospitalization for injuries and musculoskeletal disorders also 

Figure 4 Temporal trends in all-cause and cause-specific mean number of hospitalizations at 1 year following diagnosis of atrial fibrillation. (A) Crude 
rate of all-cause and cause-specific hospitalization following diagnosis of atrial fibrillation. Labels for years 2001–17 present individual causes of hospi
talization as a share of the total number of hospitalizations at 1 year. (B) Rate ratios from multivariable Poisson regression models comparing 1-year 
hospitalization rates in 2016/2017 with 2001/2002 by primary cause of admission, adjusting for patients’ age, sex, socio-economic status, region, and 18 
baseline comorbidities. ‘Other’ refers to any other causes except the pre-defined 11 disease categories for hospitalizations.
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increased by 67 and 57%, respectively, over the study period. Our find
ings highlight the importance of multi-morbidity, frailty, and senescence, 
rather than the presence of the arrhythmia itself, as important determi
nants of prognosis for patients after AF diagnosis.28,29 As the number of 
older and more comorbid individuals with AF encountered in usual care 
is increasing,14 non-cardio/cerebrovascular comorbidities, hospitaliza
tions, and deaths are emerging as important potential therapeutic tar
gets in patients with AF. The EHRA-PATHS project aims to develop 
inter-disciplinary, patient-centred, systematic care pathways for multi- 
morbid patients with AF,30 and the AFFIRMO project will provide ran
domized trial evidence for whether integration of the comprehensive 
geriatric assessment to tailor AF care can reduce the occurrence of ma
jor clinical outcomes.31

Patients diagnosed in hospital or from the most deprived group had 
worse outcomes compared with those diagnosed in the community or 
from the most affluent group. Although increased burden of comorbid
ities might partly explain the increased frequency of death in these 
groups,14 the persisting difference after full adjustment for these factors 
suggests that other social and health-care factors might also contrib
ute.32 We have previously reported that the proportion of patients di
agnosed with AF during a hospital admission increased in the UK over 
this time period (51.9% in 1998 to 58.1% in 2017)14 and that the most 
deprived individuals in the UK experience an AF diagnosis at a younger 
age than the most affluent individuals.14 The discrepancy in outcomes 
by diagnostic setting and deprivation warrants targeted strategies and 
healthcare resource planning.20

Limitations
First, research relying on routinely collected health data relies on the 
accuracy of clinical coding. For example, a greater proportion of indivi
duals in the final 2 years of the study period were recorded as ever 
smokers than in the first 2 years, but it is also known that recording 
of smoking status in UK primary care records increased after 2001.33

The validity of clinical diagnoses recorded in the linked CPRD dataset 
across UK primary care secondary care and death certificates has 
been independently investigated for a range of conditions (see 
Supplementary data online). Second, we did not have comprehensive 
information on medication and procedural treatment provided to the 
cohort, and so we are unable to make any direct inference on the asso
ciations between utilization of guideline-directed therapy and the ob
served trends in deaths and hospitalizations, although this has been 
reported in the literature.21,34–36 Third, given the observational nature 
of the study, we do not assume causation, and there is the risk of re
sidual confounding from unmeasured risk factors or comorbidities. 
Fourth, we included atrial flutter diagnosis codes to identify AF cases 
as atrial flutter also confers an elevated stroke risk, shares the same re
commendations for anticoagulation as AF, and many people with atrial 
flutter also have AF.37 Fifth, this was a study of a cohort of patients with 
AF from a high-income country and a predominantly White ethnic 
composition, so these results may not be generalizable to settings 
with a different country-level income classification or ethnic 
composition.

Conclusions
This nationwide population-based study demonstrates major reduc
tions in cardiovascular and cerebrovascular events for patients with 
AF since the turn of the millennium. In contrast, there are high and in
creasing rates of non-cardio/cerebrovascular events, which may 

represent an important target to further improve outcomes for pa
tients after AF diagnosis.

Supplementary data
Supplementary data are available at European Heart Journal online.
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