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Aims This study aimed to identify relationships in recently diagnosed atrial fibrillation (AF) patients with respect to anticoagulation
status, use of guideline-directed medical therapy (GDMT) for comorbid cardiovascular conditions (co-GDMT), and clinical
outcomes. The Global Anticoagulant Registry in the FIELD (GARFIELD)-AF is a prospective, international registry of patients
with recently diagnosed non-valvular AF at risk of stroke (NCT01090362).

Methods Guideline-directed medical therapy was defined according to the European Society of Cardiology guidelines. This study explored co-

and results GDMT use in patients enrolled in GARFIELD-AF (March 2013—August 2016) with CHA,DS,-VASc > 2 (excluding sex) and >1 of five
comorbidities—coronary artery disease, diabetes mellitus, heart failure, hypertension, and peripheral vascular disease (n =23 165).
Association between co-GDMT and outcome events was evaluated with Cox proportional hazards models, with stratification by
all possible combinations of the five comorbidities. Most patients (73.8%) received oral anticoagulants (OACs) as recommended;
15.0% received no recommended co-GDMT, 40.4% received some, and 44.5% received all co-GDMT. At 2 years, comprehensive
co-GDMT was associated with a lower risk of all-cause mortality [hazard ratio (HR) 0.89 (0.81-0.99)] and non-cardiovascular mor-
tality [HR 0.85 (0.73-0.99)] compared with inadequate/no GDMT, but cardiovascular mortality was not significantly reduced.
Treatment with OACs was beneficial for all-cause mortality and non-cardiovascular mortality, irrespective of co-GDMT use; only
in patients receiving all co-GDMT was OAC associated with a lower risk of non-haemorrhagic stroke/systemic embolism.

Conclusion In this large prospective, international registry on AF, comprehensive co-GDMT was associated with a lower risk of mor-
tality in patients with AF and CHA,DS,-VASc > 2 (excluding sex); OAC therapy was associated with reduced all-cause mor-
tality and non-cardiovascular mortality, irrespective of co-GDMT use.

Clinical Trial Clinical Trial Registration—URL: http:/www.clinicaltrials.gov. Unique identifier: NCT01090362.
Registration
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GDMT for comorbidities among patients with AF

Introduction

Atrial fibrillation (AF) is associated with an increased risk of all-cause
mortality and increased cardiovascular morbidity, such as heart failure
and stroke.! While the risk of death due to stroke can be reduced by
anticoagulation, other cardiovascular deaths remain common, even in
patients with AF treated according to current best |:>rac‘cice.1 Clinical
outcomes in patients with AF are likely to be influenced by comorbid
conditions, which are common in these patients. Cardiovascular co-
morbidities independently associated with AF include hypertension,
congestive heart failure (CHF), myocardial infarction (Ml), peripheral
vascular disease (PVD), and diabetes mellitus (DM)."* In community co-
horts and registries, patients with AF have higher rates of comorbidities
than controls.>™ For example, in a Swedish registry study of 272 186
patients with AF and 544 344 matched controls, 69.5 vs. 27.2% had
any concomitant disease, with rates of 26.0 vs. 8.0% for ischaemic heart
disease, 12.2 vs. 3.6% for MI, 24.8 vs. 2.9% for CHF, 25.4 vs. 6.8% for
hypertension, and 13.4 vs. 6.2% for DM.* Similarly, in a US population-
based study, comorbidities occurring at significantly higher rates than
controls included hypertension (71.1 vs. 57.2%), CHF (18.2 vs. 4.9%),
coronary artery disease (CAD) (39.0 vs. 21.0%), and DM (30.6 vs.
26.7%).% This study explored whether treatment of these comorbid-
ities, using guideline-directed medical therapies (GDMT), optimizes
management of AF patients.’

The Global Anticoagulant Registry in the FIELD (GARFIELD)-AF
registry (ClinicalTrials.gov Identifier: NCT01090362) is a prospective,
international, multicentre, observational study of adults with recently
diagnosed non-valvular AF and at least one risk factor for stroke.®
The GARFIELD-AF registry captures information on the management
of unselected patients in everyday clinical practice, providing the oppor-
tunity to assess treatment patterns and explore relationships between
management and outcomes. Oral anticoagulant (OAC) therapy is
GDMT for stroke prevention in patients with AF with a
CHA,DS,-VASc score of >2." This study investigated the use of
GDMT in patients in GARFIELD-AF with a CHA,DS,-VASc score of
>2 (excluding sex) and one or more of five comorbidities—CAD,
DM, CHF, hypertension, and PVD. The objectives are to explore
whether appropriate use of GDMT for comorbidities (co-GDMT) is as-
sociated with increased use of anticoagulation for AF and whether the
association between OACs and clinical outcomes differs according to
appropriate GDMT use.

Methods

Study design and participants

The GARFIELD-AF registry recruited patients from a range of representa-
tive care settings in each country.®’ Investigator sites were selected ran-
domly (apart from 18 sites, out of >1000). The study is
non-interventional in nature, and treatment decisions were solely at the dis-
cretion of treating physicians, with no specific treatments, tests, or proce-
dures mandated by the study protocol. Recruitment took place in five
independent sequential cohorts.® Cohorts 3-5, prospectively recruited
during April 2013—-August 2016, were included in this analysis: the method
of reporting concomitant medication (B-blockers and calcium channel
blockers) changed between Cohorts 2 and 3 such that data on
co-GDMT from Cohorts 3-5 are not comparable with data from
Cohorts 1 and 2; in addition, the use of non-vitamin K oral anticoagulants
(NOACGs) was not common during the period when Cohorts 1 and 2
were recruited (December 2009-April 2013).2

Men and women aged >18 years with non-valvular AF diagnosed accord-
ing to standard local procedures within the previous 6 weeks and with at
least one risk factor for stroke as judged by the investigator were eligible
for inclusion in GARFIELD-AF; patients with a transient reversible cause
of AF and those for whom follow-up was not envisaged or possible were
excluded.® This study includes patients who had at least one of five

comorbidities—CAD, DM, CHF, hypertension, and PVD—and
CHA,DS,-VASc > 2 (excluding sex).” Patients with none of the selected
comorbidities or with unavailable follow-up information were excluded
(see Supplementary material online, Figure S1).

Definitions of GDMT were based on the published European Society of
Cardiology (ESC) guidelines operative between 2013 and 2016 (Table 1; see
Supplementary material online, Table $7). The study population was ana-
lysed in terms of those receiving none of the co-GDMT for which they
were eligible, those receiving some of the co-GDMT, and those receiving
all of the co-GDMT for which they were eligible. Statistical comparisons
were made between patients receiving all the recommended co-GDMT
and patients receiving no, or some, co-GDMT.

Ethics statement

Independent ethics committee and hospital-based institutional review board
approvals were obtained, as necessary, for the registry protocol. Additional
approvals were obtained from individual study sites. GARFIELD-AF is con-
ducted in accordance with the principles of the Declaration of Helsinki, the

Table 1 Criteria used to define GDMT for selected
comorbidities in patients with AF and a CHA,DS,-VASc
score of >2

Comorbidity Eligible for
CAD Statin
B-Blocker

AP agent only if the patient is not on anticoagulants or
has a history of Ml or stent or CABG
DM ACEI or ARB only if the patient has CHF, CAD or
hypertension, and CKD Stage <4
Statin only if the patient has CAD, prior stroke, or PVD
Insulin or oral antidiabetic drugs
CHF ACEI or ARB only if CKD Stage <4
B-Blocker only if the non-permanent type of AF
Aldosterone blockade only if symptomatic (NYHA
Class II-1V), the patient is taking ACEI/ARB and
B-blockers, and CKD <4
Antihypertensive therapy (>2 of the following):
ACEI or ARB only if CKD Stage <4
Calcium channel blocker
B-Blocker

Diuretics

Hypertension

Clonidine

o-Blocker

PVD Statin
AP agent only if the patient is not on anticoagulants or
has a history of Ml or stent or CABG

See Supplementary material online, Table S1 for details and references.

ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; AP, antiplatelet;
ARB, angiotensin receptor blocker; CABG, coronary artery bypass graft; CAD,
coronary artery disease; CHA,;DS,-VASc, cardiac failure, hypertension, age >75
years (doubled), diabetes, stroke (doubled)-vascular disease, age 65-74, and sex
category (female); CHF, congestive heart failure; CKD, chronic kidney disease; DM,
diabetes mellitus; GDMT, guideline-directed medical therapy; MI, myocardial
infarction; NYHA, New York Heart Association; PVD, peripheral vascular disease.
?ESC hypertension guidelines indicate that the blood pressure target is achieved with
monotherapy in only a limited number of patients; more than one antihypertensive
therapy is needed to achieve target blood pressure in most patients.'*
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local regulatory requirements, and the International Conference on
Harmonisation Good Pharmacoepidemiological and Clinical Practice
Guidelines. Written informed consent was obtained from all study
participants.

Data collection and quality control

GARFIELD-AF data were captured using an electronic case report form
(eCRF).® Oversight of operations and data management were performed
by the coordinating centre, the Thrombosis Research Institute (TRI)
(London, UK), with support from Quintiles (IQVIA) (Durham, NC, USA),
the University of Birmingham Department of Primary Care Clinical
Sciences (Birmingham, UK), the Thrombosis Research Group—Brigham
and Women'’s Hospital (Boston, MA, USA), and AIXIAL (Paris, France).
Submitted data were examined for completeness and accuracy by the co-
ordinating centre, the TRI, and data queries were sent to study sites. The
GARFIELD-AF protocol requires that 20% of all eCRFs are monitored
against source documentation, that there is an electronic audit trail for all
data modifications, and that critical variables are subjected to additional
audit.*1°

Baseline characteristics collected at study entry included medical history,
care setting, type of AF, date and method of diagnosis of AF, symptoms, an-
tithrombotic treatment [vitamin K antagonists (VKAs), NOACs, and anti-
platelet (AP)], and all cardiovascular drugs. Race was classified by the
investigator in agreement with the patient.® Chronic kidney disease
(CKD) was classified according to the National Kidney Foundation guide-
lines into moderate-to-severe (Stages 3-5), mild (Stages 1 and 2), or
none. Data on components of the CHA,DS,-VASc and HAS-BLED risk
stratification schemes were collected and calculated retrospectively.”"
HAS-BLED scores were calculated excluding fluctuations in international
normalized ratios. Collection of follow-up data occurred at 4-month inter-
vals up to 24 months. Data for this report were extracted from the study
database on 30 June 2019.

Statistical analysis

Our first aim was to compare the effects of receiving all recommended
co-GDMT vs. receiving no, or some, co-GDMT for selected clinical end-
points: all-cause mortality, cardiovascular mortality, non-cardiovascular
mortality, unknown-cause mortality, non-haemorrhagic stroke/systemic
embolism (SE), and major bleeding. Some- and no-GDMT groups were
combined, as the number of patients with no GDMT was relatively small
(see Supplementary material online, Table S2). Sensitivity analyses compar-
ing the occurrence of clinical outcomes between the no- and some-GDMT
groups were also performed. Only the first occurrence of each event was
considered. The follow-up period was from the date of enrolment, trun-
cated at the first event occurrence, death, loss to follow-up, or 2 years after
enrolment, whichever occurred first. The relative risk for the selected clin-
ical outcomes was estimated using stratified Cox proportional hazards
models, adjusted for the following confounding factors: age, sex, ethnicity,
type of AF, prior stroke/transient ischaemic attack (TIA)/SE, history of
bleeding, moderate-to-severe CKD, anticoagulation at baseline, smoking
status, and heavy alcohol consumption. The factors included for adjustment
were previously applied based on clinician input, literature review, and im-
portant associations identified in the data. None of the five comorbidities
were included in the model as single covariates. Variables used to directly
define GDMT eligibility were also excluded. A robust covariance estimate
was included to account for correlation within countries; the models in-
cluded stratification by all possible combinations of the five comorbidities
used to define GDMT eligibility. This approach allows to identify the asso-
ciations within the strata, i.e. within subjects with identical sets of
comorbidities.

Further, the comparative effectiveness of OAC vs. no OAC according to
co-GDMT use was examined. Hazard ratios (HRs) for OAC vs. no OAC in
two different co-GDMT groups (no/some co-GDMT and all co-GDMT)
were obtained using a Cox proportional hazards model using a propensity
method of overlap weighting to balance covariates in the population. This
applied method overlaps weights and optimizes the efficiency of compari-
sons by defining the population with the most overlap in the covariates be-
tween treatment groups. This scheme eliminates the potential for outlier
weights by avoiding a weight based on a ratio calculation using values
bounded by 0 and 1. Thus, when using overlap weights, many concerns

regarding the assessment and the trimming of the weights are eliminated.
Covariates evaluated in the weighting scheme included country and year
of enrolment, vitals, care setting, demographic characteristics, medical his-
tory, and lifestyle factors (see Supplementary material online, Table S3).
Treatment was defined as the first treatment received at the time of enrol-
ment, approximating ‘intention-to-treat’.

Only complete cases are presented in descriptive tables. Multiple
imputation was applied in the derivation for the modelling process
for the estimation of the co-GDMT effect. Coefficients and standard
errors for the risk models were obtained by combining estimates
across five imputed databases. Single imputation was applied for the
OAC vs. no-OAC analysis. Statistical analyses were carried out using
SAS (version 9.4).

Results

Of 34903 patients in GARFIELD-AF Cohorts 3-5, 5183 (14.8%) did
not have any of the specified comorbidities and were excluded; a fur-
ther 6536 were excluded as they had a CHA,DS,-VASc score of <2
(excluding sex) and a further 19 due to unavailability of follow-up infor-
mation, leaving a study population of 23165 (see Supplementary
material online, Figure S7). Baseline characteristics of these patients
by co-GDMT use are shown in Table 2; 9759 (42.1%) had one of the
selected comorbidities, 8725 (37.7%) had two, 3659 (15.8%) had three,
924 (4.0%) had four, and 98 (0.4%) had all five comorbid conditions (see
Supplementary material online, Table $4). The proportion of appropri-
ate GDMT use has remained relatively stable (44-46%) across
GARFIELD-AF cohorts (data not shown).

Of the 23 165 patients in the study, 3481 (15.0%) received none of
the co-GDMT for which they were eligible, 9369 (40.4%) received
some, and 10315 (44.5%) received all co-GDMT for which they
were eligible (Table 2). There were no apparent relationships between
baseline characteristics and patterns of co-GDMT use apart from eth-
nicity/geography. Patients who received all co-GDMT were less likely to
be Asian, compared with patients receiving some/none of the
co-GDMT; 22.8% of patients who received all co-GDMT were
Asians, compared with 32.2% among patients who received some/
none of the co-GDMT for which they were eligible (Table 2). In most
Western European countries, Canada, Singapore, Australia,
Argentina, and Chile, >50% of patients were prescribed all recom-
mended co-GDMT; <30% of patients were receiving all co-GDMT in
India, Turkey, Russia, and Ukraine (see Supplementary material
online, Figure S2). The study population of this analysis had a low pro-
portion (<3%) of missing data for most baseline characteristics, with
the exception of lifestyle information (i.e. smoking and alcohol use; 8
and 15%, respectively) and vital signs (systolic blood pressure, diastolic
blood pressure, and heart rate; 5-6%) (see Supplementary material
online, Table S5).

The distribution of co-GDMT use overall, by individual comorbidity
and by baseline OAC treatment, is shown in Table 3. The highest rate of
‘all co-GDMT’ was seen in hypertension (79.0%) and the lowest rate in
CHF (30.7%). The majority of patients (73.8%) was treated with OACs
as recommended. Among patients treated with OACs, 46.4% received
all co-GDMT in comparison with 39.4% of those not treated with
OAC:s (Table 3, Figure 1). Patients receiving neither OAC nor AP treat-
ment were the most likely to be receiving no co-GDMT and the least
likely to be receiving all co-GDMT (Figure 7). Sensitivity analyses com-
paring the occurrence of clinical outcomes between no and some
GDMT are reported in Supplementary material online, Table S6.

At 2-year follow-up, patients treated with OACs at baseline had
lower event rates for all-cause mortality, cardiovascular mortality,
non-cardiovascular mortality, and non-haemorrhagic stroke/SE than
patients not treated with OACs but higher rates of major bleeding
(Table 4). The reduction in all-cause mortality associated with OAC
treatment (4.2 vs. 5.4 per 100 person-years) was greater, in absolute
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Table 2 Baseline characteristics of the study population by co-GDMT use

Variable

Comorbidity GDMT use

Sex, n (%)
Male
Female
Age, median (Q1; Q3), years

5142 (49.8)
5173 (50.2)
73.0 (67.0; 79.0)

5334 (56.9)
4035 (43.1)
72.0 (65.0; 79.0)

1880 (54.0)
1601 (46.0)
74.0 (69.0; 80.0)

Age, n (%), years

<65 1355 (13.1) 2315 (24.7) 305 (8.8)
65-69 2109 (20.4) 1506 (16.1) 688 (19.8)
70-74 2250 (21.8) 1654 (17.7) 759 (21.8)
>75 4601 (44.6) 3894 (41.6) 1729 (49.7)
Ethnicity, n (%)
Caucasian 6920 (68.5) 6016 (65.2) 1509 (44.2)
Hispanic/Latino 676 (6.7) 488 (5.3) 259 (7.6)
Asian 2300 (22.8) 2541 (27.5) 1597 (46.8)
Afro-Caribbean/mixed/other 209 (2.1) 181 (2.0) 50 (1.5)
Body mass index, median (Q1; Q3), kg/m” 274 (244; 31.2) 27.5 (24.3; 31.6) 25.1 (22.6; 28.4)

Systolic blood pressure, median (Q1; Q3), mmHg 135.0 (121.0; 148.0) 131.0 (120.0; 145.0) 132.0 (120.0; 144.0)
Diastolic blood pressure, median (Q1; Q3), mmHg 80.0 (70.0; 90.0) 80.0 (70.0; 89.0) 80.0 (70.0; 86.0)
Pulse, median (IQR), b.p.m. 85.0 (71.0; 108.0) 84.0 (71.0; 105.0) 81.0 (70.0; 100.0)
Type of AF, n (%)

Permanent 1457 (14.1) 1229 (13.1) 549 (15.8)
Persistent 1410 (13.7) 1496 (16.0) 536 (15.4)
Paroxysmal 2773 (26.9) 2406 (25.7) 1191 (34.2)
New onset (unclassified) 4675 (45.3) 4238 (45.2) 1205 (34.6)
Care setting specialty at diagnosis, n (%)
Internal medicine/neurology/geriatrics 2075 (20.1) 1798 (19.2) 654 (18.8)
Cardiology 6602 (64.0) 6551 (69.9) 2338 (67.2)
Primary care/general practice 1638 (15.9) 1020 (10.9) 489 (14.0)
Care setting location at diagnosis, n (%)
Hospital 5569 (54.0) 5705 (60.9) 1726 (49.6)
Office/anticoagulation clinic/thrombosis centre 3534 (34.3) 2779 (29.7) 1468 (42.2)
Emergency room 1212 (11.7) 885 (94) 287 (8.2)
Medical history, n (%)
Heart failure 1332 (12.9) 4661 (49.7) 585 (16.8)
CAD 1688 (16.4) 4780 (51.0) 193 (5.5)
Acute coronary syndromes 881 (8.5) 2509 (26.8) 60 (1.7)
PVD 391 (3.8) 1024 (10.9) 124 (3.6)
Carotid occlusive disease 345 (3.4) 405 (44) 78 (2.3)
Venous thrombo-embolism 278 (2.7) 247 (2.6) 64 (1.8)
Prior stroke/TIA/SE 1239 (12, O) 1140 (12.2) 483 (13. 9)
Prior bleeding 267 (2.6 259 (2.8) 85 (24
Hypertension 9700 (94. O) 8098 (86.4) 2938 (84.4)
Hypercholesterolaemia 4846 (48.8) 4644 (51.5) 1099 (32.5)
Diabetes 2030 (19.7) 4230 (45.1) 598 (17.2)
Cirrhosis 45 (0.4) 63 (0.7) 20 (0.6)
Moderate-to-severe CKD 1352 (13.1) 1365 (14.6) 360 (10.3)
Dementia 133 (1.3) 167 (1.8) 93 (2. )
Heavy alcohol user, n (%) 173 (2.0) 136 (1.7) 64 (2.2
Current smoker, n (%) 785 (8.2) 882 (10.1) 237 (7.5)
Antithrombotic treatment, n (%)
NOAC + AP 4007 (38.8) 3258 (34.8) 1350 (38.8)

Continued
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Table 2 Continued

Variable Comorbidity GDMT use
All (N=10315) Some (N =9369) None (N = 3481)
VKA + AP 3918 (38.0) 3442 (36.7) 1118 (32.1)
AP only 1617 (15.7) 1879 (20.1) 458 (13.2)
No OAC or AP 773 (7.5) 790 (8.4) 555 (15.9)
CHA,DS,-VASc score, median (Q1; Q3) 3.0 (3.0;4.0) 4.0 (3.0; 5.0) 3.0 3.0;4.0)
HAS-BLED score, median (Q1; Q3)? 1.0 (1.0; 2.0) 2.0 (1.0; 2.0) 1.0 (1.0; 2.0)

AF, atrial fibrillation; AP, antiplatelet; CAD, coronary artery disease; CHA;DS,-VASc, cardiac failure, hypertension, age >75 years (doubled), diabetes, stroke (doubled)-vascular disease,
age 65-74, and sex category (female); CKD, chronic kidney disease; GDMT, guideline-directed medical therapy; HAS-BLED, hypertension, abnormal renal/liver function (1 point each),
stroke, bleeding history or predisposition, labile international normalized ratios, 2 elderly (>65 years), drugs/alcohol concomitantly (1 point each); IQR, interquartile range; NOAC,
non-vitamin K oral anticoagulant; OAC, oral anticoagulant; PVD, peripheral vascular disease; VKA, vitamin K antagonist; SE, systemic embolism; TIA, transient ischaemic attack.

*The labile international normalized ratio risk factor is not included in the HAS-BLED score as it is not collected at baseline. As a result, the maximum HAS-BLED score at baseline is 8
points (not 9).

Table 3 Distribution of co-GDMT use overall, by individual comorbidity, and by baseline OAC treatment

Eligible co-GDMT use® Overall (N =23 165) Baseline treatment

Overall
None of eligible co-GDMT 3481 (15.0) 2468 (14.4) 1013 (16.7)
Some of eligible co-GDMT 9369 (40.4) 6700 (39.2) 2669 (44.0)
Al of eligible co-GDMT 10 315 (44.5) 7925 (46.4) 2390 (394)
CAD n=6661 n=4340 n=2321
Statin 4736 (71.1) 3134 (722) 1602 (69.0)
-Blocker 4844 (72.7) 3203 (73.8) 1641 (70.7)
AP agent 3412 (67.7) 1463 (53.9) 1949 (84.0)
Taking all of eligible co-GDMT 2681 (40.2) 1628 (37.5) 1053 (45.4)
DM n=6858 n=>5134 n=1724
ACEl or ARB 4224 (67.8) 3294 (69.9) 930 (61.1)
Statin 1838 (70.1) 1284 (70.4) 554 (69.3)
Insulin or oral antidiabetics 3985 (58.1) 3056 (59.5) 929 (53.9)
Taking all of eligible co-GDMT 2783 (40.6) 2180 (42.5) 603 (35.0)
CHF n=6578 n=4693 n=1885
ACEl or ARB 4239 (66.5) 3125 (68.3) 1114 (61.7)
B-Blocker 4039 (73.2) 2895 (75.4) 1144 (68.1)
Aldosterone blockade 577 (26.9) 407 (26.2) 170 (28.7)
Taking all of eligible co-GDMT 2020 (30.7) 1536 (32.7) 484 (25.7)
Hypertension n=20736 n=15433 n=5303
Antihypertensive therapy 16 374 (79.0) 12451 (80.7) 3923 (74.0)
Taking all of eligible co-GDMT 16 374 (79.0) 12451 (80.7) 3923 (74.0)
PVD n=1539 n=1154 n=385
Statin 910 (59.1) 674 (58.4) 236 (61.3)
AP agent 544 (63.8) 258 (55.1) 286 (74.3)
Taking all of eligible co-GDMT 723 (47.0) 533 (46.2) 190 (494)

ACEI, angiotensin-converting enzyme inhibitor; AP, antiplatelet; ARB, angiotensin receptor blocker; CAD, coronary artery disease; CHF, congestive heart failure; co-GDMT, comorbidity
guideline-directed medical therapy; DM, diabetes mellitus; OAC, oral anticoagulant; PVD, peripheral vascular disease.
?As defined in Table 2.
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Figure 1 Distribution of guideline-directed medical therapy use for comorbid conditions in patients with atrial fibrillation and a CHA,;DS,-VASc
score of >2 by antithrombotic treatment. AF, atrial fibrillation; AP, antiplatelet; GDMT, guideline-directed medical therapy; NOAC, non-vitamin K

oral anticoagulant; OAC, oral anticoagulant; VKA, vitamin K antagonist.

Table 4 Event rates per 100 person-years for 2 years of follow-up by baseline OAC treatment

Outcome Baseline treatment
No OAC OAC
Events Rate per 100 person-years (95% CI) Events Rate per 100 person-years (95% CI)

All-cause mortality 606 5.4 (5.0-5.9) 1344 2 (4.0-44)
Cardiovascular mortality 211 19 (1.7-2.2) 463 4 (1.3-1.6)
Non-cardiovascular mortality 249 2.2 (2.0-25) 505 6 (1.4-1.7)
Unknown-cause mortality 146 1.3 (1.1-1.5) 376 2 (1.1-1.3)
Cardiovascular/unknown-cause mortality 357 3.2 (29-35) 839 6 (24-2.8)
Non-haemorrhagic stroke/SE 157 14 (1.2-1.7) 329 .0 (0.9-1.2)
Major bleeding 148 1.3 (1.1-1.6) 288 .9 (0.8-1.0)

Cl, confidence interval; OAC, oral anticoagulant; SE, systemic embolism.

terms, than the reduction in non-haemorrhagic stroke/SE risk (0.9 vs.
1.3 per 100 person-years) (Table 4).

At 2-year follow-up, HRs from models using stratification for
co-GDMT categories and covariate adjustment (alpha HR [aHR]) as
well as HRs from models that were both unstratified and unadjusted
favoured all co-GMDT vs. no/some co-GMDT for all-cause mortality
and non-cardiovascular mortality. An 11% reduction in all-cause mor-
tality [aHR = 0.89, 95% confidence interval (Cl) 0.81-0.99] and a 15%
reduction in non-cardiovascular mortality (aHR = 0.85, 95% Cl 0.73—
0.99) were observed. The risk of cardiovascular mortality was not af-
fected by co-GDMT use (Figure 2; see Supplementary material online,
Table S7). (Results from analysis of GARFIELD-AF Cohorts 1-5 are
shown in Supplementary material online, Table S8; no statistically

significant effects of co-GDMT on outcomes were evident.) With re-
spect to individual comorbidities, benefits of all vs. no/some
co-GDMT were seen in terms of all-cause mortality in CAD and in non-
cardiovascular mortality in CHF (see Supplementary material online,
Figure S3). When data were analysed separately according to baseline
OAC treatment, no effects of co-GDMT on mortality endpoints
were evident in either the OAC group or the no-OAC group.
Among patients not receiving OAC therapy, all vs. no/some
co-GDMT was associated with an increased risk of non-haemorrhagic
stroke/SE and major bleeding (aHR = 1.51, 95% CI 1.07-2.11, aHR =
1.81, 95% Cl 1.03-3.19, respectively: Figure 2; see Supplementary
material online, Table $9). Oral anticoagulant therapy was associated
with lower all-cause mortality and non-cardiovascular mortality in
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Figure 2 Hazard ratios with 95% confidence intervals (2-year follow-up) for all vs. no/some comorbidity guideline-directed medical therapy use at
enrolment in the overall group, patients receiving oral anticoagulants, and patients not receiving oral anticoagulants. 'Hazard ratios derived from uni-
variable Cox models without stratification of possible comorbidity combinations. 2Hazard ratios derived from univariable Cox models that include
stratification by all possible combinations of the five comorbidities used to define guideline-directed medical therapy eligibility. *Hazard ratios are ad-
justed for age, sex, ethnicity, type of atrial fibrillation, prior stroke/transient ischaemic attack/systemic embolism, history of bleeding,
moderate-to-severe chronic kidney disease, anticoagulation at baseline, smoking status, and heavy alcohol consumption. A robust covariance estimate
is included in order to account for correlation within each country. Models include stratification by all possible combinations of the five comorbidities
used to define guideline-directed medical therapy eligibility. GDMT, guideline-directed medical therapy; OAC, oral anticoagulant; SE, systemic
embolism.
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Figure 3 Hazard ratios (2-year follow-up) for baseline oral anticoagulant treatment by comorbidity GMDT use (see Supplementary material online,
Table S2 for covariates). Hazard ratios are obtained using an overlap-weighted Cox model. Variables included in the weighting scheme are country and
cohort enrolment, sex, age, ethnicity, type of atrial fibrillation, care setting speciality and location, acute coronary syndromes, carotid occlusive disease,
prior stroke/transient ischaemic attack/systemic embolism, prior bleeding, venous thromboembolism (VTE), hypercholesterolaemia, cirrhosis,
moderate-to-severe chronic kidney disease, dementia, hyperthyroidism, hypothyroidism, current smoking, heavy alcohol consumption, body mass in-
dex, heart rate, systolic and diastolic blood pressure at diagnosis, and baseline antiplatelet use. A robust covariance estimate is included in order to
account for correlation within each country. GDMT, guideline-directed medical therapy; OAC, oral anticoagulant; SE, systemic embolism.
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comparison with no OAC, irrespective of co-GDMT use; in patients re-
ceiving all co-GDMT, OAC was additionally associated with a reduced
risk of non-haemorrhagic stroke/SE (Figure 3; see Supplementary
material online, Table $10).

Discussion

In our cohort of patients with AF and CHA,DS,-VASc > 2 and at least
one of the selected comorbid conditions, around 70% were treated
with OAC therapy at baseline, as recommended by ESC guidelines. In
these patients, OAC therapy was associated with a reduced risk of
all-cause mortality to an extent that cannot be explained solely by
the reduction in non-haemorrhagic stroke/SE risk. Just under half of
the patients were prescribed with all appropriate GDMT for the
specified comorbidities. Patients receiving OACs tended to receive all
recommended co-GDMT more frequently than patients not treated
with OACs, which may partly explain the unexpectedly large effect
of OAC therapy on all-cause mortality.

Comprehensive co-GDMT was associated with reduced all-cause
mortality by 11% in comparison with none/inadequate co-GDMT; the
reduction in non-cardiovascular mortality (15%) was the major contribu-
tor to this reduction in all-cause mortality. In patients with AF and
CHA,DS,-VASc > 2 (excluding sex), guideline-directed OAC therapy
was effective in reducing all-cause mortality and non-cardiovascular mor-
tality, irrespective of co-GDMT. In patients taking all co-GDMT, benefits
of OACs extended to reduced non-haemorrhagic stroke/SE risk.

The lack of lowering of cardiovascular mortality associated with
GDMT for cardiovascular disease and the significant reduction in non-
cardiovascular mortality associated with OACs are counterintuitive.
Therapy with OACs may be associated with lower non-cardiovascular
mortality by revealing cancer at an earlier stage or reducing venous
thrombo-embolic disease.' Non-vitamin K oral anticoagulants in par-
ticular have a variety of heterogeneous effects that might have some un-
recognized value in treatment of other non-cardiovascular conditions.
Participants receiving good co-GDMT for cardiovascular comorbidities
probably received similarly better therapy for non-cardiovascular disease,
but these data were not captured by GARFIELD-AF. Furthermore, this
may be explained on the basis that longer treatment duration may be ne-
cessary to uncover the long-term impact of GMDT on cardiovascular
outcomes.

The higher risk of non-haemorrhagic stroke/SE associated with com-
prehensive co-GDMT in patients not receiving OAC was an unexpect-
ed finding, and the explanation for this outcome remains unclear.

Our results show some similarities to those from a study carried out
by the US Outcomes Registry for Better Informed Treatment of AF
(ORBIT-AF), which looked at associations between clinical outcomes
in patients with AF and co-GDMT for the comorbid conditions inves-
tigated in our study, plus hyperlipidaemia and obstructive sleep ap-
noea."”® Like our study, the ORBIT-AF study found underuse of
co-GDMT, with only 33% of patients with AF receiving all recom-
mended co-GDMT. The use of all co-GDMT was associated with a
non-significant reduction in the rate of major adverse cardiac or neuro-
vascular events and a trend towards a lower rate of all-cause mortality,
which achieved statistical significance in CHF.

One limitation of our study is that medication use is based on base-
line (intention-to-treat) data so that any changes in medication over the
2-year follow-up period were not taken into account. Moreover, due to
the observational nature of this registry, only categories of medication
used for the various comorbidities were assessed; medication dosing
and guideline-directed titration of medication were not addressed
but may have a relevant impact, particularly in heart failure, hyperten-
sion, and statin use. Further, only treatments available at the time of
the study were included. Therefore, contemporary heart failure medi-
cations such as angiotensin receptor—neprilysin and sodium—glucose

cotransporter-2 inhibitors were not included in this analysis.
In addition, co-GDMT was not assessed for any non-cardiovascular
comorbidities and for only five major cardiovascular comorbidities.
The adequacy of co-GDMT for treating these comorbidities—in par-
ticular for hypertension—cannot be established with certainty. Under
the definition used, compliance with GDMT for hypertension required
at least two therapies, as guidelines state that blood pressure targets
are achieved with monotherapy in only a limited number of patients
and that use of more than one agent is necessary in the majority of pa-
tients." This definition of GDMT excluded patients taking only one
antihypertensive, even though this therapy may have been effective in
some. However, changing the definition of co-GDMT to at least one
antihypertensive reduced the proportion of patients considered to
be receiving no/some co-GDMT but did not alter impacts on mortality
endpoints [all co-GDMT remained associated with reduced all-cause
mortality (HR = 0.89, 95% CI 0.79-0.99) and non-cardiovascular mor-
tality (HR=0.79, 95% Cl 0.67-0.93); see Supplementary material
online, Tables S6]. Although a comprehensive set of variables were
used in the propensity score weighting scheme, it is not possible to ex-
clude the potential influence of unmeasured confounders, such as frailty
and malnutrition. Finally, there are some limitations in regard to the
guidelines used to define co-GDMT. Only European (ESC) guidelines
were used; these may have differed from US or other guidelines in
use in other geographical areas. The study period covered ESC guide-
lines operative from 2013 to 2016. There were some updates to guide-
lines during this period, but changes were minor and were unlikely to
impact the definitions of co-GDMT used in this study.

Conclusions

In conclusion, in this large prospective, international registry on AF, com-
prehensive co-GDMT was associated with reduced all-cause mortality and
non-cardiovascular mortality in patients with AF and CHA,DS,-VASc > 2
(excluding sex) but not with reduced cardiovascular mortality. Although
not seen with comprehensive co-GDMT, the significant decrease in mor-
tality with OAC use appears to extend beyond stroke reduction.

Lead author biography

John Camm is a professor of Clinical
Cardiology (emeritus) at St George’s
University of London. His interests
include cardiac arrhythmias, atrial fibrilla-
tion (AF), stroke prevention, anticoagu-
lation, clinical cardiac electrophysiology,
cardiac pacemakers, and risk stratifica-
tion in post-myocardial infarction, heart
failure, AF, and cardiomyopathy patients.
Professor Camm is a fellow of the
European Society of Cardiology (ESC)
and the European Heart Rhythm
Association (EHRA). He is the past presi-
dent of the EHRA and the president of the Arrhythmia Alliance, a foun-
der and trustee of the Atrial Fibrillation Association, and a trustee of the
Drug Safety Research Unit. Professor Camm is the editor-in-chief of the
European Heart Journal - Case Reports, an editor of the European Heart
Journal, the immediate past editor-in-chief of Europace, and also an editor
of the ESC Textbook of Cardiovascular Medicine and ESC CardioMed.

Supplementary material

Supplementary material is available at European Heart Journal Open
online.

€20z aunp z| uo1sanb Aq 90/ | /1L S0pea0/s/s/eonie/uadolys/woo dno-oiwapeoe//:sdiy Wolj papeojuMo(]


http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oead051#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oead051#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oead051#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oead051#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oead051#supplementary-data

10

AJ. Camm et al.

Acknowledgements

We thank the physicians, nurses, and patients involved in the
GARFIELD-AF registry. Programming support was provided by
Madhusudana Rao (TRI). Editorial support was provided by Kate
Ackrill, Rebecca Watkin, and Herman Sandeep Prakasam (TRI).

Funding

This work was supported by the Thrombosis Research Institute (London,
UK).

Conflict of interest: A.C. has received institutional grants and personal
fees from Bayer, Boehringer Ingelheim, BMS/Pfizer, and Daichi Sankyo. J.S.
has received consultant and/or speaker fees from Abbott, Alexion,
AstraZeneca, Bayer, Berlin-Chemie, Biosense Webster, Biotronik,
Boehringer Ingelheim, Boston Scientific, BMS, Daiichi Sankyo, Medscape,
Medtronic, Menarini, Merck/MSD, Organon, Pfizer, Saja, Servier, and
WebMD. He reports ownership of Swiss EP and CorXL. KA AF. has re-
ceived grants and personal fees from Bayer/Janssen and AstraZeneca.
S.Z.G. has received research support from Bayer, BMS, Boston Scientific,
BTG, EKOS, Janssen, NHLBI, and Pfizer and has consultancy with Pfizer.
S.G. has received a quality fee from the American Heart Association and re-
ceived a steering committee fee from Duke University. S.H. has received
personal fees from Bayer, BMS, Daiichi Sankyo, Pfizer, and Sanofi, outside
the submitted work. A.G.G.T. has received personal fees from Bayer
Healthcare, Janssen Pharmaceutical Research & Development LLC,
Astellas, Portola, and Takeda. FW.AV. has received grants from Bayer
Healthcare and personal fees from Bayer Healthcare, BMS/Pfizer, Daiichi
Sankyo, and Boehringer Ingelheim. K.S.P. has consultancy with Johnson &
Johnson, Element Science, Artivion, and Novartis. AK.K. has received grants
and personal fees from Bayer AG, Sanofi, and Anthos Therapeutics. All
other authors have reported that they have no relationships relevant to
the contents of this paper to disclose.

Data availability

Aggregated data can be shared upon reasonable request and analysis plan to
Saverio Virdone (Svirdone@tri-london.ac.uk)

References

1. Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, Castella M, Diener H-C,
Heidbuchel H, Hendriks J, Hindricks G, Manolis AS, Oldgren J, Popescu BA, Schotten U,
Van Putte B, Vardas P, Agewall S, Camm J, Baron Esquivias G, Budts W, Carerj S,
Casselman F, Coca A, De Caterina R, Deftereos S, Dobrev D, Ferro JM, Filippatos G,
Fitzsimons D, Gorenek B, Guenoun M, Hohnloser SH, Kolh P, Lip GYH, Manolis A,
McMurray ], Ponikowski P, Rosenhek R, Ruschitzka F, Savelieva I, Sharma S, Suwalski
P, Tamargo JL, Taylor CJ, Van Gelder IC, Voors AA, Windecker S, Zamorano L,
Zeppenfeld K. 2016 ESC guidelines for the management of atrial fibrillation developed
in collaboration with EACTS. Eur Heart | 2016;37:2893-2962.

N

w

>

wv

o

~

[ec]

Ned

10.

11.

12.

13.

14.

. O’Neal WT, Efird JT, Nazarian S, Alonso A, Heckbert SR, Soliman EZ. Peripheral arterial

disease and risk of atrial fibrillation and stroke: the Multi-Ethnic Study of
Atherosclerosis. | Am Heart Assoc 2014;3:¢001270.

. Chamberlain AM, Alonso A, Gersh BJ, Manemann SM, Killian JM, Weston SA, Byrne M,

Roger VL. Multimorbidity and the risk of hospitalization and death in atrial fibrillation: a
population-based study. Am Heart | 2017;185:74-84.

Andersson T, Magnuson A, Bryngelsson IL, Frebert O, Henriksson KM, Edvardsson N,
Pogi D. All-cause mortality in 272,186 patients hospitalized with incident atrial fibrilla-
tion 1995-2008: a Swedish nationwide long-term case-control study. Eur Heart | 2013;
34:1061-1067.

. Vanbeselaere V, Truyers C, Elli S, Buntinx F, De Witte H, Degryse ], Henrard S, Vaes B.

Association between atrial fibrillation, anticoagulation, risk of cerebrovascular events
and multimorbidity in general practice: a registry-based study. BMC Cardiovasc Disord
2016;16:61.

. Kakkar AK, Mueller |, Bassand JP, Fitzmaurice DA, Goldhaber SZ, Goto S, Haas S, Hacke

W, Lip GYH, Mantovani LG, Verheugt FWA, Jamal W, Misselwitz F, Rushton-Smith S,
Turpie AGG. International longitudinal registry of patients with atrial fibrillation at risk
of stroke: Global Anticoagulant Registry in the FIELD (GARFIELD). Am Heart | 2012;
163:13-19.e11.

Kakkar AK, Mueller |, Bassand JP, Fitzmaurice DA, Goldhaber SZ, Goto S, Haas S, Hacke
W, Lip GYH, Mantovani LG, Turpie AGG, van Eickels M, Misselwitz F, Rushton-Smith S,
Kayani G, Wilkinson P, Verheugt FWA. Risk profiles and antithrombotic treatment of
patients newly diagnosed with atrial fibrillation at risk of stroke: perspectives from
the international, observational, prospective GARFIELD registry. PLoS One 2013;8:
e63479.

. Apenteng PN, Gao H, Hobbs FR, Fitzmaurice DA. Temporal trends in antithrombotic

treatment of real-world UK patients with newly diagnosed atrial fibrillation: findings
from the GARFIELD-AF registry. BMJ Open 2018;8:e018905.

. Lip GY, Nieuwlaat R, Pisters R, Lane DA, Crijns HJ. Refining clinical risk stratification for

predicting stroke and thromboembolism in atrial fibrillation using a novel risk factor-
based approach: the Euro Heart Survey on atrial fibrillation. Chest 2010;137:263-272.
Fox KAA, Gersh B, Traore S, John Camm A, Kayani G, Krogh A, Shweta S, Kakkar AK.
Evolving quality standards for large-scale registries: the GARFIELD-AF experience. Eur
Heart | Qual Care Clin Outcomes 2017;3:114-122.

Pisters R, Lane DA, Nieuwlaat R, de Vos CB, Crijns HJGM, Lip GYH. A novel user-
friendly score (HAS-BLED) to assess 1-year risk of major bleeding in patients with atrial
fibrillation: the Euro Heart Survey. Chest 2010;138:1093—1100.

Eikelboom JW, Connolly SJ, Bosch , Shestakovska O, Aboyans V, Alings M, Anand SS,
Avezum A, Berkowitz SD, Bhatt DL, Cook-Bruns N, Felix C, Fox KAA, Hart RG,
Maggioni AP, Moayyedi P, O’Donnell M, Rydén L, Verhamme P, Widimsky P, Zhu J,
Yusuf S. Bleeding and new cancer diagnosis in patients with atherosclerosis.
Circulation 2019;140:1451-1459.

Loring Z, Shrader P, Allen LA, Blanco R, Chan PS, Ezekowitz MD, Fonarow GC,
Freeman )V, Gersh BJ, Mahaffey KW, Naccarelli GV, Pieper K, Reiffel JA, Singer DE,
Steinberg BA, Thomas LE, Peterson ED, Piccini JP. Guideline-directed therapies for co-
morbidities and clinical outcomes among individuals with atrial fibrillation. Am Heart |
2020;219:21-30.

Mancia G, Fagard R, Narkiewicz K, Redén ], Zanchetti A, Béhm M, Christiaens T, Cifkova
R, De Backer G, Dominiczak A, Galderisi M, Grobbee DE, Jaarsma T, Kirchhof P,
Kjeldsen SE, Laurent S, Manolis AJ, Nilsson PM, Ruilope LM, Schmieder, RE, Sirnes
PA, Sleight P, Viigimaa M, Waeber B, Zannad F; Task Force Members. 2013 ESH/ESC
guidelines for the management of arterial hypertension: the Task Force for the
Management of Arterial Hypertension of the European Society of Hypertension
(ESH) and of the European Society of Cardiology (ESC). Eur Heart | 2013;34:
2159-2219.

€20z aunp z| uo1sanb Aq 90/ | /1L S0pea0/s/s/eonie/uadolys/woo dno-oiwapeoe//:sdiy Wolj papeojuMo(]



	Guideline-directed medical therapies for comorbidities among patients with atrial fibrillation: results from GARFIELD-AF
	Introduction
	Methods
	Study design and participants
	Ethics statement
	Data collection and quality control
	Statistical analysis

	Results
	Discussion
	Conclusions
	Lead author biography
	Supplementary material
	Acknowledgements
	Funding
	Data availability
	References




