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81 Abstract
82
83  Hypertension is the leading modifiable risk factor for atrial fibrillation (AF) and is estimated to
84  be present in >70% of AF patients. This Frontiers Review was prepared by 29 expert
85 members of AF-SCREEN International Collaboration to summarize existing evidence and
86  knowledge gaps on links between hypertension, AF, and their cardiovascular sequelae;
87  simultaneous screening for hypertension and AF; and the prevention of AF through
88 antihypertensive therapy. Hypertension and AF are inextricably connected. Both are easily
89 diagnosed, often silent, and frequently inadequately treated. Together, they additively
90 increase the risk of ischemic stroke, heart failure, and many types of dementia, resulting in
91 greater all-cause mortality, considerable disease burden and increased healthcare
92  expenditures. Automated upper arm cuff blood pressure devices with implemented
93 technology can be used to simultaneously detect both hypertension and AF. However,
94  positive screening for AF with an oscillometric BP monitor still requires ECG confirmation.
95  The current evidence suggests that high-risk individuals aged 265 years or with treatment-
96 resistant hypertension could benefit from AF screening. Since antihypertensive therapy
97 effectively lowers AF risk, particularly in individuals with left ventricular dysfunction,
98 hypertension should be the key target for AF prediction and prevention, rather than merely a
99  co-morbidity of AF. Nevertheless, several important gaps in knowledge need to be filled over
100 the next years, including the ideal method and selection of patients for simultaneous
101 screening of hypertension and AF; and the optimal antihypertensive drug class and blood
102  pressure targets for AF prevention.
103
104  Key words: Hypertension, atrial fibrillation, screening, prevention
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Non-standard Abbreviations and Acronyms

ACE, angiotensin-converting enzyme

ACCORD-BP, Action to Control Cardiovascular Risk in Diabetes-Blood Pressure
AF, atrial fibrillation

ALLHAT, Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial
ARB, angiotensin-receptor blocker

BP, blood Pressure

CAPPP, Captopril Prevention Project

Cl, confidence interval

CVD, cardiovascular disease

DANCAVAS, Danish Cardiovascular Screening

LIFE, Losartan Intervention for Endpoint Reduction

LOOP, Implantable Loop Recorder Detection of Atrial Fibrillation to Prevent Stroke
MMM, May Measurement Month

MR, mineralocorticoid receptor

OR, odds ratio

SAFER, Screening for Atrial Fibrillation with ECG to Reduce Stroke

SHEP, Systolic Hypertension in the Elderly Program

PRINT, Systolic Blood Pressure Intervention Trial

STOP-Hypertension-2, Second Swedish Trial in Old Patients with Hypertension
STROKESTORP, Clinical Outcomes in Systematic Screening for Atrial Fibrillation

VALUE, Valsartan Antihypertensive Long-term Use Evaluation
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Highlight Section — Key Points

Hypertension is the leading modifiable risk factor for both AF and stroke.

More focus should be placed on hypertension for prediction and prevention of AF,
rather than merely as a co-morbidity of AF.

Hypertension, AF, heart failure, stroke, and many types of dementia are part of a
CVD continuum.

Positive screening for AF with an oscillometric BP monitor requires ECG
confirmation.

High-risk individuals aged 265 years or with treatment-resistant hypertension could

benefit from AF screening.

. Antihypertensive therapy can effectively lower the risk of developing AF, particularly

in patients with left ventricular dysfunction.
Inconsistency in the randomized controlled trial data linking BP-lowering with reduced

AF risk likely results from differential effects of BP-lowering agents on AF risk.
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Introduction

Hypertension is the leading modifiable risk factor for global burden of disease and the most
prevalent cardiovascular disease (CVD) risk factor, affecting approximately one third of the
population worldwide. ! It is also the strongest modifiable risk factor for development of atrial
fibrillation (AF), the most common sustained arrythmia with an 0.5% worldwide prevalence. 2
In addition to being strongly correlated, the prevalence of both increase with age, and they
additively increase the risk of stroke, heart failure, and dementia, resulting in greater all-
cause mortality. 3 Hypertension and AF are often silent, and even when known, are
frequently inadequately treated, leading to excess preventable cardiovascular mortality and

morbidity.

The AF-SCREEN International Collaboration was founded in 2015 to promote discussion
and research about screening for unknown or under-treated AF to reduce stroke and death
(www.afscreen.org). It includes well over 200 physicians, nurses, allied health professionals,
epidemiologists, health economists, and patient group representatives from over 40
countries. May Measurement Month (MMM, www.maymeasure.org) was formed to highlight
the importance of measuring blood pressure (BP) globally and the risks of hypertension. 4 In
2022, MMM and AF-SCREEN joined forces to search for unknown and undertreated

hypertension and AF, with leaders of MMM becoming AF-SCREEN members.

This Frontiers Review was prepared by 29 expert members of AF-SCREEN including MMM
leads, to summarize current knowledge of the relationship between hypertension, AF, and
their adverse outcomes. Key points were determined using a Delphi process and retained if
agreement was =85% amongst responding AF-SCREEN members (Supplemental

Material).
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Epidemiologic Links Between Hypertension, AF, and Adverse Outcomes

Global Burden and Costs

The global burden of hypertension and AF is rising rapidly, particularly in low- and middle-
income countries where the levels of hypertension awareness, treatment, and control are
often the lowest. 1 Although data from sub-Saharan Africa are scarce, the relation of social
development with age-standardized AF-related incidence, disease burden, and mortality
appears to be inverse, highlighting the need for improved resources, patient education and
health literacy. 2° However, as the absolute prevalence of AF is still lower in low- compared
to high-income countries, most of its disease burden continues to arise from developed

countries.

AF and hypertension have significant costs to societies. Although the global mean BP
appears to be currently stable, the financial burden of hypertension is approximately 10% of
the world’s overall healthcare expenditures. ® This estimate also includes indirect costs
resulting from premature mortality and disability due to sequelae, such as stroke and AF. ©
For AF, extrapolating data from the trends observed in the past 20 years suggests that the
increasing prevalence of AF could lead to >10 million disability-adjusted life-years and nearly

half a million deaths by the year 2050. 3

Hypertension as an AF Risk Factor

Haemodynamic changes, neuroendocrine factors, atrial and ventricular structural
remodelling including myocardial fibrosis, and a proarrhythmogenic electrophysiologic
phenotype of a hypertrophic left ventricle, all contribute to the complex pathophysiology of
arrhythmogenesis in hypertension (Figure 1).” Indeed, AF could be regarded as a

manifestation of hypertensive target-organ damage.
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Due to its high prevalence of 33% in the general adult population, hypertension is the most
modifiable significant population-attributable risk factor for AF and is estimated to be present
in >70% of AF patients and responsible for up to 39% of all AF cases (Key Point 1, see
Highlight Section). 28 A pooled risk estimate revealed a 73% greater likelihood of AF in
patients with hypertension (odds ratio [OR] 1.73%; 95% confidence Interval [CI], 1.31-2.28)
compared to non-hypertensive individuals, and this risk was even greater in the presence of
left ventricular hypertrophy. ° This risk increase starts already at low BP levels as
prehypertension is also independently associated with AF. 1° Individuals with treatment-
resistant hypertension have the greatest relative risk for AF, with an OR of 2.95 for controlled
resistant hypertension and 2.47 for uncontrolled resistant hypertension. * Moreover,
hypertension has also been identified as an independent risk factor for AF progression, ?
AF-related stroke and mortality, ** and anticoagulant-related bleeding complications in AF. 4
Results from recent observational studies on the association between hypertension and AF

are presented in Table 1.

A population group of specific concern is the elderly, especially considering that AF
prevalence increases with age. In previous prospective studies in healthy women*® and
middle-aged men, 1 the relationship between BP levels and new onset AF has been linear,
even in people with a high-normal BP (130-139/85-89 mmHg). 1> However, this
association attenuates with age, and a recent study demonstrated that in the older
population a linear increase in systolic BP was not independently associated with increased

AF risk, and only exposure to BP 2160/100 mmHg carried a higher risk of AF, 192

Observational studies have reported that higher BP is strongly associated with greater risk of
incident AF, but this relationship might be confounded by antihypertensive therapy and co-
existent risk factors. However, a large Mendelian randomization identified relationships

between AF and systolic BP (OR, 1.018 per 1 mmHg increase; 95% ClI, 1.012-1.024), and
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diastolic BP (OR, 1.026; 95% CI, 1.016—-1.035), strongly suggesting that these associations

are causal. %!

A common reason for resistant hypertension may be primary aldosteronism, which can be
overlooked as a cause of both hypertension and AF. 22 A history of AF was detected in 7.3%
of patients with primary aldosteronism and 0.6% of patients with essential hypertension (OR,
12.1; 95% ClI, 3.2-45.2). 22 The optimal therapy of primary aldosteronism for AF prevention
remains unclear. In two observational studies, mineralocorticoid receptor (MR) therapy has
been shown to result in a substantially greater AF risk compared to surgical adrenalectomy.
2425 However, this could be a sign of insufficient MR blockade as MR antagonist
therapy has been shown to result in a 2.5-fold higher risk for AF compared to
patients with essential hypertension when their renin remained suppressed. 2* In
contrast, this risk was not increased in patients whose renin increased with MR antagonist
therapy or who underwent surgical adrenalectomy. * A wide range of hypertensive patients,
and particularly those with drug-resistant hypertension and lone AF, should be tested for

primary aldosteronism. 22

High sodium consumption is considered to be a leading dietary risk factor for hypertension
and CVD worldwide. ?® A recent trial also demonstrated that replacing regular salt with a
potassium-enriched salt substitute resulted in lower rates of hypertension, stroke, CVD
events, and death. 2’ Although a single prospective study has suggested that high dietary
sodium intake may independently increase the risk for AF, the relation between sodium and

potassium intake and new-onset AF remains unclear. 28:2°

Observational and Mendelian randomization studies consistently support the association

between optimal BP and a reduced AF burden. Hypertension is the most important

modifiable AF risk factor, and more focus should therefore be placed on it for AF prediction

11
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and prevention instead of merely for comorbidity therapy in overt AF (Key Point 2, see

Highlight Section).

Hypertension and AF as Stroke Risk Factors

The strong links between hypertension, AF and stroke are evident in the subgroup of AF
patients who have had an ischemic stroke. In large pivotal trials of direct oral anticoagulants
in this group, 77-86% of patients with a prior stroke also had a history of hypertension.
Similar results have also been reported in observational studies of patients with previous
stroke, *1*2 and this association shows an increasing temporal trend. Moreover, stroke
patients with permanent AF have higher rates of arterial hypertension compared to patients

with paroxysmal or persistent AF. 3

Ischemic stroke has many causes, 3 with hypertension and AF among the most important
aetiologies accounting for several mutually augmenting mechanisms to trigger a stroke
(Figure 1). Arterial hypertension can cause stroke through several direct and indirect
pathophysiologic mechanisms including cerebral artery damage (small-artery disease)
leading to lacunar strokes, promotion of large artery atherosclerosis, and left atrial/ventricular
disease (accounting for cardioembolic strokes). * Hypertension via cerebral vascular injury
accounts for white matter lesions and silent brain infarcts. AF in turn leads mostly to
cardioembolic strokes. However, given the tight interrelation between AF and hypertension,
the presence of AF with the comorbidity of arterial hypertension and ischemic stroke does

not necessarily indicate that stroke in a patient with AF is cardioembolic. 3*

Hypertension, AF, and Heart Failure as Co-Existing Risk Factors for Stroke and Dementia

Hypertension, AF, heart failure, stroke, and dementia are all part of a continuum of CVD
(Figure 1). Among individuals with hypertension, the lifetime risk of heart failure is 7.8%,
which is 1.5 times higher than in people without hypertension. *¢ Persistent midlife

hypertension is also associated with an 1.4-1.6-fold risk of late-life dementia. 38 AF and

12



287
288
289
290
291
292
293
294
295
296
297
298
299
300

heart failure account for approximately 10-20% of the population attributable risk of all
stroke, which in turn doubles the risk of dementia. 3*4° In addition to acute brain damage, this
stroke-related increase in dementia risk is also considered to be a result of ongoing
cerebrovascular injury due to vascular risk factors, immune processes, and pathogenic
mechanisms may contribute to dementia risk after stroke, #* but dementia and AF are

strongly related even in the absence of stroke. #?

AF, hypertension, and heart failure individually increase the risk of incident stroke by about
1.5-fold, and, together they more than double stroke risk. ** Prior stroke in turn is also a
major cause of cognitive impairment and dementia, with an incidence rate of 22% in 4 years
after stroke. *! In the prevention of symptomatic overt CVD, AF and dementia, treatment of
hypertension should therefore be prioritized as it usually lies at the beginning of this

unfavorable process (Figure 1; Key Point 3, see Highlight Section).
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Screening for Hypertension and AF

Screening for Hypertension and AF in Primary Care

Health systems currently have different approaches to detect stroke risk factors in primary
care. In the United Kingdom, the National Health Service offers a Health Check to people
aged 40 to 74, which includes assessment for hypertension and AF amongst other
conditions. ¢ A similar Chronic Disease Prevention Programme is available in Ireland for
people aged over 45 years. % In China, systematic AF screening with ECG is recommended
in the population aged over 70 years. * The World Heart Federation 2021 Roadmaps
recommend opportunistic screening for AF with pulse check or ECG in people >65 years,

and for hypertension in people >18 years. 4748

Methods for AF detection include pulse palpation, handheld or 12-lead ECG, and the use of
newly emerging technologies with AF-detecting algorithms implemented in wearables
(smart-watches, fit-bands, rings), or in automated electronic cuff BP monitors (Figure 2).
ECG-equipped BP monitors have also been recently introduced to the market. 4%5° Once
standardized, quality-assured mechanisms for measurement and interpretation of findings
are implemented, this assessment can take place in several sites in primary care including
the general practitioner’s surgery, pharmacy, community centre or the person’s home. The
ideal location will likely vary across health systems due to a variety of cultural and healthcare
system infrastructural reasons, but primary care may usually be the most convenient and

appropriate site for detecting AF.

Prior to embarking on any stroke prevention initiative in primary care, consideration should
be given to potential harms or unintended consequences. Care must be taken to minimize
excessive worry or concern amongst patients in the process. Consideration should also be
given to the cost of such initiatives and the capacity to deliver screening. Cost-benefit

analyses are required to ensure optimal use of primary care resources. Feasibility of

14
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implementation in the constraints of available resources will be determined locally. Finally, if
screening for hypertension and AF is to take place in primary care, consideration should also
be given to searching for other risk factors for stroke such as smoking, diabetes, and

dyslipidemia.

Simultaneous Screening of Hypertension and AF — Data from Observational Studies

AF and hypertension often co-exist, both are frequently unknown, and early detection and
treatment may prevent serious complications, especially in those with co-existing conditions.
Therefore, it is reasonable to screen for both conditions in one setting. This approach may

be both efficient and economical, possibly also leading to improved adherence to treatment.

Technological advances facilitate combined screening by algorithms specific for AF detection
embedded in automated cuff BP measuring devices (Figure 2).5! The first study that
validated such an algorithm for AF detection during routine automated BP measurement vs
standard 12-lead ECG was published in 2004. >2 The AF detection algorithm estimated an
“irregularity index”, which was calculated using the standard deviation and the mean of time
intervals between successive pulse beats. °? In the last decade, further studies were
published using similar algorithms and confirmed their high diagnostic value for AF detection
and their clinical potential. >* AF detection during automated office BP measurement has
been shown to be more accurate than pulse palpation during medical visits, and has
comparable accuracy to single lead ECG. > AF detecting algorithms have also been
implemented in devices designed for 24-hour ambulatory BP monitoring with encouraging
results (Figure 2). % Photoplethysmography-based (wearable) devices for detection of BP
and AF are also available, but their BP measurement function remains experimental and
requires calibration with a cuff-based device (Figure 2). % If AF is detected by such devices,
an ECG recording is needed to confirm AF diagnosis before treatment decisions (Key Point

4, see Highlight Section). > This additional step, however, could be avoided by using a BP
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monitor with an ECG recording option, >°° or use of a handheld or wearable ECG device to

record a simultaneous ECG rhythm strip.

Observational studies of AF screening during automated BP measurement are divided in two
categories: (i) validation studies which applied a reference method (mostly simultaneous
ECGQG) in all participants aiming at evaluating accuracy of the AF detecting algorithms, and (ii)
population studies without a reference method, or with a reference method applied only in
participants at high AF risk or with AF detected by the BP device algorithm. Examples of
recent and observational studies are shown in Table 2. Recent meta-analyses of validation
studies assessing automated BP monitors with AF detecting algorithms indicate a high
diagnostic accuracy with a pooled sensitivity and specificity of 95% and 94%, respectively. >
However, the positive and negative predictive values depend on the prevalence of AF in the
population screened and are relatively low in young and healthy populations. Thus, most
population studies have been conducted in individuals aged =265 years in whom screening
for AF is primarily indicated (Table 2). Interestingly, the prevalence of AF indicated by BP
devices is in line with the prevalence of AF derived by epidemiologic data and traditional

screening methods in similar populations. 546°

Community-based BP and AF screening campaigns are also ongoing. In 2023, The MMM AF
screening sub-study combined population screening for hypertension with screening for AF,
using automated OMRON Complete cuff BP monitors (ECG based) and Omron M7 (AF
detecting algorithm based) on participants aged >60 years in 19 participating countries.
Those with detected AF were referred to relevant medical facilities to confirm AF diagnosis
and initiate management as required. Data regarding treatment and follow-up of those
patients detected with AF have been collected and are being analyzed as part of this sub-

study. 4
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Other point Automated upper arm cuff BP devices with implemented technology can be
used to simultaneously detect both hypertension and AF with high sensitivity and

specificity.

Simultaneous Detection of Hypertension and AF — Results from Randomized Trials

Only the Danish Cardiovascular Screening (DANCAVAS) randomized controlled trial has
studied combined hypertension and AF screening (Table 3). DANCAVAS was population-
based and included males aged 65-74 years. Participants were randomized 1:2 to screening
or no screening (control group). Among several modalities, screening involved standard BP
measurement and a computed tomography scan to assess coronary artery calcification
score during which a 10-second ECG recording was made. Suspected hypertension, defined
as BP 2160/100 mmHg during screening, was found in 9% of the participants whereas AF
was observed in only 0.5%, reflecting the very short monitoring period and the relatively

young participants.

Optimal Selection of Individuals for Simultaneous Screening of AF and Hypertension

Currently, guidelines recommend different approaches for AF opportunistic screening and
the role of hypertension remains mostly unclear. The American Heart Association and the
American Stroke Association state that case finding for AF in the primary care setting among
persons older than 65 years using pulse assessment followed by ECG can be useful. %8 In
contrast, the American Academy of Family Physicians supports the US Preventive Services
Taskforce, which concluded that current evidence is insufficient to assess the balance of
benefits and harms of AF screening, though “opportunistic screening” is regarded as case-
finding rather than screening. ¢ The 2023 joint American College of Cardiology/American
Heart Association guidelines provide no recommendations on AF screening, and state there
are no outcome studies of strategies for selection based on risk models. ° The 2024
European Society of Cardiology guidelines still recommend opportunistic screening in

patients age >65 years by single-lead ECG devices. >
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Randomized and nonrandomized studies investigating AF screening often report that
hypertension is more prevalent in people with AF detected by screening. "* In the Implantable
Loop Recorder Detection of Atrial Fibrillation to Prevent Stroke (LOOP) trial, hypertension
prevalence was around 90%, and screening reduced risk of stroke in people with baseline
systolic BP >150 mmHg despite no difference in BP management between screened vs
unscreened participants. > Hypertension and higher systolic BP were associated with higher
AF burden, ® although not screening yield. ’* In the Clinical Outcomes in Systematic
Screening for Atrial Fibrillation (STROKESTOP) trial, only 35% of participants had
hypertension at baseline, * which could partly explain the signal of a missed opportunity for
stroke prevention. By contrast, the Detecting and Diagnosing Atrial Fibrillation (D2AF) trial
found that screening uptake was higher among invitees with hypertension than without;
and both STROKESTOP and its successor STROKESTOP Il reported higher yield of AF

screening in participants with hypertension compared to those without hypertension. 6476

AF risk scores could help target population screening and most scores include hypertension.
Blood, ECG, genetic, and echocardiography biomarkers could also help target screening.
Natriuretic peptides are among the most promising blood markers and improve classification
when added to conventional risk factors. /"’® More novel AF risk factors are less readily
available in primary care or low-resource settings so implementation should therefore focus
on clinical risk factors, such as hypertension, and widely available biomarkers like natriuretic

peptides and ECG measurements.

The age-based selection of hypertensive individuals for AF screening is complicated by the
fact that the association between hypertension and AF attenuates with age. 1*2° Until further
data are available (see ‘Conclusions and future directions’) , simultaneous screening could

be recommended for those with the greatest relative AF risk, i.e. individuals with treatment-

resistant hypertension (Key Point 5, see Highlight Section). ! Our AF-SCREEN
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International Collaboration highlights that large randomized controlled trials are necessary to
generate evidence of AF screening on stroke reduction’: ongoing studies addressing this
include the Screening for Atrial Fibrillation with ECG to Reduce Stroke (SAFER) &°

(ISRCTN16939438) and Heartline (NCT04276441) trials.

Patient and Consumer Experience on Simultaneous Screening of Hypertension and AF

Because it is possible to screen and monitor both BP and AF at home simultaneously, 538!
without the need for a health care interaction, the barriers to doing so are much lower than
for almost any other combination of health conditions. While the tools necessary to screen
AF and BP at home have been available for some time, availability in some countries
remains limited, but is rapidly growing. Although most of the world population lack means for
BP screening, a recent survey found that half of American adults between age 50-80 with
hypertension self-monitor BP. 8 Self-monitoring heart rhythm using an ECG is also becoming
more common with increasing use of personal ECG devices (e.g. Kardia) and ECG-capable

smartwatches.

The willingness for an individual to self-monitor will vary based on many factors — costs,
relationship and recommendations from their healthcare provider, and self-activation. A
recent survey of just under 900 individuals from the AF Association, who are certainly more
likely to manage their CVD health than a random population sample, found that 87% use a
home BP monitor and 77% also have a device at home to measure their heart rate and
rhythm, with half of those being ECG-based (Table 4). Just over half of these devices had
the ability to alert the user to an irregular rhythm or AF specifically. A little under half of

survey respondents reported use at least weekly with 36% doing so daily.

However, there are user-centric challenges that need to be recognized when implementing
any home-based dual-screening program. While there is clearly a small sub-population of

individuals who are comfortable with, and even motivated to track their health data, there is
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also an important portion of the population who see self-tracking as a reminder that they are
a “sick person”. 8 For example, a randomized trial of home monitoring of BP plus selfcare
support that found that while selfcare support did reduce BP relative to home monitoring
alone, self-care support was also found to worsen depression. 8 Existing limited data
support that there is no “one size fits all” screening strategy for hypertension and AF. What is

empowering for one person may worsen psychological health for another.
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BP Lowering for Prevention of AF

Findings from epidemiological studies suggest that aggressive BP control may reduce the
risk of new-onset AF. In observational studies, a dose-response relationship has been noted
between the achieved BP level and new-onset AF. 8% |n the Losartan Intervention for
Endpoint Reduction (LIFE) trial, compared to achieved systolic BP 2142 mmHg, tighter
systolic BP control <130 mm Hg was associated with a 40% lower new-onset AF risk, and
systolic BP 131-141 mmHg was associated with 24% lower risk. 8 Another population-
based case-control study performed in a US health delivery system included 433 patients on
antihypertensive therapy with verified new-onset AF and 899 controls. & In this study,
compared with the reference level of 120-129 mmHg, for categories of average achieved
systolic BP 130-139, 140-149, 150-159, 160-169 and 2170 mm Hg, the ORs for incident AF
were 1.19, 1.40, 2.02, 2.27 and 1.84, respectively. 8 Surprisingly, an achieved systolic BP
<120 mmHg was associated with increased AF risk (OR, 1.99). These observational findings
underscore the importance of effective BP management in prevention of AF. Due to the
inherent limitations of observational studies, randomized controlled trials would provide more
compelling evidence of a causal relationship between BP control and AF incidence or

burden.

Outcomes from trials of more versus less intensive antihypertensive therapy for AF
prevention have also been mixed until recently. The Systolic Hypertension in the Elderly
Program (SHEP) and Action to Control Cardiovascular Risk in Diabetes-Blood Pressure
(ACCORD-BP) trials failed to individually demonstrate a statistically significant reduction in
AF for more versus less intensive antihypertensive therapy. 888 However, in a meta-analysis
of three trials (Systolic Blood Pressure Intervention Trial [SPRINT], SHEP, and ACCORD-
BP), more intensive therapy was associated with a 20-23% lower risk of incident AF.

8 Furthermore, in the Cardio-Sis Trial that was not included in the meta-analysis, a lower

target (systolic BP <130 mmHg) was associated with significantly less AF than a target of
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<140 mmHg. % Taken together, these four trials suggest that lower BP targets would be

beneficial for AF prevention.

Individual randomized controlled trials have provided heterogenous data on whether
antihypertensive therapy in general reduces AF risk. However, a meta-analysis by Emdin et
al. supported that antihypertensive medications, irrespective of whether used for BP
lowering, reduced the risk of AF by 10% versus placebo. °* The proportional effects differed
significantly between trials and the benefits appeared larger in patients with heart failure in
whom antihypertensive therapy lowered AF risk by 19% versus placebo (Key Point 6, see

Highlight Section). ®?

The optimal antihypertensive drug class for AF prevention remains debated, but BP lowering
therapy with drugs acting on the renin-angiotensin-aldosterone system may have differential
effects on AF prevention (Figure 3). In the Valsartan Antihypertensive Long-term Use
Evaluation (VALUE) trial, valsartan lowered BP less than amlodipine but produced
significantly less AF. % In the LIFE trial comparing losartan versus atenolol, there was a 21%
reduction in new onset AF with angiotensin-receptor blocker (ARB) use. *® In the Captopril
Prevention Project (CAPPP) and the Second Swedish Trial in Old Patients

with Hypertension (STOP-Hypertension-2), there was no significant reduction in AF with
angiotensin-converting enzyme (ACE) inhibitors compared with beta-blockers, calcium-
channel blockers, and diuretics® but results were based on adverse event reports which do
not provide robust evidence of AF prevention. In the Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial (ALLHAT), lisinopril was not associated with reduced
AF compared with a calcium channel blocker or diuretic amongst older patients with a history
of hypertension, ° although this may be due to less BP-lowering with the ACE-inhibitor
treated patients. In the meta-analysis by Schneider et al, ° renin-angiotensin system

inhibition with ACE inhibitors or ARB reduced the odds ratio for AF by 33%, with
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heterogeneity among trials. In this analysis, ° renin-angiotensin system inhibition was
effective in patients with heart failure and those with hypertension and left ventricular

hypertrophy but not post-myocardial infarction.

These mixed findings may reflect the underlying pathophysiology and differential
mechanisms of BP-lowering agents, for example, reduction in intracardiac (atrial) pressures
and remodelling, seen with ACE/ARB classes of drugs (Figure 3).2° There may also be
impact on extracellular matrix turnover and atrial fibrosis, as well as left atrial cardiopathy or
left ventricular hypertrophy with ACE/ARB drugs. ® The discordant results observed in BP-
lowering trials suggest that there may be some differential benefit of BP-lowering agents on
AF, and that ACE inhibitors and ARBs in particular could be useful for AF prevention (Key

Point 7, see Highlight Section). %
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Conclusions and future directions

AF and hypertension are increasingly prevalent worldwide and both are underdiagnosed and
undertreated. Combined screening using increasingly available devices which can detect
pulse irregularities or register an ECG inexpensively in parallel with BP measurement may
help upscale early detection and treatment, particularly in individuals aged 265 years, as

recommended by several guidelines for opportunistic AF screening.

The screening activities for hypertension and AF are dependent on the health care system in
each country and region but should be closely linked to a pathway for adequate long-term
management. Although current data remain mainly observational, the rationale for the
combined screening for AF and BP should be considered to reduce costs and overcome

logistical challenges.

Major questions remain about the target population for combined screening, the ideal setting
ranging from home-based to convenience places, e.g. supermarkets, the frequency, duration
and intensity of screening from single timepoint to almost continuous monitoring by
wearables or implantable devices and accordingly the exact method of screening. Several
important gaps in knowledge have been identified that need to be addressed over the next
years (Table 5) before combined systematic screening programmes can be recommended
and implemented at scale. A trial that could answer the main research question in this
domain of whether simultaneous screening for hypertension and AF is beneficial in the
general population, is described in Table 6. This trial should preferably be conducted using
ECG-equipped BP monitors or else separate handheld ECG and BP monitors, which provide

a confirmed AF diagnosis at the time of screening. 4°%°

At the present time, expert opinion is to advise the extension and leverage of existing

structures for high BP detection and digital technology to provide integrated screening and
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573 healthcare for AF and hypertension worldwide to reduce cardiovascular morbidity and
574  mortality in the population.
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Tables

Table 1. Selected results from observational studies on the association between hypertension and AF

Author, Year

Country or a meta-analysis

Cohort

Incidence (Per 1000
Person Years, or %)

Risk of Atrial Fibrillation, Hazard
Ratio (95% ClI)

Conen, 2009%

Women'’s Health Study

N=34,221; 55+ 7 y;
100% women

Systolic BP<120; reference
120-129; 1.00 (0.78-1.28)
130-139; 1.28 (1.00-1.63)
140-159; 1.56 (1.22-2.01)
>160; 2.74 (1.77-4.22)

Grundvold,
201216

Five governmental institutions
in Oslo, Norway

N=2014; 50 y;
healthy men; 100%
men

Systolic BP<128 mmHg; reference
128-138; 1.50 (1.10-2.03)
>140; 1.60 (1.15-2.21)

Rattani, 20197

Atherosclerosis Risk in
Communities (ARIC)

N=14,915; 54.1 £+ 5.7
y; 55.3% women

No hypertension; 6.5
Prehypertension; 9.3
Hypertension; 12.5

No hypertension; reference
Prehypertension; 1.24 (1.12-1.36)
Hypertension; 1.58 (1.44-1.74)

Kim et al, 202318

Korean National Sample
Cohort, Republic of Korea

N=176,937; 47%
women

No hypertension; 1.68
High-normal BP; 2.21

No hypertension; reference
High-normal BP; 1.11 (1.02-1.21)

Kim et al, 202318

UK Biobank

N=167,946; 63%
women

No hypertension; 2.31
High-normal BP; 3.29

No hypertension; reference
High-normal BP; 1.07 (1.01-1.13)

Prehypretension: between 120/80 and 139/89; High-normal BP: between 130/85 and 139/89; SBP, systolic BP; AF, atrial fibrillation; BP, blood

pressure, Cl; confidence interval; med, medication; w, with; w/o; without
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Table 2. Recent observational studies regarding AF detection during automated blood pressure measurement.

Study Method Year | Country | N Age Device Sensitivity / Specificity
Validation studies
Ishizawa et al. >’ Office device 2019 | Japan 303 72+14 | Omron HEM-907 95/97
Watanabe et al. 58 Home device 2021 | Japan 280 57+12 | A&D UA-1020 100/97
Kollias et al. >® Ambulatory device | 2018 | Greece | 100 71+8 | Microlife WatchBP O3 Afib 93/87
Population studies AF Prevalence (%)
Suwanwela et al. ° Home visits 2021 | Thailand | 13,864 | 736 | Microlife A200 AFib 2.8
Denas et al. ®° Doctors’ office 2021 | ltaly 14,987 | 767 | Microlife WatchBP Office Afib | 3.2
Bacchini et al. %! Pharmacies 2019 | Italy 3,071 | 67+10 | Microlife AFib 3.2
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Table 3. Detection of hypertension and atrial fibrillation in randomized clinical trials

baseline and at 3 months
vs. standard care. The
screening group also
received automated home
BP monitors with
oscillometric AF screening

capability.

and known HTN

Study name N Screening method and Inclusion criteria | Duration of | Main results
design Follow-up
Detection of AF and hypertension from randomized trials
DANCAVAS®2 46,611 | AF: ECG monitoring during | Men aged 65-74 5.6 years 9% of all had “potential hypertension” defined as >
computed tomography years 160/100; 0.5% of all were diagnosed with AF.
scan; BP: routine However, the study was not designed to study AF
measurements and HTN detection as main outcomes.
Detection of AF from randomized trials
ASSERT®® 2,580 Episode recordings from >65 years, HTN 2.5 years By 3 months, subclinical atrial tachyarrhythmias
pacemaker/ICD and with DDD detected by implanted devices was seen in 10.1%.
pacemaker or ICD
within 8 wks
STROKESTOP® 27,768 | Hand-held single-lead ECG | 75 or 76 years old | 6.9 years During FU detection of AF increased from around
recordings twice daily for 2 12% in both groups to around 20% in both groups.
weeks vs. standard care
LOOP®® 6,004 Implantable loop recorder >70 years of age 5.4 years AF was diagnosed in 32% in the implantable loop
vs. standard care and at least 1 recorder group versus 12.2% in the control group
comorbidity (HTN, (hazard ratio 3.17 [95% CI 2.81-3.59]; p<0.0001).
DM, previous
stroke, or HF)
m-STOPS®® 2,659 Self-applied ECG patch for | Age >75 years, 4 months to | Immediate monitoring using a self-applied ECG
2 weeks vs. standard care. | male >55 years or | 1 year patch, compared with delaying ECG monitoring for 4
female >65 years months, led to a significantly higher rate of AF
with >1 diagnosis at 4 months (3.9% vs 0.9%).
comorbidities
SCREEN-AF®’ 856 ECG patch for 2 weeks at Age of 75 or more | 6 months AF was detected in 5.3% in the screening group vs

0.5% in the control group (relative risk, 11.2; 95% ClI,
2.7-47.1; P=0.001; absolute difference, 4.8%; 95%
Cl, 2.6%-7.0%; P<0.001). Compared with continuous
ECG, intermittent oscillometric screening with a BP
monitor was inferior for detecting paroxysmal AF.

AF, atrial fibrillation; CI, confidence interval; DDD, dual chamber; DM, diabetes mellitus; HTN, hypertension; ICD, implantable cardioverter-

defibrillator; HF, heart failure.
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Table 4. Results of an online, voluntary survey of 884 members of the AF Association

Question

Response

Currently have a device to measure blood pressure at
home?

Yes — 768 (87%)

No — 116 (13%)

Currently have a device to measure heart rate or rhythm
at home?

Yes — 679 (77%)

No — 201 (23%)

How frequently do you use it?

Daily — 232 | Weekly — 82 | Monthly —
(35%) (12%) 41 (6%)

With symptoms or other — 319 (47%)

For those who answered yes, does it provide an
ECG?

Yes — 331 (49%)

No — 345 (51%)

Does whichever home device you use automatically
alert you for atrial fibrillation or other irregular rhythm?

Yes- 399 (54%)

No — 344 (46%)

If you were to measure your blood pressure and heart
rhythm at home, would you share the findings with your
health provider?

Yes- 664 (82%)

No — 144 (18%)

How frequently would you share the findings?

All results at | Only at the

time of time of an | Every time |
routine abnormal used it — 27
appointment finding — (4%)

— 104 (14%) | 323 (45%)

Never — they wouldn’t be interested —
104 (14%)

If you currently don’'t have a home device that can
measure your blood pressure, and your heart
rate/rhythm, and can alert you that you may have atrial
fibrillation or an irregular heart rhythm, would you see
such a device being of value to you?

Yes — 407 (76%)

No — 131 (24%)

Assuming it would require 3-5 minutes of your time,
how frequently would you imagine using a
technology that does all of the above?

Daily — 120 Weekly — Monthly —
(26%) 145 (31%) 51 (11%)

With symptoms only — 150 (32%)
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Table 5. Key knowledge gaps and questions to address on the links between hypertension and atrial fibrillation.

Knowledge gap Questions to address Importance
Pathophysiology
Mechanisms Why is primary hyperaldosteronism strongly linked with AF? +
Association of Is hypertension more strongly related than AF to future risk of heart failure and dementia? +
hypertension
and AF with outcomes
Screening
Selection for screening Should simultaneous screening for hypertension and AF be recommended in previously healthy | ++
individuals?
Should screening for AF be recommended in all hypertensive individuals? ++
Which patient subgroups benefit the most from simultaneous screening for hypertension and AF? | +++
Are biomarkers, ECG measurements, and genetics relevant for patient selection? +
Should all patients with primary hyperaldosteronism undergo AF screening? +
Screening method
What is the optimal method for simultaneous screening for hypertension and AF in patient- +++
initiated screening?
What is the optimal method for simultaneous screening for hypertension and AF in the outpatient | +++
setting?
What is the optimal method for simultaneous screening for hypertension and AF in the inpatient +
setting?
What is the patient experience in simultaneous screening for hypertension and AF? ++
Can wearable devices be used for reliable simultaneous screening for hypertension and AF? ++
Prevention
Blood pressure targets What is the optimal BP target for primary prevention of AF? ++
What is the optimal BP target for prevention of AF progression in patients with paroxysmal AF? ++
What is the optimal BP target for prevention of stroke and dementia in patients with AF? ++
Antihypertensive therapy | What is the optimal antihypertensive therapy for AF prevention? +++

BP, blood pressure; AF, atrial fibrillation.
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Table 6. Suggestion for potential future trial on simultaneous screening of hypertension and AF.

entry criteria
as SAFER) &

or with separate BP
monitor and handheld ECG
recorder (2B)

4. Use of antithrombotic
medication
5. Bleeding

complications

Main research Study sample [Study arms Screening method Main Secondary outcomes Predefined
guestion outcome subgroups
Is simultaneous Population 1. Control (no Three weeks screening, Incident 1. Individual CVD 1. Two age
screening for sample aged screening) four measurements per CVD, components of primary strata (70-
hypertension and 70 years not 2. Intervention day with 84 total including MI, |endpoint 79, 280)
AF beneficial in taking OAC arms measurements using a stroke, and 2. Incident AF 2. Sex
the general and not in a 2A. BP conventional oscillometric  |heart failure 3. Uncontrolled 3. Systolic
population? nursing home screening only jupper arm BP monitor (2A) Hypertension BP level

or serious 2B. AF+BP or BP monitor equipped (BP=2130/80 mmHQ)

iliIness (same screening with an ECG recorder (2B) 3. Incident dementia

AF, atrial fibrillation; OAC, oral anticoagulants; SAFER, Screening for Atrial Fibrillation with ECG to Reduce stroke; BP, blood pressure; AF, atrial

fibrillation; CVD, cardiovascular disease.
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Figures

Figure 1. Progression from risk factors to overt outcomes in hypertension and atrial fibrillation.

» Age / sex / race W
» Obesity / sodium intake

Risk Factors » Genetic predisposition
 Sleep apnoea
* Inflammation / oxidative stress

* RAAS and sympathetic
activation

* Left ventricular hypertrophy

* Diastolic dysfunction / HFpEF

* Arterial stiffness

* Renal disease

Hypertension

)

Atrial Fibrillation |+ Atrial and ventricular remodelling
* Progression to permanent AF

» TIA/Stroke

—’[ « Myocardial infarction

« Atrial fibrosis «¢-------------—---- -

Outcomes e Heart failure ~ |--------—---
* Dementia
* Death

HfpEF, heart failure with preserved ejection fraction; RAAS, renin—angiotensin—aldosterone system; SE, systemic embolism; TIA, transient ischemic attack.
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Figure 2. Methods for simultaneous screening for atrial fibrillation and hypertension.

~

v
Patient-initiated Photopletysmogram Photopletysmogram (with ECG)
Qscillometric cuff (with ECG)  (and ECG) on smartphone on smartwatch or wearable

e

e

Patient

Healthcare (Outpatient)

Auscultation of pulse Healthcare-initiated Ambulatory BP
and Korotkoff sounds oscillometric cuff (with ECG) measurement (with ECG) J

_—— B

R

Healthcare (Inpatient)

O I L
Qoo

Inpatient telemetry with
ECG and BP measurement J

BP, blood pressure. The Figure was partly generated using Servier Medical Art, provided by Servier, licensed under a Creative Commons Attribution 3.0
unported license.
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Figure 3. Effect of ACE-inhibitors and ARBs against placebo for prevention of atrial fibrillation.

Study Drug Risk Ratio RR 95%-CI Weight
SOLVD Montreal ~ ACE i 0.22 [0.12;0.43] 0.7%
TRACE ACE — 0.52 [0.31;0.87] 1.0%
Val-HeFT ARB —— 0.63 [0.50;0.80] 4.9%
CHARM ARB — 0.82 [0.68;1.00] 7.3%
HOPE ACE —# 0.89 [0.67;1.19] 3.3%
GISSI-3 ACE ; 0.92 [0.83;1.02] 25.6%
NAVIGATOR ARB L] 0.93 [0.79;1.09] 10.5%
ACTIVE | ARB = 0.97 [0.85;1.10] 16.4%
ONTARGET ACE : 0.98 [0.87;1.10] 19.8%
TRANSCEND ARB +— 1.02 [0.83;1.26] 6.3%
DIABHYCAR ACE e 1.26 [0.87;1.84] 1.9%
PROFESS ARB | —— 1.63 [1.14;2.31] 2.2%
Fixed effect model 0 0.92 [0.88; 0.97] 100.0%

Heterogeneity: 1 = 78% ! ! ! !
02 05 1 2 5

Effect sizes derived from Emdin et al. %
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SUPPLEMENTAL MATERIAL

Supplemental results. Key point survey responses of 77 participating members of
the AF-SCREEN international collaboration performed between May 30 and June 17
2024. Key points were elaborated by primary and secondary panels of co-authors
and the AF-Screen Steering Committee members. Agreement by 285% of members

who responded was pre-specified for acceptance as a Key Point.

Key point 1: Hypertension is the leading modifiable risk factor for both AF and stroke.

N=77

%

Agree

73

94.8

Disagree

4

5.2

Key point 2: More focus should be placed on hypertension for prediction and prevention
of AF, rather than merely as a co-morbidity of AF.

N=77

%

Agree

73

94.8

Disagree

4

5.2

Key point 3: Hypertension, AF, heart failure, stroke, and many types of dementia are part

of a CVD continuum.

N= 77

%

Agree

74

96.1

Disagree

3

3.9

Key point 4: Positive screening for AF with an oscillometric BP monitor requires ECG

confirmation.

N=77

%

Agree

75

97.4

Disagree

2

2.6

Key point 5: High-risk individuals aged =65 years or with treatment-resistant hypertension

could benefit from AF screening.

N=77

%

Agree

74

96.1

Disagree

3

3.9




Key point 6: Antihypertensive therapy can effectively lower the risk of developing AF,
particularly in patients with left ventricular dysfunction.

N= 77 %
Agree 69 89.6
Disagree 8 10.4

Key point 7: Inconsistency in the randomized controlled trial data linking BP-lowering with

reduced AF risk likely results from differential effects of BP-lowering agents on AF risk.

N=77 %
Agree 67 87.0
Disagree 10 13.0

Other Point: Automated upper arm cuff BP devices with implemented

technology can be used to simultaneously detect both hypertension and AF with

high sensitivity and specificity.

N=77 %
Agree 65 84.4
Disagree 12 15.6




