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Aims Primary prevention strategies for heart failure (HF) have had limited success, possibly due to a wide range of underlying
risk factors (RFs). Systematic evaluations of the prognostic burden and preventive potential across this wide range of
risk factors are lacking. We aimed at estimating
evidence, prevalence and co-occurrence for primary prevention and impact on prognosis of RFs for incident HF.

Methods We systematically reviewed trials and observational evidence of primary HF prevention across 92 putative aetiologic

and results RFs for HF identified from US and European clinical practice guidelines. We identified 170885 individuals aged
>30years with incident HF from 1997 to 2017, using linked primary and secondary care UK electronic health records
(EHR) and rule-based phenotypes (ICD-10, Read Version 2, OPCS-4 procedure and medication codes) for each of
92 RFs. Only 10/92 factors had high quality observational evidence for association with incident HF; 7 had effective
randomized controlled trial (RCT)-based interventions for HF prevention (RCT-HF), and 6 for cardiovascular disease
prevention, but not HF (RCT-CVD), and the remainder had no RCT-based preventive interventions (RCT-0). We
were able to map 91/92 risk factors to EHR using 5961 terms, and 88/91 factors were represented by at least
one patient. In the 5 years prior to HF diagnosis, 44.3% had >4 RFs. By RCT evidence, the most common RCT-HF
RFs were hypertension (48.5%), stable angina (34.9%), unstable angina (16.8%), myocardial infarction (15.8%), and
diabetes (15.1%); RCT-CVD RFs were smoking (46.4%) and obesity (29.9%); and RCT-0 RFs were atrial arrhythmias
(17.2%), cancer (16.5%), heavy alcohol intake (14.9%). Mortality at 1 year varied across all 91 factors (lowest:
pregnancy-related hormonal disorder 4.2%; highest: phaeochromocytoma 73.7%). Among new HF cases, 28.5% had
no RCT-HF RFs and 38.6% had no RCT-CVD RFs. 15.6% had either no RF or only RCT-0 RFs.

Conclusion One in six individuals with HF have no recorded RFs or RFs without trials. We provide a systematic map of primary
preventive opportunities across a wide range of RFs for HF, demonstrating a high burden of co-occurrence and the
need for trials tackling multiple RFs.
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Graphical Abstract

For 92 HF risk factors (RFs):
(i)What is the evidence for
association and effective RCT-
based interventions (for HF: RCT-
HF; CVD prevention, but unknown
impact on HF: RCT-CVD; or no
preventive intervention: RCT-0)?

(ii)What is the preventable burden

High-quality evidence for
association (n=10) and
interventions (7 RCT-HF; 6 RCT-
CVD) were lacking for HF RFs.
Among 170,885 incident HF cases,
28.5% had no RCT-HF RFs and
38.6% had no RCT-CVD RFs. 15.6%
had no RF or only RCT-0 RFs.

1in 6 individuals with HF have no
recorded RFs or RFs without trials.
In a systematic map of primary
preventive opportunities across 92
RFs for HF, we demonstrate
frequent co-occurrence and need
for trials tackling multiple RFs.
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A population-based study of 92 clinically recognized risk factors for heart failure: co-occurrence, prognosis and preventive potential.

Keywords

Introduction

Declines in incidence of heart failure (HF) have been slower than
for ischaemic heart disease (IHD) and stroke."? Primary preven-
tion strategies exist for HF in individuals with hypertension, IHD
and diabetes mellitus (DM),>~> but the European Society of Car-
diology (ESC) identifies 89 discrete, frequently overlapping, risk
factors (RFs), classified as ‘diseased myocardium’, ‘abnormal load-
ing conditions’ and ‘arrhythmias’ (online supplementary Table S7),
partly explaining the limited success of HF primary prevention.
A further three RFs are mentioned in the American College

Heart failure o Primary prevention e Risk factor e Epidemiology

of Cardiology/American Heart Association (ACC/AHA) primary
cardiovascular disease (CVD) prevention guidelines (smoking,
reduced physical activity [PA], and reduced cardiorespiratory
fitness).® However, beyond suggesting broad diagnostic work-up,
international HF guidelines neglect prevalence, co-occurrence, rel-
ative importance and prognosis by these 92 RFs.}

In order to tackle the high and rising global burden of HF7~1"
primary prevention strategies must prioritize evidence-based
RF-specific interventions. The only cause-specific interventions for
HF supported by randomized controlled trials (RCT) in primary
CVD prevention guidelines are sodium—glucose cotransporter 2

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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inhibitors for DM, and blood pressure (BP)-lowering therapy for
hypertension.® Canakinumab, an interleukin-1f inhibitor, may have
a role in reducing HF events.'? Other recommendations for HF
prevention, such as increased PA3 smoking cessation,™ or ‘ideal
cardiovascular health’ (smoking, cholesterol, BP, blood glucose,
weight, diet and PA)'>~"7 are not based on RCT evidence, which
needs to be reviewed across the 92 RFs.

Effective, impactful prevention relies on knowledge of preva-
lence, co-occurrence and preventive potential across 92 RFs. How-
ever, studies to date have assessed individual RFs,'® considering nei-
ther RFs comprehensively,’ nor basic HF sub-typing, e.g. with and
without antecedent myocardial infarction (Ml), hypertension and
DM."?-26 Despite proven validity of electronic health record (EHR)
research in HF?’ for detection,?® prognosis,?’ risk prediction®® and
burden of disease,’ ‘agnostic’ approaches have not yet been used
in national EHR across a wide range of RFs for incident HF, unlike
genomics.3

For each of 92 HF RFs reported in clinical guidelines, our
objectives were: (i) to classify preventive potential by associ-
ated relative risk (RR) from observational studies, and effective
interventions from RCTs (for HF: RCT-HF; CVD prevention, but
unknown impact on HF: RCT-CVD; or no preventive interven-
tion: RCT-0); (ii) to develop reproducible coding and conduct
a population-based, linked EHR study®? to investigate prevalence
and co-occurrence, prognosis, and preventable burden by effective
treatments specific to HF and CVD prevention.

Methods

Risk factors

We extracted RFs from guidelines: (i) ESC®: 89 RFs for HF (online
supplementary Table S7), and (i) ACC/AHA'": 3 RFs for primary
HF prevention (smoking, reduced PA and reduced cardiorespiratory
fitness).

Evidence of preventive potential for 92
risk factors for heart failure

Following literature review of observational studies and RCTs, we
investigated RFs by (i) level of evidence (GRADE A-D)* and strength
of association (RR) for incident HF, and (ii) RF-specific interventions:
for primary prevention of HF (RCT-HF), CVD (RCT-CVD), or no
interventions (RCT-0), noting RR reduction. GRADE levels of evidence
were high (A: >2 high-quality cohort studies with consistent results or
in special cases: one large, high-quality multicentre trial), moderate (B:
one high-quality cohort study and several cohort studies with some
limitations), low (C: >1 cohort studies with severe limitations) or very
low (D: expert opinion, no direct research evidence, >1 studies with
very severe limitations).

Electronic health record cohort
and study population

We used primary care EHRs in Clinical Practice Research Datalink
(CPRD-GOLD), hospital admissions (Hospital Episodes Statistics,
HES) and death registry (Office for National Statistics, ONS), with

prospective recording and follow-up, linked by CPRD and NHS Digital
using a unique national healthcare identifier.> MHRA (UK) Indepen-
dent Scientific Advisory Committee [18_029R] approval was under
Section 251 (NHS Social Care Act 2006). Eligible individuals were
>30years and free from HF at baseline. Patients with diagnosis of inci-
dent HF between 1 January 1997 and 1 January 2017, and >5 years of
medical history available before HF diagnosis were included. Follow-up
ceased at the date of death or on 1 January 2017. Incident HF was
defined as the first coding of diagnosis after baseline (study entry)
of fatal or non-fatal, hospitalized or non-hospitalized HF, identified in
primary care (Read clinical terminology systems) and hospital inpa-
tient admission (International Statistical Classification of Diseases, 10th
version; ICD-10) using a validated CALIBER phenotype,?®32 involving
ICD-10 150, 1110, 1130, 1132, 1260 codes and Read code equivalents.

Electronic health record phenotypes
for 92 risk factors (14 groups) for heart
failure

For each of the 92 RFs, phenotyping algorithms (code lists plus logic
of how the codes are combined) are available at www.caliberresearch
.org/portal (online supplementary Appendix S7). Where available
(n = 66) we used existing EHR phenotyping algorithms. Hyperten-
sion was based on recorded values in primary care according to
recent guidelines: >140 mmHg systolic BP (or >150 mmHg for peo-
ple aged >60years without DM and chronic kidney disease) and/or
>90 mmHg diastolic BP3* DM was defined at baseline (including type:
1, 2, or uncertain) by coded diagnoses recorded in CPRD or HES at or
before study entry.3> Heavy alcohol intake was defined by most recent
record of alcohol consumption in the 5years before study entry.3¢
ESC guidelines list five different IHD sub-types, not directly available
in EHR. Based on clinical judgment of two cardiologists (AB and TL),
we used available EHR data (‘ESC’ term) as follows: abnormal coronary
microcirculation (‘coronary artery aneurysm’), endothelial dysfunc-
tion (‘vasospastic angina’), unstable angina (UA) (‘myocardial stunning’),
stable angina (SA) (‘epicardial coronary disease’) and M| (‘myocardial
scar’). We developed 36 new phenotypes based on available data and
by clinical judgment (AB and TL), using the CALIBER approach,’? a
collaborative, iterative process involving multiple disciplines (e.g. clin-
icians, epidemiologists, computer scientists, public health researchers,
statisticians), using Read codes (Version 2), ICD-10 coding, drugs
and procedure (OPCS-4) codes. AB and TL independently agreed
all EHR RF definitions and a third reviewer (HH) resolved cases of
disagreement.

Follow-up

Participants who developed new-onset RFs during follow-up were
analysed according to the baseline status of that RF. We considered
RFs as ever (in the 5years prior to first HF diagnosis), first ever (first
RF recorded in the 5years prior to HF diagnosis), or most recent
(last RF recorded prior to or at HF diagnosis). RFs were curated
as individual binary variables. Primary endpoint was 1-year all-cause
mortality, defined by the record in either ONS or CPRD.

Analysis

For each of 92 RFs for incident HF, we calculated observed frequency
for each RF ever in the 5years prior to HF diagnosis. RFs were
not mutually exclusive in the initial analysis, i.e. an individual patient

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.

85UB017 SUOLIWIOD 2A111D) 8{cedl|dde a1 Ag peusenob a2 safofe YO 8sn J0 SaIn1 10} AIq1T8UIUQ AB]IM UO (SUO N IPUCO-PUE-SWLSIL0 A8 | Ake.q 1 Ul |uo//:Sdy) SUONIPUOD pue SWB | 8U1 89S *[zz02/2T/T0] Uo Arigiauliuo A&|IM 'ssoines Ariqi 1oN uopuoabelo AseAlN Aq LTz 1UB/Z00T 0T/I0p/woo" A& 1m Areq jputuoy//sdny Wwoly pepeojumoq ‘s ‘220z ‘t7806.8T


http://www.caliberresearch.org/portal
http://www.caliberresearch.org/portal

A population-based study of 92 clinically recognized risk factors

469

could have multiple RFs. These analyses were repeated by first ever
and most recent RFs. For the 10 most prevalent RFs and the 14
RF groups (IHD; toxic damage; immune-mediated and inflammatory
damage; infiltration; metabolic derangements; genetic abnormalities;
hypertension; valve and myocardium structural defects; pericardial
and endomyocardial pathologies; high output states; volume overload;
tachyarrhythmias; bradyarrhythmias; primary prevention) ‘ever’ in the
5 years prior to HF diagnosis, baseline characteristics were compared.
The 92 ‘ever’ RFs were analysed by age at HF diagnosis. The frequency
of individuals was analysed by number of risk factors. We compared
the observed age- and sex-adjusted and case mix-adjusted 1-year
mortality by the 12 most prevalent RFs and the 14 RF groups for HF
with Kaplan—Meier estimates and Cox proportional hazards models,
adjusted for age and gender. The proportional hazard assumption
and model fit was examined by Schoenfeld residuals and c-index. All
analyses were performed with SAS (version 9.3) and R (version 3.4.3).

Results

Review of observational evidence
and randomized controlled trials

Level of evidence was A for 10/92 RFs (B: n = 24 and C: n = 58).
Associations with incident HF were very strong (RR >3.5; n = 4: Ml,
hypertrophic cardiomyopathy, pregnancy (pre-eclampsia), and atrial
arrhythmias [atrial fibrillation]); strong (RR 2.5-3.5; n = 5: hyper-
tension, smoking, reduced cardiorespiratory fitness, connective tis-
sue diseases and sinus node dysfunction); moderate (RR 1.5-2.5;
n = 15: SA, DM, reduced PA, Conn’s syndrome, phaeochromocy-
toma, obesity, acquired valve disease, arteriovenous fistula, severe
anaemia, thyrotoxicosis, renal failure and conduction disorders);
and weak (RR <1.5; n = 4: UA, alcohol, metabolic syndrome and
parathyroid disorders). The remaining 64/92 RFs (including thy-
roid disease: 9.1%, iron deficiency: 6.1% and cytostatic drugs: 4.1%)
lacked available evidence for strength of association with incident
HF (Table 7).131437-13% Only 7/92 RFs were RCT-HF: UA, SA,
MI, hypertension, cytostatic drugs, DM and renal failure. Six RFs
(smoking, reduced PA, obesity, aortic valve disorders, reduced car-
diorespiratory fitness and amyloidosis) were RCT-CVD.

Study population, prevalence
and co-occurrence of risk factors

Using 5961 controlled clinical terminology terms, we developed
phenotypes for 91/92 RFs (no codes available for cardiorespiratory
fitness), including 170885 individuals with incident HF (online
supplementary Figure S1, online supplementary Table S2). Mean age
at HF diagnosis was 73.7 (standard deviation [SD] 14.3) years.
Hypertension (48.5%), smoking (46.4%), SA (34.9%), obe-
sity (29.9%), atrial arrhythmias (17.2%), UA (16.8%), cancer
(16.5%), Ml (15.8%), DM (15.1%), alcohol (14.9%), severe
anaemia (14.3%) and thyroid disorders (9.1%) were common-
est. Prevalence was <1% for 63/91 RFs and zero for 3 RFs
(endomyocardial fibrosis, immunomodulating drugs and Chagas
disease) (Figure 1, Table 2). 8.0% of those with incident HF had
0/91 RFs. IHD, atrial arrhythmias, hypertension, obesity, DM
and cancer had >15% prevalence, among 12 commonest RFs.

Bradyarrhythmias, toxic damage, genetic abnormalities and IHD
were more common in males than females, unlike high output
states and immune-mediated/inflammatory which were more
common in females (online supplementary Table S3).

When RFs were analysed by age at HF diagnosis, individuals
with atrial arrhythmias were oldest (mean age 80.1, SD 10 years)
and with none of the 91 RFs were youngest (mean age 67.1,
SD 17.1 years). Analysing ‘first ever’ RFs in the 5years preceding
HF diagnosis, the commonest were hypertension, smoking, SA,
obesity, other cause (no history of any of the 91 RFs), heavy
alcohol intake, cancer, DM, severe anaemia, atrial arrhythmias
and M. Analysing ‘most recent’ RFs, the commonest were smok-
ing, hypertension, other cause, SA, atrial arrhythmias, obesity,
UA, M, cancer, severe anaemia and heavy alcohol intake (online
supplementary Figures S2 and S3). Among the four commonest
RFs overall, for hypertension, SA and obesity, prevalence of CVD
and RFs was higher in ‘first ever’ than ‘last ever’ classification,
whereas for atrial arrhythmias, the opposite trend was true (online
supplementary Table §4).

Overall, 8.0%, 14.3%, 17.2%, 16.2% and 44.3% of individuals
with HF had 0, 1, 2, 3 and >4 RFs, respectively. Prevalence of
>4 RFs increased with age at HF onset (1.2%, 3.0%, 5.8%, 12.9%
and 20.5% for <50, 50-59, 60—69, 70—79, and >80 years) (online
supplementary Figure $4). Hypertension, SA and obesity were most
commonly associated with other RFs. Almost all (n = 85) RFs
were comorbid with hypertension. For those with a RF, probability
of hypertension was 53.3% (average over 85 RFs). Commonest
combinations of 2, 3, 4 and 5 RFs were hypertension and smoking;
hypertension, obesity and smoking; hypertension, SA, Ml and
smoking; and hypertension, smoking, SA, UA, and MI. For the 12
most prevalent RFs, the proportion with 0 and >4 RFs in addition
to the named RF was 6.8% and 43.4% for hypertension, 6.5% and
46.9% for smoking. 3.6% and 57.1% for SA, 3.9% and 52.1% for
obesity, 4.7% and 53.9% for atrial arrhythmias, 0.7% and 72.0% for
UA, 4.5% and 54.0% for cancer, 1.0% and 65.1% for MI, 1.7% and
66.7% for DM, and 3.8% and 55.7% for heavy alcohol intake, 4.7%
and 56.8% for severe anaemia, and 3.4% and 57.3% for thyroid
disorders. For the same RFs, in those without the named RF, the
proportion of individuals with 0 and >4 RFs was 15.5% and 28.9%
for hypertension, 14.3% and 27.6% for smoking, 12.3% and 28.7%
for SA, 11.4% and 33.7% for obesity, 9.7% and 38.8% for atrial
arrhythmias, 9.6% and 35.9% for UA, 9.6% and 39.1% for cancer,
9.5% and 37.5% for MI, 9.4% and 37.5% for DM, and 9.4% and 39.4%
for heavy alcohol intake, 9.3% and 39.7% for severe anaemia, and
8.8% and 41.4% for thyroid disorders.

Prognosis

One-year mortality was 16.7%, increasing with number of RFs
(8.5%, 10.2%, 12.8%, 16.2% and 23.1% for 0, 1, 2, 3 and >4 RFs,
respectively). For individual RFs, 1- and 5-year mortality were
highest for phaeochromocytoma (73.7% and 79.0%) and lowest for
pregnancy-related hormonal disorder (7.6% and 15.4%) (Figure 2).
Among the commonest RFs, cancer (55.0%), atrial arrhythmias
(53.1%) and severe anaemia (52.3%) had worst 5-year prognosis
(Figure 3).

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 1 Prevalence of risk factors recorded any time in the 5years before first diagnosis of heart failure in 170885 patients, classified by
mode of action (diseased myocardium, abnormal loading, arrhythmic and other) and evidence for preventive treatment (RCT-HF, RCT-CVD,
RCT-0, or 0/92 risk factors). Factors with <100 patients are excluded from this plot. ARVC, arrhythmogenic right ventricular cardiomyopathy;
HIV, immunodeficiency virus; NSAID, non-steroidal anti-inflammatory drug.

Preventable burden

Among hypertensive individuals, only 51.7% were on
angiotensin-converting enzyme inhibitors (ACEl) and 53.7%
on calcium channel blockers. Among those with SA, 73.5% and
63.1% were on antiplatelets and statins, respectively (Table 7).
Individuals with 0/91 RFs were younger and less likely to be
on medications at HF diagnosis. Of the commonest RFs, 5/12
were RCT-HF Of those with >1 RF, most had >1 RCT-HF or
RCT-CVD (Table 1and online supplementary Figure S5). Of all new
HF cases, 28.5% had no RCT-HF RFs and 38.6% had no RCT-CVYD
RFs. 15.6% had either no risk factor, or a risk factor without
evidence of preventive potential. Individuals >80 years with 1 or 2
RFs in the 5 years prior to HF diagnosis were less likely to have >1
treatable RF than individuals aged <65 or 65—75 years (Figure 4).

Discussion

We provide the first systematic map of primary prevention oppor-
tunities across a wide range of RFs for HF, with four main findings.
First, we show poor quality evidence for RCT-supported interven-
tions to prevent HF across 92 RFs. Second, we rank order the
prevalence of RFs recorded prior to the first diagnosis of HF (and
therefore amenable to primary preventive efforts), of which hyper-
tension, smoking, obesity, atrial arrhythmias, MI, DM and heavy
alcohol intake are noteworthy. Third, 1- and 5-year mortality for
HF was highly variable, depending on specific causes (e.g. ischaemic
vs. non-ischaemic) and the number of co-occurring RFs. Fourth,
the majority of individuals with HF (84.4%) had at least one RF

amenable to preventive treatment in the 5 years preceding diagno-
sis (Graphical Abstract).

Trials to support preventive interventions are lacking (i.e. of 92
RFs for HF, only 7 were directly supported by RCT data). Moreover,
the level of observational evidence (by GRADE criteria) is poor
(i.e. of 92 RFs, levels A = 10, B = 24, C = 58), and 64/92 RFs
had no available data for strength of association with incident HF.
Lack of evidence limits coordinated approaches to HF prevention
at individual and population levels, across research, guidelines and
practice.

We provide reusable EHR definitions of each of the HF RFs
(https://www.caliberresearch.org/portal). Definitions and coding
have varied across different study designs (e.g. trial, cohort, EHR,
registry) and settings (e.g. community, primary care, hospital),
and may not be representative of the population, hampering the
transferability and interoperability of definitions. Standardization
of these definitions may form the basis of new classifications
and sub-phenotypes, ‘discovered’ by machine learning and other
methods. A small number of RFs (n = 12) may explain 81% of ‘first’
or 65% of ‘most recent’ HF RFs, providing focus for prevention.
However, high burden of co-occurring RFs and complexity of
interaction between RFs highlights the need for trials across
multiple RFs.

The 14 RF groups and 92 RFs are associated with marked dif-
ferences in mortality after diagnosis, with implications for early
diagnosis, risk stratification, management and clinical prioritization.
Number and type of comorbidities are related to mortality as per
previous studies,’"2 but neither have all RFs been studied together,
nor have they been studied by different levels of classification

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 2 (Continued)

0/92 risk
factors

Severe Thyroid Other
risk

Myocardial Diabetes Heavy
infarction alcohol

Cancer

Unstable
angina

Obesity Atrial

Stable

Smoking

Hypertension

Characteristics at

disorders

anaemia

arrhythmias

angina

time of HF diagnosis

factor

recorded

intake

599 (4.4)

319 (7.4)

7677

11466
“7.1)
5378

13961
(54.9)
4881

20049
(77.6)
5344

19022
(70.5)
5467

13212
(46.9)
6570

20858
(72.7)
6342

28771 14442
(49.1)

37653
(63.1)

42231
(53.2)

41279
(49.8)

Statin

(49.6)
3522

(56.3)
9464

409 (3)

267 (6.2)

20049
(68.2)

13336
(22.3)

14328

(18.1)

15304
(18.5)

Warfarin

(22.8)
7458

(22.1) (233) (20.3) (20.7) (192) (221

(18.5)
25275

785 (18.1) 1814

11362
(46.7)

12255
(482)

13579
(52.5)

16430
(60.9)

13241

(47)

18339
(63.9)

17240
(58.6)

33334
(55.8)

36276
(45.7)

38242

(46.1)

Beta-blocker

(13.3)
1760

(48.2)

(49.5)
29956

8508 (55) 822 (19)

13581
(55.8)

14253
(56.1)

17608
(68.1)

16920
(62.7)

15208

64

20 649
(71.9)

17030
(57.9)

37242
(62.4)

42203
(53.2)

44505
(53.7)

CCB

(12.9)

766 (17.7) 1673

(58.7)
29980

8101

13250
(54.4)
4808

13647
(53.7)
4764

19567
(75.7)
6891

17 640
(65.3)
5112

14431
(512)
5086

17991
(62.7)

17 644
(60)

34891
(58.5)

40964
(51.7)

42843

(51.7)

ACEI

(12.2)

(52.4)
3143

(58.7)

367 (2.7)

214 (4.9)

6034 (21)

10917 5867 (20)

214

10857
(182)

13395
(16.9)

14595
(17.6)

ARB

(20.3)

(19.7)

(26.7) (187)

(189)

(18.1)

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker, CVD, cardiovascular disease; HF, heart failure.

Other aetiologic factor — Patients with a risk factor not in the top 12. No recognized risk factor — No history of any of the 91 risk factors in the 5 years preceding incident HF.

(ESC in this case), nor over the long term (20 years).>35>%8 For
example, in our study, individuals with abnormal loading had worse
outcomes than those with arrhythmias and diseased myocardium,
and those with IHD had worse outcomes than hypertension. Our
observations may inform future studies of long-term HF pathophys-
iology by RF clustering.® One-year mortality rates are comparable
to acute HF, but higher than rates for chronic HF>? probably reflect-
ing the mixed acute and chronic HF study population.

A total of 44.3% of those with HF had >4 RFs in the prior 5 years,
suggesting major preventive potential. Of all new HF cases, 71.5%
had >1 of the 7 RCT-HF RFs; 12.9% had >1 RCT-CVD RF. By
the leading 12 RFs, or by the 14 RF categories, 78%—100% of
individuals had >1 RCT-HF RF, and 65%—100% had >1 RCT-CVD
RF. Most incident HF occurs in presence of hypertension, DM and
IHD, highlighting need for primordial prevention. In those without
the leading 12 RFs, only 5% had >1 RCT-HF RF, 18.1% had >1
RCT-CVD RF and 84.1% had >1 RCT-0 RF.

Strengths and limitations

The key strength of this analysis is to provide a systematic map:

44,45

RFs for HF have often been studied in isolation, restricted

48

populations,*#” or specific sub-populations.*® Associations

2249 and prognosis®® (including adjustment

between RFs, incidence
for comorbidities?’) have been investigated, but not across all
possible causal RFs. We used national, representative, linked EHRs
and the most comprehensive list of causes for HF, maximizing
the external validity of our findings. Incident cases of HF were
considered to study causal RFs, and our inclusion criteria enabled
the investigation of RFs over a 5-year period prior to diagnosis.

There are inherent limitations. First, there is no ICD-10 code
distinguishing ‘systolic versus diastolic’, ‘acute versus chronic’, ‘HF
with reduced ejection fraction versus HF with preserved ejection
fraction’, and more recent introduction of a new category of
‘HF with mid-range ejection fraction”?’ (terms to denote these
distinctions do however exist in ICD-9-CM and ICD-10-CM which
are not used in the UK healthcare system). Furthermore, we
lacked echocardiographic data as these events rarely get recorded
in structured EHRs using ontologies and unstructured data (e.g.
clinical text and narrative as not available for research). Second,
the validity of the 91 RF phenotypes, while well-established for
some (e.g. hypertension, diabetes, obesity, smoking, heavy alcohol),
is not known for the new phenotypes. Coding validity is through
the use of comprehensive coding lists across linked EHR data, with
review by two cardiologists, and prognosis lends some validity.
Third, RFs were analysed by ‘ever’, ‘first ever’ and ‘last ever’ but
neither every permutation and combination nor duration of RFs
could be investigated. Therefore, we concentrated on the most
common RFs for secondary analyses.

Research implications

First, our findings outline the need for RCTs that examine sin-
gle and multiple RFs in HF prevention to establish causal infer-
ence, and methods such as trial emulation, may have a role where

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 4 Number of risk factors co-occurring in patients and proportion of patients with at least one risk factor treatable for heart failure

prevention or cardiovascular disease prevention, stratified by age group (n = 170855).

RCTs are unlikely. Second, machine learning may inform distribu-
tion and trajectories of HF by different RF combinations, as well
as the impact of longitudinal changes in RFs over time. Third,
EHR approaches can be used to define HF subtypes and inform
genome-wide approaches, which have led to novel biologic®® but
not translational* insights for prevention, to date. Fourth, preven-
tion strategies may require modification, based on varying preva-
lence of HF RFs,® and primary versus secondary prevention. Fifth,
novel HF prediction models should account for the interplay of the
number and type of RFs, where existing risk prediction models for
incident HF have only modest discrimination, partly due to lack of
external validation, but also incomplete knowledge of HF causes

and classification.¢>7

Clinical implications

Our results have three clinical implications. First, clinician record-
ing and use of better data in EHR is central to understanding and
improving HF prevention. Second, in individuals with new and
existing HF, RFs by RCT-HF (hypertension, DM and IHD) and
RCT-CVD (e.g. smoking, obesity) should be excluded through his-
tory, examination and/or investigation and monitored at follow-up,
so that evidence-based preventive interventions can be initiated
and optimized. Third, HF exemplifies co-occurrence of RFs and
multi-morbidity. There are joint clinical guidelines for DM and
CVD but more ‘joined-up’ and ‘cross-disease’ thinking is required
to emphasize and up-titrate existing treatments in the highest-risk
individuals.

Conclusion

In the first systematic and comprehensive map of 92 RFs for HF,
showing that 44.3% of individuals with HF had >4 RFs recorded by

the time of diagnosis, and only 8.0% had no coded RF. EHRs can be
used to study the whole spectrum of causes of HF and should be
used to inform future strategies for primary prevention research,
diagnostic work-up of individuals with HF as well as treatment of
those at highest risk of HE.

Supplementary Information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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