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ABSTRACT

Objectives (1) To evaluate the prevalence and
hospitalisation rate of COVID-19 infections among patients
with dilated cardiomyopathy (DCM) and hypertrophic
cardiomyopathy (HCM) in the Royal Brompton and
Harefield Hospital Cardiovascular Research Centre (RBHH
CRC) Biobank. (2) To evaluate the indirect impact of the
pandemic on patients with cardiomyopathy through the
Heart Hive COVID-19 study. (3) To assess the impact of
the pandemic on national cardiomyopathy-related hospital
admissions.

Methods (1) 1236 patients (703 DCM, 533 HCM) in

the RBHH CRC Biobank were assessed for COVID-19
infections and hospitalisations; (2) 207 subjects (131
cardiomyopathy, 76 without heart disease) in the

Heart Hive COVID-19 study completed online surveys
evaluating physical health, psychological well-being, and
behavioural adaptations during the pandemic and (3)
11447 cardiomyopathy-related hospital admissions across
National Health Service (NHS) England were studied from
NHS Digital Hospital Episode Statistics over 2019-2020.
Results A comparable proportion of patients with
cardiomyopathy in the RBHH CRC Biobank had tested
positive for COVID-19 compared with the UK population
(1.1% vs 1.6%, p=0.14), but a higher proportion of those
infected were hospitalised (53.8% vs 16.5%, p=0.002).

In the Heart Hive COVID-19 study, more patients with
cardiomyopathy felt their physical health had deteriorated
due to the pandemic than subjects without heart disease
(32.3% vs 13.2%, p=0.004) despite only 4.6% of the
cardiomyopathy cohort reporting COVID-19 symptoms. A
17.9% year-on-year reduction in national cardiomyopathy-
related hospital admissions was observed in 2020.
Conclusion Patients with cardiomyopathy had similar
reported rates of testing positive for COVID-19 to the
background population, but those with test-proven
infection were hospitalised more frequently. Deterioration
in physical health amongst patients could not be explained
by COVID-19 symptoms, inferring a significant contribution
of the indirect consequences of the pandemic.

Trial registration number NCT04468256

Key questions

What is already known about this subject?

» Pre-existing cardiovascular disease is associated
with increased mortality for those infected with
COVID-19; however, there are limited data avail-
able evaluating risk for individual cardiovascular
conditions.

» Numerous indirect effects of the COVID-19 pandem-
ic have been reported, including extensive interrup-
tions to emergency and routine care. The extent and
impact of these indirect consequences are yet to be
characterised in detail.

What does this study add?

» Patients with cardiomyopathy had similar reported
rates of testing positive for COVID-19 to the back-
ground UK population, but those with test-proven
infection were hospitalised more frequently.

» One-third of patients with cardiomyopathy expe-
rienced a subjective deterioration in their physical
health as a result of the pandemic, in spite of a
significantly lower proportion experiencing pos-
sible COVID-19 symptoms, inferring a significant
contribution of the indirect consequences of the
pandemic.

» A 17.9% year-on-year reduction in national
cardiomyopathy-related hospital admissions was
observed in 2020, with the lowest hospitalisation
rates occurring during the first UK lockdown.

How might this impact on clinical practice?

» This study provides information on the impact of
the COVID-19 pandemic on a specific patient group;
studies such as this may be important in guiding fu-
ture recommendations in the event of further waves
of infection.

» This study also characterises how the indirect ef-
fects of the pandemic, such as interruptions to
clinical care, have impacted patients with cardiomy-
opathy. The insight provided may help to prioritise
clinical needs for patients with cardiomyopathy and
in turn guide adaptations to clinical services in order
to meet these.
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INTRODUCTION

The true impact of the COVID-19 pandemic on patients
with cardiovascular disease is multifaceted and chal-
lenging to measure in its entirety. An association has
been demonstrated between pre-existing cardiovascular
disease and mortality for those infected with COVID-
19.' * However, more granular data is required to eval-
uate the prevalence of infection and the risk associated
with individual cardiovascular conditions, in order to
accurately advise patients. It is additionally recognised
that the indirect effects of the pandemic, arising from
interruptions to emergency and routine care for patients
with cardiovascular disease, represent a further source of
excess morbidity and mortality, although data detailing
the extent of this are currently limited.?

The cardiomyopathies represent a heterogeneous
group of disorders characterised by structural and func-
tional abnormalities of the myocardium, in the absence
of coronary artery disease, hypertension, valvular
disease or congenital heart disease sufficient to cause
the observed abnormality." The health needs of patients
affected by these conditions are frequently complex and
require long-term multi-disciplinary input, rendering
such patients vulnerable to interruptions in the delivery
of care during the pandemic. We aimed to comprehen-
sively assess both the direct and indirect impact of the
pandemic on patients with cardiomyopathy.

METHODS
To address the outlined unmet clinical needs, we under-
took three parallel research initiatives.

Our firstinitiative evaluated patients with dilated cardio-
myopathy (DCM) and hypertrophic cardiomyopathy
(HCM) enrolled in the Royal Brompton and Harefield
Hospital Cardiovascular Research Centre (RBHH CRC)
Biobank. This prospectively recruited cohort comprised
consecutive ambulatory patients referred to clinic or for
a cardiovascular magnetic resonance (CMR) scan at The
Royal Brompton Hospital between 2009 and 2016. The
study population thus represents a single-centre cohort
of patients referred from a network of over 30 regional
hospitals. Cardiovascular diagnosis was confirmed at the
time of enrolment using established criteria.”® Eligibility
for this research initiative included a diagnosis of DCM or
HCM and written consent to prospectively gather further
clinical follow-up data, including information from elec-
tronic registries and National Health Service (NHS)
databases. Patients were excluded if they had died prior
to January 2020, as this predated the first reported case
of COVID-19 in the UK. Primary care records, hospital
records and patient questionnaires were collected for
patients within this cohort to evaluate the prevalence of
COVID-19 infection, COVID-19 hospitalisation and the
proportion of patients advised to shield.

During the first lockdown in the UK, the govern-
ment issued advice to individuals identified as ‘clinically
extremely vulnerable’ to refrain from all unnecessary

social contact (ie, to ‘shield’). People were centrally iden-
tified as ‘clinically extremely vulnerable’ if they suffered
with one of a number of prespecified conditions, or on a
case-to-case basis at a discretion of their clinicians.” DCM,
HCM and heart failure were not among this list of pre-
specified conditions.” Tt was, therefore, anticipated that
the majority of shielding recommendations in this cohort
had been made at the discretion of their clinicians.

The primary outcome measure was a test-confirmed
COVID-19 infection using either a reverse transcription—
PCR test on a respiratory sample or an antibody test on a
blood sample; the secondary outcome measures were (1)
the proportion of confirmed COVID-19 cases requiring
hospitalisation and (2) the proportion of individuals
advised to shield. The outcomes were compared with
simultaneously published rates of COVID-19 infection,
hospitalisation and shielding in the UK population, gath-
ered from the UK Government website.®? Patient health
data were collected between 20 October 2020 and 2
November 2020. Published COVID-19 data from the UK,
including cumulative COVID-19 cases based on positive
tests and COVID-19 hospitalisations in the UK popula-
tion, was accessed up until 2 November 2020.

The Heart Hive COVID-19 study
Our second initiative utilised the Heart Hive (https://
www.thehearthive.org/), an online portal and registry of
patients with self-reported clinically diagnosed cardiomy-
opathy, and people without heart disease. The Heart Hive
portal allows participants to self-enrol and enter their own
health data. Research studies are added to the portal and
participants are notified if they meet eligibility criteria
and invited to enrol. The Heart Hive COVID-19 study
is a prospective observational cohort study conducted
entirely online through the Heart Hive, evaluating the
impact of the COVID-19 pandemic on patients with
cardiomyopathy and subjects without heart disease. All
subjects provided electronic informed consent.
Eligibility criteria for the Heart Hive COVID-19 study
included subjects aged 18 or over, capacity to provide
informed consent and either a self-reported diagnosis of
cardiomyopathy, or no history of heart disease. Subjects
without heart disease were enrolled as a control group.
Exclusion criteria included patients from vulnerable
groups (subjects under 18, prisoners, those in a depen-
dent relationship, mental illness) and patients with
significant coronary artery disease (cardiac dysfunction
attributed to coronary artery disease or prior coronary
revascularisation), primary valve disease, congenital
heart disease or severe hypertension. Enrolled subjects
completed online surveys via the Heart Hive portal. The
surveys were adapted from the ‘WHO Survey tool and
guidance: behavioural insights on COVID-19° (online
supplemental appendix 1)."” The objectives of the survey
were to evaluate the impact of the pandemic, focusing on
physical health, the delivery of clinical care, psycholog-
ical well-being and behavioural adaptations.
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NHS Digital Hospital Episodes Statistics for the NHS of
England

To assess the impact of the COVID-19 pandemic on
cardiomyopathy-related hospital admissions, we accessed
data from NHS Digital Hospital Episodes Statistics (HES).
Corresponding national COVID-19 admission data were
acquired from the UK Government website.®? To access
HES data, a formal data access request was submitted
providing scientific justification for the information
required. This was approved by the Independent Group
Adpvising on the Release of Data and a data sharing agree-
ment between NHS digital, the investigators and the
Trust’s Caldicott Guardian was signed prior to the release
of data. All available record-level data on hospital admis-
sions specifically due to a primary diagnosis of DCM or
HCM, defined by ICD codes 142.0 (DCM), 142.1 (HCM,
obstructive) and 142.2 (HCM, other), was obtained in all
age groups across England from 2019 to 2020. Data were
fully anonymised with each individual patient having a
unique HES-ID. Finished consultant episodes were aggre-
gated into spells to represent hospital admissions.

Statistical analysis

Continuous normally distributed data are expressed as
mean+SD, and non-normally distributed data as median
and IQR. Continuous variables were compared using the
Mann-Whitney U test. Categorical data are expressed as
number and percentages and compared using %* or Fish-
er’s exact test. Statistical analyses were conducted in the
SPSS, V.27 (IBM).

Patient and public involvement

Patients were actively involved in these research initi-
atives from inception. Both the RBHH CRC Biobank
initiative and the Heart Hive platform were designed
to address questions raised in consultation with patient
focus groups, and patients were involved in the design
of both resources. Administrative and patient repre-
sentatives from the patient charity Cardiomyopathy UK
reviewed and contributed to the study design and patient
surveys for the Heart Hive COVID-19 study. Following
publication, the results of this study will be disseminated
to patient members of the charity Cardiomyopathy UK
through their magazine and to Heart Hive members
through their website (https://www.thehearthive.org/)
and social media platforms.

RESULTS

Royal Brompton & Harefield Hospital Cardiovascular Research
Centre Biobank

Of the 1683 patients enrolled into the RBHH CRC
Biobank, 1236 patients met eligibility criteria (figure 1).
This comprised 703 patients with DCM and 533 patients
with HCM. There were 840 men (68.0%), and the cohort
was mostly Caucasian (n=996; 80.6%). The mean age was
61.4+15.6 years. Patient characteristics are summarised in
table 1.

1,683 patients with DCM or
HCM enrolled in RBHH CRC
Biobank, assessed for survival
status on 1% January 2020

272 patients excluded due to death
prior to January 2020, thus no
potential for COVID-19 exposure

v

v

1,411 patients assessed for
existing consent to access
health records

70 patients excluded due to absence
of valid consent to access health
records

\4

v

1,341 patients for whom
health record retrieval
attempts were made

105 patients excluded due to
unavailability of adequate data
relating to COVID-19 status

\4

v

1,236 patients included in
analysis

Figure 1 Flow chart detailing the identification of the
study cohort from the Royal Brompton and Harefield
Hospital Cardiovascular Research Centre Biobank (RBHH
CRC). DCM, dilated cardiomyopathy; HCM, hypertrophic
cardiomyopathy.

At the point of assessment, 13 of 1236 (1.1%) patients
with cardiomyopathy (7 with DCM, 6 with HCM) had
registered a positive test for COVID-19, which was a
comparable proportion to the 1 079 024 subjects that
had tested positive over the same time frame from the UK
population of 66796807 (1.6%) (p=0.14) (figure 2).% "'
Within the RBHH CRC cohort, there was no significant
difference in the age, sex distribution, NYHA status at
enrolment or prevalence of hypertension or diabetes
mellitus found between patients that had tested posi-
tive for COVID-19 compared with those that had not. A
higher proportion of patients that had tested positive for
COVID-19 were non-Caucasian compared with those that
had not (46% vs 19%, p=0.02) (table 2).

In total, 7 of the 13 (53.8%) patients with proven
COVID-19 infection in the RBHH CRC cohort required
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Table 1 Baseline characteristics of eligible patients in the
Royal Brompton and Harefield Hospital Cardiovascular
Research Centre Biobank cohort

Total cohort, DCM, HCM,
n=1236 n=703 n=533
Age (years) 61.4+15.6 60.8+15.1 62.2+16.3
Male (%) 840 (68.0) 459 (65.3) 381 (71.5)
Self-reported ethnicity (%)
Afro-Caribbean 43 (3.5) 31 (4.4 12 (2.3)
African 36 (2.9) 20 (2.8) 16 (3.0)
Asian 122 (9.9) 40 (5.7) 82 (15.4)
Caucasian 996 (80.6) 592 (84.2) 403 (75.6)
Chinese 4(0.3) 2(0.3) 2(0.4)
Mixed 5(0.4) 2(0.3) 3(0.6)
Other 30 (2.4) 16 (2.2) 15(2.8)
NYHA class at enrolment (%)*
| 526 (45.0) 309 (45.6) 217 (44.3)
Il 498 (42.6) 273 (40.3) 225 (45.9)
1l 129 (11.0) 87 (12.8) 42 (8.6)
IV 15(1.3) 9(1.3) 6 (1.1)

*Missing data, n=68, 5.5%.
DCM, dilated cardiomyopathy; HCM, hypertrophic
cardiomyopathy; NYHA, New York Heart Association.

hospitalisation during their illness, which was a higher
proportion than the 178394 (16.5%) subjects from
the UK population that required hospitalisation from
1079024 confirmed COVID-19 cases registered over the
same time frame (p=0.002).8

Shielding was recommended to 271 of the 1236 (21.9%)
patients with cardiomyopathy in the RBHH CRC Biobank

271 (21.9%)

advised to shield
(171 DCM, 100 HCM)

1,236 eligible
patients in RBH

CRC Biobank
(703 DCM, 533 HCM)

2,611,054

(3.9%) advised to
shield

UK population

66,796,807

Table 2 A comparison of patient characteristics between
patients with cardiomyopathy that had registered a positive
COVID-19 test result and those that had not in the Royal
Brompton and Harefield Hospital Cardiovascular Research
Centre Biobank

Patients
with positive
COVID-19 test

Patients without
positive COVID-19

test recorded recorded
(n=1223) (n=13) P value
Age (years) 61.4 £15.7 60.5+10.1 0.54
Male 830 (67.9) 10(76.9) 0.49
Caucasian 988 (80.8) 7(53.8) 0.02
NYHA at enrolment
| 523 3 0.43
I 490 8
1l 127 2
v 15 0
Hypertension 403 (33) 5(38.5) 0.76
Diabetes 123 (10.1) 1(7.7) 0.79

NYHA, New York Heart Association.

(171 with DCM, 100 with HCM). In an unadjusted
comparison, this represented a greater proportion than
among the UK population (21.9% vs 3.9%, p<0.001).”
Overall, there was no difference in the age (p=0.6) or sex
distribution (p=0.6) of patients advised to shield among
the RBHH CRC Biobank cohort compared with those
not advised to shield. However, a higher proportion of
those advised to shield had symptoms that markedly or
severely limited activity at enrolment (New York Heart
Association (NYHA) IIT or IV) compared with patients
that were not advised to shield (22.2% vs 9.5%, p<0.001).

Y
1 died of COVID-
19
- @
13 (1.1%) confirmed
COVID-19 cases
(7 DCM, 6 HCM)
7 (53.8%)
hospitalised with
COVID-19

178,394 (16.5%)
hospitalised with
COVID-19

1,079,024 (1.6%)

confirmed COVID-19
cases

47,841 died of

COVID-19

Figure 2 Flow chart illustrating shielding recommendations, positive COVID-19 test results and COVID-19 hospitalisations in
the Royal Brompton and Harefield Hospital Cardiovascular Research Centre (RBHH CRC) Biobank cardiomyopathy cohort (in
blue) and in the United Kingdom population (in orange). DCM, dilated cardiomyopathy; HCM, hypertrophic cardiomyopathy.
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Table 3 Baseline characteristics of subjects enrolled in the
Heart Hive COVID-19 study

Subjects with Subjects without
cardiomyopathy heart disease
(n=131) (n=76) P value
Age 56.3+13.4 54.3+17.7 0.91
Female 81(61.8) 49 (64.5) 0.77
Caucasian 127 (96.9) 68 (89) 0.17
Diagnosis
DCM 65 (49.6) N/A
HCM 46 (35.1)
ACM 10 (7.6)
Other 10 (7.6)

cardiomyopathies

ACM, arrhythmogenic cardiomyopathy; DCM, dilated cardiomyopathy;
HCM, hypertrophic cardiomyopathy; N/A, not applicable.

Proportionally more patients with DCM were advised to
shield than patients with HCM (24.3% vs 18.8%, p=0.02).
Patients with DCM that were advised to shield had a lower
baseline left ventricular ejection fraction (35% (26.5-47)
vs 43.5% (31-52), p<0.001), a higher proportion with
NYHA IIT or IV symptoms at enrolment (24.3% vs 12.1%,
p<0.001) and a trend towards a higher proportion with
fibrosis identified on CMR (42.1% vs 32.7%, p=0.05)
compared with those not advised to shield. Of the 271
patients with cardiomyopathy that had been advised to
shield, 4 (1.5%) had had a positive COVID-19 test at the
point of evaluation, compared with 9 of the 965 (0.9%)
patients that were not advised to shield.

The Heart Hive COVID-19 study

The Heart Hive COVID-19 study population comprised
207 subjects who enrolled between 22 July 2020 and 18
November 2020. There were 130women (63.8%), and
the majority of the cohort was Caucasian (n=195, 94.2%).
The mean age was 55.6x15.1 years. Within this cohort,
131 had a self-reported diagnosis of cardiomyopathy and
the remaining 76 had no known heart disease. There
was no significant difference in the sex distribution,
ethnicity or age between patients with cardiomyopathy
and subjects without heart disease. The cardiomyopathy
group comprised 65 patients with DCM, 46 patients with
HCM, 10 patients with arrhythmogenic cardiomyopathy
and 10 individuals with other cardiomyopathies. The
baseline characteristics of the cohort are shown in table 3.

The impact of the pandemic on physical health

A higher proportion of patients with cardiomyopathy
reported that they had experienced a subjective dete-
rioration in physical health occurring as a result of the
pandemic compared with the subjects without heart
disease (31.3% vs 13.2%, p=0.004). Among the patients
with cardiomyopathy, the number of patients experi-
encing this subjective deterioration in physical health
significantly exceeded the proportion that had reported
a suspected COVID-19 infection (6 patients (4.6%) with

potential symptoms of COVID-19 but none with confirm-
atory tests) (figure 3).

The availability and delivery of clinical care during the
pandemic

Of the 131 patients with cardiomyopathy, 38 (29.0%)
reported rescheduled outpatient clinic visits, 21 (16.0%)
reported a cancelled clinic appointment without resched-
uling, 51 (38.9%) reported having missed clinical investi-
gations, 10 (7.6%) reported having procedures cancelled
or postponed and 7 (5.3%) reported missing doses
of medication due to the pandemic. Importantly, 53
patients with cardiomyopathy (40.4%) felt their ongoing
health needs could not be adequately met by telemedi-
cine (figure 3).

The psychological impact of the pandemic

Scores assigned by study participants representing their
level of fear (p=0.24), stress (p=0.45), worry (p=0.37),
helplessness (p=0.73) and depression (p=0.57) associ-
ated with the pandemic, and the degree to which they felt
their thoughts were occupied by the pandemic (p=0.29),
did not differ between patients with cardiomyopathy and
subjects without heart disease (figure 4).

Behavioural adaptations

A higher proportion of patients with cardiomyopathy had
received a recommendation to shield compared with the
subjects without heart disease (21.4% vs 9.2%, p=0.02).
Of the 28 patients with cardiomyopathy that had received
a recommendation to shield, in 20 patients (71.4%) this
was due to their underlying cardiomyopathy, in 2 patients
(7.1%) it was due to cardiomyopathy plus a least one
additional reason and in 6 patients (21.4%) due to an
alternative reason unrelated to cardiomyopathy.

An important proportion of the whole cohort (28.5%)
reported that they would either not attend hospital, or
would be very reluctant to attend hospital, in the event
that they felt extremely unwell during the pandemic.
Patients with cardiomyopathy were no less likely to
attend hospital under such circumstances than subjects
without heart disease (26.7% vs 31.6%, p=0.52). Patients
with cardiomyopathy felt they were more susceptible to
COVID-19 infection (p<0.001) and that they would suffer
amore severe illness if infected (p<0.001) compared with
subjects without heart disease. Among the patients with
cardiomyopathy, 16.8% reported that they would either
refuse to attend or be very reluctant to attend hospital
if symptoms from their cardiomyopathy deteriorated,
although only 61.1% of the patients with cardiomyop-
athy felt able to distinguish symptoms of COVID-19 from
symptoms related to their underlying heart condition.

Patients with cardiomyopathy that had received a
recommendation to shield

A comparable proportion of patients with cardiomyo-
pathy that were advised to shield reported a subjective
deterioration in their physical health compared with
those that were not advised to shield (39.3% vs 29.1%,
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Physical health deterioration

COVID-19 symptoms

F 31.3%
13.2%

4.6%
6.6%

m Cardiomyopathy  ® No heart disease

Resheduled outpatient clinic

Cancelled outpatient clinic
Postponed/cancelled clinical procedure
Missed clinical investigation

Missed medication doses

Needs not met by telemedicine

P 29.0%

I 16.0%

. 7.6%

T 38.9%

BN 5.3%

T 40.4%

Figure 3 Reported changes in physical health for patients wi

ith cardiomyopathy and subjects without heart disease in the

Heart Hive COVID-19 study demonstrating that significantly more patients with cardiomyopathy experienced subjective

deterioration in physical health. (A) and the reported provision
pandemic (B).

p=0.36); however, proportionally more of those advised
to shield reported worsening of symptoms related to their
cardiomyopathy (21.4% vs 6.8%, p=0.03). There were
no significant differences in the psychological measures
assessed between patients based on whether they had
been advised to shield or not.

NHS Digital HES for the National Health Service of England

There were 5161 hospital admissions due to DCM or
HCM across all ages in England in 2020, compared with
6286 admissions in 2019 (17.9% year-on-year reduction).
Individually, there was a 16.5% reduction in admis-
sions due to DCM (4398 in 2020 vs 5266 in 2019) and
a 25.2% reduction in admissions due to HCM (763 in

Coronavirus makes me feel...

Stressed Not Stressed

of healthcare for patients with cardiomyopathy during the

2020 vs 1020 in 2019). There was heightened disparity
in cardiomyopathy-related hospital admissions during
the first UK national lockdown (23 March 2020-19 June
2020), with a 40.1% reduction in hospital admissions due
to DCM, and a 51.6% reduction in admissions due to
HCM, compared with the corresponding time period in
2019. The reduction in cardiomyopathy-related hospital
admissions was less marked after the first UK National
lockdown was lifted and before the second national lock-
down began (20 June 2020-4 November 2020), during
which period there was a 7.4% reduction in DCM-related
hospital admissions and a 23.0% reduction in HCM
admissions compared with the corresponding time period

Helpless Not Helpless

No Heart Disease - . I No Heart Disease - I I

Cardiomyopathy - - } I

0 25 75 100

50
Percentage

Depressed Not Depressed

No Heart Disease - I . No Heart Disease -

Cardiomyopathy - l .

0 25 75 100

50
Percentage

Cardiomyopathy - IJ . .;
(') 2'5 5.0 7'5 160 5

Percentage 4

3

Fearful Not Fearful H:

1 =

0 25 75 100

50
Percentage

Figure 4 The psychological impact of the COVID-19 pandemic did not differ between patients with cardiomyopathy and
subjects without heart disease enrolled in the Heart Hive COVID-19 study: results from survey questions related to patient

perception of psychological measures during the pandemic.
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Figure 5 The impact of the COVID-19 pandemic on hospital admissions with a primary diagnosis of dilated cardiomyopathy
or hypertrophic cardiomyopathy across NHS England, 2019-2020. Hospital admission data are presented as 28-day moving
averages. DCM, dilated cardiomyopathy; HCM, hypertrophic cardiomyopathy; NHS, National Health Service.

in 2019. During the second UK lockdown (5 November
2020-2 December 2020), there was a 12.9% reduction in
DCM-related hospital admissions and a 25.6% reduction
in HCM admissions compared with the same period in
2019 (figure 5). The age of patients admitted to hospital
due to cardiomyopathy did not differ significantly
between 2019 and 2020 (median age 58, IQR 47-70 vs
median age 59, IQR 46.25-75; p=0.52). Similarly, there
was no significant difference in the sex distribution of
the patients admitted to hospital due to cardiomyopathy
between 2019 and 2020 (65.7% male in 2019 vs 64.7% in
2020; p=0.27).

DISCUSSION

Leveraging three parallel research initiatives, we draw
important insight into both the direct and indirect
impact of the COVID-19 pandemic on patients with cardi-
omyopathy. Our findings from the RBHH CRC Biobank
indicate that patients with cardiomyopathy do not appear
to be at greater risk of testing positive for COVID-19 than
the general population. In our unadjusted analysis, a
higher proportion of the patients with cardiomyopathy
that had registered a positive COVID-19 test also required
treatment in hospital compared with the background
UK population during the early stages of the pandemic.
Across both the RBHH CRC biobank and the Heart
Hive COVID-19 study cohorts, approximately one in five
patients with cardiomyopathy received a recommenda-
tion to shield (21.9% in RBHH CRC Biobank; 21.4% in
Heart Hive COVID-19 study) at the discretion of their
doctors. Our findings from the RBHH CRC Biobank indi-
cate that their assessment of risk was broadly in line with
conventional markers of disease severity. In the Heart
Hive COVID-19 study, nearly a third of surveyed patients
with cardiomyopathy experienced subjective deteriora-
tion in their physical health during the pandemic despite
a much lower proportion reporting possible COVID-19
symptoms, suggesting a significant contribution of the

indirect effects of the pandemic. We illustrate how these
indirect effects span multiple components of routine
care. We found there to be no significant difference in
the impact of the pandemic on the psychological meas-
ures assessed between patients with cardiomyopathy
and subjects without heart disease, perhaps reflecting
the broader psychological impact of the pandemic on
the population. From the NHS Digital HES dataset,
we demonstrate a significant year-on-year reduction in
DCM and HCM related hospital admissions in England
between 2019 and 2020, with the most marked reduction
coinciding with the first national lockdown.

A strength of our research initiative lies in the multi-
scale approach. The observed decline in cardiomyopathy-
related admissions from NHS Digital HES dataset is
afforded plausibility when considered in tandem with
behavioural insights from the Heart Hive COVID-19
study, which demonstrated that only a modest proportion
of patients with cardiomyopathy would attend hospital if
they felt extremely unwell during the pandemic. A poten-
tial weakness in the RBHH CRC Biobank initiative lies
in varied access to widespread testing for COVID-19 in
the early phase of the pandemic, thus, the authors cannot
exclude a selection bias occurring due to preferential
testing of more unwell patients that were more likely
to require hospital care. The authors also recognise the
low proportion of patients that had registered a positive
test in the RBHH CRC cohort at the point of assessment
and cannot exclude this small sample size conflating the
described association of a higher rate of hospitalisation
among those with cardiomyopathy who were infected
with COVID-19 during the early stages of the pandemic.

A recent study reported a reduction in heart failure
admission rates during the early stages of the pandemic
compared with preceding hospitalisation rates.'* This
trend has been observed across a spectrum of cardio-
vascular conditions leading many to question whether
it reflects a reduction in disease incidence or simply
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reluctance to attend hospital'?'?; the behavioural insights

gained from the Heart Hive COVID-19 study implicates
the latter as a significant contributor to this phenom-
enon. A further large study of patients with established
cardiovascular disease has identified lower overall in-hos-
pital mortality and higher out-of-hospital mortality
during a period of COVID-19 lockdown compared with
data preceding the pandemic."* Our research initiatives
contextualise this observation, demonstrating marked
interruptions to routine care, an unwillingness to seek
emergency care among many patients, and a reduction
in cardiomyopathy-related hospital admissions.

One potential explanation for the finding of a higher
rate of COVID-19 hospitalisation among patients with
cardiomyopathy in the RBHH CRC cohort compared
with the UK population could be that patients with
cardiomyopathy are at higher risk of more severe illness
from COVID-19. Recommendations to shield in the UK
were largely made before such data on disease-specific
COVID-19 susceptibility and the risk of severe illness
were available. The harms of shielding are not well char-
acterised, but shielding advice may have exacerbated
interruptions to usual care. Studies such as ours that
provide insight into the risk of specific patient groups
may be important in guiding future recommendations
in the event of further waves of infection. However, it
is important to note that a greater proportion of those
hospitalised for COVID-19 in this cohort were non-
Caucasian, which has been identified as a risk factor for
more severe disease.'’

The impact of the COVID-19 pandemic on mortality
for patients with cardiomyopathy remains unclear and
requires further interrogation with longitudinal outcome
data. Whether the reduction in routine and emergency
care and the decline in cardiomyopathy-related hospi-
talisation has resulted in more community cardiovas-
cular deaths and higher symptom burden requires
further evaluation. Importantly, the research initiatives
presented depict the behavioural patterns of subjects up
until the advent of large-scale vaccination. The attitude
to COVID-19 immunisation among patients with cardio-
myopathy and potential changes in perception of risk
will be examined in follow-up reports from the Heart
Hive COVID-19 Study. Finally, although not powered to
detect the effect of shielding on the rate of infection in
the initiatives presented, no absolute reduction in infec-
tions was demonstrated among those advised to shield
in the RBHH CRC cohort. Larger studies evaluating the
efficacy of shielding in reducing COVID-19 infections
in specific patient groups are eagerly awaited, espe-
cially in light of findings from the Heart Hive COVID-19
study that a higher proportion of patients with cardio-
myopathy advised to shield reported a deterioration in
cardiomyopathy-related symptoms.

We conclude that patients with cardiomyopathy repre-
sent a complex and varied group in whom the impact
of the pandemic reaches beyond simply those that
have been infected with COVID-19. The scale remains

undetermined, yet the practical relevance of our findings
span other patient populations across different medical
disciplines, especially those with complex health needs,
and should be considered amidst plans to reorganise
healthcare services as the pandemic evolves.
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