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Impact of the COVID-19 pandemic on 
cardiovascular heart disease medication 
use: time-series analysis of England’s 
prescription data during the COVID-19 
pandemic (January 2019 to October 2020)
Ravina Barrett  and James Hodgkinson

Abstract
Background: Management of high blood pressure (BP) typically requires adherence to 
medication regimes. However, it is known that the COVID-19 pandemic both interrupted 
access to some routine prescriptions and changed some patient health behaviours.
Aim: This study, therefore, retrospectively investigated prescription reimbursement of 
cardiovascular (CVD) medicines as a proxy measure for patient adherence and access to 
medicines during the pandemic.
Methods: A cohort study of all primary care patients in England prescribed CVD medicines. 
The exposure was to the global pandemic. Prescriptions were compared before and after the 
pandemic’s onset. Statistical variation was the outcome of interest.
Results: Descriptive statistics show changes to monthly prescriptions, with wide confidence 
intervals indicating varying underlying practice. Analysis of variance reveals statistically 
significant differences for bendroflumethiazide, potassium-sparing diuretics, nicorandil, 
ezetimibe, ivabradine, ranolazine, colesevelam and midodrine. After the pandemic began 
(March–October 2020), negative parameters are observed for ACE inhibitors, beta-
blockers, calcium channel blockers, statins, antiplatelet, antithrombotics, ARBs, loop 
diuretics, doxazosin, bendroflumethiazide, nitrates and indapamide, indicating decelerating 
monthly prescription items (statistically significant declines of calcium channel blockers, 
antithrombotic, adrenoreceptor blockers and diuretics) of CVD medicines within the general 
population. Many data points are not statistically significant, but fluctuations remain clinically 
important for the large population of patients taking these medications.
Conclusion: A concerning decline in uptake of CVD therapies for chronic heart disease was 
observed. Accessible screening and treatment alongside financial relief on prescription levies 
are needed. A video abstract is (4 min 51 s) available: https://bit.ly/39gvEHi

Keywords:  analysis of variance, angiotensin II, angiotensin-converting enzyme inhibitors, 
bendroflumethiazide, calcium channel blockers, cardiovascular diseases, colesevelam 
hydrochloride, communicable disease control, confidence intervals, COVID-19, delivery of 
health care, diuretics, doxazosin, ezetimibe, fibrinolytic agents, health services accessibility, 
health status disparities, hydroxymethylglutaryl-CoA reductase inhibitors, pharmacies, 
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Introduction
High blood pressure (BP) is a leading risk factor 
for cardiovascular disease (CVD).1 Coronary 
heart disease (CHD), heart failure, atrial fibrilla-
tion, aortic valvular disease, sudden cardiac death 
(SCD), sick sinus syndrome (SSS), left ventricu-
lar hypertrophy and abdominal aortic aneurysms 
are all associated with hypertension, especially in 
men.2 In the United Kingdom, age-standardised 
CVD, CHD and stroke death rates have declined 
since 1979.3 CHD prevalence has remained con-
stant at around 3% in England and 4% in 
Scotland, Wales and Northern Ireland with 
declining CVD mortality in men and women, 
while hospital admissions show increased admis-
sions for men.3

Importance of hypertension control
The 2019 Guidelines4 by the American College of 
Cardiology/American Heart Association suggest 
that clinicians should evaluate the social determi-
nants of health that affect individuals to inform 
treatment decisions and that the target BP should 
generally be <130/80 mmHg. The prevention of 
hypertension and lowering BP helps to reduce the 
risk of developing heart disease.2 There is clear evi-
dence that aspirin, statins and pharmacological 
treatment of hypertension, β-blockers, and angio-
tensin-converting enzyme (ACE) inhibitors or 
angiotensin receptor blockers (ARBs) improve 
clinical outcomes in individuals with stable CVD.5–

7 Underuse of these agents results in preventable 
complications and fatalities from CVD. Globally, 
it is estimated that 62% of cerebrovascular and 
49% of ischaemic heart disease might be attribut-
able to suboptimal BP control.8 All of these cate-
gories of medicines appear on the essential 
medicines list,9 that which every country should be 
able to offer its citizens in all healthcare settings. 
Individual-level access to these medicines can be 
influenced by universal health coverage, healthcare 
availability, medication availability, out-of-pocket 
expenses, complexity of medical regimens, use of 
acceptable formulations, patient self-efficacy and 
understanding, patient non-adherence (intentional 
and non-intentional), physician performance 
incentives and quality assessment, and the increas-
ing role of nonphysician healthcare workers. These 
forces all apply in England where the National 
Health Service (NHS) provides universal care, 
funded through taxation.

Factors affecting primary care access, 
prescription refill and adherence  
(intentional or unintentional)
During the pandemic, critically ill COVID-19 
patients have been intensively studied for CVD 
effects. A study observed myocardial injury, BP 
dysregulation, arrhythmia and variable cardiac 
function in severe and critical cases.10(p19) 
Hospitalised COVID-19 patients with clinical 
manifestation of acute cardiovascular events show 
an almost fivefold increased mortality.11 Other 
early studies established that the main receptor 
for severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) was the ACE2 receptor, which 
is also the main cell entry receptor for SARS-
CoV-2.12,13 It was assumed that ACE2 levels cor-
relate with a susceptibility to SARS-CoV-2 
infection,14–18 indicating the potential for patients 
normally taking ACE inhibitors (ACEIs) and 
ARBs to being more susceptible to the virus.17

Ambulatory non-COVID cardiac patients, gener-
ally based in the community, have also experi-
enced social restrictions including lockdown. A 
rapid review19 found that in such patients, physi-
cal activity decreased, and sedentary behaviour 
increased among all age groups during the 
COVID-19 lockdown, adults consumed more 
alcohol, dietary quality worsened and food intake 
increased along with weight gain. An Italian sur-
vey (n = 3533) found weight gain to be common 
(48.6%). A Moroccan study20 of 100 patients 
identified sedentary behaviour, weight gain, 
increased systolic blood pressure (SBP) ⩾140 
mmHg, increased caloric and salt intake, worsen-
ing heart failure symptoms, with more patients 
experiencing lower limb oedema, patients with 
valvular pathology presenting with worsening 
dyspnoea and an incidence of 10% of cardiovas-
cular events after 60 days of the first lockdown.

Not much is known about rates of cardiovascular 
events in ambulatory patients during the COVID-
19 pandemic, nor rates of CVD drug adherence 
during the lockdown. However, recent evidence 
is emerging from the United Kingdom that plau-
sibly connects the onset and course of the pan-
demic to temporal changes in drug series21–24 [for 
gonadorelins, calcineurin inhibitors, asthma and 
chronic obstructive pulmonary disease (COPD) 
medicines, and anticoagulants], trends that are 
being observed globally, providing an early signal 
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for some form of system fragility or system failure 
with reduced prescription drug coverage.25,26

Normal clinical practice
Patients with long-term routine chronic condi-
tions such as hypertension and related cardiovas-
cular conditions are on routine repeat medication 
prescriptions in normal clinical practice. Patients 
are initially diagnosed in primary care, may have 
a complicating event that admits them to hospital 
within secondary care and are discharged back to 
the community after medicine optimization and a 
degree of patient education. Within primary care 
settings, patients routinely request prescribed 
medication on a monthly basis (~28-day cycle), 
which are dispensed by community pharmacies. 
Early prescriptions or multi-month prescriptions 
are normally not issued due to budget impacts. 
All these activities are normally carried out by 
hand, by the patient, on written requests.

During the pandemic, these services were inter-
rupted because face-to-face appointments were 
suspended and access to primary care was priori-
tised for urgent patients, with growing waiting 
lists for planned NHS treatment. The British and 
Irish Hypertension Society did make a public 
announcement that ‘All hypertensive patients 
should be strongly reassured that continuing their 
current medications is both safe and desirable’,27 
and the Chairman of Blood Pressure UK28 
advised people taking ACEIs or ARBs to ‘keep 
taking your blood pressure medicines as pre-
scribed’ (6 January 2021). However, analysis of 
monthly data releases by NHS England highlights 
the huge pressures being placed on backlogs 
across the NHS even today, including on opera-
tions, cancer waiting lists, general practitioner 
(GP) referrals and Accident and Emergency 
(A&E) waiting times as noted by the British 
Medical Association.29 This meant that patients 
could not get their routine prescriptions, rou-
tinely. They had to fill out online or telephone 
requests (with long wait queues) for their medica-
tion,30 which quickly became chaotic29 for patients 
and providers.31–33

A web-based survey in 39 countries (38 in 
Europe) found that in 35 (90%) countries face-
to-face primary care and out-patient consulta-
tions were reduced during the COVID-19 
pandemic. Electronic prescriptions were available 

in 36 (92%) countries. Online ordering and home 
delivery of prescription medication (avoiding 
pharmacy visits) were available in 18 (46%) and 
26 (67%) countries, respectively. In 20 (51%) 
countries, respondents were unaware of any 
national guidelines regarding maintaining medi-
cation availability for non-communicable dis-
eases, nor advice for patients on how to ensure 
access to medication and adherence during the 
pandemic.34 In conditions such as seizures and 
epilepsy, where drug therapy is the main form of 
control, adherence to medication was poor.35 
Collectively, this builds a picture of non-adher-
ence to pharmacotherapy that may be intentional 
or unintentional. This study aims to investigate 
prescription reimbursement data of CVD medi-
cines as a proxy measure for rates of adherence 
and access to essential medicines.

Material and methods

Study design
This was a retrospective cohort study of all 
patients in England within primary care who were 
prescribed CVD medicines. The exposure was to 
the global pandemic. We compared prescription 
claims data in England before and after the pan-
demic’s onset. Statistical variation was the out-
come of interest.

Data source
The ‘English Prescribing Dataset’ (EPD),36 pro-
vided by the NHS Business Services Authority 
(NHSBSA), supplied anonymised prescription 
data in England covered by Open Government 
Licence (OGL) which is not linked to other data-
sets. All prescription data processed across pri-
mary care within the NHS are included in this 
study. The data include processing period 
(month, year) and aggregated total dosage quan-
tities issued against each clinical commissioning 
groups (CCGs). Tablets are counted at single 
doses. Data from January 2019 to October 2020 
were examined with March 2020 as the interrupt 
point: January 2019 to February 2020 (14 months 
before the pandemic) and March to October 
2020 (8 months after its onset). The EPD does 
not provide demographic or individual-level data. 
The United Kingdom’s Central Alerting System 
(https://www.cas.mhra.gov.uk/SearchAlerts.
aspx) was interrogated for medicine shortages.

http://tac.sagepub.com
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Changes in the population
In 2019, there were 712,680 live births in the 
United Kingdom (731,213 in 2018) and 604,707 
deaths (616,014 in 2018),37 with a net growth of 
107,973. Provisional statistics put 608,016 deaths 
in England and Wales in 2020.38 The number of 
births for the first three quarters in England and 
Wales for 2020 was 464,437 (481,767 in 2019).39 
Extrapolating provisional estimates (birth 
580,546, death 760,020, net 179,474) gives a net 
decline of approximately 180,000. While mortal-
ity may be higher for these patients, no data cur-
rently exist to quantify these claims.40,41

Outcome measures
The primary outcome was the total quantity of 
each medicine. These were total quantities per 
month of individual medicines, including branded 
and generics. To assess changes, a rolling continu-
ous period from January 2019 to October 2020 
was identified. Formulations included tablets, cap-
sules, oral solutions and liquids (see Supplemental 
1). A 10% sampling validation was conducted 
against https://openprescribing.net/. Findings are 
presented according to the REporting of studies 
Conducted using Observational Routinely-
collected Data (RECORD) statement.42

Statistical analysis
We extracted all prescription data on all items 
(including dressings/bandages etc.), dispensed 
across England within the specified time period, 
and examined 387,288,884 rows of data (528.8 
GB) against inclusion criteria. Of these, only 
169,094 rows were related to ACEIs, alpha-
adrenoceptor blockers, ARBs, antiarrhythmics, 
antiplatelet, antithrombotics, beta-blockers, CCBs 
and statins, which were identified and analysed in 
this publication. Analysis of variance (ANOVA) 
test was used to analyse the differences between the 
‘before’ and ‘after’ dataset means. An interrupted 
time-series (ITS) design43–45 at 95% confidence 
level was used, which provides powerful evidence 
of causal effects because it controls for secular 
trends in study outcomes. The Cochrane 
Resources43 form the ‘benchmark’ methodology for 
this study, and others have previously used the 
Box–Jenkins techniques21,22,23,25,26,46–50 described 
here. A commonly used time-series modelling 
framework [autoregressive integrated moving aver-
age (ARIMA)] to analyse the monthly total quan-
tity of prescription data from the EPD was 

employed. ARIMA is a flexible modelling con-
struct, allowing lagged (auto)correlations and sea-
sonal differences to be modelled while controlling 
for confounding. Such analysis measures, if a natu-
ral event like the pandemic causes abrupt changes 
in the level or the pre-existing trends (slope) of 
study outcomes and is appropriate for examining 
the impact of natural events at a population level. A 
‘step change’ or a ‘change in trend’ was assessed 
before and after March 2020. Autocorrelation and 
the influence of seasonality were assessed by includ-
ing lag terms in sensitivity analysis (see Supplemental 
3). Ethical approval was not required for this data-
base study. Patients or members of public were not 
involved in the design, conduct, reporting or dis-
semination of this research. A few models were cre-
ated for sensitivity analysis with no transformation 
because prescription data are not random and 
should be stable; a 1-month autocorrelation better 
reflects routine clinical practice of issuing a prescrip-
tion and having it generally dispensed within 1 
month, hence the ARIMA model (1,0,0) (0,0,0). 
The model allows for correlation with the previous 
month’s prescription volumes.

Results
The ‘categories’ model includes ACEIs, alpha-
adrenoceptor blockers, ARBs, antiarrhythmics, 
antiplatelet, antithrombotics, beta-blockers, 
CCBs and statins. Detailed constituent of each 
category is presented in Supplemental 1 and sum-
marised in Table 1, below.

Examining the descriptive statistics before and 
after the onset of the pandemic shows that there 
are changes to the monthly prescription volumes; 
however, these are accompanied with wide stand-
ard deviations and confidence intervals after the 
pandemic indicating varying underlying practice.

ANOVA reveals statistically significant differ-
ences between the before and after dataset for 
bendroflumethiazide (F = 9.184, p = 0.007), 
potassium-sparing diuretics (F = 6.443, p = .020), 
nicorandil (F = 9.249, p = 0.006), ezetimibe 
(F = 6.048, p = 0.023), ivabradine (F = 7.181, 
p = 0.014), ranolazine (F = 35.861, p = 0.000007), 
colesevelam (F = 23.433, p = 0.000099) and 
midodrine (F = 25.114, p = 0.000067). Caution 
must be exercised when comparing categories of 
medicines against high-volume individual drugs, 
for example, ACEIs versus ivabradine, but num-
bers are accurate.

http://tac.sagepub.com
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Table 1.  Average monthly descriptive statistics of total product quantities before and after the onset of the pandemic: mean, SD, and 
95% LCI, UCI of the mean in millions of doses.

Descriptive Before (January 2019–February 2020), n = 14 After (March 2020–October 2020), n = 8

Mean SD 95% LCI 95% UCI Mean SD 95% LCI 95% UCI

ACE inhibitor 130.85 5.15 127.88 133.83 131.89 7.05 126.00 137.79

Beta-blocker 121.46 5.05 118.55 124.38 125.03 6.29 119.77 130.29

Calcium channel blockers 126.73 5.12 123.77 129.69 129.87 7.06 123.97 135.78

Statin 197.27 8.35 192.45 202.09 203.63 10.39 194.94 212.31

Antiplatelet 81.40 3.27 79.51 83.29 81.60 3.87 78.37 84.84

Antithrombotic 69.96 3.17 68.13 71.79 71.96 4.19 68.45 75.46

Angiotensin II antagonist 60.25 2.51 58.80 61.70 61.36 3.53 58.41 64.31

Loop diuretic 37.55 1.64 36.60 38.50 37.94 1.37 36.79 39.09

Doxazosin mesilate (alpha-
adrenoceptor blocker)

26.25 1.07 25.63 26.87 26.66 1.38 25.51 27.81

Bendroflumethiazide 26.58 1.35 25.80 27.36 24.69 1.50 23.44 25.94

Nitrate 13.23 0.53 12.92 13.53 13.21 0.57 12.74 13.69

Indapamide 14.14 0.62 13.78 14.49 14.74 0.83 14.05 15.44

Potassium-sparing diuretic 8.44 0.39 8.22 8.67 8.88 0.40 8.55 9.22

Digoxin (cardiac glycoside) 6.25 0.25 6.10 6.39 6.09 0.28 5.86 6.33

Nicorandil 6.52 0.31 6.35 6.70 6.11 0.31 5.85 6.37

Ezetimibe (cholesterol 
absorption inhibitor)

4.98 0.23 4.85 5.11 5.24 0.26 5.02 5.46

Antiarrhythmic 3.74 0.15 3.66 3.83 3.79 0.21 3.61 3.96

Fibrate 2.80 0.12 2.74 2.87 2.74 0.14 2.62 2.85

Ticagrelor 2.73 0.13 2.66 2.81 2.79 0.15 2.66 2.91

Ivabradine 1.91 0.08 1.86 1.96 2.01 0.08 1.94 2.08

Ranolazine 2.03 0.18 1.93 2.14 2.45 0.11 2.36 2.54

Fenofibrate 1.56 0.06 1.52 1.60 1.58 0.08 1.51 1.64

Colesevelam hydrochloride 
(lipid-modifying agent)

1.26 0.24 1.13 1.40 1.69 0.10 1.61 1.78

Midodrine hydrochloride 0.75 0.07 0.71 0.79 0.88 0.03 0.86 0.91

Naftidrofuryl oxalate 0.93 0.04 0.91 0.96 0.95 0.04 0.92 0.98

ACE, angiotensin-converting enzyme; LCI, lower confidence interval; SD, standard deviation; UCI, upper confidence interval.

http://tac.sagepub.com
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Interrupted time series
The ITS analysis was more cautious and only 
analysed the first 12 high-volume items. For 
Syntax, see Supplemental 4. Table 2 is segmented 
into three datasets: before, after and at the inter-
rupt point at self.

Table 2 demonstrates that before the pandemic, 
monthly expected growth rates of all medicines 
were positive except for bendroflumethiazide, 
with statin use accelerating fastest, for example, 
prescribed at 1.08 million doses month on 
month. This may reflect the steady growth rate 
of CVD within the general population in the 
prior 14 months of data. The accelerating growth 
rate of beta-blockers, calcium channel blockers, 
statins, antithrombotic, ARBs/ARBs, doxazosin 
and indapamide was statistically significant,  
with statistically significant deceleration in 
bendroflumethiazide.

After the pandemic began (period March 
20–October 20), negative parameters are observed 
across the board representing decelerating 
monthly prescription items (e.g. ACEIs declined 
by 1.02 million items on average in the months 
after March 2020) with statistically significant 
declines of calcium channel blockers, antithrom-
botic, adrenoreceptor brokers such as doxazosin 
and diuretics such as indapamide. This reflects 
the decelerating use of cardiovascular medicines 
within the general population in the subsequent 8 
months (March 2020–October 2020).

At the interrupt point, that is, March 2020, there 
was lower than expected issuance of ACEIs, 
ARBs and beta-blockers, but a larger than antici-
pated jump for antithrombotic, calcium channel 
blockers and statins. This supports the evidence 
that in the uncertainty of March 2020, long pre-
scriptions were issued (e.g. 6 months of medicine 
were issued instead of the 1- or 2-month prescrip-
tions that are standard practice); however, this is 
modest. Figure 1 illustrates the trends observed 
in the pre- and post-March 2020 periods.

The standardised beta-regression coefficient in 
the 8 months after the pandemic was positive 
(3.805) for ACEIs, negative (−0.3594) for 
antithrombotics, positive (0.5374) for loop diu-
retics, positive (1.0394) for doxazosin, negative 
(−3.1874) for bendroflumethiazide, negative 
(−1.3564) for nitrates and negative (−0.9254) for 

indapamide. All the negative values above show a 
declining prescription volume for that category. 
In the 8 months after the pandemic, there was 
statistically significant change in linearity detected 
for calcium channel blockers, antithrombotics, 
doxazosin and indapamide, highlighting these 
categories of medicines as being underused com-
pared with what would be expected. There is no 
significant step change. This can be visually 
examined in Figure 1.

Detailed total quantities are presented in 
Supplemental 1. Budget impact analysis has also 
been conducted, and details are presented in 
Supplemental 2.

Many data points are not statistically significant, 
but it should be made clear that the volumes 
remain clinically absolutely important for the 
large population of patients who take these 
medications.

Changes in bendroflumethiazide may be conse-
quent to the Scandinavian study.51

Discussion

Summary
We asked the question: Did the pandemic change 
the utilisation of medicines intended to treat 
CVD? We found yes, indeed it did. But since this 
study did not directly measure adherence, 
observed changes are a proxy to adherence rates 
and could indicate changing adherence over time. 
Results show a concerning decline in use of pre-
scribed therapies for long-term chronic cardiovas-
cular conditions with changes in clinical practice 
as a direct result of the pandemic. Given the scale 
and extent of the observed changes, this analysis 
of prescription reimbursement patterns provides 
an early signal of significant negative changes to 
medicine use by patients, which may be associ-
ated with disease progression. To put this in con-
text, in the United Kingdom during 2020 there 
were 79,660 deaths from ischaemic heart disease 
and cerebrovascular diseases combined, com-
pared with 69,101 from COVID-19.52 This may 
also be the case in other advanced high-income 
Organisation for Economic Co-operation and 
Development (OECD) nations because of the 
similar patterns of prevalence observed 
historically.

http://tac.sagepub.com
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Table 2.  ARIMA model (1,0,0) (0,0,0) for ACE inhibitors, beta-blockers, calcium channel blockers, statins, antiplatelet, 
antithrombotics, angiotensin II antagonists, loop diuretics, doxazosin, bendroflumethiazide, nitrates and indapamide in millions of 
doses.

ARIMA model parameter time period before 
the pandemic

Parameter 
estimate

95% LCI 95% UCI Test statistic p value

ACE inhibitor-model_1 0.44 –0.06 0.94 1.84 0.083

Beta-blocker-model_2 0.64 0.18 1.10 2.877 0.01

Calcium channel blockers-model_3 0.61 0.13 1.09 2.643 0.017

Statin-model_4 1.08 0.33 1.83 3.006 0.008

Antiplatelet-model_5 0.10 –0.19 0.40 0.717 0.483

Antithrombotic-model_6 0.41 0.09 0.73 2.676 0.016

Angiotensin-II antagonist-model_7 0.32 0.07 0.56 2.719 0.015

Loop diuretic-model_8 0.07 –0.10 0.24 0.866 0.399

Doxazosin mesilate (alpha-adrenoceptor 
blocker)-model_9

0.11 0.02 0.21 2.399 0.028

Bendroflumethiazide-model_10 –0.15 –0.25 –0.05 –3.094 0.007

Nitrate-model_11 0.02 –0.02 0.07 1.075 0.297

Indapamide-model_12 0.10 0.04 0.15 3.644 0.002

ARIMA model parameter time period after the pandemic

ACE inhibitor-model_1 –1.02 –2.31 0.28 –1.635 0.121

Beta-blocker-model_2 –0.98 –2.18 0.22 –1.703 0.107

Calcium channel blockers-model_3 –1.36 –2.61 –0.12 –2.275 0.036

Statin-model_4 –1.84 –3.78 0.09 –1.979 0.064

Antiplatelet -model_5 –0.55 –1.32 0.21 –1.499 0.152

Antithrombotic -model_6 –1.04 –1.87 –0.21 –2.599 0.019

Angiotensin-II antagonist-model_7 –0.63 –1.26 0.00 –2.082 0.053

Loop diuretic-model_8 –0.24 –0.67 0.20 –1.135 0.272

Doxazosin mesilate (alpha-adrenoceptor 
blocker)-model_9

–0.28 –0.54 –0.03 –2.304 0.034

Bendroflumethiazide-model_10 –0.12 –0.38 0.14 –0.941 0.36

Nitrate-model_11 –0.10 –0.22 0.02 –1.659 0.115

Indapamide-model_12 –0.19 –0.33 –0.04 –2.7 0.015

ARIMA model parameter step change at intercept point

ACE inhibitor-model_1 –0.35 –7.70 7.01 –0.099 0.923

Beta-blocker-model_2 –0.05 –6.85 6.76 –0.014 0.989

(Continued)
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Results show a concerning decline in use of pre-
scribed therapies for long-term chronic cardiovas-
cular conditions with changes in clinical practice 
as a direct result of the pandemic. As a result, the 
primary message is that undesirable advances in 
patients’ diseases may relate to a drop in prescrip-
tion coverage. While we cannot be sure that the 
observed declining prescription coverage is 
directly the cause of mortality, we note that 
Wadhera et  al.58 demonstrate, in their recent 
study, that the incidence of patients’ diseases 
increased from 2019 to 2020 in the United States. 
They show an increase in deaths caused by 
ischemic heart disease and hypertensive diseases 
in regions of the United States during early 2020 
(397,042 cardiovascular deaths from 1 January 
2020 to 2 June 2020 with ratio of the relative 
change in deaths per 100,000 in 2020 versus 
2019: 1.11, 95% confidence interval: 1.04–1.18) 
and lends credibility to a causal link.

Some possible explanatory factors for the results 
are patient factors (e.g. difficulty in accessing ser-
vices, changes in health priorities54 including life-
style and adherence changes, possibly difficulty of 
paying for prescriptions) and system factors (e.g. 
telehealth-5855 and reduced opportunity for fol-
low-up in-person with patients in which 

medications can be discussed, perhaps concern 
about some drugs interacting with COVID, per-
haps focus on other health areas for overworked 
professionals during pandemic,56,57 etc.).

Patient presentations are more likely to appear as 
escalating or uncontrolled BP and increased 
number of undiagnosed and diagnosed people 
with hypertension, which could be detected via 
BP screening. This trajectory is also supported by 
reduced use of warfarin and direct-acting oral 
anticoagulants (DOACs) during the pan-
demic,24,58,59 which is different to the prior long-
term trend and hopefully is temporary. The 
second- and third-order derivative outcomes 
because of such changes remain to be seen in the 
clinical data and wider epidemiological findings. 
Medicines management guidance in some 
instances, for example, anticoagulants,60,61 
advised clinical changes to prescriptions that 
would reduce the burden of monitoring, selecting 
agents with relatively lower adverse effects, for 
example, protect the kidneys.

It must be made clear that the changes observed 
are not consequent to deprescribing or rationalisa-
tion of drug therapy and are likely to be subse-
quent to either mass abstention or lack of access to 

ARIMA model parameter step change at intercept point

Calcium channel blockers-model_3 1.51 –5.57 8.58 0.443 0.663

Statin-model_4 1.14 –9.87 12.15 0.215 0.832

Antiplatelet-model_5 0.97 –3.39 5.33 0.464 0.649

Antithrombotic-model_6 1.52 –3.20 6.24 0.67 0.512

Angiotensin-II antagonist-model_7 –0.09 –3.67 3.49 –0.053 0.959

Loop diuretic-model_8 0.50 –2.00 2.99 0.413 0.685

Doxazosin mesilate (alpha-adrenoceptor 
blocker)-model_9

0.22 –1.24 1.68 0.315 0.757

Bendroflumethiazide-model_10 0.12 –1.39 1.63 0.164 0.872

Nitrate-model_11 0.07 –0.62 0.76 0.209 0.837

Indapamide-model_12 0.25 –0.57 1.08 0.64 0.531

ACE, angiotensin-converting enzyme; ARIMA, autoregressive integrated moving average; LCI, lower confidence interval; UCI, upper confidence 
interval.

Table 2.  (Continued)
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Figure 1.  ITS analysis using ARIMA (1,0,0) (0,0,0) for ACE inhibitor, beta-blocker, calcium channel blockers, 
statin, antiplatelet, antithrombotic, angiotensin-II antagonist, loop diuretic, doxazosin, bendroflumethiazide, 
nitrate and indapamide.
ACE, angiotensin-converting enzyme; ARIMA, autoregressive integrated moving average; ITS, interrupted time series.
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timely prescriptions. Deprescribing, or the inten-
tional discontinuation or dose-reduction of medi-
cations, is an approach to reduce harms associated 
with inappropriate medication use. Some reduc-
tions could be theoretically a result of deprescrib-
ing, but what is likely happening is a passive 
process of disengagement rather than planned 
deprescribing. Evidence62 suggests that clinicians 
recognise the importance of deprescribing cardio-
metabolic medication when appropriate, but 
cavate it as a medical decision that can only be 
made in close cooperation with the patient within 
a multidisciplinary approach, with appropriate 
monitoring making it a time- and person-intensive 
process, resources in short supply over the last 2 
years. Informal discussions with other clinical staff 
support this. Arguments for or against ACEIs and 
ARBs have been previously raised, but the data 
support the deceleration of most medication tak-
ing, suggesting that patients did not stop taking 
the medication as a direct consequence of con-
cerns about susceptibility of ACEIs and ARBs in 
severity of potential COVID-19.

Conversely, it could also be an indication that 
during the early phases of the pandemic, care pro-
viders were streamlining care closer to guidelines 
and the evidence base, in line with the anticoagu-
lation literature indicating reduced use of warfa-
rin and switching to DOACs during the pandemic 
in response to national guidelines.24,58,59 In 2011, 
the The Prospective Urban Rural Epidemiology 
(PURE) Study concluded that approaches are 
needed to improve the long-term use of basic, 
inexpensive and effective drugs,8 and this remains 
the case today.

National and international programmes
High BP is a major risk factor for the develop-
ment of CVD; conversely, management of high 
BP usually with pharmacotherapy will reduce dis-
ease burden and complications. The national 
CVD prevention programme63 has been set up in 
2019 to develop targeted interventions to opti-
mise care by maximising diagnosis and treatment 
to minimise both individual risk factors and pop-
ulation risk to deliver commitments set out in the 
2019 long-term plan.64 In England, since October 
2021, all adults above 40 years of age can access a 
health check65 from convenient locations such as 
community pharmacies because they have been 
shown to be efficacious66 and cost-effective.67 
Such screening in pharmacies, specifically, can be 

done faster and cheaper, increasing screening 
rates to detect CVD progression, something that 
should be promoted nationally and internation-
ally given this study’s findings. International 
guidelines may also evolve in line with emerging 
evidence but need to remain harmonised to pre-
vent the varied clinical practice.

Individual financial risks and vulnerabilities
Consideration should also be given to financial 
pressures that patients may be experiencing. The 
NHS provides subsidise medication, but a flat fee 
of approximately £10 is levied against each item 
on a prescription which can be off-putting for 
people in a precarious financial position perhaps 
heightened by the pandemic. Policy considera-
tion should be given to suspend the NHS pre-
scription fee levied during the pandemic. This is 
likely to encourage those people who have fore-
gone therapy to become adherent again and may 
attempt to ‘level up’ some of the emerging health 
inequalities.

Public perception
Risks remain with public perceptions of the NHS 
and the ‘value for money’ argument, if services 
remain out of reach and delayed, being beyond 
‘reasonably valued’, although the evidence of 
patient disengagement, especially for cardiovascu-
lar conditions, is currently weak and more evi-
dence needs to be collected. There is some initial 
emerging evidence of disengagement from health-
care services including for mental health and car-
diovascular and cerebrovascular disease68,69 and 
potentially an unintended move towards privatisa-
tion. There is out-of-pocket spending on health 
too. This stands at weekly household expenditure 
(£) on health in United Kingdom (financial year 
ending 2020), at £4.20 (Index of Multiple 
Deprivation 2019 Decile 1 – lowest 10%), £5.40, 
£5.00, £5.80, £8.10, £7.70, £9.00, £12.20, 
£9.20, £15.30 (Decile 10 – highest 10%), averag-
ing £8.20 per week by household expenditure by 
gross income decile group.70 This represents 2% of 
total expenditure for Deciles 1 and 2, and 1% of 
total expenditure for the rest. This represents a 
weekly spend of £10.00 for ages 50–64, £9.70 for 
ages 65–74 and £10.50 for ages 75 and over, dis-
proportionately affecting older adults in income 
poverty. These numbers are likely to rise further in 
line with accelerating global and domestic infla-
tion. To remain relevant, the NHS must rapidly 

http://tac.sagepub.com


R Barrett and J Hodgkinson 

http://tac.sagepub.com	 11

reorient services that serve patients. Telehealth, 
mobile health and especially support for rural and 
vulnerable populations need to be done in different 
ways for the NHS to remain sustainable and relia-
bly meet patient needs. Policy consideration must 
be given to resuming systematic efforts towards 
active patient assessments. Current healthcare ser-
vices and staff are acknowledged to be operating at 
maximum capacity with risk of burnout71–73 and 
attrition from their professions. Hence, these pol-
icy decisions need to be more robust and go beyond 
simply asking staff to work longer and harder.

Strengths and limitations
There are several strengths of this study, primar-
ily its originality and attempt to bring analytic rig-
our to not only understanding the likely impacts 
on patients of the pandemic but also providing 
early warning signals for the management of CVD 
medication use in the longer term. The results of 
this study are timely, rooted in real-world epide-
miological evidence, adding new knowledge on 
the evidence base of general health in England to 
ground future practice and guidance. This pro-
vides evidence for actionable policy change to 
improve patient health and limit the negative 
impact of the pandemic. Limitations include not 
being able to characterise the causal reasons or 
effect size of confounders.

Future studies
In 2016, Bhatnagar et al.3 highlight that improve-
ments in the burden of CVD had not occurred 
equally between the four constituent countries of 
the United Kingdom or between men and women. 
While the present study reports data across England, 
it cannot comment on other nations or differences 
by gender. However, it generates early warning sig-
nals that Wales, Northern Ireland and Scotland 
populations may perform worse as historically com-
pared with England, with men at higher risk of dis-
ease complications and hospitalisations. There is a 
concern that life expectancy may fall and health 
inequality along lines of deprivation may become 
entrenched; however, these are hypotheses for fur-
ther investigations. So many rapid changes could 
have created a multi-tiered system of care with vari-
ation along geographic and deprivation lines, where 
some patients would have received careful attention 
and others could have had amendments that may 
not be suitable. Future studies are needed to con-
duct patient-level prescription analysis to investigate 

whether reductions are as a result of reduced initia-
tion or maintenance (e.g. How many ‘new’ versus 
‘old’ patients), rates of disease complications, gen-
der difference and postcode analysis of deprivation.

Recommendations
Patients detected at risk of CVD via screening 
should not wait to see a physician or specialist and 
should be immediately initiated on an antihyperten-
sive medication if the reviewing nurse or pharmacist 
is an independent or supplementary non-medical 
prescriber. To protect health, patient should be 
encouraged to return for a rapid review to ensure 
any incidental adverse reactions are detected and 
managed with follow-up by a specialist.

Conclusion
Results show a concerning decline in uptake of 
prescribed therapies for long-term chronic cardi-
ovascular conditions with changes in clinical 
practice as a direct result of the pandemic. There 
is a concern that life expectancy may fall and 
health inequality along lines of deprivation may 
become entrenched. Consideration should be 
given to financial relief on prescription levies, 
accessible, accelerated screening and treatment. 
A video abstract is (4 min 51 s) of this article is 
available at https://bit.ly/39gvEHi

Declarations

Ethics approval and consent to participate
Ethical approval was not required for this data-
base study, which is a secondary analysis of gov-
ernment data, provided freely under the Open 
Government Licence (OGL), incorporating 
anonymised participatory consent from all 
patients. The study was conducted according to 
the principles of the World Medical Association 
Declaration of Helsinki (https://www.wma.net/
policies-post/wma-declaration-of-helsinki-ethi 
cal-principles-for-medical-research-involving-
human-subjects/ (2018, accessed 25 June 2019).

Consent for publication
Not applicable.

Author contributions
Ravina Barrett: Conceptualization; Data cura-
tion; Formal analysis; Funding acquisition; 
Investigation; Methodology; Project 

http://tac.sagepub.com


Volume 16

12	 http://tac.sagepub.com

Therapeutic Advances in 
Cardiovascular Disease

administration; Resources; Software; Supervision; 
Validation; Visualization; Writing – original draft; 
Writing – review & editing.

James Hodgkinson: Writing – review & editing.

Acknowledgements
Not applicable.

Funding
The authors received no financial support for the 
research, authorship, and/or publication of this 
article.

Competing interests
The authors declared no potential conflicts of 
interest with respect to the research, authorship, 
and/or publication of this article

Availability of data and materials
Data are available from https://opendata.nhsbsa.
net/dataset/english-prescribing-data-epd.

ORCID iD
Ravina Barrett  https://orcid.org/0000-0003- 
0004-2131

Supplemental material
Supplemental material for this article is available 
online.

References
	 1.	 Fuchs FD and Whelton PK. High blood pressure 

and cardiovascular disease. Hypertens Dallas Tex 
2020; 75: 285–292.

	 2.	 Kokubo Y and Matsumoto C. Hypertension is 
a risk factor for several types of heart disease: 
review of prospective studies. Adv Exp Med Biol 
2017; 956: 419–426.

	 3.	 Bhatnagar P, Wickramasinghe K, Wilkins E,  
et al. Trends in the epidemiology of 
cardiovascular disease in the UK. Heart 2016; 
102: 1945–1952.

	 4.	 Arnett DK, Blumenthal RS, Albert MA, et al. 
2019 ACC/AHA guideline on the primary 
prevention of cardiovascular disease: a report of 
the American College of Cardiology/American 
Heart Association task force on clinical practice 
guidelines. Circulation 2019; 140: e596–e646.

	 5.	 Fihn SD, Gardin JM, Abrams J, et al. 2012 
ACCF/AHA/ACP/AATS/PCNA/SCAI/STS 

guideline for the diagnosis and management of 
patients with stable ischemic heart disease: a 
report of the American College of Cardiology 
Foundation/American Heart Association task 
force on practice guidelines, and the American 
College of Physicians, American Association for 
Thoracic Surgery, Preventive Cardiovascular 
Nurses Association, Society for Cardiovascular 
Angiography and Interventions, and Society 
of Thoracic Surgeons. Circulation 2012; 126: 
e354–e471.

	 6.	 McAlister FA and the Renin Angiotension 
System Modulator Meta-Analysis Investigators. 
Angiotensin-converting enzyme inhibitors or 
angiotensin receptor blockers are beneficial 
in normotensive atherosclerotic patients: a 
collaborative meta-analysis of randomized trials. 
Eur Heart J 2012; 33: 505–514.

	 7.	 Leong DP, Joseph PG, McKee M, et al. 
Reducing the global burden of cardiovascular 
disease, part 2: prevention and treatment of 
cardiovascular disease. Circ Res 2017; 121: 
695–710.

	 8.	 Yusuf S, Islam S, Chow CK, et al. Use of 
secondary prevention drugs for cardiovascular 
disease in the community in high-income, 
middle-income, and low-income countries (the 
PURE study): a prospective epidemiological 
survey. Lancet Lond Engl 2011; 378: 1231–1243.

	 9.	 World Health Organization. WHO model lists 
of essential medicines, https://www.who.int/
groups/expert-committee-on-selection-and-use-
of-essential-medicines/essential-medicines-lists 
(accessed 9 October 2021).

	10.	 Chen Q, Xu L, Dai Y, et al. Cardiovascular 
manifestations in severe and critical patients  
with COVID-19. Clin Cardiol 2020; 43:  
796–802.

	11.	 Gunawardene MA, Gessler N, Wohlmuth P, 
et al. Prognostic impact of acute cardiovascular 
events in COVID-19 hospitalized patients-results 
from the CORONA Germany study. J Clin Med 
2021; 10: 3982.

	12.	 Hoffmann M, Kleine-Weber H, Schroeder S, 
et al. SARS-CoV-2 cell entry depends on ACE2 
and TMPRSS2 and is blocked by a clinically 
proven protease inhibitor. Cell 2020; 181: 
271–280.e8.

	13.	 Zhou P, Yang XL, Wang XG, et al. A pneumonia 
outbreak associated with a new coronavirus of 
probable bat origin. Nature 2020; 579: 270–273.

	14.	 Choudhary S and Silakari O. Scaffold morphing 
of arbidol (umifenovir) in search of multi-

http://tac.sagepub.com
https://opendata.nhsbsa.net/dataset/english-prescribing-data-epd
https://opendata.nhsbsa.net/dataset/english-prescribing-data-epd
https://orcid.org/0000-0003-
https://www.who.int/groups/expert-committee-on-selection-and-use-of-essential-medicines/essential-medicines-lists
https://www.who.int/groups/expert-committee-on-selection-and-use-of-essential-medicines/essential-medicines-lists
https://www.who.int/groups/expert-committee-on-selection-and-use-of-essential-medicines/essential-medicines-lists


R Barrett and J Hodgkinson 

http://tac.sagepub.com	 13

targeting therapy halting the interaction of  
SARS-CoV-2 with ACE2 and other proteases 
involved in COVID-19. Virus Res 2020; 289: 
198146.

	15.	 Datta PK, Liu F, Fischer T, et al. SARS-CoV-2 
pandemic and research gaps: Understanding 
SARS-CoV-2 interaction with the ACE2 receptor 
and implications for therapy. Theranostics 2020; 
10: 7448–7464.

	16.	 Papageorgiou AC and Mohsin I. The SARS-
CoV-2 spike glycoprotein as a drug and vaccine 
target: structural insights into its complexes with 
ACE2 and antibodies. Cells 2020; 9: 2343.

	17.	 Pires de Souza GA, Osman IO, Le Bideau M, 
et al. Angiotensin II receptor blockers (ARBs 
antihypertensive agents) increase replication of 
SARS-CoV-2 in vero E6 cells. Front Cell Infect 
Microbiol 2021; 11: 639177.

	18.	 Ramey OL, Silva Almodóvar A and Nahata MC. 
Medication adherence in Medicare-enrolled 
older adults with asthma before and during the 
coronavirus disease 2019 pandemic. Ann Allergy 
Asthma Immunol 2022; 128: 561–567.

	19.	 Freiberg A, Schubert M, Romero Starke K, et al. 
A rapid review on the influence of COVID-19 
lockdown and quarantine measures on modifiable 
cardiovascular risk factors in the general 
population. Int J Environ Res Public Health 2021; 
18: 8567.

	20.	 Aajal A, El Boussaadani B, Hara L, et al. The 
consequences of the lockdown on cardiovascular 
diseases. Ann Cardiol Angeiol 2021; 70: 94–101.

	21.	 Barrett R, Barrett R, Dhar K, et al. Gonadorelins 
adherence in prostate cancer: a time-series 
analysis of England’s national prescriptions 
during the COVID-19 pandemic (from Jan 2019 
to Oct 2020). BJUI Compass 2021; 2: 419–427.

	22.	 Barrett R. Calcineurin inhibitors and related 
medicines: a cohort study examining England’s 
primary care prescription changes during the 
COVID-19 pandemic (January 2019 to March 
2021). Daru 2022; 30: 59–66.

	23.	 Barrett R and Barrett R. Asthma and COPD 
medicines prescription-claims: a time-series 
analysis of England’s national prescriptions 
during the COVID-19 pandemic (Jan 2019 to 
Oct 2020). Expert Rev Respir Med 2021; 15: 
1605–1612.

	24.	 Alkhameys S and Barrett R. Impact of the 
COVID-19 pandemic on England’s national 
prescriptions of oral vitamin K antagonist (VKA) 
and direct-acting oral anticoagulants (DOACs): 
an interrupted time series analysis (January 

2019–February 2021). Curr Med Res Opin 2022; 
38: 1081–1092.

	25.	 Hansen JP, van Sas TQB, Fløjstrup M, et al. The 
effect of the March 2020 COVID-19 lockdown 
on national psychiatric contacts in Denmark: 
An interrupted time series analysis. Brain Behav 
2021; 11: e2264.

	26.	 Bordes SJ, Montorfano L, West-Ortiz W, et al. 
Trends in US kidney transplantation during the 
COVID-19 pandemic. Cureus 2020; 12:  
e12075.

	27.	 Clark CE, McDonagh STJ, McManus RJ, 
et al. COVID-19 and hypertension: risks and 
management. A scientific statement on behalf of 
the British and Irish Hypertension Society. J Hum 
Hypertens 2021; 35: 304–307.

	28.	 Blood Pressure UK. Covid-19 advice for 
people with high blood pressure, https://www.
bloodpressureuk.org/news/news/covid-19-advice-
for-people-with-high-blood-pressure-.html 
(accessed 6 April 2022).

	29.	 British Medical Association. NHS backlog data 
analysis. The British Medical Association is the trade 
union and professional body for doctors in the UK, 
https://www.bma.org.uk/advice-and-support/nhs-
delivery-and-workforce/pressures/nhs-backlog-
data-analysis (accessed 20 May 2022).

	30.	 Alderwick H. Is the NHS overwhelmed? BMJ 
2022; 376: o51.

	31.	 Ashcroft R, Donnelly C, Dancey M, et al. 
Primary care teams’ experiences of delivering 
mental health care during the COVID-19 
pandemic: a qualitative study. BMC Fam Pract 
2021; 22: 143.

	32.	 Wanat M, Hoste M, Gobat N, et al. 
Transformation of primary care during the 
COVID-19 pandemic: experiences of healthcare 
professionals in eight European countries. Br J 
Gen Pract 2021; 71: e634–e642.

	33.	 Kelly EL, Cunningham A, Sifri R, et al. Burnout 
and commitment to primary care: lessons from 
the early impacts of COVID-19 on the workplace 
stress of primary care practice teams. Ann Fam 
Med 2022; 20: 57–62.

	34.	 Ágh T, van Boven JF, Wettermark B, et al. 
A cross-sectional survey on medication 
management practices for noncommunicable 
diseases in Europe during the second wave of the 
COVID-19 pandemic. Front Pharmacol 2021; 12: 
685696.

	35.	 Menon S and Sander JW. Effects of the  
COVID-19 pandemic on medication adherence: 

http://tac.sagepub.com
https://www.bloodpressureuk.org/news/news/covid-19-advice-for-people-with-high-blood-pressure-.html
https://www.bloodpressureuk.org/news/news/covid-19-advice-for-people-with-high-blood-pressure-.html
https://www.bloodpressureuk.org/news/news/covid-19-advice-for-people-with-high-blood-pressure-.html
https://www.bma.org.uk/advice-and-support/nhs-delivery-and-workforce/pressures/nhs-backlog-data-analysis
https://www.bma.org.uk/advice-and-support/nhs-delivery-and-workforce/pressures/nhs-backlog-data-analysis
https://www.bma.org.uk/advice-and-support/nhs-delivery-and-workforce/pressures/nhs-backlog-data-analysis


Volume 16

14	 http://tac.sagepub.com

Therapeutic Advances in 
Cardiovascular Disease

In the case of antiseizure medications, a scoping 
review. Seizure 2021; 93: 81–87.

	36.	 English Prescribing Dataset (EPD)–Open Data 
Portal BETA, https://opendata.nhsbsa.net/
dataset/english-prescribing-data-epd (accessed 25 
April 2020).

	37.	 Office for National Statistics. Vital statistics in the 
UK: births, deaths and marriages, https://www.
ons.gov.uk/peoplepopulationandcommunity/
populationandmigration/
populationestimates/datasets/
vitalstatisticspopulationandhealthreferencetables 
(2021, accessed 19 March 2021).

	38.	 Office for National Statistics. Deaths 
registered monthly in England and Wales 
– Office for National Statistics, https://www.
ons.gov.uk/peoplepopulationandcommunity/
birthsdeathsandmarriages/deaths/datasets/
monthlyfiguresondeathsregisteredbyar 
eaofusualresidence (accessed 19 March 2021).

	39.	 Office for National Statistics. Provisional 
births in England and Wales, https://www.
ons.gov.uk/peoplepopulationandcommunity/
birthsdeathsandmarriages/livebirths/datasets/
provisionalbirthsinenglandandwales (accessed 19 
March 2021).

	40.	 Schultze A, Walker AJ, MacKenna B, et al. Risk 
of COVID-19-related death among patients 
with chronic obstructive pulmonary disease 
or asthma prescribed inhaled corticosteroids: 
an observational cohort study using the 
OpenSAFELY platform. Lancet Respir Med 2020; 
8: 1106–1120.

	41.	 Singh D and Halpin DMG. Inhaled 
corticosteroids and COVID-19-related mortality: 
confounding or clarifying? Lancet Respir Med 
2020; 8: 1065–1066.

	42.	 Benchimol EI, Smeeth L, Guttmann A, et al. 
The REporting of studies Conducted using 
Observational Routinely-collected health Data 
(RECORD) statement. PLoS Med 2015; 12: 
e1001885.

	43.	 Cochrane Effective Practice Organisation of Care 
(EPOC). Interrupted time series (ITS) analyses. 
EPOC resources for review authors, 2017, https://
docplayer.net/11490296-Interrupted-time-series-
its-analyses.html

	44.	 Lopez Bernal J, Cummins S and Gasparrini 
A. Interrupted time series regression for the 
evaluation of public health interventions: a 
tutorial. Int J Epidemiol 2016; 46: 348–355.

	45.	 Kontopantelis E, Doran T, Springate DA, et al. 
Regression based quasi-experimental approach 

when randomisation is not an option: interrupted 
time series analysis. BMJ 2015; 350: h2750.

	46.	 Onozuka D, Tanoue Y, Nomura S, et al. Reduced 
mortality during the COVID-19 outbreak in 
Japan, 2020: a two-stage interrupted time-series 
design. Int J Epidemiol 2022; 51: 75–84.

	47.	 Elser H, Lin W, Catalano RA, et al. Does the 
implementation of reference pricing result in 
reduced utilization? Evidence from inpatient and 
outpatient procedures. Med Care Res Rev 2022; 
79: 58–68.

	48.	 Schaffer AL, Dobbins TA and Pearson 
SA. Interrupted time series analysis using 
autoregressive integrated moving average 
(ARIMA) models: a guide for evaluating 
large-scale health interventions. BMC Med Res 
Methodol 2021; 21: 58.

	49.	 Helfenstein U. Box-Jenkins modelling in medical 
research. Stat Methods Med Res 1996; 5: 3–22.

	50.	 Zaiyong Tang de Almeida C and Fishwick PA. 
Time series forecasting using neural networks vs. 
Box- Jenkins methodology. Simulation 1991; 57: 
303–310.

	51.	 Dahlöf B, Sever PS, Poulter NR, et al. 
Prevention of cardiovascular events with an 
antihypertensive regimen of amlodipine adding 
perindopril as required versus atenolol adding 
bendroflumethiazide as required, in the Anglo-
Scandinavian Cardiac Outcomes Trial-Blood 
Pressure Lowering Arm (ASCOT-BPLA): a 
multicentre randomised controlled trial. Lancet 
Lond Engl 2005; 366: 895–906.

	52.	 Office for National Statistics. Total deaths in 
the UK in 2020 and deaths from heart attacks, 
heart disease, cancer, and Alzheimer’s and 
dementia,2016 to 2020–Office for National 
Statistics, https://www.ons.gov.uk/aboutus/
transparencyandgovernance/freedom 
ofinformationfoi/totaldeathsintheukin2020 
anddeathsfromheartattacksheartdisease 
cancerandalzheimersanddementia2016to 
2020 (2021, accessed 23 May 2022).

	53.	 Wadhera RK, Shen C, Gondi S, et al. 
Cardiovascular deaths during the COVID-19 
pandemic in the United States. J Am Coll Cardiol 
2021; 77: 159–169.

	54.	 Hepworth LR, Howard C, Hanna KL, et al. ‘Eye’ 
don’t see: an analysis of visual symptom reporting 
by stroke survivors from a large epidemiology 
study. J Stroke Cerebrovasc Dis 2021; 30: 105759.

55.	 Raja M, Bjerkan J, Kymre IG, et al. Telehealth 
and digital developments in society that persons 
75 years and older in European countries have 

http://tac.sagepub.com
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/datasets/vitalstatisticspopulationandhealthreferencetables
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/datasets/vitalstatisticspopulationandhealthreferencetables
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/datasets/vitalstatisticspopulationandhealthreferencetables
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/datasets/vitalstatisticspopulationandhealthreferencetables
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/datasets/vitalstatisticspopulationandhealthreferencetables
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/datasets/monthlyfiguresondeathsregisteredbyar
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/datasets/monthlyfiguresondeathsregisteredbyar
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/datasets/monthlyfiguresondeathsregisteredbyar
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/datasets/monthlyfiguresondeathsregisteredbyar
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/datasets/provisionalbirthsinenglandandwales
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/datasets/provisionalbirthsinenglandandwales
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/datasets/provisionalbirthsinenglandandwales
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/datasets/provisionalbirthsinenglandandwales
https://www.ons.gov.uk/aboutus/transparencyandgovernance/freedom
https://www.ons.gov.uk/aboutus/transparencyandgovernance/freedom


R Barrett and J Hodgkinson 

http://tac.sagepub.com	 15

been part of: a scoping review. BMC Health Serv 
Res 2021; 21: 1157.

	56.	 Wang Z, Lin L, Guo Y, et al. The uncounted 
casualties of a hidden COVID-19 epidemic in 
China: cross-sectional study on deaths related to 
overwork. J Med Internet Res 2021; 23: e23311.

	57.	 Farfour E, Lecuru M, Dortet L, et al. 
Carbapenemase-producing Enterobacterales 
outbreak: another dark side of COVID-19. Am J 
Infect Control 2020; 48: 1533–1536.

	58.	 Rivera-Caravaca JM, Harrison SL, Buckley 
BJR, et al. Efficacy and safety of direct-acting 
oral anticoagulants compared to vitamin K 
antagonists in COVID-19 outpatients with 
cardiometabolic diseases. Cardiovasc Diabetol 
2021; 20: 176.

	59.	 The OpenSAFELY Collaborative, Curtis HJ, 
MacKenna B, et al. OpenSAFELY: impact of 
national guidance on switching anticoagulant 
therapy during COVID-19 pandemic. Open Heart 
2021; 8: e1784.

	60.	 Williams H. Guidance for the safe switching 
of warfarin to direct oral anticoagulants 
(DOACs) for patients with non-valvular AF 
and venous thromboembolism (DVT / PE) 
during the coronavirus pandemic, https://
www.rpharms.com/Portals/0/RPS%20
document%20library/Open%20access/
Coronavirus/FINAL%20Guidance%20on%20
safe%20switching%20of%20warfarin%20
to%20DOAC%20COVID-19%20Mar%20
2020.pdf?ver=2020-03-26-180945-627 (2020, 
accessed 11 October 2021.)

	61.	 NHS, England NHS and Improvement. Clinical 
guide for the management of anticoagulant 
services during the coronavirus pandemic, 
2020, https://www.nice.org.uk/media/default/
about/covid-19/specialty-guides/specialty-guide-
anticoagulant-services-and-coronavirus.pdf

	62.	 Abou J, Crutzen S, Tromp V, et al. Barriers and 
enablers of healthcare providers to deprescribe 
cardiometabolic medication in older patients: 
a Focus group study. Drugs Aging 2022; 39: 
209–221.

	63.	 NHS and England. Cardiovascular disease 
(CVD), https://www.england.nhs.uk/ourwork/
clinical-policy/cvd/ (accessed 11 October 2021).

	64.	 National Health Service. The NHS Long 
Term Plan, https://www.longtermplan.nhs.uk/

wp-content/uploads/2019/08/nhs-long-term- 
plan-version-1.2.pdf (2019, accessed 11 October 
2021).

	65.	 National Health Service. What is an NHS health 
check?, https://www.nhs.uk/conditions/nhs-
health-check/what-is-an-nhs-health-check-new/ 
(2019, accessed 11 October 2021).

	66.	 McManus RJ, Mant J, Franssen M, et al. Efficacy 
of self-monitored blood pressure, with or without 
telemonitoring, for titration of antihypertensive 
medication (TASMINH4): an unmasked 
randomised controlled trial. Lancet 2018; 391: 
949–959.

	67.	 Lovibond K, Jowett S, Barton P, et al. Cost-
effectiveness of options for the diagnosis of high 
blood pressure in primary care: a modelling 
study. Lancet 2011; 378: 1219–1230.

	68.	 White E, Read J and Julo S. The role of 
Facebook groups in the management and raising 
of awareness of antidepressant withdrawal: 
is social media filling the void left by health 
services? Ther Adv Psychopharmacol 2021; 11: 
2045125320981174.

	69.	 Williams R, Jenkins DA, Ashcroft DM, et al. 
Diagnosis of physical and mental health 
conditions in primary care during the COVID-19 
pandemic: a retrospective cohort study. Lancet 
Public Health 2020; 5: e543–e550.

	70.	 Office for National Statistics. Indicator 3.8.2 
– proportion of population with large household 
expenditures on health as a share of total 
household expenditure or income – U.K. 
Indicators for the Sustainable Development 
Goals, https://sdgdata.gov.uk/3-8-2/ (2022, 
accessed 20 May 2022).

	71.	 Shanafelt TD, Dyrbye LN, West CP, et al. 
Suicidal ideation and attitudes regarding help 
seeking in US physicians relative to the US 
working population. Mayo Clin Proc 2021; 96: 
2067–2080.

	72.	 Mantri S, Song YK, Lawson JM, et al. Moral 
injury and burnout in health care professionals 
during the COVID-19 pandemic. J Nerv Ment 
Dis 2021; 209: 720–726.

	73.	 Shanafelt TD, West CP, Sinsky C, et al. Changes 
in burnout and satisfaction with work-life 
integration in physicians and the general US 
working population between 2011 and 2020. 
Mayo Clin Proc 2022; 9797: 491–506.

Visit SAGE journals online 
http://tac.sagepub.com

SAGE journals

http://tac.sagepub.com
https://www.rpharms.com/Portals/0/RPS%20document%20library/Open%20access/Coronavirus/FINAL%20Guidance%20on%20safe%20switching%20of%20warfarin%20to%20DOAC%20COVID-19%20Mar%202020.pdf?ver=2020-03-26-180945-627
https://www.rpharms.com/Portals/0/RPS%20document%20library/Open%20access/Coronavirus/FINAL%20Guidance%20on%20safe%20switching%20of%20warfarin%20to%20DOAC%20COVID-19%20Mar%202020.pdf?ver=2020-03-26-180945-627
https://www.rpharms.com/Portals/0/RPS%20document%20library/Open%20access/Coronavirus/FINAL%20Guidance%20on%20safe%20switching%20of%20warfarin%20to%20DOAC%20COVID-19%20Mar%202020.pdf?ver=2020-03-26-180945-627
https://www.rpharms.com/Portals/0/RPS%20document%20library/Open%20access/Coronavirus/FINAL%20Guidance%20on%20safe%20switching%20of%20warfarin%20to%20DOAC%20COVID-19%20Mar%202020.pdf?ver=2020-03-26-180945-627
https://www.rpharms.com/Portals/0/RPS%20document%20library/Open%20access/Coronavirus/FINAL%20Guidance%20on%20safe%20switching%20of%20warfarin%20to%20DOAC%20COVID-19%20Mar%202020.pdf?ver=2020-03-26-180945-627
https://www.rpharms.com/Portals/0/RPS%20document%20library/Open%20access/Coronavirus/FINAL%20Guidance%20on%20safe%20switching%20of%20warfarin%20to%20DOAC%20COVID-19%20Mar%202020.pdf?ver=2020-03-26-180945-627
https://www.rpharms.com/Portals/0/RPS%20document%20library/Open%20access/Coronavirus/FINAL%20Guidance%20on%20safe%20switching%20of%20warfarin%20to%20DOAC%20COVID-19%20Mar%202020.pdf?ver=2020-03-26-180945-627
https://www.nice.org.uk/media/default/about/covid-19/specialty-guides/specialty-guide-anticoagulant-services-and-coronavirus.pdf
https://www.nice.org.uk/media/default/about/covid-19/specialty-guides/specialty-guide-anticoagulant-services-and-coronavirus.pdf
https://www.nice.org.uk/media/default/about/covid-19/specialty-guides/specialty-guide-anticoagulant-services-and-coronavirus.pdf
https://www.england.nhs.uk/ourwork/clinical-policy/cvd/
https://www.england.nhs.uk/ourwork/clinical-policy/cvd/
https://www.longtermplan.nhs.uk/wp-content/uploads/2019/08/nhs-long-term-plan-version-1.2.pdf
https://www.longtermplan.nhs.uk/wp-content/uploads/2019/08/nhs-long-term-plan-version-1.2.pdf
https://www.longtermplan.nhs.uk/wp-content/uploads/2019/08/nhs-long-term-plan-version-1.2.pdf
https://www.nhs.uk/conditions/nhs-health-check/what-is-an-nhs-health-check-new/
https://www.nhs.uk/conditions/nhs-health-check/what-is-an-nhs-health-check-new/
https://sdgdata.gov.uk/3-8-2/
http://tac.sagepub.com

