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Aims: Antihypertensive drugs have been implicated in coronavirus disease 2019

(COVID-19) susceptibility and severity, but estimated associations may be suscepti-

ble to bias. We aimed to evaluate antihypertensive medications and COVID-19

diagnosis and mortality, accounting for healthcare-seeking behaviour.

Methods: A population-based case-control study was conducted including 16 866

COVID-19 cases and 70 137 matched controls from the UK Clinical Practice

Research Datalink. We evaluated all-cause mortality among COVID-19 cases. Expo-

sures were angiotensin-converting enzyme inhibitors (ACEIs), angiotensin receptor

blockers (ARBs), beta-blockers (B), calcium-channel blockers (C), thiazide diuretics

(D) and other antihypertensive drugs (O). Analyses were adjusted for covariates and

consultation frequency.

Results: ACEIs were associated with lower odds of COVID-19 diagnosis (adjusted

odds ratio [AOR] 0.82, 95% confidence interval [CI] 0.77-0.88) as were ARBs (AOR

0.87, 95% CI 0.80-0.95) with little attenuation from adjustment for consultation fre-

quency. C and D were also associated with lower odds of COVID-19 diagnosis.

Increased odds of COVID-19 for B (AOR 1.19, 95% CI 1.12-1.26) were attenuated

after adjustment for consultation frequency (AOR 1.01, 95% CI 0.95-1.08). Patients

treated with ACEIs or ARBs had similar odds of mortality (AOR 1.00, 95% CI

0.83-1.20) to patients treated with classes B, C, D or O or patients receiving no anti-

hypertensive therapy (AOR 0.99, 95% CI 0.83-1.18).

Conclusions: There was no evidence that antihypertensive therapy is associated with

increased risk of COVID-19 diagnosis or mortality; most classes of antihypertensive

therapy showed negative associations with COVID-19 diagnosis.
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1 | INTRODUCTION

Coronavirus disease 2019 (COVID-19) caused by the novel severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has become a

global pandemic. The World Health Organization's 9 February 2021

epidemiological update reported 105.4 million cumulative cases and

2.3 million cumulative deaths of COVID-19 globally.1 The UK is among

the countries with the highest COVID-19 incidence and death rates in

the world, with figures from 14 February 2021 indicating that among

those first testing positive for the virus, 117 166 died within 28 days.2

Biomedical scientific evidence suggests a role of the renin-angio-

tensin-aldosterone system (RAAS) in COVID-19. SARS-CoV-2 enters

host cells via interaction with the angiotensin-converting enzyme

2 (ACE2) receptor, which is part of the RAAS.3–6 Angiotensin-

converting enzyme inhibitors (ACEIs) and angiotensin receptor blockers

(ARBs) modulate the RAAS, and treatment with ACEIs and ARBs may

enhance ACE2 activity, thereby increasing SARS-CoV-2 susceptibility

and COVID-19 severity.7,8 Conversely, increased ACE2 might have a

protective effect by competitive inhibition of SARS-CoV-2 entry into

the respiratory epithelium or via negative regulation of the RAAS for

anti-inflammatory, antioxidative and vasodilatory effects.7,9

Antihypertensive drugs represent the most frequently prescribed

medicines in the UK, used by 15% of adults with long-term conditions

including diabetes, hypertension and cardiovascular diseases.10 These

pre-existing conditions are frequent among those receiving healthcare

for COVID-196,11 and have also been associated with high COVID-19

case fatality rates,12–14 raising concerns about possible associations

with antihypertensive treatment (AHT). There have been conflicting

results from several observational studies exploring the relationship

between AHT and COVID-19 susceptibility and severity since the

start of the pandemic.15,16

A living systematic review, updated to 3 August 2020, included

three studies with 8766 COVID-19 patients and found no evidence of

association between either ACEI or ARB treatment and positive

COVID-19 test results.15 Two of the studies drew on patients attending

hospital in the United States,17,18 while the third study was population-

based, including both primary care and hospital attendances in the

Lombardy region in Italy.19 A large international study which was

initially included in the review has since been retracted by the journal in

which it was published. A retrospective cohort study using Danish

national disease registries which found no evidence of association of

prior treatment with ACEIs/ARBs with COVID-19 diagnosis, severity or

death.20 In contrast, a systematic review and meta-analysis of 28 872

patients found that treatment with RAAS inhibiting (RAASi) drugs was

associated with lower risk of death or critical events.16 A primary care

database study in the UK reported that prior use of ACEIs and ARBs

was associated with lower risk of COVID-19 diagnosis, but there was

no association with intensive care unit admission.21

Nonrandomised studies to evaluate the association of RAASi drugs

with COVID-19 susceptibility and severity face several methodological

challenges. First, there may be substantial confounding. Several previ-

ous studies have only presented ‘fully adjusted’ estimates, making it

difficult to assess the possibility of residual confounding. Second,

analysis of clinical data from electronic health records may be associ-

ated with misclassification of confounders, which might bias estimates

in either positive or negative directions. Third, and perhapsmost impor-

tant, cases of COVID-19 documented in electronic health records rep-

resent only a minority of cases occurring in the community during the

first wave of the pandemic. If hypertension and COVID-19 are both

associated with increased healthcare utilisation, this might introduce

spurious associations between antihypertensive therapy and COVID-

19 through collider bias.22,23 Selection pressures may have biased the

sample toward those with greater symptom severity24 or those who

have comorbidities that make contact with health services more likely.

This study aimed to add to the evidence concerning antihyperten-

sive therapy and COVID-19 diagnosis and mortality through analysis

of a large population-based sample registered in UK primary care. We

aimed to evaluate the association between AHT classes, including

ACEIs, ARBs, calcium-channel blockers, beta-blockers and thiazide

diuretics, and COVID-19 diagnosis and mortality. We aimed to

explore the effects of covariate adjustment, including patient consul-

tation frequency in primary care.

2 | METHODS

2.1 | Overview

We undertook a case-control analysis of the UK Clinical Practice

Research Datalink (CPRD) GOLD to estimate associations between

What is already known about this subject

• Antihypertensive drugs have been implicated in coronavi-

rus disease 2019 (COVID-19) susceptibility and severity

through upregulation of the angiotensin-converting

enzyme 2 receptor.

• Studies have so far produced conflicting results, with

methodological and sampling issues leading to estimated

associations being susceptible to bias.

What this study adds

• Associations were sensitive to adjustment for

confounding and healthcare-seeking, but there was no

evidence that antihypertensive therapy is associated with

increased risk of COVID-19 diagnosis or mortality.

• Most classes of antihypertensive therapy showed nega-

tive associations with COVID-19 diagnosis.

• This study adds to the evidence that antihypertensive

therapy may be safely continued during the COVID-19

pandemic.
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AHT and COVID-19 susceptibility. We examined associations

between AHT classes and COVID-19 mortality using date of death in

the CPRD within 30 days as the outcome. Analyses were adjusted for

covariates and consultation frequency.

2.2 | Case and control selection

The CPRD GOLD is among the world's largest databases of

anonymised electronic health records from primary care. It is

estimated that 7% of UK general practices contribute to CPRD GOLD,

enabling the database to have extensive coverage and good

sociodemographic and geographic representativeness of the UK

population.25 The high quality of the CPRD GOLD data has been

verified by several studies.26 The protocol was approved by the

CPRD Independent Scientific Advisory Committee (ISAC protocol

20_081RA).

Patients recorded with COVID-19 were identified from the July

2020 release of CPRD GOLD. COVID-19 events were identified from

Read codes recorded into patients' clinical, referral and test records:

‘Suspected disease caused by 2019-nCoV (novel coronavirus)’ 39%,

‘Suspected coronavirus infection’ 19%, ‘Telephone consultation for

suspected 2019-nCoV (novel coronavirus)’ 16%, ‘2019-nCoV (novel

coronavirus) detected’ 12%, ‘Disease caused by 2019-nCoV

(novel coronavirus)’ 7%, ‘Coronavirus infection’ 5%, ‘Coronavirus
nucleic acid detection’ 3%, ‘[X] coronavirus infection, unspecified’ and
‘Coronavirus as cause of disease classified to other chapters’ less than
1%. We excluded the small number of COVID-19 diagnosis and mor-

tality events dated on or before 29 January 2020, the official date of

the UK's first confirmed COVID-19 case.

COVID-19 cases were compared with a sample of matched

control patients who did not have a COVID-19 diagnosis. Up to five

control patients for each case were randomly sampled from the entire

registered population of CPRD GOLD, matching on age, gender, index

date and general practice.

2.3 | Exposures

The exposure was defined as prescription of AHT in the 6 months

before the index date of the following classes: ACEIs, ARBs, beta

blockers (B), calcium channel blockers (C), thiazide diuretics (D) and

other antihypertensive drugs (O). Each class of AHT was coded as

either prescribed or not prescribed.

2.4 | Covariates

Covariates were defined using data recorded in the 5-year period

before date of diagnosis. These included smoking status (nonsmoker,

current smoker, exsmoker), body mass index (BMI; underweight, nor-

mal weight, overweight, obese and missing), systolic blood pressure

(SBP) and diastolic blood pressure (DBP) in categories of 10 mmHg.

Ethnicity was classified as ‘white’, ‘black’, ‘Asian’, ‘mixed’, ‘other’
and ‘not known’. We used Clegg's electronic Frailty Index (eFI) to

evaluate frailty into categories of nonfrail, mild, moderate and severe

frailty.27 We also evaluated the 15 comorbidities of the Charlson

comorbidity index as present or absent, following the recommenda-

tions of Khan et al.28,29 We evaluated healthcare-seeking behaviour

by calculating the rate of events in each patient's clinical record file,

including consultations and other contacts with the practice, in the

year preceding the index date. This rate per patient year was entered

as a continuous variable.

2.5 | Analysis

A conditional logistic regression model was employed for the case-

control analysis. Unadjusted odds ratios (ORs) were compared with

covariate adjusted odds ratios (AORs) including ethnicity, BMI, blood

pressure, smoking status, frailty level, comorbidities and treatment

with each class of AHT. Finally, additional adjustment was made for

consultation frequency. As a sensitivity analysis we repeated the anal-

ysis only including patients with confirmed COVID-19 diagnoses,

excluding patients recorded to have ‘suspected’ COVID-19. We also

explored evidence of an interaction between age group and each

class of AHT, conducting a subgroup analysis to examine age as an

effect modifier. We conducted subgroup analyses by BMI and frailty

category.

A Cox proportional hazards model was employed to examine the

association of AHT with patient survival. Survival time in days from

the date of first COVID-19 diagnosis to date of death or end of record

was the outcome. Patients who were still alive at the end of the study

period were censored. Covariates were month of COVID-19 diagno-

sis, gender, age (0-4, 5-9 and 10-14, then 10 years age groups up to

85 years and over), smoking status, BMI, blood pressure, ethnic group,

eFI category comorbidities and treatment with each class of AHT. A

secondary analysis also adjusted for region of practice. We did not

adjust for consultation frequency because all patients in this analysis

had already accessed care from their general practice. We also evalu-

ated ACEIs and ARBs combined, as RAASi drugs, making comparisons

with all other classes of AHT drugs combined, beta-blockers, calcium

channel blockers, thiazide diuretics, other hypertensive drugs (BCDO)

or no AHT. The proportional hazards assumption was checked graphi-

cally and with a test for proportional hazards. All data were analysed

in R, version 4.0.2.

3 | RESULTS

3.1 | Case-control analysis: COVID-19 diagnosis

There were 16 866 COVID-19 cases identified in CPRD GOLD from

29 January to 20 June 2020 (Supporting Information Figure S1),

which were compared to 70 137 matched controls. The age and

gender distribution of COVID-19 cases showed a higher frequency of
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females compared to males across all age categories, with cases

peaking in the 45-64 age group (years) (Supporting Information

Figure S2). COVID-19 cases had consulted their general practice more

frequently over the preceding year than controls, with a mean rate of

clinical record events in the preceding year of 28.0 per person year,

compared to 15.4 per person year among controls.

Table 1 and Supporting Information Table S1 show descriptive

data for COVID-19 cases and controls as well as unadjusted and

covariate AORs and 95% confidence intervals (CIs). COVID-19 diag-

nosis was associated with current smoking, underweight and obese

BMI, frailty, and black and minority ethnicity. Both low and high sys-

tolic or diastolic blood pressure values were associated with increased

odds of COVID-19 diagnosis when compared with intermediate blood

pressure values. Comorbidities associated with COVID-19 diagnosis in

covariate adjusted analyses included chronic pulmonary disease, meta-

static tumour, congestive heart disease, cerebrovascular disease and

dementia. Diabetes and renal disease were associated with COVID-19

diagnosis in unadjusted but not covariate adjusted analyses.

There were 4852 (29%) COVID-19 cases prescribed an AHT in

the year preceding diagnosis, compared to 17 978 (26%) of controls.

TABLE 1 Variables associated with Covid-19 diagnosis

COVID-19 cases (16866) Controls (70137)
Risk of Covid-19 diagnosis
(adjusted OR 95% CI)a

AHT drugs ACEI 1789 (11) 7314 (10) 0.82 (0.77-0.88)

ARB 923 (5) 3570 (5) 0.87 (0.80-0.95)

Beta-blocker 2228 (13) 7206 (10) 1.19 (1.12-1.26)

Calcium channel 1763 (10) 7216 (10) 0.97 (0.90-1.03)

Diuretics 583 (3) 2924 (4) 0.83 (0.75-0.92)

Other AHT 340 (2) 1218 (2) 1.06 (0.92-1.21)

Systolic blood pressure <110 1487 (9) 4652 (7) 1.30 (1.19-1.41)

110-119 2345 (14) 8023 (11) 1.21 (1.13-1.29)

120-129 3265 (19) 11 966 (17) 1.10 (1.04-1.17)

130-139 3068 (18) 12 483 (18) Reference

140-149 1875 (11) 7914 (11) 0.96 (0.90-1.03)

150-159 634 (4) 2630 (4) 0.96 (0.87-1.07)

160+ 585 (3) 2129 (3) 1.03 (0.92-1.16)

Not known 3607 (21) 20 340 (29) 1.97 (0.12-33.32)

Diastolic blood pressure <60 473 (3) 1468 (2) 1.01 (0.89-1.14)

60-69 2326 (14) 8826 (13) 0.87 (0.81-0.93)

70-79 4654 (28) 18 771 (27) 0.88 (0.84-0.93)

80-89 4368 (26) 16 224 (23) Reference

90-99 1152 (7) 3639 (5) 1.18 (1.09-1.28)

100+ 286 (2) 867 (1) 1.21 (1.03-1.41)

Not known 3607 (21) 20 342 (29) 0.32 (0.02-5.51)

Ethnic group White 8296 (49) 33 280 (47) Reference

Black 183 (1) 649 (1) 1.27 (1.06-1.53)

Asian 305 (2) 971 (1) 1.34 (1.17-1.54)

Mixed 98 (1) 350 (0) 1.25 (0.99-1.58)

Other 246 (1) 931 (1) 1.26 (1.08-1.46)

Not known 7738 (46) 33 956 (48) 0.93 (0.89-0.97)

Smoking status Nonsmoker 10 579 (63) 47 723 (15) Reference

Smoker 3512 (21) 12 420 (5) 1.12 (1.07-1.18)

Exsmoker 2775 (16) 10 296 (4) 1.07 (1.01-1.12)

Frailty level Fit 10 029 (59) 50 530 (14) Reference

Mild 3984 (24) 12 759 (6) 2.03 (1.92-2.14)

Moderate 1865 (11) 4961 (3) 2.91 (2.68-3.17)

Severe 988 (6) 2189 (1) 3.78 (3.35-4.26)

Note: Figures are frequencies (column percent) except where indicated.
Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; AHT, antihypertensive treatment; ARB, angiotensin receptor blocker; CI, confidence
interval; OR, odds ratio.
aAll odds ratios were adjusted for each of the variables shown and body mass index category and comorbidities contributing to the Charlson index. Cases
and controls were matched for age, sex, general practice and index date.
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Positive associations of ACEI and ARB with COVID-19 diagnosis in

unadjusted analyses (Supporting Information Table S1) were attenu-

ated in the covariate adjusted analysis (Table 1), with both ACEIs and

ARBs being negatively associated with COVID-19 diagnosis (ACEI:

AOR 0.82, 95% CI 0.77-0.88; ARB: AOR 0.87, 95% CI 0.80-0.95). Fur-

ther adjustment for consultation frequency had little effect on esti-

mated associations (ACEI: AOR 0.80, 95% CI 0.75-0.86; ARB: AOR

0.84, 95% CI 0.77-0.92) (Figure 1). We found no association between

calcium channel blockers and COVID-19 susceptibility in the

unadjusted or adjusted models, but when including consultation fre-

quency in the model, calcium channel blockers were associated with

lower odds of COVID-19 diagnosis (AOR 0.90, 95% CI 0.84-0.96)

(Figure 1). Analysis of thiazide diuretic treatment consistently indi-

cated lower odds of COVID-19 diagnosis, including in the fully

adjusted model (AOR 0.87, 95% CI 0.78-0.97) (Figure 1). Other AHT

were positively associated with COVID-19 diagnosis in the

unadjusted model, but no association was indicated in adjusted

models. In covariate adjusted analyses, beta-blocker treatment was

positively associated with COVID-19 diagnosis (AOR 1.19, 95% CI

1.12-1.26), but this was attenuated after further adjustment for con-

sultation frequency (AOR 1.01, 95% CI 0.95-1.08) (Figure 1). When

the sample was restricted to only those cases with confirmed COVID-

19 diagnoses and their matched controls, there were 4233 cases

matched to 17 700 controls, and the pattern of association was

unaltered though estimates were necessarily less precise (Supporting

Information Figure S3).

Adding an interaction term for age within logistic regression

models for each class of AHT improved the model goodness of fit,

therefore we conducted a subgroup analysis for cases and controls by

AHT and age (Supporting Information Table S3). AHT was more

strongly associated with higher odds of COVID-19 diagnosis at

younger ages but this pattern of association was accounted for by

adjusting for covariates, including consultation frequency. We

conducted subgroup analyses for cases and controls by AHT and BMI

category (Supporting Information Table S4) and by AHT and frailty

category (Supporting Information Table S5). These analyses did not

reveal any consistent difference in association between AHT and

COVID-19 diagnosis across categories of BMI or frailty in either

unadjusted or adjusted analyses.

3.2 | Primary cohort analysis: COVID-19 mortality

Among the 16 866 COVID-19 cases, 921 (5%) died within 30 days.

The age and gender distribution of these fatal COVID-19 cases

showed a higher frequency of males compared to females across most

age categories, with cases peaking in the highest age categories

(Supporting Information Figure S2). Patients treated with antihyper-

tensive drugs were more highly represented among deceased patients

than the overall sample and this was true for each class of AHT

drugs (Table 2 and Supporting Information Table S2). Table 2 and

Supporting Information Table S2 provide estimates for covariates

which show that male gender, older age, black and ethnic minority

status, diabetes, metastatic tumour, dementia and mild liver disease

were associated with greater mortality. In covariate adjusted analyses,

there was no evidence that any of the classes of AHT drugs might be

associated with mortality after COVID-19 diagnosis (Table 2).

Additional adjustment for practice region did not influence associa-

tions (Figure 2). There was no evidence that treatment with RAASi

drugs, including ACEI and ARB drugs, might be associated with higher

mortality than other classes of AHT drugs (BCDO) with adjusted haz-

ard ratio (AHR) 1.00 (0.83 to 1.20) (Figure 3). Similarly, there was no

evidence that treatment with RAASi drugs was associated with

greater risk than no AHT (AHR 0.99, 95% CI 0.83-1.18), nor was treat-

ment with BCDO classes associated with higher mortality than no

AHT treatment (AHR 0.99, 95% CI 0.84-1.18).

F IGURE 1 Case-control analysis for
COVID-19 diagnosis showing unadjusted
odds ratios (grey) and model adjusted for
ethnicity, body mass index, blood
pressure, smoking status, frailty level,
comorbidities and the rate of events in
each patient's clinical record in the year
preceding the index date (blue). ACEI,
angiotensin-converting enzyme inhibitor;
AHT, antihypertensive treatment; ARB,
angiotensin receptor blocker; LL, lower
limit 95% confidence interval; OR, odds
ratio; UL, upper limit 95% confidence
interval
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TABLE 2 Variables associated with Covid-19 diagnosis

COVID-19 cases (16866) Death in 30 days 921 (5) Adjusted HR (95% CI)

AHT drugs ACEI 1789 (11) 182 (20) 1.08 (0.90-1.30)

ARB 923 (5) 72 (8) 0.84 (0.65-1.09)

Beta-blocker 2228 (13) 263 (29) 1.13 (0.97-1.33)

Calcium channel 1763 (10) 149 (16) 0.87 (0.72-1.04)

Diuretics 583 (3) 47 (5) 1.00 (0.74-1.36)

Other AHT 340 (2) 30 (3) 0.85 (0.59-1.24)

Gender Male 6796 (40) 465 (50) 1.51 (1.32-1.74)

Female 10 070 (60) 456 (50) Reference

Age group (years) 0-4 697 (4) 0 (0) 0.00 (0.00-Inf.)

5-14 641 (4) 0 (0) 0.00 (0.00-Inf.)

15-24 889 (5) 2 (0) 0.10 (0.02-0.41)

25-34 1959 (12) 0 (0) 0.00 (0.00-Inf.)

35-44 2259 (13) 6 (1) 0.12 (0.05-0.27)

45-54 2663 (16) 13 (1) 0.23 (0.12-0.42)

55-64 2747 (16) 56 (6) Reference

65-74 1701 (10) 126 (14) 3.52 (2.56-4.85)

75-84 1662 (10) 310 (34) 8.18 (6.02-11.10)

85+ 1648 (10) 408 (44) 10.74 (7.83-14.72)

Systolic blood pressure <110 1487 (9) 109 (12) 1.30 (0.99-1.70)

110-119 2345 (14) 128 (14) 1.23 (0.97-1.56)

120-129 3265 (19) 171 (19) 0.98 (0.79-1.21)

130-139 3068 (18) 181 (20) Reference

140-149 1875 (11) 130 (14) 0.93 (0.74-1.17)

150-159 634 (4) 45 (5) 0.96 (0.69-1.34)

160+ 585 (3) 46 (5) 0.76 (0.54-1.08)

Not known 3607 (21) 111 (12) 5.78 (0.00-ne)

Diastolic blood pressure <60 473 (3) 83 (9) 1.42 (1.05-1.91)

60-69 2326 (14) 194 (21) 1.05 (0.84-1.31)

70-79 4654 (28) 276 (30) 1.03 (0.85-1.24)

80-89 4368 (26) 191 (21) Reference

90-99 1152 (7) 50 (5) 1.36 (0.99-1.87)

100+ 286 (2) 16 (2) 1.12 (0.66-1.93)

Not known 3607 (21) 111 (12) 0.29 (0.00-ne)

Ethnic group White 8296 (49) 396 (43) Reference

Black 183 (1) 9 (1) 2.60 (1.33-5.08)

Asian 305 (2) 9 (1) 2.15 (1.10-4.19)

Mixed 98 (1) 1 (0) 0.70 (0.10-5.05)

Other 246 (1) 5 (1) 1.04 (0.43-2.52)

Not known 7738 (46) 501 (54) 1.05 (0.92-1.20)

Smoking status Nonsmoker 10 579 (63) 550 (60) Reference

Smoker 3512 (21) 304 (33) 1.12 (0.96-1.30)

Exsmoker 2775 (16) 67 (7) 0.81 (0.62-1.05)

Frailty level Fit 10 029 (59) 182 (20) Reference

Mild 3984 (24) 265 (29) 0.91 (0.74-1.12)

Moderate 1865 (11) 283 (31) 1.15 (0.91-1.45)

Severe 988 (6) 191 (21) 1.16 (0.88-1.52)

Note: Figures are frequencies (column percent) except where indicated.
Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; AHT, antihypertensive treatment; ARB, angiotensin receptor blocker; CI,
confidence interval; HR, hazard ratio.
aAll odds ratios were adjusted for each of the variables shown and body mass index category and comorbidities contributing to the Charlson
index, as well as age group, gender, general practice and month of diagnosis.
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4 | DISCUSSION

This large population-based study included patients diagnosed with

suspected or confirmed COVID-19 in UK primary care. During the

first wave of the pandemic, there was limited testing capacity and

most suspected cases remained unconfirmed; however, restricting our

analysis to confirmed cases yielded similar results. After adjusting for

covariates that characterise case-mix, we found no evidence that

treatment with ACEIs, ARBs, calcium channel blockers, thiazide

diuretics or other antihypertensive drugs might be associated with

greater risk of COVID-19 diagnosis. There was evidence that beta-

blocker treatment was associated with greater odds of COVID-19

diagnosis but additional adjustment for patients' underlying consulta-

tion frequency removed this association, which might be attributable

to collider bias. After adjusting for covariates, including blood

pressure, and consultation frequency, ACEIs, ARBs, calcium channel

blockers and thiazide diuretics were associated with lower odds of

COVID-19 diagnosis. This might suggest that at a given level of blood

pressure, patients treated with antihypertensive drugs may be at

lower risk, but this pattern of association does not appear to be

specific to any class of antihypertensive drug. Associations of AHT

with COVID-19 diagnosis may be modified by age, but the effects of

adjusting for covariates, including comorbidities, suggest this may be

attributable to confounding. In this cohort analysis of patients diag-

nosed in UK primary care with suspected or confirmed COVID-19,

recorded mortality was considerably higher than the overall reported

infection fatality ratio for this condition but there was no evidence

that any class of antihypertensive drug might be associated with

F IGURE 2 Cohort analysis for
30-day mortality following COVID-19
diagnosis showing unadjusted hazard
ratios (grey) and model adjusted for body
mass index, blood pressure, smoking
status, frailty level, comorbidities and
practice region (blue). ACEI, angiotensin-
converting enzyme inhibitor; AHT,
antihypertensive treatment; ARB,

angiotensin receptor blocker; HR, hazard
ratio; LL, lower limit 95% confidence
interval; UL, upper limit 95% confidence
interval

F IGURE 3 Cohort analysis for 30-day mortality following COVID-19 diagnosis showing unadjusted hazard ratios (grey) and model adjusted
for body mass index, blood pressure, smoking status, frailty level and comorbidities (blue) comparing (i) RAASi to no AHT, (ii) BCDO AHT (non-
RAASi) to no AHT and (iii) RAASi to BCDO. AHT, antihypertensive treatment; BCDO, beta-blockers, calcium-channel blockers, thiazide diuretics,
other antihypertensive drugs; HR, hazard ratio; LL, lower limit 95% confidence interval; RAASi, renin-angiotensin-aldosterone system inhibiting
drugs; UL, upper limit 95% confidence interval
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increased mortality risk, and the adjusted hazard for drugs acting on

the RAAS was similar to that for patients treated with other classes of

AHT drugs or patients not receiving AHT.

This study drew on a large, longitudinal population-based data

resource that enabled us to conduct a matched case-control analysis

of risk factors for clinical COVID-19 diagnosis, as well as a cohort

study of risk factors for COVID-19 mortality. As noted above, most

cases were diagnosed clinically as suspected cases because of the

limited capacity for testing in the early stage of the pandemic.

General practice systems capture comprehensive data for all prescrip-

tions issued by the general practice, so we can be confident that this

exposure was accurately recorded. However, prescription utilisation

may not be universal and nonadherence to prescribed medicines may

be widespread. Data for covariates were not always completely

recorded. Data on ethnicity were missing for almost half the sample

as reported by others25; an important limitation given the dispropor-

tionate impact COVID-19 has had on ethnic minority populations in

the United States and the UK.14,30,31 COVID-19 susceptibility and

severity have also been associated with measures of deprivation.14

Matching on practice may have accounted for differences in area-

level deprivation to an extent, but deprivation based on participants'

home postcodes or individual-level deprivation measures might

improve precision. It is known that observational studies on COVID-

19 outcomes may be susceptible to collider bias.22,23 This can lead to

spurious associations if both antihypertensive therapy and COVID-19

are associated with greater likelihood of general practice consulta-

tions. Selection pressures may have biased the sample toward those

with increased symptom severity24 or who are otherwise more likely

to recognise COVID-19 symptoms and make contact with health

services. We accounted for the effects of health-seeking behaviour

by introducing into the analysis the rate of events in each patient's

clinical record in the year preceding the index date. There were

substantial differences in consultation frequency between cases and

controls, and adjusting for this metric nullified an apparent association

between beta-blocker use and COVID-19 diagnosis. However, ran-

domisation allocation will be preferred to provide a higher level of

evidence. We were able to match our COVID-19 cases to five

controls on age, gender, index date and general practice. The age and

gender distribution is indicative of the increased severity of disease

among males and the elderly.14,32 Our adjusted models included

multiple variables as confounders, including BMI, blood pressure and

comorbidities, which we found to be associated with the outcomes of

interest in unadjusted analyses. We emphasise that results should be

interpreted cautiously as the causal mechanisms of COVID-19

infection are still not fully understood, and it is possible that one or

more of these variables might lie on the causal pathway between

exposure and outcome.

A substantial number of observational studies have previously

evaluated whether drugs acting on the RAAS, including ACEIs and

ARBs, might be associated with susceptibility, severity and mortality

from COVID-19, but few studies have considered the effects of beta-

blockers, calcium-channel blockers and other classes of antihyperten-

sive medications. Several systematic reviews have summarised the

main findings, which generally find no evidence for worse COVID-19

outcomes in patients treated with these medications.33–38 Some stud-

ies suggest ACEIs and ARBs could be associated with reduced risks of

indicators of severe COVID-19 disease.21,39 However, systematic

reviews also highlight limitations of the evidence presented to date.36

A high proportion of studies has been based on data from patients

admitted to hospital with COVID-19, sometimes with small samples.

Many studies failed to include adequate adjustment for confounding.

Few studies have directly addressed the question of collider bias,

which distorts associations when data are gathered from patients con-

ditional on their attendance for healthcare. COVID-19 has been evalu-

ated in an ongoing randomised controlled trial of ramipril treatment.40

The analysis found no evidence for an effect of ramipril on COVID-19

incidence or severity but the analysis comprised 102 patients with

11 cases of COVID-19.40 A larger trial in Brazil recruited patients who

were hospitalised with mild to moderate COVID-19 and taking ACEIs

or ARBs and randomly allocated them to either discontinuation

(n = 334) or continuation (n = 325) of their AHT. There was no differ-

ence in the mean number of days patients were alive and out of the

hospital between the two groups (21.9 days versus 22.9 days) and

other secondary outcomes measuring disease severity.41 Further trials

are ongoing.15

5 | CONCLUSION

Drawing on data for a large population-based sample and using

rigorous analytical methods, this study adds to the evidence that

antihypertensive therapy may be safely continued during the

SARS-CoV-2 pandemic. While previous studies have largely evalu-

ated drugs acting on the RAAS, the study found no evidence that any

class of antihypertensive therapy might be associated with greater

risk of COVID-19 diagnosis or mortality. There was evidence that,

after adjusting for covariates including blood pressure, several classes

of AHT might be associated with lower risk of a clinical COVID-19

diagnosis, but this pattern of association was not apparent for

COVID-19 mortality. While this might be interpreted as evidence of

a protective effect, in this observational study it is not possible to

exclude the possibility that this pattern of association may be caused

by bias.
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