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ABSTRACT: Hypertension has been identified as a risk factor for coronavirus disease 2019 (COVID-19) and associated adverse
outcomes. This study examined the association between preinfection blood pressure (BP) control and COVID-19 outcomes
using data from 460 general practices in England. Eligible patients were adults with hypertension who were tested or diagnosed
with COVID-19. BP control was defined by the most recent BP reading within 24 months of the index date (January 1,
2020). BP was defined as controlled (<130/80 mmHg), raised (130/80-139/89 mmHg), stage 1 uncontrolled (140/90-
169/99 mmHg), or stage 2 uncontrolled (>160/100 mmHg). The primary outcome was death within 28 days of COVID-19
diagnosis. Secondary outcomes were COVID-19 diagnosis and COVID-19-related hospital admission. Multivariable logistic
regression was used to examine the association between BP control and outcomes. Of the 45418 patients (mean age, 67
years; 44.7% male) included, 11950 (26.3%) had controlled BP. These patients were older, had more comorbidities, and
had been diagnosed with hypertension for longer. A total of 4277 patients (9.4%) were diagnosed with COVID-19 and 877
died within 28 days. Individuals with stage 1 uncontrolled BP had lower odds of COVID-19 death (odds ratio, 0.76 [95% Cl,
0.62-0.92]) compared with patients with well-controlled BP. There was no association between BP control and COVID-19
diagnosis or hospitalization. These findings suggest BP control may be associated with worse COVID-19 outcomes, possibly
due to these patients having more advanced atherosclerosis and target organ damage. Such patients may need to consider
adhering to stricter social distancing, to limit the impact of COVID-19 as future waves of the pandemic occur. (Hypertension.
2021;77:846-855. DOI: 10.1161/HYPERTENSIONAHA.120.16472.) e Data Supplement
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oronavirus disease 2019 (COVID-19) is caused by ~ comorbidities in patients with COVID-19, including hyper-
severe acute respiratory syndrome coronavirus 2  tension and cardiovascular disease,? which increase the

(SARS-CoV-2) and has spread rapidly across the likelihood of serious complications such as hospitaliza-
globe resulting in significant restrictions on daily life for ~ tion and death.®
millions, serious health complications, and death.” Over One initial proposed explanation for the association

the past 6 months, studies have identified common between hypertension and COVID-19 was that the
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Blood Pressure Control and COVID-19 Outcomes

Novelty and Significance

What Is New?

* This is the largest study of coronavirus disease 2019
(COVID-19)-related outcomes in community-dwelling
patients with hypertension.

* Findings show that patients with recent stage 1 uncon-
trolled blood pressure had lower odds of COVID-19
death compared with patients with well-controlled
blood pressure.

What Is Relevant?

+ Patients with controlled blood pressure were older,
had more comorbidities, and had been diagnosed with
hypertension for longer.

* These patients may have more advanced underlying
atherosclerosis and target organ damage leading to
greater risk of COVID-19 complications.

Summary

Hypertensive patients with long-term blood pressure
control may need to consider adhering to stricter
social distancing to limit the impact of COVID-19 in
future waves of the pandemic.

Nonstandard Abbreviation and Acronyms

ACE2 angiotensin-converting enzyme 2
COVID-19 coronavirus disease 2019

OR odds ratio

ORCHID Oxford Royal College of General

Practitioners Clinical Informatics
Digital Hub

SARS-CoV-2 severe acute respiratory syndrome
coronavirus 2

SARS-CoV-2 virus enters cells in the lung via ACE2
(angiotensin-converting enzyme 2) receptors.® People
with hypertension are more likely to be prescribed med-
ications (such as angiotensin-converting enzyme inhibi-
tors or angiotensin Il receptor blockers) that upregulate
expression of ACE2 and, therefore, increase patient
susceptibility to SARS-CoV-2 cell entry.”® However,
this theory has since been dismissed®'® with some
more recent studies suggesting that the prescription
of renin-angiotensin system medications may in fact
protect against SARS-CoV-2 infection'" and COVID-
19-related death.?

Most recently, a study based on data from hospitals
in China suggested that it is higher blood pressure, not
specific medication use, which is an important indepen-
dent risk factor for complications, such as heart failure, in
patients with COVID-19 with hypertension.'® Establishing
whether this is also the case for hypertensive patients liv-
ing in the community is important because the focus on
routine chronic disease management has reduced during
the pandemic.’ Based on previous studies>®'315°17 we
hypothesized that uncontrolled blood pressure would be
associated with worse COVID-19 outcomes for hyper-
tensive patients with suspected COVID-19. We used the
electronic health records from primary care to test this
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hypothesis and examined the association between blood
pressure control and SARS-CoV-2 infection, COVID-
19-related hospitalization, and death.

METHODS

Design

This study used a retrospective observational cohort study
design, utilizing electronic health records from general practices
in England contributing to the Oxford Royal College of General
Practitioners Clinical Informatics Digital Hub (ORCHID).'#-%°
The ORCHID hub is representative of patients attending English
primary care across urban and nonurban practices.'® The proto-
col for this study was approved by Royal College of General
Practitioners Research Surveillance Centre (RCGP RSC) scien-
tific advisory committee and received ethical approval from the
University of Oxford, Medical Sciences Interdivisional Research
Ethics Committee (ref: R54893/RE001). Because of the sen-
sitive nature of the data collected for this study, requests to
access the dataset from qualified researchers trained in human
subject confidentiality protocols may be sent to the RCGP RSC
at MedicalDirectorRSC@rcgp.org.uk.

Study Population

This study examined patients aged 18 years and older, with a
coded history of hypertension and registered at general prac-
tices in England contributing to ORCHID. Early on in the pan-
demic, many people are thought to have contracted COVID-19
without realizing or being tested?' The present analyses, there-
fore, focused on individuals tested for or who had a clinical
diagnosis of COVID-19 to minimize bias from incomplete out-
come ascertainment (ie, to avoid missing patients who experi-
enced relevant outcomes but were not tested for COVID-19).
This information was derived from a newly developed COVID-
19 ontology?? which uses coded information in an individual’s
electronic health record to determine their COVID-19 status.
Patients were classified as either not diagnosed with COVID-
19 (negative virology test for SARS-CoV-2) or diagnosed with
COVID-19 (based on a diagnostic code for COVID-19 or a
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positive virology test for SARS-CoV-2). All patients entered the
cohort on the January 1, 2020 (index date) and were followed
until August 31, 2020.

Exposures

The primary exposure of interest in this study was blood pres-
sure control at the index date (January 1, 2020). This was
defined according to the most recently recorded blood pres-
sure in a patient's electronic health record (within 24 months
of the index date). Because readings were taken from routine
electronic health records, the exact method of measurement
would have varied between patients and was not captured in
the record itself. A period of up to 24 months was chosen to
maximize the number of participants that could be included
in the complete case analysis. Blood pressure control was
specified as a categorical variable according to clinical guide-
lines,?® consisting of controlled (readings <130/80 mm Hg),
raised (readings between 130/80 and 139/89 mmHg),
stage 1 uncontrolled (readings between 140/90 and 159/99
mmHg), and stage 2 uncontrolled blood pressure (readings
>160/100 mmHg). Sensitivity analyses examined blood pres-
sure control defined as a binary variable (readings +140/90
mm Hg), using systolic blood pressure as a continuous vari-
able and using a categorical variable defined by estimating
the mean of up to 25 readings taken within the 24 months
before the index date.

Outcomes

The primary outcome in this analysis was death within 28
days of a COVID-19 diagnosis recorded in the patient’s elec-
tronic health record, as per the current definition of COVID-
19-related death in the United Kingdom.2* This conservative
definition was used because the longer the interval between
diagnosis and death, the more likely non-COVID deaths could
occur and be misclassified as being COVID-related. Secondary
outcomes were COVID-19 diagnosis and hospital admis-
sion related to COVID-19. The latter was defined as either
a hospital admission within 28 days of COVID-19 diagnosis
or a COVID-19 diagnostic code being entered into the medi-
cal records after hospital admission but before discharge. No
linked secondary care or death registry data were available for
this analysis, so all outcomes were based on codes entered into
the primary care electronic health record.

Covariates

All analyses were adjusted for covariates thought to predict
COVID-19 outcomes as determined by the previous litera-
ture.”®' These were age at index date, sex, ethnicity, indices
of social deprivation (indices of multiple deprivation quintile),
number of people within the household, smoking status (cur-
rent, ex, or never smoked), coded as being on the COVID-19
shielding list (due to comorbidities), and most recent mea-
sure of body mass index, specified as a continuous variable.
Those with missing ethnicity or smoking status were classed as
unknown ethnicity or nonsmokers, respectively. Comorbidities
were defined as those present before the index date includ-
ing asthma, cancer, chronic lung disease, chronic obstructive
pulmonary disease, chronic kidney disease, diabetes, previ-
ous myocardial infarction, stroke, or transient ischemic attack.
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Models were adjusted for the presence of a prescribed cardio-
vascular medication at the index date. This included all blood
pressure-lowering medications and statins entered as individ-
ual drug classes. Each model was also adjusted for the date
at which COVID-19 was first suspected using codes from the
COVID-19 ontology.2?

Statistical Analysis

Descriptive statistics were used to define the characteristics
of the study population. Multivariable logistic regression was
used to examine the association between blood pressure con-
trol and COVID-19 outcomes. This model was chosen since
follow-up was short (8 months), and so the likelihood of cen-
soring due to competing risks or loss to follow-up was low.
All models were adjusted for the covariates described above,
but interaction terms between covariates were not included.
Missing data for indices of multiple deprivation, body mass
index, blood pressure, and smoking status were low (<5%),
so no attempts were made to impute missing values and a
complete case analysis was conducted.

Subgroup analyses were undertaken to examine the
association between blood pressure control and COVID-19-
related death in young versus older adults (18-69 years ver-
sus 70+ years), those with diabetes, chronic kidney disease,
cardiovascular disease, and those prescribed renin-angioten-
sin system medications versus those prescribed other blood
pressure-lowering medications. Because the availability of
testing changed significantly during the study period (and,
therefore, the types of patients receiving such tests might
also have changed), further analyses were conducted accord-
ing to the time period in which patients were first suspected
of COVID-19 (ie, January to March, April to June, and July to
Aug 2020). Post hoc analyses examined the primary outcome
in those prescribed O to 2 antihypertensives versus those pre-
scribed 3+ antihypertensive medications.

All data are presented as means, medians, or odds ratios
(ORs) with 95% ClI or interquartile range. Analyses were con-
ducted using STATA 14.2 (StataCorp, TX).

RESULTS

The ORCHID database included a total of 4101459
active patients, from 460 general practices. A total of
45418 patients had a history of hypertension, had
a blood pressure reading in the preceding 24 months
(40645 [89.5%)] had a reading within 12 months of
the index date), and were tested for or diagnosed with
COVID-19. Overall, patients were aged 67.31£16.0 years,
447% were male, and 75.6% were of white ethnic-
ity (Table 1). The median household size was 2 people
(interquartile range, 1-4), and 15.9% of patients lived in
regions with the highest levels of deprivation (fifth quin-
tile of indices of multiple deprivation).

There were 11950 (26.3%) patients with con-
trolled blood pressure, 17025 (37.5%) with moder-
ately raised blood pressure, and 16443 (36.2%) with
uncontrolled blood pressure (stage >1). A higher pro-
portion of patients with raised and uncontrolled blood
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Table 1. Characteristics of Patients With a History of Hypertension at the Index Date

Stage 1 uncon- Stage 2
BP controlled BP raised (130/80- | trolled (140/90- uncontrolled
Total population (<130/80 mmHg) | 139/89 mmHg) 159/99 mm Hg) (>160/100 mmHg)
Total/ Total/ Total/ Total/ Total/
Characteristic mean %/SD mean %/SD mean %/SD mean %/SD mean %/SD
Total population 45418 11950 17025 13173 3270
Age, y (mean, SD) 67.3 16.0 70.7 16.6 65.6 15.3 66.8 15.6 65.4 171
Sex, % (male) 20301 44.7% 5013 41.9% 7802 45.8% 6040 45.9% 1446 44.2%
Ethnicity
White 34334 75.6% 9175 76.8% 12792 75.1% 9951 75.5% 2416 73.9%
Black 1363 3.0% 269 2.3% 574 3.4% 409 3.1% 111 3.4%
Asian 2319 5.1% 600 5.0% 1009 5.9% 567 4.3% 143 4.4%
Mixed race 296 0.7% 62 0.5% 125 0.7% 83 0.6% 26 0.8%
Other 246 0.5% 58 0.5% 90 0.5% 77 0.6% 21 0.6%
Unknown 6860 15.1% 1786 14.9% 2435 14.3% 2086 15.8% 553 16.9%
Deprivation most deprived IMD quintile | 7214 15.9% 2010 16.8% 2684 15.8% 2012 15.3% 508 15.5%
Household size (median, IQR) 2 (1-4) 2 (2-6) 2 (1-4) 2 (1-4) 2 (1-4)
More than 5 cohabitants 7912 17.4% 3005 25.1% 2430 14.3% 1963 14.9% 514 15.7%
Smoking status
Nonsmoker 12605 27.8% 3251 27.2% 4759 28.0% 3678 27.9% 917 28.0%
Ex-smoker 27896 61.4% 7490 62.7% 10464 61.5% 8046 61.1% 1896 58.0%
Current smoker 4786 10.5% 1157 9.7% 1775 10.4% 1410 10.7% 444 13.6%
COVID-19 shielding 5809 12.8% 1821 15.2% 2009 11.8% 1583 12.0% 396 12.1%
BMI, kg/m? (mean, SD) 29.3 6.6 279 6.4 29.6 6.4 29.8 6.7 30.2 7.4
Systolic, nmHg (mean, SD) 133.4 15.5 117.2 9.1 130.9 6.6 143.7 71 165.0 14.2
Diastolic, mmHg (mean, SD) 779 10.7 68.7 73 78.2 7.3 82.3 9.4 92.6 13.0
Medical history
Asthma 8236 18.1% 2082 17.4% 3153 18.5% 2399 18.2% 602 18.4%
Cancer 6307 13.9% 1898 15.9% 2207 13.0% 1778 13.5% 424 13.0%
Chronic lung disease 3444 7.6% 1095 9.2% 1161 6.8% 941 7.1% 247 7.6%
Chronic kidney disease 9453 20.8% 3141 26.3% 3173 18.6% 2481 18.8% 658 20.1%
COPD 3210 7.1% 1030 8.6% 1088 6.4% 863 6.6% 229 7.0%
Diabetes 11465 25.2% 3521 29.5% 4333 25.5% 2891 21.9% 720 22.0%
Myocardial infarction 2856 6.3% 1126 9.4% 927 5.4% 651 4.9% 152 4.6%
Stroke or TIA 5068 11.2% 1719 14.4% 1681 9.9% 1311 10.0% 357 10.9%
Time since hypertension diagnosis, y 12.3 9.4 13.4 9.7 12.0 9.1 12.0 9.4 11.7 10.0
Prescribed medications
ACE inhibitors 29703 65.4% 7609 63.7% 11170 65.6% 8619 65.4% 2305 70.5%
ARBs 12041 26.5% 3071 25.7% 4422 26.0% 3599 27.3% 949 29.0%
Calcium channel blockers 28101 61.9% 6868 57.5% 10328 60.7% 8624 65.5% 2281 69.8%
Thiazides 17397 38.3% 4563 38.2% 6235 36.6% 5203 39.5% 1396 42.7%
Beta-blockers 20563 45.3% 6028 50.4% 7438 43.7% 5622 42.7% 1475 45.1%
Alpha blockers 5836 12.8% 1429 12.0% 1953 11.5% 1831 13.9% 623 19.1%
Other antihypertensives 13438 29.6% 4344 36.4% 4459 26.2% 3645 27.7% 990 30.3%
Statins 26320 58.0% 7650 64.0% 9731 57.2% 7300 55.4% 1639 50.1%

ACE indicates angiotensin-converting enzyme; ARBs, angiotensin Il receptor blocker; BMI, body mass index; BP, blood pressure; COPD, chronic obstructive pulmonary
disease; COVID-19, coronavirus disease 2019; IMD, indices of multiple deprivation; IOR, interquartile range; and TIA, transient ischemic attack.

pressure were of black ethnicity but fewer were coded 65—-67 years) and had been diagnosed with hyperten-

with COVID-19 shielding status (Table 1). Patients with  sion for at least 1.4 years longer than those with raised
controlled blood pressure were older (71 years versus ~ or uncontrolled blood pressure. They also had more
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comorbidities, including chronic kidney disease (26.3%),
chronic obstructive pulmonary disease (8.6%), diabetes
(29.5%), history of myocardial infarction (9.4%), and
stroke or transient ischemic attack (14.4%).

A total of 4277 (9.4%) were diagnosed with COVID-
19 (including 3025 [6.7%] with a positive virology test
for SARS-CoV-2; Table 2). Across the study population,
there were 273 (0.6%) COVID-19-related hospitaliza-
tions and 877 (1.9%) COVID-19—-related deaths.

Primary Outcome

In multivariable analyses adjusting for all covariates,
individuals with stage 1 uncontrolled blood pressure
had lower odds of COVID-19-related death (OR, 0.76
[95% Cl, 0.62-0.92]) compared with patients with well-
controlled blood pressure (<130/80 mmHg; Figure 1).
Moderately raised blood pressure and stage 2 or above
uncontrolled blood pressure were not associated with
COVID-19-related death (raised BP, OR, 0.84 [95% CI,
0.70-1.01]; stage >2 uncontrolled BP, OR, 1.05 [95%
Cl, 0.77-1.42]; Figure 1). Increasing age, male sex,
Asian, or other ethnicity (compared with White), increas-
ing deprivation, living in a multiperson household, being
an ex-smoker, and having diabetes were all significant
predictors of COVID-19-related death (Table S1 in the
Data Supplement).

Secondary Outcomes

There was no association between moderately raised
or uncontrolled blood pressure and COVID-19 diagno-
sis (raised BR, OR, 0.94 [95% CI, 0.86—-1.03]; stage 1
uncontrolled BR, OR, 0.95 [95% CI, 0.86-1.05]; stage
2 uncontrolled BR, OR, 1.09 [95% CI, 0.93-1.27]); Fig-
ure 1). Further analyses focusing on COVID-19-related
hospital admission found no association with blood pres-
sure control (raised BP, OR, 0.99 [95% ClI, 0.73—-1.34];
stage 1 uncontrolled BP, OR, 0.91 [95% ClI, 0.66-1.27];
stage >2 uncontrolled BP, OR, 0.568 [95% Cl, 0.30-
1.10]; Figure 1).

Blood Pressure Control and COVID-19 Outcomes

Sensitivity and Subgroup Analyses

Patients had a median of 4 blood pressure readings
(interquartile range, 3=7) in the 24 months preceding the
index date. In analyses based on the average of these
readings, moderately raised blood pressure and stage
1 uncontrolled blood pressure were associated with
lower odds of COVID-19-related death, compared with
patients with well-controlled blood pressure (Figure 2).
Stage 1 uncontrolled blood pressure was also associ-
ated with lower odds of COVID-19 diagnosis.

Sensitivity analyses including blood pressure control
as a binary outcome and systolic blood pressure as a
continuous variable confirmed the findings of the primary
analysis showing a limited association between uncon-
trolled blood pressure and COVID-19-related death
(Table S2, Appendix). The association between stage
1 uncontrolled blood pressure and COVID-19-related
death was only present in older patients (70+ years),
those without a history of diabetes, chronic kidney dis-
ease, or cardiovascular disease (Figure 3), and those
prescribed renin-angiotensin system medications (Table
S3). The findings of the primary analysis were not altered
by the time period of first suspected SARS-CoV-2 infec-
tion (Table S3). Post hoc analyses showed the asso-
ciation between stage 1 uncontrolled blood pressure
and less COVID-19-related death was only present in
patients prescribed three or more antihypertensive medi-
cations (Table S4).

DISCUSSION

Summary of Main Findings

This is the largest study of COVID-19 outcomes in com-
munity-dwelling patients with hypertension conducted
to date. Across 45418 patients with hypertension and
suspected COVID-19, those with recent stage 1 uncon-
trolled blood pressure had lower odds of COVID-19-re-
lated death compared with patients with well-controlled
blood pressure. There was no association between mod-
erately raised blood pressure or stage 2 uncontrolled

Table 2. Patients Being Investigated for COVID and Experiencing Outcomes During Follow-Up

Stage 1 uncon- Stage 2 uncon-
BP controlled BP raised (130/80- | trolled (140/90- trolled (>160/100
Total population (<130/80 mmHg) 139/89 mmHg) 159/99 mmHg) mmHg)

COVID outcome Total % Total % Total % Total % Total %
SARS-CoV-2 test negative 41141 90.6% 10645 89.1% 15526 91.2% 12012 91.2% 2958 90.5%
SARS-CoV-2 test positive 3025 6.7% 939 7.9% 1060 6.2% 806 6.1% 220 6.7%
COVID-19 diagnosis* 1252 2.8% 366 3.1% 439 2.6% 355 2.7% 92 2.8%
COVID-19-related hospital admissiont 273 0.6% 86 0.7% 103 0.6% 73 0.6% 11 0.3%
COVID-19-related death# 877 1.9% 335 2.8% 278 1.6% 200 1.5% 64 2.0%

BP indicates blood pressure; COVID-19, coronavirus disease 2019; and SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

“Based on a diagnostic code.

tHospital admission within 28 d of positive COVID-19 case or a COVID-19 diagnosis before hospital discharge.

#Death within 28 d of a COVID-19 diagnosis.
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Total with Total with Total with Total with
Category controlled outcome  uncontrolled outcome OR (95% Cl)
BP BP
COVID-19 diagnosis
BP raised 11,950 1305 17,025 1499 :[_ 0.94 (0.86, 1.03)
Stage 1 uncontrolled BP 11,950 1305 13,173 1161 0.95 (0.86, 1.05)
Stage 2 uncontrolled BP 11,950 1305 3,270 312 T 1.09 (0.93, 1.27)
COVID-19 hopsitalisation?
BP raised 11,950 86 17,025 103 —#— 0.99 (0.73, 1.34)
Stage 1 uncontrolled BP 11,950 86 13,173 73 —— 0.91 (0.66, 1.27)
Stage 2 uncontrolled BP 11,950 86 3,270 11 — 0.58 (0.30, 1.10)
COVID-19 death®
BP raised 11,950 335 17,025 278 —— 0.84 (0.70, 1.01)
Stage 1 uncontrolled BP 11,950 335 13,173 200 —— 0.76 (0.62, 0.92)
Stage 2 uncontrolled BP 11,950 335 3,270 64 —m—  1.05 (0.77, 1.42)
T T T
0 0.5 1 1.5
Odds ratio
Favours higher Favours lower
blood pressure blood pressure

Figure 1. Primary analysis showing the association between blood pressure (BP) control and coronavirus disease 2019
(COVID-19) diagnosis, COVID-19—-related hospitalization and death.

Models adjusted for age, sex, ethnicity, deprivation, household size, body mass index, smoking status, COVID-19 shielding status, date of
suspected COVID-19 diagnosis, diabetes, chronic kidney disease, previous stroke, previous transient ischemic attack, previous myocardial
infarction, chronic lung disease, asthma, chronic obstructive pulmonary disease, cancer, antihypertensive, and statin prescription. OR indicates
odds ratio. ®Hospital admission within 28 d of positive COVID-19 case or a COVID-19 diagnosis before hospital discharge. ®Death within 28 d

of a COVID-19 diagnosis.

blood pressure and COVID-19-related death. These
findings were robust to sensitivity analyses and con-
trary to our hypothesis that raised or uncontrolled blood
pressure would be associated with worse COVID-19
outcomes. In analyses defining blood pressure control
over a longer period of time (across 2 years before the
index date), both moderately raised and stage 1 uncon-
trolled blood pressure were associated with lower odds
of COVID-19-related death.

Patients with strictly controlled blood pressure were
older, had more comorbidities, and had been diagnosed
with hypertension for longer. A possible explanation for
the observed associations is that patients with strict
blood pressure control had more advanced atheroscle-
rosis compared with those with moderately raised and
uncontrolled blood pressure. This interpretation is sup-
ported by our observation of a higher prevalence of

Hypertension. 2021;77:846-855. DOI: 10.1161/HYPERTENSIONAHA.120.16472

target organ damage (including chronic kidney disease,
myocardial infarction, stroke, and transient ischemic
attack) in those with strictly controlled hypertension and
other data, suggesting that COVID-19 and cardiovas-
cular disease have a bidirectional relationship.? These
findings suggest those with long-term controlled blood
pressure may need to consider stricter social distancing
to limit the impact of COVID-19 as future waves of the
pandemic occur.

Strengths and Limitations

This is the largest study examining the association
between blood pressure and COVID-19 outcomes
conducted in community-dwelling patients with hyper-
tension. The ORCHID hub?® is capable of weekly data
downloads permitting some of the most timely and up to
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Total with Total with Total with Total with
Category controlled outcome uncontrolled outcome OR (95% ClI)
BP BP
COVID-19 diagnosis
BP raised 10,890 1,252 16,587 1496 - 0.93 (0.85, 1.02)
Stage 1 uncontrolled BP 10,890 1,252 15,702 1333 - 0.87 (0.79, 0.96)
Stage 2 uncontrolled BP 10,890 1,252 2,239 196 B 1.08 (0.90, 1.31)
COVID-19 hopsitalisation?
BP raised 10,890 91 16,587 86 —— 0.74 (0.54, 1.01)
Stage 1 uncontrolled BP 10,890 91 15,702 85 —— 0.73 (0.53, 1.00)
Stage 2 uncontrolled BP 10,890 91 2,239 11 - 0.75 (0.39, 1.46)
COVID-19 death®
BP raised 10,890 349 16,587 292 —— 0.82 (0.68, 0.98)
Stage 1 uncontrolled BP 10,890 349 15,702 206 - 0.60 (0.49, 0.73)
Stage 2 uncontrolled BP 10,890 349 2,239 30 —— 0.72 (0.46, 1.11)
T T T
0 0.5 1 1.5
Odds ratio
Favours higher Favours lower
blood pressure blood pressure

Figure 2. Sensitivity analyses examining the association between blood pressure (BP) control (defined by the mean of all
BP readings in the preceding 2 y) and coronavirus disease 2019 (COVID-19) diagnosis, COVID-19-related hospitalization,

and death.

Models adjusted for age, sex, ethnicity, deprivation, household size, body mass index, smoking status, COVID-19 shielding status, date of
suspected COVID-19 diagnosis, diabetes, chronic kidney disease, previous stroke, previous transient ischemic attack, previous myocardial
infarction, chronic lung disease, asthma, chronic obstructive pulmonary disease, cancer, antihypertensive, and statin prescription. OR indicates
odds ratio. ®Hospital admission within 28 d of positive COVID-19 case or a COVID-19 diagnosis before hospital discharge. °Death within 28 d

of a COVID-19 diagnosis.

date analysis of primary care data in the world. Data from
secondary care are not available in such a timely manner
in the United Kingdom, and for this analysis, it was not
possible to link primary care data to hospital databases
or the national death registry. As a result, it is possible
that the total number of COVID-19-related outcomes
(particularly hospital admissions, which were lower than
anticipated) may have been underestimated. The qual-
ity of coding of hospitalization in primary care records is
likely to vary between primary care providers,?® and so
we implemented a strict definition of COVID-19-related
admissions (within 28 days of diagnosis) which may also
have resulted in some relevant outcomes being missed.

Furthermore, because the data used here included
patients tested for COVID-19 within a week of con-
ducting the analysis, some recently infected patients
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may have gone on to have hospital admissions or die
but these outcomes would not have been captured
in this analysis. We would not expect systematic dif-
ferences in the recording of COVID-19 outcomes
depending on an individual’'s blood pressure level, so
the impact of these potential missing outcome data is
likely to be small.

This was an observational study using data from rou-
tine electronic health records. As such, the main exposure
(blood pressure) was based on measurements taken in
routine clinical practice. One-off measurements taken
in this setting may not accurately reflect the underlying
blood pressure of each patient, leading to the poten-
tial for classification bias. However, sensitivity analyses
examining blood pressure based on the mean of up to 25
readings taken across the preceding 24-month period
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Total with Total with Total with Total with
Category controlled outcome uncontrolled outcome OR (95% Cl)
BP BP
Aged 18-69 years
BP raised 5,201 29 10270 38 —_—— 0.92 (0.53, 1.58)
Stage 1 uncontrolled BP 5,201 29 7499 24 —_—.:— 0.84 (0.46, 1.54)
Stage 2 uncontrolled BP 5,201 29 1944 8 L 3 1.10(0.45, 2.70)
Aged 70+ years
BP raised 6,749 306 6755 240 = 0.85(0.70, 1.03)
Stage 1 uncontrolled BP 6,749 306 5674 176 —— 0.77 (0.63, 0.95)
Stage 2 uncontrolled BP 6,749 306 1326 56 —t 1.11 (0.80, 1.52)
No diabetes
BP raised 8,429 193 12692 174 —— 0.92(0.73, 1.17)
Stage 1 uncontrolled BP 8,429 193 10282 121 — 0.74 (0.58, 0.96)
Stage 2 uncontrolled BP 8,429 193 2550 39 — 1.14 (0.77, 1.67)
Diabetes
BP raised 3,521 142 4333 104 —— 0.74 (0.55, 0.99)
Stage 1 uncontrolled BP 3,521 142 2891 79 ——1 0.79 (0.58, 1.09)
Stage 2 uncontrolled BP 3,521 142 720 25 —— 0.96 (0.59, 1.59)
No chronic kidney disease
BP raised 8,809 191 13852 152 —— 0.75 (0.59, 0.95)
Stage 1 uncontrolled BP 8,809 191 10692 114 —— 0.70 (0.54, 0.92)
Stage 2 uncontrolled BP 8,809 191 2612 36 —_— 1.11 (0.75, 1.66)
Chronic kidney disease
BP raised 3,141 144 3173 126 0.98 (0.75, 1.29)
Stage 1 uncontrolled BP 3,141 144 2481 86 0.86 (0.63, 1.16)
Stage 2 uncontrolled BP 3,141 144 658 28 1.01 (0.64, 1.61)
No previous cardiovascular disease
BP raised 9,334 209 14580 196 0.93(0.74, 1.16)
Stage 1 uncontrolled BP 9,334 209 11332 136 0.73 (0.57, 0.93)
Stage 2 uncontrolled BP 9,334 209 2792 46 1.18 (0.83, 1.69)
Previous cardiovascular disease
BP raised 2,616 126 2445 82 0.71(0.51, 0.98)
Stage 1 uncontrolled BP 2,616 126 1841 64 I 0.88 (0.62, 1.24)
Stage 2 uncontrolled BP 2,616 126 478 18 0.89 (0.51, 1.57)
| I | |
0 0.5 1 1.5 2
QOdds ratio
Favours higher Favours lower
blood pressure blood pressure

Figure 3. Subgroup analyses examining the association between blood pressure (BP) control and coronavirus disease 2019
(COVID-19)-related death according to age and selected comorbidities.

Models adjusted for age, sex, ethnicity, deprivation, household size, body mass index, smoking status, COVID-19 shielding status, date of
suspected COVID-19 diagnosis, diabetes, chronic kidney disease, previous stroke, previous transient ischemic attack, previous myocardial

infarction, chronic lung disease. OR indicates odds ratio.

showed similar findings, suggesting this bias may not
have had an important influence on the results.

People with very low blood pressure, on multiple anti-
hypertensive medications, have been shown to be at
increased risk of mortality.?® However, although some of
these may have been captured in the strictly controlled
blood pressure group, we do not think there were suf-
ficient numbers to notably alter the findings.

Finally, rates of COVID-19 testing have changed sig-
nificantly during the pandemic which may have affected

ascertainment of COVID-19 cases and the type of patient
included in the analysis cohort (potential selection bias).
To mitigate this, we implemented a COVID-19 ontol-
ogy?? which allowed us to identify and include patients
with coded COVID-19 diagnosis but who did not receive
a confirmatory virology test. Date of first suspected
SARS-CoV-2 infection was adjusted in the analysis and
subgroup analyses by time period and did not show a dif-
ference in the association between blood pressure con-
trol and COVID-19 outcomes, suggesting any changes in
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the ascertainment of cases or potential selection bias did
not have a large impact on the main findings.

Comparison With Previous Literature

Hypertension has previously been shown to be a risk fac-
tor for worse COVID-19 outcomes,® and there are some
data to suggest that patients admitted to intensive care
with COVID-19 have higher blood pressure compared
with those who do not have COVID-19.®"6 A recent
study from China showed that patients with higher blood
pressure during admission to hospital have a higher
risk of heart failure but not mortality or intensive care
unit admission.’”® In contrast, the present study found
an inverse relationship between recent blood pressure
control and COVID-19-related death. This relationship
was robust to sensitivity analyses examining blood pres-
sure as a continuous variable and defining blood pres-
sure control using the average of readings taken across
the preceding 2 years. The fact that our study focused
on blood pressure control before COVID-19 diagnosis,
rather than during hospitalization for an infection may
explain these discrepant results.

Given the limited data on COVID-19 and related risk
factors,>®17 this finding is entirely novel and not easily
explained. It may be a chance statistical finding due to
multiple hypothesis testing and future studies should
look to confirm the relationship observed in these data.
It is also possible that other important risk factors were
present in the group with controlled blood pressure (such
as congestive heart failure), but not adequately adjusted
for in the analysis. Indeed, when this study was con-
ceived, very little was known about what conditions and
medications modify the risk of COVID-19-related death
and so it was not possible to include them in the dataset
and adjust for them in the analysis.

Another possible explanation is that blood pressure
control, as defined in the present analyses, is a surrogate
marker for underlying atherosclerosis, which in turn is asso-
ciated with increased odds of COVID-19 outcomes.? This
would seem to be backed up by the observation that indi-
viduals with controlled blood pressure were older, had more
comorbidities (including target organ damage), and had
been diagnosed with hypertension for longer. In the United
Kingdom, blood pressure treatment targets are lower for
people with comorbidities, such as diabetes and chronic
kidney disease,?” and physicians may be more likely to treat
hypertension aggressively in high-risk patients with estab-
lished cardiovascular disease. This would lead to individuals
at higher risk of COVID-19-related outcomes being more
likely to have controlled blood pressure.

Implications for Clinical Practice

Establishing the association between hypertension con-
trol and COVID-19 outcomes has important implications
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for ongoing management, particularly as future waves
of the pandemic occur. This analysis suggests that
recent, poorly controlled blood pressure does not carry
an increased risk of COVID-19-related complications,
beyond that of the underlying hypertension. This may be
reassuring given that chronic disease management has
been deprioritized during the pandemic.' However, high
blood pressure remains a strong risk factor for cardio-
vascular disease, including stroke,2® the consequences of
which can be comparable or worse than those of COVID-
19. Thus, although stricter blood pressure control in
patients with hypertension does not appear to reduce the
risk of COVID-19 complications, physicians should con-
tinue to ensure adequate blood pressure control to pre-
vent long-term outcomes, such as stroke. They may also
attempt to identify and monitor individuals with advanced
atherosclerosis, perhaps focusing on those who have had
well-controlled blood pressure for a longer period of time
or who have been diagnosed with hypertension for many
years. These patients may need to consider adhering to
stricter social distancing, to limit the impact of COVID-19
as future waves of the pandemic occur.

Perspectives

This study found little evidence to support the hypoth-
esis that stricter blood pressure control reduces the
risk of complications from COVID-19 in patients with
hypertension. Future studies should look to confirm
the observation that blood pressure control is associ-
ated with increased odds of COVID-19-related death.
This may be due to underlying atherosclerosis in these
patients and physicians should monitor such patients
carefully, as they may need to adhere to stricter social
distancing to limit the impact of COVID-19 in future
waves of the pandemic.
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