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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the pathogen responsible for coronavirus dis-
ease 2019 (COVID-19) has been a major cause of morbidity and mortality globally. Older age, and the presence of
certain components of metabolic syndrome, including hypertension have been associated with increased risk for
severe disease and death in COVID-19 patients. The role of antihypertensive agents in the pathogenesis of
COVID-19 has been extensively studied since the onset of the pandemic. This review discusses the potential
pathophysiologic interactions between hypertension and COVID-19 and provides an up-to-date information on
the implications of newly emerging SARS-CoV-2 variants, and vaccines on patients with hypertension.

Introduction

Coronavirus disease 2019 (COVID-19), caused by the SARS-CoV-2
virus, swept across the world beginning in late 2019, and was offi-
cially declared a pandemic by the World Health Organization (WHO) in
March of 2020. With the persistent spread of the virus across the globe,
particularly in unvaccinated communities, new and more transmissible
variants have emerged, and the disease remains a critical threat.
Therefore, continued understanding of the pathophysiology, risk fac-
tors, prevention and treatment remains of utmost importance. Prior
studies have identified risk factors associated with severe disease,
including diabetes and old age [1,2]. Hypertension has also been linked
to worse outcomes [3-9]. Globally, 1.13 billion people carry a diagnosis
of hypertension and in the United States alone, this number reaches
upwards of 108 million individuals [10-13]. Several studies from
around the globe have demonstrated associations between hypertension
and risk for severe COVID-19, as well as increased rates of hospitaliza-
tion and need for mechanical ventilation [14-17]. Further studies have
evaluated the role of various antihypertensive agents in SARS-CoV-2

infection and have found differing outcomes. Distinct focus has been
laid on the drugs affecting the renin-angiotensin-aldosterone system
(RAAS) pathway, especially the angiotensin converting enzyme in-
hibitors (ACEis) and angiotensin receptor blockers (ARBs), due to the
well-established data on the requirement of ACE2 receptor for the entry
of SARS-CoV virion into the host cell [18]. This review aims to discuss
the potential pathophysiological links between hypertension and
COVID-19, updated literature on hypertension as a risk factor in COVID-
19, the effects of anti-hypertensives on COVID-19 outcomes, and the
emerging data on relation among vaccines, novel SARS-CoV-2 variants,
and hypertension.

Pathophysiological interactions between SARS-CoV-2 virus and
hypertension, and their potential implications on anti-
hypertensive therapy

The various points of interaction among the SARS-CoV-2 virion, the
pathways involved in development of hypertension, and the targets for
anti-hypertensive agents are described in Fig. 1. Studies on the SARS-
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Fig. 1. Molecular interactions in the setting of co-existing COVID-19 and hypertension, and the potential effects of antihypertensive agents.

CoV, the virus responsible for SARS, as well as more recent studies on
SARS-CoV-2 have demonstrated that the spike (S) protein facilitates
viral entry by binding to angiotensin-converting enzyme 2 (ACE2) re-
ceptors on target cells, and subsequently downregulates ACE2 enzyme
via proteolytic degradation [18,19]. ACE2 is expressed broadly in over
15 organ systems including the heart, kidneys, lung alveolar epithelial
cells, and type I and type II pneumocytes [20]. Of note, ACE2 receptors
have been found to have higher expression in adipocytes, even in rela-
tion to lung tissue and could help explain the increased rates of SARS-
CoV-2 infection in obese patients [21,22]. In the RAAS pathway, the
renal juxtaglomerular cells release renin which cleaves angiotensinogen
to angiotensin I, which through the action of the angiotensin-converting
enzyme (ACE) generates angiotensin II. Angiotensin II is a powerful
vasoconstrictor and the main effector molecule of the RAAS [23]. ACE2
serves as a counter-regulatory enzyme in the RAAS pathway, degrading
angiotensin II to angiotensin (1-7), a vasodilator with anti-
inflammatory effects [24-27], tempering the effects of angiotensin II
on vasoconstriction, sodium retention, cellular growth, and fibrosis. It
was initially hypothesized that use of RAAS pathway modulators (such
as ACEi and ARBs) which inhibit the production/activity of angiotensin
II, may potentiate an upregulation of ACE2 receptors, and thereby in-
crease risk of COVID-19 disease due to enhanced viral entry via the
increased number of ACE2 receptors. As well, another hypothesis has
been put forward that may be a “bradykinin storm” is responsible for
some of the manifestations attributed to the cytokine storm, which could
be aggravated by the use of both ACEis and ARBs [27,28]. As SARS-CoV-
2 virus binds to ACE2, the number of ACE2 moieties on the cells reduce,
thereby resulting in a downregulation of ACE2 receptors. This may lead
to increased levels of ACE2 substrates, including des-Arg(9)-bradykinin
[27,29]. ACEi use may potentially aggravate this effect by facilitating
further production of bradykinin. On the contrary, SARS-CoV-2-
mediated ACE2 downregulation also leads to increased angiotensin II,
and the use of ACEi/ARB may in fact be beneficial in alleviating the
deleterious effects of angiotensin II.

Beta blockers (beta adrenergic receptor blockers) also modulate the
RAAS pathway by inhibiting sympathetic activation of the

juxtaglomerular cells decreasing renin secretion. With a reduction in
renin release, there is downregulation in the downstream pathways,
including the activation and expression of ACE2, and potentially
decreasing SARS-CoV-2 viral entry [30]. It has previously been
demonstrated that established beta-blocker therapy is associated with
decreased mortality in patients admitted to the Intensive Care Unit (ICU)
with acute respiratory failure and sepsis [31,32]. Sepsis is an inflam-
matory response to infection with high levels of cytokine production,
and beta-blockers have the potential to modulate these pathways [32].
COVID-19 may potentiate a cytokine storm, and previous studies have
shown that inflammatory markers seen in severe COVID-19 disease are
similarly elevated in patients with other critical illness including sepsis
and acute respiratory distress syndrome (ARDS) [33]. Therefore, it can
be postulated that beta blockers can be a treatment modality for COVID-
19 disease by downregulating the pro-inflammatory cytokines that lead
to a cytokine storm.

One of the main mechanisms by which SARS-CoV-2 affects various
organ systems is through hyper-inflammation. This has been correlated
with high inflammatory markers including C-reactive protein (CRP),
ferritin and D-dimer in COVID-19 patients [34]. Rapid viral replication
and localized cellular destruction causes release of cytokines and che-
mokines, which attract immune cells to the region. In some patients, an
inappropriate immune response can occur triggering a cytokine release
storm [35]. Several of these effects are likely mediated by circulating
catecholamines [36-39]. The immune modulatory effects of catechol-
amines, such as the inhibition of antigen presenting cells, and down-
regulation of T lymphocytes may also facilitate viral replication [12].
Therefore, alpha blockers were initially suggested as potential agents to
utilize in COVID-19, not only for control of hypertension but also for
mitigating the hyper-inflammatory response, the cytokine storm, and
viral replication [12,40].

Calcium is an important substrate in viral infection and replication.
Voltage-gated calcium channels (VGCC) are found on the surface of
various excitable cells, and activation of these channels results in an
influx of calcium ions, allowing for downstream physiologic effects
including synaptic transmission and muscle activation and relaxation
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[41]. Interaction between viral surface proteins and host VGCC allows
for viral entry [42]. Reduction in calcium can therefore lead to
decreased viral entry, and prior studies have demonstrated this to hold
true for SARS-CoV [43]. Viruses are also capable of overtaking host
calcium modulation to support their own replication and survival [44].
Calcium serves an integral role in many aspects of viral pathogenesis and
could play a role in the fight against SARS-CoV-2 virus. There is a pos-
sibility that calcium channel blockers may have an effect on one or more
of these aspects of calcium physiology.

Anti-Hypertensive agents and COVID-19: What is known so far?
Acei and ARBs

ACEis and ARBs are among the most commonly used prescription
medications to treat hypertension in the United States. Due to the known
interaction between SARS-CoV viruses and the ACE2 receptor,
numerous studies have evaluated the association between ACEi/ARB
use and COVID-19. This has led to varying recommendations regarding
the continuation of ACEis and ARBs in patients hospitalized with
COVID-19 [45].

Some studies have identified a lack of association between ACE2
protein expression and the use of ACEis and ARBs [46]. In a meta-
analysis of 27 studies by Caldeira et al, the association between prior
exposure to ACEi and/or ARBs and the risk of acquiring COVID-19
infection was evaluated. ACEi and ARB group did not have an
increased risk of a positive test for COVID-19 infection (OR 0.99, 95%CI
0.91-1.11) nor were ACEi use alone (OR 0.94, 95% CI 0.87 to 1.02) or
ARB use alone (OR 1.01, 95%CI 0.93 to 1.10) associated with increased
risk of a positive test [47]. In another meta-analysis of 10 studies by
Flacco et al, the association between the use of ACEi/ARB use and risk of
severe or lethal COVID-19 was explored. The study found that risk of
severe or lethal COVID-19 was comparable between patients who were
treated with ACEi and the untreated group (OR 0.90; 95% CI 0.65 to
1.26). Similarly, the risk between ARB use and developing severe or
lethal COVID-19 compared to non-users was non-significant (OR = 0.92;
95% CI 0.75 to 1.12). The results of the study did not change when
adjusted for three outlier studies which reported either a higher or lower
risk of severe illness among the treated group [48]. A recent multicenter
prospective study identified no increased risk for severe COVID-19, ICU
admission, intubation, or mortality with ACEi/ARB use [49]. In fact,
continued maintenance of ACEi/ARB use decreased the risk of death
from COVID-19 [49]. In a meta-analysis by Wang et al, the results
indicate that treatment with ACEi/ARB was significantly associated with
a lower risk of mortality in COVID-19 infected hypertensive patients
(OR = 0.624, 95% CI = 0.457 to 0.852, p = .003), and also reduced the
odds of requiring ventilator support (OR = 0.682, 95% CI 0.475 to
1.978, p = .037) [50].

In a large population-based study by Hippisley-Cox et al, ACEi and
ARBs were noted to have a decreased risk for COVID-19 disease
(adjusted HR = 0.71, 95% CI 0.67 to 0.74). However, there was no as-
sociation with ICU admission, even when controlled for possible con-
founding variables. Interestingly, the study also noted some significant
differences among ethnic groups. There was increased risk of COVID-19
among Caribbean ACEi users (adjusted HR 1.05, 95% CI 0.87 to01.28)
and also among Black Africans with ACEi use (adjusted HR 1.31, 95% CI
1.08 to 1.59) and ARB use (adjusted HR 1.24, 95% CI 0.99 to 1.58) [51].

Calcium channel blockers

Calcium channel blockers are widely prescribed medications with
utility in management of blood pressure, arrhythmias, angina, and mi-
graines. In a retrospective study of 77 patients who were hospitalized
with COVID-19 and were treated calcium channel blockers (nifedipine
or amlodipine) for hypertension, that patients treated with a calcium
channel blocker were significantly less likely to have undergone
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intubation and mechanical ventilation. Additionally, in the group
treated with the calcium channel blockers, 50% survived the hospitali-
zations, while only 14.6% of the untreated group survived (p = 0.0036)
[52]. This was further supported by a meta-analysis conducted by
Alsagaff et.al where 31 studies were analyzed to identify the association
between calcium channel blocker use, and COVID-19 outcomes. Pooled
analysis indicated that CCB use was not associated with decreased
mortality (OR of 1.21, 95% CI 0.98 to 1.49). However, when subgroup
analysis was done in just hypertensive patients, there was significantly
reduced mortality (OR of 0.69, 95% CI 0.52 to 0.91) [53]. In a meta-
analysis of 53 studies by Ren et al., there was no association noted be-
tween the use of calcium channel blockers with incidence of COVID-19
(OR of 1.15, 95% CI 0.87 to 1.53, I> = 93.61%), or between use of
calcium channel blockers and severity of disease (OR of 0.94, 95% CI
0.80-1.10) [54].

Beta blockers and diuretics

There is a paucity of data regarding the association between the use
of beta blockers and diuretics, and the role in COVID-19 susceptibility,
morbidity, and mortality. In a retrospective observational study con-
ducted in China by Gao et al, the association of hypertensive treatment
class with mortality among hospitalized patients with COVID-19 was
explored. Patients with a history of hypertension and not on hyperten-
sive therapy had a significantly higher rate of mortality compared to
those on antihypertensive treatment (7.3 vs. 3.2%, HR 2.54, 95% CI).
This study also compared rates of mortality between COVID-19 hyper-
tensive patients on RAAS inhibitors vs non-RAAS inhibitors (including
beta blockers, diuretics, and calcium channel blockers), and the results
were similar for symptom onset, severity of disease, and percent
requiring ventilator support [55]. However, 15 patients on spi-
ronolactone (an anti-hypertensive modulating RAAS pathway) were
counted as being on a ‘non-RAAS inhibitor’. Ren et al. also described the
association between the use of beta-blockers and diuretics with COVID-
19 disease incidence and mortality. There was no association between
the use of beta-blockers with incidence (OR 1.03, 95% CI 0.78 to 1.35)
or severity (OR 1.23, 95% CI 0.74 to 2.04), or with prior diuretic use
with incidence (OR 0.86, 95% CI 0.54 to 1.38) or severity (OR 0.96, 95%
CI 0.81 to 1.15) [54].

In a large multicenter observational study conducted in patients
hospitalized with COVID-19 with pre-existing diabetes, clinical char-
acteristics prior to admission were compared. Among them was use of
various anti-hypertensive agents with the primary outcomes of intuba-
tion and/or death within the first 7 days of hospitalization. Prior use of
loop diuretics, thiazide diuretics, and beta-blockers were noted in
19.1%, 20.3%, and 33.6% of patients, respectively. Use of beta-blockers
and loop diuretics were associated with increased odds of death on day
7. (OR 1.03, 95% CI 0.80 to 1.32) (OR 1.10, 95% CI0.81 to1.48) (OR
1.08, 95% CI 0.81 to 1.45) [56].

Alpha blockers

Alpha blockers (alpha adrenergic receptor blockers) are gaining
traction in the fight against viral illness due to the potential impact on
cytokine storms. Prior animal studies have demonstrated that alpha
blockade can prevent cytokine storms and their deleterious effects [36].
Prior exposure to any alpha blocker was associated with a relative risk
reduction of 34% in patients with ARDS (OR 0.70, 95% CI 0.49 to 0.99),
and in patients with pneumonia, there was a relative risk reduction of
8% (OR 0.86, 95% CI 0.82 to 0.91) [57]. In COVID-19 specifically,
outpatient use of any alpha blocker is not associated with COVID-19
outcomes in hospitalized patients (OR 0.749, 95% CI 0.527 to 1.064)
[58]. However, inpatient use of alpha blockers was associated with
improved outcomes, specifically, in-hospital mortality (OR 0.633, 95%
CI 0.434 to 0.921) [58].
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Vaccinations, Variants, and COVID-19

Despite the use and promotion of contact tracing methods, social
distancing, and hand hygiene, SARS-CoV-2 has continued to have a
drastic spread with limited treatment options. Vaccinations offer a
means of preventing illness, and thereby diminishing the risk of viral
spread and mutation. Numerous vaccines have been approved and are in
use globally. In the United States, the three most common vaccines
include two mRNA-based vaccines; mRNA-1273 vaccine (Moderna®)
and BNT162b2 (Pfizer®), and an adenovirus-vector based vaccine
(Johnson and Johnson®). Two doses of the Moderna vaccine offers a
94.1% efficacy at preventing viral infection, and severe disease [59].
Similarly, a two dose regimen of the Pfizer vaccine provides 95% pro-
tection against COVID-19 [60]. The Johnson and Johnson vaccine is a
single-injection vaccine that confers 64% efficacy against disease, and
81.7% against critical illness [61]. Findings on vaccine efficacy were
replicated in various countries’ vaccination efforts and suggest that
vaccines are highly effective in preventing illness and decrease risk for
severe disease [62,63]. Additionally, vaccines are likely effective in
populations with pre-existing conditions like hypertension. Data for the
BNT162b2 vaccine indicated that the vaccine is highly efficacious in
patients with hypertension at 94.6% (95% CI 68.7 to 99.9) [60]. Data for
the Johnson and Johnson vaccine indicated that vaccine efficacy in
patients older than 60 with at least one comorbid condition was 82%.
Hypertension was identified as one of the comorbid conditions, being
prevalent in 10.3% of the study population [61]. The Moderna vaccine
study did not include hypertension as one of the specific pre-existing
conditions, and there is therefore no data specific to that population.
While vaccine efficacy remains robust in populations with pre-existing
conditions, it is important to note that studies have demonstrated
lower antibody titers in patients with certain comorbidities including
hypertension and central obesity [64]. This highlights the need for
additional investigations into determining the best vaccine schedule and
need for earlier boosters in these special populations.

Gam-COVID-Vac (Sputnik®) is an adenovirus-based vaccine mainly
utilized in Russia. This vaccine boasts an efficacy of 91.6% (95% CI 85.6
to 95.2) and of 100% (95% CI 94.4 to 100) against severe COVID-19.
The vaccine trial included patients with hypertension as a comorbid
condition, along with diabetes mellitus, ischemic heart disease, and
obesity. Seven participants in the placebo group with polymerase chain
reaction-confirmed COVID-19 and no comorbid conditions, while 25
patients in the vaccine group were confirmed to have COVID-19 after
vaccination, with 3 of the 25 also having underlying comorbidities [65].
BBIBP COVID-19 vaccine (Sinopharm®) manufactured and first
approved for use in China is noted to have an overall efficacy of 78.1%
(95% CI 64.9 to 86.3). While the vaccine efficacy in hypertensive sub-
group was not estimated, of the 374 patients in the vaccine group who
had hypertension, none were noted to have COVID-19. In the control
group, 367 patients had an underlying diagnosis of hypertension, with 4
patients noted to have COVID-19 infections [66]. BBV152 (Bharat
Biotech®) vaccine used mostly in India is an inactivated SARS-CoV-2
vaccine that confers 77.8% efficacy (95% CI 65.2 to 86.4). 20% of the
study population was composed of “high-risk” populations; either being
over 60 years of age, or having a coexisting comorbidity, but the data
does not specifically indicate the efficacy rate among patients with pre-
existing hypertension [67]. Another prominent vaccine candidate is the
ChAdOx1nCoV-19 (Covishield), an adenovirus-based vaccine. In a study
comparing two standard doses to one low dose with a subsequent
standard dose, vaccine efficacy across both groups was noted to be
70.4% (95% CI 54.8 to 80.6) [68]. While the study describes efficacy in
groups with co-morbid conditions, hypertension is not specifically
detailed.

In this context, the concept of heterologous immunity and cross-
reactivity of adaptive immune lymphocytes in support of protection
from infection should be considered. Heterologous effects of vaccines
include cross-reactivity between shared epitopes of unrelated
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pathogens, trained immunity in innate cells such as natural killer T cells
and monocytes, modulation of type 1 and type 17, regulatory and
memory T cells, cytokine responses, and modulation of mean concen-
tration of antibodies and cross-reactive antibodies [69]. SARS-CoV-2-
reactive CD4 T cells have been detected in unexposed individuals and
T cell cross-reactivity between SARS-CoV-2 and other circulating coro-
naviruses which is expected as they share high sequence similarity
[70,71]. In individuals who were vaccinated with Measles-Mumps-
Rubella (MMR) or Tetanus-diphtheria-pertussis (Tdap) vaccine, a
propensity-weighted analysis of 73,582 COVID-19 patients showed that
severe disease outcomes were reduced by 32-38% and 20-23%,
respectively, suggesting that SARS-CoV-2 reactivates memory T cells
generated by MMR and Tdap vaccines [72]. Better delineation of the risk
for future SARS-CoV infections may be accomplished by long-term
assessment of SARS-CoV-2 memory B and T cell-mediated immune re-
sponses in patients recovering from an infection or those with cross-
reactive immunological memory [73]. Such immunological heterolo-
gous reactivity phenomena may play a role in the outcomes among
patients with underlying co-morbidities such as hypertension who
receive vaccination against COVID-19, which warrants further
investigation.

RNA viruses like SARS-CoV-2 are prone to mutations as long as there
is continued transmission, and recent variants of interest include B.1.1.7
(Alpha), B.1.351 (Beta), P.1 (Gamma), and B.1.617.2 (Delta) [74]. These
variants have been shown to have more transmissibility with possibility
for increased severity of disease [75]. The Delta variant is currently the
most prevalent variant in the United States [74]. However, vaccines
such as Pfizer, AstraZeneca, and Moderna are still able to generate
adequate levels of neutralizing antibodies in recipients [76]. Hyper-
tension continues to remain an important risk factor for the Delta
variant. Factors associated with increased risk of COVID-19-related
hospitalization, even in fully vaccinated adults include age greater
than or equal to 65 years (75%), and hypertension seen in 70.5% of fully
vaccinated adults, compared to 59.9% in unvaccinated adults [77]. In a
hospital based cohort-study, 36.5% of unvaccinated and 51.7% of
vaccinated individuals (with Covaxin® or Covishield®) who acquired
the Delta variant had hypertension/diabetes [78]. Additionally, hyper-
tensive patients with other spike protein mutations still had a significant
risk for hospitalization (OR 17, 95% CI 2-144) [79].

Treatment of hypertension during COVID-19: Telemedicine and
addressing inequities are crucial

Hypertension is responsible for millions of deaths globally and has
been shown to be a strong risk factor in the development of severe
COVID-19. In addition to social distancing, hand hygiene, and vacci-
nations, effective management and treatment of elevated blood pressure
will be key in the fight against COVID-19. Regular blood pressure
monitoring will allow for early detection and management. Racial and
ethnic minorities in the United States are more likely to experience
hospitalization and mortality from COVID-19 [80]. They are also more
likely to have co-morbid conditions like hypertension and obesity that
puts them at risk for more severe disease [81,82]. Additionally, the risk
of disease exposure is also higher for ethnic minorities as they are
overrepresented in several frontline industries [83]. In the United States,
African Americans and Hispanics also make up a lower percentage of the
vaccinated population, especially when compared to their dispropor-
tionate case rate [84].

During the pandemic, telemedicine has emerged as an important
means of healthcare delivery. Telemedicine offers the opportunity for
management of chronic illness, including hypertension, from the safety
of ones’ home [85,86]. Additionally, appropriate pharmacotherapy with
anti-hypertensive agents, and monitoring for adverse medication
adverse effects such as electrolyte abnormalities, dehydration, and
kidney injury will allow for optimal control of hypertension. Finally,
healthy dietary habits coupled with an active lifestyle with regular
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Table 1
List of current clinical trials for the treatment and management of COVID-19
(registered under ClinicalTrials.gov).

NCT ID
Number

Trial Name Study Study Location

phase status

1. Anti-Hypertensives

Association Between
Hypertension, Renin-
Angiotensin-
Aldosterone System
Inhibitors and COVID-
19

Phase IV Observational Phase
Study to Associate v
Hypertension and
Hypertension
Treatment to COVID-19

COVID-19 Blood Pressure
Endothelium
Interaction Study

Prospective Monitoring of -
Drug Safety and the
Occurrence of
Complications During
Hospitalization in
Patients with
Cardiovascular Diseases
with COVID-19.

Effects of Discontinuing -
Renin-angiotensin
System Inhibitors in
Patients With and
Without COVID-19

Switch or Maintenance of ~ Phase
Renin-Angiotensin 3
System Inhibitors in
Patients with COVID-
19: A Randomized Proof
of Concept Trial

Efficacy of Phase
Hydroxychloroquine, 3
Telmisartan and
Azithromycin on the
Survival of Hospitalized
Elderly Patients with
COVID-19: a
Randomized,
Multicenter, Adaptive
Study

Randomized, Double- Phase
Blind, Placebo- 2
Controlled Pilot Clinical
Trial of the Safety and
Efficacy of Telmisartan
for the Treatment of
COVID-19 in
Hospitalized Patients

II. Vaccines

Study to Evaluate the Phase
Effectiveness of BCG 3
Vaccines in Reducing
Morbidity and Mortality
in Elderly Individuals in
COVID-19 Hotspots in
India

IIL. Innovations

Personalized Electronic Phase
Record Supported 4
Optimization When
Alone for Patients with
Hypertension- Pilot
Study for Remote
Medical Management of
Hypertension During
the COVID-19
Pandemic

Not Yet
Recruiting

France NCT04374695

Active, Italy NCT04331574

Recruiting

United
Kingdom

Active, NCT04409847

Recruiting
Poland

Active, NCT04374110

Recruiting

Active, Denmark NCT04351581

Recruiting

Active, Brazil NCT04493359

Recruiting

Active, France NCT04359953

Recruiting

Active, United
Recruiting States

NCT04715763

Active, India NCT04475302

Recruiting

United
Kingdom

Recruiting NCT04559074

- Turkey NCT04583345
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Table 1 (continued)

NCT ID
Number

Trial Name Study Study Location

phase status

Comparison of Physical
Activity Levels and
Disease Attitudes of
Hypertensive And
Healthy Individuals
Under Social Isolation
During the COVID-19
pandemic

Integrated Distance -
Management Strategy
for Patients with

Active,
Recruiting

Active, Romania NCT04325867

Recruiting

Cardiovascualr Disease
(Ischaemic Coronary
Rtery Disease, High
Blood Pressure, Heart
Failure) in the context
of the COVID-19
Pandemic

Optimization of the -
Management of COVID-
19 Through Tailored
Recommendations to
the Citizens

Evaluating the -
Comparative
Effectiveness of
Telemedicine in
Primary Care: Learning
from the COVID-19
Pandemic

The Measurement of Vital -
Signs by Lifelight Data
Collect Software in
comparison to the
Standard of Care in
Acutely Unwell Patients
— The VISION-Acute
Study

Active, Canada NCT04699851

Recruiting

Active, United
Recruiting States

NCT04684836

United
Kingdom

Active, NCT04589923

Recruiting

physical activity can lead to overall well-being in addition to tighter
blood pressure control. Amendment of local and federal governmental
policies are crucial to address issues of socioeconomic and other regional
inequities, and improve access to affordable healthcare, telemedicine,
and ancillary services.

Future directions

Tremendous progress has been made in understanding the SARS-
CoV-2 pathogen and COVID-19 disease since the onset of the
pandemic. Despite the many advances in knowledge, treatment, and
prevention, the global devastation continues to be unparalleled. Man-
aging risk factors such as hypertension will be key in the fight against
COVID-19. As Table 1 highlights, there are currently many clinical trials
underway to evaluate the role of various anti-hypertensive agents, both
in the form of observational studies, and randomized controlled trials.
The pathophysiologic interactions between COVID-19 and anti-
hypertensive therapy may vary among different races. For instance, in
a study on over 19,000 COVID-19 patients in the United Kingdom,
increased risk for COVID-19 was observed with the use of ACEis and
ARBs among Caribbeans and Black Africans [51]. Glucocorticoids,
especially dexamethasone, whose beneficial effects in severe COVID-19
has been well-established [87], cause sodium retention thereby
increasing the risk for hypertension [88,89]. However, information on
glucocorticoid-induced hypertension in COVID-19 is lacking in current
literature, which therefore warrants further research.

As COVID-19 pandemic continues to change the traditional model of
healthcare, studies that look into the efficacy and feasibility of deliv-
ering tele-medicine will be of significant importance. Tele-medicine can
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also potentially play a role in the management of COVID-19 via the use
of remote home monitoring models. In previous studies done utilizing
this method, patients who were considered at high-risk for clinical
deterioration were monitored remotely at home using pulse oximetry
and with frequent, regular communication between patients and
healthcare workers [90]. Such tele-medicine models, along with
country-specific guidance [91] to tailor remote monitoring of hyper-
tension and other such co-morbidities can allow for patients to be
monitored more closely and for care to be escalated appropriately to
prevent worsening of COVID-19 severity. Finally, as the pandemic
continues with the potential for emergence of novel SARS-CoV-2 vari-
ants, the efficacy of vaccinations, particularly in at-risk populations like
those with hypertension will need to be assessed.
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