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Abstract

The number of reported cases with coronavirus disease 2019 (COVID-19) has exceeded 620 million worldwide, still having
a profound impact on people’s health and daily lives since its occurrence and outbreak in December 2019. From the early
phase of the COVID-19 pandemic, there has been a concern that the rapid spread of this communicable disease can
negatively influence non-communicable diseases. Accumulating data indicate that the restriction on the access to medical
care, psychological distress, and life-style changes triggered by the pandemic have indeed affected blood pressure control in
hypertensive patients. Since our previous report in 2020 that summarized the findings of the literature related to COVID-19
and hypertension, there has been a considerable progress in our understanding of the association between these two
disorders; nonetheless, there are remaining challenges and emerging questions in the field. In this article, we aim to
summarize the latest information on the impact of the pandemic on blood pressure control, the use of the renin-angiotensin
system inhibitors in patients with COVID-19, and the blood pressure changes as one of the possible post-acute sequelae of
COVID-19 (also known as long COVID). We also summarize the evidence of telemedicine and COVID-19 vaccination in
hypertensive subjects, based on data available as of June 2022.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by severe
acute respiratory distress syndrome coronavirus 2 (SARS-
CoV-2) infection, has been diagnosed in over 620 million
individuals worldwide as of November 2022. From the
initial stage of its outbreak, a serious concern has been
raised that COVID-19 pandemic could worsen non-
communicable diseases (NCDs) including hypertension
[1, 2]. In our previous report, we have summarized the state
of research on the influence of COVID-19 pandemic on
hypertension and related diseases, based on the data avail-
able as of June 2020 [1]. Since then, there has been a rapid
expansion of studies in several key areas, e.g., the impact of
initial lockdowns on people’s health and blood pressure
(BP) control, the use of the renin-angiotensin system (RAS)
inhibitors in patients with COVID-19, and the association
between hypertension and severe COVID-19. Moreover,
among the points raised in future perspectives of the report
[1], tremendous progress has been made in the development
of COVID-19 vaccines, and there is also a growing need for
the implementation of telemedicine. In addition, a new issue
has emerged that COVID-19 affects the infected individuals
even after an acute phase (referred to as “long COVID”). In
this article, we aim to provide an updated information on
these topics, based on data available as of June 2022. Given
the significant biological and clinical differences among the
SARS-CoV-2 variants, the study periods of the references
are mentioned where relevant. For most of the studies, the
data were taken before the spread of the Delta variant
(around June 2021) and the Omicron variant (December
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COVID-19

2021) [3]. Because of the space constraint, hypertension-
related diseases (such as cardiovascular diseases) as post-
acute sequelae of COVID-19 will be discussed in detail as a
separate manuscript [4].

COVID-19 outbreak in Japan and its
influence on hypertensive patients in early
2020

In Japan, the first case of COVID-19 was officially identi-
fied on 15 January 2020 and the number of confirmed cases
increased to 15 by the end of that month. The Japanese
government classified the disease as a “designated infec-
tious disease” on 1 February 2020, which legally allowed
the government to recommend hospitalization and to use
public funds for the treatment of COVID-19. Three days
later, COVID-19 cluster was identified among guests
aboard the cruise ship Diamond Princess at Yokohama port
[5]. The first death due to COVID-19 was reported in
Kanagawa Prefecture on 13 February 2020. The number of
the confirmed cases rapidly increased and reached 2000 by
the end of March 2020. As a result, the Japanese govern-
ment announced a state of emergency on 7 April 2020 to
control the transmission of SARS-CoV-2; people were
encouraged to self-isolate by staying at home and to reduce
the person-to-person contact during daily activities.

Owing to the lack of effective vaccines and medications
at the initial phase, social distancing, along with masking
and hand disinfection, was highly recommended to
reduce the risk of SARS-CoV-2 infection. Although these
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measures helped protect people from the viral infection, the
literature suggests that the rapid spread of COVID-19 and
the lockdowns disrupted medical supply chains and highly
restricted the access to medical care [6]. One study invol-
ving nearly 800,000 subjects in 26 hospitals in Japan
showed that the number of outpatient visits decreased by
22% in May 2020, and the outpatient prescription, including
calcium channel blockers and other common medications,
decreased by 20% in May 2020 [7].

The quarantine and behavioral restrictions also had
negative impacts on the psychological wellness [8]. A
report by the Ministry of Health, Labor and Welfare in
Japan showed that the ratio of people with anxiety peaked in
February to May 2020 (https://www.mhlw.go.jp/stf/newpa
ge_18041.html). Negative or speculative information on
COVID-19, as well as controversial expert opinions, was an
additional factor that potentially promoted people’s anxiety
(“headline stress disorder””) [9-12]. Patients with hyper-
tension might have been particularly stressed, because the
initial reports from Wuhan, China, indicated that subjects
with hypertension had a high mortality rate due to COVID-
19 [13]. In addition, there was also a concern that RAS
inhibitors might negatively affect the clinical course of
COVID-19, based on several experimental studies (these
topics will be discussed in detail later in this article).

In addition, the COVID-19 pandemic has drastically
influenced people’s life-style. During the lockdown in early
2020, altered physical activity and/or food consumption
were reported in several studies [14], including those from
UK [15], Poland [16], Spain [17], and China [18], which
likely had a negative impact on body weight control
[16, 17]. Several lines of evidence also indicate that the
influences of COVID-19 restrictions on people’s daily
activities were not necessarily uniform. According to a
study performed in Turkey, those with high body mass
index (BMI) consumed sweetened and carbonated drinks
more than other participants [19]. In another study that was
performed across several countries during the COVID-19
lockdown, there were regional differences in the impact on
well-being [14]. Studies from Italy reported that a sub-
population of individuals was able to reorganize their life-
style in response to the lockdown, increasing physical
exercising and improving diet quality [20, 21].

Regarding the BP control in hypertensive patients, several
studies reported the BP alteration during the initial phase of
the COVID-19 pandemic. In Japan, Kobayashi et al
reported that the office BP significantly increased from
136.5+17.5/78.2+12.0 to 138.6 +18.6/79.0 £ 12.2 mmHg,
whereas home BP significantly decreased from 128.2 +10.3/
75.8+8.8 to 1269+10.2/752+9.0mmHg after the
announcement for the state of emergency, increasing the ratio
of white coat hypertension [22]. These changes in BP were
associated with the increase in chronic stress [22]. Analysis of

a large annual health check-up data of Japanese individuals
reported that systolic and diastolic BP were increased by ~1-2
and 0.5-1 mmHg, respectively, during the state of emergency
[23]. Endo et al. analyzed glycemic and BP control in 176
Japanese patients with diabetes mellitus and reported that both
systolic and diastolic BP did not change during the state of
emergency, however they rose significantly afterwards [24].
According to a questionnaire survey conducted by a health-
care company on Japanese patients who were taking anti-
hypertensive medications, ~90% of the respondents changed
their day-to-day life-style, and 17.2% observed a change in
their BP after the COVID-19 pandemic (https://www.healthca
re.omron.co.jp/zeroevents/bloodpressure/topics/01.html).

In other countries, an annual health program in the
United States reported the increase in BP that ranged from
1.1 to 2.5 mmHg for systolic BP and 0.1 to 0.5 mmHg for
diastolic BP during the COVID-19 pandemic [25]. In
another study, the mean systolic and diastolic BP increased
from April-August 2019 to April-August 2020
(127.5 mmHg vs. 131.6 mmHg; p <001, and 79.2 mmHg
vs. 80.2mmHg; p<001, respectively) [26]. In a sub-
population of the participants of Strategy of Blood Pressure
Intervention in Elderly Hypertensive Patients (STEP) study
conducted in China [27], patients with an increased level of
anxiety had a higher rate of uncontrolled BP and an
increased risk of cardiovascular events (hazard ratio [HR],
2.47; 95% confidence interval [CI], 1.10-5.58; p =0.03)
[28]. These data indicate that life-style changes, psycholo-
gical stress, and the limited access to medical care have
influenced BP control in the early phase of COVID-19
pandemic, predisposing hypertensive subjects to increased
risk of cardiovascular events. A future survey of the long-
term influence of the pandemic is warranted.

Hypertension and the risk for severe
COoVID-19

In our previous article, we have concluded that there was no
clear evidence supporting that hypertension is an indepen-
dent risk factor for the worse outcome in COVID-19 [1].
The Centers for Disease Control and Prevention report
alerts that patients with type 1 and type 2 diabetes,
obesity of BMI>30kg/m? and chronic kidney disease
(CKD) are at increased risk of severe COVID-19
(https://www.cdc.gov/coronavirus/2019-ncov/hep/clinical-
care/underlyingconditions.html). Regarding the association
between hypertension and severe COVID-19 outcomes,
however, the report states that the meta-analyses and sys-
tematic reviews thus far are still inconclusive. Similar lim-
itation is noted in the scientific brief released from the
World Health Organization (based on the literature pub-
lished before January 2021) (https://apps.who.int/iris/ha
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ndle/10665/341848). In the Phase IV Observational Study
to Associate Hypertension and Hypertension Treatment to
COVID-19 (SARS-RAS) of the Italian Society of Hyper-
tension, laccarino and colleagues analyzed the outcomes of
1591 patients with COVID-19 in March to April 2020,
among which hypertension was observed in 55% [29]. In
the multivariate analysis of that study, diabetes, chronic
obstructive pulmonary disease, and CKD were the inde-
pendent predictors of mortality other than age; however,
hypertension was not [29]. In a recent report from CAPA-
CITY-COVID, a registry that included more than 9000
patients with confirmed or highly suspected SARS-CoV-2
infection in Europe between March 2020 and April 2021,
hypertension was not independently associated with in-
hospital mortality [30]. However, according to a meta-
analysis that included 1558 COVID-19 patients from six
retrospective studies conducted in 2020 [31], hypertension,
as well as diabetes, chronic obstructive pulmonary dis-
ease (COPD), cardio- and cerebrovascular disease, was an
independent risk factor for exacerbation of COVID-19.
Among 803 COVID-19 patients with hypertension, sig-
nificant predictors of heart failure were average in-hospital
systolic BP and pulse pressure, and the standard deviations
of systolic and diastolic BP were independently associated
with in-hospital mortality and intensive care unit (ICU)
admission [32]. Therefore, there is currently mixed evi-
dence for an association between hypertension and severe
COVID-109. It is possible that the quality of BP control, as
well as the severity and duration of hypertension, can
influence the clinical course of cardiovascular complica-
tions in COVID-19 [33]. Nonetheless, given the established
role of hypertension as the principal risk factor for cardio-
vascular diseases, this association may not necessarily be
limited to COVID-19. In addition, a large fluctuation in BP
in COVID-19 patients with poor prognosis may simply
reflect their critical conditions.

Hypertension and long COVID

Post-acute sequelae of COVID-19, also called long COVID,
has increasingly been recognized worldwide [4]. In a real-
time tracking based on a mobile application in April 2020,
558 out of 4182 (13.3%) COVID-19 patients in the UK
reported symptoms that lasted for > 28 days, including
fatigue, headache, dyspnea, and anosmia [34]. These
symptoms were more likely to occur with older age, higher
BMI, and female sex [35]. In a multi-omic investigation of
309 COVID-19 patients [36], the frequently self-reported
symptoms during convalescence (2-3 months after the
initial diagnosis of COVID-19) were fatigue (52% of par-
ticipants), cough (25%), and anosmia/dysgeusia (18%). The
predictors for long COVID identified in that study were
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type 2 diabetes, SARS-CoV-2 RNAemia (circulating
mRNA fragments of SARS-CoV-2), Epstein-Barr virus
viremia, and specific auto-antibodies such as anti-
interferon-o2 [36].

Evidence regarding the impact of pre-existing hyperten-
sion on long COVID is still insufficient, e.g., hypertension
was not investigated [35] nor selected as a predictor of long
COVID [36]. Among 222 Saudi Arabian patients hospita-
lized with COVID-19 between May and July 2020, per-
sistent symptoms (after a median of 122 days of discharge)
were present in 56.3% of patients, among which most fre-
quent ones were shortness of breath (40.1%), cough
(27.5%), and fatigue (29.7%) (Table 1) [37]. After multi-
variable adjustment, pre-existing hypertension was asso-
ciated with an increased risk of new or persistent symptoms
(HR, 1.73; 95% CI, 1.09-2.74) along with female sex and
length of hospital stay. Although 28.8% of patients did not
return to baseline (before SARS-CoV-2 infection) health
status, pre-existing hypertension was not a significant pre-
dictor of the non-return (HR, 1.69; 95% CI, 0.68-4.16). In
another study from Norway, a total of 312 patients diag-
nosed as COVID-19 during February to April 2020 were
followed for symptoms at 6 months [38]. In that study,
60.6% of patients had persistent symptoms, including fati-
gue, difficulty concentrating, disturbed smell/taste, memory
problems, and dyspnea. In a regression analysis, being
female, pre-existing lung disease, COVID-19 severity, and
increased convalescent antibody titers were the independent
predictors of the increased fatigue score. Although hyper-
tension was associated with the fatigue score in a univariate
analysis, this association was not significant after adjust-
ment [38].

Is hypertension a post-acute sequela of
COVID-19?

Emerging evidence indicate that cardiovascular complica-
tions can occur as a post-acute sequela of COVID-19 [4].
Using national healthcare databases from the US Depart-
ment of Veterans Affairs, Xie et al. built a cohort of 153,760
individuals with positive for COVID-19 testing between
March 2020 and January 2021 (Table 1) [39]. By compar-
ing this database with two sets of control cohorts including
5,637,647 and 5,859,411 individuals, COVID-19 survivors
were shown to have the increased risk of cardiovascular
diseases, including stroke, transient ischemic attack,
ischemic heart disease, pericarditis, myocarditis, heart fail-
ure, dysrhythmia, and thromboembolic disease, indepen-
dently of pre-existing hypertension and other cardiovascular
risk factors.

Besides these cardiovascular complications, several
reports suggest that COVID-19 survivors can have an
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elevated BP at a post-acute phase [40]. Based on the above-
mentioned US Department of Veterans Affairs national
healthcare databases, the same group [39] estimated a
6-month incident sequela in COVID-19 patients who sur-
vived for at least the first 30 days after the diagnosis
(Table 1) [41]. Compared with 4,990,835 non-infected
controls, 73,435 COVID-19 survivors had excess burdens
of hypertension (15.18 incident diagnoses per 1000 patients
with COVID-19), as well as obesity (9.53) and diabetes
(8.23). In addition to oral hypoglycemic agents and insulin,
the introduction of antihypertensive drugs (beta-blockers,
calcium channel blockers, and thiazide diuretics) was also
increased.

Cohen et al. performed a retrospective cohort study to
evaluate the risk of persistent clinical sequelae among
87,337 adults aged > 65 years during the post-acute phase of
COVID-19 (diagnosed before April 2020) (Table 1) [42]. In
that study, 32% required medical attention for at least one
new or persistent clinical sequela, which was 11% higher
than the non-infected comparison group. As well as
respiratory failure (risk difference, 7.55; 95% CI,
7.18-8.01), fatigue (5.66; 5.03-6.27), kidney injury (2.59;
2.03-3.12), and cardiac rhythm disorders (2.19; 1.76-2.57),
the increased risk of hypertension (4.43; 2.27-6.37) was
observed in the study participants. The same investigator
group reported similar findings among 193,113 COVID-19
patients aged 18-65 years (Table 1) [43], i.e., 14% of the
COVID-19 patients required medical attention because of
aftereffects, which was 5% higher than the control group.
The risk for developing hypertension among COVID-19
patients was 81% higher (95% CI, 10-196%) than that in
the matched control group.

The underlying mechanisms of the BP elevation after
recovery from COVID-19 are unclear [40]. A retrospective
case series of nine patients with COVID-19 under a pro-
longed intensive care reported that these patients developed
hyperreninemia, along with hypernatremia, hyperchloremia,
and reduced glomerular filtration rate [44]. Although the
duration of these changes is unclear, these changes may in
part contribute to BP elevation after the recovery from
COVID-19. The development of de novo hypertension or
the deterioration of BP control needs to be monitored at a
post-acute phase.

Current evidence on ACE inhibitors and
ARBs in patients with COVID-19

As summarized in our previous article [1], several retro-
spective studies from different countries [45-50] and meta-
analyses [51-55] provided evidence for continuing treat-
ment with RAS inhibitors in hypertensive patients with
COVID-19 in the early phase of the pandemic. Although
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these initial studies were conducted in the United States,
China, and Europe, several reports from Japan are currently
available. In a retrospective, multicenter, observational
study from Kanagawa, Japan [56], ACEIs and ARBs were
prescribed in 15% of a total of 151 patients hospitalized
with COVID-19 between February and May 2020. In this
study, indices for the severity of COVID-19 such as in-
hospital death and ICU admission were not different
between ACEI/ARB group and non-ACEI/ARB group. The
study found that the occurrence of new-onset or worsening
mental confusion was significantly lower in ACEI/ARB
group in crude analysis and after adjustment with age, sex,
and diabetes [56]. COVID-19 registry Japan (COVIREGI-
JP) is a nationwide registry that includes hospitalized
patients with a positive SARS-CoV-2 test [57]. Using the
data from COVIREGI-JP as of November 2020, the study
by Yoshihara et al. analyzed the factors associated with the
increased risk of primary outcomes, which were in-hospital
death, ventilator support, extracorporeal membrane oxygen
support, and ICU admission. Although the study found that
aging, male sex, COPD, severe renal impairment, and dia-
betes mellitus were associated with the increased primary
outcomes, no associations were found with the use of
ACEIs and ARBs [58]. In addition, several recent meta-
analysis of observational studies reported the safety or the
potential benefit of RAS inhibitors in patients with hyper-
tension [59]. In a meta-analysis of 30 studies (published
before May 2020) comprising 10,434 adult patients with
COVID-19, including nine clinical studies from China,
patients treated with RAS inhibitors showed a reduced risk
of severe/death outcomes especially in Asia [60].

Several randomized controlled trials have also been
conducted to evaluate whether continuing or discontinuing
RAS inhibitors affect outcomes in patients with COVID-19.
In the Blockers of Angiotensin Receptor and Angiotensin-
Converting Enzyme inhibitors suspension in hospitalized
patients with coronavirus infection (BRACE CORONA)
study, the Ilargest investigator-initiated, multicenter,
registry-based randomized trial that completed in July 2020,
there was no significant difference in the mean number of
days alive and out of the hospital for those assigned to
discontinue (334 patients) vs. continue RAS inhibitors (325
patients) among 659 patients hospitalized with mild to
moderate COVID-19 and who were taking these medica-
tions before hospital admission [61]. In a subgroup analysis
according to disease severity, patients with a moderate
severity who continued RAS inhibitors had more days alive
and out of hospital through 30 days than those who dis-
continued these drugs [62]. Both in the Randomized
Elimination or ProLongation of ACEIs and ARBs in COr-
onaVlIrus Disease 2019 (REPLACE COVID) trial, a pro-
spective, randomized, open-label trial done at 20 large
referral hospitals in seven countries worldwide [63], and the
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Stopping ACE-inhibitors in Covid-19 (ACEI-COVID) trial,
a multicenter, randomized, controlled, open-label trial [64],
discontinuation of RAS inhibitors did not significantly
affect the severity of COVID-19 and the primary outcome
measure of these studies.

Concerns that RAS inhibitors might affect the clinical
course of COVID-19 were mainly derived from several
experimental data suggesting that the expression of angio-
tensin converting enzyme 2 (ACE2), which serves as the
cell entry receptor for SARS-CoV-2, was upregulated by
these agents; nonetheless, a recent systematic review on 88
articles involving 168 experiments on this issue has found
that ACE2 upregulation by RAS inhibitors was a rare event,
rather than the common consequence [65]. Given these
clinical and experimental evidence, RAS inhibitors should
be continued in patients admitted to hospital with COVID-
19 unless there is a distinct medical contraindication to
ongoing therapy, which is consistent with the previous
statements of the international societies [66—69] and infor-
mation from the Japanese Society of Hypertension [70].

COVID-19 vaccines in patients with
hypertension

One of the fundamental progresses that have been made
since the beginning of the current pandemic is the devel-
opment of COVID-19 vaccines, which include mRNA
vaccines (i.e., mRNA-1273 and BNT162b2), adenovirus
vector vaccine (AZD1222), and recombinant protein vac-
cine (NVX-CoV2373) [71-74]. As of June 2022, the above
four vaccines have been approved in Japan. High immu-
nogenicity of the mRNA vaccine (BNT162b2) was
accompanied with increased antibody production, and the
high antibody responses were also confirmed in Japan
[75, 76].

Currently, evidence is mixed regarding the immune
reactions to the COVID-19 vaccination in hypertensive
patients [77-79]. In a study from Israel that investigated the
antibody titers 1-2 weeks after the second dose of
BNT162b2 vaccination, multivariate linear regression ana-
lysis found that hypertension was associated with lower
SARS-CoV-2 receptor-binding domain IgG levels (assessed
using reagents provided by Beckman-Coulter) but higher
neutralization titers (SARS-CoV-2 pseudo-virus
tralization assay) [77]. In another study from Italy, hyper-
tension was independently associated with lower antibody
titers 3 weeks after two doses of BNT162b2 inoculation (the
titer was assessed using Elecsys anti-SARS-CoV-2, Roche)
[78]. Finally, in a study from Greece, the antibody titers
(evaluated using Elecsys anti-SARS-CoV-2 S, Roche) were
not statistically different from non-hypertensives at
3 months after the second dose of BNT162b2 vaccination

neu-

[79]. In other populations, the antibody titer is reported to
be relatively low in patients with diabetes mellitus and in
elderly people [79-82].

The overall incidence of hypertension after mRNA vac-
cination (mRNA-1273 and BNT162b2) was reported to be
less than 1% [73, 74]. Headache, malaise, fever, and pain
(muscle or joint) are frequently observed after vaccination,
which may indirectly affect BP. The increase in BP after
mRNA vaccination (BNT162b2) has been reported in a case
series of nine patients with stage III hypertension [83]. In
that study, the median age was 73 years, seven women and
two men, and all but one patient had a history of hyper-
tension [83]. In another study, six subjects showed an
average increase in home BP by 10 mmHg or more during
the first 5 days after the first dose of mRNA vaccine [84].
The short interval between vaccination and BP increase
seems to be consistent with the response to pain or physical
stress associated with vaccination. In Japan, a recent
study reported the incidence of adverse reactions to the
COVID-19 vaccine (mRNA-1273, BNT162b2) among
pregnant women [85]. According to that study, 4840
(73.6%) were vaccinated twice, and 557 (8.5%) were vac-
cinated once. Among the study participants, increased BP
has been observed only in five subjects (0.09%) after the
first dose and seven subjects (0.14%) after the second dose.
Although more evidence would be necessary, sustained BP
increase after COVID-19 vaccination seems to be a
rare event.

Myocarditis has been recognized as a rare but important
complication of COVID-19 mRNA (BNT162b2 and
mRNA-1273) vaccination [86]. Adolescent males are
known to have the increased risk of this complication [86].
Patients with myocarditis typically present with chest pain a
few days after the mRNA vaccination and have elevated
cardiac troponin levels with ST elevation by electro-
cardiogram. Although the underlying mechanisms are not
entirely clear, the hyper-immunoreaction induced by the
vaccine has been proposed.

According to the surveillance by Israeli Ministry of
Health [87], the number of cases with myocarditis was 117
during 149 million person-days of follow-up in those who
received two doses of BNT162b2 vaccine, as compared
with 98 cases during 296 million person-days of follow-up
in the unvaccinated group (the rate ratio of 2.35; 95% CI,
1.10-5.02). The rate ratio was highest in male recipient
between the ages of 16 and 19 years (8.96; 95% CI,
4.50-17.83) and was lowest in those with 30 years or older
(1.00; 95% CI, 0.61-1.64 for male and 0.82; 95% CI,
0.33-2.02 for female) [87]. Predominant occurrence of
myocarditis in adolescent males following COVID-19
mRNA vaccination has been consistently reported in other
studies [88, 89]. A comparison of BNT162b2 and mRNA-
1273 vaccines indicated that the incidence of myocarditis is
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higher in the latter, particularly after the second dose
[88, 90]. Although less frequent, the inoculation of
adenovirus-vectored vaccine (AZD1222) can also trigger
myocarditis [90, 91].

The estimation for the exact incidence of myocarditis
following mRNA vaccination is challenging, owing to the
variable severity and the lack of systematic evaluation.
However, a meta-analysis indicated that myocarditis occurs
11 cases per one million recipients with COVID-19 mRNA
vaccines [92]. According to a recent review, 354 cases of
myocarditis 0-7 days after vaccination was reported after
164 million doses of mRNA vaccine [93]. In comparison,
the risk of myocarditis after the SARS-CoV-2 infection
seems much higher, which is estimated to be 1500 cases per
million [93]. A recent meta-analysis demonstrated that the
relative risk of myocarditis was more than seven times
higher in SARS-CoV-2 infection than COVID-19 vaccina-
tion [90]. Therefore, the benefit of COVID-19 vaccination
seems to outweigh the low risk of myocarditis, and COVID-
19 vaccination is currently recommended for everyone 212
years of age.

Vaccine-induced thrombotic thrombocytopenia (VITT)
has been reported following the inoculation with the ade-
novirus vector vaccine AZD1222 predominantly in females
[94]. Studies have revealed that antibodies to platelet factor
4 (PF4) that were unrelated to the use of heparin were tested
positive for these cases, suggesting a possible mechanism of
VITT [95]. VITT and positive testing for antibodies against
PF4 have not been reported in individuals immunized with
BNT162b2 and mRNA-1273 vaccines [96]. Further studies
are needed to better identify VITT’s pathophysiological
mechanisms and genetic, demographic, or clinical
predisposition.

Telemedicine and the management of NCDs
in the era of COVID-19

The importance of telemedicine has been increasingly
recognized in the face of the prolonged pandemic. In an
analysis of serial cross-sectional data from the US National
Disease and Therapeutic Index audit between January 2018
and June 2020 [97], telemedicine visits increased from
1.2% in 2018 to 19.5% in 2020. In sharp contrast, office-
based visits decreased by 50% in the second quarter of 2020
compared with the same period in 2018-2019. In hyper-
tension, self-measured home BP monitoring is the preferred
method for BP management, and many home BP devices
are capable of transmitting BP data, making it easy to apply
telemedicine in this field. In Japan, although there were not
many opportunities for telemedicine in a usual state, tele-
monitoring using self-measured BP was widely introduced
at the time of the Great East Japan Earthquake in 2011
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[98, 99]. In other countries, a number of clinical trials for
telemedicine using self-measured home BP have been per-
formed, and many meta-analysis have already been pub-
lished [100]. Most of these studies have shown that the
addition of telemedicine, i.e., telecommunication between
patients and health care providers based on self-measured
home BP, is more effective in BP control than the man-
agement of hypertension based on home BP measurement
only. Nonetheless, several limitations of telemedicine also
need to be noted. In the above-mentioned study [97], the
increase in telemedicine visits and the decrease in office
visits were associated with the reduced BP assessment (50%
reduction in the second quarter of 2020). The number of
new treatment visits for hypertension was also reduced by
39%. The same group also reported that the rapid increase
in telemedicine during the early phase of COVID-19 pan-
demic was followed by a re-bound in office visits, although
telemedicine still accounted for 20% of care [101]. The
authors noted that nearly two-thirds of telemedicine visits
were used for established patients [101]. Very recent ISH
position paper has summarized important barriers that need
to be overcome, including limited physical examination,
unvalidated home BP monitoring device, and digital divide
(e.g., low digital literacy and limited internet access) [102].

Unfortunately, in Japan, we found only a few studies that
addressed the efficacy of telemedicine over conventional
medical care during the COVID-19 pandemic. In the ret-
rospective analysis by Onishi et al., the authors compared
the efficacy of telemedicine (appointment by telephone)
with clinic visit on HbAlc levels in outpatients with dia-
betes mellitus in 2020 [103]. The application of tele-
medicine was dependent on patients’ health status, living
areas, and attending physicians’ decision. In the propensity
score analysis involving 618 pairs with pre-HbAlc levels
> 7%, clinic visit group had a significantly better post-
HbAlc levels than telemedicine group (7.4% vs. 7.5%;
p = 0.023), again suggesting a room for the improvement in
quality of telemedicine [103]. In high-risk situations, e.g.,
natural disasters and pandemic, BP telemonitoring has been
shown to be a useful approach to minimize the disruption of
medical care for the chronically ill patients [98, 104].
However, if the telemedicine is to be applied in a normal
situation, a more rigorous assessment of its efficacy will be
necessary, particularly the long-term BP control.

As for the cost of telemedicine, telecommunication
among healthcare providers (such as exchanging electro-
nic images for diagnostic purposes) is reported to be less
expensive, whereas it has been debated whether tele-
medicine between patients and healthcare providers can
reduce costs compared with the usual face-to-face medical
care [105]. A recent study showed that an app for
hypertension is cost-effective compared to usual care
[106].
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Conclusions and perspectives

In this article, we summarized the updated information
regarding COVID-19 and hypertension, based on the lit-
erature available after the publication of our previous
review [1]. Evidence indicates that the initial COVID-19
pandemic has indeed affected BP control in hypertensive
patients. A long-term influence, as well as its impact on
cardiovascular outcomes, needs to be evaluated in future
studies. Thus far, several randomized controlled trials have
provided evidence that RAS inhibitors should be continued
unless there is contraindication. The evidence regarding the
association between hypertension and COVID-19 severity
is mixed. Well-designed clinical trials are necessary to
clarify the significance of hypertension in COVID-19,
including the risk of BP elevation at a post-acute phase.

Overall, evidence supports that COVID-19 vaccination
to hypertensive patients is safe and induces appropriate
immune responses. Several studies indicate that hyperten-
sion is associated with a lower antibody production; how-
ever, the timing and methods for antibody titer assessment
are variable among studies. Although telemedicine reduces
physical contacts and can overcome the restrictions on
access to medical care in the face of the prolonged pan-
demic, there are also remaining challenges in BP tele-
monitoring. These include the validation of home BP
devices, overcoming digital divide, and the build-up of
evidence for a long-term BP control.

Finally, a majority of the studies cited in this article are
based on data obtained before the spread of the Delta and
Omicron variants. Updated information would be necessary
regarding how the newer variant strains of SARS-CoV-2, as
well as vaccination status, affect the clinical course of
hypertensive patients and BP control.
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