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A B S T R A C T

The coronavirus disease (COVID-19) has spread all around the world in a very short period of time. Recent data
are showing significant prevalence of arterial hypertension and cardiovascular diseases (CVD) among patients
with COVID-19, which raised many questions about higher susceptibility of patients with these comorbidities to
the novel coronavirus, as well as the role of hypertension and CVD in progression and the prognosis of COVID-19
patients. There is a very limited amount of data, usually obtained from a small population, regarding the effect of
the underlying disease on the outcome in patients with COVID-19. The evaluation of the treatment of these
comorbidities at baseline and during COVID-19 is scarce and the results are conflicting. Hypertension and CVD,
after the adjustment for other clinical and demographic parameters, primarily age, did not remain independent
predictors of the lethal outcome in COVID-19 patients. Some investigations speculated about the association
between the renin-angiotensin-aldosterone system (RAAS) and susceptibility to COVID-19, as well as the re-
lationship between RAAS inhibitors and the adverse outcome in these patients. Withdrawing or switching RAAS
inhibitors would have uncertain benefits, but it would definitely have many disadvantages such as uncontrolled
hypertension, cardiac function deterioration and renal function impairment, which could potentially induce
more complications in patients with COVID-19 than the infection of coronavirus itself. The aim of this review
article was to summarize the prevalence of hypertension and CVD in patients with COVID-19, their influence on
the outcome and the effect of treatment of hypertension and CVD in COVID-19 patients.

1. Introduction

The outbreak of the infection of the Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2) caused a pandemic of disease
called COVID-19 at the beginning of 2020 [1]. There is almost no
country in the world that is not affected by COVID-19 and the health-
care systems around the globe have never worked under this enormous
pressure. Tens of thousands of newly infected patients and thousands of
deaths have been reported each day. Everything started in Wuhan,
China, but it has rapidly spread around the world. Europe and the
United States are currently the center of the pandemic.

COVID-19 is a respiratory infection caused by the novel coronavirus
with high virulence and considerable high mortality, which is difficult
to estimate before the pandemic is over. However, the currently
available data show that the mortality rate in China is 4.1 %, Italy 12.8
%, Spain 10.2 %, USA 3.9 % and Germany 2.3 % [2], which is

significantly higher than for influenza (0.1 %), comparable or lower
than for SARS (10 %), but significantly lower than for MERS (34 %)
[3,4].

The data coming predominantly from China are showing a sig-
nificant percentage of arterial hypertension and cardiovascular diseases
(CVD) among patients with COVID-19, which raised many questions
about higher susceptibility of patients with these comorbidities to the
novel coronavirus, as well as the role of hypertension and CVD in
progression and the prognosis of COVID-19 patients [5–27]. Recent
findings showed an important role of the renin-angiotensin-aldosterone
system (RAAS) in these patients, which was explained by the fact that
SARS-CoV-2 is using angiotensin-converting-enzyme 2 (ACE2) for
binding to the surface of epithelial cells [28]. There are conflicting data
on the effect of RAAS inhibitors in COVID-19 patients [9,13,29].
However, it seems that first studies about the adverse impact of RAAS
inhibitors were premature because the newly published data even
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showed a positive effect of RAAS on survival in patients with COVID-19
[29]. It is obvious that more data on this topic are necessary, con-
sidering the high prevalence of hypertension and CVD in patients with
COVID-19 and regular use of RAAS inhibitors in treatment of both -
hypertension and CVD.

The aim of this article was to provide an overview of prevalence of
hypertension and CVD in patients with COVID-19, their influence on
the outcome and the effect of treatment of hypertension and CVD in
COVID-19 patients.

1.1. Epidemiology of hypertension and CVD in COVID-19

The prevalence of hypertension ranged from 4.5 % in non-critically
ill patients to >30 % in older patients with COVID-19, whereas the
prevalence of CVD was significantly lower and varied from 1 % to 18 %
(Table 1). It is expected that the prevalence was significantly higher in
older patients and those with other comorbidities such as diabetes and
kidney impairment. One should notice that different studies used var-
ious definitions of CVD. Some included coronary heart disease and
heart failure, whereas others also included cerebrovascular disease.
Therefore, one should be cautious in the interpretation of these results.

Meta-analyses confirmed considerable prevalence of hypertension
and CVD among patients with COVID-19 [20–24] (Table 2). This in-
dicated the importance of hypertension and CVD in COVID-19 patients
and raised the question about susceptibility of CVD and hypertensive
patients to SARS-CoV-2. Nevertheless, other risk factors, such as
smoking and obesity, should not be underestimated and, in most stu-
dies, the effect of obesity is not possible to be estimated due to the lack
of data.

1.2. The outcome of patients with hypertension and CVD in COVID-19

A limited number of studies provided follow-up data, which is the
consequence of rapid publication and large interest of healthcare pro-
fessionals around the world in all information regarding COVID-19
(Table 3). Most of these investigations confirmed a significantly higher
percentage of hypertension and CVD among patients with the adverse
outcome. However, only few studies performed an adequate multi-
variate analysis including several risk factors with the adjustment for
possible confounding factors.

Guan et al. included 1590 patients and reported that those with
hypertension, diabetes, COPD and malignancy were more likely to
reach the composite endpoints (admission to intensive care unit, or
invasive ventilation, or death) after adjusting for age and smoking
status [5]. Patients with ≥2 comorbidities had a significantly increased
risk of the adverse outcome. In a small study by Wu et al. hypertension
and diabetes were predictors of the acute respiratory distress syndrome
(ARDS), but not the lethal outcome in COVID-19 patients [12].

A recently published study that involved 1012 patients with COVID-
19 demonstrated that CVD, but not hypertension, was more prevalent in
patients with aggravation of disease comparing with those who did not
experience deterioration of COVID-19 [7]. However, the analysis of the
predictors of disease deterioration was not performed. Another in-
vestigation revealed that the incidence of all comorbidities was higher
in the COVID-19 patients with a severe and critical clinical course than
in the patients with a moderately severe clinical course [9].

Chen et al. reported that hypertension, CVD and diabetes were more
prevalent among the COVID-19 patients with the lethal outcome com-
paring to the survivors [11] (Table 3). However, there was a large
difference in age and sex distribution between the groups and the au-
thors did not investigate the effect of comorbidities on the outcome in
this population [11]. Zhou et al. reported that hypertension, diabetes,
coronary heart disease, chronic renal disease and COPD were more
frequent among non-survivors than survivors [15]. The authors found
that hypertension, diabetes, and coronary heart disease were predictors
of mortality in COVID-19 patients. Nevertheless, after adjustment for Ta
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age, none of these comorbidities remained significant predictors of
mortality.

1.3. RAAS in COVID-19

ACE2 has gained a widespread interest as the cellular receptor of
SARS-CoV-2 cause of the COVID-19 pandemic. ACE2 is a master reg-
ulator of RAAS, and both reduced or increased function of ACE2 can
induce systemic and pulmonary hypertension, heart failure, myocardial
infarction, and diabetic cardiovascular complications [30]. ACE2 is
highly expressed in the heart, lungs, kidney, and gastrointestinal tract,
and it plays an important role in several cardiovascular and immune
pathways. The binding affinity of the novel coronavirus with ACE2
appears to be stronger than the virus that causes SARS, which may
explain the significantly higher global influence of COVID-19 than the
initial SARS. Potential therapeutic strategies may include preventing
the binding of human ACE2 and SARS-CoV-2.

In the post-mortem autopsy of the heart tissues from the patients
with SARS, about 30 % had a detectable viral SARS-CoV genome and
their myocardium was characterized by increased myocardial fibrosis,
inflammation, and reduced myocardial ACE2 expression [31,32]. These
patients had a much more aggressive disease associated with earlier
mortality. These data are still not available in COVID-19 patients, but
the studies that investigated cardiac injury by elevation of cardiac en-
zymes showed that the prevalence of cardiac injury is frequent and
more prevalent among patients with the lethal outcome [10,13]. Chen
et al. recently revealed that human cardiac pericytes have high ex-
pression of ACE2, which could be the target cell of SARS-CoV-2 [33].
The virus-induced pericytes damage can provoke capillary endothelial
cells dysfunction and further microvascular dysfunction. Patients with
heart failure disease at baseline demonstrated elevated ACE2 expres-
sion at both mRNA and protein levels, which further increases the risk
of heart attack and the critically ill condition in patients infected by this
coronavirus [33].

The biological effects of ACE2 are focused on the formation of an-
giotensin-(1–7) from angiotensin II. ACE2, unlike ACE, does not convert
angiotensin I to angiotensin II, nor do ACE inhibitors block its activity,
which is crucial for understanding of its biological properties and the
effect of RAAS inhibitors.

1.4. RAAS inhibitors in COVID-19

The influence of RAAS inhibitors on ACE2 activity and expression is

known from animal and human studies. The large confusion and panic
regarding usage of angiotensin-converting-enzyme inhibitors (ACEI)
and angiotensin II receptor blockers (ARB) erupted for two reasons: (i)
confusion between ACE and ACE2 inhibitors, and (ii) some studies re-
ported a significantly higher percentage of RAAS inhibitors usage
among COVID-19 patients with the lethal outcome.

ACE and ACE2 are two different enzymes with two different active
sites and any effect of ACEI on ACE2 activity must, therefore, be an
indirect one, through their corresponding substrates. SARS-CoV-2
binding is unlikely to have any relationship with ACE or ACEI.
Nevertheless, there are limited data that ACEIs affect the expression of
ACE2 in the heart and the kidney [34]. On the other hand, there is more
evidence that ARBs modify ACE2 expression [35,36]. Upregulation has
been primarily found in the cardiac tissue and in the renal vasculature.
However, the results are inconsistent, require high ARBs dosages and
vary according to ARB and the organ. Additionally, most investigations
measured blood ACE2 activity that reveals the soluble ACE2 protein
circulating at very low levels, which is not the same as membrane-
bound ACE2. If ARBs upregulated membrane-bound ACE2, it is rea-
sonable to hypothesize that this would be the consequence of AT1 re-
ceptor blockade. ACEIs would have a similar effect as ARBs, even
though there are only limited data about ACEI-induced upregulation of
ACE2. However, the currently available data are mostly obtained in
animal studies and could not be directly applied to humans. Therefore,
there is no sufficient evidence that ARBs or ACEIs could facilitate SARS-
CoV-2 entry and cause COVID-19.

In the recent state-of-art review, Sanchis-Gomar et al. suggested that
ARBs might be a better treatment option in COVID-19 patients at higher
risk of severe forms of disease due to the equal efficacy but fewer side
effects than ACEIs [37]. Nevertheless, the existing studies that included
a large number of patients did not give advantage to any group of
medications within RAAS inhibitors.

Feng et al. investigated 476 patients with COVID-19 and reported a
significantly higher usage of ARBs in hypertensive patients with mod-
erate COVID-19 disease than those with a severe and critical course of
disease [9]. There was no difference in usage of ACEIs between COVID-
19 patients with different severity of disease. There are no data re-
garding the association between RAAS inhibitors and the outcome.
However, the investigators studied the use of RAAS inhibitors only in
hypertensive patients, but not in the patients with other indications for
ACEI and ARB (heart failure, diabetes, renal impairment). Moreover,
the number of patients who were taking ACEIs and ARBs was very low,
7 % and 24 %, respectively [9]. Interestingly, the percentage of ARBs

Table 3
Hypertension and CVD in studies that investigated fatal outcome of COVID-19.

Reference Progression/Outcome Number of patients Age Women (%) Hypertension (%) CVD (%)

Chen et al. [11] Non-survivors 113 68 (62−77) 30 (27) 54 (48) 20 (18)
Survivors 161 51 (37−66) 73 (45) 39 (24) 7 (4)

Yang et al. [18] Non-survivors 32 64.6 ± 11.2 11 (34) No data 10 (31)
Survivors 20 51.9 ± 12.9 6 (30) No data 2 (10)

Zhou et al. [15] Non-survivors 54 69 (63−76) 16 (30) 58 (30) 13 (24)
Survivors 137 52 (45−58) 56 (41) 32 (23) 2 (1)

Du et al. [25] Non-survivors 85 65.8 ± 14.2 23 (27) 32 (38) 17 (20)
Deng et al. [26] Non-survivors 109 69 (62−74) 36 (33) 40 (37) 13 (12)

Survivors 116 40 (33−57) 65 (56) 18 (16) 4 (3)
Wang et al. [7] Patients with aggravation 100 56 (47−62) 38 (38) 6 (6) 5 (5)

Patients without aggravation 912 50 (38−58) 450 (49) 40 (4.4) 10 (1.1)
Wu et al. [27] Non-survivors with ARDS 44 68.5 (59−75) 15 (34) 16 (36) 4 (9)

Survivors with ARDS 40 50 (40−57) 9 (23) 7 (18) 4 (10)
Feng et al. [9] Moderate disease 352 51 (37−63) 162 (46) 73 (21) 21 (6)

Severe disease 54 58 (48−67) 21 (39) 15 (28) 5 (9)
Critical disease 70 61 (49−68) 22 (31) 25 (36) 12 (17)

Li et al. [38] Non-survivors Survivors 77
285

72 (65–82)65 (58
–71)

27 (35)
146 (51)

77 (100)
285 (100)

63 (82)
77 (27)

Mehra et al. [41] Non-survivors Survivors 515
8395

56 ± 15
49 ± 17

179 (35)
3392 (40)

130 (25)2216 (26) 167 (32)1336 (16)
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was significantly higher than ACEIs.
Guo et al. included only 187 patients with COVID-19 and their use

of RAAS inhibitors was significantly higher in the patients with de-
tected cardiac injury than in the patients without this injury (21.1 % vs.
5.9 %) [13]. Underlying diseases such as hypertension, coronary artery
disease, cardiomyopathy and chronic renal disease were also sig-
nificantly more prevalent in the patients with cardiac injury [13]. These
comorbidities may have largely contributed to cardiac injury in these
patients, but these diseases are also the reason for taking RAAS in-
hibitors. This explains the higher prevalence of RAAS inhibitors in
COVID-19 patients with cardiac injury, defined by the elevated serum
level of troponin.

There was a great confusion in the social media and among
healthcare professionals after these preliminary studies due to un-
certainties whether ACEIs and ARBs should be switched to another
antihypertensive medications. Several large studies, therefore, con-
centrated on the effect of ACEI/ARB on morbidity and mortality in
COVID-19 patients and they obtained encouraging results. Li et al. in-
cluded 1178 patients with COVID-19, out of which 362 had hyperten-
sion and reported that ACEIs/ARBs are not associated with the severity
or mortality of COVID-19 patients [38]. A recent large study from Italy
that involved 6272 patients with COVID-19 and 30,759 non−COVID
patients showed that the use of ACEIs and ARBs was more frequent
among the COVID-19 patients than in the control group due to the
higher prevalence of cardiovascular disease [39]. Nevertheless, there
was no association between ACEI/ARB use and the risk of COVID-19
[39]. An American study that included 5894 patients with COVID-19
found no association between any single medication class, including
RAAS inhibitors, and the positive test for COVID-19 [40]. Mehra et al.
involved 8910 patients with COVID-19 from 169 hospitals in Asia,
Europe, and North America and revealed no association between the
use of ACEI/ARB and the increased in-hospital mortality [41].

A study that investigated COVID-19 patients with hypertension
treated with RAAS inhibitors showed that the patients receiving ACEI or
ARB therapy had a lower rate of severe diseases and a trend toward a
lower level of IL-6 in peripheral blood [29]. Moreover, ACEI or ARB
treatment increased the level of CD3 and CD8 T cell in peripheral blood
and reduced the peak viral load compared to other antihypertensive
drugs. These findings were the first evidence which supports the benefit
of ACEIs or ARBs in COVID-19 patients with hypertension because they
can potentially improve clinical outcomes in these patients. The authors
hypothesized that RAAS inhibitors did not directly inhibit the viral
replication, but had an indirect antiviral role by regulation of the im-
mune function and inhibition of the inflammatory response. Never-
theless, the potential mechanisms need to be clarified in the future large
human studies. A large study that included 1128 hypertensive patients
with COVID-19 showed that inpatient use of ACEI/ARB, after adjust-
ment for age, gender and comorbidities, was related with lower all-
cause mortality compared with ACEI/ARB non-users [42]. Further
analysis revealed that the use of RAAS inhibitors was also associated
with reduced mortality in COVID-19 patients with hypertension in
comparison to the use of other antihypertensive drugs [42].

RAAS inhibitors have an important role in the treatment of heart
failure and renal impairment (particularly with albuminuria), not only
in hypertension. Withdrawing these medications or switching therapy
would have uncertain benefits, but definitely many disadvantages such
as uncontrolled hypertension, cardiac decompensation and renal func-
tion impairment, which could potentially induce more complications in
patients with COVID-19 than the infection of SARS-CoV-2 itself. This is
why several specialty societies recommended that COVID-19 patients
continue therapy with RAAS inhibitors [43–46]. This is in agreement
with the latest studies that did not find any association between RAAS
inhibitors and increased morbidity and/or mortality in the COVID-19
patients.

1.5. Limitations of the available data

It is important to discuss evident limitations of the available data.
One of the most important limitations is the self-reporting of co-
morbidities on hospital admission, which can cause significant under-
estimation of comorbidities because of the lack of awareness and/or the
lack of diagnostic testing. The follow-up period was short and some
patients remained in hospital when the data were being analyzed,
meaning that the actual outcome is unknown, which can interfere with
the published results. Obesity was not reported in any of these studies
and the influence of BMI could not be investigated or included in the
adjustment, which would be of great importance.

The data about the therapy at baseline and during the therapy are
poor, which is an important potentially confounding factor in evalua-
tion of hypertension and CVD as independent predictors of suscept-
ibility to SARS-CoV-2 or the outcome of COVID-19. The investigations
that reported negative association between RAAS inhibitors and
COVID-19 included only a limited number of COVID-19 patients, which
is an additional limitation for reaching statistical significance.

2. Conclusion

The prevalence of hypertension and CVD is clinically relevant in
patients with COVID-19, and particularly in the elderly. The impact of
hypertension and CVD on the outcome is still uncertain. There are some
concerns that RAAS inhibitors, particularly ARBs, can affect the ex-
pression of ACE2 based on animal models. However, there is no clinical
evidence that RAAS inhibitors should be restricted or temporarily dis-
continued in COVID-19 patients. Large longitudinal studies with the
comprehensive analysis of all CV risk factors and possible confounders,
as well as the evaluation of the treatment on progression and the
prognosis of COVID-19, are warranted.
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