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Background

Hypertension is one of the most common comor-
bidities in hospitalized COVID-19 patients and its 
role as one of the significant drivers of mortality in 
COVID-19 has been disputed since initial cohort 
analyses. In addition to this, there is growing evi-
dence of how hypertension and COVID-19 share 
complex pathways of immune-mediated inflamma-
tion that ultimately promote the development of 
cytokine storm syndrome (CSS) in severe cases of 
COVID-19. The potentially negative prognostic role 
of renin-angiotensin system (RAAS) inhibition has 
sparked concern during preliminary reports regard-
ing SARS-CoV-2 cell entry mechanisms. We seek to 
briefly scrutinize evidence regarding three aspects of 
the COVID-19 and hypertension relationship.

Section 1 – Hypertension as a disputed  
cause for worse COVID-19 prognosis

Initial exploratory reports concerning COVID-19 
prognosis reported hypertension as the most preva-

lent (20–30%) comorbidity in Chinese-hospitalized 
patients and an independent contributor to high-
er mortality relative risk of the infectious disease 
[1–3]. Hypertensive patients had higher rates of se-
vere disease and more frequent ICU admissions. [4, 
5]. Higher values of systolic or diastolic blood pres-
sure (BP) at admission (in addition to age, hsCTnI, 
hsCRP and lactic acid values) predicted mortality 
[5, 6]. This was supported by several subsequent un-
adjusted analyses in which hypertension generated 
a more than two-fold higher rate of ICU admission 
and mortality in COVID-19 patients [7, 8].

However, subsequently published papers (such 
as the Italian SARS-RAS study) [9, 10] disputed the 
undifferentiated role of hypertension (and of RAAS 
inhibitors) as a mortality factor for patients with 
COVID-19, as only age, diabetes mellitus (DM), 
chronic obstructive pulmonary disease (COPD) 
and chronic kidney disease (CKD) independently 
predicted mortality. After adjusting for confound-
ing factors, hypertension was not associated with 
higher mortality risk. 

More recent data stemming from the 
CAPACITY registry, which analysed a large num-
ber of cohorts (n=9,197) of hospitalized patients, 
reassessed the impact of pre-existing hypertension 
on COVID-19 prognosis [11]. Whereas hyperten-
sion did provide incremental in-hospital mortality 
in crude analysis, adjustment for only age and, in 
a subsequent analysis, for age, gender, DM, CKD, 
COPD and heart failure (HF) demonstrated no ex-
cess risk of death generated by hypertension or by 
RAAS inhibitors treatment. Interestingly, RAAS 
inhibitors significantly reduced mortality risk by 
12% in COVID-19 hospitalized patients after 
adjusting for the aforementioned factors. This led 
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to hypothesis that hypertension itself does not in-
duce incremental mortality, which was further sub-
stantiated by larger-scale prospective Spanish popu-
lation-based cohort studies [12]. In reality, advanced 
age and more extensive hypertension-mediated tar-
get organ damage (HMOD) may justify the worse 
prognosis in hypertensive patients. 

Interestingly, in an apparent paradox, patients 
with strictly controlled blood pressure showed a 
higher risk of death in one of the largest communi-
ty-dwelling cohorts regarding COVID-19 outcomes 
[13]. This was explained by more advanced age, a 
longer history of hypertension and thus, more nu-
merous systemic consequences (i.e., atherosclerosis). 
Hence, elder-controlled hypertensive patients may 
be at risk for a worse COVID-19 prognosis because 
they represent a much more fragile population.

In conclusion, hypertension single-handedly 
does not appear to provide a higher risk of death in 
COVID-19 hospitalized patients. However, the con-
sequences of long-acting hypertension represented 
by HMOD, such as CKD, cerebrovascular disease 
and heart failure, can independently predict worse 
outcomes, especially in older infected patients. 

Section 2 – Immune-mediated 
inflammation as a link between 
hypertension and COVID-19 disease

Extensive research has underlined the critical play 
of immune-mediated hyper-inflammation leading 
to cytokine storm as a cause of acute severe acute 
respiratory syndrome development (ARDS) and 
subsequent multisystem organ failure (MSOF) in 
COVID-19 [14, 15]. The concept of COVID-19 
cytokine-storm syndrome (CSS) is supported by at 
least three pillars of evidence [15]. Firstly, higher lev-
els of inflammation and immune mediators (CRP, 
IL-6) have been repeatedly associated with respirato-
ry failure and death. Secondly, autopsy studies have 
shown minimal viral presence, despite histological 
signs of tissular hyperinflammation. Thirdly, specif-
ic anti-inflammatory or immunomodulatory treat-
ments (starting with corticosteroids and tocilizum-
ab in RECOVERY trial) have improved survival in 
severe cases of COVID-19 [16–19].

Interestingly, a growing body of clinical and 
experimental evidence is now supporting the con-
tribution of highly complex immune mechanisms 
to the development of hypertension. Essentially, 
immune cell migration to perivascular fat, kidneys, 
heart and brain may promote chronic inflamma-
tion, which disrupts blood pressure physiology. 
Danger-associated molecular patterns (DAMPs) and 
hypertension-specific neoantigens, which can result 
from non-immune pathways (moderate transient in-
creases in blood pressure, oxidative stress), can lead 

to multi-cellular hyperactivation [macrophages via 
NLRP3 inflammasome activation, dendritic cells 
and subsequently various type of B and T cells (cyto-
toxic T cells, abnormally function regulatory T cells, 
natural killer T cells)] which promote inflamma-
tion, fibrosis, vessel tone (providing stiffening and 
dysfunction), renal sodium reabsorption and au-
toantibody effects [20]. In the clinical context, data 
derived from meta-analyses have shown how higher 
levels of CRP, hs-CRP and IL-6 are associated with 
the risk of hypertension [21].

The landmark CANTOS trial recently docu-
mented the potential opportunity provided by the 
control of immune-mediated inflammation for 
improving cardiovascular disease outcomes [22]. 
Canakinumab improved cardiovascular outcomes 
via interleukin-1β-modulation of the NLRP3 in-
flammasome function in patients with previous 
myocardial infarction. With regard to hypertension, 
pharmacological inhibition of the NLRP3 inflam-
masome reduced BP and limited renal inflamma-
tion, dysfunction and fibrosis in animal models [23].

In this context, the worse potential outcome in 
hypertensive patients may also be explained from a 
hyper-inflammatory state point of view. COVID-19 
may contribute to ACE/Ang II/AT1R activation 
and inhibition of the ACE-2/Ang1-7/Mas axis in 
hypertensive patients, leading to immune cell hy-
peractivation leading to tissular infiltration and 
accumulation, gut leakiness, micro thrombosis and 
endothelial dysfunction, ROS generation and ox-
idative stress and ultimately to CSS development, 
particularly in those affected by HMOD [24, 25].

Section 3 – The controversial role 
of antihypertensive treatment and 
COVID-19 prognosis 

Extensive controversy and concerns emerged during 
the initial phase of the COVID-19 pandemic due to 
fear of higher COVID-19 virulence by over-expres-
sion of ACE-2, which is part of RAAS but is also 
the primary receptor for both SARS-CoV viruses. 
This has caused ACE-I/ARB therapy empirical in-
terruption, which may have impacted hypertension 
or HF chronic treatment. Subsequent reports have 
clarified that there is no deleterious effect of pre-ex-
isting ACE-I/ARB therapy in patients that become 
infected with SARS-CoV2 [26, 27]. Reassuringly, 
the European Society of Cardiology (ESC) issued 
clear recommendations supporting the continua-
tion of ACE-I/ARB treatment.

Two landmark randomized clinical trials 
(BRACE-CORONA and REPLACE-COVID) 
have provided indisputable evidence supporting 
the continuation of ACE-I/ARBs after contract-
ing COVID-19 [28, 29]. No higher risk of ICU 
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admission or death was documented in patients 
who continued treatment. Moreover, in-depth anal-
yses provided by the CAPACITY-COVID Consorti-
um show that treatment with ACE-I or ARBs had 
no detrimental effect in hypertensive COVID-19 pa-
tients and, if anything, may actually exhibit a trend 
of protective effect against mortality [OR 0.88 (CI 
95% 0.78–0.99)].

Consequently, ESC recommendations regarding 
managing hypertensive patients during COVID-19 
have recently been updated. It is clearly stated that 
there is no need to adjust or stop ACE-I/ARBs in 
the absence of hypotension or acute renal injury 
[30]. Furthermore, the importance of telemedicine 
is underlined as there is growing evidence of improv-
ing outcomes in hypertension management [31, 32].
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