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1  | INTRODUC TION

The first case of pneumonia caused by severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) was reported in Wuhan, 
Hubei Province, China, on December 31, 2019. Until March, coro-
navirus disease 2019 (COVID-19), caused by this virus, has spread 
around the world. SARS-CoV-2 is human coronavirus, which does 
not belong to the group of benign coronaviruses that cause com-
mon cold, but to the smaller group of coronaviruses that cause acute 
respiratory distress syndrome (severe acute respiratory syndrome 
coronavirus—SARS and the Middle East respiratory syndrome 
coronavirus—MERS).1,2

Recently published studies showed that arterial hypertension, 
diabetes, cardiovascular diseases, and chronic obstructive pulmo-
nary disease were prevalent among the patients with COVID-19.3-19 
Investigations on the outcome of these patients are scarce, and data 
are very limited. Nevertheless, hypertension is considered as one of 
the most important risk factors for COVID-19. The relationship be-
tween hypertension and adverse outcome is still questionable.

The aim of this review paper was to summarize current knowledge 
about the relationship between hypertension and COVID-19 and the 
role of hypertension in outcome of these patients. A comprehensive 
search was performed on PubMed, Scopus, Web of science, and Google 
scholar, to find review papers on this topic published until May 1, 2020.
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Abstract
Investigations reported that hypertension, diabetes, and cardiovascular diseases 
were the most prevalent comorbidities among the patients with coronavirus disease 
2019 (COVID-19). Hypertension appeared consistently as the most prevalent risk 
factors in COVID-19 patients. Some investigations speculated about the association 
between renin-angiotensin-aldosterone system (RAAS) and susceptibility to COVID-
19, as well as the relationship between RAAS inhibitors and increased mortality in 
these patients. This raised concern about the potential association between hyper-
tension (and its treatment) and propensity for COVID-19. There are only a few follow-
up studies that investigated the impact of comorbidities on outcome in these patients 
with conflicting findings. Hypertension has been proven to be more prevalent in pa-
tients with an adverse outcome (admission in intensive care unit, use of mechani-
cal ventilation, or death). So far, there is no study that demonstrated independent 
predictive value of hypertension on mortality in COVID-19 patients. There are many 
speculations about this coronavirus and its relation with different risk factors and 
underlying diseases. The aim of this review was to summarize the current knowledge 
about the relationship between hypertension and COVID-19 and the role of hyper-
tension on outcome in these patients.
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2  | PATHOPHYSIOLOGIC AL 
LINK BET WEEN COVID -19 AND 
C ARDIOVA SCUL AR DISE A SES

SARS-CoV-2 infection is triggered when the S-protein of the virus 
binds to angiotensin-converting enzyme 2 (ACE2), which is highly 
expressed in the heart, lungs, kidney, and gastrointestinal tract, 
and plays an important role in several cardiovascular and immune 
pathways.20 SARS-CoV-2 binds to ACE2 with much higher affinity 
compared to SARS-CoV.21 Additionally, SARS-CoV-2 shows its path-
ogenic activity by attacking type II alveolar epithelial cells that are 
expressing ACE2. Previous studies of coronavirus that causes SARS 
demonstrated that this virus binds to ACE2 in pulmonary alveoli 
through their superficial spike proteins, which causes lung damage 
and even lung function failure.21

The loss of ACE2, caused by binding SARS-CoV-2, may shift the 
system to an overall higher angiotensin II and lower angiotensin-(1-7) 
tone. The role of angiotensin II in COVID-19 hypertensive patients 
seems to be crucial due to its role in functioning of the renin-angio-
tensin-aldosterone system (RAAS) that promotes vasoconstriction, 
sodium retention, oxidative stress, inflammation, and fibrosis and 
increases the bioactive peptide angiotensin-(1-7).22

3  | PRE VALENCE OF HYPERTENSION IN 
PATIENTS WITH COVID -19

Epidemiological data coming from China indicate that arterial hyper-
tension, cardiovascular diseases, diabetes, and chronic obstructive 
pulmonary disease are the most prevalent concomitant diseases in 
patients with COVID-19 3-19,23 (Table 1). The number of investigations 
that provided at least short follow-up with intrahospital outcome is 
limited. Even though these data demonstrated that the prevalence 
of hypertension in COVID-19 patients with lethal outcome was 
high,7-10,14,17 it has still been debated whether hypertension was a 
predictor of mortality independently of other cardiovascular risk 
factors (age, obesity, diabetes) and comorbidities (coronary artery 
disease, heart failure, atrial fibrillation, cerebrovascular disease, 
renal impairment).

The prevalence of hypertension among patients with COVID-
19, between different studies, ranged from 15%-20% 3,4,11,12,16,17 
to 30%-35%.5-7,9,13 There are several reasons for these variations. 
Average age was significantly higher in patients with elevated prev-
alence of hypertension,3-7,13-16 which might be the most important 
reason for different prevalence of hypertensive patients among 
studies. Advanced age was associated with higher prevalence of 
other comorbidities such as diabetes, renal impairment, arterial hy-
pertension, and obesity, which altogether increased proportion of 
hypertensive patients.5,6,9,13,15

The prevalence of overweight and obesity was not reported in 
available studies about COVID-19. This “circulus vitiosus” between 
hypertension, obesity, and diabetes is difficult to break, and there-
fore, conclusion cannot be made without detailed data of all links of 

chain. The impact of smoking should not be forgotten in the relation 
between COPD, hypertension, and higher propensity to COVID-
19.3,6-9,11,12 However, results are conflicting, but majority of authors 
did not find higher prevalence of smoking in patients with adverse 
outcome.7-9 The level of renal damage cannot be excluded as one 
of contribute factor for higher percentage of hypertension and ad-
vance stage of COVID-19 in hypertensive patients. Most of studies 
reported the large prevalence of cardiovascular diseases in COVID-
19 patients, but they also did not classified them and therefore it 
is difficult to estimate the individual effect of coronary artery dis-
ease, heart failure, and atrial fibrillation on occurrence and severity 
of COVID-19.

Li et al summarized the findings from 6 studies and showed that 
the prevalence of hypertension, cardio-, and cerebrovascular dis-
ease and diabetes in patients with COVID-19 was 17.1%, 16.4%, and 
9.7%, respectively.17 The incidences of hypertension, cardio-cere-
brovascular diseases, and diabetes were two- to threefolds higher 
in patients with severe type of COVID-19 than in their non-severe 
counterparts. Yang et al included 46,248 COVID-19 patients from 
8 studies and reported that the most prevalent comorbidities were 
hypertension, diabetes, cardiovascular diseases, and respiratory sys-
tem disease.18 The most frequent comorbidities in severe patients 
were hypertension, respiratory system disease, and cardiovascu-
lar disease. The large meta-analysis that included 76,993 patients 
with COVID-19 found that the pooled prevalence of hypertension, 
cardiovascular disease, smoking history, and diabetes was 16.37%, 
12.11%, 7.63%, and 7.87%, respectively 19 (Table 1). The authors of 
meta-analyses agreed about the large heterogeneity between stud-
ies, which obviously limited the quality of their study. This can be 
partly explained by different designs and large variation in sample 
size among studies.18,19

Some essential data are still missing, and it would be dangerous 
to ascribe the large portion of risk for SARS-CoV-2 infection or 
severity of COVID-19 to any risk factor, including hypertension. It 
would be reasonable to hypothesize that uncontrolled comorbidi-
ties, as well as combination of concomitant diseases, may increase 
the risk of infection and severity of COVID-19, but this has to be 
examined.

4  | R A A S INHIBITORS AND COVID -19

There are many controversies about the effect of angiotensin-con-
verting enzyme inhibitors (ACEI) and angiotensin II receptor blockers 
(ARB) in COVID-19 patients.24 Some authors expressed their con-
cern that the use of renin-angiotensin-aldosterone system (RAAS) 
inhibitors and variation in ACE2 expression may be partly responsible 
for SARS-CoV-2 virulence.25,26 Population-based studies estimated 
that only small proportion of hypertensive patients in China (30 to 
40%) is treated with antihypertensive therapy, and RAAS inhibitors 
are used in only 25 to 30% of treated patients.27,28 Therefore, it can 
be anticipated that only small percentage of COVID-19 patients in 
China were actually treated with ACEI or ARB.
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TA B L E  1   Demographic parameters and comorbidities in COVID-19 patients

Reference
Sample 
size Agea 

Women 
(%)

Hypertension 
(%)

Diabetes 
(%) CVD (%)

COPD 
(%)

Other important 
findings

Guan et al3 1099 47 (35-58) 459 (42) 165 (15) 81 (7) 42 (4) 12 (1) Epidemiological 
study, which did not 
concern the effect 
of hypertension or 
CVD on outcome.

Lian et al4 788 46 381 (48) 126 (16) 57 (7) 11 (1) 3 (0.4) Older COVID-19 
patients showed 
significantly higher 
female gender, rate 
of comorbidities 
and rate of severe/
critical disease.

Shi et al5 416 64 (21-95) 211 (50) 127 (31) 60 (14) 83 (20) 12 (3) Cardiac injury is 
common (19.7%) 
in patients with 
COVID-19.

Guo et al6 187 58.5 ± 14.7 96 (51) 61 (33) 28 (15) 29 (16) 4 (2) Myocardial injury 
is significantly 
associated with 
fatal outcome 
of COVID-19. 
The prognosis 
of patients 
with underlying 
CVD without 
myocardial injury is 
significantly better.

Chen et al7 274 62 (44-70) 103 (38) 93 (34) 47 (17) 28 (10) 18 (7) Acute respiratory 
distress syndrome 
and respiratory 
failure, sepsis, 
acute cardiac injury, 
and heart failure 
were the most 
common critical 
complications 
during exacerbation 
of COVID-19.

Yang et al8 52 59.7 ± 13.3 17 (33) No data 9 (17) 12 (23) 4 (8) Patients older than 
65 years with 
comorbidities and 
ARDS had worse 
clinical outcome.

Zhou et al9 191 56 (46-67) 72 (38) 58 (30) 36 (19) 15 (8) 6 (3) Older age, higher 
sequential organ 
failure assessment 
and D-dimer were 
predictors of 
mortality in COVID-
19 patients.

Huang et al11 41 49 (41-58) 11 (27) 6 (15) 8 (20) 6 (15) 1 (2) Epidemiological 
study, which did 
not investigate 
the effect of 
hypertension or 
CVD.

(Continues)
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On the other hand, the prevalence of cardiac damage in COVID-
19 patients is not negligible, and it is associated with adverse out-
come in these subjects.5,6 Data regarding the frequency of heart 
failure in COVID-19 patients are scarce, and the same is valid for 
chronic kidney disease. From therapeutic point of view, ACEI and 
ARB have important roles in treatment of these conditions—cardiac 
injury, heart failure, and renal impairment (particularly with albumin-
uria). Therefore, withdrawing RAAS inhibitors or switching medica-
tions would have uncertain benefits, but very certain disadvantages.

It would be expected that problem with RAAS inhibitors would 
escalate in Western countries (Europe and USA), where patients 

are taking antihypertensive medications, and particularly RAAS in-
hibitors, in significantly higher percentage than in China. However, 
studies from Italy and USA did not show any association between 
RAAS inhibitors and susceptibility to coronavirus, complications or 
mortality from COVID-19.29-31 Even new investigation from China 
confirmed these findings.32 The switching from the RAAS inhibitors 
to another antihypertensive therapy would lead to insufficient blood 
pressure control, which could induce more complications in COVID-
19 patients than infection of SARS-CoV-2 itself. Novel data showed 
that RAAS inhibitors could even improve the outcome of hyperten-
sive patients with COVID-19.33 The authors hypothesized that RAAS 

Reference
Sample 
size Agea 

Women 
(%)

Hypertension 
(%)

Diabetes 
(%) CVD (%)

COPD 
(%)

Other important 
findings

Guan et al12 1590 48.9 ± 16.3 674 (43) 269 (17) 130 (8) 854 (54) 24 (1.5) COPD, diabetes, 
hypertension, 
and malignancy 
were predictors 
for admission to 
intensive care unit, 
invasive ventilation, 
and mortality. The 
risk increased with 
higher number of 
comorbidities.

Wang et al13 138 56 (22-92) 63 (46) 43 (31) 14 (10) 27 (20) 4 (3) Study did not 
investigate 
the effect of 
hypertension or 
CVD.

Liu et al15 137 57 (20-83) 76 (56) 13 (10) 14 (10) 10 (7) 2 (2) Epidemiological 
study, which did 
not investigate 
the effect of 
hypertension or 
CVD.

Wu et al16 201 51 (43-60) 73 (36) 39 (19) 22 (11) 8 (4) 5 (3) Older age was 
associated with 
ARDS and lethal 
outcome.

Li et al17b  1527 No data No data 261 (17) 148 (10) 250 (16) No data Hypertension, CVD, 
and diabetes are 
the most prevalent 
comorbidities in 
COVID-19 patients.

Rodriguez-
Morales 
et al23 b 

656 52 289 (44) 122 (18.6) 94 (14.4) 78 (11.9) No data 36.8% of patients 
had 1 or more 
comorbidities. The 
most significant 
were hypertension, 
cardiovascular 
disease, and 
diabetes.

Abbreviations: ARDS, acute respiratory distress syndrome, COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease (coronary 
heart disease, heart failure, cerebrovascular disease).
aMean, range, average ± standard deviation (depending on published data). 
bMeta-analysis. 

TA B L E  1   (Continued)
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inhibitors have an indirect antiviral role by regulating immune func-
tion and inhibiting inflammatory responses.31 Based on the available 
data, despite some theoretical possibilities, multiple specialty societ-
ies recommended that COVID-19 patients should continue therapy 
with RAAS inhibitors.34-36

5  | HYPERTENSION AND OUTCOME IN 
PATIENTS WITH COVID -19

Limited number of studies provided outcome data after a short 
follow-up. Therefore, one should be careful in interpretation of 
these findings. Guan et al demonstrated that patients with severe 
COVID-19 and those with primary end point (admission in intensive 
care unit, the use of mechanical ventilation, or death) had signifi-
cantly higher percentage of hypertension, diabetes, coronary artery 
disease, cerebrovascular disease, COPD, chronic renal disease, and 
cancer.3 The authors did not investigate the relationship between 
different demographic and clinical parameters with severity of dis-
ease or the outcome.

Shi et al reported that hypertension, diabetes, coronary artery 
disease, cerebrovascular disease, COPD, and cancer were more 
prevalent in the patients with myocardial injury diagnosed by ele-
vation of high-sensitivity troponin I and creatinine kinase-myocar-
dial band (CK-MB).5 Cardiac injury was associated with significantly 
higher mortality (52.1% vs. 4.5%). The authors did not investigate 
which comorbidities were associated with cardiac injury and mor-
tality. It must be noted that patients with cardiac injury were signifi-
cantly older. Guo et al demonstrated similar results when compared 
COVID-19 patients with and without elevation of troponin and 
found that 27.8% of patients with COVID-19 had cardiac injury.6 In 
this study, chronic renal dysfunction and usage of RAAS were also 

more prevalent in patients with cardiac injury. However, patients 
with cardiac injury were almost 20 years older and more frequently 
men than those without injury, which also have to be taken into ac-
count. It was also reported that underlying cardiovascular disease 
was worsening outcome only in patients with myocardial injury.6 
Defining myocardial injury only by elevation of troponin I in these 
circumstances could be questionable because this biomarker may 
be increased in many conditions such as inflammation and/or sep-
sis/systemic inflammatory response syndrome and kidney injury. 
The authors did not clearly stated which disorders were included 
under the term “cardiovascular disease” and it is not clear whether 
hypertension was included in this term. Furthermore, it is difficult 
to understand which cardiomyopathies were included and whether 
patients with heart failure were included.

Chen et al reported that hypertension, cardiovascular disease, 
and diabetes were more prevalent among COVID-19 patients who 
died in comparison with survivors.7 However, there was a large dif-
ference in age and sex distribution between groups and authors 
did not investigate the effect of comorbidities on outcome in this 
population7 (Table 2). Zhou et al reported that hypertension, diabe-
tes, coronary heart disease, chronic renal disease, and COPD were 
more frequent among non-survivors than in survivors.9 The authors 
found that hypertension, diabetes, and coronary heart disease were 
predictors of mortality in COVID-19 patients. Nevertheless, none 
of these comorbidities remained significant predictor of mortality 
after adjustment for age, sex, and smoking status. These findings 
confirmed the importance of comprehensive risk assessment by in-
cluding all relevant risk factors and comorbidities.

In the large original study that included 1590 patients, Guan 
et al showed that after adjusting for age and smoking status, pa-
tients with COPD, diabetes, hypertension, and malignancy were 
more likely to reach the composite end points (admission to 

TA B L E  2   Demographic parameters and comorbidities of COVID-19 patients in studies that investigated fatal outcome

Reference
Non-survivors/
survivors

Number of 
patients Agea 

Women 
(%)

Hypertension 
(%)

Diabetes 
(%) CVD (%)

COPD 
(%)

Chen et al 7 Non-survivors 113 68 (62-77) 30 (27) 54 (48) 24 (21) 20 (18) 1 (1)

Survivors 161 51 (37-66) 73 (45) 39 (24) 23 (14) 7 (4) 0

Yang et al 8 Non-survivors 32 64.6 ± 11.2 11 (34) No data 7 (22) 10 (31) 2 (6)

Survivors 20 51.9 ± 12.9 6 (30) No data 2 (10) 2 (10) 2 (10)

Zhou et al 9 Non-survivors 54 69 (63-76) 16 (30) 58 (30) 17 (31) 13 (24) 4 (7)

Survivors 137 52 (45-58) 56 (41) 32 (23) 19 (14) 2 (1) 2 (1)

Du et al 10 Non-survivors 85 65.8 ± 14.2 23 (27) 32 (38) 19 (22) 17 (20) 2 (2)

Deng et al 14 Non-survivors 109 69 (62-74) 36 (33) 40 (37) 17 (16) 13 (12) 22 (20)

Survivors 116 40 (33-57) 65 (56) 18 (16) 9 (8) 4 (3) 3 (3)

Wu et al 16 Non-survivors 
with ARDS

44 68.5 (59-75) 15 (34) 16 (36) 11 (25) 4 (9) No data

Survivors with 
ARDS

40 50 (40-57) 9 (23) 7 (18) 5 (13) 4 (10) No data

Abbreviations: ARDS, acute respiratory distress syndrome; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease (coronary 
heart disease, heart failure, cerebrovascular disease).
aMean, range, average ± standard deviation (depending on published data). 
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intensive care unit, or invasive ventilation, or death) than those 
without.12 Malignancy, COPD, hypertension, and diabetes in-
creased the risk of adverse outcome for 3.5-, 2.7-, 1.57-, and 1.58-
fold, respectively.12 Patients with two or more comorbidities had 
significantly higher risk of the composite end point than patients 
with a single comorbidity. Stratification of patients according to 
their age (<65 years vs ≥65 years) did not show significant differ-
ence in the strength of associations between the number of co-
morbidities and mortality of COVID-19.12 However, it cannot be 
excluded that other confounding factors, besides aging and smok-
ing, might also be responsible for the association between comor-
bidities and outcome. It would be also helpful to divide primary 
outcome into two separate outcomes: (a) admission to intensive 
care unit and/or invasive ventilation and (b) death. This would 
provide separated information about independent predictors of 
severity and mortality of COVID-19. This was performed in the 
small study, and authors found that hypertension and diabetes 
were predictors of acute respiratory distress syndrome, but not 
mortality in COVID-19 patients.16 Unfortunately, multivariable 
analysis with adjustment for relevant confounding factors was not 
performed in this investigation.

There are a number of limitations in the mentioned investiga-
tions. The self-reporting of comorbidities on hospital admission rep-
resents one of them. Under-reporting of comorbidities, due to the 
lack of awareness and/or the lack of diagnostic testing, could inter-
fere the associations between comorbidities and clinical outcome. 
More importantly, the duration of follow-up was short and some pa-
tients remained in the hospital at the time of publishing these stud-
ies, which means that real outcome was unknown. Obesity was not 
reported in available studies, and its influence could not be inves-
tigated. Furthermore, only one study reported basal values of sys-
tolic and diastolic blood pressure, which would help to estimate the 
percentage of uncontrolled hypertension. The same refers to prev-
alence of patients with uncontrolled diabetes. The most of studies 
included small number of patients, which is additional obstacle. One 
should not forget the fact that majority of studies come from China, 
and we should be cautious when extrapolating these findings to 
other countries with outbreak of COVID-19. Studies should consider 
all potential sources of bias and confounding, which is why additional 
investigations with improved design are warranted.

6  | CONCLUSIONS

Recent findings reported that arterial hypertension represented one 
of the most common comorbidities in patients with COVID-19. This 
prevalence ranged between 10% and 34%. The impact of hyperten-
sion on outcome and particularly on mortality in COVID-19 patients 
is not clear due to lack of data. Studies did not provide evidence 
that RAAS inhibitors should be avoided or switched in these pa-
tients. Large studies that will consider all potential sources of bias 
and confounding factors, as well as longer follow-up, are necessary. 

The public pressure to find all answers is very high, but physicians' 
duty is to stay rational and has scientific approach to available and 
upcoming data.

ORCID
Marijana Tadic  https://orcid.org/0000-0002-6235-5152 

R E FE R E N C E S
 1. Chan JWM, Ng CK, Chan YH, et al. Short-term outcome and risk 

factors for adverse clinical outcomes in adults with severe acute 
respiratory syndrome (SARS). Thorax. 2003;58:686-689.

 2. Badawi A, Ryoo SG. Prevalence of comorbidities in the Middle East 
respiratory syndrome coronavirus (MERS-CoV): a systematic re-
view and meta-analysis. Int J Infect Dis. 2016;49:129-133.

 3. Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of coronavirus 
disease 2019 in China. N Engl J Med. 2020;382(18):1708–1720. 

 4. Lian J, Jin X, Hao S, et al. Analysis of epidemiological and clinical 
features in older patients with coronavirus disease 2019 (COVID-
19) out of Wuhan. Clin Infect Dis. 2020.

 5. Shi S, Qin M, Shen B, et al. Association of cardiac injury with mortal-
ity in hospitalized patients with COVID-19 in Wuhan, China. JAMA 
Cardiol. 2020.

 6. Guo T, Fan Y, Chen M, et al. Cardiovascular implications of fatal 
outcomes of patients with coronavirus disease 2019 (COVID-19). 
JAMA Cardiol. 2020.

 7. Chen T, Wu D, Chen H, et al. Clinical characteristics of 113 deceased 
patients with coronavirus disease 2019: retrospective study. BMJ. 
2020;26(368):m1091.

 8. Yang X, Yu Y, Xu J, et al. Clinical course and outcomes of critically 
ill patients with SARS-CoV-2 pneumonia in Wuhan, China: a sin-
gle-centered, retrospective, observational study. Lancet Respir Med. 
2020;8(5):475–481. 

 9. Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortal-
ity of adult inpatients with COVID-19 in Wuhan, China: a retrospec-
tive cohort study. Lancet. 2020;395(10229):1054-1062.

 10. Du Y, Tu L, Zhu P, et al. Clinical features of 85 fatal cases of COVID-
19 from Wuhan: a retrospective observational study. Am J Respir 
Crit Care Med. 2020;201(11):1372–1379. 

 11. Huang C, Wang Y, Li X, et al. Clinical features of patients in-
fected with 2019 novel coronavirus in Wuhan, China. Lancet. 
2020;395(10223):497-506.

 12. Guan WJ, Liang WH, Zhao Y, et al. Comorbidity and its impact on 
1590 patients with Covid-19 in China: a nationwide analysis. Eur 
Respir J. 2020;55(55):2000547.

 13. Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospital-
ized patients with 2019 novel coronavirus-infected pneumonia in 
Wuhan, China. JAMA. 2020;323(11):1061–1069. 

 14. Deng Y, Liu W, Liu K, et al. Clinical characteristics of fatal and recov-
ered cases of coronavirus disease 2019 (COVID-19) in Wuhan, China: 
a retrospective study. Chin Med J (Engl). 2020;133(11):1261–1267. 

 15. Liu K, Fang YY, Deng Y, et al. Clinical characteristics of novel coro-
navirus cases in tertiary hospitals in Hubei Province. Chin Med J 
(Engl). 2020;133(11):1261–1267. 

 16. Wu C, Chen X, Cai Y, et al. Risk factors associated with acute re-
spiratory distress syndrome and death in patients with coronavirus 
disease 2019 pneumonia in Wuhan, China. JAMA Intern Med. 2020.

 17. Li B, Yang J, Zhao F, et al. Prevalence and impact of cardiovascu-
lar metabolic diseases on COVID-19 in China. Clin Res Cardiol. 
2020;109(5):531–538. 

 18. Yang J, Zheng Y, Gou X, et al. Prevalence of comorbidities in the 
novel Wuhan coronavirus (COVID-19) infection: a systematic review 
and meta-analysis. Int J Infect Dis. 2020:S1201–9712(20)30136–3.

https://orcid.org/0000-0002-6235-5152
https://orcid.org/0000-0002-6235-5152


     |  7TADIC eT Al.

 19. Emami A, Javanmardi F, Pirbonyeh N, Akbari A. Prevalence of 
underlying diseases in hospitalized patients with COVID-19: 
a systematic review and meta-analysis. Arch Acad Emerg Med. 
2020;8(1):e35.

 20. Walls AC, Park YJ, Tortorici MA, Wall A, McGuire AT, Veesler D. 
Structure, function, and antigenicity of the SARS-CoV-2 spike gly-
coprotein. Cell. 2020;181(2):281–292. 

 21. Wrapp D, Wang N, Corbett KS, et al. Cryo-EM structure of 
the 2019-nCoV spike in the prefusion conformation. Science. 
2020;367:1260-1263.

 22. South AM, Diz D, Chappell MC. COVID-19, ACE2 and the cardiovas-
cular consequences. Am J Physiol Heart Circ Physiol. 2020.318(5):H1
084–H1090. 

 23. Rodriguez-Morales AJ, Cardona-Ospina JA, Gutiérrez-Ocampo 
E, et al. Clinical, laboratory and imaging features of COVID- 19: 
a systematic review and meta-analysis. Travel Med Infect Dis. 
2020;13:101623.

 24. South AM, Tomlinson L, Edmonston D, Hiremath S, Sparks MA. 
Controversies of renin–angiotensin system inhibition during the 
COVID-19 pandemic. Nat Rev Nephrol. 2020;16(6):305–307. 

 25. Sommerstein R, Gräni C. Preventing a COVID-19 pandemic: 
ACE inhibitors as a potential risk factor for fatal COVID-19. BMJ. 
2020;368:m810.

 26. Esler M, Esler D. Can angiotensin receptor-blocking drugs per-
haps be harmful in the COVID-19 pandemic? J Hypertens. 
2020;38(5):781–782.

 27. Wang Z, Chen Z, Zhang L, et al. Status of hypertension in China: re-
sults from the China Hypertension Survey, 2012–2015. Circulation. 
2018;137:2344-2356.

 28. Lu J, Lu Y, Wang X, et al. Prevalence, awareness, treatment, and 
control of hypertension in China: data from 107 million adults in 
a population-based screening study (China PEACE Million Persons 
Project). Lancet. 2017;390:2549-2558.

 29. Mancia G, Rea F, Ludergnani M, Apolone G, Corrao G. Renin-
Angiotensin-Aldosterone System Blockers and the Risk of Covid-19. 
N Engl J Med. 2020;382(25):2431–2440. 

 30. Reynolds HR, Adhikari S, Pulgarin C, et al. Renin-Angiotensin-
Aldosterone System Inhibitors and Risk of Covid-19. N Engl J Med. 
2020;382(25):2441–2448. 

 31. Li J, Wang X, Chen J, Zhang H, Deng A. Association of Renin-
Angiotensin System Inhibitors With Severity or Risk of patients with 
hypertension hospitalized for coronavirus disease 2019 (COVID-19) 
infection in Wuhan, China. JAMA Cardiol. 2020.

 32. Zhang P, Zhu L, Cai J, et al. Association of inpatient use of angioten-
sin converting enzyme inhibitors and angiotensin ii receptor block-
ers with mortality among patients with hypertension hospitalized 
with COVID-19. Circ Res. 2020;126(12):1671–1681. 

 33. Meng J, Xiao G, Zhang J, et al. Renin-angiotensin system inhibitors 
improve the clinical outcomes of COVID-19 patients with hyperten-
sion. Emerg Microbes Infect. 2020;9(1):757-760.

 34. Iaccarino G, Borghi C, Cicero AFG, et al. Renin-Angiotensin 
System Inhibition in Cardiovascular Patients at the Time of 
COVID19: Much Ado for Nothing? A Statement of Activity from 
the Directors of the Board and the Scientific Directors of the 
Italian Society of Hypertension. High Blood Press Cardiovasc Prev. 
2020;27(2):105–108. 

 35. De Simone G.Position Statement of the ESC Council on 
Hypertension on ACE-Inhibitors and Angiotensin Receptor 
Blockers. https://www.escar dio.org/Counc ils/Counc il-on-Hyper 
tensi on-(CHT)/News/posit ion-state ment-of-the-esc-counc il-on-
hyper tensi on-on-ace-inhib itors-and-ang

 36. BSH & BCS Joint statement on ACEi or ARB in relation to 
COVID-19. https://www.briti shcar diova scula rsoci ety.org/news/
ACEi-or-ARB-and-COVID-19

How to cite this article: Tadic M, Cuspidi C, Grassi G, Mancia 
G. COVID-19 and arterial hypertension: Hypothesis or 
evidence?. J Clin Hypertens. 2020;00:1–7. https://doi.
org/10.1111/jch.13925

https://www.escardio.org/Councils/Council-on-Hypertension-(CHT)/News/position-statement-of-the-esc-council-on-hypertension-on-ace-inhibitors-and-ang
https://www.escardio.org/Councils/Council-on-Hypertension-(CHT)/News/position-statement-of-the-esc-council-on-hypertension-on-ace-inhibitors-and-ang
https://www.escardio.org/Councils/Council-on-Hypertension-(CHT)/News/position-statement-of-the-esc-council-on-hypertension-on-ace-inhibitors-and-ang
https://www.britishcardiovascularsociety.org/news/ACEi-or-ARB-and-COVID-19
https://www.britishcardiovascularsociety.org/news/ACEi-or-ARB-and-COVID-19
https://doi.org/10.1111/jch.13925
https://doi.org/10.1111/jch.13925

