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Abstract: Hypertension is one of the most common and significant cardiovascular risk factor. With 
the emergence of COVID-19, concerns have arisen about its potential to exacerbate cardiovascular 
morbidity and mortality. Several theories have emerged linking hypertension with COVID-19. 
However, the relationship between SARS-CoV-2 infection and long-term risk of hypertension 
remains insufficiently explored. Therefore, our study aimed to investigate the impact of COVID-19 
infection on blood pressure and long-term risk of hypertension developing. A comprehensive 
search was conducted in the PubMed and SCOPUS databases up to 10th August 2023 for relevant 
papers. The analysis included 35 eligible articles. The majority of the latest studies pointed to 
increase BP after COVID-19 infection. However, several observations contradicted the influence of 
SARS-CoV-2 on the hypertension development or suggesting a transient effect. The possible role of 
the loss of angiotensin-converting enzyme 2, cytokine storm, increased sympathetic activity, and 
endothelial dysfunction were considered. On the other hand, BP changes following COVID-19 could 
be a consequence of lifestyle changes, which often accompanied COVID-19 infection. Our findings 
highlight the urgent need for comprehensive research on the COVID-19 and hypertension link. 
These insights are crucial for implementing effective prevention and management strategies for 
individuals with the history of COVID-19 infection. 

Keywords: COVID-19; SARS-CoV-2; hypertension; blood pressure; endothelial dysfunction; long-
covid; post covid 

 

1. Introduction 

1.1. COVID-19 cardiovascular outcome 

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) emerged in December 2019 
in Wuhan, China. Its high infectivity quickly resulted in a global paralysis, triggering an avalanche 
of infections which was named Coronavirus disease 2019 (COVID-19). The World Health 
Organization (WHO) declared a pandemic in March 2020 and announced the end of pandemic in 
May 2023. The increasing number of cases caused concern among the public and overwhelmed 
healthcare systems. It is widely acknowledged as one of the worst disasters humans have experienced 
in recent decades. After over 3 years, effective diagnostic and treatment algorithms have been 
developed, as well as preventive measures for acute COVID-19. Thanks to vaccines, the mortality of 
the disease has decreased, as has the risk of its severe course. 

However, patients with persistent symptoms continue to seek medical attention worldwide, 
despite the resolution of the acute phase of SARS-CoV-2 infection. Over 200 symptoms that impact 
multiple organ systems have been identified as a complication of COVID-19 [1]. Millions of people 
worldwide are estimated to be experiencing long COVID, with the number of cases increasing every 
day [2]. 
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There are numerous definitions of long COVID. The National Institute for Health and Care 
Excellence (NICE) defines "long COVID" as follows: “Post-COVID-19 syndrome is characterized by 
signs and symptoms developed during or after an infection consistent with COVID-19, continue for 
more than 12 weeks, and are not explained by an alternative diagnosis. It usually presents with 
clusters of symptoms, often overlapping, which can fluctuate and change over time and can affect 
any system in the body. Post-COVID-19 syndrome may be considered before 12 weeks while the 
possibility of an alternative underlying disease is also being assessed [3]. According to the World 
Health Organization (WHO), post-COVID condition is defined as the presence of post-COVID 
symptoms that persist past 3 months, last for at least 2 months, and cannot be explained by an 
alternative diagnosis [4]. 

In addition to the clinical case definitions, the term "long COVID" is commonly used to describe 
signs and symptoms known to continue or develop after acute COVID-19. It includes both, ongoing 
symptomatic COVID-19 (from 4 to 12 weeks, and post-COVID-19 syndrome (12 weeks or more) [5]. 

Although COVID-19 was initially recognized as a respiratory disease, SARS-CoV-2 can damage 
multiple organ systems. Researchers have started to focus on complications following COVID-19. 
Every month, new studies emerge demonstrating clinical correlations with previous SARS-CoV-2 
infection [6]. 

Above others, a negative impact of SARS-CoV-2 on cardiovascular function has been estimated. 
It causes an endothelial dysfunction, which can lead to various clinical complications, such as 
atherosclerosis, thrombotic disease, acute coronary syndrome, or possible changes in blood pressure 
(BP) [7]. The relationship between SARS-CoV-2 infection and long-term cardiovascular risk still 
remains under the investigation, as well as the frequency and nature of long-term cardiovascular 
consequences.   

In this review, it was attempted to investigate the potential impact of COVID-19 infection on 
blood pressure and long-term risk of hypertension developing.  

1.2. Renin-Angiotensin-Aldosterone System 

Renin converts the tetradecapeptide angiotensinogen to angiotensin I (AT-I), which has weak 
biological activity. Angiotensin-converting enzyme (ACE), present in the endothelial cell membrane, 
converts AT-I to angiotensin II (AT-II). AT-II binds to its receptor angiotensin Ⅱ receptor type 1(RAt-
1), causing a series of actions, including vasoconstriction, prothrombotic effects, and retention of 
water and sodium to maintain appropriate pressure and flow under conditions of hypovolemia and 
restore volume [8]. 

In the event of disruption to the circulatory system, angiotensin II is responsible for 
vasoconstriction and clotting at the site, followed by repair. However, excessive activity due to 
inappropriate stimulus or malfunction can lead to pathological processes such as hypertension or 
atherosclerosis. 

Another action of angiotensin II is stimulation of aldosterone synthase, a substance with a strong 
influence on electrolyte balance and a very strong antiproliferative effect. The bradykinin system is 
antagonistic to the renin-angiotensin-aldosterone system (RAAS) and exerts effects opposite to those 
of AT-II. 

There is also another variant of ACE known as angiotensin-aonverting enzyme type 2 (ACE-2), 
which converts Ang-II to angiotensin 1-7 (Ang 1-7), which acts on the MAS receptor. This peptide 
exhibits antifibrotic, antiproliferative, anti-inflammatory, vasodilatory, diuretic, and bradykinin-NO 
(nitric oxide) enhancing effects. It appears that the bradykinin-NO pathway is involved here [9-10]. 
Ang-(1–7) antagonizes the pressor effect of AT-I, thus causing, among other things, a decrease in 
blood pressure. It has been suggested the lack of ACE-2 accelerates heart dysfunction caused by 
pressure overload [11].  

ACE2's ability to degrade Ang II and increase Ang (1–7) may counteract the negative effects of 
ACE receptor stimulation. ACE2 is also capable of degrading apelin-13, a peptide which likely causes 
vasoconstriction and regulates fluid homeostasis, as well as other peptides unrelated to renin-
angiotensin system (RAS), such as kynetenin, dynorphin A, and neurotensin [12]. As a result, ACE-2 
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regulates blood pressure under physiological conditions, and a decrease in ACE-2 gene levels leads 
to increased blood pressure [13]. The simplified scheme of angiotensinogen metabolism and the end 
effects of these transformations are presented in Figure 1. 

 

Figure 1. Angiotensinogen metabolism under the influence of ACE and ACE-2 together with the 
effects of end products. 

ACE2 and Ang II can regulate each other [14].  Ang II upregulates AT1R, increases a disintegrin 
and metalloprotease 17 (ADAM17) expression, leading to ACE-2 release and decreasing the 
protective effect of ACE-2 in hypertension, while Ang II can be converted to Ang-(1-7) by ACE-2 to 
inhibit its own negative effect [15-16]. Recently, it has been found ACE-2 overexpression also protects 
against neurogenic hypertension by regulating baroreceptor reflexes and autonomic function in the 
central nervous system (CNS) [17]. 

1.3. ACE-2 and COVID-19 

There are studies suggested so far  SARS-CoV-2 infection may lead to alterations in the 
ACE/ACE-2 and Ang-II/angiotensin-(1-7) balance, which can affect blood pressure and potentially 
lead to the development of hypertension. ACE-2 plays a crucial role in regulating the renin-
angiotensin-aldosterone system, which controls blood pressure. SARS-CoV-2 infection may decrease 
ACE-2 expression, which could lead to increased Angiotensin II activity, which in turn can impact 
vascular and organ damage. 

It is also worth noting, that the mechanisms by which SARS-CoV-2 affects the RAAS and blood 
pressure are still being investigated and it is not yet fully understood what the exact consequences of 
infection on the cardiovascular system are [18-20]. 

SARS-CoV-2 is thought to enter and cause infection in its host through the attachment of its 
structural protein known as the S-glycoprotein to angiotensin-converting enzyme 2 [ 21-24 ]. Domain 
of the spike glycoprotein binds to the tip of subdomain I of ACE-2, mediated fusion and promoted 
viral replication [25]. 

SARS-CoV-2 enters host cells using the spike glycoprotein receptor, following the fusion of the 
viral membrane and the host cell, viral RNA is released into the cytoplasm. Some transmembrane 
proteases, including ADAM17, transmembrane serine protease 2 (TMPRSS), and Tumor necrosis 
factor (TNF) converting enzyme, as well as proteins such as vimentin and clathrin, may participate 
in the entire process of establishing infection [ 26-31].  

According to the research carried out by Wenhui et al [21]. SARS-CoV-2 transfects more 
efficiently on cells with ACE-2 than on those non-transfected with ACE.  Their data also demonstrate 
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a specific, high-affinity association between the S1 domain of the SARS-CoV-2 S protein and ACE-2 
[32].  

ACE-2 is expressed in nearly all human organs in varying degrees. ACE-2 or its transmembrane 
domain is internalized together with the virus and then shedded of soluble ACE-2 into the cellular 
supernatants which might be responsible for the significantly reduced ACE-2 expression in the 
context of SARS-CoV-2 infection [33]. 

According to some studies SARS-CoV-2, through interactions with ACE-2, increased level of 
disintegrin and metalloproteinase 17 expression, which in turn induced the release of ACE-2. 
Consequently, the function of ACE-2 was impaired, while at the same time there was an increase in 
the expression of ACE and Ang II. A higher level of Ang II increases the release of cytokines, 
including interleukins 6 (IL-6) and interleukins 7 (IL-7), which activate the mitogen-activated protein 
kinase (MAPK) pathway and thus increase the expression of ADAM17, creating a positive feedback 
loop. Several studies have shown that SARS-CoV-2 infection can decrease the expression of ACE-2, 
leading to an imbalance in ACE/ACE-2 and Ang-II/angiotensin-(1-7), which in turn can cause damage 
to many organs [8]. 

Downregulation of ACE-2 makes an ACE/ACE-2 disproportion and excessive production of 
angiotensin by the related ACE enzyme. 

ACE-2 is expressed in many organs including cells lining the blood vessels (endothelial cells), 
pneumocytes, macrophages, perivascular pericytes, and cardiomyocytes. 

SARS-CoV-2 virus using ACE-2 can causes myocardial, endothelial and microvascular 
dysfunction, plaque instability, and myocardial infarction [34]. 

ACE-2 is a key player in the RAS,which is important in blood pressure regulation. There are not 
many articles describing hypertension as a long term consequence of COVID-19 infection [35, 59-93]. 

1.4. Other factors contributing to the hypertension development 

Many factors contribute to the development of  hypertension, including obesity, insulin 
resistance, and sympathetic nervous system disorders [100]. The pathogenesis of hypertension also 
involves dysfunction of the endothelium, manifested by changes in endothelin and nitric oxide 
[37,38]. COVID-19 can cause the appearance or exacerbation of those risk factors, indirectly leading 
to the development of arterial hypertension. 

It is widely known that patients recovered from COVID-19 infection may complain of chronic 
fatigue and worsened exercise tolerance, which can persist for several months, especially in those 
who required admission to the ICU(Intensive Care Unit) [39-42]. Additionally, the emergence of 
anxiety, depression, or exacerbation of pre-existing mood disorders, associated not only with COVID-
19 itself but also with quarantine and isolation during the pandemic, collectively predisposes 
individuals to a sedentary lifestyle and consequently, weight gain, becoming overweight, and 
ultimately obesity [43]. This, in turn, is associated with a high risk of hypertension developing [44,45]. 

Another mechanism which may play a role in the pathogenesis of hypertension as an outcome 
of COVID-19 is autonomic nervous system dysfunction, which has been reported in several studies 
[46]. However, it is not well known yet whether COVID-19-related dysautonomia is related to the 
neurotropism of the virus to autonomic pathways, immunological mechanisms, or is the result of a 
cytokine storm [47-49]. 

Some of recent discoveries, indicated long COVID contribution to the sympathetic nervous 
system activation due to suppressing the parasympathetic system. The consequences of this 
particular dysregulations may include increased heart rate and elevated blood pressure [50,51]. 

Furthermore, other studies indicated that patients with COVID-19, especially those treated in 
intensive care units, exhibited tendencies toward hyperreninemia with hypernatremia, 
hyperchloremia, and volume overload [52]. All of above mechanism may lead to the blood pressure 
elevation in individuals with previously normal blood pressure range or worsen blood pressure 
value in those with previously well-controlled hypertension [53]. 

Endothelial dysfunction, understood as an imbalance between vasodilatory and 
vasoconstrictive factors, can increase vasoconstriction, cause arterial wall stiffening and weakened 
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vasorelaxation [54,55]. All described pathomechanisms may contribute to hypertension development 
as well as were observed in COVID-19 infection what suggests their involvement in long-term 
symptoms after the infection [56-58]. 

Nothing impedes the notion that there is ample evidence suggesting the impact of the SARS-
CoV-2 virus on the development of arterial hypertension, both directly through its influence on the 
renin-angiotensin-aldosterone system and indirectly by exacerbating classical risk factors for this 
disease. Figure 2 shows possible mechanisms through which SARS-CoV-2 can cause hypertension. 
However, the definitive pathogenic mechanism of these changes has not yet been established, and 
we are still awaiting studies which will shed light on this puzzle. 

 

Figure 2. Possible impact of SARS-CoV-2 infection on the hypertension developing. 

2. Materials and Methods  

We systematically searched the PUBMED and SCOPUS databases, focusing on studies examined 
adults. The first search was conducted on April 16th 2023  incorporating relevant medical subject 
headings. A final database search was conducted on August 10, 2023. 

Medical Subject Headings (MeSH) with all subheadings included and with 3 years limitations. 
After reading the articles, excluded studies were containing irrelevant final statements or 
inappropriate research methods, inappropriate reports, or disseminated incomplete reports. The 
counted articles were published in English. 

We incorporated studies focused on outcomes occurring at least 14 days or longer after infection 
with SARS-CoV-2 for analysis. MeSH terms included: "COVID-19", "SARS-CoV-2", "post COVID", 
"long COVID", "after COVID", "vascular", "microvascular", "endothelial", "ACE2", "hypertension", 
"blood pressure", "consequences", and "complications", "effect" for our search. The terms were 
combined individually using the Boolean operator ‘AND’ or "OR" if it was needed. 

Duplicates were removed. Afterwards, titles and abstracts of the remaining studies were 
screened by three reviewers (E.B., P.S. AZ-K and P.P) in order to identify relevant articles. 
Disagreements between reviewers were resolved by the opinion of the fourth reviewer (E.Z.) Finally, 
selected eligible articles were fully reviewed. 

3. Results 

The initial search using all MeSH terms resulted in finding 13,233 records. After analyzing the 
titles, 131 articles were selected for further analysis. These articles were evaluated based on reading 
the abstracts, resulting in the extraction of 73 studies. Five duplicates were eliminated. After 
evaluating the full texts, 28 articles were excluded as they were not in English, the study population 
was below 18 years of age, or they were not relevant to the impact on hypertension. Ultimately, 35 
qualifying articles were included in this document. The flowchart illustrating the complete search 
strategy is presented in Figure 2.  
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Figure 2. PRISMA flow diagram of systematic reviews process performed in this study. 

Table 1 presents a summary of the studies included in the review, along with a brief description 
of the study population and observation period. 

Table 1. Characteristic of all studies included in review. 

Study, (year) 
City/countr

y 
Sample size 

Disease 

severity 

Mean/Media

n follow-up 

periods 

Mean/media

n age 

(years)/male 

(%) 

Result 

Xiong et al.  
(2020) [59] 

Wuhan, 
China 

538 
General, 

severe and 
critical 

Median (IQR): 
97.0 

(95.0–102.0) 
days 

Median 
(IQR): 52.0 
(41.0–62.0 
Male 46% 

Newly 
diagnosed 

hypertension
- 7 persons 

(1,3%) 

Mei et al. 
(2021) [60] 

Wuhan, 
China 

3677 
Mild, severe 
and critical 

Median (IQR): 
144 

(135–157) 
days 

Median 
(IQR): 59.0 

(47–68) 
Male 46% 

6 individuals 
developed 

hypertension 

Shang et al., 
(2021) [61] 

Wuhan, 
China 

796 
Severe, 
critical 

6 months 

Median 
(IQR): 62.0 
(51.0–69.0) 
Male 51% 

3(0,4%) cases 
of      

newly 
diagnosed 

hypertension 
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Study, (year) 
City/countr

y 
Sample size 

Disease 

severity 

Mean/Media

n follow-up 

periods 

Mean/media

n age 

(years)/male 

(%) 

Result 

Boglione et 
al., (2021) 

[62] 
Italy 449 Hospitalized 

Median (IQR): 
178.5 

(165.5 – 211.5) 
days 

Median 
(IQR): 65.0 
(56.0–75.5) 
Male 78% 

116 
individuals 

reported 
hypertension 
on their first 
visit (25.8%), 

and it 
persisted in 

61 (14%) 
individuals 

after 180 days 
from hospital 

discharge. 

Sevgi Özcan 
et al. (2022) 

[63] 
Turkey 406 Hospitalized 

3 and 6 
months 

Age (years) 
WHO 3: 

46.8 ± 13.3 
WHO 4: 

52.8 ± 13.1 
WHO 5,6: 
54.8 ± 11.8 

 
Male n (%) 

WHO 3: 
35 (42) 

WHO 4: 
163 (56) 

WHO 5,6: 
19 (60) 

Hypertension 
on 4 patients.  

Level risk 
risk: 1.229 
0,784-2,019 

Mohammed 
Ali Gameil et 

al. 
(2021) [64] 

Egypt 240 
From mild to 

moderate 

3-4 months: 
58(48,3) 

4-5 months: 
37(30,8) 

5-6 months: 
15(12,5) 

> 6 months: 
10(8.3) 

Mean age at 
38.29 male 

55.6% 

Systolic 
blood 

pressure was 
significantly 

elevated 
(P=0.001) 

Control cases 
120,63±8,49 
vs research 

group 
126,70±10,31 

Koen M vas 
der. Sluijs et 
al. (2022) [65] 

Netherland
s 

202 mild  
After 175 days 

[126-235] 

Mean age at 
59 and male 

58% 

There was no 
difference in 

blood 
pressure or 

pulse 
stiffness 

Suzana E. 
Tanni 

et al. (2022) 
[66] 

Brazil 100 No data After 99 days 

Mean age at 
46,3. 

Mostly 
female  

Systolic and 
diastolic 

blood 
pressure, 
heart rate 
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Study, (year) 
City/countr

y 
Sample size 

Disease 

severity 

Mean/Media

n follow-up 

periods 

Mean/media

n age 

(years)/male 

(%) 

Result 

and body 
weight were 
slightly but 
significantly 

increased 
compared to 

baseline. 

Assim A. 
Alfadda et 

al. (2022) [67] 

Saudi 
Arabia 

98 Hospitalized 
After 7,02 ± 
1,6 months. 

Mean age at 
48.87 (±17.11)  

Male 
51% (50) 

Higher mean 
blood 

pressure was 
found in the 

follow up 
131.26 ± 15.3 

Sarah E. 
Daugherty et 
al. (2021) [68] 

USA 266586 

8.2% 
hospitalized 

1.1% 
admitted to 

the intensive 
care unit 

median 87 
days (45-124 

days) 

Mean age 
(SD) 42.4 

Małe 50,2 % 

Hypertension
s ( risk ratio 

1.81 (95% 
confidence 

interval from 
1.10 to 2.96) 

Zainab 
Mahmoud et 
al. (2022) [69] 

USA, 
Washington 

100 

23% of 
hospitalized 
patients and 

5% OIT. 

Median time  
99 days. 

Mean age at 
46.3 Male 

19% 

There was a 
significant 
increase in 

median 
systolic (128 

vs. 121.5 
mmHg, p = 
0.029) and 

median 
diastolic (83.5 

vs. 76 
mmHg, p < 
0.001) blood 

pressure  
A total of 52 
patients had 

an increase in 
systolic or 
diastolic 

blood 
pressure of 

10 mmHg or 
more from 

baseline 

Nina L. Stute 
et al. (2022)  

[70] 
USA 10 Mild 

Mean 41 ± 17,  
108 ± 21 and  
173 ± 16 days 

 20,5 ± 1,2 
years 

Małe 70% 

Resting and 
reactive BP, 
but not HR. 

Decrease 
during 

recovery. 
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Study, (year) 
City/countr

y 
Sample size 

Disease 

severity 

Mean/Media

n follow-up 

periods 

Mean/media

n age 

(years)/male 

(%) 

Result 

Rachel E. 
Szeghy et al 
(2021)  [71] 

USA 30 Mild 
Mean 3-4 

weeks. 

 
Mean age 20 

± 1 years 
Małe 36,7 %  

Mean systolic 
and diastolic 

pressures 
were greater 
in the SARS-
CoV-2 group 

compared 
with the 
control 
group. 

Stephen M. 
Ratchford et 
al (2020) [72] 

USA, North 
Carolina 

31 Mild 24 ± 6 days 
Mean age 
20,2 ± 1,1 
Małe 29% 

Average 
systolic 

pressure: 
Control: 

 111,8 ± 13,4 
vs 

SARS-CoV-2: 
121,3 ± 12,3 

Mahmut 
Akpek et al. 
(2021) [73] 

Turkey 153 
5% 

hospitalized  
Mild  

 Mean  
31.6 ± 

5.0 days. 

Mean age  
46.5 ± 12.7. 
Małe 34% 

New onset 
hypertension 
was observed 
in 18 patients 
at the end of 

31.6 ± 5.0 
days on 

average (P 
<.001). 

Damsara 
Nandadewa 
et al. (2022) 

[74] 

USA, Texas 38 Mild 
Mean 11 ± 6 

weeks 

Control: 23 
±3 yr 

COVID: 24,5 
±4yr 

Male 100% 

Taken 
together, 

these data 
suggest that 
the adverse 

effects of 
COVID-19 on 
BP in young 

adults are 
minimal and 

likely 
transient. 

Ternushchak
, Tetiana M. 
Et al (2022) 

[75] 

Ukraine 115 
mild,moderat

e 
Mean 1.68 ± 
1.2 months  

Mean age 
23.07 ± 1,54. 

Patients with 
long-COVID 

syndrome 
have higher 
mean ABPM 
diurnal BP 

values 
especially at 

night, 
significant BP 
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Study, (year) 
City/countr

y 
Sample size 

Disease 

severity 

Mean/Media

n follow-up 

periods 

Mean/media

n age 

(years)/male 

(%) 

Result 

BP 
variability. 

Djidji Delalic 
et al. (2022) 

[76] 

Croatia, 
Zagreb 

199 No data 
Median 1 
months 

Mean age 
57.3yr 

Male 46% 

32 (16,08%) 
of 199 

patients 
studied had 
either newly 
verified (15) 
or worsened 
existing (17) 

hypertension. 

Rebeka 
DeLorenzo 
et al. (2020) 

[77] 

Italy, Milan 185 
Mild, 

moderate, 
serve 

Median time 
from hospital 
discharge 23 

days 

Mean age 57  
 male 66,5% 

40 (21,6%) 
patients had 
uncontrolled 
BP requiring 
therapeutic 

change. 

Tisler A et al. 
(2022) [78] 

Estonia 3949 

0 - 66,8 % 
Mild - 28,9 % 
Moderate - 

3.8% 
Severe - 0,5 % 

 

Mean 294.9 
Mean age 

65.4 
Male 45,7% 

Risk of 
developing 

HT 2.85 

Steinmetz, 
A. (2023) [79] 

Germany  158 mild 

Median time 
from covid-19 
infection 203 

days 

Mean age 
48.1  

Male 21.4 % 

blood 
pressure (RR) 
was normal 

and 
decreased 
over time 

Oluwabunm
i Ogungbe et 

al.[80] 
No data 442 

mild, only 
12% was 

hospitalized 

Median time 
12.4 (10.0–

15.2) months. 

Mean age 
45.4 

Male 29% 

20% of 
patients had 

newly 
diagnosed 

hypertension 

Zhang HG et 
al (2022)[81] 

Germany, 
France, 
Italy, 

Singapore, 
USA 

414,602 

hospitalized 
SARS-CoV-2 
infection and 

not  

Observation 
last 1 year 

Mean age: no 
data 

Male 74% 

Increased 
risk of 
arterial 

hypertension 
after COVID-
19 infection, 
and it was 

more 
significant 

among 
ambulatory 

patients  
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Study, (year) 
City/countr

y 
Sample size 

Disease 

severity 

Mean/Media

n follow-up 

periods 

Mean/media

n age 

(years)/male 

(%) 

Result 

Cohen K et 
al (2022) [82] 

USA 
2 895 943 

 

In most 
cases- 

hospitalized 

Median 
days78 (30-

175) 

Mean age 
75,7:  

Male 42% 
 

HT was 
determined 
at a level of 
4.43 (2.27 to 

6.37) 

Al-Aly Z et 
al (2022) [83] 

USA 
5.017.43(cases:3

3 940) 

mild, 
moderate, 

serve 

Follow up-
length: 6 
months 

Mean age: 
64,9 

Male:89,9% 

The hazard 
ratio for 

hypertension 
was 

estimated at 
1.62. 

Mizrahi B et 
al. 

(2023) [84] 
Israel 

1 913 234 
(cases:320 857) 

mild 

Two time 
periods after 

infection 
Early  (30-180 

days)  
Late (180-360 

days) 

Median age: 
25 years old 
 Male 49,4 %  

Patients with 
mild COVID-

19 were at 
risk for a 

hypertension 
burden of 

1.27, and that 
these effects 

were 
resolved 

within a year 
from 

diagnosis. 

Fernández-
Ortega MÁ 

et al. 
(2023) [85] 

Mexico 71 hospitalized 

Two 
telephone 

interviews: 
First after 5 
months of 
discharge, 

and second at 
12 months. 

Age >18 
years old 

Male 65,7%  

Arterial 
hypertension 

was one of 
the observed 

sequelae. 

Jennifer K et 
al. 

(2022) [86] 
Israel 

over 90,000 
COVID-19 
cases and 
matched 

comparison 
controls 

no data 
Follow up-
length: 14 
months 

The patients 
were divided 

by age into 
those below 

and above 40 
years old. 

Didn’t find 
differences in 

the 
occurrence of 
hypertension 
in the control 

group and 
after 

recovering 
from COVID-

19. 

Pooja Vyas A 
et al. 

(2023) [87] 
India 248 Hospitalized 

Follow up-
length: 1 year  

Age: 51,16 ± 
12,71 

Male: 68,1% 

32.3% of 
individuals 
experienced 
new-onset 

HT 
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Study, (year) 
City/countr

y 
Sample size 

Disease 

severity 

Mean/Media

n follow-up 

periods 

Mean/media

n age 

(years)/male 

(%) 

Result 

Abumayyale
h M et al. 
(2023) [88] 

Internation
al 

8,719 severe 

Follow-up 
time (months 

(PCS))
 diabetie

s 2.6 ± 4.6  
nondiabeties 

2.8 ± 4.9 

Age: 72.6 +- 
12.7 

Male: 63.5 

The incidence 
of newly 

diagnosed 
hypertension 
slightly lower 

in DM 
patients as 

compared to 
non-DM 
patients 
(0.5% vs. 
1.6%; p = 

0.18) 

González-
Hermosillo 
G JA et al. 
(2023) [89] 

Mexico 45 hospitalized 
10.8 ±1.9 

months from 
discharge 

Age 49.7 ±9.6 
Male 50% 

8 (34 %) had 
abnormal 

blood 
pressure 

response to 
orthostasis 

Adam Saloň 
et al. (2023) 

[90] 
Austria 35 hospitalized 

Measurement
s were taken 
either on day 
0 or on day 10 

and the 
second 

measurement 
occurred 2 

months after 
hospitalizatio

n. 

Age 60 ± 10 
Male 85% 

 

Significant 
changes in 

systolic blood 
pressure 

were 
observed, 

ranging from 
142 mmHg 
(SD: 15) to 
150 mmHg 
(SD: 19, p = 

0.041). 

Damsara 
Nandadeva 
et al. (2023) 

[91] 

USA, Texas  23 no data 
Median 15 

months  
(3–30) 

Age group 
after COVID 
and control  
48 ± 9 vs. 50 

± 13 yr; 
male 0% 

BPs were 
elevated in 

patients with 
PASC 

compared 
with controls 

Ziyad Al-Aly 
et al (2021) 

[92] 
USA 5 808 018 

mild- non 
hospitalized 

Median 126 
(81–203) 

Mean age 
59.09 (15.92) 
Male 87.96% 

There was an 
excess 

burden of 
hypertension 
(15.18 (11.53–

18.62)) 

Nishant P. 
Shah et al 
(2022) [93] 

USA 72 706 
no 

hospitalized 

Pandemic 
months in 
2020:April-

June 
vs 

Pre-COVID-
19 vs during 
COVID-19  
mean age  

Relative to 
the pre-

pandemic 
period, 
during 

COVID-19 
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Study, (year) 
City/countr

y 
Sample size 

Disease 

severity 

Mean/Media

n follow-up 

periods 

Mean/media

n age 

(years)/male 

(%) 

Result 

pre-pandemic 
January-

March 2019 
and 2020 

53.0 ± 10.7 
years vs 53.3 

± 10.8  
male 54% vs 

49,4%  

the 
proportion of 
participants 
with a mean 
monthly BP 
classified as 
uncontrolled 
or severely 

uncontrolled 
hypertension 

4. Discussion 

Hypertension (HT) is a huge health problem worldwide. It is estimated that the number of adults 
affected by HT has doubled from 1990 to 2019, reaching now approximately 650 billion [98,99].  

The primary point of hypertension treatment is a modification of risk factors such as lipid 
disorders, obesity, diabetes, and smoking. When identifying patients at risk of disease progression, 
efforts can be made to implement prevention, early detection, and complication avoidance [100].   

During COVID-19 pandemic, the impact of SARS-CoV-2 infection on various aspects of human 
physiology has garnered significant attention. Among others, the virus's impact on blood pressure 
regulation has been pointed. The studies over COVID-19 patients revealed different, sometimes even 
contrary, effects on BP changes. The possible pathomechanisms include disturbances of RAAS, 
endothelial damage, systemic inflammatory response, autonomic nervous system dysfunction or 
lifestyle changing. 

4.1. Research supporting BP increase as a complication of long COVID. 

One of the pilot studies, "COVID-19 blood pressure endothelium interaction study" (OBELIX), 
found that participants with no history of hypertension, who had COVID-19 infection more than 12 
weeks befour, exhibited higher systolic blood pressure, than those who did  not suffer  from 
COVID-19 [36]. 

Solon A. et al. [90], Alfadda et al. [67], Gameil et al. [64] and Mahmoud et al. [69] found 
significantly higher systolic blood pressure in individuals who had experienced SARS-CoV-2 
infection. Their hypothesis posits that COVID-19 induced alterations in sympathetic activity, 
endothelial function or inflammatory response leading to disruptions in blood pressure regulation. 

Referring to findings of Lopez-Leon S et al. [102], the researchers speculated that these 
adjustment in mentioned above hypotesis were linked to post-COVID-19 symptoms. They also did 
not exclude the influence of the pandemic and its accompanying feelings of fear, anxiety, 
psychological disorders and reduced physical activity, which could potentially have worsened blood 
pressure control. 

The above findings highlighted the clinical phenotypes of cardiovascular manifestations of post-
acute sequelae of SARS-CoV-2 (PASC), but did not clarify the pathophysiology.  

Furthermore, Ratchford et al. [72] discovered higher mean systolic and diastolic blood pressure 
in the group of young adults positive tested for SARS-CoV-2 3–4 week prior to study compared with 
a control group of healthy young adults through a short observation, which lasted 25 ± 5 days. It is 
interesting to add, other results provided evidence for impaired nitric oxide bioavailability and 
reduced vascular function caused by SARS-CoV-2. This hypothesis was formulated based on the 
results of the brachial artery flow-mediated dilation (FMD) and single passive limb movement 
(sPLM) tests, which are likely functional biological tests for endothelium-derived NO [95-97]. Lower 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 August 2023                   doi:10.20944/preprints202308.2002.v1

file:///C:/Users/MDPI/Desktop/2023/8月/830/1-preprints-83530/preprints-83530-manuscript.docx%23bookmark=id.jw55fj9qquip
file:///C:/Users/MDPI/Desktop/2023/8月/830/1-preprints-83530/preprints-83530-manuscript.docx%23bookmark=id.ap1fdrf576dr
file:///C:/Users/MDPI/Desktop/2023/8月/830/1-preprints-83530/preprints-83530-manuscript.docx%23bookmark=id.awfd2lsfycd4
file:///C:/Users/MDPI/Desktop/2023/8月/830/1-preprints-83530/preprints-83530-manuscript.docx%23bookmark=id.xayv2iuy6p1h
file:///C:/Users/MDPI/Desktop/2023/8月/830/1-preprints-83530/preprints-83530-manuscript.docx%23bookmark=id.txdltdnhm0ug
file:///C:/Users/MDPI/Desktop/2023/8月/830/1-preprints-83530/preprints-83530-manuscript.docx%23bookmark=id.i64qplsc6p2j
file:///C:/Users/MDPI/Desktop/2023/8月/830/1-preprints-83530/preprints-83530-manuscript.docx%23bookmark=id.iuhm0vveh2dd
file:///C:/Users/MDPI/Desktop/2023/8月/830/1-preprints-83530/preprints-83530-manuscript.docx%23bookmark=id.zfnzth9hnb8s
file:///C:/Users/MDPI/Desktop/2023/8月/830/1-preprints-83530/preprints-83530-manuscript.docx%23bookmark=id.1vpe5yukuoo
file:///C:/Users/MDPI/Desktop/2023/8月/830/1-preprints-83530/preprints-83530-manuscript.docx%23bookmark=id.nnxx4qpmr5j4
file:///C:/Users/MDPI/Desktop/2023/8月/830/1-preprints-83530/preprints-83530-manuscript.docx%23bookmark=id.z3yhtmi0na8h
file:///C:/Users/MDPI/Desktop/2023/8月/830/1-preprints-83530/preprints-83530-manuscript.docx%23bookmark=id.vvpgnecei3ae
https://doi.org/10.20944/preprints202308.2002.v1


 14 

 

responses in these tests were demonstrated among individuals tested positive for SARS-CoV-2 
presence 3-4 weeks prior to the study [97]. 

Tanni SE et al. [66] observed young adults about 99 days after the diagnosis of COVID-19. The 
subjects’ systolic and diastolic blood pressure increased slightly but significantly compared to the 
baseline values. In contrast, there were no correlations between symptoms and inflammatory or 
cardiac biomarkers. 

Another scientists performed assessment of BP using ambulatory blood pressure monitoring 
(ABPM). The analysis revealed elevated blood pressure values during wakefulness and sleep, as well 
as a smaller nocturnal drop in young patients with diagnosed long-COVID syndrome compared to 
an age-matched healthy subjects who had not suffered from it. This abnormalities can increases the 
risk of cardiovascular events in future [75]. 

Akpek et al. [73] have also shown an increase of blood pressure that meets the criteria for 
hypertension diagnosis in 18 from 153 observed patients with diagnosed COVID-19. Only 5% of the 
study population were hospitalized during infection. 

These approaches were also seen by Vyas et al. [87]. The study revealed that 32.3% of individuals 
experienced new-onset arterial hypertension one year after their recovery from COVID-19. A 
significant association was identified between severe inflammation, high computed tomography (CT) 
score severity, treatment with steroids during the hospital stay and the emergence of new-onset 
hypertension during the observation period. According to the authors those data suggested the 
potential impact of SARS-CoV-2 on inflammatory and renin-angiotensin-aldosterone systems, ACE-
2 involvement, and baroreceptor dysfunction thus the occurrence of hypertension is worth 
considering. 

These outcomes corresponded with the analysis of Xiong et al. [59] from Wuhan conducted on 
seven patients recently diagnosed with COVID-19. They developed high blood pressure within three 
months after discharge from the hospital and required antihypertensive medications despite having 
no history of hypertension prior to the COVID-19 illness.  

Overall the above-mentioned observations are in accordance with findings reported by Mei et 
al. [60], where after a median follow-up of 144 days, six individuals developed hypertension as a 
consequence of the infections. In another study conducted on a group of 796 patients, with a follow-
up observation of 6 months, new onset hypertension was diagnosed only in 0,4% participants. The 
main limitation of this study was that most of the symptoms were recorded as patient’s subjective 
descriptions and wasn’t focus of BP, but general about sequelae SARS-CoV-2 [61]. 

The interesting study was made by Delalic et al. [76]. They observed hypertension as a COVID-
19 outcome affected approximately 16% of 200 patients. The authors concluded that about 1 of 6 
individuals infected with COVID-19 are at risk for developing arterial hypertension or worsening 
pre-existing disease. Unfortunately, no laboratory markers were found to predict arterial 
hypertension following COVID-19 in this study. Additionally, the risk of worsening blood pressure 
control was demonstrated by a group of researchers from San Raffaele University Hospital in Milan 
[77]. In their study, forty patients (21,6%) had uncontrolled BP requiring changes in treatment after 
observation lasting from 20 to 29 days. According to authors, potential pathomechanisms may 
include endothelial dysfunction, the proinflammatory state, as well as the dysfunctional innate 
immune response common to both metabolic and viral disorders 

In another study also made by Nandadewa D. et al. [91], it was demonstrated that women with 
post-acute sequelae of SARS-CoV-2 (PASC) exhibited elevated resting BP and central artery stiffness 
in comparison to the control group. These findings point towards an increased susceptibility of 
arterial hypertension development in women with PASC, irrespective of the severity of symptoms. 
Notably, the majority of PASC patients did not have hypertension prior to their COVID-19 illness, 
but post-COVID-19, there were instances of new hypertension diagnoses and elevated BP readings. 
These observations underscore the potential long-term cardiovascular implications of PASC. 

Abumayyaleh M et al. [88] study was planned slightly from another perspective. Although the 
study concerned individuals with diabetes, results were also available for the control group of people 
without it. Data were collected from hospitalized patients with confirmed COVID-19 after an average 
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observation period of 2.6 ± 4.6 months. It was demonstrated that the incidence of newly diagnosed 
arterial hypertension was slightly lower among patients with diabetes and amounted to 0,5% 
compared to 1,6% those without diabetes. 

Subsequent studies referenced demonstrated the emergence of new-onset hypertension in 
individuals who recovered from COVID-19 infection. This condition was diagnosed within the 
timeframe of 4 to 12 months following their hospital post-infection discharge. The identification of 
new-onset hypertension was established by reviewing the clinical records of the enrolled patients. 

Mizrahi B's [84] nationwide study proposed that patients with mild COVID-19 faced a 
hypertension burden of 1.27 and that those effects resolved within a year from the time of diagnosis. 
Another group of investigators reported an even higher rate, at 1.81 (with a 95% confidence interval 
ranging from 1.10 to 2.96). On the other hand, the study conveyed that the heightened risk of these 
complications persisted only for up to six months after the infection [68]. While the hazard ratio for 
hypertension in individuals with breakthrough SARS-CoV-2 infection, compared to the 
contemporary control group established by Al-Aly Z et al. [83], was estimated at 1.62. In a nationwide 
cohort study conducted by Tisler A. et al. [78], which spanned a 12-month period, hospitalized adults 
with confirmed COVID-19 were tracked alongside matched disease-free control groups from the 
general population. The risk of developing arterial hypertension was calculated to be 2.85. 

Whereas Cohen K et al. [82] estimated excess risk and risk ratios of persistent and novel clinical 
consequences resulting from SARS-CoV-2 among adults aged >65 years during the post-acute phase 
of infection. In relation to arterial hypertension, the calculated coefficient stood at 4.43 (with a range 
of 2.27 to 6.37). 

Another an international examination of electronic patient records from 277 hospitals was 
performed by Zhang HG et al. [81] Based on their analysis, an elevated risk of arterial hypertension 
was noted among patients post-COVID-19 infection. Interestingly, this risk was more pronounced 
among ambulatory patients compared to those who were hospitalized during the infection. 

Based on the national databases of the United States Department of Veterans Affairs, among 
COVID-19 patients who survived at least 30 days after diagnosis and were not hospitalized, also 
excessive burden of arterial hypertension was observed (15.18 (11.53–18.62)). Interestingly, a 
comparison was made between coronavirus infection and influenza, revealing a higher burden of 
post-infection diseases as a consequence of SARS-CoV-2 infection. [92] 

In the next cited studies, the risk factor for developing hypertension after COVID-19 was also 
made. Özcan et al [63], based on the observation of 406 patients after 3 and 6 months following 
hospitalization due to coronavirus disease, established the risk of arterial hypertension at 1.229 (0.748 
– 2.019). They thought, similarly to other previous described, this may be related to ACE-2, which 
acts as the receptor for SARS-CoV-2. 

Additionaly, Ogungbe O et al. [80], through a survey-based investigation, collected data 
indicating that 20% of surveyed patients were newly diagnosed with hypertension.  

In the United States, a large study was conducted during COVID-19 as part of the Livongo 
Hypertension Program, which involved digital blood pressure measurements. After analyzing the 
results of 72,706 participants, it was found the monthly adjusted mean Systolic blood pressure (SBP) 
and diastolic blood pressure (DBP) and mean arterial pressure (MAP) were higher than before the 
pandemic outbreak. There was also an increase in the percentage of participants with monthly 
average BP classified as uncontrolled or severely uncontrolled hypertension [93]. A similar study is 
conducted by Excellence Centres of the European Society of Hypertension [94]. The aim of their 
report is to check the impact of a COVID-19 pandemic on blood pressure control by analysing results 
of ABPM  in the pandemic period com-pared with the pre-pandemic one. 

However, based on the collected data, it is not possible to determine the causes of such as effect. 
Some participants may have had COVID-19 infection during the study, but the increase in blood 
pressure could also be a result of lifestyle changes, isolation, or anxiety. Furthermore, it is worth 
recalling the concerns regarding antihypertensive medications that arose shortly after the outbreak 
of the pandemic. There were reports suggesting that the use of RAS  inhibitors might increase the 
risk and/or severity of SARS-CoV-2 infection. This led to the discontinuation of treatment with these 
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drugs in a significant number of patients. However, these data were not reflected in the studies. There 
are reports available indicating that the pandemic had a negative impact on patients with arterial 
hypertension adhering to medical recommendations [95]. 

In addition to the mentioned studies, it's worth citing one more papers. González-Hermosillo et 
al. [89] conducted a study in which they investigated hospitalized patients with COVID-19-associated 
pneumonia who developed Post-acute sequelae of SARS-CoV-2 and had no hypertension at 
discharge. Approximately 10.8 ± 1.9 months post-discharge, a head-up tilt test revealed an abnormal 
increase in blood pressure during orthostatic provocation in one-third of the examined individuals. 
The researchers suggest that orthostatic blood pressure elevation might herald overt hypertension in 
later life. 

4.2. Studies suggesting a transient increase in BP following an acute COVID-19 infection 

A similar pattern of results was obtained by the group of researchers from Italy [62].      Blood 
pressure was elevated in 25,8% participants approximately 30 days after discharge from the hospital. 
However, what was observed so far during the follow-up visit, only 14% still exhibited this 
abnormality. The abnormal value of CRP, elevated ferritin level and D-dimer level also decreased 
during observation.  It is important to highlight the fact that this condition was more common in 
hospitalized patients, treated with steroids and oxygen therapy.  

Reduction in blood pressure values over time was also detected in other analyses. Fernández-
Ortega MÁ et al. [85] observed 71 individuals who had survived COVID-19-related pneumonia and 
had been hospitalized. Data for the registry were collected via telephone interviews after 5 months 
from hospital discharge, and then again after 12 months from that date. At the 5-month mark, 
hypertension was present in every third patient (29.7%) who did not have hypertension prior to 
COVID-19, decreasing annually to 12.5%. 

In the longitudinal investigation carried out by Steinmetz A. [79] as well as the mentioned group 
before, blood pressure demonstrated a gradual reduction over time with observations extending for 
a minimum of 6 weeks post-acute infection. However, the blood pressure was not relevantly elevated 
during the whole observation period. 

On the other hand, Stute et al. [70] performed study assesing the impact of SARS-CoV-2 on 
sympathetic neural activity and hemodynamics over 6 months following SARS-CoV-2 infection. 
Sympathetic neural parameters was estimated using the microneurographic technique, muscle 
sympathetic nerve activity (MSNA) and transduction was calculated using an open-source program 
by O'Brien et al. [101]. Unfortunately, the study was limited to a small group of ten patients. SBP and 
DBP were measured three times over 6 months first after 43 ± 16 days of infection, then after 103 ± 14 
days, and finally after 168 ± 16 days. It was established that SBP and DBP decreased throughout 
recovery from mild SARS-CoV-2 infection. Authors hypothesized that the increase resting MSNA, 
caused hypertension, was elicited by elevated inflammatory cytokines during SARS-CoV-2 infection. 
However, the improvements in BP over 6 months of recovery from mild SARS-CoV-2 infection are 
unlikely due to changes in sympathetic activity. 

4.3. Studies in which no changes in BP values were observed after COVID-19 

Contrary to the above findings, the results of studies conducted by researchers from the 
Netherlands did not mention any differences in blood pressure. The authors studied a group of 
nonhospitalized patients with COVID-19, at a median of 6 months post infection [65]. A similar 
conclusion was obtained by the team led by Nandadewa [74]. In their results, ambulatory daytime, 
nighttime, and 24-h SBP, DBP, and mean BP were not different between the control and COVID-19 
group. It cannot be ruled out the transient effects of COVID-19 may include elevated BP and central 
arterial stiffness but closer to the diagnosis. The study presented some limitations such as small study 
population of 28 young adults who had COVID-19 and 10 controls, which may affect the accuracy of 
the results. Interestingly, an earlier work by the same author was cited, which demonstrated 
increased arterial blood pressure in women with PASC. 
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Jennifer K et al. [86], based on an analysis of both hospital and community control data 
documentation for up to 14 months, also did not find differences in the occurrence of hypertension 
in the control group and after recovering from COVID-19. 

5. Conclusions 

Despite the subsiding acute phase of SARS-CoV-2 infection, it is estimated the patients may 
experience persistent symptoms associated with the past infection. Findings from this review 
suggested, the blood pressure of individuals who have undergone COVID-19 was higher than prior 
to the infection and may even meet the criteria for diagnosis of arterial hypertension. Only two of the 
discussed research studies contraindicated this hypothesis. The most common cause of blood 
pressure changes due to SARS-CoV-2 infection proposed by various authors is interaction with ACE-
2 receptor, endothelial dysfunction, and generalized inflammatory response. But the mechanism 
behind these alterations has not been definitively established yet. 

Undoubtedly, this is an area for further research that will help explain the risk of developing 
arterial hypertensions in individuals who have undergone COVID-19 infection. A major cause of 
limitation of describing evaluations was a small participants number and too short period of time. 
Further studies still are needed to explore the topic more thoroughly and determine whether 
increased blood pressure can be linked to COVID-19 infection.          

Conflicts of Interest: The authors declare no conflict of interest. 
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