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Abstract

Background: Several observational reports from different parts of the world have shown that systemic hypertension (hyperten-
sion) was the single commonest comorbid condition in hospitalized COVID-19 patients. Hypertension is also the most prevalent
comorbidity reported among patients who developed severe disease, were admitted to Intensive Care Unit, needed mechanical
ventilatory support, or who died on admission. The objective of this systematic review is to study the association between hy-
pertension and specific clinical outcomes of COVID-19 disease which are- development of severe COVID-19 disease, need for
admission in the intensive care unit (ICU) or critical cate unit (CCU), need for mechanical ventilation or death

Methods: We searched the PubMed, SCOPUS, and Google Scholar databases up till June 28, 2020 for original research articles
that documented the risk factors of mortality in patients with COVID-19 using the PRISMA guideline.

Results: One hundred and eighty-two articles were identified using pre-specified search criteria, of which 33 met the study inclu-
sion criteria. Only three were prospective studies. Most studies documented hypertension as the most prevalent comorbidity. The
association of hypertension with development of severe COVID-19 disease was not conclusive, majority of studies however
found an associated with mortality.

Conclusion: Hypertension affects the clinical course and outcome of COVID-19 disease in many cohorts. Prospective studies
are needed to further understand this relationship.
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Introduction

Starting from a cluster of acute respiratory infection cas-
es in Wuhan, Hubei Province China in December 2019
infections with the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), '*has grown to a pandem-
ic of monumental proportions with 21,259,147 cases
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and 760,840 deaths as at August 14, 2020° leaving in its
wake grave economic and social consequences. Initially
called 2019 novel coronavirus (2019nCov) on January 3,
2020 after it was identified from thorough put sequenc-
ing of broncheoalveolar lavage fluid from a patient, the
World Health Organization (WHO) designated it SARS-
CoV-2 and gave the name Coronavirus disease-2019
(COVID-19) to the clinical condition caused by it on Feb-
ruary 11, 2020 and declared the disease a pandemic on
March 11, 2020 as it rapidly escalated.

Early reports from Wuhan about the epidemiology of the
disease indicated the high prevalence of comorbid con-
ditions such as systemic hypertension (hypertension), di-
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abetes mellitus, coronary artery disease, cancer and other
chronic illnesses among hospitalized cases of Covid 19.
Up to half of admitted patients in some early reports
from Hubei province reportedly had comorbidities and
this proportion increased to as high as two-thirds in
those who developed severe disease requiring Intensive
Catre Unit (ICU) cate or leading to death.”® Several ob-
servational reports from different parts of the world —
Wuhan, China, Chinese cities other than Wuhan, USA,
Italy and Israel, have shown that systemic hypertension
was the single commonest comorbid condition in hos-
pitalized Covid-19 patients.”"" Hypertension is also the
most prevalent comorbidity reported among patients
who developed severe disease, needed mechanical ven-
tilatory support, were admitted to ICU or who died on
admission."”""An Italian database reported that up to73%
of patients who have died in the pandemic had hyperten-
sion.!®17

This raised multiple questions regarding the impact of
hypertension on the clinical course of COVID-19 dis-
ease. The objective of this systematic review is to study
the association between hypertension and specific clinical
outcomes of COVID-19 disease which are- development
of severe COVID-19 disease, need for admission in the
intensive care unit (ICU) or critical care unit (CCU), need
for mechanical ventilation or death.

Methodology

Search Strategy

We systematically searched the PubMed, SCOPUS, and
Google Scholar database up till June 28, 2020 for articles
that documented the risk factors of mortality in patients
with COVID-19. We used MeSH key words that included
coronavirus, COVID-19, COVID-19 Mortality, systemic
hypertension, cardiovascular disease and mortality. In the
first round of search, hypertension was variously com-
bined with COVID-19, Coronavirus and coronavirus
2019 while in the second round, it was variously com-
bined with COVID-19 mortality, COVID-19 severity and
COVID-19 outcomes.

We retrieved all the available literature published in En-
glish language on COVID-19 that reported patients’
comorbidity profiles and the outcomes in patients with
systemic hypertension. The analysis was conducted fol-
lowing the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA)'®
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Eligibility Criteria

Inclusion criteria

This study included only full-length original research
articles that were published in English language and in
which patients were diagnosed for COVD- 19 based on
the World Health Organization (WHO) recommendation
of positive result of a reverse transcriptase-polymerase
chain reaction (RT-PCR) assay of nasal and/or throat-
swab specimens. Only studies of hospitalised patients
were included. "

The primary outcome studied was the prevalence of
hypertension recorded in each cohort of patients with
COVID-19. The secondary outcomes were the associa-
tion of hypertension with 1. developing severe COVID-19
disease, ii. need for admission in the intensive care unit
(ICU) or critical care unit (CCU), iii. need for mechanical
ventilation and iv. death.

Exclusion criteria

We excluded systematic or narrative review articles, me-
ta-analyses, letters to the editor which did not report orig-
inal research, case reports and small case series with less
than 20 patients. Publications in languages other than En-
glish and research in paediatric patients younger than 18
years of age were also excluded.

Results

The initial search returned 182 publications from
PubMed, SCOPUS, and Google scholar. Additional 15
publications were obtained through cross-referencing,
147 publications remained after the removal of dupli-
cates. After screening them for eligibility, 101 records
were excluded. The 46 remaining articles were then eval-
uated for eligibility by assessing their full text. 13 full-text
articles were excluded because they were written in other
languages than English and some were protocol papers.
Thereby, 33 studies with a total of 94,765 patients were
included in the final analysis (Figure 1, Table 1)

Majority of the studies reviewed were carried out in Chi-
na, seven were from centres in Wuhan, while 12 were
from other centres outside Wuhan (with two being large
multi-centre studies), eight studies were from the USA,
four from Italy, one each from Israel and Iran. Because
the COVID-19 pandemic evolved very rapidly, most of
the early reports from most countries were retrospective
studies. In our review, only the study by Cummings et
al'"*, Huang et al* and Richardson et al*!
studies. All other studies were retrospective

were prospective

506



—

-,
- Studiesidentdfied thraugh Additional studies i dentified
= serardhing Pubimied Databage through cross-referencing
E [r= 182) [r=15]
E
k
u
i'f’ ‘\I Studies afber remoneal of duplicd e
(r=147)
2]
=
S '
sy Fouedies emdl wded (n= 101
7 Studies screened for el ighilty Aeyviews, meta-snalysis, shom
(= 147) ——| communications, |lefterstothe
il car, Bl B e ool s rvieed,

Paperswhich didnat report

C

patient outcamas, Feediatne
population
L4
E Fulltest articles sssessedfor
L rligibildy [r=4£)
=]
= o Fulltestarticles excluded
[r=13)
Langaug of hus than English,
protocol pagers, Prafessional

Lo ey Guddidire=
Studiesinduded in qualitative ¥

synthesis(n=33)

Includied

t

Figure 1. PRISMA Flow Diagram of the Study
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Table 1. The impact of systemic hypertension on outcomes in hospitalized COVID-19 patients

Median
age Preval
(IQr)/ Preva |Preva |ence Hypt and
Type [Sam Mean lence |lence |of % with |% Hypt and [Hypt and Mechanica
of ple age+ % of of other [Outcome |Severe |Mort |Disease |ICU Hyptand |l
Author Study [size |Country |SD Male |Type of pt [Hypt |[DM |CVDs |measure |[illness |ality |severity |admission |death ventilation
Associate
d and
predictiv
All eon
Hospitaliz Multivari
Wu Cet Wuhan, |[51(43- ed ARDS; ate
1 alt R 201 |CHINA |60) 63.7 |patients 19.4| 10.9 4|Death 26.4% [21.9 |analysis |NA No NA
All
Hospitaliz
Argenziann 63 (50- ed
2 oetalé R 1000|New York |75) 59.6 [patients 60.1| 37.2 23.3|Death NS 23.2 |NA NA NA NA
Composite
All ICU
Des Hospitaliz admission,
Aggarwal et Moines, ed shock, or Hypertension not associated with Composite
3 al %2 R 16 |USA 75 65.5 |patients 56.3| 31 38|death 50 18.75 end-point
Associat
ed. but
ICU not Associated
admission/ significa . but not
All Mechanica nt on significant
Hospitaliz | Multivar on
Suleyman Detroit, |57.5 ed ventilation iate Multivariat
4 etal, R 463 |USA (16.8) [44.1 |patients 63.7| 38.4| 23.3|/Death 39.7 (20 |NA analysis | NA e analysis
Median
age Preval
(1QR)/ Preva |Preva |ence
Type [Sam Mean lence {lence |of % with |%  |Hyptand [Hypt and Hypt and
of |ple age+ (% of |of |other |Outcome |[Severe [Mort|Disease [ICU Hypt and |Mechanical
Author Study|size |Country |SD Male |Type of pt [Hypt |[DM [CVDs |measure |illness |ality |severity |admission |death ventilation
Composite
ICU
admission,
All Mechanica
Hospitaliz |
Guan & Ni, 47(35- ed Ventilation Hypertension associated with the composite
5 etal 2, R 1099|China 58) 58.1 |patients 15| 7.4 3.9|/ Death 15.74 |1.4 |end-point. No multivariate analysis done
All Composite
Hospitaliz :ICU Hypertension NOT associated with a
Buckner et Washingt |69 (23- ed admission composite end-point of ICU admission or
6 |alZ R 105 |on, USA (97) 50 |patients 59| 33 38|and Death |49 33 |death
All
Hospitaliz Disease
Chen et Taizhou, |47.5 ed Severity /
7 |al& R 145 [China (14.6) |54.5 |patients 15.2] 9.7|NS Death 29.7 INS [NO NA NA NA
Composite
:ICU
Admission
All mechanica
Guan & Hospitaliz | Hypertension associated with and
Liang et al ed Ventilatio independently predictive of Composite end
8 | R 1590 | China 48.9|57.3 |patients | 16.9| 9.2 5.6|n,Death |16 3.1 |point (HR=1.58)
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All
Hospitaliz
Gargetal USA (14 |Not ed
9 | R 1482 |STATES) |[stated |54.4 |patients 12| 28.3| 27.8|NS NS NS |Outcomes not studied
Media
n age Preval % Hypt and
Type (1Qr)/ Prev |Prev |ence with Hypt Mechanic
of Sam Mean alen |alen |of Sever (% and Hypt and al
Stud |ple age+ |[% Type of |ce of | ce of |other |Outcome |e Mort | Disease |ICU Hypt and |ventilatio
Author y size | Country |SD Male | pt Hypt |[DM |CVDs |measure |illness |ality |severity |admission |death n
All
Hospitali Not
Huang et Wuhan, |[49(41- zed ICU associate
10 |alz P 41 China 58) 73 patients 15 20 15 | Admission | 32 15 NA d NA NA
Associat
ed but
no
All multivari
Hospitali ate
Itelman et zed analysis
11 |al? R 162 |lIsrael 52(20) |65 patients 30.2| 185 Death 14.8 |[3.1 |done NA NA NA
Associat
All ed but
Hospitali no
zed 20.8 Regressi
12 |[LiRetal2® |R 225 |CHINA |50+14 |53.3 |patients 9[NR NR Death 16.44 [0.89 |ondone |NA NA NA
Associat
ed and
Predictiv
eon
All multivari
Hospitali Disease ate
Li Xetal Wuhan |[60(48- zed 30.3 Severity/ analysis
13 |2 R 548 | China 69) 50.9 |patients |L 15.1 6.2 | Mortality [49.1 |32;.5|(OR=2) |NA NA NA
Media Hyperten
n age Preval % sionand
Type (IQR)/ Prev |Prev |ence with Mechanic
of |Sam Mean alen |alen |of Sever |%  [Hypt al
Stud [ple age+ |% |Typeof |ceof |ceof |other |Outcome |e Mort | and Hyptand |Hyptand |ventilatio
Author |y |size |Country |SD Male | pt hypt [DM [CVDs |measure |illness |ality |severity [ICU death n
media Al
n45 Hospitali Not
Lian et al Zhejiang |(5-88 zed 176 Disease associat
14 |0 R 465 |,China |range) |52.3 |patients 3| 6.02 3| Severity |10.54 ed NA NA NA
No
All (Rather,
Nikpourag Hospitali having
hdam et 296 zed 8.06 any co-
15 |al® R |8 [lran 50-60 |[65.9 |patients | 1.99| 3.81| 1.25|Death NS (% |NA NA morb) NA
ICU care,
Al Renal
Hospitali replacem Not
Richardso 570 [New  [53(52- zed ent, assoclate
16 [netalZX (P |0 |York 75) 60.3 |patients [56.6 |33.8 {18 Death 142 |17.3 |NA NA NA d
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Al Associa
Guangd Hospitali Disease ted
Zhang YT 135 |ong 44.141 sed Severity (aHR=1. [Not Not
17 |etal® R [0 |[China |79 49.2 |patients | 9.4/3.9 |3.5 [andDeath|{164 |0.6 [49) assessed | assessed | NA
Associa
ted but
no
Al Disease multiva
Chongqi Hospitali Severity/ riate
Wan et ng, 47(33- zed Ventilatio analysis
18 |al¥ R [135 |China |55) 53.3|patients | 9.6 89| 5.2{n/ Death |29.6 [2.8 |done |NA NA NA
Media Hypertens
n age Preval ionand
Type (1QR)/ Prev |Prev |ence % Mechanic
of |Sam Mean alen |alen |of with | % Hypt al
Stud |ple age+ |% Type of |ceof |ce of |other |Outcome |Severe|Mort [and Hyptand |Hyptand |ventilatio
Author y size | Country |SD Male | pt Hypt [DM |CVDs |measure |illness |ality |severity |ICU death n
Associated
All No
Hospitaliz multivariat
Wang D et Wuhan, |56(46- ed 26.1 e analysis
19 |al? R 138 | China 68) 54.3 |patients | 31.2| 10.1| 14.5|ICUCare |(ICU) [NA |[NA done NA NA
Myocardia
All linjury,
Hospitaliz Disease
Wuhan, |58.5(14 ed Severity/D
20 |Guoletal (P 187 | China .66) 48.7 |patients | 32.6| 15| 15.7]|eath NS 23 |NA NA NA NA
Associat
Al ed but
Huangga Hospitaliz Disease not
ng, 52(37- ed Severity, predicti
21 |Yaoetal3 (P 108 |China  |58) 39.8 | patients | 14.8| 4.6 3.7| Death 23.1 [11.1 |ve NA NA NA
All
Hospitaliz No
Zhang )l et Wuhan, |57(25- ed Disease Associa
22 |al® P 140 |China |87) 50.7 | patients 30| 12.1 5|Severity |41.4 |NS |tion NA NA NA
Media Prev % Hyperten
n age alen | Prev |Preva with sion and
Typ [Sa (1QrR)/ ce |[alen |lence Sever |% |Hypt Mechani
eof |mpl Mean (% of |[ce |of e Mor |and cal
Stud [e age+ |Mal |Typeof |Hyp |of |other |Outcome |illnes |talit |severit |Hyptand |Hyptand |ventilati
Author |y size |Country |SD e pt t DM |CVDs |measure |s y y ICU death on
Hubei All
Provinc Hospitali No
Zhao et e (Non- zed Disease Associa
23 |al®# P 91 |Wuhan) |46 53.8 |patients | 20| 2.2|NR |[Severity [33.3 |2.2 |tion NA NA NA
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Associa
tion,
No
All Multiv
45 Hospitali ariate
Zheng F Hunan, |(33.5- zed Disease analysi
24 |etal® P |161|china |57)) |49.7|patients | 13.7| 4.3 5|severity |18.6 sdone |NA NA NA
All
Hospitali
Zheng Y Shiyan zed Disease
25 |etal® P |73 |China |43 54.8 | patients | 12.3| 5.5| 4.1|Severity [41.1 |NS NA
Associate
d but Not
predictiv
All eon
56 Hospitali Disease Not multivarit
Zhou et Wuhan, |(46- zed Severity Assess e
26 |al’? R |191 |china |67) 62 |patients | 30| 19 8|/Death |63  [28.3 |ed NA Analysis | NA
Media Hypertens
n age Preval % ion and
Type (1QR)/ Prev |Prev |ence with Mechanic
of |Sam Mean alen |alen |of Sever |% Hypt al
Stud |ple age+ |% Type of |ce of |ce of | other |Outcome |e Mort |and Hyptand |Hyptand |ventilatio
Author y size |Country |SD Male | pt Hypt |[DM |CVDs |measure |illness |ality |severity |ICU death n
Associated
Wu & All Multivaria
McGoogan 723 Diagnose te analysis
27 |38 R 14 | China NR NR |dpts NR| NR NR | Death NS 23 NA NA notdone |NA
Associated
in
Univariate
but Not
significant.
Critically on
Cummings New 62 (51- ill multivaria
28 |etallt P 257 |york 72) 67 | patients 63| 36 19 [ Death ALL 39% |NA NA te analysis | NA
Critically
Brescia, |64 (59- ill
29 |Pivaetal [R 33 |ltaly 72) 90.9 | patients 45 6 9.1|Death NS 3% |[NA NA na NA
Grasselli et 159 | Lombard |63(56- ICU
30 |al R 0 y, Italy | 70) 82 | Patients 49|17 |21 Death 26 NA NA No NA
Media Hypertens
n age Preval % ion and
Type (1Qr)/ Prev |Prev |ence with Mechanic
of Sam Mean alen |alen |of Sever |% Hypt al
Stud |ple age+ |(% Type of |ce of | ce of |other |Outcome |e Mort | and Hyptand |Hyptand |ventilatio
Author y size | Country [SD Male | pt Hypt |DM |CVDs |measure |illness |ality |severity |ICU death n
Associated
Pfeffer et 159 63(56- ICU No
31 |ali2 R 1 Italy 70) 82 | Patients 49| 17 21 | Death ALL 26% |NA regression | NA NA
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Associated
.No
multivaria
Wang Y et Tongji, |64(52- ICU te analysis
32 |al® R 344 | China 72) 52 | Patients 41| 18.6 11.6 | Death ALL 38.7 [NA NA done NA
Mechanic
ally
ventilate
Zangrillo Milan, 61 (54- d
33 |etal® R 73 |ltaly 69) 83.6 | patients | 52.9| 13.6 | NS Death ALL 233 [NA NA Associated | NA

P- Prospective study, R- Retrospective study, NA- Not assessed, NS- Not stated, Hypt- Systemic hypertension, DM - Diabetes mellitus,
CVD- Cardiovascular disease, ICU — Intensive care unit, ARDS- Adult Respiratory Distress Syndrome, OR- Odds ratio, aHR-Adjusted Hazard

Ratio

Discussion

Prevalence of Hypertension among COVID-19 pa-
tients

Observations of COVID-19 affected hospitalized indi-
viduals revealed the preponderance of hypertension as
the single commonest comorbidity among COVID-19
patients in all the studies reviewed except the studies in
USA by Buckner et al??, Garg et al” and observations in
Iran by Nikpouraghdam et al*
in China where diabetes mellitus was the most prevalent
co-morbidity. Generally speaking, the prevalence of hy-
pertension was lower in hospitalised COVID-19 patients
in China than in Europe or USA. It ranged between 7.2%-
32.6% in Chinese cohorts, 72 it was 30.2% in Israeli
patients9 while in European patients it ranged from 45 to
52.9%1% 153940 and it was12% to 63.7% in the USA %1422

23,41, 42

as well as Huang et al20

The high prevalence of hypertension among hospitalised
patients was initially thought to be linked to the advanced
age and the predominance of the male gender in hospi-
talized COVID-19 patients. Pirola et al” in a meta-regres-
sion of the meta-analysis by Zheng Z et al* submitted
that age and not sex accounted for the high prevalence of
hypertension among other co-morbidities in COVID-19
patients who had critical illness or who died. However
among the relatively young cohorts of Guan et al*, Chen
et al”’, Suleyman et al*', Yao et al’?, Zheng F et al”®, Zheng
Y et al’*® with mean age less than 50 years, hypertension
was also the most prevalent comorbidity. Suleyman et al
studied a cohort with a mean age of 44 years with a prev-
alence of hypertension of 63.7%.

It is also worthwhile to consider that in some cases, the
prevalence of hypertension in cohorts of COVID-19
patients reflected the fact that hypertension is the com-
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monest comorbid condition in the general population.
In a large Chinese COVID-19 combined in-patient and
outpatient database of 20,982 patients, the proportion of
self-reported hypertension was 12.6%, which is similar
to the population prevalence data of 10.9% in China for
self-reported hypertension.*

The association between hypertension and hospitalization
rates for COVID-19 may also be related to the fact that
hypertension is a proxy for the presence of other cardio-
vascular risk factors such as diabetes, coronary artery dis-
ease and cerebrovascular disease.' Hence, the observed
association between hypertension and COVID-19-relat-
ed hospitalizations is thought to be confounded by the
presence of other comorbidities."

Hypertension and COVID-19 disease severity
Though all the works in this review did not assess the
relationship between hypertension and COVID-19 dis-
ease severity, this relationship was explored by a majority
of workers. However, it was observed that there is no
uniform severity scale across all the studies. For example
Li X, et al ¥, Yao et al,*> and Guan et al** defined severe
COVID-19 according to the 2019 clinical practice guide-
line of the American Thoracic Society and the Infectious
Diseases Society of America for the diagnosis and treat-
ment of adults with community acquired pneumonia.*
Lian et al ' based their own classification of severity on
the 5th edition of the Chinese diagnosis and treatment
scheme for SARS-Cov-2 while Wang Y et al” and Wu &
McGoogan™ used the 6th edition which identified severe
illness as that which was characterized by dyspnea, respi-
ratory rate =30/minute, blood oxygen saturation <93%,
PaO2/FiO2 ratio <300, and/or lung infiltrates >50%
within 24-48 hours. Wan et al*’ also used criteria similar
to the Chinese algorithm. Overall, however, the criteria
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for defining severe disease in both guidelines are similar
except that the presence of septic shock or respiratory
failure requiring mechanical ventilation which were addi-
tional indices of severe disease according to the Ameri-
can Thoracic Society guideline were further classified into
an additional group named critical disease in the Chinese
diagnosis and treatment scheme for SARS-Cov-2. For the
purpose of this review patients with severe and critical
disease were regarded as having ‘severe’ disease. Other
classification schemes used by Itelman et al’ and Zhang
et al* though not as structured as either of the foregoing
however captured similar features in their description of
severe disease. Zheng Y et al*® did not however state the
details of their classification of disease severity.

The lowest prevalence of severe disease COVID-19 pa-
tients was 15.7% reported by Guan and Ni et al®
Chinese cohort while the highest prevalence of severe
disease was 63% by Zhou et al/span>37 also from Chi-
na. The median age of Zhou et al’s patients was 56years
while Guan and Ni et al’s patients had a median age of 47

ina

years suggesting that age may have influenced the occur-
rence of severe disease.

While Chen et al ¥, Zhao et al¥ and Zhou et al”’, Zhang
JJ et al” found no association between hypertension and
disease severity, Aggarwal et al* found an association be-
tween hypertension and a composite end point of disease
severity, need for ICU care and mortality. Several other
workers who found an association between hypertension
and disease severity but either did not subject this to mul-
tivariate analysis or found hypertension not to be predic-
tive of severe disease after multivariate analysis include,
Itelman et al’, Li R et al®, Yao et al’?, and Zheng F et al™.
Li X et al”, Wu et al’, Zhang Y et al*® and Guan & Liang
et al”, demonstrated that hypertension was not only asso-
ciated with but also independently predictive of develop-
ing severe COVID-19 disease. Overall majority of studies
reviewed either did not show any association between hy-
pertension and disease severity, or showed an association
which was not significant on multivariate analysis. Only
3 studies demonstrated that hypertension independently
predicted severity of disease.

For studies that didn’t show hypertension as being inde-
pendently predictive of disease severity, despite observed
association on univariate analysis, the observed associ-
ation may have been confounded by patient’s age and
preponderance of male gender in most patient cohorts.
Conversely, explanations for the significant predictive re-
lationship of hypertension with development of severe
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COVID-19 disease on multivariate analysis may be relat-
ed to immune mechanisms, immune dysregulation and
inflammation underlying the pathogenesis of hyperten-
sion and the mediation of target organ damage in estab-
lished hypertension.

It has been suggested that pro-inflammatory immune
mechanisms play an important role in the pathogenesis
of hypertension. This is supported by the demonstration
of increased levels of circulating IgG in the serum of
hypertensives.”>* Increased numbers of central memory
CD8+ T cells, activated CD8+ T cells producing inter-
feron gamma (IFNy) and tumour necrosis factor (TNF),
TH17 cells53 interleukin (IL)-2, IL-6, and I1.-754 have
also been reported in patients with hypertension. The
association of these cytokines with the development of
hypertension has been demonstrated in experimental >
clinical observational®; as well as in interventional stud-
ies.”* Noteworthy is the fact that these immune responses
can induce kidney injury and also interfere with sodium
excretion, further contributing to the elevation of blood
pressure.”

An increase in systemic IL-2, IL-6, and IL-7, granulocyte

colony-stimulating factor, C-X-C motif chemokine "

(CXCL10), chemokine (C-Cmotif) ligand 2 (CCL2), and
tumour necrosis factor-o (TNF- o) has been observed
in patients with COVID-19.20 Rapid deterioration in
COVID-19 patients is associated with a pro-inflamma-
tory cytokine storm. Some of the key mediators of the
cytokine storm are these inflammatory mediators which
are also elevated in and associated with regulating im-
mune-inflammatory responses in hypertension. > How-
ever only Suleyman et al subjected their observation to
multivariate analysis and found no relationship after con-
trolling for confounders. Other workers such as Huang C
et al*” found no significant association between hyperten-
sion and need for ICU care. However, their study is limit-
ed by a small sample size of 41. The complete picture of
the relationship between hypertension and need for ICU
care is hampered by the quality of studies which mostly

carried out univariate analysis.

Hypertension and the need for mechanical ventila-
tion

Among the studies in out review, only Suleyman et al*
evaluated the relationship between hypertension and
need for mechanical ventilation as a single primary out-
come. Suleyman et al found a significant association. All
the other studies assessing this relationship related hy-
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pertension to a composite outcome measure comprising
admission to ICU, mechanical ventilation and death. This
composite outcome measure was adopted in the studies
by Guan & Ni et al” and Guan & Liang et al** because
all the individual components were reportedly the promi-
nent outcomes of the earlier H7N9 infection experienced
in China and South Asia. ** Guan & Ni et al* found that
hypertension was associated with this composite end-
point but did not carry out multivariate analysis. In an-
other study by Guan & Liang et al however, hypertension
with an odds ratio of 1.58 was independently predictive
of the composite outcome and this was after adjusting
for age and smoking status.*

The relationship between hypertension and the need for
mechanical ventilation may be related to many factors in-
cluding but not limited to the higher frequency of clus-
tering of cardiovascular risk factors with attendant exag-
gerated inflammatory response among study participants.
The increased transpulmonary pressure required for me-
chanical ventilation may also further alter the course of
the disease negatively and that may explain the rationale
for the combined effect of hypertension on the three
variables studied by Guan & Liang et al.

Hypertension and the risk of death.

The high representation of hypertension among comort-
bid risk factors of COVID-19 patients has implications
for the relationship between hypertension and mortality.
Grasseli et al'', Cummings et al'¥; Zangtillo et al”>, Wang
Y et al*, Zhou et al”’, Wu & McGoogan® found that
hypertension was associated with mortality in COVID-19
patients. However, only Zangrillo et al Zhou et al and
Cummings et al subjected the association to multivariate
analysis with different results. While Zangrillo et al found
hypertension to be an independent predictor of mortal-
ity (Odds Ratio 6.15), Cummings et al and Zhou et al
found no such relationship. However, Zangrillo et al re-
cruited only COVID-19 patients who were mechanically
ventilated hence more ill than all the other cohorts which
comprised all hospitalized patients with different levels
of disease severity. The observation by Wu & McGoogan
is also worthy of note because they studied the largest
single cohort in our review comprising 72,314 patients. It
has been suggested that it is not the presence of hyper-
tension only contributes to the increased mortality but
the fact that hypertensives frequently have more under-
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lying health problems than others. Data has confirmed
that patients with multiple comorbidities are likely to fare
worse than those with single comorbid conditions.
Other workers who found no association between hyper-
tension and mortality include Li X et al®, Wu C et al’!, Yao
et al” and Nikpouraghdam et a*!. Patient demographic
parameters such as age and gender distribution and the
different patterns of comorbidities in the different pa-
tient cohorts can explain the different observations of
the effect of hypertension on mortality among patients
with COVID-19.

A few studies rather than study the effect of hypertension
on individual outcomes studied its effect on a composite
outcome of disease severity, need for ICU care and death.
Aggarwal et al # found no association between hyper-
tension and a composite end point. However, this study
being one of the eatly reports from the USA is limited by
a small sample size of 16. A larger study of 1590 patients
by Guan & Liang et al** however found an association and
confirmed that hypertension independently predicted a
composite end-point. Buckner et al*®
association between hypertension and a composite end-
point of ICU care and death.

The presence of an association between hypertension
and death may be accounted for by the effect of immune
dysregulation described earlier. It has been described that

however found no

those processes not only underly the development of hy-
pertension but also contribute to target organ damage.
The additive effect of pre-existing cytokine activation
and that which is triggered by SARS-Cov-2 may be what
predisposes to mortality.

Another reason for the association of hypertension with
COVID-19 patient mortality may be a synergy of hy-
pertension with myocardial injury and other effects of
SARS-Cov-2 on the cardiovascular system which are not
frequently assessed. Guo et al’ showed that myocardial
injury (assessed using troponin T) occurred frequently
among hospitalized COVID-19 patients and hypertensive
COVID-19 patients with myocardial injury accounted for
the sub-group of patients with the highest mortality.
The unfolding new information about the relationship
between cardiovascular risk factors including hyperten-
sion and composite outcomes such as mortality and need
for ICU care will be further understood in the future as
more information accrues to the scientific world especial-
ly through longitudinal reviews.
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Limitations

A main limitation of most of the studies reviewed was
that self-reporting of hypertension and indeed other
comorbidities on admission was used. Under-reporting
of comorbidities, stemming from the lack of awareness
and/or the lack of diagnostic testing, may contribute to
the underestimation of the true strength of association
with the clinical prognosis. Under-reporting of comor-
bidities could also lead to over-estimation of the strength
of association with adverse outcomes.

In a few of the studies too, some patients, though having
met study outcome objectives were still on hospital ad-
mission at the time of publication and may have evolving
outcomes different from what has been published. How-
ever, because the COVID-19 disease is a rapidly evolving
public health issue, every stage of data captured will still
reflect a part of the complete picture of the disease.

Conclusion

Hypertension is the commonest co-morbidity in hos-
pitalised COVID-19 patients. It is frequently associated
with development of severe disease, need for ICU care,
need for mechanical ventilation and death. However, the
strength of evidence for this relationship is weak as only
few studies rigorously control for confounders. In many
study cohorts this association may have been influenced
by age and gender and presence of other comorbidities.
The role of myocardial injury and other effects of the
virus on the cardiovascular system in potentiating the ef-
fect of hypertension on mortality also requires further
study. Since the pandemic is still escalating, well-planned
prospective studies are needed to properly define the re-
lationship between hypertension and clinical outcomes.
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