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Abstract 
Introduction   Hypertension was identified by the CDC to be one of underlying medical conditions that 
might pose an increased risk for severe illness from COVID-19. This study aimed to determine the effect 
of hypertension on the morbidity of COVID-19 patients to help physicians in adjusting the management 
plans for a better prognosis.
Methods  Participants included all COVID-19 patients with hypertension as a pre-existing medical 
condition. Studies were selected based study design, participants, exposure, outcome, timing, setting 
and language. MEDLINE and CINAHL, ScienceDirect, Clinical Key, OVID database, Wiley Online library, 
and UpToDate were searched. The risk of bias in selection, comparability and outcomes were evaluated. 
All information gathered were collated and evaluated using the Newcastle-Ottawa Quality Assessment 
Scale and CEBM. 
Results  There was a statistically significant positive association between mortality and hypertension as 
a prognostic factor (OR = 5.25, 95% CI 2.42, 11.40; HR = 2.21, 95% CI 1.75, 2.80). Individual studies 
all showed a significant relationship between hypertension and mortality in COVID-19 patients with OR 
ranging from 1.75 to 28.88, and HR of 1.49 to 3.32. 
Conclusion Hypertension as a comorbid condition is a significant prognostic factor in the prediction of 
mortality in hospitalized COVID-19 patients. 
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From December 2019 to the present, various 
countries have experienced a second and third 

wave of  the COVID-19 pandemic. Although there 
have been almost 25 million recoveries, there have 
been at least one million deaths.1 With the alarming 
increase in the number of  cases and deaths worldwide, 
the possible risk factors should be determined to have 
a general idea of  those who are more susceptible 
to develop COVID-19. Initially, only the old and 
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immunocompromised were identified to be at risk 
for more severe outcomes. However, as the months 
progressed, more studies revealed that people with 
other comorbidities were just as at risk. Hypertension 
was identified by the Centers for Disease Control and 
Prevention (CDC) to be one of  underlying medical 
conditions that might pose an increased risk for 
severe illness from COVID-19.2 This study aimed to 
determine the effect of  hypertension on the morbidity 
of  COVID-19 patients to help physicians in adjusting 
the management plans for a better prognosis.

Methods 
This meta-analysis was done according to the 
fundamentals laid in the Cochrane Handbook for 
Systematic Reviews of  Interventions and as stated by 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis (PRISMA) statement.3 Studies were 
selected based on study design, participants, exposure, 
outcome, timing, setting and language. Only case 
control and cohort studies reported in English from 
2019 onwards were included. Participants included 
all patients admitted in hospitals who were diagnosed 
with COVID-19 and had hypertension as their pre-
existing medical condition. The association between 
patient mortality or death rate and hypertension was 
the main outcome for this research.
	 MEDLINE and CINAHL using the EBSCO search 
engine, ScienceDirect using the Elsevier network, 
Clinical Key, OVID database, Wiley Online library, 
and UpToDate were searched from June to August 
2020 for case control and cohort studies. The search 
strategies used Medical Subject Headings (MeSH) 
terms like COVID-19, comorbidities, hypertension, 
and mortality. Twelve authors independently screened 
the titles and the abstracts yielded by the search 
against the inclusion criteria gathered. Full reports 
were obtained for all the titles that met the inclusion 
criteria or where there was any uncertainty. Review 
author pairs then screened the full text reports if  the 
initial screening suggested that they may be suitable 
for inclusion in the final meta-analysis. Figure 1 
shows the reasons for exclusion at the level of  full-text 
review. Any discrepancies among the reviewers were 
thoroughly discussed and subsequently resolved. 
	 Data from the studies were extracted independently 
using standardized forms and a detailed instruction 
manual specific for RevMan.4 Critical appraisal of  

each article was done using the Centre for Evidence 
Based Medicine Critical Appraisal tool for prognosis.5 

Variables extracted were socio-demographic, clinical 
characteristics and total number of  the participants. 
The number of  participants with hypertension, 
mortality-related outcomes, the effect size and 
statistical analysis utilized in each study were also 
extracted. 

Figure 1. Flowchart of study selection
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	 The risk of  bias of  each article was determined 
using the Newcastle-Ottawa scale and Centre for 
Evidence Based Medicine (CEBM) Critical Appraisal 
tools.5,6 The chosen domains for risk evaluation were 
selection bias, comparability bias and outcome bias. To 
standardize the assessment process among evaluators, 
guide questions regarding the selection of  patients, 
definition and determination of  non-exposed cohort, 
cases and controls, handling of  confounding variables 
and assessment of  outcome or exposure were set. 
Features describing low, high and unclear risk were 
established as criteria for judging each study across 
the three bias domains. 
	 The odds ratio for death was computed for each 
case control study using two-by-two tables. For cohort 
studies, the hazard ratio was pooled together using 
generic inverse variance. The data set was encoded 
in REVMAN 5.4 for analysis. The Mantel-Haenszel 
method was used for pooling the effect of  individual 
data using odds ratio while the generic inverse variance 
was used for data using hazard ratio. Statistical 
significance was set at p < 0.05 level together with the 
95% confidence interval. An odds ratio and hazard 
ratio of  > 1.00 was deemed as a positive outcome 
which would indicate an association of  hypertension 
with increased risk of  mortality in patients with 
COVID-19. Random or fixed effects model was 
determined by the statistical heterogeneity which 
was evaluated by chi-square and I-test. An I2 value of   
0 < 40% was considered as not significant, 30-60% is 
taken as moderate heterogeneity, 50-90% considered as 
substantial heterogeneity and 75-100% was considered 
as significant heterogeneity. The authors used an 
I2 result of  > 75% and a x2 result with p < 0.01 as 
indicative of  statistical heterogeneity.7

Results	
The search of  the databases listed yielded 1011 
articles; 30 additional records were identified through 
other sources and references of  above titles, leaving 
953 articles after removal of  duplicates. Eight hundred 
ninety-three records were excluded due to irrelevance 
of  the titles and/or abstracts. Of  the remaining 
60 articles, 49 were excluded as they did not meet 
the eligibility criteria. Eleven full-text articles were 
assessed for relevance and included in qualitative 
synthesis and 10 studies were included for meta-
analysis. One article was excluded because it reported 
relative risk instead of  odds ratio.

	 Table 1 shows the type of  study, participants, 
other co-morbidities, number of  participants with 
and without hypertension, exposure, outcome, 
outcome measures, and effect size. Ten studies 
consisting of  6 concurrent cohort, 3 non-concurrent 
cohort, and 1 non-concurrent observational study 
were included. All studies defined their subjects as 
patients diagnosed with COVID-19, with or without 
hypertension. All studies used Kaplan-Meier curves 
to determine probability of  patient survival and Cox 
proportional hazard regression models or univariable 
and multivariable models to determine associated risk 
factors with mortality and odds ratios, respectively. 
All studies defined hypertension as having a blood 
pressure of  > 140 mm Hg systolic and > 90 mm Hg 
diastolic measured on two separate days. The ten 
studies involved 8,999 participants, of  which 3,032 
had hypertension. Each study showed a positive 
association (OR > 1) between hypertension and 
mortality. 
	 The criteria used to determine selection bias were: 
1) representativeness of  cases or exposed cohort,  
2) ascertainment of  exposure (for cohort) or definition 
of  control and cases (for case control), and 3) selection 
of  the non-exposed cohort (cohort) or same methods 
of  ascertainment of  cases/controls. A study was 
considered low risk for the first criterion when the 
disease severity was a common point in the course 
of  the disease. Half  of  the studies were high risk 
because the disease severity varied among subjects, 
some studies classified the disease severity as mild, 
moderate and severe while some studies categorized 
the disease as severe, not severe or critical. Ten percent 
of  the studies were low risk and the rest had unclear 
risk because no description of  the derivation of  the 
cohort was provided. A study was considered low risk 
for the second criterion when all subjects were drawn 
from the same community as the exposed cohort. All 
studies were low risk because all subjects were derived 
from the same community or hospital. A study was 
considered low risk for the third criterion when there 
were secured records, structured interviews for cohorts 
or independent validation for case controls. All studies 
were considered low risk. The criterion for outcome bias 
was the presence of  assessment of  outcome for cohort 
studies or ascertainment of  exposure for case control 
studies. All studies were considered low risk because in-
hospital deaths were considered as the outcome. Figure 
2 shows the summary of  the risk of  bias.
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Table 1. Summary of article characteristics.
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	 Individual studies all showed a significant 
relationship between hypertension and mortality 
in COVID-19 patients. Odds ratios ranging from 
1.75 to 28.88, and hazard ratios ranging from 1.49 
to 3.32 were noted. Five case control studies were 
included, consisting of  4247 subjects, 1501 of  
whom were hypertensive. As shown in Figure 3, 
there was a significant positive association with an 
overall odds ratio of  5.25 (95% CI = 2.42, 11.40  
p < 0. 001), indicating that hypertensive patients were 

five times more likely to die than patients who were 
not hypertensive. There was significant heterogeneity  
(I2 = 91%). As shown in Figure 4, five cohort studies 
had hazard ratios ranging from 1.49 to 3.32 with an 
overall significant positive association (HR = 2.21, 
95% CI = 1.75, 2.80, p < 0.001). This means that the 
risk of  mortality is two times higher for COVID-19 
patients with hypertension compared to those without 
hypertension as a comorbid condition. Heterogeneity 
was minimal (I2 = 10%).

Figure 2. Risk of bias summary.

Figure 3. Forest plot of the odds ratio of mortality with hypertension.

Figure 4. Forest plot of the hazard ratio of mortality with hypertension.
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Discussion
Hypertension as a prognostic factor in the prediction 
of  COVID-19 patients’ mortality is still undergoing 
numerous studies as the number of  cases continue 
to rise since it first made an appearance in Wuhan, 
China.8 The aim of  this meta-analysis was to 
determine the number of  patients previously 
diagnosed with hypertension who tested positive 
for COVID-19, and to determine the number of  
deaths among COVID-19 patients with diagnosed 
hypertension in the included studies. The ten 
studies that were included evaluated the number of  
COVID-19 patients with hypertension and measured 
the outcome of  mortality. The findings of  five case 
control studies demonstrated a significant positive 
association with an overall odds ratio suggesting that 
the odds of  mortality in COVID-19 patients with 
hypertension was five times higher. The five cohort 
also demonstrated a significant positive association 
suggests a two-fold increased risk of  mortality in 
COVID-19 patients with hypertension. 
	 Earlier studies on COVID-19 have shown how 
a comorbidity affects the severity of  the disease 
progression. Patients will have different clinical 
profiles and underlying conditions making it 
difficult to point out whether the adverse effect of  
comorbidities came from the COVID-19-comorbidity 
interaction or from the pathological interactions 
between the patients’ comorbidities.9 Hypertension 
is one of  the more common comorbidities among 
patients with COVID-19. However, previous 
studies have not been able to clearly delineate 
whether the poor outcomes were caused directly 
by the cardiovascular condition itself  or by other 
comorbidities present. The typical patient profile of  
non-survivors includes older age and the presence of  
the following comorbidities - hypertension, diabetes 
mellitus (DM), chronic obstructive pulmonary 
disease (COPD), chronic kidney disease (CKD), 
coronary artery disease, and heart failure.10 In 
patients with hypertension, there is a 2.5-fold higher 
risk of  developing a severe disease or progressing to 
death from SARS-CoV-2 infection.11

	 However, other studies have reported that this 2.5-
fold risk has a relatively weaker association compared 
to other comorbidities, such as the 5-fold higher 
risk in COPD and the 3-fold higher risk in CKD.12,13 
While mortality is predicted by age and the presence 
of  comorbidities, hypertension and the use of  anti-

hypertensives did not significantly affect COVID-19 
lethality.9 These claims however do not disregard the 
fact that there is still a positive association between 
hypertension and the occurrence of  poor outcomes. 
In another study involving 46,248 COVID-19 patients, 
the pooled OR of  hypertension in severely-ill patients 
was 2.36 (95% CI = 1.46, 3.83) compared to non-
severe patients, suggesting that hypertension is a risk 
factor for severity. It mentioned that hypertension was 
one of  the acute respiratory distress syndrome (ARDS) 
predictors in patients with severe acute respiratory 
syndrome (SARS). However, the study also clarified 
that the role of  hypertension in the progression of  the 
illness was unclear but remained to be an important 
factor contributing to the mortality.14 
	 The strength of  this meta-analysis is that it 
comprises case control and cohort studies with a 
large sample size from different databases. The use 
of  standardized methodology and validation of  the 
systematic review using the PRISMA checklist allows 
for more reliable results. A limitation of  this meta-
analysis is the lack of  age-adjusted data in relation 
to hypertension and disease severity. Since the mean 
age of  all the patients found in this meta-analysis 
is 63, the results may be construed and attributed 
to the severity or progression of  hypertension with 
advancing age.
	 The result of  this meta-analysis shows that 
hypertension is a comorbid condition which has a 
prognostic significance in predicting mortality among 
patients hospitalized for COVID-19. Although there 
is inadequate explanation of  the pathophysiology and 
its role in the disease progression, its significance as a 
contributory factor for poorer outcomes in hospitalized 
COVID-19 patients should not be disregarded. 
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