
Meta-
analysis 

Journal of Epidemiology and Public Health (2021), 06(01): 60-69 
Masters Program in Public Health, Universitas Sebelas Maret 

    
 
 

e-ISSN: 2549-0273  60 

A Meta-Analysis: Correlation between Hypertension of 
Comorbidity on Mortality in Patients with COVID-19 

 
Nanda Agustian Simatupang1), Vitri Widyaningsih2), Sumardiyono2) 

 
1)Masters Program in Public Health, Universitas Sebelas Maret 

2) Faculty of Medicine, Universitas Sebelas Maret 

 
   ABSTRACT 

 
Background: SARS-CoV-2 is a new type of 
coronavirus that has never been previously 
identified in humans. In severe cases of 
COVID-19 it can cause pneumonia, acute 
respiratory syndrome, kidney failure, and even 
death. Hypertension causes a number of patho-
physiological changes in the cardiovascular 
system such as left ventricular hypertrophy and 
fibrosis. This can make a hypertensive heart 
particularly vulnerable to SARS-CoV-2. This 
study aims to analyze and estimate the effect of 
comorbid hypertension on mortality in COVID-
19 patients. 
Subjects and Method: This was a systematic 
review and meta-analysis conducted with 
PRISMA flow diagram. Article searches 
through journal databases include: Google 
Scholar, PubMed, Science Direct, and Springer 
Link by selecting articles published in 2020 and 
2021. The keywords used are “Hypertension” 
OR “Hypertensive Patient” OR “Blood Pres-
sure”, “Systolic Pressure” OR “Diastolic Pres-
sure” AND “Mortality”, OR “death” OR “loss” 
AND “COVID-19” OR “SARS-COV-2” OR “coro-
navirus” AND “multivariate”. The inclusion 

criteria were full paper articles with observa-
tional research methods, the results of the 
analysis used the aOR value, the exposure given 
was comorbid hypertension, the research sub-
jects were COVID-19 patients, with mortality 
outcomes. Eligible articles were analyzed using 
the Revman 5.3 app. 
Results: A meta-analysis of 18 articles showed 
that confirmed COVID-19 patients who had 
comorbid hypertension had a 1.27 times risk of 
mortality compared to those without comorbid 
hypertension and were statistically significant 
(aOR= 1.27; 95% CI= 1.14 to 1.41; p <0.001). 
Conclusion: Comorbid Hypertension affects 
the mortality of COVID-19 patients. 
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BACKGROUND 

Coronavirus Disease 2019 (COVID-19) is an 

infectious disease caused by Severe Acute 

Respiratory Syndrome Coronavirus 2 

(SARS-CoV-2). SARS-CoV-2 is a new type 

of coronavirus that has never been previ-

ously identified in humans. There are at 

least two types of coronavirus that are 

known to cause diseases that can cause 

severe symptoms such as Middle East 

Respiratory Syndrome (MERS) and Severe 

Acute Respiratory Syndrome (SARS). 

Common signs and symptoms of COVID-19 

infection include symptoms of acute respi-

ratory distress such as fever, cough and 

shortness of breath. The average incubation 

period is 5-6 days with the longest incu-

bation period being 14 days. In severe cases 
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of COVID-19 it can cause pneumonia, acute 

respiratory syndrome, kidney failure, and 

even death (WHO, 2020a). 

At the end of December 2019, pneu-

monia occurred in Wuhan City, Hubei Pro-

vince, China whose etiology was unknown, 

after identification of the case, including a 

new type of corona virus. On January 30, 

2020 WHO declared the incident a Public 

Health Emergency of International Concern 

(PHEIC) and on March 11, 2020, WHO had 

declared COVID-19 a pandemic (WHO, 

2020b). 

The increase in the number of cases 

took place quite quickly, and spread to 

various countries around the world in a 

short time. As of March 31, 2021, WHO 

reported 127,928,144 confirmed cases with 

2,797,295 deaths worldwide. The COVID-19 

Case Fatality Rate (CFR) is 2.2%. From 

these global data, the Americas became the 

highest contributor to 56 million cases, 

while the European region (44.8 million 

cases) and Southeast Asia (15.1 million 

cases) became the second and third highest 

contributor areas (WHO, 2020c). 

Emerging data from the countries 

most affected by the coronavirus disease 

2019 (COVID-19) reveal that hypertension 

is strongly associated with poor clinical 

outcomes. Hypertension causes a number 

of pathophysiological changes in the cardio-

vascular system such as left ventricular 

hypertrophy and fibrosis. This can make a 

hypertensive heart very vulnerable to 

SARS-CoV-2 (Kulkarni, 2020). 

Hypertension which is a non-com-

municable disease (NCD) is one of the main 

causes of death and disability worldwide. 

Non-communicable diseases cause 71% of 

global deaths and claim the lives of 57 

million people each year. Data from the 

World Health Organization (WHO) in 2015 

showed that around 1.13 billion people in 

the world have hypertension, meaning that 

1 in 3 people in the world is diagnosed with 

hypertension. The number of people with 

hypertension continues to increase every 

year, it is estimated that by 2025 there will 

be 1.5 billion people affected by hyper-

tension, and it is estimated that every year 

10.44 million people die from hypertension 

and its complications (WHO, 2015). 

Most people who have hypertension 

do not know that they have hypertension 

because of the lack of public attention to 

always control blood pressure. Hyperten-

sion also rarely shows symptoms, and its 

recognition is usually through screening, or 

when seeking medical attention for 

unrelated health problems (Bell K, 2015). 

Based on the background above and 

several research findings on the severity 

and mortality of COVID-19 patients caused 

by comorbid hypertension, the researchers 

are interested in conducting a study using a 

systematic review and meta-analysis that 

can summarize some of the results of 

primary studies or previous research with a 

systematic search to combine the results 

and get more precise estimates to draw new 

conclusions.  

 

SUBJECTS AND METHOD 

1. Study Design 

The study design used in this research is a 

systematic review and meta-analysis, using 

PRISMA flow diagram guidelines. Article 

searches were carried out using a journal 

database which included: Google Scholar, 

PubMed, Science Direct, and Springer Link 

by selecting articles published in 2020 - 

April 2021. The keywords used were 

"Hypertension" OR "Hypertensive Patient" 

OR "Blood Pressure ”, “Systolic Pressure” 

OR “Diastolic Pressure” AND “Mortality”, 

OR “death” OR “loss” AND “COVID-19” OR 

“SARS-COV-2” OR “coronavirus” AND 

“multivariate”. 
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2. Inclusion Criteria 

The inclusion criteria were full paper arti-

cles with observational research methods, 

the results of the analysis used the aOR 

value, the exposure given was comorbid 

hypertension, the research subjects were 

COVID-19 patients, with mortality 

outcomes.  

3. Exclusion Criteria 

Exclusion criteria in this study include 

articles published other than English. 

4. Operational Definition of Variable 

In formulating the problem in this study, 

the author uses PICO. Population is con-

firmed COVID-19. Intervention is having 

hypertension comorbidity, with comparison 

that is having hypertension comorbidity 

and outcome is patient mortality. 

Hypertension is an abnormal increase in 

blood pressure in the arteries with a systolic 

blood pressure of more than 140 mmHg, 

and/or diastolic blood pressure ≥90 mmHg 

on two measurements with an interval of 5 

minutes in a state of sufficient rest (quiet). 

Determination of hypertension can be in 

the form of medical records, direct measu-

rements, or self-reports. 

Someone is declared confirmed 

COVID-19 or infected with the acute SARS-

CoV-2 virus based on the detection of a 

unique viral sequence through the Nucleic 

Acid Amplification Test (NAAT), such as 

real time reverse-transcription polymerase 

chain reaction (rRT-PCR) (WHO, 2020d). 

5. Instruments 

A sphygmomanometer or medical record 

data is used as a measuring tool for hyper-

tension, in COVID-19 patients using the 

Nucleic Acid Amplification Test (NAAT) or 

Antigen Rapid Diagnostic Test (RDT). 

6. Data Analysis  

Data analysis in this study used the Review 

Manager application (RevMan 5.3). Data 

were analyzed based on variations between 

studies by determining the use of random 

effects analysis models. This study used I² 

to quantify the dispersion. The results of 

data analysis are in the form of the effect 

size value of the heterogeneity of the study 

which later the results of the analyzed data 

are interpreted in the form of forest plots 

and funnel plots. 

 

RESULTS 

Research from the primary study related to 

the effect of comorbid hypertension on 

mortality in COVID-19 patients consisted of 

18 articles from 4 continents, namely Asia, 

Europe, North America, and South Ame-

rica. There are 5 studies from the Asian 

continent (2 Indonesia, 1 China, and 1 

Kuwait, and 1 Saudi Arabia), 5 studies from 

the European continent (2 Spain, 1 Italy, 1 

England, and 1 Sweden), 7 studies from the 

North American continent (4 USA, 2 

Mexico, 1 Chicago), and 1 study from the 

South American continent (Bolivia). 

The article search was carried out 

using a database based on the PRISMA flow 

diagram, which can be seen in Figure 1. The 

study quality assessment was carried out 

qualitatively and quantitatively. Quality 

assessment in this study uses the Critical 

Appraisal for Cohort Study (CEBMa, 2014). 

The answer (Yes) will be given a score of 1 

and the answer (No) will be given a score of 

0. On the confounding number question 

points, if there is only one of the 2 con-

founding factors (age and gender), it will be 

given a score of 0. After the study quality 

assessment is carried out, a total of 18 arti-

cles included in the meta-analysis quanti-

tative synthesis process were analyzed 

using RevMan 5.3. 
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Articles included in the quantitative 
synthesis meta-analysis (n= 18) 

Articles included in the 
qualitative synthesis (n=21) 

Full text articles issued, with 
reasons (n= 487) 
1. Population does not match 

(n= 63) 
2. Non-comorbid hypertension 

intervention (n= 127) 
3. Does not include 

multivariate/aOR results (n= 
219) 

4. Outcome is not mortality for 
COVID-19 patients (n=78) 

Full text articles that are 
considered eligible 

(n= 508) 

Issued articles (n= 639) 
1. The title is irrelevant (n= 37) 
2. Not a cohort study (n=413) 
3. Does not speak English/ 

Indonesian (n=32) 
4. Not full text (n= 57) 

Filtered articles (n= 1047) 

Duplicate articles removed (n=931) 

Addition of articles identified from other searches 
(n= 9) 

Articles identified through 
database search (n= 1969) 
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Figure 1. PRISMA flow diagram 

 

Forest plot 

Interpretation of the results of the meta-

analysis process can be seen through the 

forest plot. Figure 4 shows that COVID-19 

patients who had comorbid hypertension 

were 1.27 times more likely to die (morta-

lity) compared to those without comorbid 

hypertension and were statistically signify-

cant (aOR= 1.27; 95% CI= 1.14 to 1.41; 

p<0.001). The heterogeneity of the research 

data shows I2= 70%, so that the distribution 

of the data is said to be heterogeneous, thus 

the Random Effect Model is used in the 

data analysis in this forest plot. 

Funnel Plot 

A funnel plot is a plot that depicts the 

estimated effect size of each study against 

an estimate of its accuracy which is usually 

the standard error. Based on Figure 4.5, it 

shows that there is no publication bias 

which is indicated by the symmetrical 

distribution of the right and left plots where 

there are 8 plots on the left and 10 plots on 

the right. The plot on the left of the graph 

appears to have a standard error of between 

0.02 and 0.56 and the plot on the right has 

a standard error of 0.13 to 0.50.   
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Figure 2. Forest Plot Effect of Comorbid Hypertension 
on the Mortality of COVID-19 Patients 

 
 

 
Figure 3. Funnel Plot Effect of Comorbid Hypertension 

on the Mortality of COVID-19 Patients 
 

DISCUSSION 

There are 18 observational research articles 

with cohort studies as a source of meta-

analysis of the effect of comorbid hyper-

tension on mortality in COVID-19 patients. 

The results of the forest plot of articles 

showed that patients with confirmed 

COVID-19 who had comorbid hypertension 

had 1.27 times risk of mortality compared 

to those who did not/do not have comorbid 

hypertension and the results were statisti-

cally significant (aOR=1.27; 95% CI=1.14 to 

1.41; p< 0.001). 

The results of this study are supported 

by a study conducted by Albitar (2020), 

that confirmed COVID 19 patients with 
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comorbid hypertension will have a 3.5 

times risk of experiencing mortality (aOR= 

3.57; 95% CI= 1.69 to 7.54; p= 0.001). 

Gender was also an influencing factor, 

higher mortality was associated with higher 

rates of chronic comorbidities among men, 

hypertension, and other comorbidities 

(cardiovascular and pulmonary), and 

higher rates of smoking. 

Another study conducted by Moon 

(2020), stated that patients with confirmed 

COVID 19 with comorbid hypertension had 

almost 2 times the risk of experiencing 

mortality (OR= 1.95; 95% CI= 0.70 to 5.42). 

Hypertension comorbid became the most 

common comorbid among those who died 

with 58.3% having hypertension. The elder-

ly in care facilities or inpatients with co-

morbid diseases should receive more atten-

tion and be considered for preventive 

quarantine karantina. 

A similar study on the effect of co-

morbid hypertension factors on the morta-

lity of patients with confirmed COVID-19 

was conducted by Sulistyowati (2021), who 

stated that patients with confirmed COVID-

19 with comorbid hypertension had a 2.44 

times risk of mortality compared to those 

without comorbid/ non-hypertensive co-

morbid and statistically significant (OR= 

2.43; 95% CI=1.00 to 5.88; p= 0.043).  

Hypertension comorbidity is the most 

common comorbid compared to other co-

morbidities in confirmed COVID-19 

patients. So this needs special attention 

because comorbid hypertension is also a 

risk factor for other diseases such as cardio-

vascular, stroke, and kidney failure. Like-

wise with Sitorus (2021), the results showed 

that COVID-19 patients who died in hos-

pital had symptoms of dyspnea and had a 

history of contact with confirmed COVID-

19 positive patients. Patients who have 

comorbidities have a greater risk of death 

than patients who do not have comorbi-

dities. 

Windiyaningsih (2021), in his study 

stated that the comorbid hypertension was 

the most common comorbid in the death of 

patients with confirmed COVID-19 at 35% 

compared to other comorbidities. Comor-

bid hypertension is also a risk factor for 

death of COVID-19 patients by 2.67 times 

compared to other comorbidities (OR= 

2.67; 95% CI= 1.04-0.85; p= 0.038). Pati-

ents with hypertension tend to have an 

increased inflammatory index, tissue hypo-

xia, and cellular immune injury. (C-Reac-

tive Protein) CRP and blood sedimentation 

rates increase and the differentiation group 

of CD4 + and CD8 + cells will decrease 

significantly in patients with hypertension, 

Ciardullo (2020), in his study stated that 

the most common comorbid conditions in 

patients with confirmed COVID-19 is 

hypertension as much as 64.8%. And can 

increase the risk of death in patients with 

confirmed COVID-19. 

This study is not in line with Palaio-

dimos (2020) which found that comorbid 

hypertension was not a risk factor for death 

in confirmed patient mortality at a New 

York hospital, US but was not statistically 

significant (OR= 0.93; 95% CI= 0.44 –1.98; 

p= 0.853). Another study conducted by Jun 

(2020) also stated that hypertension was 

not a mortality factor for COVID-19 pati-

ents (aOR= 0.81; 95% CI= 0.648 to 1.00; 

p= 0.051).  

In one of the primary studies, namely 

by Pettit (2020), showed that aOR in co-

morbid hypertension reduced 0.3 times 

mortality in patients with confirmed 

COVID-19. These results do not support the 

theory that comorbid hypertension will 

increase the risk of mortality in patients 

with confirmed COVID-19. A similar study 

was also conducted by Magleby (2020) in 

New York, USA. The results showed that 
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comorbid hypertension could reduce mor-

tality in patients with confirmed COVID-19 

by 0.74 times, but it has not been proven to 

be statistically significant (aOR= 0.74; 95% 

CI= 0.41 to -1.33; p=0.310). 

In a systematic review by Willim 

(2020), stated that patients with comorbid 

hypertension have a higher risk of experi-

encing more severe manifestations if 

infected with COVID-19 because it is 

thought to be associated with increased 

ACE2 expression in this group compared to 

patients without comorbid hypertension. 

Hypertension in COVID-19 patients can 

also trigger cardiovascular complications 

such as acute heart failure, myocardial inju-

ry, myocarditis, acute myocardial infarc-

tion, thromboembolism, and arrhythmias. 

ACE is an enzyme that plays a role in 

catalyzing the conversion of angiotensin I 

to angiotensin II which plays a role in vaso-

constriction and increasing blood pressure. 

ACE2 functions as a functional coronavirus 

receptor that can bind to the viral surface 

spike protein directly. SARS-CoV-2 enters 

host cells via the ACE2 receptor which is 

abundant in the lungs (especially in type II 

alveolar cells). ACE2 is also abundant in the 

heart. In addition, ACE2 is also found in 

intestinal epithelium, vascular endothe-

lium, and kidney; this is the basis for the 

mechanism of multiorgan dysfunction that 

can occur in SARS-CoV-2 infection 

(Clerkin, 2020).  

Patients with comorbid hypertension 

are more susceptible to infection with 

SARS-CoV-2 and may experience more 

severe clinical manifestations thought to be 

associated with increased ACE2 expression 

in this group than patients without 

comorbid hypertension (Chen, 2020). 

Another study conducted by Costa 

suggested that patients with cardiovascular 

comorbidities such as hypertension and 

coronary heart disease (CHD) are more at 

risk for more severe manifestations if 

infected with SARS-CoV-2 and contribute 

to the majority of deaths in COVID-19. This 

is thought to be due to higher ACE2 

expression in patients with cardiovascular 

disease (Costa, 2020). Continuously high 

blood pressure causes damage to the arte-

rial system slowly. These arteries harden 

caused by fatty deposits on the walls, 

thereby narrowing the lumen contained in 

the blood vessels causing CHD. Increased 

systemic blood pressure due to hyperten-

sion increases resistance to pumping blood 

from the left ventricle, so that the workload 

of the heart increases (Marliani, 2013). This 

will further worsen the situation for 

patients with confirmed COVID-19. 

Coronavirus infection attacks the 

respiratory tract, namely the lungs and then 

damages the heart, so someone who has 

cardiovascular disease and hypertension is 

more at risk of infection and death. Corona 

virus infection appears to be more severe 

than other viruses because it causes 

damage to the heart muscle which is 

detected by measuring the Troponin 

protein in the blood and can cause heart 

injuries such as pericarditis (inflammation 

of the lining of the heart) and myocarditis 

(inflammation of the heart muscle) (Ilpaj, 

2020). 
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