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A b s t r a c t

Introduction: The world is currently facing the pandemic of severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2). The total number of cases 
of coronavirus disease 2019 (COVID-19) is rising daily and no vaccine has 
yet been approved. While the pathophysiology behind the virus is still being 
studied, many possible several risk factors using small sample sizes have 
been found.
Material and methods: We conducted a pooled analysis using several data-
bases such as Medline, Scopus, Wangfang, Web of Science, Research Square, 
medrxiv, and Google Scholar to identify studies reporting severe and non-se-
vere groups of COVID-19 patients. The odds ratios as well as the 95% con-
fidence intervals for hypertension, diabetes, and cerebrovascular disease 
leading to severe COVID-19 were calculated using R-software.
Results: Fifty-three articles were used for our analysis and they involved 
30,935 confirmed cases of COVID-19 from several countries across the world. 
The odds ratio for severe COVID-19 in hypertensive patients, diabetics, and 
patients with a history of cerebrovascular disease was 2.58 (95% confidence 
interval (CI): 2.16–3.08, from 53 studies), 2.17 (95% CI: 1.72–2.74, from  
44 studies), and 2.63 (95% CI: 1.80–3.85, from 25 studies), respectively.
Conclusions: Our analysis confirms that patients with hypertension, diabe-
tes, or cerebrovascular disease are at a higher risk of a severe outcome of 
COVID-19. It is thus vital for physicians to identify the main risk factors for 
a severe outcome of this disease.

Key words: hypertension, diabetes, cerebrovascular disease, stroke, 
severity, COVID-19, SARS-CoV-2, coronavirus 2019, meta-analysis, pooled 
analysis.
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Introduction

In December 2019, several patients in Wuhan, 
China, were admitted with symptoms of “pneu-
monia of unknown etiology”. Over the next few 
days, the Chinese Centre for Disease Control and 
Prevention (CDC) started to investigate the pos-
sible causes of these new and strange presenta-
tions. A new virus was finally identified and found 
to belong to the family of coronavirus (CoV) which 
also included severe acute respiratory syndrome 
coronavirus (SARS-CoV), discovered in 2002, and 
the Middle East respiratory syndrome coronavirus 
(MERS-CoV) which appeared in 2012 [1–3].

The virus was called severe acute respiratory 
syndrome Coronavirus 2 (SARS-CoV-2) and the 
disease it can cause was called coronavirus dis-
ease 2019 (COVID-19) [1]. As SARS-CoV-2 con-
tinued to spread over China and over different 
countries, the World Health Organization declared 
it as a pandemic. Almost a year later, it has infect-
ed about 85,892,625 people causing 1,857,399 
deaths worldwide [1, 3, 4]. Since many countries 
have limited health care resources and intensive 
care units [3], many researchers studied early data 
to find possible risk factors that can lead to a more 
severe outcome of this virus [1, 5–13]. Analysis of 
SARS-COV-2 showed that the virus engages the 
angiotensin-converting enzyme 2 (ACE2) as a re-
ceptor to penetrate human cells [14]. The enzyme 
is present in multiple systems including the car-
diovascular system. Diabetics have marked hy-
perglycemia which leads to inflammatory as well 
as coagulation imbalance [15], which potentiates 
the replication of the virus [16]. Hypertension and 

diabetes are also the two most important risk fac-
tors among patients with cerebrovascular disease. 
COVID-19 offers hypercoagulable and possible 
hypoxic states in some patients which could lead 
to more severe outcomes in patients with a prior 
history of cerebrovascular disease [17]. The se-
verity of these three risk factors for the progress 
of COVID-19 patients was tested and confirmed 
using limited population groups during the first  
4 months of the pandemic [12, 18, 19]. We hereby 
sought to expand and strengthen the understand-
ing and risks using a larger population sample via 
a pooled analysis.

Material and methods

We used the guidelines set up by Preferred 
Reporting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) to conduct a meta-analysis 
[20] (Figure 1). Our search team consisted of two 
groups. Each group first independently searched 
Medline, Scopus, Wangfang database, Web of Sci-
ence, Research Square, medrxiv, and Google Schol-
ar databases using the keywords “COVID-19”, 
“coronavirus 2019”, “2019-nCoV”, “SARS-CoV-2”, 
“hypertension”, “diabetes”, “diabetes mellitus”, 
“cerebrovascular disease”, and “stroke”. Articles 
published between 1st December 2019 and 15th 
October 2020 were included in our selection. We 
were able to evaluate studies published in English, 
French, Chinese, and Spanish. 

Studies needed to report two groups: one se-
vere and one non-severe. Based on previous stud-
ies [7, 12, 19, 21–26] and since there are multiple 
guideline protocols in different countries, severity 

Figure 1. PRISMA flow-diagram
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was defined depending on either clinical presen-
tation during their hospitalizations and laboratory 
findings [27–30], admission in intensive care unit 
[31], use of mechanical ventilation [32] or patients 
ranked using radiological findings [33]. The stud-
ies also had to include at least one of the three 
risk factors being studied by our team. We exclud-
ed studies that did not provide the raw table of 
data, case series, and case reports, meta-analyses 
and also had a very small sample size (n < 10). 

The articles that met the initial search criteria 
were further assessed by their abstracts and full 
texts. Each researcher presented his/her search 
results and discussed it with his/her group [22, 
34, 35]. Eventually, each group made its own list 
and discussed together with the team to draft 
a final inclusion list. Disagreements were resolved 
by a consensus from all the researchers involved.

Statistical analysis

Statistical analysis was performed using R soft-
ware (version 4.0.3) (https://www.r-project.org/). 
We used the meta-package to study our data and 
a forest plot was also extrapolated [36]. The het-
erogeneity of our study was assessed via Higgins’s 
I2 test [37]. The fixed-effect model was applied if 
the I2 was less than 50% and, the random-effect 
model was used for I2 greater or equal to 50% for 
our study. The study was conducted in compliance 
with the Declaration of Helsinki and no ethical ap-
proval was required [38].

Results

Our initial search yielded 12,903 studies. They 
were first filtered off based on the title and ab-
stract. Finally, 592 articles were reviewed for their 
full texts. We initially chose 77 studies and finally 
after careful evaluation and further discussions, 
53 articles that matched our criteria of selection 
for hypertension [14, 27, 28, 30, 32, 33, 39–85], 
44 articles that compared the presence of diabe-
tes [27, 28, 30, 32, 33, 39–50, 52–56, 58–61, 63, 
64, 66-69, 71–76, 80, 81, 83–85], and 25 articles 
that reported the risk of patients with a prior cere-
brovascular disease with a severe and non-severe 
outcome [27, 28, 33, 40, 44-47, 53, 55, 58–61, 64, 
66, 69, 71, 73–75, 80–83] were retained for our 
analysis. 

Hypertension

A  total of 7,031 patients formed the severe 
group and 23,904 patients formed the non-severe 
group in our selection. 2,514 severe patients also 
had a history of hypertension while 3,537 patients 
in the non-severe group had hypertension. The 
odds ratio for a hypertensive patient to have a se-
vere outcome of COVID-19 was 2.58 (95% confi-

dence interval (CI): 2.16–3.08, heterogeneity: I2 = 
80%, p < 0.01) (Figure 2).

Diabetes

Our analysis found 6,327 severe cases and 
22,071 non-severe cases amongst which 1,622 
and 2,548 had a history of diabetes, respectively 
with an odds ratio of 2.17 (95% CI: 1.72-2.74, het-
erogeneity: I2 = 81%, p < 0.01) (Figure 3).

Cerebrovascular disease

Three hundred and seventy-three patients with 
a  history of cerebrovascular disease developed 
a  severe outcome of COVID-19 out of the 4,361 
severe cases reported in total, compared to 481 of 
the 12,809 non-severe cases. Their odds ratio was 
estimated at 2.63 (95% CI: 1.80–3.85, heterogene-
ity: I2 = 63%, p < 0.01) (Figure 4).

Discussion 

Our study provides an update on the impact of 
hypertension, diabetes, and cerebrovascular dis-
ease on the severity of COVID-19. It is one of the 
largest pooled analyses, to our knowledge, that in-
cludes these three risk factors. We used 53 studies 
that covered 30,935 confirmed cases of COVID-19 
from several countries, classified as severe and 
non-severe ones. 

The findings closely confirm early studies such 
as the study involving 2,552 patients conducted 
by Lippi et al. who found that the risk of severe 
COVID-19 is increased by almost 2.5 with a his-
tory of hypertension [12] while Del Sole et al. re-
ported values of 2.24 among 2,794 patients [25]. 
Similar higher risks have been previously linked 
among patients with diabetes and cerebrovas-
cular diseases. Aggarwal et al. studied previous-
ly published reports totaling 2,564 patients and 
found that the odds ratio of severity among di-
abetes was 2.60 (95% CI: 1.96–3.45) [7]. Their 
team also published another early pooled analysis 
involving four studies and reported that patients 
with a prior history of cerebrovascular disease are 
at 2.5 higher risk of ending with a  more severe 
outcome of COVID-19 [19].

While the increased risks of severity in patients 
with hypertension, diabetes, and cerebrovascular 
disease can now be statistically established, there 
are multiple theories and possible pathways con-
cerning their pathophysiology. Huang et al. sug-
gested that there may be an imbalance of various 
inflammatory cytokines in COVID-19 which may 
be more severe in hypertensive patients. Higher 
levels of multiple factors such as IL-6, IL-7, and 
granulocyte-macrophage colony-stimulating fac-
tor, and tumor necrosis factor α have also been 
reported to be involved in the various pathophys-

https://www.r-project.org/


Hypertension, diabetes mellitus, and cerebrovascular disease predispose to a more severe outcome of COVID-19  

Arch Med Sci Atheroscler Dis 2021 e33

Figure 2. Hypertension and severity of COVID-19
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Figure 3. Diabetes and severity of COVID-19

Al Kuwari MH  5.52 

Bhargava A  2.20 

Buckner FS  1.00

Cai OX  3.68 

Cao ZH  2.08 

Chen X  2.45 

Chen QQ  2.64 

Colaneri M  0.22 

El Aidaoui K  4.26 

Gao Y  18.00 

Hu L  1.74 

Huang HH  2.22 

Huang R  8.15 

Ji WJ  6.05 

Lee JY  3.36 

Li KH  47.43 

Li Q  2.61 

Li T  1.64 

Liu D  1.80 

Liu SQ  1.21 

Mao L  1.52 

Matsunaga N  2.25 

Peng YD  1.24 

Popov GT  1.65 

Qin C  1.49 

Schalekamp S  1.33 

Shabrawishi M  2.58 

Shahriarirad R  2.57 

Shi Y  3.15 

Wan S  0.77 

Wang B  1.38 

Wang W  1.42 

Wang YP  2.27 

Wei YP  3.47 

Ye CY  2.49 

Yu CZ  1.91 

Yu X  2.94 

Zhang GQ  1.47 

Zhang JJ  1.30 

Zhao W  1.47 

Zhao XY  1.02 

Zheng F  1.80

Zheng SF  3.28 

Zhu Z  0.29 

Random effects model  2.17  

 [3.59; 8.50] 3.5 

 [1.21; 4.00] 3.1 

 [0.44; 2.25] 2.7 

 [1.38; 9.79] 2.3 

 [0.39; 11.10] 1.3 

 [0.94; 6.37] 2.4 

 [0.86; 8.05] 2.1 

 [0.02; 2.00] 0.9 

 [1.54; 11.77] 2.2 

 [1.90; 170.34] 0.8 

 [0.85; 3.54] 2.9 

 [0.41; 12.09] 1.3 

 [2.84; 23.34] 2.2 

 [5.25; 6.99] 3.9 

 [2.06; 5.50] 3.4 

 [2.58; 870.76] 0.5 

 [0.91; 7.52] 2.2 

 [1.02; 2.65] 3.4 

 [1.42; 2.28] 3.8 

 [0.74; 1.97] 3.4 

 [0.70; 3.30] 2.7 

 [1.80; 2.82] 3.8 

 [0.54; 2.83] 2.6 

 [0.49; 5.54] 1.9 

 [0.87; 2.55] 3.3 

 [0.78; 2.28] 3.3 

 [0.89; 7.51] 2.1 

 [0.60; 10.93] 1.5 

 [1.27; 7.81] 2.5 

 [0.20; 3.03] 1.7 

 [0.46; 4.19] 2.1 

 [0.63; 3.23] 2.6 

 [0.76; 6.80] 2.1 

 [0.70; 17.29] 1.4 

 [1.45; 4.30] 3.2 

 [1.44; 2.53] 3.7 

 [1.01; 8.52] 2.2 

 [0.57; 3.81] 2.4 

 [0.47; 3.59] 2.2 

 [0.25; 8.73] 1.2 

 [0.09; 11.69] 0.7 

 [0.33; 9.76] 1.3 

 [0.40; 27.17] 0.9 

 [0.02; 5.24] 0.6 

 [1.72; 2.74] 100.0

 0.01 0.1 1 10 100

Study OR Odds ratio 95% CI (random)  Weight (%)

Heterogeneity I2 = 81%, 
t2 = 0.3521, p < 0.01



Hypertension, diabetes mellitus, and cerebrovascular disease predispose to a more severe outcome of COVID-19  

Arch Med Sci Atheroscler Dis 2021 e35

iologic pathways of hypertension. Their presence 
in COVID-19 patients can thus trigger a  more 
severe outcome and also increase the risk of cy-
tokine storms [14, 86, 87]. The possible link be-
tween the Renin-Angiotensin-Aldosterone System 
and COVID-19 has also been suggested [88]. The 
SARS-CoV-2 has an S spike protein (S-protein) that 
can bind to ACE2 receptors [89]. This allows the 
virus to enter the host cells. The viral and recep-
tor complex is then endocytosed. This eventual-
ly leads to a  lower number of the receptors and 
a higher level of Angiotensin II [90].

Several very similar pathways have also been 
hypothesized for diabetic patients. The higher lev-
els of multiple pro-inflammatory conditions and 
the often co-accompanying obesity with diabetes 
can both lead to a  more severe progression of 
COVID-19 [7, 91]. A  study by Barron et al. found 
that there was also a  higher risk of mortality in 
both type 1 and type 2 diabetics who were diag-
nosed with COVID-19 [92]. In their analysis, Wang 
et al. hypothesized that since the surfactant pro-
duction and the vascular beds in diabetics are of-
ten affected, they typically have a poor pulmonary 
function [93]. They also hypothesized that the high 
sugar level and lower insulin level can affect mul-

tiple innate immune responses that can lead to an 
impaired function of cells responsible for improv-
ing an immune protection in the alveoli and impact 
the proper formation of Th1 and Th2 cells. These 
make diabetics more prone to multiple pulmonary 
infections as they will have a slower and weaker re-
sponse to combat them [93–101]. Further research 
should also be encouraged from hospitals to pub-
lish data on diabetics having different anti-diabetic 
treatments so that the relationship between anti- 
diabetic treatments and severity of COVID-19 can 
also be explored in the future [102]. During the 
pre-COVID-19 era, several patient groups were also 
associated with higher risks and worse outcome 
of diabetic ketoacidosis [103]. Research comparing 
changes in severity and mortality in those specific 
patient groups can also help physicians prioritize 
their resources for a better clinical outcome.

The higher risks of severe COVID-19 in patients 
with a  history of cerebrovascular disease have 
been linked with several possible pathophysiolog-
ical pathways. Most stroke patients have underly-
ing conditions such as diabetes and hypertension. 
They are also chronically using multiple drugs that 
can lead to multiple pathways in the pathogenesis 
of SARS-CoV-2. Several cases of new onset of stroke 

Figure 4. Cerebrovascular disease and severity of COVID-19
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have also been reported in COVID-19 patients. 
A study by Merkler et al. found that COVID-19 had 
a 7.6 times higher risk of causing a new stroke than 
an influenza infection [104]. Fifi et al. warned that 
there are many new cases of stroke in young pa-
tients who initially presented with mild respiratory 
symptoms [105]. As COVID-19 is associated with 
multiple laboratory changes that can predispose 
previous and new patients with cerebrovascular 
insults, physicians need to be on the watch-out for 
neurological changes and symptoms [106–108].

Since COVID-19 is a new disease, the progress 
in understanding the impact and risk factors, as 
well as changes in management protocols of at-
risk patients, have been done in a  step-by-step 
manner based on findings from multiple cellular 
studies and pooled analyses. Initially, there were 
several arguments for and against the continued 
use of ACEI and ARBs among hypertensive pa-
tients, diabetics and also patients with a history 
of cerebrovascular disease [109, 110]. Both the 
European Society of Hypertension and the Ameri-
can Heart Association advised that these medica-
tions should not be discontinued as the benefits 
outweigh the risks [111]. Protocols involving the 
use and effects of corticosteroids among diabetics 
were also evaluated. High doses lead to a rise in 
blood glucose levels in up to 80% of diabetics who 
were COVID-19 positive and were associated with 
a higher mortality rate. With the higher severity 
of COVID-19, the use of anti-diabetic medications 
such as DPP4 Inhibitors and their effects are cur-
rently being studied [112–114]. While multiple 
changes have been established in the effective 
management of new cases of stroke in COVID-19 
positive patients, guidelines for COVID-19 pa-
tients with a past history of cerebrovascular dis-
ease have followed the hypertensive and the di-
abetic protocols due to their close relationship in 
the pathophysiology [115–124].

In conclusion, our study provided a fresh view 
with a larger sample size on three main risk fac-
tors that can cause COVID-19 patients to have 
a severe outcome from the disease. We strongly 
believe that these preliminary reports can help 
physicians prioritize their limited healthcare re-
sources and be prepared in advance for any severe 
outcome of the disease. 
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