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Abstract

Objectives: Coronavirus disease-2019(COVID-19) patients with comorbidities experience severe
disease. Hypertension (HTN) is one of the most common comorbidities seen in these patients. The
published reports are conflicting regarding the role of HTN and antihypertensive medication on the in-
hospital prognosis of COVID-19 patients. This study investigated the effect of HTN on the prognosis
of hospitalized COVID-19 individuals and sought to identify the risk factors for worse clinical
outcomes in this population.

Methods: This descriptive-analytical observational study was conducted on COVID-19 patients
hospitalized in two teaching hospitals (Shahid Rahnemoon and Shahid Sadoughi) in Yazd, Iran from
February 20, 2022, to April 20, 2022. All hospitalized patients with positive polymerase chain reaction
(PCR) tests for COVID-19 were included in the study. The demographic, laboratory, imaging,
pharmaceutical and clinical data were extracted and analyzed by SPSS v-26.

Results: Out of 615 participants, 243 had HTN. Hypertensive patients had significantly more need for
Intensive Care Unit (ICU) admission (P=0.001) and endotracheal intubation (P<0.001) and
experienced higher mortality (P<0.001). The length of hospital and ICU stay and duration of
endotracheal intubation were not significantly different. No antihypertensive medication was found to
impact the patient's prognosis significantly. In hypertensive individuals, the multivariate regression
analysis revealed the vaccination status (OR=0.27; Cl 95%: 0.10-0.69), a score of Computed
tomography (CT) scan involvement (OR=7.49; Cl 95%: 3.50-16.01), and neutrophil-to-lymphocyte
ratio (NLR) (OR=1.05; CI 95%: 1.00-1.11) as the predictors of need to ICU admission.

Conclusions: Hypertensive COVID-19 patients experience higher mortality and require more ICU
admission and endotracheal intubation. None of the antihypertensive drugs had a significant effect on
prognosis. The vaccination status, NLR, and the degree of lung involvement in chest imaging
predicted the need for ICU admission in this subgroup of patients.
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Introduction

fter the initial reports of the novel pneumonia
Ain December 2019 and its rapid spread

worldwide, the World Health Organization
(WHO) declared coronavirus disease-2019(COVID-
19) a pandemic in March 2020(1). It was reported
that the risk of severe disease is higher in patients
who are male, elderly, or have chronic comorbidities
(2). Hypertension (HTN) is one of the most common
cardiovascular ~ comorbidities  associated  with
COVID-19(3). Many studies revealed that the
prevalence of HTN in COVID-19 patients has varied,
with reported rates ranging from 15% to nearly 50%
(4). Several factors may contribute to the increased
severity of COVID-19 in patients with HTN,
including long-standing hypertension leading to heart
problems, higher occurrence of hypertension in older
age groups, and the potential interaction between the
virus and antihypertensive medications (5). Research
suggests that HTN causes fibrotic changes in cardiac
muscles, possibly leading to vulnerability in the face
of COVID-19(6). Having identified angiotensin-
converting enzyme (ACE)-2 as the virus entry
receptor, researchers raised their concerns about the
potential for ACE inhibitors (ACEI)/ Angiotensin
receptor blockers (ARB) to worsen the clinical
condition of COVID-19 patients(7). Research
suggests that certain drugs might increase the
expression of ACE2 in patients, potentially
worsening the severity of COVID-19. The impact of
antihypertensive drugs, especially ACEI/ARBs, on
the prognosis of COVID-19 patients has shown
inconsistent results based on available evidence (8). It
remains unclear why infection with this virus in
isolated populations with known and identical risk
factors leads to varying degrees of disease
severity(9). In recent years, conflicting reports have
been published regarding the impact of HTN on the
prognosis of hospitalized COVID-19 patients. This
study aimed to explore the effect of HTN on the
clinical outcomes and the need for ICU
hospitalization ~ in  hypertensive  individuals.
Identifying the risk factors in this group is crucial for
planning effective management and treatment
strategies for these patients.

Materials and Methods

The study is a descriptive-analytical observational
study on COVID-19 patients hospitalized in two
teaching hospitals in Yazd, Iran. The participants
were all hospitalized patients, aged at least 18 years
old, who tested positive for coronavirus using PCR
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and were hospitalized between February 20 and April
20, 2022. The data was obtained from the medical
records of hospitalized patients and included
demographic information such as age, gender,
underlying diseases, and body mass index (BMI). In
addition, the patients underwent clinical evaluation,
encompassing factors such as the need for ICU
hospitalization, length of hospital and ICU stay, need
for endotracheal intubation and its duration, and
mortality. Laboratory data, including inflammatory
parameters such as erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), and neutrophil-to-
lymphocyte ratio (NLR), were analyzed. Imaging
findings were also examined. In the imaging tests, a
single radiologist evaluated the extent of lung
involvement in patients using computed tomography
(CT) scans based on the criteria outlined by the
Fleischner Society Glossary (10). Fleischner Society
Glossary assigns a score of 0 to 5 to each lung lobe
based on the degree of parenchymal involvement.
The overall score is obtained from the sum of the
scores of the five lung lobes. We classified scores
from O to 8 as mild, 9 to 16 as moderate, and above
16 as severe involvement. A history of using
hypertensive medication was obtained from the
patients. The medications were categorized into
ACEI/ARBs, beta-blockers, calcium channel
blockers, and diuretics. We considered medication
use in the two weeks leading up to admission. We
collected data on the COVID-19 vaccination status of
the patients. Based on this information, we
categorized the patients into two groups: those with
incomplete vaccination (including patients with no
history of vaccine administration, those who received
one or two doses of the vaccine and at least six
months have passed since the second dose) and those
with complete vaccination (including patients who
have received three doses of the vaccine or those who
have received two doses and less than six months
have passed since the second dose). To achieve the
study objectives, we initially compared the two
groups: one group with no history of hypertension
and the other with hypertensive patients. We used
statistical analysis to determine the effects of primary
variables on the prognosis of hypertensive
individuals. The statistical analysis was conducted
using SPSS version 26. We presented continuous
variables as mean and standard deviation and
categorical variables were reported as numbers
(percentages). The groups were compared using an
independent t-test for continuous variables and a chi-
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square test for categorical variables. Only variables
with a P-value< 0.05 were considered significant.
Additionally, we used multivariate regression
analysis to identify predictors of worse outcomes.
This study was conducted with the permission of the
ethics committee in the research of Shahid Sadoughi
University of Medical Sciences with the ethics ID:
IR.SSU.SRH.REC.1402.021.
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Results

Out of the 615 participants, 39.5% had preexisting
hypertension (HTN). The average age of

hypertensive participants was higher than that of
patients without a history of hypertension, although
there was no significant difference between genders.
Table 1 shows the other demographic characteristics
of the patients.

Tablel. Demographics and baseline characteristics of participants

variables General Data HTH(E\(‘,/;)Z 43) Non-H'\'Ir 2‘,}(}';1_372) P-value
Age Mean+ SD 64.55+14.39 53.81+18.88 <0.001%*
Male 100(41.2) 180(48.4)
Sex Female 143(58.8) 192(51.6) 0.078*
<30 148(60.9) 277(74.5) *
BMI >30 95(39.1) 95(25.5) <0.001
DM 129(53.1) 59(15.9) <0.001*
IHD 61(25.1) 36(9.7) <0.001*
CKD 45(18.5) 32(8.6) <0.001*
- COPD 8(3.3) 18(4.8) 0.351*
Comorbidities CVA 4(1.6) 7(1.9) 0.546*
DLP 87(35.8) 56(15.1) <0.001*
Hypothyroidism 13(5.3) 27(7.3) 0.348*
Asthma 5(2.1) 9(2.4) 0.769*
COVID-19 Vaccination complete 120(49.4) 210(56.5) 0.086
status incomplete 123(50.6) 162(43.5)
Negative 60(24.7) 73(19.6)
+ 44(18.1) 82(22.0)
Laboratory Findings o o 76(31.3) 118(31.7) 0408
+++ 63(25.9) 99(26.6)
ESR 47.70+32.26 44.84+28.21 **0.247
NLR 8.22+7.42 6.50+5.50 **0.001
Imaging Result (Score Mild (0-8) 158(65.0) 281(75.5)
of lung involvement) at Moderate (9-16) 68(28.0) 76(20.4) 0.015%*
baseline Severe (17-25) 17(7.0) 15(4.0)

N: Number; SD: Standard Deviation; DM: Diabetes Mellitus; HTN: Hypertension; IHD: Ischemic
Heart Disease; DLP: Dyslipidemia; COPD: Chronic Obstructive Pulmonary Disease; CVA:
cerebral vascular accident; BMI: Body Max Index; CKD: Chronic kidney disease *: Chi-squared

test, **: Independent t-Test

Figure 1 shows the in-hospital outcomes of patients.
As illustrated, hypertensive patients had a significant
need for ICU admission and endotracheal intubation
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and experienced higher mortality. The length of
hospital and ICU stay and duration of endotracheal
intubation have shown.
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Figurel: comparison of clinical outcomes between two groups of patients with and without HTN; A: categorical
outcomes, B: numerical outcomes

Two groups of hypertensive patients, one needed ICU admission had significant differences in some
ICU hospitalization, and the other without the need primary variables: vaccination status, the existence
for ICU hospitalization were compared. According of diabetes mellitus (DM), NLR level, and the
to Table 2, hypertensive patients with the need for severity of lung involvement on CT scans.

Table2. Association between Demographic and Primary with ICU admission in hypertension Patient

ICU admission

Variable Yes No Total P-
value
Male 24(40) 76(41.5) 100(41.2)
Sex, N (%) Female 36(60) 107(58.5) 143(58.8) 0834
Age Mean£SD  62.02+20.13  65.38+11.89 243 0.116
<30 35(58.3) 113(61.7)  148(60.9)
BMI >30 25(41.7) 70(38.3)  95(39.1) 0638
" complete 9(15) 111(60.7) 120(49.4)
COVID-19 Vaccination status incomplete 51(85) 72(39.3) 123(50.6) <0.001
DM 42(70) 87(47.5) 129(53.1)  0.002
IHD 20(33.3) 41(22.4) 61(25.1)  0.090
CKD 12(20) 33(18) 45(18.5)  0.734
Comorbidity, COPD Ves 1(1.7) 7(3.8) 8(3.3) 0.416
N (%) CVA 2(3.3) 2(1.1) 4(1.6) 0.237
DLP 16(26.7) 71(38.8) 87(35.8)  0.089
Hypothyroidism 3(5) 10(5.5) 13(5.3) 0.890
Asthma 1(1.7) 4(2.2) 5(2.1) 0.806
Negative 16(26.7) 44(24) 60(24.7)
+ 5(8.3) 39(21.3) 44(18.1)
Laboratory CRP & N (%) 25(41.7) 5127.9)  76(31.3) 063
Findings +++ 14(23.3) 49(26.8) 63(25.9)
ESR Mean £ SD  48.46+£31.84  47.45+32.47 243 0.834
NLR Mean+£SD  12.96+8.92 6.66+6.14 243 <0.001
Imaging Result Mild (0-8) 12(20) 146(79.8) 158(65)
re of lun Moder -1 1(51.7 7(20.2 2
i(r?\(/:gl \?e?n ezt)gat oderate (9-16) Yes 31(51.7) 37(20.2) 68(28) <0.001
baseline Severe (17-25) 17(28.3) 0 17(7)

N: Number; SD: Standard Deviation; DM: Diabetes Mellitus; HTN: Hypertension; IHD: Ischemic Heart
Disease; DLP: Dyslipidemia; COPD: Chronic Obstructive Pulmonary Disease; CVA: cerebral vascular
accident; BMI: Body Max Index; CKD: Chronic kidney disease *: Chi-squared test, **: Independent T-Test
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The data on the categories of antihypertensive with the clinical outcomes are shown in Table 3.
drugs used by the patients and their relationship
Table 3. Relationship between the antihypertensive agent’s classification and patients’ clinical outcomes
ICU admission intubation death
Yes No p-value Yes No P- Yes No p-value
value
ﬁi’cker 5(8.3)  24(13.1) *0.321  5(12.2) 24(11.9) *0.955 6(10.2) 23(12.5)  *0.631
Beta- Yes . N X
blocker N 5(83) 23(12.6) *0.373  5(122) 23(11.4) *0.882 10(16.9) 18(9.8) 0.790
ACE/ARB (%) 23(383) 69(37.7) *0.931 17(41.5) 75(37.1) *0.602 27(45.8) 65(35.3)  *0.150
Diuretic 18(30.0) 38(20.8) *0.140 10(24.4) 46(22.8) *0.823 15(25.4) 41(22.3)  *0.618
Hospital length of stay ICU length of stay Length of intubation
Meanzt SD p-value Mean+ SD \%Iue Meanz SD p-value
Ca Yes 4.97+1.37 - 3.0+1.73 2.20£1.09 ok
blocker  No 5.9243.50 0.150 5.3343.81 0.184 2.20+2.66 <0.001
Beta- Yes 5.5042.08 o 4.20+2.28 3.802.04 s
blocker No 5.84+3.46 0.611 5.224+3.84 0.564 2.05+2.57 0.146
Yes 6.16+3.68 o 5.30+3.36 2.3042.43 o
ACE/ARB No 5.58+3.09 0.189 5.03+3.98 0.742 2.144+2.66 0.806
o Yes 6.79+5.57 . 5.61+4.28 2.2243.19 o
Diuretic g 5.5142.21 0.012 4.9343.50 0.521 2.1942.28 0.965

Performing a multivariate analysis to identify risk
factors for critical consequences using a model
consisting of primary variables with a P-value less

than 0.2.The results of the final step are presented
in Table 4.

Table 4. Relationship between Demographic and Primary variables with mortality based on multivariate logistic

regression

95% C.I. for OR
Variable P-value Odds ratio (OR) Lower Upper
DM .196 1.782 743 4274
IHD .821 1.124 .408 3.091
DLP 436 .698 .283 1.722

COVID-19 Vaccination status .007 272 .106 .695
NLR .035 1.059 1.004 1.118
CT score2 .000 7.491 3.504 16.014
CRP3+ 744 1.062 740 1.523
Age .895 1.002 973 1.031
ACE/ARB 513 1.342 .556 3.239

The table shows all the variables: -2loglikelihood= 161.31; %2 = 110.317, p<0.0001.Hosmer-Lemeshow statistics= 9.8

with df=8, p=0.279.

Discussion

The present study revealed that COVID-19 patients
with high blood pressure have a higher mortality rate
compared to those without a history of hypertension.
However, it is worth noting that a previous study of
these patients found that HTN was not an
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independent risk factor of mortality according to
multivariate regression analysis (11). There is
insufficient evidence to associate HTN with the
severity of COVID-19 and patient mortality.
However, earlier studies have reported that the rate of

Cardiovasc Biomed J 2024; 4(1): 45-53. http://cbj.ssu.ac.ir



50

HTN is significantly higher among hospitalized
patients who die (12). In a pooled analysis, Lippi et
al. demonstrated that hypertension is associated with
a 2.5 times higher risk of severe COVID-19 and
patient mortality (13). However, another study in
Italy has not identified HTN as a predictor for
mortality in COVID-19 patients (2). Similar results
were reported in other studies (14, 15). In a more
recent study, D'Elia et al. concluded in a meta-
analysis that HTN is not an independent risk factor
for mortality in COVID-19 patients (16). Contrary to
previous studies, a study on the Japanese population
revealed that preexisting hypertension is a risk factor
and a predictor for mortality (OR=1.35, 95% CI:
1.05-1.73) in COVID-19 patients (17). This current
study determined that hypertensive patients need
hospitalization in the ICU to a greater extent, and the
need for endotracheal intubation and mechanical
ventilation is more remarkable in them. However,
there was no significant difference in the length of
stay at the hospital and ICU, nor was there a
difference in the duration of endotracheal intubation.
In a retrospective and multicenter study, Xiong et al.
concluded that the likelihood of ICU admission and
mechanical ventilation is higher for hypertensive
patients (18).Another study on the Italian population
showed that HTN is one of the independent risk
factors (OR=1.31, Cl 95%: 1.03-1.66) for the need
for ICU admission (19). According to the results of
the meta-analysis of 18 studies, Qian et al. showed
that the simultaneous presence of HTN in COVID-19
patients is related to an increased need for ICU
hospitalization (RR=1.86, CI 95%: 1.13-3.07) and
mechanical ventilation (RR=2.99, CI 95%: 1.73-
5.17) (20). In the present study, hypertensive patients
had more comorbidities, as well as higher age and
BMI than the group without a history of
hypertension. These factors may have contributed to
the increased severity of the disease and worse
clinical outcomes in this group. Many studies have
revealed that the simultaneous presence of DM,
chronic kidney disease, and congestive heart failure
are associated with mortality and worse clinical
consequences in COVID-19 patients (6, 21).A
retrospective study in India has reported that old age,
along with comorbidities are independent risk factors
for mortality in COVID-19 patients. This study
introduced DM (OR=2.39, CI 95%: 2.31-2.47) as the
more dangerous risk factor, followed by
cardiovascular diseases (22). Due to the chronic
inflammatory condition, elderly patients have higher
levels of pro-inflammatory cytokines, which provides
the basis for the worsening of COVID-19 in this
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group of patients (23). As the age increases,
Immunosenescence occurs, including a progressive
decrease in the immune system function and a
decrease in the response to foreign pathogens (24).
Another study revealed that obesity not only reduces
respiratory reserve (25) but also causes an imbalance
in the body's immune system and impairs immune
response (26). A recent study spanning 142 countries
found a connection between the mortality rate among
COVID-19 patients and the prevalence of obesity.
The study revealed that in developed countries, a one
percentage point increase in the obese population is
associated with a 1.5% rise in mortality (27). Another
study indicated that medical conditions related to
obesity may exacerbate the disease. According to the
findings, patients with a BMI above 30 kg/m2 or
below 18 kg/m2 are at a higher risk of experiencing
severe clinical outcomes. The researchers concluded
that although obesity is associated with worse clinical
outcomes in COVID-19 patients, mortality in these
patients is primarily caused by obesity-related health
conditions such as diabetes and hypertension rather
than obesity itself (28).

The current study's findings indicate that the specific
antihypertensive drug used by patients with HTN did
not significantly impact their clinical outcomes.
These results align with Xiong et al.'s study, which
involved 472 patients. They found no association
between the type of hypertensive agents and patients'
clinical results. The study's stepwise regression
analysis  demonstrated that none of the
antihypertensive drugs predicted worse participant
outcomes (29). Contrary to these findings, a recent
meta-analysis indicated that continued use of
hypertensive drugs was associated with a decrease in
mortality in COVID-19 patients (30). It implies that
ACEI/ARBs may worsen COVID-19 by increasing
the expression of ACE2, which the new coronavirus
uses to enter the cells. However, it should be noted
that ACE2 can break down angiotensin Il, a
substance with inflammatory and vasoconstrictive
effects (31).The present study demonstrated that
using these drugs to control blood pressure in
hypertensive patients did not result in an increased
risk of mortality, ICU admission, or the need for
mechanical ventilation. Multiple studies have
investigated the impact of ACEI/ARB on the clinical
outcomes of COVID-19 patients, but the findings
have been inconsistent. A recent meta-analysis of
COVID-19 patients showed that continued use of
these drugs did not increase the need for
hospitalization in the ICU and mechanical
ventilation. The study concluded that in severe
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COVID-19, the initiation of the new renin-
angiotensin-aldosterone system (RAS) blockers was
associated with an increased risk of death (32). The
results of another study indicate that while these
drugs reduced the length of hospitalization, they did
not decrease in-hospital mortality (33). The study by
Liu et al. showed that using these drugs has reduced
the duration of ICU hospitalization, the need for
mechanical ventilation, and the mortality of patients
(34). Currently, the evidence is not in favor of
discontinuing these drugs in hypertensive patients,
and it may even lead to an increase in the risk of
complications caused by concomitant diseases.
Therefore, it is recommended that treatment with
these drugs continue (35). Statistical analysis in
hypertensive patients revealed that patients with a
higher need for ICU admission in this subgroup
tended to have incomplete vaccination status, DM,
higher NLR, and more lung involvement in chest CT
scans. In the multivariate regression analysis
conducted in hypertensive patients, wvaccination
status, lung involvement in chest CT scans, and NLR
were identified as predictors of the need for
hospitalization in the ICU. It is essential to carefully
assess these factors in hypertensive patients at the
onset of COVID-19 hospitalization to identify those
at high risk for ICU admission and severe outcomes.
It will enable medical staff to provide these patients
with attention and care. Attention should be paid to
preventive measures, focusing on COVID-19
vaccination for patients with hypertension. Our study
revealed that 85% of hypertensive patients who
needed ICU hospitalization were not fully vaccinated.
Similar findings have been reported in other studies.
A study conducted in India demonstrated a 70%
decrease in mortality among hospitalized patients
who were fully vaccinated (36NLR has been used as
a predictive mortality index in many diseases(37). In
severe cases of COVID-19, the excessive
inflammatory response causes changes in the count
of peripheral blood cells, resulting in an increase in
neutrophils and a decrease in lymphocytes (38).
Various studies have investigated the role of the NLR
on the prognosis of COVID-19 patients. The studies
reported that a higher index at the time of admission
is associated with higher mortality and worse clinical
outcomes(39).The meta-analysis by Sarkar et al.
revealed that patients with severe COVID-19 had
significantly higher NLR levels than those with
milder disease (40). There are some limitations to our
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study. Firstly, we only included patients with a
positive PCR test, which may have ended in
excluding some patients due to the false negative
results of this diagnostic test. Secondly, our
evaluation was limited to the patient's hospitalization
period, so we had no information about them after
discharge. Lastly, our study only involved patients
from two inpatient centers, and it lasted two months
to collect data. It is recommended to conduct more
studies with a larger number of participants over a
long period to achieve more generalizability.

Conclusion

Hypertensive COVID-19 patients have a higher
mortality rate and are more likely to require ICU
admission and endotracheal intubation. Factors
such as vaccination status, NLR (neutrophil-to-
lymphocyte ratio), and the severity of lung damage
seen in chest imaging can help predict the need for
ICU admission in these patients.
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