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Abstract: Although many studies were conducted worldwide on the effect of angiotensin 

converting enzyme inhibition on the morbidity and mortality of the patients with COVID-19, these 

studies have varied in their conclusions due to differences in populations, races, and ethnicity. This 

work aimed to study the effect of different antihypertensive drugs on the serum level of angiotensin-

converting enzyme-2 in severely infected COVID-19 patients with hypertension. This study was 

conducted in Al-Nahrain University/College of Medicine/Chemistry and Biochemistry Department 

and Al-Mustansyria University /College of Medicine / Department of Medicine, Baghdad, Iraq. The 

study included 50 patients with confirmed severe COVID-19 infection: 25 COVID-19 patients with 

hypertension administered to the hospital, and 25 COVID-19 patients without hypertension 

administered to the hospital during the period from January, 2022 to September, 2022. The 

hypertensive patients were on angiotensin-converting enzyme (ACE) inhibitors or angiotensin 

receptor blockers (ARBs) or Calcium-channel blockers or beta blockers prior to COVID-19 infection. 

The median level of angiotensin converting enzyme-2 (ACE2) in hypertensive patients was 

3.22ng/ml (range 1.34-6.89 ng/ml) compared with0.89 ng/ml (range 0.22-1.35 ng/ml) in non-

hypertensive group, with a highly significant difference. The study also showed a significantly 

higher level of serum ACE2 in patients on ACE inhibitors (median= 4.85 ng/ml, range= 3.22-6.89 

ng/ml) than either of hypertensive patients taking ARBs (median= 2.56 ng/ml, range= 2.27-4.34 

ng/ml) or those on Ca-channel blockers (median= 2.43 ng/ml, range= 1.34-4.39 ng/ml) with 

significant differences. It was also observed that patients on ARBs displayed the lowest 

concentration of D-dimer. This study showed that the use of antihypertensive drugs (ACE inhibitors 

or ARBs or Ca-channel blockers) prior to the infection with COVID-19 was not associated with the 

severity of disease and therefore, should not be discontinued during the course of infection. 
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1. Introduction 

Angiotensin-converting enzyme (ACE) is a zinc metallopeptidase that converts the 

weak vasoconstrictor angiotensin I (Ang I) into the more potent vasoconstrictor 

angiotensin II. It is an essential element of the renin-angiotensin system (RAS) (Ang II).  

Angiotensin-converting enzyme (ACE) is a crucial target for hypertension control, and 

ACE inhibitors, as the primary treatment for high blood pressure, have shown the most 

significant effect among cardiovascular agents. Numerous studies indicate that SARS-CoV 

and SARS-CoV-2 utilise ACE2 as an essential cellular receptor for facilitating infection. 
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SARS-CoV-2 and SARS-CoV exhibit 79 percent nucleotide sequence similarity. (Wang et 

al., 2020).  

Computer modelling and biophysical analysis indicate that the receptor-binding 

domain (RBD) of the spike glycoprotein is nearly identical in both SARS-CoV-2 and SARS-

CoV; however, the binding affinity between ACE2 and RBD is markedly higher for SARS-

CoV-2 (Li, 2016; Gui et al., 2017). The TMPRSS2 protease facilitates the receptor binding 

triggered by the viral spike protein (Hoffmann et al., 2020). The spike protein attaches to 

the ACE2 extracellular domain, resulting in the endocytosis of the complex via clathrin. 

(Hoffmann et al., 2020; Turner et al., 2004; Chen et al., 2020). 

Surprisingly, individuals with hypertension or coronary artery disease, as well as 

those with diabetes or other concomitant diseases, had a better outcome (Buhl et al., 2014; 

Svenningsen et al., 2017; Zheng et al., 2016). Viruses enter the host cell and release viral 

RNA, which is subsequently replicated using the host cell's machinery to make infectious 

virion, which is finally discharged by exocytosis. Furthermore, SARS-CoV-2 impacts ACE2 

expression and presentation in addition to creating infectious virion through its replication 

and infection mechanisms. Internalization of receptors reduces the availability of these 

receptors for cell surface binding. Angiotensin II (ACE2) is a protein that degrades 

angiotensin I into angiotensin (1-7) peptides, resulting in reduced blood pressure and 

vasodilation. The absence of antagonism between ACE/angiotensin II and ACE2 is 

disrupted by ACE2 downregulation; nevertheless, because there is no antagonism in the 

RAAS, angiotensin II activity is increased (1-7) (Patel et al., 2016).  Understanding the 

biological repercussions of angiotensin II cleavage as a result of ACE2 is required in order 

to comprehend the relevance of angiotensin II cleavage as a result of ACE2. Angiotensin II 

is a well-known vasoconstrictor that increases the production of the hormone aldosterone. 

Interstitial fibrosis, heart dysfunction and hypertrophy, endothelial dysfunction, obesity-

related hypertension, elevated inflammation, oxidative stress, and blood coagulation have 

all been linked to angiotensin II, according to various studies (Zhang et al., 2020; Patel et 

al., 2016; Turner et al., 2004). Furthermore, angiotensin II increases pulmonary vascular 

permeability when it binds to AT1R, resulting in increased hydrostatic pressure and, 

eventually, pulmonary edema (Cha et al., 2018). Under the effect of angiotensin II, 

Inflammatory lesions in the tracheobronchial tree are increased when ACE2 receptors are 

downregulated (alveolar wall thickening, inflammatory cell infiltrates, hemorrhage, 

edema), according to a few experimental investigations of lung damage (Kuba et al., 2005; 

Hung et al., 2016; Lin et al., 2018). 

The relevance of RAAS activation in COVID-19 as a cause of pulmonary edema is 

yet unknown (Alifano et al., 2020). To determine if the downregulation of ACE2 is a result 

of COVID-19 infection, a number of clinical findings are required. According to some 

research, enhanced ACE2 activity may provide COVID-19 protection through anti-

inflammatory actions associated with activation of the ACE2/Angiotensin 1-7/Mas axis, 

which may contribute to improved lung function (Brojakowska et al., 2020). 

As a result, in COVID-19, the advantages of ACE inhibitors or ARBs may exceed the 

dangers (Brojakowska et al., 2020; Ocaranza et al., 2020). Despite this, due to variances in 

population, ethnicity, and race, the results of anti-hypertensive medication in COVID-19 

patients have not been conclusive in recent research. The goal of this study was to see how 

different antihypertensive medicines affected the blood level of angiotensin-converting 

enzyme-2 in COVID-19 patients with hypertension who were badly infected. 

2. Materials and Methods 

Study design 

This is a case-control study conducted at the Department of Chemistry and 

Biochemistry, College of Medicine, Al-Nahrain University. The Ethical Committee of Al-

Nahrain University's College of Medicine authorised the study process. Fifty Iraqi patients 
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with severe COVID-19 infections confirmed by PCR were hospitalised at Al-Yarmouk 

Hospital and Dar Al Salam Field Hospital 1. Blood samples were collected from all patients 

following their consent, immediately upon hospitalisation and prior to the administration 

of any medication. The study was conducted from December 1, 2022, to March 9, 2022. All 

participants are over 18 and under 80 years of age.   

The patients were divided into two groups: 

1. Group I: n=25 severe COVID-19 patients with hypertension administered to the 

hospital that are taking stable dose of current anti-hypertensive medications for at least 

4 weeks before their entry to the study. 

2. Group Ⅱ: n=25 severe COVID-19 patients without hypertension (as control group) 

administered to the hospital. 

Exclusion criteria: 

COVID-19 patients that have other diseases prior to contracting the virus: liver 

disease, renal failure, cancer. 

Blood sample collection and storage: 

Approximately 5ml of venous blood samples were collected from all subjects. The 

blood was allowed to coagulate at room temperature for 15 minutes, after which serum 

was separated using centrifugation at 3000 rpm for 10 minutes. The serum Human ACE2 

measurement was conducted using the Elisa Human Reader obtained from Elabscience 

Company, USA. Additional tests conducted are C-reactive protein (CRP), ferritin, total 

lactate dehydrogenase (LDH), and D-dimer assays. 

Statistical Analysis 

       All statistical analyses were conducted utilising SPSS software version 25.0 

(SPSS, Chicago). Continuous data underwent a normality assessment using the Shapiro-

Wilk test. Data exhibiting a normal distribution were expressed as mean±SD and analysed 

using either the Student's t-test (for comparisons between two groups) or analysis of 

variance (ANOVA) followed by least significant difference (LSD) for post hoc pairwise 

comparisons (for more than two groups). Non-normally distributed data were presented 

as median and range and analysed using the Mann-Whitney U test (for two groups) or the 

Kruskal-Wallis test (for more than two groups). Categorical variables were presented as 

counts and percentages and analysed using the Chi-square test. A p-value below 0.05 was 

deemed to signify a statistically significant difference. 

3. Results 

      Hypertensive and non-hypertensive patients had a comparable age (59.12±9.62 years 

and 62.44±10.96 years, respectively) with no significant difference. Males made up the bulk 

of the patients (64%) in both groups with no significant difference.  The concentration of 

inflammatory parameters and ACE2 were found to be non-normally distributed. Thus, 

they were expressed as median and range, and analyzed with Mann Whitney U test. The 

median concentration of ACE2 in hypertensive patients was 3.22 ng/ml (range 1.34-6.89 

ng/ml) compared with 0.89 ng/ml (range 0.22-1.35 ng/ml) in non-hypertensive group, with 

a highly significant difference. Furthermore, hypertensive patients had significantly higher 

concentration of D-dimer (median= 0.63μg/ml, range= 0.18-9.8 μg/ml) than non-

hypertensive patients (median= 0.4 μg/ml, range= 0.16-6.6 μg/ml). Although LDH, CRP 

and ferritin concentrations were higher in hypertensive than non-hypertensive patients, 

the differences were non-significant (Table 1).  

Table 1: The association of hypertension with COVID-19 Inflammatory 

parameters in severe cases 

Variables Without hypertension 

(n=25) 

With hypertension 

(n=25) 

p-value 
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Age, years  

 Mean± SD 

 Range 

 

62.44±10.96 

39-79 

 

59.12±9.62 

36-73 

 

0.261⸸ 

Gender 

 Male 

 Female 

 

16(64%) 

9(36%) 

 

16(64%) 

9(36%) 

 

1.00‡ 

ACE2, ng/ml 

 Median 

 Range  

 

0.89 

0.22-1.35 

 

3.22 

1.34-6.89 

 

<0.001⁑ 

D-dimer, μg/ml 

 Median 

 Range 

 

0.4 

0.16-6.6 

 

0.63 

0.18-9.8 

 

0.040⁑ 

LDH, U/L 

 Median 

 Range  

 

395 

129.8-950 

 

548.2 

242-1478.7 

 

0.093⁑ 

CRP, mg/L 

 Median 

 Range 

 

78.3 

23-155.34 

 

87.81 

57.7-155 

 

0.214⁑ 

Ferritin, ng/ml 

 Median 

 Range 

 

655.34 

45.4-3897.32 

 

1200 

181.1-3306 

 

0.165⁑ 

P-value: 0.05 represents significant difference and >0.001 highly significant 

difference. 

Student t test, ‡Chi square, ⁑Mann Whitney U test 

In this study serum concentration of ACE2 was higher in patients on ACE inhibitors 

(median= 4.85 ng/ml, range= 3.22-6.89 ng/ml) than either those ARBs (median= 2.56 ng/ml, 

range= 2.27-4.34 ng/ml) or those on Ca-channel blockers (median= 2.43 ng/ml, range= 1.34-

4.39 ng/ml) with significant differences. It was also observed that patients on ARBs 

displayed the lowest concentration of D-dimer, (Table 2). 

  Table (2): Association of antihypertensive drug with COVID-19 inflammatory 

parameters in severe cases 

Variables ACE 

inhibitors 

(n=7) 

ARBs 

(n=6) 

Ca-channel blockers 

(n=6) 

Beta-blockers 

(n=6) 

p-value 

Age, years  

 Mean± SD 

 Range 

 

61.29±15.55 

39-76 

 

61.67±8.91 

51-78 

 

64.5±12.14 

51-79 

 

62.5±7.15 

50-72 

 

0.962⁕ 

Gender 

 Male 

 Female 

 

7(100%) 

0(0%) 

 

2(33.33%) 

4(66.67%) 

 

4(66.67%) 

2(33.33%) 

 

3(50%) 

3(50%) 

 

0.072‡ 

ACE2, ng/ml 

 Median 

 Range  

 

4.85a 

3.22-6.89 

 

2.56b 

2.27-4.34 

 

2.43b 

1.34-4.29 

 

3.02ab 

1.55-4.15 

 

0.022⁕⁕ 

D-dimer, μg/ml 

 Median 

 Range 

 

0.62 

0.23-7.7 

 

0.31 

0.18-7.6 

 

1.22 

0.38-2.16 

 

1.35 

0.3-9.8 

 

0.519⁕⁕ 

LDH, U/L 

 Median 

 Range  

 

490 

278-738.9 

 

495 

242-698 

 

527.5 

387-1478.7 

 

696.6 

273-1308 

 

0.625⁕⁕ 

CRP, mg/L 

 Median 

 

88.65 

 

80.7 

 

83.8 

 

79.7 

 

0.925⁕⁕ 
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 Range 65.3-123.77 63.1-144.2 57.7-123.5 65.4-155 

Ferritin, ng/ml 

 Median 

 Range 

 

425.9 

219.06-2444.71 

 

1880.85 

477.8-3306 

 

1580 

1176-1962 

 

911.93 

181.1-2745.6 

 

0.162⁕⁕ 

 

4. Discussion 

In this study there were no significant differences in the routine laboratory findings 

(CRP, Ferritin and LDH) between severely affected COVID-19 patients with or without 

hypertension; even the significant difference of D-dimer was small between the two 

groups. This may indicate that the severity of the disease in both groups wasn’t affected 

by the level of ACE2 enzyme or by the antihypertensive drugs taken by patients with 

hypertension prior to the infection. Another study found that anti-hypertensive drugs 

didn’t affect the prognosis in patients with COVID-19, but anti-inflammatory and immune 

therapies in addition to chronic antihypertensive therapy, could prevent a worse 

prognosis, and also improve the clinical outcomes in patients with hypertension with 

COVID-19 infection (Sardu et al., 2020). In this study the level of serum ACE2 enzyme in 

patients taking ACE inhibitors was significantly higher than the hypertensive patients 

taking ARBs or Ca-channel blockers or beta-blockers. Previous studies did report that the 

renin-angiotensin-aldosterone system (RAAS) inhibitors increased expression of ACE2 in 

rat models and human cells in vitro (Kreutz et al., 2020; Igase et al., 2008; Ferrario et al., 

2005). Therefore, concerns were raised about the use of ACEIs/ARBs, which have the 

potential to boost COVID-19 infectivity. A study by Galán and Jiménez-Altayó, 2020, 

showed that ACE2 is the SARS-CoV-2 receptor, a functional variation with enhanced gene 

expression linked to a larger number of membrane-bound viral binding sites, making 

carriers more vulnerable to infection (Galán and Jiménez-Altayó., 2020). 

Nonetheless, several research corroborated the beneficial effects of ACE inhibitors 

and angiotensin receptor blockers. Numerous studies have demonstrated the 

advantageous impact of ACE2 in mitigating lung injury, mediated by the activation of the 

ACE2/Ang 1-7/MAS pathway, which counteracts the harmful effects of oxidative stress 

and inflammatory reactions. (Kreutz et al., 2020; Danser et al., 2020; Kuba et al., 2005). The 

upregulation of ACE2 expression by ACE inhibitors or angiotensin receptor blockers may 

not be detrimental; rather, it could be advantageous. This study corroborates numerous 

investigations that identified no correlation between ACEIs/ARBs and clinical outcomes 

or adverse events, hence suggesting no justification for the cessation of ACEIs/ARBs 

during the COVID-19 pandemic. (Sardu et al., 2020; Wang et al., 2020; An et al., 2021). 

5. Conclusion 

This study showed that the use of antihypertensive drugs (ACE inhibitors or ARBs 

or Ca-channel blockers) prior to the COVID-19 infection is an infection caused by the virus 

COVID-19 was not associated with the severity of disease and therefore, should not be 

discontinued during the course of infection. As for the use of ACE inhibitors or ARBs in 

addition to standard medication for COVID-19 may or may not help in preventing worse 

prognosis in patients with severe COVID-19 infection and further investigation of their 

benefits during the course of the pandemic still needs extensive research. 
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