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Purpose: This study aimed to investigate the correlation of plasma soluble angiotensin-converting enzyme 2, sACE2, and several 
inflammatory markers in COVID-19 patients requiring hospitalization with hypertension. Additionally, we analyzed the effects of 
renin-angiotensin-aldosterone-system, RAAS, inhibitors on the levels of sACE2 and inflammatory marker levels in patients with 
COVID-19.
Patients and Methods: This cross-sectional study involved patients with COVID-19 who required hospitalization on a stable dose 
of antihypertensive drugs. The study included three hospitals in Jakarta and Tangerang, Indonesia, between December 2020 and 
June 2021. We classified eligible subjects into two groups: patients with COVID-19 treated with antihypertensive RAAS inhibitors or 
non-RAAS inhibitors.
Results: We found no correlation between sACE2 and all the inflammatory and coagulation markers studied (high-sensitivity 
C-reactive protein, IL-6, IL-10, IL6/IL10, tumor necrosis factor-α, neutrophil-to-lymphocyte ratio, and D-dimer) in COVID-19 
patients with hypertension. Further analysis showed lower sACE2 concentrations and IL-6/IL-10 ratio in patients treated with 
RAAS inhibitors vs those treated with non-RAAS inhibitors.
Conclusion: We found no correlation between ACE2 and inflammatory markers. Using RAAS inhibitors resulted in a lower sACE2 
and IL-6/IL-10 ratio. The type of antihypertensive treatments has a neutral effect on disease severity and outcome in COVID-19 
patients with hypertension. However, to firmly-established these effects, our findings should be confirmed in a much larger population.
Keywords: antihypertensive drugs, cytokines, interleukins, neutrophil-to-lymphocyte ratio, renin-angiotensin-aldosterone system 
inhibitors

Introduction
The coronavirus disease 2019 (COVID-19) outbreak, caused by SARS-CoV-2, has infected more than 560 million people 
worldwide.1 People with comorbidities such as hypertension, diabetes mellitus (DM), chronic kidney diseases, or any other 
significant illnesses are at greater risk of COVID-19 and have been linked to a more severe illness.2–5 Based on the evidence 
that SARS-COV-2 spike (S) protein attaches to angiotensin-converting-enzyme 2 receptor as the mode of entry to human cells, 
controversies are ongoing regarding its correlation with hypertension and the use of renin-angiotensin-aldosterone inhibitors.6

Membrane-bound angiotensin-converting enzyme 2, ACE2, is found in an enzyme that controls blood pressure 
homeostasis by interacting with the renin-angiotensin-aldosterone system, RAAS activation. ACE2 acts in the degrada-
tion process of Ang II by cleaving angiotensin into Angiotensin (1–7), Ang (1–7). ACE/Ang II/Ang II receptor type 2 
(AT1R) promotes vasoconstriction and pro-thrombosis effects, whereas ACE/Ang (1–7)/MasR has the opposite impact 
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on the cardiovascular system.7,8 As a membrane-bound enzyme, the extracellular part of ACE2 is shed into the plasma by 
a protease known as sheddase. Thus, ACE2 in soluble form is detectable at low levels in the bloodstream.9,10

Angiotensin-converting enzyme inhibitors, ACEIs, and angiotensin II receptor blockers, ARBs, have been demon-
strated to increase the level of soluble angiotensin-converting enzyme 2, sACE2, raising concerns about their potential 
risk of increasing disease severity.6,11 Concurrently, SARS- CoV-2ʹs attachment to the ACE2 receptor causes sACE2 to 
accumulate in the blood and urine, triggering a cytokine storm that releases interleukin-6, IL-6, from the host macro-
phage. These occurrences lead to hypercoagulation, increased morbidity, and poor survival rates in severely ill patients 
with COVID-19.12,13

Observational studies and two recent clinical trials have suggested that using RAAS inhibitors did not increase 
disease severity or death.14–18 However, other extensive studies have shown that patients with COVID-19 who received 
ACEIs or ARBs were more likely to have better clinical outcomes than those who used other antihypertensive drugs.19,20

Studies continue to examine the mechanisms of COVID-19 and the contributions of ACE2, disease manifestations, 
organ damage, and mortality and morbidity.11,21 In their previous study, Lundstrom et al demonstrated that the level of 
sACE2 in patients with COVID-19 was increased and correlated with several markers of inflammation.22 Additionally, in 
a study by Wu in patients with COVID-19 with hypertension, treatment with ACEI/ARB resulted in lower inflammatory 
and organ damage markers.19 Taken together, we suggested that the variable results of clinical outcomes in patients with 
hypertension are related to the levels of sACE2 and related inflammatory markers. Thus, we aimed to study the 
correlations between the levels of sACE2 with inflammatory markers and disease severity in hypertensive COVID-19 
patients requiring hospitalizations.

Materials and Methods
Study Design, Period, and Setting
This cross-sectional study was conducted in three Siloam Hospitals in Jakarta and Tangerang, Indonesia, between 
December 2020 and June 2021. RT-PCR confirmed the diagnosis of COVID-19 in patients who required hospitalization 
with a stable dose of antihypertensive drugs. Ethical approval was obtained from the Ethics Committee of the Faculty of 
Medicine Universitas Indonesia (no KET-926/UN2.F1/ETIK/PPM.00.02/2020). This study was conducted in full com-
pliance with the Declaration of Helsinki, which was mandatory for all clinical research submitted to Ethics Committee in 
our institution. All patients provided informed consent before participating in the study.

Population and Sample
The sample size was calculated based on the correlation,23 which was expected to be 0.43 between sACE2 and inflammatory 
markers.22 Type I error (α two-sided) was set at 0.05, whereas type II error (β) was 0.2. The result of the sample size calculation 
was 40.

We included adult patients with RT-PCR confirmed COVID-19 requiring hospitalizations with hypertension. Patients 
were required to undergo treatment with a stable dose of antihypertensive drugs for a minimum of 1 month. Exclusion 
criteria include pregnant and nursing mothers, patients with morbid obesity, on treatment with anti-inflammatory drugs such 
as corticosteroids/chloroquine/hydroxychloroquine/monoclonal antibody, history of chronic kidney disease or malignancy, 
COVID-19-vaccinated individuals, and resistant hypertension. Blood samples and routine hematology were drawn from 
eligible patients to quantify the levels of sACE2, hs-CRP, TNF-α, IL-6, IL-10, and interferon-γ, IFN-γ.

Variables
Soluble ACE2 and hs-CRP were quantified using an enzyme-linked immunosorbent assay (ELISA) (CusabioTM, 
Houston, Texas, USA). Levels of IL-6, IL-10, TNF-α, and IFN-γ were quantified using LuminexTM instruments with 
antibody panels from R&D systems (Minneapolis, USA). Collected patient data included routine examinations, such as 
hemoglobin, hematocrit, lymphocytes, platelets, neutrophils, neutrophil-to-lymphocyte ratio, NLR, and D-dimer.
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Data Collection
We collected demographic data from available medical records, including age, sex, comorbidities, and medication 
history. COVID-19 severity was determined based on the Management of COVID-19 Protocol released by the 
Ministry of the Health Republic of Indonesia.

Statistical Analysis
Correlations between plasma sACE2 concentrations and inflammatory, coagulation, liver, and kidney function markers 
were analyzed using Spearman correlation coefficient. Independent t-tests were used to identify significant differences 
between patients treated with RAAS and those treated with non-RAAS inhibitors. A P-value of <0.05 is regarded as 
statistically significant.

Results
Patient Characteristics
The mean age of the patients recruited was 57.3 years in mild to moderate cases. All patients were on a stable dose of 
antihypertensives, and most were diagnosed for more than 1 year. Most admitted patients had clinical symptoms of fever 
and cough; 12/40 patients had dyspnea, and 9/40 patients had low oxygen saturation. Both groups had similar lengths of 
hospital stay, and all patients were discharged with clinical improvements or complete recovery (Table 1). Of the 40 
patients, 25 were on a stable dose of RAAS inhibitors (ACEIs or ARBs), whereas 15 were on a stable dose of calcium 
channel blockers.

Lack of Correlation Between sACE2 Concentrations and Inflammation and 
Coagulation Markers
We analyzed the correlation between the concentrations of sACE2 in patients and several markers of interest, including 
inflammatory cytokines, kidney function, and liver function markers. None of the 12 markers studied was correlated with 
sACE2 concentrations (Table 2).

Lower sACE2 Concentrations and IL-6/IL-10 Ratio in Hypertensive COVID-19 
Patients Treated with RAAS Inhibitors
We found significantly higher sACE2 concentrations in COVID-19 patients with hypertension treated with non-RAAS 
inhibitors than those treated with RAAS inhibitors (Table 3). Despite the lower sACE2 concentrations in patients treated 
with RAAS inhibitors, we found no differences in pro-inflammatory markers (hs-CRP, TNF-α, IL-6, NLR, and IFN-γ). 
However, there were marked differences in the anti-inflammatory cytokine concentrations, IL-10, and a lower ratio of IL- 
6/IL-10 between the two groups. Similar hematologic markers were also observed in the two groups (Table 3).

Discussion
The findings of this study are consistent with previous studies that revealed that RAAS inhibitor use does not result in 
increased inflammation and disease severity.14–18 Our results also confirmed that the antihypertensive drugs used by 
patients with COVID-19, RAAS inhibitors, or non-RAAS inhibitors have a neutral effect on the disease severity and 
hospitalization duration.

In a previous study of severely ill patients with COVID-19 requiring ICU treatment, cytokines, chemokines, and 
regulatory proteins were elevated. Among those highly increased were CRP, IL-6, TNF-α, IFN-α, IFN-γ, and ferritin, all 
elevated in the blood of patients who need admission to ICUs due to the cytokine storm.24

In earlier studies, both SARS-COV and SARS-COV-2 infectivity were reduced by high sACE2 levels.25,26 The 
studies had suggested that high sACE2 levels might inhibit secondary viral establishment in the event of a viral 
infection.25,26 ACE2 was long considered an interferon-stimulated gene based on its inducible expression in cells treated 
with interferons or infected with viruses that trigger IFN responses, such as influenza. Therefore, increased ACE2, 
a tissue-protective mediator following lung damage, may be exploited by SARS-CoV-2 to promote infection.27
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Our study did not discover any correlation between the concentration of sACE2 with IFN-γ and several markers of 
inflammation. Osman et al might explain our results, which proved a modulatory activity in the expressions of ACE2, 
sACE2, and Ang (1–7) in patients with COVID-19. They showed that ACE2 expression and Ang II plasma levels 
might vary in SARS-CoV-2-infected individuals. Patients with COVID-19 had lower levels of ACE2 mRNA in their 
blood cells than healthy individuals. The deregulation of the ACE2 gene caused the decreased production of membrane 

Table 1 Patients’ Characteristics (N = 40) Upon Hospital Admission

Patients’ Characteristics Patients Treated with RAAS 
Inhibitors (n=25)

Patients Treated with  
Non-RAAS Inhibitors (n=15)

Total  
(N=40)

Age (years), mean ± SD 58.08 ± 12.81 55.9 ± 10.65 57.3 ± 11.93

Sex, n (%)
Male 20 (50) 6 26 (65)

Female 5 (12.5) 9 14 (35)

SBP (mmHg), mean ± SD 139 ± 10.6 138 ± 11.5 138 ± 11.5

DBP (mmHg), mean ± SD 87 ± 8.7 87 ± 8.7 87 ± 8.7

BMI (kg/m2), mean ± SD 25.5 ± 1.87 24.7 ± 3.02 25.2 ± 2.38

COVID-19 disease severity, n (%)

Mild 12 (30) 11 (27.5) 23 (57.5)

Moderate 13 (32.5) 4 (20) 17 (42.5)

Clinical symptoms at admission, n (%)

Fever 20 (50) 8 (20) 28 (70)
Cough 20 (50) 15 (37.5) 35 (87.5)

Dyspnea 8 (20) 4 (10) 12 (30)

Fatigue 4 (10) 6 (15) 10 (25)
Anosmia 6 (15) 4 (10) 10 (25)

Low SaO2 (≤95%) 5 (12.5) 4 (10) 9 (22.5)

Comorbidities, n (%)

Diabetes Mellitus 4 (10) 2 (5) 6 (15)

Asthma 1 (2.5) 1 (2.5) 2 (5)

Types of antihypertensive(s), n (%)

RAAS inhibitors only 6 (15) 0 (0) 6 (15)
CCB only 0 (0) 15 (37.5) 15 (37.5)

RAAS inhibitors + CCB 19 (47.5) 0 (0) 19 (47.5)

Duration of antihypertensive medication, n (%)

≤ 1 year 2 (5) 0 (0) 2 (5)

> 1 year 23 (57.5) 15 (37.5) 38 (95)

Concomitant medications, n (%)

Statins 4 (10) 1 (2.5) 5 (7.5)
Metformin 4 (10) 0 (0) 4 (10)

Clopidogrel 1 (2.5) 1 (2.5) 2 (5)

No concomitant meds 18 (45) 13 (32.5) 31 (77.5)

Duration of hospitalization, days 11.6 ± 4.5 11.9 ± 4.8 11.7 ± 4.6

Outcomes, n

Deaths 0 (0) 0 (0) 0 (0)

Clinical cure 25 (62.5) 15 (37.5) 40 (100)

Abbreviations: RAAS, renin angiotensin aldosterone system; CCB, calcium channel blockers.
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Table 2 Correlation Analysis Between sACE2 Inflammatory and Coagulation Markers

Markers of Interests p-value Spearman’s rho 95% Confidence Intervals

sACE2 hs-CRP 0.367 0.147 −0.182–0.446

TNF-α 0.625 0.800 −0.247–0.390

IL-6 0.106 0.259 −0.066–0.535

IL-10 0.969 0.006 −0.247–0.390

IL-6/IL-10 0.432 0.128 −0.200–0.430

IFN-γ 0.139 0.238 −0.089–0.519

Neutrophile to lymphocyte ratio (NLR) 0.909 0.022 −0.341–0.379

D-dimer 0.988 0.003 −0.395–0.400

Abbreviations: sACE2, soluble angiotensin-converting enzyme 2; hs-CRP, high-sensitivity C-reactive protein; TNF-α, tumor necrosis factor-α; 
IL-6, interleukin-6; IL-10, interleukin-10; IFN-γ, interferon-γ.

Table 3 Soluble ACE2 and Inflammation, Coagulation, and Hematology Markers in COVID-19 
Hypertensive Patients Given RAAS-Inhibitors and Non-RAAS Inhibitors

Variables RAAS-Inhibitor, n=25, 
Mean (SD)

Non-RAAS Inhibitor, 
n=15, Mean (SD)

p-value#

sACE2, ng/mL 2.8 (1.55) 3.6 (0.86) 0.0426*

hsCRP, mg/L 4.6 (6.19) 4.6 (4.50) NS

TNF-α, pg/mL 13.3 (6.20) 13.8 (3.78) NS

IFN-γ, pg/mL 3.2 (3.75) 2.3 (2.18) NS

IL-6, pg/mL 12.5 (36.27) 6.8 (10.01) NS

IL-10, pg/mL 2.7 (4.62) 0.9 (1.98) 0.0233*

IL-6/IL-10 ratio 4.8 (4.47) 15.4 (15.93) 0.0234*

D-dimer, mg/mL 1.1 (1.83) 0.9 (1.58) NS

Hemoglobin, g/dL 14.2 (1.58) 13.8 (1.25) NS

Hematocrits, % 39.5 (4.26) 39.9 (3.15) NS

Neutrophils, % 63.3 (12.71) 58.9 (22.40) NS

Lymphocytes, % 23.9 (9.44) 24.8 (15.07) NS

Platelets, per μL 234 400 (81,510) 296 300 (87,440) NS

NLR 3.4 (2.23) 3.9 (4.31) NS

Urea, mg/dL 39.60 (17.54) 23.40 (8.11) 0.0096*

Creatinine, mg/dL 1.20 (0.39) 0.80 (0.20) 0.0224*

AST, IU/L 34.2 (15.02) 33.1 (15.83) NS

ALT, IU/L 34.7 (19.74) 38.2 (23.95) NS

AST/ALT ratio 1.1 (0.32) 1.0 (0.39) NS

Notes: The bold value indicates a significant difference between RAAS-inhibitors vs non-RAAS-inhibitor (p < 0.05). #Calculated with 
Welch’s unpaired t-test; *Significant at p < 0.05; NS = not significant (p > 0.05). 
Abbreviations: sACE2, soluble angiotensin-converting enzyme 2; hs-CRP, high sensitivity C-reactive protein; TNF-α, tumor necrosis 
factor-α; IL-6, interleukin-6; IL-10, interleukin-10; IFN-γ, interferon-γ; NLR, neutrophil to lymphocyte ratio.
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ACE2 protein. Osman et al also discovered a greater quantity of Ang II and Ang I in the plasma of long-term viral 
shedders. Even when Ang (1–7) plasma levels were almost constant in long-term shedders, they were inadequate to 
counteract the negative consequences of Ang II increase.28 Additionally, a study by Onabajo et al proved that changes 
in the ACE2 isoform produced by the interferons-induced gene caused by SARS-COV2 are shortened. The new, 
truncated version of ACE2, designated by Onabajo et al as dACE2, was the type of ACE2 that increased IFNs and 
viruses.29 Further, the hypothesis by researchers displayed the importance of ACE/ACE2 balance that may explain 
some of the comorbidities that contribute to the severity in patients with COVID-19.30,31 Thus, measurement of sACE2 
alone might not give the complete picture of the expressions of ACE2-related genes in COVID-19 patients with 
hypertension.

Our results agreed with findings by Lundstrom et al in hospitalized patients with COVID-19, and their findings also 
showed no correlations between sACE2 and the levels of interleukins and TNF-α. Lundstrom et al argued that the 
absence of correlation between sACE2 with markers of inflammation was caused by the variability in the number of 
patient’s risk factors and the overall comorbidities.22 In contrast, in our study, only 20% of patients had other 
comorbidities. Thus, our results were slightly affected by other comorbidities. Notably, none of the participants in our 
research received any corticosteroids or COVID-19 vaccination throughout the observation. Thus, the status of inflam-
matory markers in our study was not affected by corticosteroids and vaccines.

Despite the lack of statistical significance of sACE2 correlation with TNF-α, Spearman’s rho was 0.800, possibly due to 
the limited sample in this study. TNF-α is the main pro-inflammatory cytokine that acts as a connection between inflammation 
and RAAS.12 Although not statistically significant, this study found higher TNF-α levels in patients treated with non-RAAS 
inhibitors, possibly because upon the binding of Ang II to AT1R, a signal forms and triggers immune cells such as 
macrophages and T-cells to produce IFN-γ, which then stimulates the release of TNF-α. Increased sACE2 will convert Ang 
II to Ang (1–7) and block the interaction of Ang II with the AT1R.32 In patients treated with non-RAAS inhibitors, the 
inhibition of Ang II does not occur, so it can still bind to its receptors and produce inflammatory cytokines. Increased 
inflammatory cytokines are associated with activation of the coagulation system, which is a typical response in patients with 
COVID-19.11,22

In the present study, the patients treated with RAAS inhibitors significantly decreased sACE2 levels. Studies have 
shown that ACE2 modulates the RAAS to regulate tissue microcirculation and inflammation.33,34 We also found higher 
concentrations of the pro-inflammatory cytokine IL-6 in patients treated with RAAS inhibitors. The ACE2 and IL-6 
genes have been identified as non-canonical interferon-stimulated genes, ISGs, due to their unusual reactions to 
interferons and inflammatory stimuli through an epigenetic cascade.35 A study of epithelial cells demonstrated that in 
the presence of SARS-CoV-2 spike protein, IL-6 signaling was started via AT1 axis activation to commence coordination 
of a hyper-inflammatory response.36

However, the higher concentrations of IL-6 were counterbalanced by the higher concentrations of the anti- 
inflammatory cytokine, IL-10. Subsequently, we found a marked reduction in the ratio of IL-6/IL-10 in patients treated 
with RAAS inhibitors.

Several significant clinical findings in COVID-19 were that patients with poor prognoses had increased levels of IL- 
10 in addition to the two pro-inflammatory cytokines, IL-6 and IL-1β. Given the cytokine’s immunoregulatory 
capabilities, this might indicate an alarm from the host organism.37 Furthermore, higher IL-10 levels were more closely 
associated with positive outcomes than higher levels of pro-inflammatory IL-6 and IL-8.38 Hence, studies have inferred 
that the two cytokine indicators may be better predictors of COVID-19 disease severity compared with IL-6 alone.39,40 

Similarly, a recent systematic review and meta-analysis confirmed that IL-6 and IL-10 concentrations, not TNF-α, might 
better predict the severity and outcomes of patients with COVID-19.41

Our study found no correlations between sACE2 concentrations and D-dimers or NLR. We also did not find any 
association between D-dimers and NLR in the two groups of patients with different antihypertensive treatments. Our 
results agreed with Gormez et al’s study of the association between clinical outcomes in patients with COVID-19 using 
ACEIs or ARBs. Their study showed that NLR and D-dimer concentration were closely linked to the essential outcomes 
of patients. However, the outcomes were not connected with ACEI/ARB usage.42
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Although patients with RAAS inhibitors have lower inflammatory markers of IL-6/IL-10 and NLR, we found that hs- 
CRP concentrations were similar in both groups. Contrary to our results, Yang et al demonstrated that patients in the 
ARBs/ACEI group had considerably lower amounts of hs-CRP, followed by a decreased mortality rate; however, these 
changes were not statistically significant.43 A case series presented by Lee et al also indicated that patients treated with 
ARBs had reduced CRP following clinical improvement.44

Studies have demonstrated that the level of CRP measured upon admission is a straightforward and independent 
indicator that could be helpful for the early diagnosis of severity during COVID-19.45,46 Yet; several studies suggested 
that rather than a single parameter, multiple markers should be used as predictors of severity and mortality in patients 
with COVID-19.47,48

Regardless of all the above findings, the incomplete knowledge of the association between COVID and ACE2 has led 
to debates concerning the use of RAAS inhibitors. Our study found no concern regarding the inflammatory markers; we 
even found a better ratio of IL-6/IL-10 in patients treated with RAAS inhibitors.

Our study has some limitations. We include a limited number of samples due to the strict eligibility criteria. Our study 
only included patients requiring hospitalization to facilitate blood sampling and confirm RT-PCR results and outcome 
observations, which would have been challenging to perform in outpatient settings.

Several patients were already subjected to high-dose corticosteroids before informed consent could be obtained. 
Despite recent recommendations and protocols that do not endorse the use of steroids in mild COVID-19, systemic 
corticosteroids were commonly used for patients with COVID-19 despite their baseline clinical status in the first year of 
the pandemic in Indonesia. The use was allowed to address the possibility of hyperinflammatory conditions in patients 
with comorbidities. At the time, most clinical staff members were almost entirely preoccupied with saving patients’ 
lives.49 Several studies had also shown that although corticosteroids administered to hospitalized patients with COVID- 
19 did not improve their clinical state after Day 14, they shortened the amount of time it took for radiological findings to 
improve for all patients regardless of illness severity.50–52

The commencement of the vaccination program also limited our access to patients. The first vaccination program for 
health-care providers was ongoing when the study started. At that time, only a limited number of patients had been vaccinated. 
A study showed that upon vaccination, there was a substantial increase in the levels of the cytokines IL-2, IL-6, and IFN-γ.53,54 

Thus, we excluded vaccinated patients to avoid interference with the analysis of inflammatory markers.

Conclusion
In conclusion, in hospitalized COVID-19 patients with hypertension, inflammatory markers, illness severity, and outcome 
were not associated with the types of antihypertensive medications administered. Patients treated with RAAS inhibitors 
had a significantly lower sACE2 concentration, thereby improving the IL-6/IL-10 ratio. Considering the limited sample 
size in this study, our findings should be confirmed in larger populations.
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