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Abstract

Objective: While evidence on the interface between severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infection and the renin-angiotensin-aldosterone-system (RAAS) is accumulating, clinical data on RAAS peptide 
alteration among coronavirus disease-19 (COVID-19) patients is missing.
Design and methods: In this exploratory study, we prospectively included adult patients (aged ≥ 18 years) admitted 
between February 26 and April 30, 2020 to a tertiary care hospital in Switzerland. We assessed the association of an 
underlying SARS-CoV-2 infection and equilibrium serum levels of RAAS peptides in hospitalized COVID-19 patients 1:1 
propensity-score matched with patients suffering from SARS-CoV-2-negative respiratory infections. Subgroup analyses 
involved stratification for taking RAAS inhibitors.
Results: COVID-19 patients had about 50% lower equilibrium serum RAAS peptide levels as compared with matched 
controls (angiotensin I: 31.6 vs 66.8 pmol/L, −52.7% (95%CI: −68.5% to −36.9%); angiotensin II: 37.7 vs 92.5 pmol/L, 
−59.2% (95%CI: −72.1% to −46.3%); angiotensin (1–5): 3.3 vs 6.6 pmol/L, −49.7% (95%CI: −59.2% to −40.2%); 
angiotensin (1–7): 4.8 vs 7.6 pmol/L, −64.9% (95%CI: −84.5% to −45.3%)). While the plasma renin activity was lower in 
COVID-19 patients (88.6 vs 207.9 pmol/L, −58.5% (95%CI: −71.4% to −45.6%)), there was no difference of angiotensin-
converting enzyme (ACE) and ACE2 plasma activity between the groups. Subgroup analyses revealed a pronounced 
RAAS peptide profile depression in COVID-19 patients among those not on RAAS inhibitors.
Conclusions: As compared with SARS-CoV-2-negative patients, we found a downregulated RAAS in presence of a  
SARS-CoV-2 infection. Whether the lower levels of the protective angiotensin (1–5) and (1–7) are linked to adverse 
outcomes in COVID-19 warrants further investigation.

Introduction

The renin-angiotensin-aldosterone system (RAAS) 
involves a cascade of vasoactive peptides that are pivotal 
to the homeostasis of the cardiovascular and respiratory 
system. Importantly, the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) utilizes and 
interrupts this pathway directly through modulation of 
angiotensin-converting enzyme 2 (ACE2) (1, 2). ACE2 not 

only acts as an enzyme countering RAAS activation but is 
also a functional receptor on cell surfaces for both SARS-
CoV and SARS-CoV-2 (3), highly expressed in the lung 
and heart (1). Following binding, the activity of ACE2 was 
hypothesized to be subsequently downregulated through 
multiple mechanisms, such that the enzyme is limited to 
exert protective effects in organs (4).
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As known from preclinical studies, downregulation 
of alveolar ACE2 activity facilitates neutrophil infiltration 
in response to bacterial endotoxin (5) and may result in 
unopposed angiotensin II accumulation and local RAAS 
activation. In humans, however, it is still debated to what 
extent angiotensin II activity increases, especially after 
a SARS-CoV-2 infection, and whether this postulated 
increase is associated with organ injury and severity of 
COVID-19 (6).

At the beginning of the pandemic, it was hypothesized 
that RAAS inhibitors could upregulate the expression 
of ACE2 in the respiratory tract (7), thereby facilitating 
infection with SARS-CoV-2 and developing a more severe 
course of illness, but no clinical data supported this 
hypothesis so far (8, 9).

RAAS peptides are dynamically equilibrated across 
different human tissues and health conditions and 
might respond differently to pharmacologic alteration 
through RAAS inhibitors. While the intersecting network 
of regulatory and counterregulatory circulating RAAS 
peptides has been reported repeatedly in the physiological 
state, only few concordant data have been shown in 
COVID-19 patients (10).

Thus, we first sought to determine RAAS peptide 
levels among patients with and without COVID-19 and, 
secondly, to investigate the association between the use of 
RAAS inhibitors and levels of RAAS peptides.

Subjects and methods

Patient population

We identified all patients who underwent SARS-CoV-2 
testing between February 26 and April 30, 2020, because 
they presented with symptoms of respiratory infection in 
a Swiss tertiary care center. Patients were deemed to suffer 
from COVID-19 if any test was positive for SARS-CoV-2 
RNA and suffering from another respiratory infection (no 
COVID-19) if SARS-CoV-2 RNA or serology were negative. 
We excluded non-medical, psychiatric, and non-adult 
(<18 years of age) patients.

Study design and setting

We conducted a prospective observational study using 
patient data from our hospital that were collected 
during the first pandemic peak in Switzerland. Baseline 
characteristics of our COVID-19 cohort were published 
elsewhere (11). In brief, COVID-19 was defined by a 
positive real-time RT-PCR taken from nasopharyngeal 

swabs or lower respiratory tract specimens according 
to WHO guidance (12). To qualify for study inclusion, 
patients must have provided general informed consent. 
The institutional review board of Northwestern 
Switzerland approved this study (EKZN, 2020-01306). 
This study followed the Strengthening The Reporting 
of OBservational studies in Epidemiology (STROBE) 
reporting guideline.

Data collection

Demographic and clinical baseline characteristics 
were assessed as part of the clinical routine during the 
hospitalization and were extracted from the electronic 
health records. Experimental treatment was offered to all 
COVID-19 patients and included hydroxychloroquine 
only (first line) and tocilizumab. Azithromycin was 
used in patients transferred from France. The remaining 
therapy was upon clinical decision making of the treating 
physicians. As part of the clinical routine, we assessed the 
age-adjusted Charlson Comorbidity Index (13) and the 
Clinical Frailty Score (14), respectively.

Laboratory analysis

Routine laboratory parameters were measured at the 
central laboratory of our hospital.

To test for SARS-CoV-2 RNA, the Allplex™ 2019-
nCoV Real-time PCR by Seegene (Korea) (15) was used. 
In the clinical evaluation study the efficacy of the test 
was compared with Centers for Disease Control and 
Prevention (CDC’s) predicate and showed a 100% (95% 
CI: 93–100%) positive percent agreement and a 94% 
(95% CI: 87–98%) negative percent agreement for upper 
respiratory samples.

Left-over routine blood samples were stored at −80°C 
to assess RAAS peptides in a batch analysis. The equilibrium 
levels of angiotensin I, angiotensin II, angiotensin (1–7), 
and angiotensin (1–5) in human serum/heparinized 
plasma samples were quantified by liquid chromatography-
mass spectrometry/mass-spectroscopy (LC-MS/MS) 
using previously validated methods (16, 17). In short, 
serum/plasma conditioning for equilibrium analysis was 
performed at 37°C followed by stabilization through the 
addition of enzyme inhibitors (Attoquant Diagnostics, 
Vienna, Austria). The biochemical background of the 
equilibrium approach has been described recently (17). 
Stabilized equilibrated serum/plasma samples were further 
spiked with stable isotope labeled internal standards for 
each angiotensin metabolite (200 ng/mL). The samples 
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finally underwent C-18-based solid-phase-extraction 
and were subjected to LC-MS/MS using a reversed-phase 
analytical column operating in line with a Xevo TQ-S 
triple quadruple mass spectrometer (Waters, Milford, 
Massachusetts, USA). Internal standards were used to 
correct for peptide and steroid recovery of the sample 
preparation procedure for each analyte in each individual 
sample. Analyte concentrations were reported in (pmol/L) 
and calculated considering the corresponding response 
factors determined in appropriate calibration curves in 
original sample matrix, on condition that integrated 
signals exceeded a signal-to-noise ratio of 10. Renin 
activity marker, ACE and ACE2 were calculated, based 
on the angiotensin levels (plasma renin activity (PRA-
S): (eq-angiotensin I + eq-angiotensin II); ACE activity: 
(eq-angiotensin II/eq-angiotensin I); ACE2 activity: 
(angiotensin (1–5)/angiotensin II) (17). Previous literature 
has shown excellent correlation between plasma renin 
activity and (eq-angiotensin I + eq-angiotensin II) levels 
by equilibrium assays with a r2 of 0.85 (P < 0.001) (18). 
Similar, (eq-angiotensin II/eq-angiotensin I) levels have 
already served as a valid surrogate marker for circulating 
ACE activity in previous studies (19), and (angiotensin 
(1–5)/angiotensin II) levels for circulating ACE2  
activity (20).

Statistical analyses

Categorical variables are expressed as numbers 
(percentage) and continuous variables as means (±s.d.) 
or medians (interquartile range (IQR)) as appropriate. To 
address confounding by indication and other sources of 
bias arising from the use of observational data, eligible 
patients with confirmed COVID-19 were 1:1 propensity-
score-matched to SARS-CoV-2-negative controls with a 
respiratory infection (matched controls). The probability 
of having a SARS-CoV-2 infection vs not was calculated 
through a multivariable logistic regression model that 
contained all baseline covariates (except for vital signs). 
The estimated propensity-score was used to match 
COVID-19 patients with nearest neighbor non-COVID-19 
patients without replacement. Covariate balance after 
propensity-score matching was assessed using standardized 
differences. A standardized difference of less than 10% 
indicated an adequate balance between groups. RAAS 
peptides have been log-transformed to achieve nearly 
normal distribution. After matching we used simple linear 
regression technique adjusting for left-censoring to assess 
changes in RAAS peptides. To investigate differences 
in RAAS peptide levels among patients taking RAAS 

inhibitors and those without, we stratified the analyses 
for patients on ACE inhibitors (ACEi) or angiotensin-
receptor blockers (ARB) only, respectively. Changes within 
each group were tested with the use of a non-parametric 
Dunn’s test to address multiple comparison performing 
Holm–Šidák stepwise adjustment. All P-values are two-
sided, all CIs are at the 95% level. Statistical analyses were 
performed at an alpha-level of 5% using Stata, version 
15.1 (StataCorp LLC).

Results

Patient characteristics

Of the 103 patients with confirmed SARS-CoV-2 infection, 
90 patients were eligible for propensity-score matching. 
Among 47 hospitalized medical patients with clinical 
suspicion for COVID-19 but with a negative RT-PCR for 
SARS-CoV-2, 43 patients were eligible for propensity-score 
matching. Finally, we generated 43 propensity-score-
matched pairs (Fig. 1). Baseline characteristics of included 
patients after propensity-score matching are presented in 
Tables 1 and 2, respectively. Median age was 66 years in 
patients without and 67 years in patients with COVID-19. 
53% of COVID-19 patients were male. Around 50% of all 
patients had a known history of hypertension, 14% had 
diabetes mellitus, and 30% were obese. Mean age-adjusted 
Charlson Comorbidity Index was 4.6 points in non-
COVID-19 patients and 4.1 points in COVID-19 patients, 
emphasizing the high burden of multimorbidity in both 
groups. The prevalence of ACEi (19%) and ARB (12–16%) 
was well-balanced between the groups.

Association of COVID-19 and RAAS peptide/
enzyme levels

All measured equilibrium RAAS peptide levels were 
lower in patients with COVID-19 as compared with their 
controls. Not only serum levels of the vasoconstrictive 
and proinflammatory angiotensin I and II were lower 
in patients with COVID-19 but also the levels of the 
vasodilatory and anti-inflammatory angiotensin (1–7) 
and (1–5), respectively. Similar, the plasma-renin activity 
was reduced by around 59% in COVID-19 patients. The 
relative between-group difference was at least 50% for 
most angiotensins, revealing a strong downregulation of 
the RAAS in patients with COVID-19. However, plasma 
activities of both ACE and ACE2 did not significantly 
differ between the groups (Table 3).
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RAAS peptide concentrations according to the use 
of RAAS inhibitors

Figure 2A, B, C and D shows serum RAAS peptide 
concentrations in COVID-19 and non-COVID-19 patients 
treated with and without ACEi or ARB. Serum levels 
of angiotensin I were lower in patients without RAAS 
inhibitors as compared with patients on ACEi (P = 0.008) 
but remained unchanged in comparison to patients on 
ARB. Angiotensin II levels, however, were higher among 
patients not taking RAAS inhibitors as compared with 
ACEi (P = 0.019), but again, unchanged in patients with 
ARB. Considering angiotensin (1–5), serum concentrations 
were lower in patients taking ACEi (P = 0.046), even 
though this association was no more statistically 
significant after adjusting for multiple comparison. There 
was no difference in angiotensin (1–5) concentrations 
between patients not taking RAAS inhibitors and patients 
on ARB. Angiotensin (1–7) levels were higher among 
patients taking ACEi (P  = 0.01) but did not change in the 
ARB subgroup as compared with patients without RAAS 
inhibitor.

As reported above, we observed a downregulation of 
the RAAS among patients with confirmed SARS-CoV-2 
infection. Interestingly, this association was only found 
in patients not taking RAAS inhibitors, while there was no 
difference in RAAS peptide serum concentrations between 

COVID-19 and non-COVID-19 patients taking RAAS 
inhibitors.

To address the association between betablocker intake 
and RAAS peptide levels, we performed a complementary 
analysis with patients taking betablockers without RAAS-
inhibitors. Results for the ‘betablocker only’ group, 
however, were not different from findings of the reference 
group without RAAS inhibitors among all RAAS peptides 
of interest (data not shown).

Enzymatic activity of renin, ACE, and ACE2 
according to the use of RAAS inhibitors

Figure 2E, F and G shows plasma activity levels of the 
main enzymes involved in the RAAS regulation. Plasma 
renin activity was comparable between patients with 
and without ACEi or ARB, respectively. However, among 
patients without RAAS inhibitors, the activity of plasma 
renin was decreased in patients with COVID-19. Patients 
on ACEi had significantly lower ACE (P  < 0.0001) but 
higher ACE2 (P  = 0.029) plasma activity as compared 
with those not taking pharmacological RAAS modulators. 
Both enzyme activities were not altered in patients taking 
ARB. Worth to note, the presence of COVID-19 was not 
associated with a change in plasma activities of renin, 
ACE, and ACE2, respectively.

Figure 1
Patient flowchart: selection of COVID-19 patients and their matched controls with SARS-CoV-2-negative respiratory infections. 
RAAS, renin-angiotensin-aldosterone system; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

https://eje.bioscientifica.com
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Discussion

This observational study investigated the association of 
COVID-19 and RAAS peptide levels as well as the activity 
of main RAAS enzymes stratified by the use of RAAS 
inhibitors and revealed two key findings: RAAS peptide 
concentrations were markedly lower in patients with 
COVID-19 as compared with their matched controls. 
However, the enzymatic activity of ACE and ACE2 – 
two main RAAS modulators – were not altered in both 
groups. Secondly, as physiologically expected, there 
were relevant differences in RAAS peptide levels between 
patients with and those without current RAAS inhibitors. 

Moreover, differences between patients with and without 
COVID-19, were only evident in patients not taking RAAS 
inhibitors.

As ACE2 is ubiquitously expressed in the lung, heart, 
and other human tissues (1, 3), early speculations arose that 
use of ACEi and ARB might be associated with higher risks 
of becoming infected with SARS-CoV-2 via an increased 
expression of ACE2 in the lung (21). In the meantime, 
however, culminating data from observational studies 
provided first evidence that the intake of RAAS inhibitors 
seems to be safe or rather beneficial in patients with 
COVID-19 and should not be withhold during the disease 
given a stable cardio-pulmonary condition (8, 9, 22).  

Table 1 Baseline characteristics of patients with and without COVID-19 after propensity-score matching.

Characteristics No COVID-19 (n = 43) COVID-19 (n = 43) P-value

Age, median (IQR), years 66 (55, 76) 67 (57, 75) 0.94
Male sex, n (%) 20 (47) 23 (53) 0.52
Cognitive impairment on admission, n (%) 2 (5) 2 (7) 0.74
Comorbidities, n (%)
 Arterial hypertension 22 (51) 21 (49) 0.83
 Chronic artery disease 11 (26) 10 (23) 0.80
 Smoker 7 (18) 5 (15) 0.71
 COPD 13 (30) 6 (14) 0.07
 Chronic kidney disease 7 (16) 8 (19) 0.78
 Diabetes 6 (14) 6 (14) 1.00
 Cancer 14 (33) 8 (19) 0.14
 Obesity (BMI > 30 kg/m2) 13 (30) 12 (28) 0.81
 Asthma 5 (12) 5 (12) 1.00
 OSA 6 (14) 4 (9) 0.50
 ACCI, mean (s.d.) 4.6 (3.0) 4.1 (3.5) 0.51
Antihypertensive treatment, n (%)
 ACE-inhibitor 8 (19) 8 (19) 1.00
 Calcium-antagonist 9 (21) 8 (19) 0.79
 Beta-blocker 11 (26) 12 (28) 0.81
 AT 2 receptor blockers 7 (16) 5 (12) 0.53
 Diuretic 12 (28) 13 (30) 0.81
Etiology of infection, n (%) <0.001
 SARS-CoV-2 0 43 (100) –
 Other virus – Rhinovirus 2 (5) 0 –
 Bacteria
  Escherichia coli 2 (5) 0 –
  Pseudomonas aeruginosa, Hafnia alvei 1 (2) 0 –
  Pseudomonas aeruginosa, Serratia marcescens 1 (2) 0 –
  Staphylococcus aureus 2 (5) 0 –
  Streptococcus pneumoniae 1 (2) 0 –
  Mycoplasma pneumoniae 1 (2) 0 –
  None 33 (77) 0 –
Vital signs, median (IQR)
 Systolic blood pressure, mmHg 141 (126, 157) 134 (120, 150) 0.27
 Diastolic blood pressure, mmHg 82 (72, 96) 77 (69, 86) 0.10
 Heart rate, beats per minute 100 (87, 105) 84 (77, 93) <0.001
 Respiratory rate, per minute 21 (18, 24) 22 (19, 25) 0.32
 Oxygen saturation, % 96 (92, 98) 93 (87, 95) 0.04
 Body temperature, °C 37.5 (36.7, 38.3) 37.6 (37.2, 38.3) 0.34

ACCI, age adjusted Charlson comorbidity index; ACE, angiotensin converting enzyme; AT, angiotensin; COPD, chronic obstructive pulmonary disease; IQR, 
interquartile range; OSA, obstructive sleep apnea.
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Nonetheless, human clinical data regarding the effects 
of RAAS inhibitors on COVID-19 patients’ outcomes are 
still insufficient to definitively advise in favor or against 
treatment with RAAS inhibitors and call for randomized 
controlled trials.

To improve the understanding of the RAAS in 
presence of a SARS-CoV-2 infection, many research groups 
have provided potential explanations and mechanistical 
hypotheses (22, 23, 24). Therein, the RAAS is composed of 
a cascade of regulatory peptides that interact in important 
physiological processes, including electrolyte and fluid 
balance, vascular permeability, and blood pressure 
regulation (2). ACE2, a membrane-bound aminopeptidase, 

has not only emerged as a host cell receptor for SARS-
CoV-2, but also as a potent counter-regulator of the 
RAAS (25). ACE2 degrades angiotensin I into the inactive 
angiotensin (1–9) and hydrolyzes angiotensin II into 
the effector peptide product angiotensin (1–7), that has 
vasodilatory, anti-proliferative, anti-inflammatory, and 
anti-fibrotic properties (26). To explore potential benefits 
by RAAS inhibitors in patients with COVID-19, Lubel 
& Garg hypothesized on the basis of preclinical data 
that ACEi will attenuate the cleavage from angiotensin 
(1–7) into angiotensin (1–5), leading to higher levels of 
angiotensin (1–7) (27). This was also observed in more 
previous studies showing that ACE inhibition increased 

Table 2 Baseline laboratory parameters for patients with and without COVID-19 after propensity-score matching. Data are 
presented as median (IQR).

Parameters No COVID-19 (n = 43) COVID-19 (n = 43) P-value

Blood count
 Haemoglobin, g/L 131 (115, 148) 132.5 (120, 143) 0.84
 Erythrocytes, T/L 4.35 (3.87, 4.89) 4.54 (3.9, 4.8) 0.56
 Leukocytes, G/L 10.14 (6.89, 14.09) 6.98 (4.52, 8.73) 0.003
 Thrombocytes, G/L 238 (181, 336) 210 (178, 295) 0.48
 Neutrophils, G/L 6.11 (5.14, 10.68) 3.56 (2.84, 6.68) 0.013
 Lymphocytes, G/L 0.9 (0.62, 1.84) 0.96 (0.6, 1.3) 0.49
Coagulation
 INR 1.1 (1.05, 1.2) 1.1 (1, 1.1) 0.10
Chemistry
 Sodium, mmol/L 136 (133, 138) 136 (134, 139) 0.68
 Potassium, mmol/L 3.9 (3.5, 4.3) 3.7 (3.5, 3.9) 0.058
 Glucose, mmol/L 6.3 (5.7, 7.2) 6.6 (6, 7.8) 0.40
 Albumin, g/L 30.5 (26.5, 34) 30.4 (28.2, 32.9) 0.93
 Creatinine, µmol/L 87 (60, 109) 87 (66, 110) 0.99
 GFR, mL/min. 74 (47, 90) 76 (53, 90) 0.74
 Urea, mmol/L 5.4 (4.4, 8.3) 5.05 (3.7, 7.05) 0.34
 ASAT, U/L 23 (17, 38) 36 (30, 45) 0.003
 ALAT, U/L 27 (20, 41) 31.5 (26, 44) 0.14
 Alkaline phosphatase, IU/L 85 (62, 101) 69.5 (51.5, 81) 0.008
 Gamma-glutamyl transferase, U/L 43 (31, 92) 45.5 (27, 83) 0.77
 LDH, IU/L 224 (167, 255) 325.5 (243, 459) <0.001
 TSH, mU/L 1.37 (1, 2.44) 1.24 (0.75, 2.94) 0.54
 CRP, mg/L 70 (16, 135) 77 (39, 125) 0.35
 Procalcitonin, µg/L 0.13 (0.05, 0.48) 0.09 (0.05, 0.19) 0.20
 Interleukin 6, ng/L 82 (25, 240) 49 (34, 133) 0.46
 NT-pro-BNP, ng/L 563.5 (92, 2732) 438 (182, 1160) 0.72
 Troponin I, ng/L 14.2 (7.9, 37) 11.05 (7.25, 25.35) 0.34
Blood gas analysis
 Lactate, mmol/L 1.3 (0.9, 2.1) 1.1 (0.9, 1.4) 0.35
 pO2, mmHg 70 (65, 84) 65 (56, 72.5) 0.014
 pCO2, mmHg 35 (31, 44) 31 (29, 34) 0.016
 Bicarbonate, mmol/L 23 (21, 26) 23 (21.15, 25) 0.67
 pH, 7.42 (7.365, 7.485) 7.47 (7.45, 7.49) <0.001
 FiO2, 0.21 (0.21, 0.28) 0.21 (0.21, 0.21) 0.20
 Horovitz ratio*, mmHg 309.52 (250, 376.19) 295.24 (212.70, 330.95) 0.14

*Ratio between pO2 and FiO2.
ALAT, alanine-aminotransferase; ARDS, acute respiratory distress syndrome; ASAT, aspartate-aminotransferase; CRP, C-reactive protein; FiO2, inspired 
oxygen fraction; GFR, glomerular filtration rate; INR, international normalized ratio; IQR, interquartile range; LDH, lactate dehydrogenase; NT-pro-BNP, 
N-terminal-pro-B-type natriuretic peptide; pCO2, carbon dioxide partial pressure; pO2, oxygen partial pressure; TSH, thyroid stimulating hormone.
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plasma levels of angiotensin (1–7) (28). However, other 
clinical data did not support this assumption as there was 
no influence of ACEi on angiotensin (1–7) concentrations 
in patients with coronary artery disease (29).

Based on this conflicting data with still scarce evidence 
on RAAS peptide alteration in the setting of a SARS-CoV-2 
infection, we found no evidence of increased angiotensin 
I and II levels in patients with proven COVID-19. This 
observation challenges previous hypotheses that higher 
angiotensin II concentrations could be jointly responsible 
for the impressive clinical patterns of acute lung injury 
and pronounced myocardial damage in patients with 
SARS-CoV-2 infection (4). In line, a recent study found 
that COVID-19 patients are not characterized by major 
changes in plasma RAAS-activity including ACE-2 activity 
(10). Previous Chinese data have illustrated increased 
levels of angiotensin II among patients hospitalized with 
COVID-19 (6), however not comparing with SARS-CoV-2 
negative controls to better estimate the independent 
association of COVID-19 and levels of angiotensin II. 
Interestingly, an earlier study in patients with avian 
influenza (H7N9) also showed increased levels of 
angiotensin II (30), again questioning the independence 
of the association in COVID-19 patients. However, as we 
found not only lower levels of angiotensin I and II but 
also lower concentrations of angiotensin (1–5) and (1–7), 
which both have been shown to have protective qualities 
(26), we may speculate whether a lack of protection might 
be a trigger for an unbalanced RAAS with detrimental 
pulmonary side effects in patients with COVID-19. 
Worth to note, we did not see any difference in plasma 
activity of ACE and ACE2 between both groups. Again, as 
there are only few clinical data comparing RAAS peptide 
measures between COVID-19 patients and comparable 
controls, including adjustment for main pharmaceutical 
RAAS modulators, one may only speculate whether ACE2 
elevation is specific to SARS-CoV-2 infection or not.

Stratifying the analyses by the intake of either ACEi 
or ARB, we revealed three observations: First, the findings 
from this study were in line with previous studies, namely 
that upon presence of ACEi, the levels of angiotensin I 
were higher and the levels of angiotensin II were lower 
as compared with patients without RAAS blockage (31). 
Secondly, our results are confirming that the use of 
ACEi increases circulating levels of angiotensin (1–7) 
as previously shown in patients with chronic heart 
failure (28). Moreover, among patients taking ACEi, we 
found lower angiotensin (1–5) levels, a metabolite of 
angiotensin (1–7), catalyzed by ACE (32). Thirdly, similar 
to previous preclinical studies (33), plasma ACE activity 
was lower in patients taking ACEi, but unchanged among 
those taking ARB. Finally, as shown by previous – mostly 
animal and still conflicting – studies, level of ACE2 plasma 
activity was increased in patients taking ACEi but not 
among ARB takers (34). Confirming, the recent German 
study also found an increased plasma ACE2-activity in 
COVID-19 patients treated with ACEi (10). However, 
other studies did not find increased plasma ACE2 activity 
among patients who were taking ACEi as compared with 
untreated patients (35). Finally, careful interpretation is 
still recommended as data are lacking regarding the effects 
of RAAS inhibitors on lung-specific expression of ACE2.

As current clinical evidence is still insufficient to 
definitively advise RAAS inhibition during SARS-CoV-2 
infection, this study revealed novel mechanistic insights of 
the RAAS regulation in hospitalized patients with COVID-
19. We measured main RAAS peptides and enzymes in 
patients with and without COVID-19, allowing better 
interpretability in this complex multiorgan failure setting. 
Moreover, mirroring a further strength of this study, 
we addressed confounding by indication by applying 
a propensity-score matching including SARS-CoV-2-
negative controls admitted with comparable clinical 
symptoms of a respiratory tract infection, and thus 

Table 3 RAAS peptides among patients with and without COVID-19. Data are presented as mean ± s.d.

No COVID-19 (n = 43) COVID-19 (n = 43) Relative between-group difference (95% CI)

RAAS peptides, pmol/L
 Angiotensin I 66.8 ± 6.8 31.6 ± 5.7 –52.7% (–68.5 to –36.9)
 Angiotensin II 92.5 ± 6.4 37.7 ± 4.9 –59.2% (–72.1 to –46.3)
 Angiotensin (1–5) 6.6 ± 3.4 3.3 ± 2.2 –49.7% (–59.2 to –40.2)
 Angiotensin (1–7) 7.6 ± 4.7 4.8 ± 2.9 –64.9% (–84.5 to –45.3)
Enzymatic activity, pmol/L
 Plasma renin activity 207.9 ± 5.5 88.6 ± 4.5 –58.5% (–71.4 to –45.6)
 Plasma ACE activity 1.9 ± 2.9 1.8 ± 2.2 –5.2% (–22.3 to 11.8)
 Plasma ACE2 activity 0.07 ± 0.3 0.09 ± 0.3 23.2% (–2.80 to 49.25)

ACE, angiotensin-converting enzyme; RAAS, renin-angiotensin-aldosterone system.
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were able to better assess the independent association of 
COVID-19 and RAAS peptide modulation.

This study has limitations. Designed for explorative 
purposes, this monocentric study population was small, 
limiting external validity. Second, we assessed plasma 
ACE, and ACE2 activity and not tissue-specific expression 
patterns. Thus, we can only speculate that circulating 
concentrations are associated with tissue concentration. 
Thirdly, merely 50% of the hospitalized patients with 
COVID-19 within the first pandemic wave qualified for 
propensity-score matching with missing left-over blood 
samples being the most common reason for exclusion. 
Fourthly, we found a higher heart rate in patients without 
COVID-19, potentially affecting RAAS components. Based 
on the study design, we were not able to comprehensively 
assess the fluid state, a potential explanation for the 
relevant difference in heart rate between the two groups. 
However, as we did not observe a difference in the 
patients’ sodium levels and other vital parameters, we do 
not think that the fluid state will be relevantly different 
between both groups. One potential explanation for this 
discrepancy may be the phenomenon of ‘silent (happy) 
hypoxemia’ (36) in patients with COVID-19 leading 
to lower levels of respiratory distress and heart rate as 
compared with patients suffering from conventional 
respiratory tract infections (37).

In conclusion, there is evidence that the RAAS is 
downregulated in patients admitted with COVID-19 as 
compared with SARS-CoV-2-negative matched controls 
presenting with comparable clinical features. While 
alteration of the RAAS among patients with COVID-19 
was only observed in patients not on RAAS inhibition, 
further investigations are urgently needed to reproduce 
our findings and to explore whether adverse clinical 
outcomes in the COVID-19 setting is attributable to 
lower levels of – so-called – protective RAAS peptides and 
whether the administration of RAAS inhibitors is safe in 
COVID-19.
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Figure 2
Serum RAAS peptide concentrations (A, B, C and D) and 
plasma activity levels (E, F and G) of main RAAS enzymes in 
COVID-19 and non-COVID-19 patients treated with and 
without RAAS inhibitors. ACE, angiotensin-converting enzyme, 
ARB, angiotensin-receptor blocker; IQR, interquartile range; 
RAAS, renin-angiotensin-aldosterone system. The boxes 
represent the 25th and 75th percentiles, horizontal lines 
within the boxes are the median value and the whiskers 
include values within 1.5-times IQR. The separated dots 
represent outliers.
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