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Abstract Levels of angiotensin-converting enzyme 2
(ACE2), the gateway for COVID-19 virus into the cells,
have been implicated in worse COVID-19 outcomes
associated with aging and cardiovascular disease
(CVD). Data on age-associated differences in circulat-
ing ACE2 levels in humans and the role of CVD and
medications is limited. We analyzed data from 967
participants of the InCHIANTI study, a community-
dwelling cohort in the Chianti region, Italy. Relative
abundance of ACE2 in plasma was assessed using a
proteomics platform. CVD diagnoses, use of renin-
angiotensin-aldosterone system (RAAS) antagonists:
ACEi, ARBs, and aldosterone antagonists, were
ascertained. Multiple linear analyses were performed
to examine the independent association of ACE2 with
age, CVD, and RAAS antagonist use. Age was inde-
pendently associated with lower log (ACE2) in persons

aged ≥ 55 years (STD β = − 0.12, p = 0.0002). ACEi
treatment was also independently associated with sig-
nificantly lower ACE2 levels, and ACE2 was inversely
associated with weight, and positively associated with
peripheral artery disease (PAD) status. There was a
trend toward higher circulating ACE2 levels in hyper-
tensive individuals, but it did not reach statistical signif-
icance. In a stratified analysis, the association between
log (ACE2) and log (IL-6) was more evidenced in
participants with PAD. Circulating ACE2 levels dem-
onstrate curvilinear association with age, with older
individuals beyond the sixth decade age having lower
levels. ACEi was associated with greater circulating
ACE2 levels. Interestingly, ACE2 was elevated in
PAD and positively associated with inflammatory
markers, suggesting compensatory upregulation in the
setting of chronic inflammation. Further studies are
needed to comprehensively characterize RAAS compo-
nents with aging and disease, and assess its prognostic
role in predicting COVID-19 outcomes.
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Introduction

With the surging death toll of the COVID-19 pandemic
around the world, older people, especially those with
cardiovascular diseases, have emerged as the group at
highest risk for severe COVID-19 illness and mortality
when compared to the general population [1, 2]. On the
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other hand, the growing community COVID-19 testing
data revealed a curvilinear relationship between age and
disease incidence, with the lowest rates being among
children, followed by an increase in young adults, to
decline after the sixth decade, with another peak in the
8th decade of age [3]. While multiple social and envi-
ronmental factors can contribute to this age distribution,
the age difference of COVID-19 incidence compared to
other seasonal respiratory diseases [4], and the paradox-
ical association of age with disease incidence and sever-
ity, warrants investigating other biological factors [5].
The angiotensin-converting enzyme 2 (ACE2) that
serves as a gateway for the virus to enter the cells [6]
is a key anti-inflammatory component of the renin-
angiotensin-aldosterone system (RAAS). Thus, ACE2
potentially may be a determinant of age-associated pre-
disposition for COVD-19 incidence and severity [5].
However, data examining ACE2 changes with aging
are still limited.

An earlier animal study examining age change in
ACE2 [7], in the context of the 2003 SARS-COV,
which had higher incidence in younger adults as well
[8], has shown greater rates of ACE2 expression in the
lungs of younger vs. older rats [7]. A more recent
study of a predominantly young cohort has shown that
children < 10 years, the age group with the lowest
ACE2 incidence, have lower ACE2 gene expression
in nasal epithelium compared to their older counter-
parts [9]. In the former study, ACE2 nasal gene ex-
pression increased linearly from < 10 to 18–24 years
of with less pronounced increase among those aged
25 years or older. Another study of 23 healthy human
subjects reported an inverse association between
ACE2 and ACE ratio levels, i.e. a relative decline in
ACE2, and aging in hematopoietic stem progenitor
cells [10].

Given the importance of this topic and scarcity of
information about it, large-scale studies examining age-
associated difference in ACE2 are urgently needed. In
this analysis, we examined age-associated differences in
circulating ACE2 levels in a community-dwelling pop-
ulation, exploring the effects of other factors affecting
ACE2 levels such as RAAS antagonists and cardiovas-
cular risk factors and diseases [11]. In this analysis, we
aimed to examine age-associated differences in circulat-
ing ACE2 level in a community-dwelling population
and examine the association between cardiovascular
morbidities and RAAS antagonists with circulating
ACE2 levels in this population.

Methods

Sample

We analyzed data from 967 participants of the
“Invecchiare in Chianti” (Aging in the Chianti Area,
InCHIANTI) study. The InCHIANTI study is a
population-based epidemiological study aimed at eval-
uating factors that influence mobility in the older popu-
lation living in the Chianti region in Tuscany, Italy.
Details of the study have been previously reported
[12]. Briefly, 1616 residents were selected from the
population registry of Greve in Chianti (a rural area:
11,709 residents with 19.3% of the population older
than 65 years of age) and Bagno a Ripoli (Antella
village near Florence; 4704 inhabitants, with 20.3%
older than 65 years of age). The participation rate was
90% (n = 1453) and subjects’ age ranged between 21
and 102 years. The study protocol was approved by the
Italian National Institute of Research and Care of Aging
Institutional Review and Medstar Research Institute
(Baltimore, MD) and approved by the Internal Review
Board of the National Institute for Environmental
Health Sciences (NIEHS). All participants provided
written informed consent.

Assessment of laboratory measures

Circulating ACE2 abundances were assessed using the
1.3k SOMAscan Assay at the Trans-NIH Center for
Human Immunology, Autoimmunity, and Inflammation
(CHI), National Institute of Allergy and Infectious Dis-
eases, National Institutes of Health (Bethesda, MD,
USA) using the same methods and data normalization
process as previously [13]. From the 1.3k panel, the
probe for ACE2 (SL004415) was used for subsequent
analyses. Specifically, relative abundance of circulating
ACE2 in plasma was assessed using aptamer-based
proteomics platform and values were log transformed.
Inflammatory markers were measured in blood samples
drawn in the morning after a 12-h overnight fast and
resting period. Aliquots of serumwere stored at − 80 °C.
Serum interleukin-6 (IL-6) was measured in duplicate
by high-sensitivity enzyme-linked immunosorbent as-
says (ELISAs; kits from BIOSOURCE, Camarillo, CA)
with a sensitivity of 0.1 pg/mL and an intra-assay coef-
ficient of variations less than 6%. CRP was measured
using a high-sensitivity ELISA, a competitive immuno-
assay that uses purified protein and polyclonal anti-CRP
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antibodies (sensitivity 0.03 μg/mL and inter-assay coef-
ficient of variations < 5%). Serum creatinine was mea-
sured by commercial enzymatic assay using a Modular
P800 Hitachi analyzer. Creatinine clearance was calcu-
lated based on 24-h urine collection. Fasting serum
glucose level was determined using an enzymatic col-
orimetric assay (Roche Diagnostics, Mannheim, Ger-
many) and a Roche-Hitachi 917 analyzer.

Medical conditions and medication use

Sociodemographic information (age, sex) was obtained
during a structured interview. Clinical diagnoses of CVD
of hypertension (HTN), diabetes (DM), ischemic heart
disease (IHD), congestive heart failure (CHF), and pe-
ripheral arterial disease (PAD defined as ankle-brachial
index < 0.9) [14], and the use of RAAS drugs i.e. ACEi,
ARBs, and aldosterone antagonists, were ascertained
using self-reported medical history, a physical examina-
tion, clinical testing including a 12 leads EKG and a
measure of the ankle-brachial index, medical records,
and laboratory results as described previously [15].

Statistical analysis

A Loess curve was fitted to explore the relationship
between log-transformed ACE2 and age, showing a
curvilinear relationship with an inflection point in the
association around age 55 (Fig. 1); this inflection point
is concordant with middle of the age range studied

(55 years, range 20–90).Multiple linear regressionmod-
el predicting ACE2 with age and age [2] as covariate
was fitted to test the significance of the curvilinear
relationship observed. The correlations between age
and ACE2 were tested using stratified, Spearman’s
rank-order correlation analysis using age 55 as a thresh-
old to define the age groups. Sensitivity analyses dem-
onstrated consistent results with different thresholds for
stratification (50, 55, 60 years); hence, age value of 55
was adopted throughout the analysis. Descriptive statis-
tics as well as t tests and χ2 tests were used to describe
the study sample and age strata. Given the small sample
size of the younger group, and the low prevalence of the
chronic conditions of interests (HTN, DM, and PAD),
subsequence multiple linear regression models
predicting log (ACE2) were fitted in the older group
only; categorical covariates with relative group size ratio
greater than (1:10), i.e. prevalence < 9%, were excluded
from the models due to the unreliability of estimates
derived from small sample sizes. Covariates were added
to subsequent model, and then a final reduced model
was generated using backward elimination with a crite-
rion of alpha of 0.1 to enter and remain in the model.
The associations between ACE2 and inflammatory
markers, IL-6 and CRP, were explored in subsequent
multiple linear regression models that incorporated co-
variates from prior analyses: A final model for IL-6 was
evaluated in strata defined by peripheral arterial disease
status. ACE2, CRP, and IL-6 were log transformed in all
regression analyses.

Lo
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Age (year)

Age <55 years
P=0.0299
R=-0.08

Age ≥55 years
P=0.0299
R=-0.08

Fig. 1 Scatterplot with
Spearman’s rank-order correla-
tions of age vs. ACE2 circulating
levels in the different age groups
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Results

Sample characteristics of the total sample, and by age
groups, are shown in Table 1. As expected, the two age
groups differed by average blood pressure, metabolic
parameters, smoking, and prevalence of cardiovascular
medication use as well as ACEi and ARB drug treat-
ment. Average age groups in log (ACE2) levels were
not significantly different (Table 1).

To further explore the association between age and
ACES, an exploratory Loess curve was fitted, showing a
curvilinear relationship with an inflection point in the
association around age 55 (Fig. 1). Linear regression
analysis of age vs. ACE2 in the total sample, with age
entered as a quadratic term, showed significant associa-
tions between ACE2 and age (β = 0.019, p = 0.0013),
and age [2] (β = 0.0002, p = 0.0006). Stratified,

Spearman rank-order correlation showed a significant
positive correlation in the younger group (R = 0.19, p =
0.0106), and a negative correlation in the older group
(R = − 0.08, p = 0.0299) (Fig. 1).

Subsequent multivariate analyses were limited to the
older group of participants aged 55 years and older,
given the small size in the younger group, and the low
prevalence of categorical variable. A series of hierarchi-
cal linear regression models including covariates with
prevalence > 9% were included: Models 1–4 show that
the negative association between age and log (ACE2) in
this age group remained significant after accounting for
covariates, with no sex difference (Table 2). Model 2
shows no independent associations of log (ACE2) with
hypertension and diabetes. Peripheral arterial disease,
however, was associated with greater ACE2 levels,
while ACEi use was inversely associated with ACE2

Table 1 Descriptive characteristics of the sample by age groups

Total (n=967) <55 (n=177) ≥55 (n=790) p value

Variable Mean/n STD/% Mean/n STD/% Mean/n STD/%

AGE, year 66.3 15.2 38.6 10.0 72.5 7.0 < .0001

SBP, mmHg 144.2 21.2 123.6 17.6 148.8 19.2 < .0001

DBP, mmHg 82.6 9.3 76.3 10.3 84.0 8.4 < .0001

Cr clearance (mL/min) 84.9 29.3 112.7 31.9 78.9 25.0 < .0001

Creatinine 0.9 0.2 0.9 0.1 0.9 0.2 0.032

Glucose levels 93.2 23.6 85.0 19.6 95.2 24.1 < .0001

Total cholesterol 216.1 39.6 201.2 40.8 219.8 38.4 < .0001

BMI 27.2 4.1 25.8 4.1 27.5 4.1 < .0001

ACE2, RFU 952.0 607.3 946.7 631.7 953.4 601.3 0.8893

HTN (n, %) 371 38.3 14 7.9 357 45.2 0.0001

DM (n, %) 102 10.6 4 2.3 98 12.4 0.0001

IHD (n, %) 53 5.5 0 0.0 53 6.7 0.0001

CHF (n, %) 28 2.9 0 0.0 28 3.5 0.0001

PAD (n, %) 75 7.8 0 0 75 9.5 0.0001

Non-CVD comorbidities (n, %) 49 5.1 2 1.1 47 6.0 0.0082

Smoking (n, %) 0.0001

Current 190 19.1 70 34.3 120 15.2

Former 253 25.5 31 15.2 222 28.1

Never 551 55.5 103 50.5 448 56.7

ACEI treatment (n, %) 172 17.8 6 3.4 166 21 0.0001

ARB treatment (n, %) 12 1.24 1 0.56 11 0.4 0.3688

N number of individuals in the indexed group of categorical variables; % percentage of individuals in the indexed group of categorical
variables; STD standard deviation; SBP systolic blood pressure; DBP diastolic blood pressure; BMI body mass index; ACE2 angiotensin-
converting enzyme 2; RFU relative fluorescence unit; HTN hypertension; DM diabetes mellitus; IHD ischemic heart disease; CHF
congestive heart failure; PAD peripheral artery disease; ACEi angiotensin-converting enzyme inhibitors; ARBs angiotensin II receptor
blocker; Cr creatinine
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levels. These associations remained significant after
adjustment for age, sex, smoking, height, weight, renal
function, cholesterol levels, and non-cardiovascular co-
morbidity index. Model 4, which only includes inde-
pendent variables that contributed to the model fit, using
backward elimination method, showed the same associ-
ation observed in the previous model. In addition,
weight was inversely associated with ACE2, while hy-
pertension became marginally associated with greater
ACE2 levels (STB = 0.08, p = 0.0665).

To explore the effect of inflammation onACE2 in the
older group, we explored its association with

interleukin-6 (IL6) and C-reactive protein (CRP)
adjusting for the variables that had remained significant-
ly associated with ACE2 in the previous model
(Table 3). Log (CRP) was not significantly associated
with ACE2. After adjusting for covariates, log (IL6) was
positively and independently associated with ACE2 af-
ter adjusting for covariates. We tested the association of
log (IL6) with ACE2 separately in PAD and non-PAD
participants. There was a strong association between log
(ACE2) and log (IL6) among those with PAD, but this
term was only marginally significant in those free of
PAD (Table 3).

Table 2 Multivariate linear regression models examining correlates of log (ACE2) serum levels in InCHIANTI participants aged 55 and
older (n = 790)

Model 1 Model 2 Model 3 Model 4

SD B p SD B p SD B p SD B p

Age −0.12 0.0004 −0.13 0.0003 −0.19 < .0001 −0.16 <.0001

Sex 0.05 0.1504 0.06 0.1094 −0.01 0.9191 - -

HTN 0.06 0.1407 0.074 0.0852 0.08 0.0665

DM −0.03 0.3178 −0.03 0.3265 - -

PAD 0.08 0.0222 0.09 0.0214 0.08 0.0241

ACEI −0.13 0.0016 −0.14 0.0013 −0.14 0.0011

Weight −0.06 0.1579 −0.09 0.0186

Height 0.02 0.7924 - -

Smoking −0.04 0.3116 - -

Cr clearance −0.06 0.1829 - -

Total cholesterol 0.01 0.6975 - -

Comorbidity index 0.04 0.2892 - -

HTN hypertension; DM diabetes mellitus; IHD ischemic heart disease; CHF congestive heart failure; PAD peripheral artery disease; ACEi
angiotensin-converting enzyme inhibitors; ARBs angiotensin II receptor blocker; Cr creatinine

Table 3 Multivariate linear regression models examining associations between ACE2 and related proteins and inflammatory markers in
participants aged 55 and older

Total (n=780) With PAD (n=75) Without PAD (n=705)

SD B p SD B p SD B p

Age −0.17 <.0001 −0.21 0.0797 −0.16 <.0001

PAD 0.07 0.0413 - - - -

Weight −0.10 0.0052 −0.29 0.0192 −0.09 0.0257

ACEi −0.09 0.0103 −0.02 0.8336 −0.09 0.0143

ARB 0.09 0.0115 0.22 0.0518 0.08 0.0337

log(IL6) 0.09 0.0186 0.25 0.0279 0.07 0.0726

Initial models adjusted for CRP but were removed from the model for p value > 0.1

ACEi angiotensin-converting enzyme inhibitors; ARB angiotensin receptor blocker
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Discussion

Principal findings

This is the first study in humans to show a curvilinear
association between circulating ACE2 level and age,
with lower ACE2 level among older individuals. ACEi
was associated with lower circulating ACE2 levels.
Weight was inversely correlated with ACE2. While
there were no associations of ACE2 levels in diabetes
status, participants with PAD were more likely to have
elevated ACE2 levels. Hypertensive individuals dem-
onstrated a trend toward slightly higher circulating
ACE2 levels, but the association was only marginally
significant. Interestingly, ACE2 was positively associ-
ated with IL-6, a marker of chronic inflammation, but
only in those with PAD.

Age differences in circulating ACE2 levels

ACE2 showed a curvilinear association with age char-
acterized by a positive association among participants
below the age of 55 and a negative association in older
participants. This finding further expands the limited
data on age-associated changes in ACE2. It is important
to recognize the difficulty in interpreting changes in
circulating ACE2 given the complex processes that
determine it, the variable RAAS system it could repre-
sent in young and old. As a predominantly epithelial cell
membrane protein, circulating ACE2 is mainly a prod-
uct of the shedding of its surface domain cleaved by
ADAM-17 [16]. Hence, the age-associated differences
in circulating ACE2 levels we have observed represent
the sum of age-associated differences in both the abun-
dance of tissue cell membrane ACE2 and ADAM-17-
mediated shedding rate. Tissue levels of ACE2 were not
measured in this study; thus, we cannot differentiate
between the two processes using the available data..
While further studies are needed to better understand
the implications of these age-associated differences,
there are existing data that support the findings from
the current study and shed light into the mechanism
underlying the lower ACE2 in older age observed. An-
imal studies have shown lower ACE2 levels in the lungs
of older compared with younger rats [7]. Similar inverse
associations between ACE2/ACE levels and age were
observed in hematopoietic stem progenitor cells in
healthy adults [17]. It has been shown that ADAM-17-
mediated shedding of ACE2 is mainly driven by

angiotensin II16. Given the overwhelming evidence of
angiotensin II upregulation with aging [18], it would be
expected that there is increased shedding resulting in
greater circulating ACE2 with aging; however, this was
not observed in this study. This suggests that lower
circulating ACE2 at advanced age observed represents
a decline in tissue ACE2 rather than a decline in
shedding.

The age-associated differences observed in ACE2 are
in line with established pro-inflammatory changes in
renin-angiotensin signaling with aging, which leads to
increased angiotensin II signaling with advancing age
[19, 20]. However, the lack of measurement of other
proteins related to ACE2, namely angiotensin 1–7 and
others downstream of angiotensin 1–7, prevents the full
understanding of the biological implications of ACE2
associations observed here. Nonetheless, this age-
associated reduction in ACE2 is likely associated with
an overall reduction in its ant-inflammatory effects with
a net increase in pro-inflammatory signaling.

The emerging epidemiological data [1, 3, 21] showed
an overall curvilinear association between age and
COVID-19 incidence.While a causal relationship between
the complex pattern of ACE2 and age with COVID-19
incidence and severity cannot be claimed, it is noted that
similar curvilinear patterns are observed. There are no
differences in average ACE2 levels between the age group
studies which would not support the role of ACE2 in
mediating the differences in COVID-19 incidence and
severity. However, given the complexity of the processes
that would determine ACE2 circulating levels discussed
above, the patterns of age differences in ACE2 within the
age groups, rather than group averages, might better in-
form about the role of ACE2 in the disease pathogenesis.

With a plethora of social and environmental factors at
play, ACE2 level is certainly not the only factor associ-
ated with the incidence pattern; however, given the
major role of ACE2 as the protein that mediates viral
entry into cells, it is plausible that the trends in ACE2
inform about a degree of biological predisposition. It is
important to note, however, that circulating ACE2 levels
are likely to represent different pro-inflammatory states
in older vs. younger persons. Hence, circulating ACE2
levels tell only a part of the story in terms of predispo-
sition to greater COVID-19 severity in older vs. younger
individuals. Comprehensive assessment of RAAS sig-
naling and the associated pro-inflammatory profiles in
older and younger individuals will be needed to fully
elucidate this complex relationship.
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The associations between ACE2 levels and the use
of renin-angiotensin-aldosterone antagonists

This analysis showed that angiotensin-converting en-
zyme inhibitor (ACEi) use was associated with lower
circulating ACE2 in this cohort; the small number of
individuals on ARBs and aldosterone blockers in this
cohort prevented deriving statistically reliable estimates
for their association with ACE2 levels. While the mo-
lecular mechanism of the association of ACEi and cir-
culating ACE2 levels cannot be explored in the current
study, these findings are consistent with ACEi mecha-
nism of actions. Knowledge on the feedback mecha-
nisms between angiotensin II and ACE2 is still limited;
however, there is evidence that angiotensin II increases
the expression of ACE2 [22] as well as its shedding
[16]; hence, low angiotensin II levels with ACEi are
expected to reduce and downregulate these processes,
leading to less circulating ACE2.

Initial concerns about the safety of RAAS antagonists
were based on previous reports of elevated ACE2 in
animals treated with ARBs [23], and the fear of subse-
quently increased virus virulence [23]. More extensive
reviews of the literature, however, have shown mixed
results on the changes in ACE2 with ACEi/ARB treat-
ment [11]. Furthermore, evidence from animal models
suggested beneficial effects of RAAS antagonists in
reducing acute lung injury in coronavirus diseases [5,
11]. New observational evidence from this outbreak
showed no adverse outcomes of RAAS antagonists
[24, 25], and some suggesting beneficial role of these
medications [26]. Several ongoing clinical trials are
examining the efficacy of RAAS antagonists in
preventing COVID-19 and/or reducing its severity.

ACE2 levels, weight, cardiovascular diseases,
and inflammation in older individuals

Among the different cardiovascular risk factors exam-
ined in this analysis, weight was the only correlate of
ACE2 with greater weight associated with lower levels
in the older group. Interestingly, no associations were
observed by BMI groups (data not shown). Preliminary
epidemiological reports [27, 28] and anecdotal observa-
tions [29] have shown a link between obesity and severe
COVID-19 severity. Further studies are needed to fur-
ther examine the nature of the association of weight and
ACE2 levels, and whether the suggested worse COVID-

19 outcomes among obese patients is mediated in part
by lower ACE2 levels in this population.

The protective role of ACE2 in cardiovascular dis-
ease has been well recognized [30, 31]. However, great-
er circulating ACE levels have been reported in other
chronic, pro-inflammatory CV conditions such as hy-
pertension [32, 33], coronary artery disease [34], CHF
[33, 35], and CKD [36]. In our sample, the association
of ACE2 and cardiovascular disease was not tested due
to low prevalence of ischemic heart disease and CHF.
Further, there were no associations of ACE2 with hy-
pertension or diabetes. However, PAD was associated
with higher ACE2 levels in the older group. This asso-
ciation appears to be linked to chronic inflammation,
with an association between ACE2 and IL-6 that was
more significant in those with compared with those
without PAD. The greater circulating ACE2 levels ob-
served in individuals with disease can be a response by
the marked pro-inflammatory, and angiotensin II upreg-
ulation [37], which has been associated with a compen-
satory increased ACE2 expression [22] and shedding in
the circulation [16]. Further study of these associations
in larger cohorts with higher disease prevalence is need-
ed to confirm the associations of ACE2 with chronic
conditions. Understanding the relationship between dis-
ease and ACE2 is essential in disentangling the changes
in circulating ACE2 levels observed in COVID-19.

Limitations

There are limitations that one must consider while
interpreting the results of this analysis. First, it is a
cross-sectional study; hence, associations observed are
amenable to selection bias. Second, the results of the
study should be interpreted with caution given the assay
utilized does not provide absolute quantification of
ACE2, which might have limited the quality of the data;
more studies using fully quantitative methods with dif-
ferent assays to assess ACE2 levels are needed to vali-
date results from the proteomics approach and confirm
our findings. In addition, further studies that measure
other proteins in the angiotensin-renin cascade could
provide further insight into the mechanisms of ACE2
with age. Third, the number of participants on ARBs
was small; hence, the results, while statistically signifi-
cant, could be a result of chance. Fourth, the complexity
of RASS feedback signaling, however, and the tissue-
specific differences make it imperative to employ cau-
tion while interpreting the differences observed in
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circulating ACE2 level in the absence of measures of
other components of the RAAS systems.

Conclusion

This is the first study in humans to age-associated dif-
ferences in ACE2 in a community-dwelling population,
with lower ACE2 levels in older individuals. ACEi use
was associated with lower ACE2. While weight was
associated with lower circulating ACE2 levels, periph-
eral arterial disease was associated with greater circulat-
ing ACE2 levels, with a trend toward greater circulating
ACE2 levels among hypertensives. There was a stron-
ger positive association between ACE2 and chronic
inflammation in those with PAD. Further studies are
needed to examine the implications of these age-
associated differences in COVID-19 in cohorts with
ACE2 levels and COVID-19 outcomes. More detailed
characterization of the different components of RAS
signaling is needed with a focus on absolute quantitative
assessment in larger cohort toward establishing norma-
tive values, and assessment of their longitudinal
changes.
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