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The Dilemma of Coronavirus Disease 2019, Aging,
and Cardiovascular Disease
Insights From Cardiovascular Aging Science
As we brace for the imminent impact of the coronavirus disease 2019 (COVID-19) pandemic, we are faced
with a controversy on how to best minimize the risk of
lethal disease among the most vulnerable of us. Preliminary epidemiological data show an uneven-handed impact on the population, with an exponential increase in
disease severity and mortality in those beyond the sixth
decade of life with cardiovascular disease (CVD) and diabetes. Given that angiotensin-converting enzyme 2
(ACE2), an enzyme coopted by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) to enter epithelial cells, is upregulated in patients with CVD and diabetes treated with angiotensin-converting enzyme
inhibitors (ACEIs) and angiotensin receptor blockers
(ARBs), it was proposed that this increase in ACE2 expression underpins the greater COVID-19 severity in this
population. This has created substantial controversy regarding the approach to patients taking ACEIs/ARBs in
preparation for the pandemic, with some advocating for
discontinuing these medications while expert opinions
recommended against discontinuation, given the lack of
strong evidence.1
To begin to unravel this complex dilemma, we must
consider the role of ACE2 not only in COVID-19 pathogenesis but also as a component of renin-angiotensin
system (RAS) signaling throughout the body. First, one
must recognize the scarcity of data on the topic, particularly in humans. Nonetheless, the urgency of the situation makes it imperative to use inductive reasoning to
guide our next steps toward protecting our patients. It
is well established now that while ACE2 is targeted by
SARS-CoV-2 to gain entrance into cells, it plays a major
anti-inflammatory role in RAS signaling by converting
angiotensin II, the quintessential perpetrator of
inflammation,2 to angiotensin 1-7, which carries antiinflammatory properties.3
What has been missing in discussions of the aforementioned dilemma is the age-associated decline in
ACE2 expression, as observed in the lungs of rats,4 which
is in line with a constellation of major proinflammatory
changes perpetrated by an age-associated increase in
RAS signaling throughout the body.5 Exaggerated forms
of this proinflammatory profile are also salient pathophysiologic features of hypertension and diabetes, which
are highly prevalent at older ages.5 The upregulation of
ACE2 in individuals with diabetes and hypertension
treated with ACEIs/ARBs is, in a way, restorative of physiological function. Hence, these observations raise an apparent paradox: given ACE2 itself is the gateway of SARSCoV-2 entry into cells, how can the reduction in ACE2
levels in older persons and those with CVD predispose
for greater COVID-19 severity?
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Figure. Schematic of Inflammatory Profile Before and After
Coronavirus Disease 2019 (COVID-19) Infection
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Simplified schematic of the preinfection inflammatory profile
among predisposed older individuals vs their younger
counterparts. ACE2 indicates angiotensin-converting enzyme 2;
CVD, cardiovascular disease; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2.

Thisapparentparadoxbecomesclearifwedistinguish
the role of ACE2 as a gateway for SARS-CoV-2 facilitating
the infection from its pivotal anti-inflammatory function
in RAS signaling that is compromised in individuals with
COVID-19, contributing to its severity (Figure).3 Indeed,
data on the severe acute respiratory syndrome epidemic
of 2003 demonstrates this divergence in factors predisposingtodiseaseoccurrenceanditsseverity;intheformer
epidemic, although younger individuals in their third
and fourth decades of life accounted for most of those
infected,6 theseyoungerpatientshadlowerdiseaseseverity and risk of mortality compared with older people with
preexisting conditions.
Similarly, in the COVID-19 pandemic, it is plausible
that greater expression of ACE2 leads to higher predisposition to incur the disease; preliminary epidemiologic data from South Korea, where the most populationwide testing has taken place, show that most cases are
among younger adults7 who are expected to have higher
levels of ACE2.4 However, when it comes to COVID-19
severity, reduction in ACE2 levels with aging and CVD and
its associated upregulation of angiotensin II proinflammatory pathway8 likely predispose older individuals with
cardiovascular comorbidities to severe forms of COVID19, as has been observed in Italy.7 This predisposition is
exploited with SARS-CoV-2 binding to ACE2 itself, further reducing ACE2 cell surface expression, upregulating angiotensin II signaling in the lungs, and yielding acute
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lung injury.3 Hence, compared with young individuals, older persons with CVD who already have reduced ACE2 levels will be expected to be more predisposed to exaggerated inflammation with
further reduction in ACE2 expression in the context of COVID-19,
manifesting with greater disease severity.
In summary, older individuals, especially those with hypertension and diabetes, have reduced ACE2 expression and upregulation of angiotensin II proinflammatory signaling; the increase in ACE2
levels with ACEI/ARB treatment is more likely to be corrective to
these changes. We hypothesize that with superimposed COVID-19
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