
Long-term Health Consequences of COVID-19

With more than 30 million documented infections and
1 million deaths worldwide, the coronavirus disease 2019
(COVID-19) pandemic continues unabated. The clinical
spectrum of severe acute respiratory syndrome coro-
navirus (SARS-CoV) 2 infection ranges from asymptom-
atic infection to life-threatening and fatal disease. Cur-
rent estimates are that approximately 20 million people
globally have “recovered”; however, clinicians are ob-
serving and reading reports of patients with persistent
severe symptoms and even substantial end-organ dys-
function after SARS-CoV-2 infection. Because COVID-19
is a new disease, much about the clinical course re-
mains uncertain—in particular, the possible long-term
health consequences, if any.

Epidemiology
Currently, there is no consensus definition of postacute
COVID-19. Based on the COVID Symptom Study, in which
more than 4 million people in the US, UK and Sweden
have entered their symptoms after a COVID-19 diagno-
sis, postacute COVID-19 is defined as the presence of

symptoms extending beyond 3 weeks from the initial on-
set of symptoms and chronic COVID-19 as extending be-
yond 12 weeks.1 It is possible that individuals with symp-
toms were more likely to participate in this study than
those without them.

Previously described, a postacute syndrome is well
recognized in patients who are recovering from a seri-
ous illness, in particular an illness that required hospi-
talization and admission to the intensive care unit. In a
2016 study among 43 patients who had been dis-
charged after intensive care unit stay (46% required me-
chanical ventilation), 36 (84%) reported impairment in
cognition, mental health, or physical function that per-
sisted for 6 to 12 months beyond hospital discharge, col-
lectively known as post–intensive care syndrome.2 In a
study from Italy that assessed COVID-19 symptom per-
sistence among 143 patients discharged from the hos-
pital, only 18 patients (12.6%) were completely free of
any COVID-19–related symptoms after a mean of 60 days
after initial symptom onset.3

However, postacute COVID-19 syndrome is not
just observed among patients who had severe illness
and were hospitalized. In a telephone survey con-
ducted by the Centers for Disease Control and Preven-

tion among a random sample of 292 adults (�18 years)
who had a positive outpatient test result for SARS-
CoV-2 by reverse transcriptase–polymerase chain
reaction, 35% of 274 symptomatic respondents re-
ported not having returned to their usual state of health
2 weeks or more after testing, including 26% among
those aged 18-34 years (n = 85), 32% among those aged
35-49 years (n = 96), and 47% among those aged 50
years or older (n = 89).4 Older than 50 years and the
presence of 3 or more chronic medical conditions were
associated with not returning to usual health within 14
to 21 days after receiving a positive test result. Notwith-
standing, 1 in 5 individuals aged 18-34 years without
chronic medical conditions had not yet achieved base-
line health when interviewed at a median of 16 days from
the testing date.

Manifestations
The most commonly reported symptoms after acute
COVID-19 are fatigue and dyspnea. Other common symp-
toms include joint pain and chest pain.3 In addition to

these general symptoms, specific organ
dysfunction has been reported, involv-
ing primarily the heart, lungs, and brain.
From a pathogenesis standpoint, these
complications could be the conse-
quence of direct tissue invasion by the vi-
rus (possibly mediated by the presence of
angiotensin-converting enzyme 2 recep-
tor), profound inflammation and cyto-
kine storm, related immune system dam-

age, the hypercoagulable state described in association
with severe COVID-19, or a combination of these factors.

Cardiovascular
Myocardial injury, as defined by an increased troponin
level, has been described in patients with severe acute
COVID-19, along with thromboembolic disease. Myo-
cardial inflammation and myocarditis, as well as cardiac
arrhythmias, have been described after SARS-CoV-2
infection. In a German study of 100 patients who
recently recovered from COVID-19, cardiac magnetic
resonance imaging (performed a median of 71 days
after COVID-19 diagnosis) revealed cardiac involvement
in 78% and ongoing myocardial inflammation in 60%.5

The presence of chronic comorbidities, duration and
severity of acute COVID-19 illness, and time since origi-
nal diagnosis did not correlate with these findings.
However, the sample was not random and likely biased
toward patients with cardiac findings. Nevertheless,
among 26 competitive college athletes who received a
diagnosis of COVID-19 by reverse transcriptase–
polymerase chain reaction, none of whom required
hospitalization and the majority without reported
symptoms, 12 (46%) had evidence of myocarditis or
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to elucidate the…health consequences
attributable to COVID-19 and how these
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prior myocardial injury by cardiac magnetic resonance imaging rou-
tinely performed for positive testing results (range, 12-53 days
later).6 The durability and consequences of such imaging findings
are not yet known and longer follow-up is needed. However, an
increased incidence of heart failure as a major sequela of COVID-19
is of concern, with considerable potential implications for the gen-
eral population of older adults with multimorbidity, as well as for
younger previously healthy patients, including athletes.

Pulmonary
In a study of 55 patients with COVID-19, at 3 months after dis-
charge, 35 (64%) had persistent symptoms and 39 (71%) had ra-
diologic abnormalities consistent with pulmonary dysfunction such
as interstitial thickening and evidence of fibrosis.7 Three months af-
ter discharge, 25% of patients had decreased diffusion capacity for
carbon monoxide. In another study of 57 patients, abnormalities in
pulmonary function test results obtained 30 days after discharge,
including decreased diffusion capacity for carbon monoxide and di-
minished respiratory muscle strength, were common and oc-
curred in 30 patients (53%) and 28 patients (49%), respectively.8

If compounded on cardiovascular comorbidity, either preexisting or
incident from COVID-19, persistent decline in lung function could
have major adverse cardiopulmonary consequences.

Neurologic
SARS-CoV-2 can penetrate brain tissue via viremia and also by
direct invasion of the olfactory nerve, leading to anosmia. To date,
the most common long-term neurologic symptoms after COVID-19
are headache, vertigo, and chemosensory dysfunction (eg, anos-
mia and ageusia). Although stroke is a serious albeit uncommon
consequence of acute COVID-19, encephalitis, seizures, and other
conditions such as major mood swings and “brain fog” have been
reported up to 2 to 3 months after initial illness onset.9 Past pan-
demics involving viral pathogens (such as SARS-CoV-1, Middle East
respiratory syndrome coronavirus [MERS], and influenza) have
involved neuropsychiatric sequelae that could linger for months in
“recovered” patients, which can seriously threaten cognitive
health, overall well-being, and day-to-day functional status.

Emotional Health and Well-being
In addition to symptom persistence and clinical sequelae that may
last far beyond the initial COVID-19 illness, the extent of emotional
and behavioral concerns and general distress for those affected has
yet to be determined. A diagnosis of COVID-19, and subsequent need
for physical distancing, has been associated with feelings of isola-
tion and loneliness.10 COVID-19–related stigma has also become per-
vasive and can result in a sense of hopelessness. Increasing reports
of lingering malaise and exhaustion akin to chronic fatigue syn-
drome may leave patients with physical debility and emotional dis-
turbance. Compounded by the psychological toll of the pandemic
experienced population wide, individuals recovering from COVID-19
may be at even greater risk of depression, anxiety, posttraumatic
stress disorder, and substance use disorder. These combined ef-
fects have the potential to result in a global health crisis, consider-
ing the sheer number of COVID-19 cases worldwide.

Conclusions
Granted that no long-term data of substantial numbers of patients
with various presenting symptoms exist and with comparison groups,
and that it is still early in the COVID-19 pandemic, it is possible that
large numbers of patients will experience long-term sequelae. Out-
patient post–COVID-19 clinics are opening in many localities where
large outbreaks have occurred, and the term “long-haulers” has been
suggested to refer to these patients. It is imperative that the care
of this vulnerable patient population take a multidisciplinary ap-
proach, with a thoughtfully integrated research agenda, to avoid
health system fragmentation and to allow the comprehensive study
of long-term health consequences of COVID-19 on multiple organ
systems and overall health and well-being. Furthermore, such an ap-
proach will provide the opportunity to efficiently and systemati-
cally conduct studies of therapeutic interventions to mitigate the ad-
verse physical and mental health effects among hundreds of
thousands, if not millions, of people who recover from COVID-19.
Longer-ranging longitudinal observational studies and clinical trials
will be critical to elucidate the durability and depth of health con-
sequences attributable to COVID-19 and how these may compare
with other serious illnesses.
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