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The Corona Virus Disease 2019 (COVID-19) has become an unprece-
dented global public health crisis and a pandemicassociated with vi-
carious psychosocial and economic stresses. Such stresses were re-
ported to lead to behavioral and emotional disturbances in individu-
als notinfected with the COVID-19 virus. Itis largely unknown if these
stresses can trigger acute cardiovascular events (CVE) in such indi-
viduals. Covid-19-neagtive adults presenting with acute myocardial
infarction (AMI), cerebrovascular accident (CVA), or out-of-hospital
cardiac arrest (OHCA) during the COVID-19 pandemicin Jordan from
March 15, 2020 through March 14, 2021 were enrolled in the study if
they reported exposure to psychosocial or economic stresses related
to the pandemic lockdown. Of 300 patients enrolled (mean age 58.7
+12.9 years), AMI was diagnosed in 269 (89.7%) patients, CVA in 15
(5.0%) patients, and OHCA in 16 (5.3%) patients. Triggering events
were psychosocial in 243 (81.0%) patients and economic stressors in
157 (52.3%) patients. The psychosocial stresses included loneliness,
hopelessness, fear of COVID-19 infection, anger, and stress-related to
death of a significant person. The economicstressors included finan-
cial hardships, job loss or insecurity, volatile or loss of income. Expo-
sure to more than one trigger was reported in 213 (71.0%) patients.
In-hospital mortality of the patients admitted for AMI or CVA was
2.1%, and none of the OHCA survived the event. The COVID-19 pan-
demic continues to be a source of significant psychosocial and eco-
nomic hardships that can trigger life-threatening acute CVE among
individuals not infected with the virus.
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1. Introduction

The Corona Virus Disease 2019 (COVID-19) caused by
Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-
CoV-2) has evolved to a global pandemic with devastating
consequences. The rapid spread across the globe resulted
in an accelerating and relentless massive public health crisis
with unprecedented numbers of infected patients and deaths
in a relatively short period [1, 2].

These significant threats of the pandemic necessitated
shutdown of almost all human activities, travel bans and re-
strictions, lockdown, social isolation, stringent home quar-
antine, physical distancing measures and disruption of public
health services [3, 4]. Clinical studies suggest that such mea-
sures, coupled with fear of contagion, may have a detrimen-
tal effect on human behavior and mental health of individu-
als not infected with the COVID-19 virus. A wide spectrum
of psychosocial and economic stresses of various degrees and
durations were reported [5, 6] to cause anger, fear, hope-
lessness, poor concentration and indecisiveness, deteriorat-
ing work performance, reluctance to work, and sleep distur-
bance [7, 8].

Psychosocial and economic stressors can trigger acute car-
diovascular events (CVE), including acute myocardial infarc-
tion (AMI), acute cerebrovascular accident (CVA) and out-
of-hospital cardiac arrest (OHCA) during times of natural
(i.e., earthquakes) or man-made (wars) disasters [9, 10]. It
is largely unknown if the COVID-19 pandemic-related psy-
chosocial and economic stresses, lockdowns, and galvaniza-
tion of all but essential services can trigger acute CVE among
individuals non-infected with the virus [11].
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Jordan confirmed its first COVID-19 case on March 2,
2020, and the country reported more than 750,000 cases as
of May 20, 2021.
plemented on March 21, 2020 followed by various measure
of easing or tightening the lockdown to date. The Jordan
COVID-19 Atherosclerotic Cardiovascular Events Study (Jo-
CORE) evaluated individuals who sustained acute CVE dur-
ing the first 12 months of the pandemic, and reported expo-
sure to the pandemic lockdown-related stressors prior to sus-
taining the acute CVE. None of these individuals was infected
with the COVID-19 virus. The first 55 patients with AMI
who were enrolled in the study were reported earlier [12].
The current study included all triggered events (AMI, CVA
and OHCA) evaluated in the first year of the pandemic. We
sought to determine the clinical profiles, the nature and fre-
quency of the pandemic-related psychosocial and economic
stressors, and the short term prognosis of these patients.

A nationwide total lockdown was im-

2. Methods

This multicenter cross-sectional study enrolled consecu-
tive adult patients (>18 years of age) who were evaluated for
AMI, CVA or OHCA in 11 tertiary care centers in Jordan dur-
ing the COVID-19 pandemic from March 15, 2020 through
March 14, 2021. Subjects enrolled reported exposure to
COVID-19 pandemic lockdown-related psychosocial and/or
economic stressors prior to the occurrence of the acute event.
None of the patients was infected by the COVID-19 virus,
or had a prior diagnosis of, or medication prescription for, a
psychological illness. Data obtained included baseline clinical
characteristics, CV risk factors, past diagnosis of atheroscle-
rotic CV disease, past coronary revascularization, nature of
the triggering stresses, hospital diagnostic and therapeutic
procedures, and in-hospital outcome.

The psychological impact of COVID-19 was measured
using a hospital-based modification of the Impact of Event
Scale-Revised questionnaire.
self-administered set of questions used for determining the
extent of psychological and economic impact after exposure
to a public health crisis [13].

The diagnosis of AMI included ST-segment elevation
MI (STEMI) and non-ST-segment elevation MI (NSTEMI).
STEMI was diagnosed by the presence of cardiac ischemic
chest pain, ST-segment elevation of >2 mm in at least 2
contiguous leads on the 12-lead ECG, and elevated cardiac
biomarkers. NSTEMI was defined by the presence of car-
diac ischemic chest pain, ST-segment depression, inverted
T wave, or normal ECG, and elevated cardiac biomarkers.
Cerebrovascular event was diagnosed by a neurologist based
on the clinical presentation and brain imaging by computed
tomography and/or magnetic resonance. OHCA was defined
as cessation of cardiac mechanical function confirmed by ab-
sence of signs of circulation, in the absence of non-cardiac
causes [14]. Patients had nasopharyngeal swab polymerase
chain reaction (PCR) testing for COVID-19.

This is a well-validated and
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The triggers the patients were exposed to prior to the on-
set of acute CVE were divided into two categories; psychoso-
cial and economic stresses. The former included loneliness,
isolation, lockdown or quarantine, fear and uncertainty, fear
of contacting COVID-19 infection or of death, anger, hope-
lessness disrupted sleep, lack of medical care or access, lone-
liness, death of a significant person, separation from loved
ones, heavy meals and overeating, smoking binge and stren-
uous physical activity. Economic stresses included financial
hardships such as bankruptcy, loss of job, and volatile income.
Patients discharged alive from hospital were followed up two
weeks later to enquire about symptoms of viral illness or a
confirmed COVID-19 infection.

The relative frequencies of the two categories of trigger-
ing events (psychosocial or economic) reported by the pa-
tients, were compared during three phases in the first year
of the pandemic. The initial interval of the pandemic was
featured by a total lockdown and slow rise in the COVID-
19 cases (March 15 to July 15, 2020), the second interval had
an almost total lifting of the lockdown and low number of
infected cases (July 16 to November 15, 2020), and the third
interval featured by a more stringent lockdown and very high
numbers of infected cases (November 16, 2020 to March 14,
2021).

The research protocol was approved by the institutional
review board (ethics committee) in each participating hospi-
tal and all patients gave written informed consent.

3. Statistical analysis

Descriptive statistics are displayed as mean (£SD) for con-
tinuous variables, and as number (percentage) for categori-
cal variables. For the three categories of the predefined acute
CVE (AMI, CVA, and OHCA), each patient was given the di-
agnosis of only one category despite the potential presence of
more than one event. For example, in a case of acute onset of
chest pain followed shortly by cardiac arrest, the diagnosis of
OHCA was allocated. Baseline demographic and clinical fea-
tures were determined for the whole group and for the three
acute CVE subgroups. Analysis of variance (ANOVA) was
used to compare means of continuous variables between the
three subgroups studied. Chi-square test was used to com-
pare percentages. A p-value of less than 0.05 was considered
statistical significant.

4. Results

A total of 305 patients with acute CVE were asked to
participate in the study, and of those, 300 agreed to be en-
rolled during the 12-month period of the study, including
269 (89.7%) patients with AMI, 15 (5.0%) patients with CVA,
and 16 (5.3%) patients with OHCA. Among the patients
with AMI, 115 (42.8%) had STEMI and 154 (57.2%) had
NSTEMILI. All patients who had AMI or CVA tested negative
for COVID-19 infection using the nasopharyngeal swab PCR
testing at hospital admission. None of the patients who had
OHCA were reported to have symptoms of viral illness, or
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Table 1. Baseline clinical profiles of 300 patients with pandemic lockdown stress-related acute cardiovascular events.

Clinical features All patients AMI patients CVA patients ~ OHCA patients p-value
(N=300) (N=269,897% (N=1550%) (N=16,5.3%)
Mean age = SD (years) 58.7 £12.9 57.8+12.9 6524153 5534137 0.07
Age <50 years 80 (26.7%) 72 (26.8%) 3(20.0%) 5(31.3%) 0.77
Men 245 (81.7%) 224 (83.3%) 7 (46.7%) 14 (87.5%) 0.001
Hypertension 151 (50.3%) 132 (49.1%) 14 (93.3%) 5(31.3%) 0.001
Diabetes mellitus 112 (37.3%) 99 (36.8%) 7 (46.7%) 6(37.5%) 0.74
Dyslipidemia 128 (42.7%) 117 (43.5%) 7 (46.7%) 4(25.0%) 0.33
Cigarette smoking 179 (59.7%) 168 (62.4%) 1(6.7%) 10 (62.5%) 0.0001
Family history of premature CVD 107 (35.7%) 98 (36.4%) 2 (13.3%) 7 (43.8%) 0.15
Past CAD 105 (35.0%) 102 (37.9%) 1(6.7%) 2 (12.5%) 0.007
Past CVA 2(0.7%) 1(0.4%) 0 1(6.3%) 0.90
Past coronary revascularization 69 (23.0%) 68 (25.3%) 0 1(6.3%) 0.02
Prior use of CV medications:
- Aspirin 104 (34.7%) 98 (36.4%) 3(20.0%) 3(18.8%) 0.17
- Second APA 52 (17.3%) 47 (17.5%) 3(20.0%) 2 (12.5%) 0.84
- Statin 97 (32.3%) 93 (34.6%) 3(20.0%) 1(6.3%) 0.04
- Beta blocker 84 (28.0%) 76 (28.3%) 6 (40.0%) 2 (12.5%) 0.22
- RASi 73 (24.3%) 66 (24.5%) 7 (46.7%) 0 0.01

APA, antiplatelet agent; CAD, coronary artery disease; CVA, cardiovascular accident; CVD, cardiovascular disease; OHCA,

out-of-hospital cardiac arrest; RASi, renin-angiotensin system inhibitor.

were close contacts of COVID-19 patients in the one-month
period prior to the event. Baselines clinical profiles of all pa-
tients and the three subgroups of acute CVE are depicted in
Table 1. The majority of the patients (81.7%) were men, and
one-fourth were 50 years of age or younger. The vast major-
ity of the patients (91.7%) had at least one of the four classi-
cal cardiovascular risk factors (hypertension, type 2 diabetes,
hypercholesterolemia and cigarette smoking), and only 8.3%
of the patients did not have any of these risk factors. Pa-
tients who had AMI had higher prevalence of past diagnosis
of coronary artery disease (CAD) and coronary revasculariza-
tion than those who presented with CVA or OHCA. Patients
who had OHCA tended to be younger, were more likely to be
men, and had higher prevalence of cigarette smoking com-
pared with those who had AMI or CVA.

Coronary angiography of 228 (84.8%) patients with AMI
showed one vessel CAD in 130 (57.0%) patients, multivessel
or left main CAD in 87 (38.2%), and spontaneous coronary
artery dissection in one woman. Of those who had coro-
nary angiography, percutaneous and surgical coronary revas-
cularizations were undertaken in 210 (92.1%) and 18 (7.9%),
respectively. All patients with CVA had thrombotic stroke.
Carotid and cerebral arteriography in these patients showed
small-vessel disease in 8 patients and spontaneous carotid dis-
section in one patient. None underwent endovascular inter-
vention. Of the AMI and CVA patients, 6 (2.1%) had in-
hospital death. None of the victims of OHCA was successfully
resuscitated; 13 (81.3%) patients were pronounced dead at the
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collapse scene, and three (18.7%) were pronounced dead in
the emergency department. None of the patients discharged
alive from hospital developed symptoms of viral illness or a
confirmed COVID-19 infection up to two weeks after the
CVE.

Table 2 shows the triggering events the patients were ex-
posed to prior to sustaining the acute CVE. Exposure to these
triggering events was reported to extend for variable dura-
tions of time ranging from few days to several weeks prior
to the occurrence of the CVE. None of the patients reported
exposure to similar triggering events, significant vulnerabil-
ity to stressful situations prior to the COVID-19 pandemic,
history of neurological or psychiatric illness, or taking psy-
chotropic medications. Five of the patients reported anxiety
disorder in a sibling.

Exposure to a single triggering event was reported by 87
(29.0%) patients and exposure to two or more triggers was re-
ported by 213 (71.0%) patients. Psychosocial stresses were re-
ported more often than economic stresses (81.0% and 52.3%,
respectively). More than 20% of the patients reported expo-
sure to at least one of the psychosocial stresses including stress
related to loneliness and lockdown, intense sense of isolation
and lockdown, fears, and anger. Fears reported included fear
of getting infected with the COVID-19 virus, fear of lack of
medical care and fear and uncertainty of the future. Rarely re-
ported stresses peculiar to the pandemic situation, not shown
in the table, included stress of supervising children’s online
learning, care of handicapped children due to day-care cen-
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Table 2. COVID-19 pandemic-related triggers reported to
precede the occurrence of acute cardiovascular events in 300
individuals not infected with the COVID-19 virus.

Triggers N %

Psychosocial stress

Loneliness, isolation and lockdown 99 33.0%
Fears 68 22.7%
Anger 67 22.3%
Disturbed sleep 43 14.3%

Death/sickness of a significant person 20 6.7%

Hopelessness 16 5.3%
Others

Economic stress 157 52.3%

Cigarette smoking binges 58 19.3%

Heavy physical exertion 18 6.0%

Eating binges 10 3.3%

ters closure, and inability to attend father’s funeral due to
lockdown.

The economic stressors included financial hardship,
volatile income, and loss of job. Of patients who reported
these stresses, 44.6% reported concomitant exposure to non-
economic stresses as well. Excess food intake and smoking
binges were reported by 3.3% and 19.3% of patients, respec-
tively. The heavy physical exertion reported by 6.0% of pa-
tients was mainly related to carrying heavy weights during
partial lockdown lifting and permitting shopping on foot.

Fig. 1 demonstrates the relative frequencies of psychoso-
cial and economic stresses the patients were exposed to dur-
ing three different time intervals in the first year of the pan-
demic. During the initial interval, 150 patients (50%) were
enrolled, 79 patients (26.3%) were enrolled during the sec-
ond interval, and 71 patients (23.7%) patients were enrolled
during the third interval. The prevalence of psychosocial
stress, but not of the economic stressors, showed signifi-
cant swings during the three-time intervals. In the initial
phase of the pandemic, psychosocial stresses were reported
by 56.0% of patients enrolled, economic stressors were re-
ported by 12.7%, and both stresses were reported by 31.3% of
patients. During the second interval with partial lockdown
and lower numbers of COVID-19 cases, psychosocial stress
rate dropped to 27.8% and the percentage of patients with
economic stressors rose to 21.5%. During the third inter-
val which was marked by resurgence of high COVID-19 case
count and imposing more stringent lockdown measures, psy-
chosocial stress frequency increased to 40.8% with no signif-
icant change in the prevalence of the economic stresses.

5. Discussion

To our knowledge, this is the first study to demonstrate
that acute CVE in individuals not infected with the COVID-
19 virus can be triggered by the pandemic lockdown-related
psychosocial and economic stressors. The mean age of the
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Fig. 1. Frequency of psychcosocial and economic stresses in 300 indi-
viduals during 3 different time intervals of the first year of the pan-
demic. p (ANOVA) = 0.0001 (psychosocial stress), 0.13 (economic stress),
0.006 (both stresses).

patients, and the prevalence rates of cardiovascular risk fac-
tors and preexisting CVD were comparable to those among
patients with CVD in larger local studies [15].

Prior to the COVID-19 pandemic, studies have consis-
tently demonstrated a temporal relationship of different res-
piratory viral epidemics and acute CVE, including AMI, CVA
and OHCA, among individuals infected with these viruses
[16, 17]. Individuals not infected with these viruses, how-
ever, were not reported to have acute CVE during the out-
breaks, possibly due to the limited scales of virus spread and
the fact that no lockdown measures were imposed [18].

In their efforts to control the spread of the COVID-19
virus and for the greater public benefit, governments im-
posed complete or partial lockdowns, mass quarantines, and
shutting of all but essential services for various durations
that extended from several weeks to months. These man-
dated regulations have led to a wide spectrum of lockdown-
related psychosocial and economic stresses, including loneli-
ness and boredom, fear of isolation, loss of freedom, frustra-
tion, anger, separation from loved ones, fear of COVID-19
infection or of medical care shortage, rapid spread of misin-
formation, uncertainty over disease status, loss of jobs, in-
come volatility and financial hardships [19-21]. Such stresses
led to mental and behavioral changes including anxiety, de-
pression, sleep disturbance, and work inefficiency, but not
acute CVE, among many individuals not infected with the
COVID-19 virus.

The current study showed that psychosocial and economic
stresses related to the COVID-19 pandemic could have cre-
ated a combustible mix that triggered acute CVE in suscep-
tible non-infected individuals, in a manner similar to trig-
gered CVE associated with natural and human-made disas-
ters [22, 23]. Such susceptibility may originate from a preex-
isting CVD or CV risk factors, inter-individual levels of toler-
ance to stress, and severity and length of exposure to the stress
[24,25]. Translating the impact of the pandemic-related trig-
gers to a myocardial infarction involves interplay of several
pathogenic events including increased sympathetic nervous
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system stimulation and circulating catecholamines leading to
increases in heart rate, blood pressure and arterial wall shear
force responses, increased coronary vascular tone, endothe-
lial dysfunction, and enhanced pro-inflammatory and proco-
agulant mediators [26]. These responses may culminate in
coronary plaque rupture and superimposed totally or subto-
tally occlusive thrombus in an epicardial coronary artery lead-
ing to AMI, ventricular tachyarrhythmias (VT) or cardiac ar-
rest [27]. Similar pathogenic mechanisms in the extra- and
intracranial arteries were shown to cause CVA due to ex-
posure to triggering stressors [28-30]. Additionally, trig-
gered events might be caused by spontaneous coronary or
carotid artery dissection related to neurohormonal activation
and vascular pathology [31, 32]. Furthermore, studies have
shown that acute brain vascular insult and its accompanying
sympathetic surge may adversely affect the cardiac function,
producing echocardiographic, electrocardiographic, and en-
zymatic cardiac changes including cardiac systolic and dias-
tolic dysfunction, ST segment abnormalities, various dys-
rhythmias, and elevations of N-terminal of the prohormone
brain natriuretic peptide and cardiac troponins [33].

The great majority of the patients reported in this study
(81.7%) were men.
tence of gender disparities in patients developing coronary
atherothrombosis and triggered acute CV events, with a doc-
umented advantage in premenopausal females. The car-
dioprotective roles of estrogen, which has been implicated
as a major protective factor against atherosclerotic coro-
nary plaque rupture, are mediated by the ability of this hor-
mone to lessen the platelet aggregation and thrombosis while
modulating timely pro- and anti-inflammatory responses to
mitigate the possible fatal outcomes of the coronary occlu-
sion. Such protective mechanisms are lost in women after
menopause [34].

Studies have demonstrated the exis-

In concordance with other studies, psychosocial and eco-
nomic stressors were the most common triggers reported
during the COVID-19 pandemic [35, 36]. Some triggers may
exert a single, sharp, and short transient effect on the patho-
physiological process, such as a burst of anger capable of trig-
gering an AMI, whereas other stressors, single or in combi-
nation, may exert pervasive effects over a longer period, such
as frustration or financial hardship related to the pandemic
lockdown [10, 27, 28].

Coexistence of triggers is common and includes, for ex-
ample, anger related to loss of job, and sense of isolation due
to fear of contracting the COVID-19 infection. The coexis-
tence of multiple triggering factors makes it difficult to pro-
portionally attribute the ensuing acute CVE to these multiple
additive or synergistic effects of the stresses [31]. The current
study also showed that psychosocial stresses were reported
more often than economic burdens throughout the first year
of the pandemic, but with significantly higher frequency dur-
ing the periods featured by high COVID-19 case count and
strict lockdown conditions. Despite an uneventful hospital
course in the great majority of the AMI and CVA patients in
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this study, the prognosis of those who had OHCA was very
grim.

Due to the increasingly arduous pandemic situation, it is
unlikely that these triggering stressors will abate in the short
term even after disappearance of the virus. On the long run
and despite the gradual or partial lifting of the lockdown and
drop in the COVID-19 case count, the sequelae of unresolved
financial hardships, posttraumatic stress disorder, stress of
lifting the lockdown and return to the usual life activities,
could in turn continue to trigger acute CVE for longer pe-
riods [37].

Implementing preventive measures is essential to limit the
occurrence of pandemic-related potentially life threatening
complications. Knowledge of the vicarious traumatization
experiences of individuals under lockdown or quarantine are
critical to mitigate the negative impact of emotional and eco-
nomic stressors, and to identify vulnerable individuals, with
parallel development and implementation of mental health
screening, timely and longitudinal preemptive interventions
[38-40].

This study has few limitations. We cannot make a def-
inite direct causal inference between the stressors and the
acute CVE with a cross-sectional designed study. This study
was not undertaken to evaluate the incidence of all triggered
acute CVE during the lockdown period at a national level,
thus limiting the generalization of our findings. It is plausi-
ble that there are large numbers of patients who sustained
triggered acute CVE who were treated at other centers or
did not seek medical advice. We acknowledge that the va-
lidity of reporting the exposure to various can be subjected to
under- or over-reporting of events by the patient. However,
several studies have shown an independent relation between
self-reported stress intensity and the acute CVE [41].

6. Conclusions

The potential benefits of strict lockdown and limitation
of human activity during the COVID-19 pandemic need to
be weighed carefully against the possible psychological and
economic costs. Our data show that the pandemic lock-
down stressors are capable of triggering acute CVE in in-
dividuals not infected with the virus. Our findings need to
be confirmed by larger studies from different parts of the
world including our region to evaluate the prevalence, mag-
nitude, and long term sequelae of the acute CVE triggered by
lockdown-related stresses among non-infected individuals.
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