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Background: During COVID-19 lockdown periods, several studies reported decreased numbers of myocardial infarction (MI) 
admissions. The lockdown impact has not yet been determined in developing countries. The aim of this study was to investigate 
the impact that of the lockdown measures might have had on the mean number of MI hospital admissions in Northern Jordan.
Methodology: A single-center study examined consecutive admissions of MI patients during COVID-19 outbreak. Participants’ data 
was abstracted from the medical records of King Abdullah University Hospital between 2018 and 2020. Mean and percentages of 
monthly admissions were compared by year and by lockdown status (pre-lockdown, lockdown, and post-lockdown time intervals).
Results: A total of 1380 participants were admitted with acute MI symptoms: 59.2% of which were STEMI. A decrease in number of 
MI admissions was observed in 2020, from 43.1 (SD: 8.017) cases per month in 2019 to 40.59 (SD: 10.763) in 2020 (P < 0.0001) 
while an increase in the numbers during the lockdown was observed. The mean number during the pre-lockdown period was 40.51 
(SD: 8.883), the lockdown period was 44.74 (SD: 5.689) and the post-lockdown was 34.66 (SD: 6.026) (P < 0.0001 for all 
comparisons). Similar patterns were observed when percentages of admissions were used.
Conclusion: Upon comparing the lockdown period both to the pre- and post-lockdown periods separately, we found a significant 
increase in MI admissions during the lockdown period. This suggests that lockdown-related stress may have increased the risk of 
myocardial infarction.
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Introduction
Globally, cardiovascular diseases (CVDs) are among the most prevalent medical conditions,1 and among the most 
common causes of death, causing around a third of all deaths.2,3 Ischemic heart disease (IHD) is considered the most 
common type of CVDs.3 Several factors contribute to the increased risk of IHD, including stress and sedentary lifestyle.4 

Jordan has a high prevalence of myocardial infarction (MI) compared to western countries.5–7 It is the most common 
cause of death in Jordan and comprises almost one-fifth of the total number of deaths.8

The ST-segment elevation myocardial infarction (STEMI), which usually results from rupture of atherosclerotic 
plaque and subsequent thrombosis and occlusion of a coronary artery, is considered a fatal cardiovascular emergency that 
requires prompt diagnosis and rapid reperfusion therapy.9 This puts the medical staff in dilemma, as performing primary 
percutaneous coronary intervention (PCI), which is considered the preferred reperfusion strategy recommended by most 
STEMI guidelines,10 for a patient whose COVID-19 status is not yet known which puts the health care workers and other 
hospitalized cardiovascular patients at risk especially that they are particularly vulnerable to develop severe acute 
respiratory syndrome -coronavirus-2 (SARS-CoV2) if got infected.11,12 On the other hand, screening these patients for 
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COVID-19 takes time which might delay primary PCI and negatively affect patient prognosis. However, PCI as the 
standard treatment for STEMI patients during the pandemic is still recommended as the therapy of choice by the 
American College of Cardiology and the Society for Cardiac Angiography and Interventions (SCAI).13 Altough there 
have been numerous health care system strains put on by COVID-19, the disease affects a variety of health care settings, 
including catheterization laboratories.13

In order to halt the spread of an epidemic, two non-pharmaceutical intervention (NPI) strategies have been identified 
globally: mitigation and suppression. Mitigation aims to reduce the peak of healthcare demand and to protect at-risk 
groups, thereby slowing the spread of disease but not necessarily stopping it. On the other hand, in suppression, the goal 
is to arrest and reverse the progression of the epidemic, reduce the number of cases to a low level, and maintain that level 
for the long run.14 As part of the global response to combat the first wave of COVID-19, Jordan has followed strict (NPI) 
measures early on during the pandemic to protect people. The government took one of the most drastic measures by 
implementing a strict country-wide lockdown between March 22 and the end of April 2020 followed by gradual re- 
opening of selected sectors, such as out-patient clinics. The country declared a state of emergency on March 22 and 
enacted a national lockdown; during which, all institutions of the public and private sectors were completely shut down, 
and the government circulated a decision outlining the sectors that are excluded from the lockdown decision including 
the health sector and other vital sectors.14,15

COVID-19 was reported to impact physical health and the general overall,16 with patients with chronic diseases 
severely affected, especially those who require routine regular visits to clinics to monitor their blood pressure and blood 
glucose levels.17 As a result of the lockdown, people have been less active and gained more weight, adversely affecting 
their health.18 The effect of COVID-19 on mental health is considered a big concern, during the lockdown, with reports 
that mental health has deteriorated compared to the period before the lockdown.19 Some also reported that the prevalence 
of mental health issues was on the rise since the lockdown.20

The effects of COVID-19-related lockdown on CVS and MI hospital admissions were reported. According to 
a multicentric study in Europe, the number of ER visits declined and the number of hospital admissions for CVDs has 
significantly decreased.21 A meta-analysis assessing the hospitalization of MI patients reported that the number of 
admissions for myocardial infarction declined during COVID-19 pandemic and during the lockdown.22 STEMI patients’ 
outcomes were also reported to be negatively affected by the lockdown,23 with some studies reporting a 2% increase in 
mortality rate.24 Other studies reported other findings, despite the decrease in ER visits, the mortality rate increased four 
folds, but a similar mortality rate for admitted patients with MI was observed as compared to the previous year.21 A rise 
in cardiac arrests occurring outside of the hospital was noted during the pandemic,25,26 and the number of cardiac deaths 
occurring outside of the hospital markedly increased.27

From within developing countries, where resources to combat the epidemic were scarce and shut down of almost all 
medical services was the norm, little is known about the effects of severe NPI measures on cardiovascular patients. In 
this study, we aimed at investigating the potential impact of strict NPI measures (lockdown) from Jordan on myocardial 
infarction patient’s admissions, including STEMI and NSTEMI cases.

Materials and Methods
Study Design
This is a retrospective single-center study conducted in King Abdullah University Hospital (KAUH), which is the largest 
tertiary healthcare provider in northern Jordan and the only center that offers percutaneous coronary interventional (PCI) 
service. KAUH serves approximately 3 million inhabitants.

All patients admitted with STEMI and NSTEMI in the period from January 1, 2018 to December 31, 2020 were 
included. Eligible patients were above the age of 18 years, not infected with COVID-19 during the first COVID-19 
outbreak, and hospitalized with MI. MI was defined according to the fourth universal definition of MI; as an elevation or 
a drop of cardiac enzymes (troponin) above the 99th percentile of the upper reference limit in addition to at least one of 
the following; MI symptoms, new electrocardiogram (ECG) ischemic changes, pathological Q wave, or imaging 
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evidence consistent with ischemia.28 STEMI was defined according to European Society of Cardiology (ESC) guidelines 
as follows:

At least two contiguous leads with ST-segment elevation of ≥2.5 mm in men < 40 years, ≥ 2 mm in men ≥40 years, or ≥1.5 mm 
in women in leads V2–V3 and/or ≥1 mm in the other leads, in the absence of left ventricular (LV) hypertrophy or left bundle 
branch block. (LBBB)10 

Retrospective data were abstracted from the medical records for the period between January 1, 2018 and 
December 31, 2020. The mean values of the number of monthly admitted MI cases, the percentage of the admitted 
STEMI (STEMI/total MI cases), and the percentage of in-hospital mortality (mortality/total MI cases) were calculated 
and compared by lockdown status and by year.

Time segments for the lockdown status were categorized into three time intervals: pre-lockdown, lockdown, and post- 
lockdown. The lockdown period was considered to be between April 1 and June 30, 2020 (3 months). Pre-lockdown was 
considered the period between January 1. 2018 and March 21. 2020 (~27 months). Post-lockdown period was set 
between July 1 and December 31, 2020 (6 months). April 1 was set as the start point of recruitment in the lockdown 
period, rather than March 22nd, to facilitate comparing statistics for whole months.

The study was performed according to the principles of the declaration of Helsinki, 1975. The IRB committee’s 
policy waived the informed consent due to the retrospective nature of the study and the research could not be carried out 
practically without the waiver. In addition, the research does not involve more than minimal risk to the patients. Given 
the importance of the knowledge to be gained and that it will not adversely affect the rights or the privacy of the 
participants, the IRB committee approved it without consent.

Statistical Analysis
Data were analyzed by time (year and lockdown status) as stated above. The mean values for the number of monthly 
admitted MI cases and percentages were presented and compared using ANOVA. Post-hoc comparisons were conducted 
when appropriate using Tukey’s test. Sub-analyses were conducted for STEMI cases only. Data were presented as means 
(SD) and numbers/percentages as appropriate. Alpha level was set at 5%. IBM SPSS Statistical software application 
(version 28) was used for the analysis.

Results
Our study sample included 1380 participants who were admitted with acute myocardial infarction (MI) symptoms over 
the course of 3 years (January 1, 2018 to December 31, 2020). Males represented 85.7% of the study population. Overall 
mean age was 57.24 years (SD: 11.98) (for males= 56.15 years (SD: 11.66) and for females = 63.72 years (SD: 11.79) 
years (P<0.0001)). STEMI patients represented 59.2% (n=817) of the total sample. Other demographic and clinical 
characteristics are presented in Table 1.

The mean number of monthly admitted MI cases increased by 19.9% in 2019 compared to 2018; from 35.95 (SD: 3.9) 
cases per month in 2018 to 43.1 (SD: 8.02) cases per month in 2019 (P < 0.0001), before dropping by 5.8% in 2020 
compared to 2019; 40.59 (SD: 10.76) (P < 0.0001).

For STEMI cases, only (n=817) the mean number of monthly admitted STEMI cases significantly increased, by 
26.4%, from 19.63 (SD: 3.63) cases per month in 2018, to 26.68 (SD: 5.61) cases per month in 2019 (P < 0.0001), before 
dropping 2.43% in 2020, to 26.03 (SD: 7.8) cases. This difference is not statistically significant comparing to the year 
2019 (P=0.524). The mean STEMI-only monthly percentage (STEMI/total MI cases) of the admitted cases was compared 
between the 3 years. The mean monthly percentage of the admitted STEMI cases increased from 54.91% in 2018 (SD: 
9.00) to 62.13% in 2019 (SD: 7.29) (P < 0.0001), it further increased to 63.62% in 2020 (SD: 9.74) (P =0.093).

The mean number of monthly admitted MI cases during the lockdown period was compared with pre-lockdown 
period and with the post-lockdown period. The mean number of monthly admitted MI cases increased by 9.45% in the 
lockdown period compared to the pre-lockdown period; from 40.51 (SD: 8.88) cases per month to 44.74 (SD: 5.69) cases 
per month (P<0.0001), followed by a 22.53% decrease in the post-lockdown period to 34.66 (SD: 6.03) (P<0.0001).
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Regarding STEMI cases only, the mean number of monthly admitted STEMI cases increased 20.75% in the lockdown 
period compared to the pre-lockdown period; from 24.01 (SD: 6.18) cases per month to 30.3 (SD: 5.301) cases per 
month, followed by a decrease by 25.18% in the post-lockdown period to 22.67 (SD: 8.214) cases per month. Differences 
in the mean number of monthly admitted MI cases were statistically significant between the lockdown, in one hand, and 
the pre-lockdown (P < 0.0001) and post-lockdown (P < 0.0001) on the other hand. The difference between the pre- 
lockdown and post-lockdown was statistically insignificant (P = 0.092). The mean STEMI-only monthly percentage 
(STEMI/total MI cases) of the admitted cases increased from 59.42% in the pre-lockdown period (SD: 8.94) to 65.2% in 
the lockdown period (SD: 4.74) (P < 0.0001), before dropping to 62.47% in the post-lockdown period (SD: 12.63) 
(P=0.065).

In a sub-analysis, when conducting the same analysis for the year 2020 only and with considering the pre-lockdown 
period between January 1 and March 21, 2020, the lockdown from April 1 to June 30 and the post lockdown as the 
period from July 1 to September 30, the mean monthly percentage of the admitted STEMI cases increased by 5.17% in 
the lockdown period (66.85%, SD: 3.45), compared to the pre-lockdown period (61.68%, SD: 8.48) (P = 0.002), followed 
by a 4.37% decrease in the post-lockdown period (62.47%, SD: 12.63) (P = 0.003).

In a trial to eliminate any seasonal effect on admissions and mortality related to MI, the lockdown period (April–June) 
was compared between the 3 consecutive years (2018, 2019 and 2020). The mean number of monthly admitted MI cases 
in 2018 was 35.57 (SD: 2.89) cases per month, this number increased to 40.51 (SD: 7.4) cases per month in 2019 (P < 
0.0001). While in 2020, the number of cases increased to 44.74 (SD: 5.69) cases per month (P < 0.0001) (Figure 1). 
There was an increase in the mean number of monthly percentages of admitted STEMI cases from 51.89% (SD: 11.73) in 
2018 to 68.91% (SD: 6.62) in 2019, followed by a drop to 66.67% in 2020. The difference in percentage was statistically 
significant between 2019 and 2018 (P < 0.0001). On the other hand, the difference in percentages was not statistically 
between 2019 and 2020 (P = 0.097) (Figures 2 and 3).

There was a statistically significant decrease in the mean monthly percentage of in-hospital MI mortality cases 
between 2018 (6.17 (SD: 3.68)) and 2019 (5.29 (SD: 2.47)) (P = 0.002), which was followed by a further 

Table 1 Distribution of Study Participants by Gender and Mean Age and by MI Type

MI Type Total

STEMI NSTEMI

Gender

Male +727 455 1182 (85.7%)

Female 90 108 198 (14.3%)

Total 817 (59.2%) 563 (40.8%) 1380 (100%)

Age, mean (SD), years 55.88 (11.59) 59.2 (12.26) 57.24 (11.98)

BMI, mean (SD), kg/m2 28.91 (5.02)

Left Ventricular Ejection Fraction % (SD) 46.6 (10.47)

DM % 44.5

HTN % 46.5

Smokers % 72.6

Dyslipidemia % 14.6

CKD % 14.2

Abbreviations: MI, myocardial infarction; STEMI, ST elevation myocardial infarction; NSTEMI, Non-ST elevation 
myocardial infarction.
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decrease in 2020 (4.62 (SD: 2.92)) (P < 0.0001). In STEMI cases only, the mean monthly percentage of in- 
hospital mortality cases was the same as that of the total MI cases. The mean monthly percentage of in-hospital 
mortality cases was compared by lockdown level. The mean monthly percentage of in-hospital mortality cases 
decreased by 1.36% in the lockdown period (4.61% (SD: 1.28)) compared to the pre-lockdown period (5.97% 
(SD: 3)) (P < 0.0001), followed by a further decrease by 2.12% in the post-lockdown period (2.49% (SD: 2.53)) 
(P < 0.0001). In STEMI cases only, the mean number of monthly in-hospital mortality cases was almost the same 
as that of total MI cases (Table 2).

Figure 1 Number of MI cases (2020 vs 2019–2018 average).

Figure 2 Number of STEMI cases (2020 vs 2019–2018 average).
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Discussion
The effect of COVID-19 lockdown on cardiovascular diseases, especially MI, has been previously reported in western 
countries. Patients with cardiovascular diseases were adversely affected by the lockdown that was implemented during 
the COVID-19 pandemic.23,29,30 Yet, evidence from developing country settings is scarce. This study was conducted to 
investigate the potential impact of strict NPI measures in Jordan, particularly lockdown, on myocardial infarction 
admissions, including STEMI and NSTEMI.

Our results suggest that the number of myocardial infarction cases, STEMI and NSTEMI, in 2020 was lower than that 
in 2019. The mean number of monthly admitted MI cases decreased by 5.8%. This finding is consistent with similar 
results in France, where a 6% decline in MI cases admission was observed in 2020.31 Other studies reported 30% 
reduction of MI cases admission.24 Regarding STEMI-only cases, we observed an increase of 7.22% in the mean 
STEMI-only monthly percentage of the admitted cases between 2018 and 2019, followed by an insignificant increase by 
1.49% in 2020. Different results were observed in other studies, although there was a 30% decrease in acute coronary 
syndrome admissions in Europe. Compared to 2019, STEMI cases increased from 32% to 37% of all admitted cases in 
2020, whereas NSTEMI cases decreased.21

Figure 3 The number of STEMI cases and the percentage of STEMI cases out of the total cases for the 3-year period.

Table 2 Cases Number and Monthly Percentage in Lockdown Levels

Pre-Lockdown Lockdown Post-Lockdown

MI Total number of cases 1047 132 201

Mean number of monthly admitted MI cases 40.5 44.74 34.66

STEMI Total number of cases 589 107 121

Mean monthly percentages of admitted cases out of the total MI cases 59.4% 65.1% 62.5%

Mortality Total number of cases 63 6 5

Mean monthly percentage of all in-hospital mortality cases 5.97% 4.61% 2.49%
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The observed difference in monthly cases by year could be attributed to the fear of COVID-19 infection while in the 
hospital. This is especially true as the hospital setting under investigation was the main healthcare setting for COVID-19 
patients in Northern Jordan. With such fear, patients may have avoided seeking medical care. Such explanation was 
previously reported.21,24,32

By comparing the mean number of monthly admitted MI cases by lockdown status, our results suggest that MI cases 
increased 9.5% during the lockdown period, followed by a 22.5% drop after the lockdown ended. Regarding STEMI 
cases, there is a 5.78% increase during the lockdown period as compared to the pre-lockdown period, followed by 
a 2.73% decrease after the lockdown. Compared with previous published studies, our results are conflicting in which the 
number of admitted MI cases were fewer during the COVID-19 lockdown with a decrement of about 17% compared to 
the pre-lockdown period, and no difference in number of cases between the pre-lockdown and the post-lockdown 
periods.22,32 Our results can be explained by the increased effect of risk factors during the lockdown such as 
psychological factors, sedentary lifestyle, and loss of chronic illness follow-up. Acute MI is significantly affected by 
psychological factors.33 During the lockdown, adults experienced more stress, anxiety, social isolation, and psychological 
distress.34 Individuals at risk for MI can be affected by lockdown-related stress.35 Also, depression was exacerbated by 
lockdown-related stress.36 Chronic depression is considered as one of the most important predictors of poor outcomes in 
MI patients.33 A study conducted in Jordan indicated that stress and loneliness are the most reported triggering factors for 
MI during the lockdown, followed by stress and hardship related to finances, fluctuating incomes, and loss of 
employment.35 CVD risk increases by 50% when social isolation and loneliness were present.33

Other risk factors were affected by the lockdown, the level of physical activity among adults decreased during 
quarantine and their sedentary behavior increased.34 Patients with chronic diseases require diagnostic tests and routine 
check-ups by physicians. Those patients’ health and routine life have been affected due to inability to get appropriate 
follow-up during the lockdown.17 Several studies have shown that the lockdown period caused patients’ glycemic values 
to worsen and weight/BMI to rise.37 It is possible that all these factors together could have increased the number of MI 
cases observed during the lockdown period.

A big decline in cases can be observed in the post-lockdown period, the possible explanation is that patients with high 
risk to develop MI have undergone a big stressful conditions and got under exaggerated risk factor during the lockdown 
period; this large effect accelerated the infarction event, resulting in decreased number of cases following the lockdown 
period.

In 2020, the total number of MI cases declined, which resulted in a significant decrease in MI mortality compared 
with previous years. Our results suggest that there is a 0.67% decrease in the mean number of monthly percentage of in- 
hospital mortality cases in 2020 compared to 2019. In STEMI cases, the mean number of monthly in-hospital mortality 
cases was nearly the same as that for MI overall. The inpatient mortality rate appeared to be similar to what was seen in 
2019 according to other studies.21

The mean number of monthly percentage of in-hospital mortality cases in 2020 were compared by lockdown level for 
MI cases, although the number of MI cases increased in the lockdown period, the mean number of monthly in-hospital 
mortality cases decreased 1.36% compared with the pre-lockdown period, this finding can be explained by the excellent 
and fast health care provided for MI patients, although the total lockdown that was implemented in the country was strict 
and included governmental and non-governmental organizations, vital sectors were not included.15 Health sector was not 
included in the lockdown, health services were suspended for non-emergent conditions,14 By taking these measures, the 
health sector has been able to provide good and fast health care to emergency cases. Alternatively, a possible explanation 
for this finding is that more high-risk patients died out-of-hospital, in Denmark, the total deaths in 2020 during the 
lockdown period was the same as that of 2019 in the same period, but in-hospital mortality decreased and out-of-hospital 
mortality increased, this was explained by patients’ fear of acquiring the disease.38 Due to such fear, patients may have 
avoided seeking medical care, which may have led to advanced diseases. This explanation was previously 
reported.21,24,32

Other literature indicates that there is no significant increase in inpatient mortality among MI patients during the 
lockdown.31 In STEMI cases, the mean number of monthly percentage of in-hospital mortality cases was nearly the same 
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as that for MI overall. The mean number of monthly percentage of in-hospital mortality cases continued to significantly 
decline after the lockdown.

Conclusion
Upon comparing the lockdown period both to the pre- and post-lockdown periods separately, we found a significant 
increase in MI admissions during the lockdown period. This suggests that lockdown-related stress may have increased 
the risk of myocardial infarction.

Recommendations
During pandemics, certain steps should be taken to reduce the risk of myocardial infarction. Despite the lockdown, 
chronically ill patients need to continue to receive their medical care, whether through telehealth or by adapting and 
developing certain programs to help patients receive appropriate health care and reduce in-person contact at the same 
time. In addition, the mental health effects of lockdown measures should be considered when establishing policies to 
slow the pandemic spread. This is due to the fact that they are considered a potential cause of myocardial infarction.
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