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A B S T R A C T   

Background: Global evidence has emerged showing fewer Acute Coronary Syndrome (ACS) cases than expected 
during the COVID-19 pandemic. Our study aims to evaluate the incidence of ACS before and after the onset of the 
COVID-19 pandemic and analyze differences in gender distribution, and type of presentation. 
Methods: This is a retrospective study of 997 patients who presented to Huntsville Hospital’s catheterization lab 
for elective and emergency catheterization for ACS and non-ACS during a four-week period from February 26, 
2020, to March 10, 2020, and from March 25, 2020, to April 8, 2020, and compared with the equivalent weeks in 
2019. 
Results: We report a 45.5% decrease in ACS cases presenting during the COVID-19 pandemic between March 25, 
2020, to April 8, 2020 compared to equivalent weeks in 2019, with a significant drop in percentage of female 
patients presenting by 30.6%. Upsurge in STEMI cases and a drop in NSTEMI cases was observed during the 
COVID pandemic compared to 2019. 
Conclusions: Patients presenting after the onset of the pandemic had elevated cardiac markers, representing 
higher severity and potentially presenting later in the disease course. The number of total ACS cases and per
centage of females presenting to the catheterization lab before the COVID surge (February/March 2019 and 
2020) almost remained stable. This comparison data provides validity that the drop in ACS case volume and 
females in March/April 2020 is more likely due to the pandemic and not due to improvements in overall car
diovascular health metrics. Reasons for this disparity are likely multifaceted and deserve further investigation.   

1. Objective 

Our study aims to evaluate the incidence of ACS before and after the 
onset of the COVID-19 pandemic and analyze differences in gender 
distribution, severity, and type of presentation. 

2. Methods 

This evaluation is an Institutional Review Board (IRB) exempt 
retrospective, observational study performed in an 1100 bed large 
community hospital in Huntsville, Alabama, USA. We performed chart 
review of 997 patients who presented to Huntsville Hospital Cardiac 
Catheterization lab for elective and emergency catheterization for non 
ACS and ACS [NSTEMI, Unstable angina (UA), STEMI] during a 4-week 
period from February 26, 2020, to March 10, 2020, and from March 25, 

2020, to April 8, 2020, and compared with the equivalent weeks in 
2019. Out of 997 only 445 patients underwent cardiac catheterization 
for acute coronary syndrome. Remaining patients underwent cardiac 
catheterization for causes other than acute coronary syndrome, such as 
atrial septal defect closure, pulmonary arterial hypertension to assess 
hemodynamics in the heart chambers, cardiac myxoma, treatment of 
valvular heart disease (e.g., transcatheter mitral valve repair), assess
ment of the congenital heart diseases like cor triatriatum. Demographic 
information, type of ACS, initial and peak troponin levels, initial CKMB, 
past medical history [hypertension (HTN), diabetes (DM), stroke, atrial 
fibrillation, congestive heart failure (CHF)], and past surgical history 
[percutaneous coronary intervention (PCI), coronary artery bypass 
grafting (CABG)] were also collected and analyzed (see Table 1). 
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3. Results 

On March 17, 2020, the first case of COVID-19 was diagnosed in 
Huntsville, Alabama, USA. Total 112 patients, with 41.07% of them 
being females, presented with ACS in February/March 2019, while 109 
patients, with 42.2% females, presented with ACS during the same 
period (February/March) in 2020. In March/April 2019, 145 patients 
with 40.69% females presented with ACS, while only 79 patients with 
10.13% females presented with ACS during the same period (March/ 
April) in 2020. This represents a decrease by 45.5% of total ACS cases 
and, most notably, 30.56% of female patients during the COVID-19 
pandemic. Across both 2019 study periods and as compared to 
February/March 2020, Huntsville Hospital saw a steady volume of fe
males presenting with ACS and total ACS cases. This data provides 

validity that the drop in females and ACS case volume in March/April 
2020 is more likely due to the COVID pandemic and not due to im
provements in overall cardiovascular health metrics (see Fig. 1). 

More patients presented having progressed to STEMI after the COVID 
pandemic onset than before. In February/March 2019, 84.8% presented 
with NSTEMI/UA, 15.2% presented with STEMI, while in 2020, 78.9% 
presented with NSTEMI/UA, and 21.1% patients presented with STEMI 
which shows increase in STEMI cases by 5.9%. In March/April 2019, 
81.4% presented with NSTEMI/UA, 18.6% presented with STEMI, while 
in 2020, 67.1% presented with NSTEMI/UA, and 32.9% patients pre
sented with STEMI. Of significant note, STEMI cases increased by 14.3%, 
during the COVID pandemic in comparison with 2019. 

Mean admission troponin, peak troponin, and admission CKMB of 
NSTEMI/UA cases in February/March 2019 is 164.8 ng/l, 403.7 ng/l, 
and 12.9 ng/ml, respectively. Mean admission troponin, peak troponin, 
and admission CKMB in February/March 2020 are 163.6 ng/l, 392.1 ng/ 
l, and 12.5 ng/ml, respectively. Mean admission troponin decreased by 
1.2 ng/l, mean peak troponin by 11.6 ng/l, and mean admission CKMB 
by 0.4 ng/ml during February/March 2020 compared to similar weeks 
in 2019. 

NSTEMI/UA patients’ mean admission/peak troponin and CKMB 
were higher during COVID pandemic in March/April 2020, representing 
higher severity and potentially presenting later in the disease course. 
Mean admission troponin, peak troponin, and admission CKMB of 
NSTEMI/UA cases in March/April 2019 is 261.3 ng/l, 392.2 ng/l, and 
7.2 ng/ml, respectively. Mean admission troponin, peak troponin, and 
admission CKMB in March/April 2020 are 293.6 ng/l, 527.3 ng/l, and 
11.3 ng/ml, respectively. Mean admission troponin was elevated by 
32.3 ng/l, mean peak troponin by 135.1 ng/l, and mean admission 
CKMB by 4.1 ng/ml during March/April 2020 compared to similar 
weeks in 2019. 

Compared to March/April 2019, there was a decrease in the preva
lence of clinical risk factors (e.g., hypertension, diabetes, CHF, stroke, 
atrial fibrillation, history of PCI, and CABG) among patients presenting 

Table 1 
Characteristics of the Patients.   

(Feb 26 - 
Mar 16) 
2019 

(Mar 25 - 
Apr 8) 2019 

(Feb 26 - 
Mar 16) 
2020 

(Mar 25 - 
Apr 8) 2020 

Total number 
of ACS 
patients 

112 145 109 79 

NSTEMI/UA 95 (84.8%) 118 (81.4%) 86(78.9%) 53 (67.1%) 
STEMI 17 (15.2%) 27(18.6%) 23(21.1%) 26 (32.9%) 
Age (years, 

mean) 
65 64 63 61 

Females 46 (41.07%) 59 (40.69%) 46 (42.20%) 8 (10.13%) 
Males 66 (58.93%) 86 (59.31%) 63 (57.80%) 71 (89.87%) 
Diabetes 37.90% 45.80% 39.50% 15.50% 
HTN 90.50% 83% 80.20% 27% 
Tobacco 45.30% 46.60% 52.30% 16.90% 
H/O PCI 32.70% 39.80% 50% 19.60% 
H/O CABG 6.30% 15.20% 2.30% 10.10% 
CHF 28% 11.90% 20% 6.70% 
Stroke 8.40% 9.30% 4.60% 2.70% 
Atrial fib 20% 5.80% 8.50% 2.70%  

Fig. 1. COVID impact on ACS and gender. 
Total 112 patients, with 41.07% of them 
being females, presented with ACS in 
February/March 2019, while 109 patients, 
with 42.2% females, presented with ACS 
during the same period (February/March) in 
2020. In March/April 2019, 145 patients 
with 40.69% females presented with ACS, 
while only 79 patients with 10.13% females 
presented with ACS during the same period 
(March/April) in 2020. This represents a 
decrease by 30.56% of female patients dur
ing the COVID-19 pandemic.   
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to the catheterization lab with ACS during the COVID pandemic. 

4. Discussion 

The onset of COVID-19 correlated with a reduction in admissions for 
acute life-threatening conditions [1]. Using data from the Huntsville 
Hospital Catheterization lab, we report a decrease in total ACS cases 
with significant drop in percentage of females that presented during the 
COVID-19 pandemic between March 25, 2020, to April 8, 2020. Previ
ous studies showed a nationwide downward trend in annual volumes of 
ACS and PCI [2,3] over the last several years. Conversely, Huntsville 
Hospital has seen a steady volume of ACS cases over the last year. 
Despite this trend, there was a precipitous drop by 45.5% of total ACS 
cases during the COVID-19 pandemic during the studied timeframe in 
March/April 2020 compared to equivalent weeks in 2019. Increased 
elevation of cardiac markers was observed with an upsurge in STEMI 
cases and a drop in NSTEMI cases during the COVID pandemic compared 
to 2019. This could possibly be in part due to some NSTEMI cases pro
gressing to STEMI due to delayed hospital presentation. Reports from 
Italy [6], Austria [12], and Upstate New York [13] also documented a 
greater fall in percentage presenting with NSTEMI than STEMI. 

The gender disparities are striking with a significant drop of 30.56% 
females presenting with ACS during the COVID pandemic, March/April 
2020 compared to equivalent weeks in 2019. There was not much dif
ference in percentage of females presenting to catheterization lab with 
ACS before COVID surge (February/March 2019 and 2020). This data 
shows that the sudden drop in females in March/April 2020 is likely due 
to COVID. Report from Upstate New York [13] also documented drop in 
females presenting with ACS during the COVID pandemic. Numerous 
studies [8–11] have shown women with ACS had a higher likelihood of 
presenting without chest pain and have their ACS misdiagnosed or 
mismanaged compared to males. This disparity we have seen at our 
institution, as well as in the referenced studies, is complex but likely 
driven, at least to a degree, by presentation of atypical symptoms, which 
may go unrecognized by both patients and providers. Reasons for this 
disparity are likely multifaceted and deserve further investigation. 

We found that patients presenting to the catheterization lab with ACS 
during the COVID pandemic had lower overall number of risk factors (e. 
g., hypertension, diabetes) compared to 2019. Lai et al. [5] report that 
patients with out-of-hospital cardiac arrest during the COVID pandemic 
had increased incidence of hypertension, diabetes, and physical 
limitations. 

Our results were similar to those observed in Northern Italy [6], 
Austria [12], and New York [13], which showed a significant decrease in 
ACS related hospitalization. Medical care avoidance behavior leading to 
a delayed presentation and decrease in ACS cases presenting to the 
hospital during the COVID pandemic has been reported in northern Italy 
[7], which caused serious sequelae or even death. In contrast Sofi F et al. 
[14] study analyzed the impact of COVID pandemic on STEMI world
wide through a meta-analytical approach that included 79 articles, 
>111000 STEMI cases from 57 countries and revealed 20 % decline in 
hospitalization for STEMI due to lack of available hospital beds as they 
are overwhelmed with COVID patients and limitation to access to care. 
Parallelly other studies [4,5] have shown increased out-of-hospital 
cardiac arrests and deaths during the COVID-19 pandemic compared 
with 2019. These disparities highlight urgent need for further investi
gation. This could be due to patient anxiety about COVID exposure is 
taking longer to present to the hospital after the onset of symptoms with 
an overall decrease in ACS cases and an increase in out of hospital 
cardiac arrests. Given the need to prevent the worsening of future 
complications of ACS, every effort should be taken to address the pub
lic’s fear that they might contract COVID-19 by going to the hospital to 
reduce possible collateral damage caused by COVID-19. 
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G. Patti, M. Mancone, G.M. De Ferrari, Reduced rate of hospital admissions for ACS 
during Covid-19 outbreak in Northern Italy, N Engl. J. Med. 383 (1) (2020) 88–89, 
https://doi.org/10.1056/NEJMc2009166. 

[7] F. Moroni, M. Gramegna, S. Ajello, A. Beneduce, L. Baldetti, L.M. Vilca, 
A. Cappelletti, A.M. Scandroglio, L. Azzalini, Collateral damage: medical care 
avoidance behavior among patients with myocardial infarction during the COVID- 
19 pandemic, JACC Case Rep. 2 (10) (2020) 1620–1624, https://doi.org/10.1016/ 
j.jaccas.2020.04.010. 

[8] N.A. Khan, S.S. Daskalopoulou, I. Karp, et al., Sex differences in acute coronary 
syndrome symptom presentation in young patients, JAMA Intern Med. 173 (20) 
(2013) 1863–1871, https://doi.org/10.1001/jamainternmed.2013.10149. 

[9] J.G. Canto, R.J. Goldberg, M.M. Hand, et al., Symptom presentation of women with 
acute coronary syndromes: myth vs reality, Arch. Intern. Med. 167 (22) (2007) 
2405–2413, https://doi.org/10.1001/archinte.167.22.2405. 

[10] P. Kaul, W.C. Chang, C.M. Westerhout, M.M. Graham, P.W. Armstrong, Differences 
in admission rates and outcomes between men and women presenting to 
emergency departments with coronary syndromes, CMAJ 177 (10) (2007) 
1193–1199, https://doi.org/10.1503/cmaj.060711. 

[11] J.G. Canto, W.J. Rogers, R.J. Goldberg, E.D. Peterson, N.K. Wenger, V. Vaccarino, 
C.I. Kiefe, P.D. Frederick, G. Sopko, Z.-J. Zheng, F.T. NRMI Investigators, 
Association of age and sex with myocardial infarction symptom presentation and 
in-hospital mortality, JAMA 307 (8) (2012), https://doi.org/10.1001/ 
jama.2012.199. 

[12] B. Metzler, P. Siostrzonek, R.K. Binder, A. Bauer, S.J. Reinstadler, Decline of acute 
coronary syndrome admissions in Austria since the outbreak of COVID-19: the 

U. Yendrapalli et al.                                                                                                                                                                                                                            

http://refhub.elsevier.com/S2352-9067(22)00126-9/h0005
http://refhub.elsevier.com/S2352-9067(22)00126-9/h0005
http://refhub.elsevier.com/S2352-9067(22)00126-9/h0005
http://refhub.elsevier.com/S2352-9067(22)00126-9/h0005
http://refhub.elsevier.com/S2352-9067(22)00126-9/h0005
http://refhub.elsevier.com/S2352-9067(22)00126-9/h0005
https://doi.org/10.1001/jamanetworkopen.2019.21326
https://doi.org/10.1001/jamanetworkopen.2019.21326
https://doi.org/10.1161/CIRCOUTCOMES.110.958744
https://doi.org/10.1161/CIRCOUTCOMES.110.958744
https://doi.org/10.1056/NEJMc2010418
https://doi.org/10.1056/NEJMc2010418
https://doi.org/10.1001/jamacardio.2020.2488
https://doi.org/10.1001/jamacardio.2020.2488
https://doi.org/10.1056/NEJMc2009166
https://doi.org/10.1016/j.jaccas.2020.04.010
https://doi.org/10.1016/j.jaccas.2020.04.010
https://doi.org/10.1001/jamainternmed.2013.10149
https://doi.org/10.1001/archinte.167.22.2405
https://doi.org/10.1503/cmaj.060711
https://doi.org/10.1001/jama.2012.199
https://doi.org/10.1001/jama.2012.199


IJC Heart & Vasculature 41 (2022) 101077

4

pandemic response causes cardiac collateral damage, Eur. Heart J. 41 (19) (2020) 
1852–1853, https://doi.org/10.1093/eurheartj/ehaa314. 

[13] N. Braiteh, W.u. Rehman, M.d. Alom, V. Skovira, N. Breiteh, I. Rehman, A. Yarkoni, 
H. Kahsou, A. Rehman, Decrease in acute coronary syndrome presentations during 
the COVID-19 pandemic in upstate New York, Am. Heart J. 226 (2020) 147–151, 
https://doi.org/10.1016/j.ahj.2020.05.009. 

[14] F. Sofi, M. Dinu, G. Reboldi, F. Stracci, R.F. Pedretti, S. Valente, G. Gensini, C. 
M. Gibson, G. Ambrosio, Worldwide differences of hospitalization for ST-segment 
elevation myocardial infarction during COVID-19: A systematic review and meta- 
analysis, Int. J. Cardiol. 347 (2022) 89–96, https://doi.org/10.1016/j. 
ijcard.2021.10.156. 

U. Yendrapalli et al.                                                                                                                                                                                                                            

https://doi.org/10.1093/eurheartj/ehaa314
https://doi.org/10.1016/j.ahj.2020.05.009
https://doi.org/10.1016/j.ijcard.2021.10.156
https://doi.org/10.1016/j.ijcard.2021.10.156

	Impact of the COVID-19 pandemic on gender disparities in acute coronary syndrome patterns
	1 Objective
	2 Methods
	3 Results
	4 Discussion
	Funding
	CRediT authorship contribution statement

	Declaration of Competing Interest
	References


