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Abstract

Background: Myocardial infarction (MI) presentations are more common during winter months 

and morning hours. However, it is unknown whether MI with obstructive coronary artery disease 

(MI-CAD) and non-obstructive CAD (MINOCA) display similar patterns.

Methods: We evaluated seasonal and circadian patterns of MI presentation by coronary artery 

disease (CAD) status and sex in patients with MI from 2007–2014 in the National Cardiovascular 

Data Registry (NCDR) Acute Coronary Treatment Intervention Outcomes Network (ACTION) 

Registry-Get With the Guidelines. Adult patients who underwent coronary angiography for MI 

were included. Patients with missing age, sex, or angiographic data, cocaine use, thrombolytic 

therapy prior to catheterization, or prior revascularization were excluded. Baseline demographics 

and characteristics of symptom onset, including season and time of day of presentation, were 

compared by CAD status and sex.

Results: Among 322,523 patients, 112,547 were female (35%); 18,918 had MINOCA (5.9%). 

There was no seasonal pattern of MI overall. However, both men and women with MINOCA 

presented more often in the summer and fall while MI-CAD presentations were equally distributed 

across seasons. The most common time of presentation was 8am-2pm regardless of CAD status or 

sex. A secondary peak in women with MINOCA during late afternoon hours was also identified.

Conclusions: Seasonal variation of MI differed between MINOCA and MI-CAD, with a small 

increase in MINOCA incidence in the summer and fall. MINOCA and MI-CAD most commonly 
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occurred in the morning, with a secondary peak in late afternoon in women with MINOCA. These 

differences in presentation may relate to underlying MI pathophysiology.
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Background:

Seasonal and circadian patterns associated with incidence of myocardial infarction (MI) 

have been documented but incompletely explained. Most studies have shown a peak in MI 

presentation during winter months and morning hours of the day.1–7 Among patients 

presenting with MI, 5–20% are found to have non-obstructive coronary artery disease 

(CAD) on angiography.8 Seasonal and circadian patterns in MI patients with non-obstructive 

CAD (MINOCA) have not been investigated specifically in comparison to those with 

obstructive CAD (MI-CAD). We sought to determine if there is a seasonal and circadian 

variation in MI presentation by CAD status (MI-CAD versus MINOCA) and sex among 

patients enrolled in a large national cardiovascular registry.

Methods:

Data were analyzed from the National Cardiovascular Data Registry (NCDR) Acute 

Coronary Treatment Intervention Outcomes Network Registry-Get With the Guidelines 

(ACTION Registry-GWTG). The registry contains prospectively collected data on all 

consecutive patients hospitalized with MI at > 750 participating hospitals in the United 

States (US).9

Patients in the registry who underwent coronary angiography for ST segment elevation 

myocardial infarction (STEMI) or non-ST segment elevation myocardial infarction 

(NSTEMI) at 765 clinical sites between January 1, 2007 and December 31, 2014, were 

included in this analysis. From a total population of 596,820, patients with missing age, sex, 

or angiographic data (n=61,761), recent cocaine use (n=3632), STEMI with thrombolytic 

therapy prior to catheterization (n=12,076), prior revascularization with percutaneous 

coronary intervention (PCI) or coronary artery bypass grafting (CABG) (n=186,829), or 

cardiac arrest (n=9999) were excluded. Patients with missing data on season of presentation 

(n=635) were excluded in the season of MI presentation analysis. An additional 49,410 

patients did not have data on time of presentation and were omitted from the time of day 

analysis.

Demographics, geographic region within the US, and characteristics of symptom onset 

including season and time of day were compared by CAD status (MI-CAD versus 

MINOCA) and sex. Geographic regions were divided into 4 categories: Northeast, South, 

Midwest, and West based on the US census divisions.10 There were no missing data for 

geographic region of MI cases. Symptom onset referred to the time when acute ischemic 

symptoms began at rest lasting ≥10 minutes and occurred up to 24 hours before admission or 

up to 72 hours for STEMI.9 Obstructive CAD was defined as ≥50% stenosis in any major 
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coronary epicardial vessel and non-obstructive CAD was defined as <50% stenosis in all 

major epicardial vessels.

Seasons were defined as follows: Winter (December 1-February 28/29), Spring (March 1-

May 31), Summer (June 1-August 31), and Fall (September 1-November 30). Time of day of 

symptom onset was divided into 4 six-hour windows: 2:01am-8:00am, 8:01am-2:00pm, 

2:01pm-8:00pm, and 8:01pm-2:00am. Continuous variables are reported as median (25th, 

75th percentile) and were compared using Wilcoxon rank sum tests. Categorical variables 

were compared using Pearson chi square tests.

Results:

A total of 322,523 patients with MI in the ACTION-GWTG registry met inclusion criteria 

for this analysis. MINOCA was present in 18,918 patients (5.9%) and was more common in 

women than men (10.5% vs 3.4%, p<0.0001, Tables 1 and 2).11 Patients with MINOCA 

were younger than those with MI-CAD, and men were younger than women in both MI-

CAD and MINOCA groups (p<0.0001). Among patients with MINOCA, a majority of men 

(65.3%) were under the age of 60 years, while only 39.9% of women with MINOCA were 

less than 60 years old.11 Approximately half of patients across all MI subgroups were from 

the Southern United States, without differences by CAD status or sex.

No seasonal pattern in MI presentation was observed overall and in patients with MI-CAD 

(Table 1, Figure 1). This finding was consistent in all geographic regions (Supplemental 

Table 1). However, MINOCA occurred more commonly in the summer and fall in both sexes 

(Table 2). The fall peak was driven more by women with MINOCA compared to men (28% 

vs. 26%, p=0.0315). Circadian variation in MI was present, with a peak of onset between 

8am-2pm overall (29% of all patients). This finding remained present in both MINOCA and 

MI-CAD groups and in both sexes (Table 2, Figure 2). A higher proportion of women with 

MINOCA also presented between 2pm-8pm (28%).

Discussion:

Seasonal and circadian variations associated with acute MI presentation have been described 

and became of great interest to help identify pathophysiologic triggers leading to acute 

coronary syndromes.1–7 Increases in sympathetic tone, blood pressure, platelet count and 

activity, and catecholamines associated with colder temperatures and morning hours have 

been hypothesized to explain these patterns.1, 2, 4–7 More recently, an association between 

infectious diseases that peak in winter (i.e. influenza, pneumococcal pneumonia, and other 

respiratory tract infections) and MI incidence and cardiovascular death has been described.
12, 13

Interestingly, we did not observe a seasonal pattern of MI presentation in the ACTION 

Registry-GWTG overall in contrast to prior reports.1–7 We examined a similarly sized or 

larger patient population (n=322,523) than previously published studies.1–7 Given the 

association between influenza and MI, it is possible that increases in influenza vaccine 

coverage in the US from 1992 to 200914 may explain a decrease in winter MI presentations 

since prior studies were published.1–7 Pneumococcal vaccine administration may also 
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explain the lower proportion of winter MI presentations in the contemporary era compared 

with prior analyses.15–17 The absence of a seasonal pattern of MI in the ACTION Registry-

GWTG was observed in all geographic regions, including regions with milder climates, such 

as the South, as well as regions with more extreme weather, such as the Northeast. A winter 

peak has been previously reported even in milder climates (South Atlantic US, Greece, 

Australia).1–3

Interestingly, we observed a seasonal pattern in patients with MINOCA, with a peak in 

summer and fall that was consistent in all geographic regions of the United States. This 

finding may relate to mechanisms of MINOCA other than plaque rupture, such as coronary 

vasospasm, takotsubo syndrome, and unrecognized myocarditis.18 In fact, recent research on 

the presentation of takotsubo syndrome has demonstrated peaks in summer and early fall.
7, 19 Interestingly, the fall peak in our data was more notable in women with MINOCA 

compared to men, which may have been driven by takotsubo syndrome as it predominantly 

affects women.19

When evaluating circadian trends, we found an increase in MI presentation during morning 

and early afternoon hours that was similar across subgroups defined by sex and CAD status. 

The morning peak in both MI-CAD and MINOCA suggests that despite different 

mechanisms associated with MINOCA, patients with non-obstructive CAD may be similarly 

susceptible to biological changes and stressors that occur during the morning hours. 

Coronary spasm may be responsible for MINOCA. Provocation of coronary spasm has been 

reported to occur predominantly in the morning hours, and this may contribute to the diurnal 

variation with the incidence of MINOCA.20 Small studies on circadian rhythm of takotsubo 

presentation also seem to indicate a morning predominance, perhaps related to circadian 

rhythm in catecholamine levels.7 We also observed a secondary peak of MINOCA 

presentations during late afternoon hours among women, but at present there is not a clear 

explanation for this observation. This report underscores the significant role chronobiology 

may play in MI incidence even in patients without obstructive CAD, and warrants further 

investigation.

There are several limitations to our study. We restricted analysis to patients undergoing 

coronary angiography and without prior revascularization because of our focus on 

differences between patients with and without obstructive CAD. Some patients were 

excluded from the analysis due to missing data. ACTION Registry-GWTG does not collect 

pre-admission medications, which may be relevant to seasonal and circadian rhythms.9 

Furthermore, the underlying pathophysiology of infarction in patients with MINOCA in this 

registry was not systematically evaluated, and therefore, the mechanisms hypothesized are 

speculative. This represents an unavoidable limitation of observational analyses, and 

highlights the need for additional investigation on this important topic.

In conclusion, there was no seasonal variation in MI presentation overall or in MI-CAD in 

the ACTION Registry-GWTG from 2007 to 2014. However, MINOCA incidence was higher 

in the summer-fall in both sexes, with the fall peak driven mostly by women. Patients with 

MINOCA and MI-CAD in both sexes presented more frequently during morning and early 
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afternoon hours. A secondary peak in women with MINOCA during late afternoon hours 

was also identified. These different patterns may relate to the pathophysiology of MINOCA.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is already known about this subject?

Seasonal and circadian patterns associated with incidence of myocardial infarction (MI) 

have been reported to show that MI is more common during winter months and morning 

hours.

What does this study add?

We evaluated seasonal and circadian patterns of MI presentation by CAD status and sex 

in patients with MI. Men and women with MI and non-obstructive coronary arteries 

(MINOCA) presented more often in the summer and fall while MI with obstructive CAD 

presentations were equally distributed across seasons. The most common time of 

presentation was 8am-2pm regardless of CAD status or sex. A secondary peak in women 

with MINOCA during late afternoon hours was also identified.

How might this impact on clinical practice?

These findings underscore the significant role chronobiology plays in MI incidence, 

including in patients without obstructive CAD. Seasonal and circadian patterns may 

relate to underlying MI pathophysiology and warrant further study.
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Figure 1: 
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Percentage of patients presenting with MI each season. Panel A, MI-CAD vs. MINOCA; 

panel B, MI-CAD vs. MINOCA by sex.
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Figure 2: 

Mahajan et al. Page 10

Int J Cardiol. Author manuscript; available in PMC 2020 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Percentage of patients presenting with MI over different time frames. Panel A, MI-CAD vs. 

MINOCA; panel B, MI-CAD vs. MINOCA by sex.
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Table 1:
Presentation of myocardial infarction by CAD status.

Categorical variables are shown as % (N) and are compared using Pearson chi-square tests.

All Patients MI-CAD MINOCA

N=322,523 N=303,605 N=18,918 P-value

Age Group <0.0001

<50 18% (57879) 18% (53095) 25% (4784)

50–59 27% (86744) 27% (82151) 24% (4593)

60–69 26% (84060) 26% (79705) 23% (4355)

70–79 18% (56588) 18% (53316) 17% (3272)

80–89 12% (37252) 12% (35338) 10% (1914)

Geographic region <0.0001

Northeast 8% (27053) 8% (25569) 8% (1484)

South 48% (155238) 48% (145204) 53% (10034)

Midwest 30% (97869) 31% (92586) 28% (5283)

West 13% (42363) 13% (40246) 11% (2117)

Symptom Onset

Season <0.0001

Winter 25% (79131) 25% (74658) 24% (4473)

Spring 25% (80385) 25% (75969) 23% (4416)

Summer 25% (80758) 25% (75814) 26% (4944)

Fall 25% (81614) 25% (76565) 27% (5049)

Unknown 0.2% (635) 0.2% (599) 0.2% (36)

Time of day <0.0001

2am-8am 24% (65467) 24% (61865) 23% (3602)

8am-2pm 29% (78714) 29% (74150) 29% (4564)

2pm-8pm 25% (67463) 25% (63323) 27% (4140)

8pm-2am 22% (60834) 22% (57606) 21% (3228)

Unknown 16% (50045) 15% (46661) 18% (3384)
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Table 2:
Sex differences in demographics and presentation of myocardial infarction by CAD 
status.

Continuous variables are shown as median (25th, 75th percentiles) and compared using Wilcoxon rank sum 

tests between MI-CAD and MINOCA groups and sex (within MI-CAD and MINOCA groups). Categorical 

variables are shown as % (N) and are compared using Pearson chi-square tests.

MI-CAD MINOCA

All Patients Men Women Men Women

 N=322,523 N=202,821 N=100,784 P-Value N=7,155 N=11,763 P-Value

Age 61 (52, 71) 59 (51, 69) 66 (56, 77) <0.0001 54 (44, 64) 63 (53, 74) <0.0001

<50 18% (57879) 20% (40015) 13% (13080) 38% (2732) 17% (2052)

50–59 27% (86744) 30% (61653) 20% (20498) 27% (1942) 23% (2651)

60–69 26% (84060) 27% (54654) 25% (25051) 19% (1386) 25% (2969)

70–79 18% (56588) 15% (30803) 22% (22513) 10% (746) 22% (2526)

80–89 12% (37252) 8% (15696) 20% (19642) 5% (349) 13% (1565)

Geographic region <0.0001 0.9121

Northeast 8% (27053) 8% (17136) 8% (8433) 8% (564) 8% (920)

South 48% (155238) 48% (96850) 48% (48354) 53% (3814) 53% (6220)

Midwest 30% (97869) 30% (60923) 31% (31663) 28% (1988) 28% (3295)

West 13% (42363) 14% (27912) 12% (12334) 11% (789) 11% (1328)

Symptom Onset

Season <0.0001 0.0315

Winter 25% (79131) 25% (49804) 25% (24854) 24% (1706) 24% (2767)

Spring 25% (80385) 25% (51025) 25% (24944) 24% (1692) 23% (2724)

Summer 25% (80758) 25% (51002) 25% (24812) 27% (1920) 26% (3024)

Fall 25% (81614) 25% (50613) 26% (25952) 26% (1825) 28% (3224)

Unknown 0.2% (635) 0.2% (377) 0.2% (222) 0.2% (12) 0.2% (24)

Time of day <0.0001 <0.0001

2am-8am 24% (65467) 24% (41480) 24% (20385) 26% (1521) 22% (2081)

8am-2pm 29% (78714) 30% (51109) 28% (23041) 28% (1631) 30% (2933)

2pm-8pm 25% (67463) 25% (42915) 24% (20408) 25% (1453) 28% (2687)

8pm-2am 22% (60834) 22% (37864) 24% (19742) 22% (1270) 20% (1958)

Unknown 16% (50,045) 15% (29453) 17% (17208) 18% (1280) 18% (2104)
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