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Background: Seasonal variation regarding the incidence and the short-termmortality of acute myocardial infarc-
tion (MI) was frequently reported, but data about sex-specific differences are sparse.
Methods:We analysed the impact of seasons and temperature on incidence and in-hospital mortality of patients
with acute MI in Germany between 2005 and 2015.
Results: The nationwide sample comprised 3,008,188 hospitalizations ofMI patients (2005–2015). The incidence
was 334.7/100,000 citizens/year. Incidence inclined from 316.3 to 341.6/100,000 citizens/year (β 0.17 [0.10 to
0.24], P b 0.001), while in-hospital mortality rate decreased from 14.1% to 11.3% (β −0.29 [−0.30 to −0.28], P
b 0.001). Overall, 377,028 (12.5%) patients died in-hospital.
Seasonal variation of both incidence and in-hospital mortality was of substantial magnitude. Seasonal incidence
(86.1 vs. 79.0/100,000 citizens/year, P b 0.001) and in-hospital mortality (13.2% vs. 12.1%, P b 0.001) were higher
in winter than in summer. Risk to die in winter was elevated (OR 1.080 (95% CI 1.069–1.091), P b 0.001) com-
pared to summer season independently of sex, age and comorbidities. Reperfusion treatment with drug eluting
stents and coronary artery bypass graft were more often used in summer.
We observed sex-specific differences regarding the seasonal variation of in-hospital mortality: males showed
lowest mortality in summer, while females during fall. Low temperature dependency of mortality seems more
pronounced in males.
Conclusion: Incidence of acuteMI increased 2005–2015,while in-hospitalmortality rate decreased. Seasonal var-
iation of incidence and in-hospital mortality were of substantial magnitude with lowest incidence and lowest
mortality in the summer season. Additionally, we observed sex-specific differences regarding the seasonal vari-
ation of the in-hospital mortality.

© 2019 Elsevier B.V. All rights reserved.
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1. Introduction

Ischaemic heart disease (IHD) is the most common cause of death
with an increasing frequency worldwide [1]. It accounts for approxi-
mately 20% of all deaths in Europe [1] and the United States of
America [2]. Approximately 1/3 of the IHDpatients presentwith sudden
cardiac death [3]. The acute presentation of IHD, myocardial infarction
(MI), is a life-threatening, serious health problem which causes sub-
stantially morbidity and mortality [1–3].

MI is frequently preceded by specific triggers, which can include
common activities such as physical exertion, stressful events, alcohol
consumption and heavy meals [4]. The research on MI triggers has
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predominantly focused on the increased risks to the individual, while
population burden ofMI triggers has not received comparable attention
[4]. The research about environmental and other triggers of MI has been
intensified in the last decades. Especially, a growing interest regarding
chronobiology of acute MI has been arisen. It is well established that
the onset ofMI follows a circadian and seasonal periodicity [5–11]. Dur-
ing the daily routine, MI has a peak incidence in the morning hours
(after awakening) [5,12]. A large body of evidence suggests a seasonal
periodicity in MI incidence [5,6,11,13,14] and mortality [5,8,15]. Both,
the incidence [5,6,11,13] as well as the short-term mortality [5,8,15] of
an acute MI were in most studies higher in the cold winter months
than in those of the warm summer. In addition, the role of temperature
and weather has also been explored [5,6,16].

Although already several studies published results about seasonal
variability of incidence and short-termmortality (for a number of differ-
ent countries) [5,6,11–13,17,18], our objectiveswere to investigate both
incidence and mortality in the German nationwide inpatients sample
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with N3 million included MI cases and in this context to address
unanswered questions regarding possible sex-specific differences. We
aimed to assess whether incidence and in-hospital mortality changed
during different seasons and temperatures and seasonal variation
differed in males and females.

2. Methods

2.1. Data source

TheGermanResearchData Center of the Federal Statistical Office and
the Statistical Offices of the federal states (source: RDC of the Federal
Statistical Office and the Statistical Offices of the federal states, DRG
Statistics 2005–2015, own calculations), in Wiesbaden (Germany),
performed the present analyses on our behalf; they provided the aggre-
gated statistic results on the basis of SPSS codes (SPSS® software, ver-
sion 20.0, SPSS Inc., Chicago, Illinois), which were supplied from us to
theResearchData Center. For this analysis, all hospitalized patients diag-
nosed with acute MI (2005–2015) were selected.

2.2. Diagnoses, procedural codes, and definitions

Diagnoses are coded according to the International Classification
of Diseases and Related Health Problems in its 10th Revision with
German Modification (ICD-10-GM) and diagnostic, surgical or inter-
ventional procedures are coded according to the German Procedure
Classification (OPS, surgery and procedures codes [Operationen-
und Prozedurenschlüssel]).

We included all MI patients (ICD code I21) with an acute MI (except
those MI events, which are recurrent events during the first 28 days
after previous MI (ICD-code I22)), who were hospitalized in Germany
(2005–2015), in this analysis. MI patients were further stratified
according to seasons and patients admitted in summer and winter
were compared. The seasons comprised the following months: winter
included themonths December to February, springMarch toMay, sum-
mer June to August and fall September to November. Monthly mean
temperature in Germany was obtained by the German meteorological
service (Deutscher Wetterdienst).

2.3. Study outcome

We analysed the seasonal incidence of MI. The primary study out-
come was death of all causes during the in-hospital stay (in-hospital
death). In addition, we analysed the seasonal differences in cardio-
pulmonary resuscitation (CPR).

2.4. Ethical aspects

Since this study did not involve direct access by the investigators to
data of individual patients, approval by an ethics committee and
informed consent were not required, in accordance with German law.

2.5. Statistical methods

Statistical analyses are described in the supplementary material.

3. Results

3.1. MI incidence and mortality rate between 2005 and 2015

In a time period of 11 years (2005–2015), the nationwide inpatient
sample included 3,008,188 hospitalizations due to acute MI in
Germany (37.7% females). The mean annual incidence of MI was 334.7
per 100,000 population in Germany in this aforementioned timeframe.
Among these hospitalized MI patients, 377,028 (12.5%) died during in-
hospital course.
While the incidence of MI increased slightly from 316.3 events per
100,000 citizens in 2005 to 341.6 events per 100,000 citizens in 2015
(β 0.17 (95% CI 0.10 to 0.24), P b 0.001) similar to the rate of CPR (β
0.05 (95% CI 0.04 to 0.07), P b 0.001), the in-hospital mortality rate
decreased from 14.1% in 2005 to 11.3% in 2015 (β −0.29 (95% CI
−0.30 to −0.28), P b 0.001) during the investigated period (Fig. S1 in
supplementary material). Additionally, the median in-hospital stay in
days declined (β −0.01 (95% CI −0.01 to−0.01), P b 0.001).

3.2. Patient characteristics stratified by seasons

The patient characteristics stratified by seasons revealed a signifi-
cant higher incidence of acute MI events duringwinter and spring com-
pared to the summer season. In parallel, highest mortality rate was
found in the winter and lowest in the summer (Table 1).

MI patients hospitalized in the winter were more often older than
70 years and of female sex compared to the summer. Additionally, MI
patients hospitalized in the summer presented less oftenwith heart fail-
ure and COPD. Median time of hospitalizations were similar between
winter and summer season (7 (IQR 4–12) vs. 7 (IQR 4–13)).

3.3. Seasonal variation of absolute numbers of MI, incidence and mortality

Seasonal variation regarding absolute numbers of MI as well as in-
hospital mortality was of substantial magnitude (Fig. 1). For absolute
numbers of MI events, summer season was significantly different from
winter (P b 0.001), spring (P b 0.001) and fall (P = 0.006) season.
Regarding in-hospital mortality, winter and summer (P = 0.001) and
winter and fall (P = 0.006) were significantly different with a strong
correlation between season and both absolute number of MI as well as
in-hospital death (Fig. 1, Table S1 in supplementary material). The low-
est absolute numbers of MI were consecutively found in the summer
season in all investigated years (sex-unspecific: Fig. S2 in supplemen-
tary material, sex-specific: Fig. 2). Although we observed some annual
differences regarding the peak number of MIs between the investigated
years, in most years the peaks were in winter or spring. In parallel, the
lowest in-hospital mortality was found in the summer season in most
of the investigated years (7/11 years = 63.6%). Our seasonal data
showed no annual trend over time (Fig. S2 in supplementary material).
In addition, no substantial differences in the seasonal variations regard-
ing MI incidence and MI mortality were detected with respect to the
federal states of Germany in the north vs. south and west vs. east (Fig.
S3 in supplementary material). The minimum incidence was in all fed-
eral states of Germany in the summer season and the lowest mortality
rate in ¾ of the federal states in the summer.

Similarly, for CPR awinter peakwas observed, while lowest CPR rate
was found in the summer season (6.4% vs. 6.2%, P b 0.001) (Fig. S4 in
supplementary material); this result was confirmed in the logistic
regressions (Table 2).

In the sex-specific analyses, absolute numbers ofMI inmen revealed
comparable results to the sex-unspecific analyses (significant differ-
ences between summer and winter (P b 0.001), summer and spring (P
b 0.001) and between summer and fall (P = 0.031)). In contrast,
women (difference between summer and winter (P b 0.001), summer
and spring (P b 0.001) and between summer and fall (P = 0.001))
showed an additional significant difference between winter and fall (P
=0.041) (Figs. 1+2). Figs. 1+2 visualize the sex-specific differences re-
garding the seasonal variation of the in-hospital mortality rate between
male and female patients with acute MI. While in men the lowest in-
hospital mortality rate was observed in the summer season with a dis-
tinct decrease of the in-hospital mortality rate from winter over spring
to summer and an increase from summer to fall, the in-hospital mortal-
ity rate in females decreased from winter continuously over spring and
summer to fall (Fig. 1).

In the sex-specific analyses regarding the in-hospital mortality, men
and women demonstrated a significant difference between summer



Table 1
Baseline characteristics of 3,008,188 hospitalizations due to acute MI stratified by seasons.

Winter Spring Summer Fall P for difference between
summer and winter

Median temperature (°C) 1.1 (−0.5–3.6) 8.7 (5.7–12.4) 17.2 (16.1–18.2) 9.1 (6.8–12.8) b0.001
Seasonal (3-month) incidence of MI per 100,000 citizens 86.1 86.2 79.0 83.4 b0.001
Number of MI events 773,461 (25.7%) 774,785 (25.8%) 710,283 (23.6%) 749,659 (24.9%) b0.001
Age N70 years 443,762 (57.4%) 438,086 (56.5%) 397,009 (55.9%) 428,523 (57.2%) b0.001
Female gendera 294,304 (38.1%) 291,325 (37.6%) 267,242 (37.6%) 283,375 (37.8%) b0.001
Obesity 71,661 (9.3%) 73,454 (9.5%) 67,958 (9.6%) 69,555 (9.3%) b0.001
Diabetes mellitus 236,190 (30.5%) 235,647 (30.4%) 213,015 (30.0%) 229,617 (30.6%) b0.001
Hyperlipidemia 290,669 (37.6%) 293,864 (37.9%) 274,013 (38.6%) 290,499 (38.8%) b0.001
Essential arterial hypertension 421,468 (54.5%) 424,918 (54.8%) 389,372 (54.8%) 412,883 (55.1%) b0.001
Heart failure 281,876 (36.4%) 279,882 (36.1%) 253,578 (35.7%) 272,090 (36.3%) b0.001
Atrial fibrillation/flutter 168,410 (21.8%) 164,975 (21.3%) 150,202 (21.1%) 163,085 (21.8%) b0.001
Cancer 27,846 (3.6%) 28,250 (3.6%) 28,119 (4.0%) 28,447 (3.8%) b0.001
COPD 71,899 (9.3%) 70,085 (9,0%) 60,155 (8,5%) 65,035 (8.7%) b0.001
Stroke 21,908 (2.8%) 22,221 (2.9%) 20,881 (2.9%) 21,853 (2.9%) b0.001
Renal insufficiency 208,664 (27.0%) 206,724 (26.7%) 189,953 (26.7%) 204,479 (27.3%) 0.001
Anterior myocardial infarction 124,352 (16.1%) 127,008 (16.4%) 1115,803 (16.3%) 118,367 (15.8%) b0.001
Posterior myocardial infarction 114,329 (14.8%) 117,281 (15.1%) 107,641 (15.2%) 110,271 (14.7%) b0.001
NSTEMI 464,675 (60.1%) 461,317 (59.5%) 424,583 (59.8%) 456,583 (60.9%) b0.001
BMS 146,552 (18.9%) 151,734 (19.6%) 136,569 (19.2%) 137,825 (18.4%) b0.001
DES 148,186 (19.2%) 150,712 (19.5%) 145,864 (20.5%) 159,859 (21.3%) b0.001
BVS 1539 (0.2%) 1643 (0.2%) 1736 (0.2%) 1972 (0.3%) b0.001
CABG 34,393 (4.4%) 35,988 (4.6%) 33,329 (4.7%) 35,739 (4.8%) b0.001
Deep vein thrombosis or thrombophlebitis 4946 (0.6%) 4862 (0.6%) 4906 (0.7%) 5110 (0.7%) b0.001
Pulmonary embolism 5348 (0.7%) 5048 (0.7%) 4793 (0.7%) 5203 (0.7%) 0.219
Shock 51,915 (6.7%) 52,494 (6.8%) 48,544 (6.8%) 50,904 (6.8%) 0.003
CPR 49,200 (6.4%) 48,136 (6.2%) 43,694 (6.2%) 46,804 (6.2%) b0.001
In-hospital death 102,074 (13.2%) 97,283 (12.6%) 85,927 (12.1%) 91,744 (12.2%) b0.001

Abbreviations:MI=myocardial infarction; COPD=chronic obstructive pulmonary disease; NSTEMI=non-ST-segment elevationmyocardial infarction; BMS=bare-metal stent; DES=
drug eluting stent; BVS = drug eluting bioresorbable stent; CABG = coronary artery bypass graft; CPR = cardio-pulmonary resuscitation.

a Information about sex available for n = 3,008,060 hospitalized patients.

Fig. 1. A - Absolute numbers of MI patients (grey bars) and in-hospital mortality (red line) stratified for seasons. B- Absolute numbers of MI patients (blue bars) and in-hospital mortality
(red line) stratified for seasons in males. C- Absolute numbers of MI patients (pink bars) and in-hospital mortality (red line) stratified for seasons in females.
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Fig. 2. Absolute numbers (blue bars in men and pink bars in women) and in-hospital mortality (red line) of male (A) and female (B) MI patients stratified for seasons.
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and winter (men: P b 0.001; women: P = 0.022) as well as between
winter and fall (men: P = 0.022; women: P = 0.002) (Figs. 1+2).

MI patients' risk to die during the in-hospital stay was with an OR of
1.08 independently elevated of important comorbidities, sex and age
during winter vs. summer season (Table 2).

3.4. Association between mean temperature and both absolute numbers of
MI events as well as in-hospital mortality

These results are presented in the supplementarymaterial (with Figs.
S5 and S6 as well as Tables S1 and S2 in the supplementary material).
Table 2
Impact of winter season on different clinical parameters and outcomes in comparison to summ

Univariate OR (95% CI) P

Sex-unspecific
NSTEMI 1.013 (1.006–1.019) b

DES 0.917 (0.910–0.924) b

BVS 0.814 (0.760–0.872) b

CABG 0.945 (0.931–0.960) b

CPR 1.036 (1.023–1.050) b

In-hospital death 1.105 (1.094–1.115) b

Men
NSTEMI 1.023 (1.015–1.032) b

DES 0.920 (0.9121–0.929) b

BVS 0.823 (0.761–0.890) b

CABG 0.949 (0.932–0.966) b

CPR 1.033 (1.016–1.050) b

In-hospital death 1.109 (1.094–1.123) b

Women
NSTEMI 0.992 (0.982–1.003) 0
DES 0.913 (0.900–0.927) b

BVS 0.792 (0.686–0.914) b

CABG 0.944 (0.915–0.973) b

CPR 1.044 (1.021–1.068) b

In-hospital death 1.096 (1.081–1.113) b

Abbreviations:MI=myocardial infarction; COPD=chronic obstructive pulmonary disease; NS
drug eluting stent; BVS = drug eluting bioresorbable stent; CABG = coronary artery bypass gr
3.5. Seasonal treatment differences

While the seasonal subgroups of MI patients did not differ regarding
NSTEMI/STEMI events, patients in the summer season had more often
circumscribedMI events (such as singular anterior or singular posterior
MI events) and were more often treated with DES as well as CABG than
patients in the winter (Table 1, Fig. S7 in supplementary material).

Themultivariate logistic regressionmodels confirmed a lower reper-
fusion treatment rate regarding implantation of DES as well as CABG
surgeries in the winter compared to the summer season independently
of sex, age and comorbidities (Table 2).
er season.

-value Multivariate OR (95% CI) P-value

0.001 0.996 (0.990–1.003) 0.283
0.001 0.933 (0.925–0.941) b0.001
0.001 0.846 (0.790–0.906) b0.001
0.001 0.955 (0.940–0.970) b0.001
0.001 1.029 (1.015–1.043) b0.001
0.001 1.080 (1.069–1.091) b0.001

0.001 1.002 (0.994–1.011) 0.618
0.001 0.935 (0.926–0.945) b0.001
0.001 0.855 (0.790–0.924) b0.001
0.001 0.952 (0.935–0.970) b0.001
0.001 1.022 (1.005–1.039) 0.013
0.001 1.081 (1.066–1.096) b0.001

.161 0.985 (0.975–0.996) 0.009
0.001 0.927 (0.913–0.941) b0.001
0.001 0.816 (0.707–0.942) 0.006
0.001 0.958 (0.929–0.988) 0.007
0.001 1.039 (1.016–1.063) 0.001
0.001 1.079 (1.062–1.095) b0.001

TEMI=non-ST-segment elevationmyocardial infarction; BMS=bare-metal stent; DES=
aft; CPR = cardio-pulmonary resuscitation.
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4. Discussion

AcuteMI is a dynamic and life-threatening event resulting from rup-
ture of an atherosclerotic plaque and development of an occlusive intra-
coronary thrombus [5]. An identification of specific seasonal patterns in
the timing of acute MI events and the in-hospital mortality after acute
MI is of importance, because such patterns as seasonal variation imply
that there are specific triggers of acuteMI external to the atherosclerotic
plaque in the coronary arteries [18]. Although the impact of seasonwith
an increase of incidence as well as short-term mortality of IHD and its
acute manifestation MI in the winter season has reported previously
in several published studies for different countries [5,6,12,17,18], our
study results add some important key findings. The main findings of
our study analysing N3 million hospitalized patients with acute MI in
the German nationwide sample could be summarized as follows:
I) The incidence of MI increased between 2005 and 2015, while the
in-hospital mortality rate decreased from 14.1% to 11.3%.

II) Lowest incidence and in-hospital mortality of MI were observed
in the summer season, while the incidence peak was in winter/
spring months and highest in-hospital mortality in winter.

III) Male MI patients showed the lowest in-hospital mortality in the
summer season, whereas female patients during fall.

IV) Elevated risk to die in the winter season was independent of age,
sex and important comorbidities.

V) Low temperature dependency of in-hospital mortality seems
more intensive in male than in female MI patients.

4.1. Incidence of acute MI

This is one of the largest samples ever to analyse seasonal patterns
regarding incidence, in-hospital mortality and sex-specific differences
in patients with acute MI.

In accordancewith other studies aboutwestern populations, we rec-
ognized a slight increase in the incidence from 2005 to 2015 (Fig. S1 in
supplementary material) [19,20], whereas other studies reported a de-
crease [21–24] or no change of the MI incidence over time [23,25]. The
incidence of 334.7 MI events per 100,000 citizens in mean in Germany
over the eleven year period was slightly higher than in Denmark
(297/100,000 in males and 156/100,000 in females in 2012) [22] and
the United States (287 per 100,000 citizens in 2008) [20].

In Germany, the lowest incidence of MI was observed in the summer
season, while the incidence peak was in the winter and spring months. A
winter increase in IHD and MI has been noted for several countries such
as Canada [15], United States [5,7,18], Japan [11], Great Britain [6], Italy
[13,26], Korea [27] andGermany [12].We identified similar seasonal inci-
dence variations between male and female MI patients (Fig. 1).

Germany is localized in the temperate climate zone of western
Europe with annual mean temperatures between 8 and 9 °C, lowest
mean temperatures in January (winter, approximately −0.5 to 0.5 °C)
and highest in July (summer, approximately 17 to 18 °C). As expected,
beside the seasonal patterns, temperatureswere also directly correlated
with MI incidence.

Previously published studies reported that the admissions rates for
acute MI on days in which the minimum temperature fell below 3 °C
was nearly doubled that found on dayswith a of ≥15 °C [6]; additionally,
others described that a 10 °C decrease in temperature was associated
with a 13% increase inMI event rates [16] and an increase in air temper-
ature of 7.4 °C was associated with a 2.8% reduction in risk of MI [28].

Potential aetiologies for seasonal patterns are not well understood
[5,11]. It has been proposed that temperature and the resulting
variation in biological factors mediate the seasonal differences [11].
Environmental temperature has an important impact on the onset of
acute MI, but seasonal variation is most likely caused multi-factorially
[5,11]. Colder weather influences a large number of parameters and is
accompanied by an increase in sympathetic tone, heart rate, blood
pressure, frequency of atrial spasm, myocardial oxygen consumption,
haematocrit, granulocyte count, cortisol level, serum cholesterol and
triglyceride levels, red blood cell and platelet count, plasma beta-
thromboglobulin, platelet factor 4, activated factor VII and plasma
fibrinogen, whereas anti-thrombin III decreased with colder tempera-
tures [5,6,11,18]. Especially, elevated lipid levels and the presence of
active inflammation may contribute that arterial plaques are more vul-
nerable to rupture [6]. Additionally, stressors like air pollution, pneumo-
nia and influence epidemics might contribute to a higher incidence of
MI in thewinter [11,29]. Air pollution is predominantly high in thewin-
ter months [29,30] and associated with both an increased incidence of
pulmonary diseases [29,31] as well as acute MI [29,32]. Furthermore,
patients with acute MI were found to have lower 25-hydroxy vitamin
D3 levels and it is well known that duration of light per day influences
several parameters including 25-hydroxy vitamin D3 levels [5]. Other
physiological systems of the human body, which have shown a seasonal
periodicity comprise fibrinolytic activity, plasma cortisol levels, serum
lipids and platelet serotonin levels [5]. In addition, physical activity is
dramatically reduced due to colder temperatures especially in older
individuals, which favours prothrombotic changes [33–38]. Germany
is one of the countries with high numbers of annual holiday travels. In
total, 69.6 million holiday travels longer than 4 days of individuals
older than 14 years were recorded in Germany (2017); the majority of
travels in the summer season [39]. Thus, more individuals were in sum-
mer holidays far from Germany. This might also contribute to lower in-
cidence of MI in the summer season in Germany.

4.2. In-hospital mortality rate

Our results confirm a decrease of the in-hospital mortality from
2005 to 2015 in accordance with a large body of evidence
[19,20,22,24,40,41]. The in-hospital mortality rate due to acute MI
in Germany was 14.1% in 2005 and 11.3% in 2015 and thus higher
than the reported 30-day mortality rate in the United States (10.5%
in 1999 and 7.8% in 2008) [20]. It is a limitation of our study, that
we analysed in-hospital outcomes only. In this context, it is well-
known that a high proportion of sudden cardiac deaths are caused
byMI. It is well described for Germany, that sudden cardiac death oc-
curred in 81 cases per 100,000 population and in 12.5% of these
cases, patients did not reach a hospital [42].

In parallel with the sex-unspecificMI incidence, the lowestmortality
was found in the summer season, while the highest in-hospital mortal-
ity ratewas seen in thewinter season. The sex-unspecific peak of the in-
hospital mortality was during winter and lowest mortality rate in the
summer, which is in accordance with the majority of studies
[8,11,13,43,44]. In contrast, one study demonstrated highest mortality
rate in the winter and lowest in spring [5], respectively another study
the lowest mortality rate in fall [15] and one further study was not
able to show any seasonal variation regarding the in-hospital mortality
rate of patientswithMI [7]; but it has to be kept inmind that these stud-
ies were performed in different climate zones.

It was presumed that the higher mortality rate during the winter
was attributed to a higher number of comorbidities [5,11] as well as
an increased age of the MI patients during winter months [15]. Sheth
et al. [15]. confirmed that the seasonal mortality variation in acute MI
deaths (winter vs. summer) increased with growing age and the au-
thors hypothesised that olderMI patients had a decreased physiological
reserve, which might be in part an explanation for the higher mortality
rate in the winter [15]. Our study demonstrated a higher proportion of
MI patients with an age N70 years during the winter in comparison to
summer season (Table 1). However, themultivariate logistic regression
analyses showed that the seasonal variation regarding the in-hospital
mortality was independent of age, sex and important comorbidities.
Thus, we could reject the presumed explanations of the seasonal
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mortality-variation regarding age and the investigated comorbidities.
One clinical pathology study reported a significant difference in condi-
tions, which could potentially contribute to the seasonal mortality var-
iation in MI. Haemopericardium as an important complication of acute
MI caused by full thickness ventricular wall infarction and subsequent
rupture into the pericardium was more often observed in the winter
season than in the summer season in the post-mortem pathological ex-
aminations of patients with acute MI [8].

Nagarajan et al. [7] identified some seasonal treatment variations
between patients admitted for acute MI in summer and winter seasons.
Patients admitted in summer revealed a significant shorter door to bal-
loon time than those admitted in thewinter. Accordingly, theproportion
of MI patients with a door to balloon time N90 min was significantly
higher in winter than in summer. In addition, some differences in
administered medications were detected [7].

In accordance with these mentioned seasonal treatment differences
by Nagarajan et al. [7], we observed a higher rate of DES implantation
and CABG surgeries in the summer compared to winter season. These
reperfusion treatments are currently the recommended treatment for
the majority of patients with acute MI with significant coronary artery
stenosis [1,45,46]. While the rates of BMS and DES were approximately
similar in winter and spring, the implantations of DES outweighs the
number of BMS implantations in summer and fall during the obeserved
study period. The proportion ofMI patients treatedwith CABG, BMS and
DES in Germany was comparable with numbers of the United States of
America (revascularizations within 30 days after MI: 40.7% in 1999
and 47.2% in 2008) [20], but was higher than in England, where only
19% of the MI patients received a percutaneous transluminal coronary
angioplasty and only 0.8% a CABG [47]. Thus, we identified some poten-
tial factors which might contribute to the seasonal variation of the in-
hospital mortality rates, but we were not able to explain the underlying
causes of the increased hospital case-fatality rate in thewinter season at
all.

Remarkable, our results identified a sex-specific difference regard-
ing the seasonal variation of in-hospital mortality rate due to acute
MI. In females, lowestmortality rate was observed in fall and not during
summer. In contrast,maleMI patients had their lowest in-hospitalmor-
tality rate in the summer season. Also Gebhard et al. [48] identified that
the impact of environmental parameters on the outcomes of acute MI
were sex-dependent. Winter season was found to be a predictor of
cardiogenic shock in femaleMI patients, but not inmale. The proportion
of women suffering from MI and arriving in cardiogenic shock was in
winter higher than in summer and if outside temperatures were
lower, significantly more young women presented with KILLIP class IV
ST-segment-elevation MI [48].

Additionally, studies suggested an increase regarding acute MI
deaths related to higher levels of air pollution [49], which is higher in
the winter months [30].

5. Limitations

There are certain limitations of our study that require consideration.
A study limitation is that the study results are based on ICD discharge
codes, which might lead to incomplete data due to under-reporting/
under-coding. Important clinical data such as information about cardiac
Troponins, echocardiographic examination or concomitantmedications
are missing. In addition, we analysed a long time span between 2005
and 2015 with a change in treatment modalities (shift from thrombol-
ysis to angioplasty and introduction of new antiplatelet medications
and treatment regimens) and classification/definition of MI. Despite
these changes over time, we observed a seasonal variation in all of the
annual analyses (Fig. S2 of the supplementary material). The focus of
our study was on the clear endpoints in-hospital death and CPR. A fur-
ther major limitation of our study is that the investigators had no direct
access to the data of individual patients, but only access to aggregated
data provided by the Federal Statistical Office of Germany.
6. Conclusions

The incidence of MI increased from 2005 to 2015, whereas the in-
hospital mortality rate decreased from 14.1% to 11.3%. Seasonal varia-
tion of both incidence and in-hospital mortality of patients with acute
MI were of substantial magnitude with lowest incidence and lowest
mortality during the summer season, while the incidence peak was in
winter/spring months and highest in-hospital mortality in the winter
season. We observed sex-specific differences regarding the seasonal
variation of the in-hospital mortality: while male MI patients showed
the lowest in-hospital mortality in the summer season, female patients
revealed theminimal in-hospital mortality during fall. Temperature de-
pendency of in-hospital mortality regarding low temperature seems
more intensive in male than in female MI patients.
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