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ABSTRACT 

Aims: ST-segment Elevation Myocardial Infarction (STEMI) onset depends on chronobiology, 

with variations according to seasons and circadian cycle. The impact of the circadian rhythm 

on STEMI prognosis is still controversial. Therefore, we aimed to study survival of patients 

with STEMI onset during the peak incidence period of the day, from 06 :00 AM to 12 :00 

Noon (6AM-12). 

Methods: Between January 2003 and December 2015, 3040 patients presenting with STEMI 

were prospectively enrolled in the RIMA registry (Registre des Infarctus en Maine Anjou). We 

identified four groups according to STEMI onset. In-hospital, 30-day and 1-year 

cardiovascular and all-cause mortalities were evaluated. 

Results: 892 patients (29.3%) had their onset of symptoms during the 6AM-12 interval, 

which was the peak incidence period of the day (p<0.001). Those patients were mostly men 

(73%), and were older than the rest of the population (65.3±14.7 vs 63.8±14.5, p= 0.006). 

Considering management, the delay between time of onset of symptoms to first medical call 

was shorter (p<0.001) and systolic blood pressure on admission was 136.8±28.5 mmHg, 

lower compared to the other patients. In-hospital cardiovascular mortality was higher, 202 

(6.6%) versus 72 (8.1%) patients (p=0.040). Similar results were found at thirty days, 

(Hazard Ratio (HR):1.348, 95%CI [1.019–1.783], p= 0.037), but not after one year of 

follow-up, (HR: 1.243, 95%CI [0.970-1.593], p=0.09). After adjustment for confounding 

variables, only low systolic blood pressure on admission (HR:0.989, 95%CI [0.979-0.999], 

p= 0.031), in-hospital heart failure (HR:3.747, 95%CI [1.851-7.584], p<0.001), low Left 

Ventricular Ejection Fraction (LVEF) (HR:0.951, 95%CI [0.923-0.980], p=0.001) and low 

creatinine clearance (HR:0.980, 95%CI [0.965-0.995], p=0.008) remained significant 

predictive factors of 30-day cardiovascular mortality. 

Conclusion: Patients presenting with STEMI at the peak incidence period of the day – the 

6AM-12 interval – presented poor early prognosis. Nevertheless, mortality was driven by the 

same correlates than the rest of the population. There is a need to identify the patho-

physiological processes that lead to the 6AM-12 peak incidence and overmortality. 

 

Keywords: circadian cycle, STEMI, prognosis, cardiovascular mortality
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INTRODUCTION 

 

ST-segment Elevation Myocardial Infarction (STEMI) is responsible for hospital 

mortality that varies between 4 and 12% (1) and 1-year mortality up to 10% (2). This 

mortality is influenced by many factors as age, diabetes mellitus, acute heart failure, renal 

failure, time delay to treatment, treatment strategies, number of diseased coronary arteries, 

Left Ventricular Ejection Fraction (LVEF) (3). 

 

STEMI incidence depends on chronobiology, including seasons (4) and shifts to 

daylight saving time (5). STEMI incidence is also impacted by circadian variation with a peak 

in the morning, from 6 :00 AM to 12 :00 Noon (6AM-12) (6). Many patho-physiological 

triggers have already been pointed out such as the increase in sympathetic stimulation at the 

transition of sleep to wake-up time (7)(8), the increased platelet aggregability (9) and 

decreased fibrinolysis activity (10) in the morning, that could lead to a different prognosis for 

these patients. Nevertheless, contradictory results remain, considering the effect of time of 

onset of symptoms on survival (4)(11)(12)(13)(14). 

 

We aimed to study early and mid-term mortality during the 6AM-12 interval using a 

recent real-life registry of STEMI patients. 
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METHOD 

Study population 

This work is an observational analysis based on the population of the RIMA registry 

(Registre des Infarctus en Maine-Anjou). RIMA prospectively included all consecutive patients 

presenting a STEMI between January 2003 and December 2015. Inclusion criteria were: 

patients older than 18 years, and presenting with STEMI. STEMI was defined following 

current clinical practice guidelines considering: typical chest pain with persistent ST elevation 

≥ 0.1 mV in 2 contiguous peripheral leads, or ≥ 0.2 mV in 2 contiguous precordial leads or 

new left bundle-branch block, as well as elevation of cardiac biomarkers. When the time of 

STEMI onset was equivocal, patients were not considered for analysis (n=301). So, among 

the 3341 patients of the RIMA registry, 3040 patients were included in this study (Figure 1).  

 

Data collection 

Demographics characteristics, medical history, cardiovascular risk factors, medication, 

professional activity, biomarkers, clinical and electrocardiographic variables were collected 

prospectively. Times and dates of onset of symptoms, delays of management (symptoms to 

first medical call, to first medical care, to first balloon inflation during primary Percutaneous 

Coronary Intervention (PCI)) were also taken into account. LVEF was determined by the 

biplane Simpson’s method.  

Clinical outcomes were collected during follow-up consultations by referring physicians 

or by phone call by clinical research associates. 

Patients were divided into four, six-hour groups, over 24 hours, (0-6AM, 6AM-12, 12-

6PM, 6PM-0), according to time of symptom onset. STEMI onset’s distributions, within 

weekdays and months, were evaluated. Considering shifts to daylight saving time, we 
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identified patients presenting with STEMI the week after transition and those the two weeks 

before and two weeks after this period of interest. Only shifts to daylight saving time were 

taken into account according to data of the literature (5). 

 

Primary endpoint 

We evaluated cardiovascular (CV) death, during hospitalization, at 30-day and 1-year 

of follow-up, according to time of symptoms onset. 

 

Secondary endpoints 

We evaluated all-cause death, during hospitalization, at 30-day and 1-year of follow-

up, according to time of symptoms onset. In-hospital Major Adverse Cardiac Event (MACE) 

was a composite event associating death from cardiovascular cause, stroke, reinfarction or 

heart failure. Considering shift to daylight saving time, we evaluated its impact on patients’ 

prognosis about heart failure and cardiovascular death at 30 days and one year of follow-up. 

 

Statistical analysis 

All statistical tests were performed using SPSS Version 20.0 software for Windows 

(SPSS Inc., Chicago. Illinois. USA). Quantitative variables were expressed as median [IQR: 

interquartile range] or mean ± standard deviation, and qualitative variables as numbers and 

percentages. To determine differences in incidence of myocardial infarction among the four 

6-hour intervals, X2 goodness-of-fit test was performed. Comparisons of quantitative 

variables were conducted by means of unpaired Student’s t-test. Comparisons of qualitative 

variables were performed using chi-squared test. Cox regression models were used to 
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analyse survival. Only p values less than 0.05 were considered significant. Only significant 

univariate correlates were included into the multivariate Cox models.  

 

Ethics 

The study was performed in accordance with the Declaration of Helsinki and approved 

by the local ethic committee.   
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RESULTS 

Population characteristics 

The population was constituted of 74.2% of men, with a mean age of 63.8±14.5 

years. Considering cardiovascular risk factors, 1490 patients (49.1%) presented with 

hypertension, 635 (21%) with diabetes, 1567 (51.9%) with dyslipidaemia and 1180 (38.9%) 

were smokers. All other population’s baseline characteristics are described in Table 1. 

Considering management, 2867 patients (94.3%) underwent a coronary angiography 

and 2528 (84.2%) were treated with primary PCI. Median delay between onset of symptoms 

to first medical call was 1.5 [0.5-4.5] hours and median time to reperfusion was 5.7 [3.5-14] 

hours. 1407 patients (46.3%) presented with anterior STEMI and mean LVEF was around 

48.3% on admission. STEMI characteristics are described in Table 2. 

 

Seasonal, daily and daylight saving time variations 

We found a peak of incidence of STEMI during winter months (p<0.001) (Figure 2), 

but no difference appeared depending on weekdays (p=0.45). There was no increase in 

STEMI onset at the spring time shift, with 70 patients for the week after transition and 274 

patients within the four control weeks (p=0.98). Considering those patients, there was no 

difference in terms of cardiovascular or all-cause in-hospital mortality (p=0.84 and p=0.70, 

respectively). Baseline characteristics and outcomes of this sub-group population are 

described in Supplementary Tables 1 and 2. 
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Time of onset of symptoms 

The lowest incidence of symptoms onset was observed during the 0-6AM interval with 

656 patients (21.6%), (see Table 1). 892 patients (29.3%) had their onset of symptoms in 

the 6AM-12 interval which was the peak incidence period (p<0.001). 6AM-12 patients were 

older compared to the 3 other groups (p=0.006), but, had similar rates of cardiovascular risk 

factors and no differences in prior medication. They presented lower rates of prior angina 

37.4% (p=0.010) and less were on professional activity (p=0.010). PCI rates were similar 

(see Table 2). Delay between time of onset of symptoms and first medical call was shorter, 

with a median time of 1.2 [0.5-3.0] hours (p< 0.001). Systolic and diastolic blood pressures 

were lower with 136.8±28.5 mmHg (p=0.04), and 81.8±18.6 mmHg, (p=0.014), 

respectively. Heart rate was also lower with 76.5±21.3 beats per minute (p=0.018).  

 

In-hospital outcomes 

624 patients (20%) suffered from acute heart failure during hospitalization. MACE 

occurred in 1256 patients (41.3%). There was no statistical difference in the 6AM-12 group 

compared to the others in regard to in-hospital outcomes. 210 patients (6.9%) of the whole 

population, and 75 patients (8.4%) of 6AM-12 group, died from any causes during 

hospitalization (p=0.034). In-hospital CV mortality was also different (p=0.040), with 202 

patients (6.6%) versus 72 patients (8.1%) respectively (Table 3). 

 

Thirty-day and one-year follow-up 

6AM-12 patients presented higher in-hospital and 30-day all-cause and CV mortality, 

but similar rates at one-year (HR:1.245, 95%CI [0.990-1.566], p=0.06) and (HR:1.243, 

95%CI [0.970-1.593], p=0.09) respectively. Conversely, CV mortality was similar between 
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day 30 and one-year of follow-up (HR:0.935, CI95% [0.543-1.610], p=0.81). Figure 3 

shows survival curves. After multiple adjustments for main baseline characteristics, STEMI 

characteristics and management, biological results on admission, the 6AM-12 time interval of 

onset of symptoms did not remain a predictive factor of cardiovascular death at 30 days of 

follow-up (HR:1.218, 95%CI [0.672-2.205], p=0.52). Significance was lost as soon as 

adjustment to age was performed. None of pre-infarction medical therapies were found to 

predict 30-day cardiovascular mortality after adjustment. 30-day CV mortality correlates 

included in-hospital heart failure (HR:3.747, 95%CI [1.851-7.584], p<0.001) and low LVEF 

(HR:0.951, 95%CI [0.923-0.980], p=0.001) (see table 5). We found no interactions for the 

effect of time interval on mortality with LVEF, heart failure, older age (> 65 years old) and 

shorter time to reperfusion (< 6 hours). 
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DISCUSSION 

 

Patients presenting with STEMI at the peak incidence period of the day, 6AM-12, 

presented higher 30-day cardiovascular mortality. After multivariate adjustment, only 

haemodynamic on admission, LVEF, heart failure and creatinine clearance remained 

predictive factors. One-year mortality was not different between the four time intervals of 

onset of symptoms.  

 

We found a significant higher incidence of STEMI onset in the morning, with 29.3% of 

patients during the 6AM-12 interval (12)(15). A peak incidence of around 32% of the 

population was described in the same period of time by a meta-analysis (16). We also had a 

peak of incidence of STEMI during winter months. Investigators of previous studies 

highlighted the adverse effect of transitions to and from daylight saving time with myocardial 

infarction incidence by the disruption of the human circadian system, which may be 

associated with sleep deprivation, particularly in the spring transition (5). Nevertheless, 

whether time shift effect on CV outcomes is still debated (17). We did not find any increase 

in STEMI onset after daylight saving time transition, considering the spring shift, but a small 

number of patients limits interpretation.  

 

In 1990, Deedwania et al. (7) described an increase in heart rate and systolic blood 

pressure before silent ischemic events suggesting that the increase in myocardial oxygen 

demand plays an important role in the onset of ischemic events. Marchant et al. (8) found 

similar results in patients presenting with angina undergoing holter monitoring. It is already 

known that period of sleep to wake-up time transition leads to a stimulation of the 
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sympathetic system and therefore, in an increase in heart rate, systolic blood pressure, 

arterial wall stress and coronary vasoconstriction. In these mechanisms, myocardial oxygen 

demand is more important and accompanied by atheromatous plaque vulnerability leading to 

a predisposing situation towards STEMI onset. Modification of sympathetic activity in the 

morning is likely to explain why, in many studies, diabetic patients (18), a group in whom 

autonomic dysfunction is common, or those on beta-blockers (19) are not concerned with the 

peak incidence of STEMI in the morning. In our study, 6AM-12 patients were older and 

presented lower rates of preinfarction angina. Both conditions may have modulated 

sympathetic activity. 

 

Circadian variations of the coagulation system raise some other hypothesis (9). 

Indeed, platelet aggregability increases in the morning, while fibrinolytic activity decreases, 

resulting in a predisposing pattern for thrombi formation and persistence. Correspondingly, 

patients who received aspirin prior to STEMI onset didn’t show any morning peak incidence 

(20). For those reasons, efficiency of medical or interventional therapies might also be 

attenuated at this period of the day (21)(22), resulting in a different prognosis or myocardial 

infarction size for those patients.  

 

The main question still unanswered concerns the real prognosis of patients with STEMI 

onset at the peak period of the day. Populations already studied in the literature are on 

average very specific with only patients undergoing PCI or with an ischemic time of less than 

6 hours. The RIMA registry has the benefit to be exhaustive recording all patients presenting 

with STEMI regardless of the management strategies employed. Besides, only a few patients 

were missing follow-up. In this study, in-hospital and 30-day mortalities for the 6AM-12 

group were higher, but we didn’t find statistical differences at one-year of follow-up. 
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Examining these patients’ data, mortality was found to be similar during hospitalization and 

at thirty days, mainly because most of the patients who died after thirty days were never 

discharged from hospital. Recent studies have demonstrated that no peak in early or long-

term mortality could be observed in this subset of the population (11) (13). Accordingly, 

multiple adjustments have revealed usual marker of myocardial infarction severity but not 

6AM-12 interval to be related to outcomes (see Table 5). Surprisingly, these confounders 

were not overrepresented among 6AM-12 patients. One remaining lead might be the 

identification of the specific markers that relate to overmortality in the 6AM-12 patients has 

failed. 

 

The reasons why these patients present a crude higher mortality rate that lost 

significance after adjustments remain uncertain. Variations in pre- or in-hospital cares 

between on/off-working hours of the day could explain prognosis differences. In our study, 

6AM-12 patients had lower delay between time of onset of symptoms and first medical call. 

It has been described that during off-hours, slower door to balloon time was found to be 

compensated by faster symptoms to admission time (23), and, as it is the case in this study, 

there were no differences considering treatment strategy by primary PCI. Another interesting 

explanation could relate to the phenomenon of ischemia/reperfusion tolerance within hours 

of the day. In a murine model, Durgan et al. (24) found a time-of-day dependence for 

ischemia/reperfusion tolerance, with a poorest tolerance at the sleep-to-wake transition. 

Infarct size was 3.5 times greater if induced at this time of the day. Moreover, it is already 

established that remote ischemic conditioning might decrease infarct size. In our study, CK 

peak was not influenced by sleep-to-wake transition. But, patients of the 6AM-12 group had 

a lower rate of previous angina meaning that they might have been more sensitive to a first 
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ischemic event at this weakness period of the day considering ischemia/reperfusion 

tolerance. 

 

LIMITATIONS 

Some limitations are inherent to any observational and retrospective study: all 

patients of the RIMA registry with known time of onset of symptoms were included, 

sometimes leading to long ischemic time. The timing of STEMI onset was also subjective. 

Finally, exact waking-up times in our population of patients were not fully collected leading 

to a certain uncertainty as the sleep to wake-up time transition was found to be an important 

factor. 

 

CONCLUSION 

6AM-12 was a risk marker for 30-day cardiovascular mortality. Further studies are 

needed to identify its specific correlates and confounders, as it might be useful to tailor 

individual management. 
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Figure	2:	Monthly	incidence	of	STEMI.	
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30-day:	unadjusted	HR=1.35	[1.02-1.78],	p=0.037 
1-year:	unadjusted	HR=1.24	[0.97-1.59],	p=0.09 
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TABLES 

Table	1:	Baseline	characteristics	of	the	population	 	
	 Time	of	onset	of	symptoms	(hours)	 Total	 	

		pb	
	 0-6AM		 6AM-12		 12-6PM	 6PM-0	 	

Number	of	patients	(%	of	total)	 656	(21.6%)	 892	(29.3%)	 818	(26.9%)	 674	(22.2%)	 3040	(100%)	 	

Demographics:		
	

Male,	n	(%)	 475	(72.4%)	 652	(73%)	 644	(78.7%)	 485	(71.9%)	 2256	(74.2%)	 0.37	

Age,	(years)	a	 63.7±15.2	 65.3±14.7	 63±14.7	 64.8±14.1	 63.8±14.5	 0.006	

Weight,	(kg)	a	 75.8±15	 75.2±14.9	 76±14.7	 76.4±15.3	 76.2±15	 0.13	

Height,	(cm)	a	 168±8.5	 168±8.8	 169.1±8.8	 168.1±8.8	 168.6±8.8	 0.22	

BMI	(kg/m2)	a	 26.8±4.5	 26.5±4.4	 26.5±4.1	 27±4.7	 26.7±4.4	 0.31	

Waist	circumference,	(cm)	a	 99.2±13.5	 99.8±12.3	 99.6±12.5	 101.4±14.9	 100.5±13.7	 0.64	

Professional	activity,	n	(%)	 133	(38.2%)	 149	(30.9%)	 166	(41.5%)	 110	(32.5%)	 558	(35.5%)	 0.010	

Cardiovascular	risk	factors:	
	

Hypertension,	n	(%)	 329	(50.3%)	 438	(49.2%)	 386	(47.2%)	 337	(50%)	 1490	(49.1%)	 0.95	

Diabetes	mellitus,	n	(%)	 136	(20.8%)	 180	(20.3%)	 171	(21%)	 148	(22%)	 635	(21%)	 0.56	

Dyslipidaemia,	n	(%)	 339	(52.2%)	 458	(51.7%)	 436	(53.6%)	 334	(49.7%)	 1567	(51.9%)	 0.90	

Current	smoking,	n	(%)	 260	(39.8%)	 325	(36.6%)	 339	(41.6%)	 256	(38%)	 1180	(38.9%)	 0.09	

Menopause,	n	(%)	 39	(76.4%)	 62	(92.5%)	 45	(84.9%)	 44	(80%)	 190	(84%)	 0.024	

Age	of	menopause,	(years)	a	 50.3±13.6	 51±5	 48.1±6.8	 49.9±4.3	 48.8±5.9	 0.43	

Past	medical	history:	
	

Angina,	n	(%)	 302	(46.1%)	 334	(37.4%)	 323	(39.5%)	 288	(42.7%)	 1247	(41%)	 0.010	

Myocardial	infarction,	n	(%)	 63	(9.6%)	 80	(8.9%)	 59	(7.2%)	 55	(8.1%)	 257	(8.4%)	 0.51	

Bypass,	n	(%)	 15	(2.2%)	 20	(2.2%)	 8	(0.9%)	 15	(2.2%)	 58	(1.9%)	 0.39	

PCI,	n	(%)	 56	(8.5%)	 60	(6.7%)	 44	(5.3%)	 50	(7.4%)	 210	(6.9%)	 0.80	

Sleep	apnoea	syndrome,	n	(%)	 13	(2.7%)	 15	(2.2%)	 12	(1.8%)	 13	(2.4%)	 53	(2.2%)	 0.88	

Stroke/TIA,	n	(%)	 25	(3.8%)	 39	(4.3%)	 39	(4.7%)	 27	(4%)	 130	(4.2%)	 0.87	

PAD,	n	(%)	 25	(3.8%)	 43	(4.8%)	 48	(5.8%)	 29	(4.3%)	 145	(4.7%)	 0.93	

CKD,	n	(%)	 17	(2.5%)	 31	(3.4%)	 29	(3.5%)	 19	(2.8%)	 96	(3.1%)	 0.53	

Pre-hospital	medication:	
	

ACE	inhibitors/	AIIRA,	n	(%)	 168	(25.6%)	 255	(28.6%)	 199	(24.3%)	 183	(27.2%)	 805	(26.5%)	 0.09	

Antiplatelet	drug,	n	(%)	 114	(17.4%)	 179	(20.1%)	 148	(18.1%)	 144	(21.4%)	 585	(19.3%)	 0.45	

Anticoagulant	therapy,	n	(%)	 25	(3.8%)	 34	(3.8%)	 27	(3.3%)	 21	(3.1%)	 107	(3.5%)	 0.58	

Beta-blocker,	n	(%)	 133	(20.3%)	 182	(20.4%)	 150	(18.3%)	 137	(20.4%)	 602	(19.8%)	 0.59	

Calcium	antagonist,	n	(%)	 75	(11.4%)	 120	(13.4%)	 84	(10.2%)	 97	(14.4%)	 376	(12.4%)	 0.24	

Statin,	n	(%)	 129	(19.7%)	 205	(23%)	 182	(22.2%)	 139	(20.7%)	 655	(21.6%)	 0.21	

 

 

a	Quantitative	variables	expressed	with	mean	±	standard	deviation	(SD)	
b	p	obtained	from	the	comparison	of	group	2	interval’s	results	with	the	3	other	groups	
BMI	:	Body	Mass	Index,	PCI:	Percutaneous	Coronary	Intervention,	TIA	:	Transient	Ischemic	Attack,	PAD	:	Peripheral	
Arterial	Disease,	CKD	:	Chronic	Kidney	Disease,	ACE	inhibitor	:	Angiotensin	Converting	Enzyme	inhibitor,	AIIRA:	
Angiotensin	II	Receptor	Antagonist	
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Table	2:	Management	and	medical	characteristics	of	patients	on	admission	 	
	 Time	of	onset	of	symptoms	(hours)	 Total	 	

		pc		 0-6AM		 6AM-12		 12-6PM	 6PM-0	
Number	of	patients	(%	of	total)	 656	(21.6%)	 892	(29.3%)	 818	(26.9%)	 674	(22.2%)	 3040	(100%)	

Management:	
Thrombolysis,	n	(%)	 78	(11.8%)	 121	(13.5%)	 121	(14.7%)	 84	(12.4%)	 404	(13.2%)	 0.77	

Coronary	angiography,	n	(%)	 614	(93.5%)	 843	(94.6%)	 779	(95.2%)	 631	(93.6%)	 2867	(94.3%)	 0.68	

PCI,	n	(%)	 524	(80.9%)	 758	(85.9%)	 697	(86.3%)	 549	(82.8%)	 2528	(84.2%)	 0.11	

Complete	revascularisation,	n	(%)				289	(51.7%)	 422	(53.4%)	 399	(54.1%)	 318	(54.5%)	 1428	(53.5%)	 0.94	

Symptoms	to	first	call	time,	
(hours)	b	

2.5	[0.8-7.4]	 1.2	[0.5-3.0]	 1.1	[0.4-2.9]	 1.5	[0.5-8.0]	 		1.5	[0.5-4.5]	 			<0.001	

Time	to	reperfusion,	(hours)	b	 7.8	[4.3-16]	 5.0	[3.4-9.7]	 5.2	[3.4-17]	 6.9	[3.5-18]	 5.7	[3.5-14]	 0.30	

ICU	hospitalisation	(days)	b	 5.0	[3.0-7.0]	 5.0	[3.0-7.0]	 5.0	[3.0-7.0]	 5.0	[3.0-7.0]	 5.0	[3.0-7.0]	 0.66	

Total	hospitalisation,	(days)	b	 6.0	[4.0-9.0]	 6.0	[4.0-9.0]	 6.0	[4.0-9.0]	 6.0	[4.0-9.0]	 6.0	[4.0-9.0]	 0.99	

STEMI	characteristics:	
Anterior	STEMI,	n	(%)	 317	(48.3%)	 437	(48.9%)	 361	(44.2%)	 292	(43.3%)	 1407	(46.3%)	 0.06	

Peak	of	troponin,	(µg/l)a	 84.6±139.6	 100.1±235.8	 88±187.1	 84.7±133.1	 86.5±164.7	 0.25	

Peak	of	CK,	(IU/l)a	 2161±2212	 2127±2565	 2068±3808	 2133±2231	 2097±3192	 0.93	

LVEF,	(%)a	 46.7±10.7	 47.3±10.7	 48.5±10.8	 48.1±10.3	 48.3±10.6	 0.22	

Haemodynamic	on	admission:	
Systolic	BP,	(mmHg)	a	 138.3±29.5	 136.8±28.5	 137.2±28.3	 142.5±31.5	 139.6±29.9	 0.040	

Diastolic	BP,	(mmHg)	a	 83.7±19.4	 81.8±18.6	 82.6±18.4	 84.8±19	 83.6±18.7	 0.014	

Heart	rate,	(bpm)	a	 77.8±21.5	 76.5±21.3	 78.2±23.1	 79.7±20.2	 78.9±21.8	 0.018	

Biological	results	on	admission:	
Creatinine,	(µmol/l)	a	 89±34.4	 91.8±75.3	 92.2±40.8	 90.1±44.1	 91.3±42.3	 0.58	

Creatinine	clearance,	(ml/min)	a	 86.7±39.4	 84.8±38.5	 85.2±36	 85±35.6	 85.1±35.8	 0.60	

Glycemia,	(mmol/l)	a	 8.5±4.8	 9.2±7.1	 9±9.3	 9.1±6.4	 9.1±8.1	 0.33	

Platelets,	(giga/l)	a	 247±74	 245±66	 254±107	 239±67	 248±93	 0.52	

Hemoglobin,	(g/dl)	a	 13.3±1.9	 14±2	 14.1±1.8	 14.6±1.3	 14.3±1.7	 0.92	

HbA1c,	(%)a	 6±0.9	 6±1	 6.1±1	 6.1±1.2	 6.1±1.1	 0.83	

CRP,	(mg/l)	a	 43.7±70	 37.5±86.3	 36.1±74.2	 35.3±62.2	 35.7±69	 0.85	

BNP,	(pg/ml)	a	 2741±7437	 2564±10533	 2579±7417	 2254±6224	 2420±6856	 0.94	

Fibrinogen,	(g/l)	a	 3.9±1.8	 4±11	 3.5±1.6	 3.7±1.8	 3.6±1.7	 0.17	

Total	cholesterol,	(g/l)	a	 1.9±0.6	 1.9±0.6	 2±0.5	 1.9±0.5	 1.9±0.5	 0.62	

LDL	cholesterol,	(g/l)	a	 1.2±0.5	 1.2±0.4	 1.2±0.4	 1.2±0.4	 1.2±0.4	 0.85	

HDL	cholesterol,	(g/l)	a	 0.4±0.1	 0.4±0.1	 0.5±2.1	 0.4±0.1	 0.5±1.6	 0.68	

Triglycerides,	(g/l)	a	 1.4±1.5	 1.3±0.8	 1.5±1	 1.4±0.9	 1.4±1	 0.002	

Discharge	medications:	
ACE	inhibitors/	AIIRA,	n	(%)	 560	(90.9%)	 756	(92.6%)	 706	(92.4%)	 589	(92.7%)	 2611	(92.2%)	 0.60	

Antiplatelet	drug,	n	(%)	 606	(98.3%)	 802	(98.2%)	 759	(99.3%)	 618	(97.3%)	 2785	(98.3%)	 0.81	

Beta-blocker,	n	(%)	 572	(92.8%)	 765	(93.7%)	 713	(93.3%)	 610	(96%)	 2660	(93.9%)	 0.77	

Calcium	antagonist,	n	(%)	 25	(4%)	 48	(5.8%)	 19	(2.4%)	 32	(5%)	 124	(4.3%)	 0.012	

Statin,	n	(%)	 577	(93.6%)	 777	(95.2%)	 737	(96.4%)	 605	(95.2%)	 2696	(95.2%)	 0.99	

 

 

 

 

a	Quantitative	variables	expressed	with	mean	±	standard	deviation	(SD)	
b	Quantitative	variables	expressed	with	median,	interquartile	range	[IQR]	
c	p	obtained	from	the	comparison	of	group	2	interval’s	results	with	the	3	other	groups	
PCI:	Percutaneous	Coronary	Intervention,	ICU:	Intensive	Care	Unit,	STEMI:	ST-segment	Elevation	Myocardial	
Infarction,	CK:	Creatine	Kinase,	LVEF:	Left	Ventricular	Ejection	Fraction,	BP:	Blood	Pressure,	CRP:	C	Reactive	Protein,	
BNP:	B-type	Natriuretic	Peptide,	LDL:	Low	Density	Lipoprotein,	HDL:	High	Density	Lipoprotein,	ACE	inhibitor	:	
Angiotensin	Converting	Enzyme	inhibitor,	AIIRA:	Angiotensin	II	Receptor	Antagonist	
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Table	3:	In-hospital	complications	 	
	 Time	of	onset	of	symptoms	(hours)	 Total	

	
	
pa		 0-6AM		 6AM-12		 12-6PM	 6PM-0	

Number	of	patients	(%	of	total)	 656	(21.6%)	 892	(29.3%)	 818	(26.9%)	 674	(22.2%)	 3040	(100%)	 	

HF,	n	(%)	 157	(24%)	 193	(21.6%)	 140	(17.1%)	 134	(19.9%)	 624	(20.5%)	 0.33	

VT,	n	(%)	 24	(3.6%)	 54	(6%)	 36	(4.4%)	 43	(6.3%)	 157	(5.1%)	 0.15	

Stroke/TIA,	n	(%)	 12	(1.8%)	 13	(1.4%)	 12	(1.4%)	 13	(1.9%)	 50	(1.6%)	 0.60	

Digestive	haemorrhage,	n	(%)	 6	(1.2%)	 15	(2.1%)	 12	(1.8%)	 8	(1.5%)	 41	(1.7%)	 0.32	

Haematoma	at	puncture	site,	n	(%)						37	(5.6%)	 56	(6.2%)	 44	(5.3%)	 33	(4.9%)	 170	(5.5%)	 0.29	

Transfusion,	n	(%)	 27	(4.1%)	 41	(4.5%)	 30	(3.6%)	 33	(4.8%)	 131	(4.3%)	 0.62	

MACE,	n	(%)	 280	(42.6%)	 374	(41.9%)	 321	(39.2%)	 281	(41.6%)	 1256	(41.3%)	 0.67	

All-cause	death,	n	(%)	 41	(6.2%)	 75	(8.4%)	 54	(6.6%)	 40	(5.9%)	 210	(6.9%)	 0.034	

Cardiovascular	death,	n	(%)	 37	(5.6%)	 72	(8.1%)	 53	(6.4%)	 40	(5.9%)	 202	(6.6%)	 0.040	

 

 

Table	4:	Survival	from	univariate	analysis	considering	the	6AM-12	interval.	

	 Time	of	onset	of	symptoms	(hours)	 Total	 	
	 0-6AM		 6AM-12		 12-6PM	 6PM-0	 	 Univariate	HR	

(95%CI)	
pa	

Number	of	patients													
(%	of	total)	

656	
(21.6%)	

892	
(29.3%)	

818	
(26.9%)	

674	
(22.2%)	

3040	
(100%)	 	 	

Thirty-day	mortality	:	

All-cause	death,	n	(%)	 48			
(7.5%)	

85	
(9.8%)	

63			
(8.0%)	

47			
(7.3%)	

243	
(8.2%)	 1.317	(1.012-1.714)	 0.041	

Cardiovascular	death,	n	(%)	 41				
(6.4%)	

76				
(8.8%)	

55				
(7.0%)	

42						
(6.5%)	

214		
(7.3%)	 1.348	(1.019-1.783)	 0.037	

Mortality	between	day	thirty	and	one	year	:	

All-cause	death,	n	(%)	 20		
(3.5%)	

25			
(3.1%)	

16			
(2.2%)	

22			
(3.7%)	

83				
(3.1%)	 1.042	(0.652-1.665)	 0.86	

Cardiovascular	death,	n	(%)	 16			
(2.7%)	

18			
(2.3%)	

14		
(1.9%)	

17			
(2.8%)	

65			
(2.4%)	 0.935	(0.543-1.610)	 0.81	

One-year	mortality	:	

All-cause	death,	n	(%)	 68		
(10.7%)	

110		
(12.8%)	

79		
(10.0%)	

69		
(10.6%)	

326	
(11.1%)	 1.245	(0.990-1.566)	 0.06	

Cardiovascular	death,	n	(%)	 57			
(8.9%)	

94			
(10.9%)	

69				
(8.8%)	

59				
(9.1%)	

279	
(9.5%)	 1.243	(0.970-1.593)	 0.09	

 

 

 

a	p	obtained	from	the	comparison	of	group	2	interval’s	results	with	the	3	other	groups	
HF:	Heart	Failure,	VT:	Ventricular	Tachycardia,	TIA:	Transient	Ischemic	Attack,	MACE:	Major	Adverse	Cardiac	Events	

a	p	obtained	from	the	comparison	of	group	2	interval’s	results	with	the	3	other	groups	in	univariate	COX	analysis.	
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Table	5:	Univariate	and	multivariate	predictive	factors	of	30-day	cardiovascular	mortality.	
 Univariate analysis Multivariate analysis 
 HR (95%CI) p-value HR (95%CI) p-value 
Time of onset of symptoms: 
6AM-12 interval 1.348 (1.019-1.783) 0.037 1.218 (0.672-2.205) 0.52 

Baseline characteristics: 
Male 0.450 (0.354-0.571) <0.001 0.986 (0.526-1.848) 0.97 
Age (years) 1.067(1.056-1.077) <0.001 1.012 (0.982-1.042) 0.45 
Professional activity 0.263 (0.153-0.451) <0.001 - - 
BMI (kg/m2) 0.950 (0.923-0.979) 0.001 1.006 (0.938-1.079) 0.86 

Cardiovascular risk factors: 
Hypertension 2.189 (1.690-2.835)  <0.001 0.799 (0.411-1.554) 0.51 
Diabetes 1.221 (0.926-1.611) 0.16 - - 
Dyslipidaemia 0.545 (0.424-0.701) <0.001 0.747 (0.402-1.389) 0.36 
Current smoking 0.340 (0.246-0.468) <0.001 1.346 (0.608-2.978) 0.46 

Past medical history: 
Myocardial infarction 1.678 (1.176-2.392) 0.004 1.715 (0.845-3.480) 0.14 
PCI 1.103 (0.692-1.758) 0.68 - - 
Apnoea syndrome 1.421 (0.630-3.204) 0.397 - - 
Stroke/TIA 2.157 (1.407-3.308) <0.001 - - 
Peripheral artery disease 1.869 (1.219-2.865)  0.004 - - 
Chronic kidney disease 2.331 (1.462-3.716) <0.001 - - 

Management: 
Systolic blood pressure 
(mmHg) 0.978 (0.974-0.982) <0.001 0.989 (0.979-0.999) 0.031 

Heart rate (bpm) 1.014 (1.009-1.018) <0.001 - - 
Anterior infarction 1.380 (1.085-1.754) 0.009 0.803 (0.413-1.564) 0.52 
Thrombolysis 0.503 (0.316-0.802) 0.004 - - 
PCI 0.563 (0.441-0.719) <0.001 1.028 (0.572-1.846) 0.93 
Angiography 0.171 (0.132-0.223) <0.001 - - 
Complete revascularisation 0.322 (0.234-0.443) <0.001 - - 
HF 6.556 (5.110-8.412) <0.001 3.747 (1.851-7.584) <0.001 
LEVF (%) 0.919 (0.909-0.929) <0.001 0.951 (0.923-0.980) 0.001 
ICU hospitalisation (days) 0.671 (0.633-0.712) <0.001 - - 
Total hospitalisation (days) 0.801 (0.764-0.840) <0.001 - - 

Biological results: 
Creatinine clearance (ml/min) 0.965 (0.960-0.970) <0.001 0.980 (0.965-0.995) 0.008 
Peak of CK (IU/l) 1.000 (1.000-1.000) 0.024 1.000 (1.000-1.000) 0.42 
Peak of CRP (mg/l) 1.002 (1.001-1.002) <0.001 - - 
HbA1c (%) 1.136 (1.008-1.281) 0.037 - - 
Total cholesterol (g/l) 0.645 (0.464-0.895) 0.009 - - 
LDL cholesterol (g/l) 0.515 (0.346-0.765) 0.001 - - 
HDL cholesterol (g/l) 1.008 (0.902-1.127) 0.89 - - 
Triglycerides (g/l) 0.692 (0.540-0.887) 0.004 - - 

Pre-hospital medication: 
ACE	inhibitors/	AIIRA 1.764 (1.380-2.256) <0.001 - - 
Antiplatelet	drug 2.074 (1.607-2.677) <0.001 - - 
Anticoagulant	therapy 2.600 (1.696-3.988) <0.001 - - 
Beta-blocker 1.593 (1.220-2.080) 0.001 - - 
Calcium	antagonist 1.606 (1.181-2.184) 0.003 - - 
Statin 1.346 (1.028-1.764) 0.031 - - 

HR	:	Hazard	Ratio,	BMI	:	Body	Mass	Index,	TIA	:	Transient	Ischemic	Attack,		PCI	:	Percutaneous	Coronary	Intervention,	HF	:	Heart	
Failure,	LVEF:	Left	Ventricular	Ejection	Fraction,	ICU:	Intensive	Care	Unit,	CK:	Creatine	Kinase,	CRP:	C	Reactive	Protein,	LDL:	Low	
Density	Lipoprotein,	HDL:	High	Density	Lipoprotein,	ACE	inhibitor	:	Angiotensin	Converting	Enzyme	inhibitor,	AIIRA:	Angiotensin	II	
Receptor	Antagonist	
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SUPPLEMENTARY TABLES 

Appendix	1:	Effect	of	daylight	saving	time	transition	on	STEMI	onset:	Patients’	characteristics.	

	 Spring	transition	 p	
	 Study	group	n=	70	 Control	group,	n=	274	 	
Demographics:		 	 	 	
Male,	n	(%)	 61	(87.1%)	 199	(72.6%)	 0.012	
Age,	(years)	a	 62.3	±	14.6	 63.9	±	14.9	 0.44	
Weight,	(kg)	a	 80.6	±	14.4	 76.5	±	16.3	 0.06	
Height,	(cm)	a	 170	±	8.1	 169	±	9.2	 0.31	
BMI	(kg/m2)	a	 27.9	±	4.4	 26.8	±	4.8	 0.08	
Waist	circumference,	(cm)	a	 103	±	13.8	 101	±	12.7	 0.35	
Professional	activity,	n	(%)	 14	(35.9%)	 49	(36.3%)	 0.56	

Cardiovascular	risk	factors:	 	 	 	
Hypertension,	n	(%)	 29	(41.4%)	 135	(49.3%)	 0.28	
Diabetes	mellitus,	n	(%)	 11	(15.7%)	 66	(24.2%)	 0.15	
Dyslipidaemia,	n	(%)	 25	(36.2%)	 153	(56%)	 0.004	
Current	smoking,	n	(%)	 27	(38.6%)	 108	(39.6%)	 0.50	
Menopause,	n	(%)	 1	(33.3%)	 23	(82.1%)	 0.12	

Past	medical	history:	 	 	 	
Angina,	n	(%)	 30	(42.9%)	 111	(40.5%)	 0.79	
Myocardial	infarction,	n	(%)	 4	(5.7%)	 31	(11.3%)	 0.19	
Sleep	apnoea	syndrome,	n	(%)	 1	(1.9%)	 4	(1.8%)	 0.67	
Stroke/TIA,	n	(%)	 2	(2.9%)	 9	(3.3%)	 0.61	
PAD,	n	(%)	 2	(2.9%)	 21	(7.7%)	 0.19	
CKD,	n	(%)	 3	(4.3%)	 9	(3.3%)	 0.72	

Management:	 	 	 	
Systolic	blood	pressure	(mmHg)	a	 140	±	29	 135	±	27	 0.19	
Diastolic	blood	pressure	(mmHg)	a	 82	±	18	 81	±	18	 0.44	
Heart	rate	(bpm)	a	 73	±	19	 77	±	20	 0.17	
Anterior	infarction	 30	(42.9%)	 116	(42.3%)	 0.52	
PCI	 36	(52.2%)	 147	(54.4%)	 0.79	

Biological	results:	 	 	 	
Creatinine	(µmol/l)	a	 82.7	±	25.1	 95.0	±	113.9	 0.38	
Creatinine	clearance	(ml/min)	a	 102	±	47	 87	±	38	 0.007	
Peak	of	CK	(IU/l)	a	 2248	±	2187	 2035	±	2179	 0.47	
HbA1c	(%)a	 6.01	±	1.39	 6.14	±	1.12	 0.46	
Total	cholesterol	(g/l)	a	 1.91	±	0.45	 1.95	±	0.51	 0.52	
LDL	cholesterol	(g/l)	a	 1.17	±	0.39	 1.20	±	0.42	 0.58	
HDL	cholesterol	(g/l)	a	 0.43	±	0.13	 0.48	±	0.20	 0.09	
Triglycerides	(g/l)	a	 1.81	±	3.62	 1.45	±	0.93	 0.18	

 

 

 

 

 

 

Study	group:	Patients	presenting	with	STEMI	the	week	after	daylight	saving	time	transition,	Control	group:	Patients	
presenting	with	STEMI	the	two	weeks	after	and	the	two	weeks	before	the	week	of	transition	
a	Quantitative	variables	expressed	with	mean	±	standard	deviation	(SD)	
STEMI	:	ST-segment	Elevation	Myocardial	Infarction,	BMI:	Body	Mass	Index,	TIA:	Transient	Ischemic	Attack,	PAD	:	
Peripheral	Arterial	Disease,	CKD	:	Chronic	Kidney	Disease,	PCI:	Percutaneous	Coronary	Intervention,	CK:	Creatine	
Kinase,	LDL:	Low	Density	Lipoprotein,	HDL:	High	Density	Lipoprotein	
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Appendix	2:	Effect	of	daylight	saving	time	transition	on	STEMI	onset:	Adverse	events.	

	 Spring	transition	 p	

	 Study	group	n=	70	 Control	group,	n=	274	 	
30-days	outcomes:	
HF,	n	(%)	 2	(2.9%)	 2	(0.8%)	 0.20	
Cardiovascular	death,	n	(%)	 6	(8.7%)	 28	(10.8%)	 0.82	

Outcomes	between	30	days	and	one	year	of	follow-up:	
HF,	n	(%)	 6	(9.8%)	 16	(7.0%)	 0.42	
Cardiovascular	death,	n	(%)	 2	(3.2%)	 6	(2.6%)	 0.68	

One-year	outcomes:	
HF,	n	(%)	 8	(11.6%)	 18	(7.1%)	 0.22	
All-cause	death,	n	(%)	 8	(11.6%)	 36	(13.8%)	 0.70	
Cardiovascular	death,	n	(%)	 8	(11.6%)	 34	(13.1%)	 0.84	

Study	group:	Patients	presenting	with	STEMI	the	week	after	daylight	saving	time	transition,	Control	group:	Patients	
presenting	with	STEMI	the	two	weeks	after	and	the	two	weeks	before	the	week	of	transition.	
STEMI	:	ST-segment	Elevation	Myocardial	Infarction,	HF	:	Heart	Failure	
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