
1 
 

Changes in ischemic stroke occurrence following Daylight saving time 

transitions 

 

Jussi O.T. Sipilä1,2, 3, Jori O. Ruuskanen2, 3, Päivi Rautava4,5, Ville Kytö MD6,7  

 

1 Department of Neurology, North Karelia Central Hospital, Joensuu, Finland; 

2 Neurology, University of Turku, Turku, Finland; 

3 Division of Clinical Neurosciences, Turku University Hospital, Turku, Finland; 

4 Clinical Research Center, Turku University Hospital, Turku, Finland; 

5 Department of Public Health, University of Turku, Turku, Finland; 

6 Research Centre of Applied and Preventive Cardiovascular Medicine, University of Turku, Turku, Finland; 

7 Heart Center, Turku University Hospital, Turku, Finland. 

 

Corresponding author:   Jussi Sipilä, M.D. 

Department of Neurology, North Karelia Central Hospital 

Tikkamäentie 16 

FI-80210 Joensuu, Finland 

e-mail jussi.sipila@utu.fi 

tel:  +358-50 43 23 893 

 

 

 

 

 

 

mailto:jussi.sipila@utu.fi


2 
 

Abstract 

Background 

Circadian rhythm disruption has been associated with increased risk of ischemic stroke (IS). 

Daylight saving time (DST) transitions disrupt circadian rhythms and shifts the pattern of diurnal 

variation in stroke onset, but effects on the incidence of IS are unknown.  

Methods 

Effects of 2004-2013 DST transitions on IS hospitalizations and in-hospital mortality were studied 

nationwide in Finland. Hospitalizations during the week following DST transition (study group, n = 

3 033) were compared to expected hospitalizations (control group, n = 11 801), calculated as the 

mean occurrence during two weeks prior to and two weeks after the index week. 

Results 

Hospitalizations for IS increased during the first two days (Relative Risk 1.08; CI 1.01-1.15, 

P=0.020) after transition, but difference was diluted when observing the whole week (RR 1.03; 

0.99-1.06; P=0.069). Weekday-specific increase was observed on second day (Monday; RR 1.09; 

CI 1.00-1.90; P=0.023) and fifth day (Thursday; RR 1.11; CI 1.01-1.21; P=0.016) after transition. 

Women were more susceptible than men to temporal changes during the week after DST 

transitions. Advanced age (>65 years) (RR 1.20; CI 1.04-1.38; P=0.020) was associated with 

increased risk during the first two days, and malignancy (RR 1.25; CI 1.00-1.56; P=0.047) during 

the week after DST transition. 

Conclusions 

DST transitions appear to be associated with an increase in IS hospitalizations during the first two 

days after transitions but not during the entire following week. Susceptibility to effects of DST 
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transitions on occurrence of ischemic stroke may be modulated by gender, age and malignant 

comorbidities. 

 

Key words: cerebrovascular disease, chronobiology, circadian rhythm, circadian rhythm 

misalignment, circadian rhythm disturbance 



4 
 

Introduction 

Ischemic stroke (IS) is the second leading cause of death worldwide and a significant source of 

disability. Despite advances in primary prevention and treatment of IS, as reflected by decreases in 

age-standardized incidence and case-fatality during recent decades,[1,2] the absolute number of IS 

victims continues to increase because of population growth and ageing.[3] Traditional vascular risk 

factors have become better controlled in high-income countries but further efforts are still 

needed.[4,5] New ways of preventing cerebrovascular disease and IS should also be sought. 

 

Similar to  myocardial infarction (MI), IS shows a clear circadian rhythmicity with peaking 

incidence in the morning hours,[6,7] and even the safety and efficacy of thrombolytic therapy for 

non-lacunar IS has been reported to be associated with circadian factors.[8] Occurrence of MI has 

been shown to be affected by transitions to and from Daylight saving time (DST),[9-14] which 

disrupt circadian rhythms and beget sleep deprivation.[15] Circadian disruption associated with 

rotating night shift work[16] as well as aberrant sleep duration [17,18] have been associated with 

increased risk of IS. DST transitions shift the pattern of diurnal variation in stroke onset.[7] Effects 

of DST transitions to stroke incidence and severity are however unknown. We studied the effects of 

DST transitions on stroke hospitalizations and in-hospital mortality in a multihospital, nationwide 

setting. 
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Methods 

 

Study patients 

 

We studied all patients aged ≥15 years admitted to participating hospitals with IS as the primary 

discharge diagnosis (ICD-10 code I63) during 2004-2013. Patients admitted two weeks prior and 

three weeks after DST transition were included in the current study (see exceptions caused by 

Easter below).  Data were collected from the 20 hospitals that provide care for patients with acute 

IS in Finland by using the Finnish Care Register for Health Care (CRHC), an obligatory, 

nationwide, and automatically collected database. This covers virtually all acute stroke 

hospitalizations in Finland, the population of which grew from 5.2 to 5.4 million during the study 

period. The manuscript does not contain clinical studies and involved no contact with patients. 

Therefore no approval of an ethics committee was needed. Anonymized patient data were collected 

retrospectively from patient records with the approval of the National Institute of Health and 

Welfare (permission THL/143/5.05.00/2015). 

 

  

Analysis 

 

Association between IS and DST transitions was measured by calculating relative risks (RR) of 

observed hospitalizations following DST transition (study group) to expected hospitalization 

(control group) calculated as the mean occurrence during control weeks prior to DST and two 

weeks after DST transition. Hospitalizations following DST transition were analyzed during first 

two and seven days after transition as well as by weekdays. In Finland, DST starts on the last 

Sunday of March and ends on the last Sunday of October. Since Monday following Easter Sunday 
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is a national holiday in Finland, years with DST spring transition on Easter Sunday were excluded 

from the analysis (2005 and 2013) to avoid confounding. In addition, occurrence of Easter Sunday 

within two weeks prior or after DST transition was adjusted by not including the week following 

Easter as control, but selecting prior or following week. Shortening of Sunday after transition into 

DST was adjusted with multiplying the number of IS hospitalizations by 24/23, and lengthening of 

Sunday after transition out of DST with multiplying by 24/25.[9,10] Confidence intervals (95%) 

(CI) were calculated by using SAS CINV function and tested as previously described [19] with 

Bonferroni corrections applied as appropriate. 

 

Modified Poisson regression with robust error variances was used to analyze associations of patient 

features and IS occurring during the week after DST transition. Models were adjusted for study year 

and spring/autumn period.[20,21] In-hospital mortality was analyzed using Cox's proportional 

hazards regression stratified for study year. Variable selection to Cox's regression model was 

performed by using augmented backwards elimination procedure with significance threshold α=0.2 

and change-in-estimate threshold τ=0.05.[22] Age, gender and occurrence of IS during seven days 

after DST transition were forced into the Cox´s model. Results of regression analyses are given as 

RR or hazard ratio (HR) as appropriate. Statistical significance was inferred at P<0.05. SAS for 

windows v. 9.4. was used for analyses (SAS Institute, Cary, NC, USA). 

 

 

  



7 
 

Results 

 

Total study population included 14834 patients with IS (age 71.3 SD 12.7; 54.2% men) of whom 

3033 (20.5%) were admitted during 7 days following DST transition and 11801 (79.6%) during 

control weeks.  DST transition was followed by an increase in IS hospitalizations during the first 

two days (RR 1.08; CI 1.01-1.15, P=0.020) after transition. When observing the whole week after 

transition, trend for increase persisted, but was not statistically significant (RR 1.03; 0.99-1.06; 

P=0.069). Weekday-specific increase in hospitalizations was observed on second day (Monday; RR 

1.09; CI 1.00-1.90; P=0.023) and fifth day (Thursday; RR 1.11; CI 1.01-1.21; P=0.016) after 

transition (Figure 1).Of all study patients 6464 (43.6%) were admitted in spring and 8370 (56.4%) 

in autumn. There were no weekday-specific differences in relative risk of IS after DST transitions 

between spring and autumn periods, nor were the differences during the first two (RR 1.07; CI 0.95-

1.21; P=0.552) or seven days (RR 0.99; CI 0.95-1.06; P=0.757) after transition (Figure 2).  

 

Women were more susceptible to temporal changes after DST transitions compared to men (Figure 

3). Compared to men, relative risk of IS was higher among women on second day after DST (RR 

1.18; CI 1.02-1.38; P=0.031), but lower on sixth day after transition (RR 0.83; CI 0.69-1.00; 

P=0.045). Relative risk for IS between genders did not differ during the whole week after transition 

(RR 1.02; CI 0.95-1.08; P=0.625). 

 

Variation in risk of IS was detected also with regard to age. Older patients (>65 years of age) had 

higher risk of IS than younger patients on the second day (RR 1.23; CI 1.03-1.47; P=0.021) as well 

as on the first two days (RR 1.20; CI 1.04-1.38; P=0.020) after DST transition (Figure 4), but risk 

during the whole week after transition was similar to that in younger patients (RR 1.02; CI 0.95-

1.10; P=0.580). 
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Co-morbidity distribution of IS patients did not differ between patients admitted during the week 

after DST transition or the control weeks, with the exception of malignancy that was more common 

in IS patients during the week after DST transition (Table 1). Use of thrombolysis or duration of 

hospital admissions were not altered by DST transition.  In-hospital mortality was 3.1% in the total 

study population. Daylight saving time transition did not affect in-hospital mortality in univariate 

(HR 1.02; CI 0.82-1.28; P=0.848) or multivariate model (HR 1.02; CI 0.81-1.28; P=0.870). 

Increasing age, spring period, malignancy, atrial fibrillation and heart failure/cardiomyopathy were 

associated with increased mortality (Table 2). 
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Discussion 

In this nationwide study we found weekday-specific alterations of ischemic stroke hospitalizations 

during the week following Daylight saving time transition and increased number of hospitalizations 

during the first two days after transitions. The frequency of hospitalizations during the entire week 

following DST transitions, however, did not differ from that in control weeks. It therefore appears 

that, similarly to the situation in Finland considering myocardial infarctions [14], DST transitions 

appear to affect the temporal pattern of IS events. 

 

Effects of DST transitions on occurrence of IS have not, to the best of our knowledge, been 

previously studied. Our findings are however well in line with previous knowledge on circadian 

distribution and stroke as DST transitions have been shown to be followed by immediate shifts in 

the time pattern of stroke onset.[7] Circadian misalignment has been associated with increased 

cardiovascular risk [23] and aberrant sleep duration, either long or short, has been associated with 

an increased risk of stroke.[17,18] Spring and autumn DST transitions have both been associated 

with decreased sleep efficiency, increased sleep fragmentation and cumulative sleep loss during the 

following week.[15] Women and elderly appear to have increased susceptibility to these effects of 

DST transitions but this is not reflected in the overall occurrence of IS.  

 

We observed DST transitions to be followed by changes in the temporal distribution of IS 

hospitalizations mainly in women. One possible explanation for this might lie with gender 

differences in chronotype distribution. Finnish women are more often of the evening chronotype 

compared to men [24] and women and evening type persons have been found to have more sleep 

difficulties, insomnia and insufficient sleep.[24-27] Therefore women might be more vulnerable to 

the immediate effects of sleep disruption following DST transitions. Unfortunately we do not have 
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chronotype data to study this. We also found elderly people to be at increased risk of IS following 

DST transitions. The physiological basis of this vulnerability may be related to age-associated 

changes in sleep architecture and become apparent in the frailest old people with most risk factors 

who live in institutions or depend on home care, subject to staff schedules.  

 

Traditional vascular risk factors are more prevalent in men [5] However, no association was found 

between IS hospitalizations after DST transition and vascular risk factors or male gender. This 

suggests that non-traditional risk factors primarily mediate the effect of DST transition on stroke 

risk. Curiously, our results indicate an association between malignancy and influence of DST on 

stroke risk.  Cancer is a well-established risk factor of stroke and predicts a poorer prognosis.[28] 

Recent studies have associated mutations or dysfunction in a number of genes regulating circadian 

cycle and cancer with dysregulation of the immune system [29,30] which is also associated with 

increased risk of stroke.[31,32] Furthermore, circadian variation of pain episodes in cancer patients 

[33] and disruption of normal diurnal blood-pressure variability by catecholamine-producing tumors 

[34] suggests other potential mechanisms for association between circadian distraction and IS. 

Further research on the subject is however needed.  

 

The potential effect of DST transitions on the occurrence of IS have not been studied previously. 

Studies of myocardial infarction with regard to DST transitions have reported conflicting results: 

some show increased MI incidence after transition into DST [10,11] whereas others show no 

change,[12-14] and while most studies show no change in MI incidence after transition out of 

DST,[9,12-14] one study has reported an increased incidence in the first four days following the 

transition.[11] Although DST transitions are not associated with changes in the total amount of IS 

or MI hospitalizations during the following week in Finland, the temporal effects still slightly differ 
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in the same population.[14] In the current study, we found IS hospitalizations to increase on 

Monday and Thursday after transition while occurrence of MI conversely decreases on Monday 

after transition out of DST, followed by rebound-increase on Thursday.[14] Interplay of circadian 

disruption and risk factor differences between IS and MI [34] appear as possible causes for different 

effects of DST transitions, for instance diabetes appears to modulate effects of DST transitions on 

MI risk [34] while no such association with IS risk was observed in the current study. Increased rate 

of ischemic events on fifth day after DST transitions suggests presence of yet unclear delayed 

mechanisms related to chronobiological disturbance. Severity or phenotype of stroke as measured 

by in-hospital mortality, duration of admission and administration of thrombolysis was not affected 

by DST transitions, although more subtle changes cannot be excluded. 

 

The present study has some limitations. Although misdiagnoses and coding errors in registry data 

are possible, the used registry has been proven valid [35] and the significance of random errors is 

diluted by the large sample size. Moreover, it is unlikely that these would occur at significantly 

different rates in study and control periods employed here. The timing of stroke symptom onset was 

not available to us, and analysis was thus limited to admission time, as in previous studies 

investigating the impact of DST transitions on MI incidence.[9, 10,13,14] It is however unlikely 

that this would significantly bias our results. It is also possible that larger sample sizes could 

uncover more subtle changes in respect to the 7-day end-point. 

 

In conclusion, DST transitions seem to be associated with an increase in hospitalizations for IS 

during the first two days after the transition but no change was found when observing the week 

following DST transitions as a whole. Susceptibility to effects of DST transitions on occurrence of 
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IS may be modulated by gender, age and malignant comorbidities. The mechanisms by which these 

effects are conveyed needs to be further studied. 
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Figure Titles and Legends 

 

Figure 1. Overall occurrence of ischemic stroke hospitalizations after DST transitions. 

Relative risk of ischemic stroke hospitalizations in the week following daylight savings time 

transition compared to control weeks. Both spring and autumn transitions are included. The total 

number of hospitalizations for each day during the study weeks and the control weeks is presented 

above the horizontal axis. Error bars represent 95% confidence interval. * = P<0.05. 
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Figure 2. Occurrence of ischemic stroke hospitalizations after DST transition by season. 

Relative risks of ischemic stroke in the week following daylight savings time transition compared to 

control weeks after spring (open squares) and autumn (filled squares) transitions.  Error bars 

represent 95% confidence interval. 
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Figure 3. Occurrence of ischemic stroke hospitalizations after DST transition by gender. 

Gender-based relative risks of ischemic stroke in the week following daylight savings time 

transition compared to control weeks. Both spring and autumn transitions are included. Open 

squares represent women and filled squares men. Error bars represent 95% confidence interval. P* 

<0.05 between genders. 
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Figure 4. Occurrence of ischemic stroke hospitalizations after DST transition by age. 

Age-dependent relative risks of ischemic stroke in the week following daylight savings time 

transition compared to control weeks. Open squares represent patients ≤65 year and filled squares 

patients >65 years of age.  Both spring and autumn transitions are included. Error bars represent 

95% confidence interval. P * <0.05 between age groups. 


