
!e concept of meteorological influences on the 
pathogenesis of AMI is intriguing. Numerous studies 
have evaluated the effects of weather variables, 
seasonal factors, and circadian patterns on the acute 
onset and outcome of myocardial infarction. !ere is 
a well-established circadian variation in the onset of 
AMI with the highest incidence occurring in the second 
quarter of the day (6am to 12pm).1-3 !eories regarding 
the pathophysiology of such a relationship are diverse 
and include circadian fluctuations in hematological and 
sympathetic nervous system function.4,5 !e seasonal 
patterns of AMI have been studied extensively in 
various geographical regions. !ere appears to be both 
an increased incidence of AMI and mortality from AMI 
in winter months.6-8 It has been speculated that colder 
temperatures are associated with increased mortality 
from AMI independent of season or geographic 
region.7-13 Barometric pressure, more specifically 
a rapid decrease in pressure, has been shown to 
correspond to an increased incidence of AMI.14 Other 
climatic variables such as precipitation, humidity, wind 

speed, and weather fronts have not shown consistent or 
convincing associations with the incidence of AMI.15,16 

Weather and climate in Halifax is heavily influenced 
by Nova Scotia’s location on the Atlantic Coast and is 
quite different from central and western Canada. !e 
strong maritime influence prevents wide temperature 
fluctuations (usual range from -15 to +25 C), and 
causes abundant precipitation year round in the 
form of snow, rain, fog and ice mixes. !ese climatic 
characteristics make Halifax an ideal location to study 
weather variables with respect to AMI.

Previous studies did not specifically consider the 
effects that weather may have on STEMI, a type of AMI 
that is caused by sudden and complete occlusion of 
a coronary artery by blood clot and that is identified 
by specific features on the electrocardiogram (ECG). 
!e successful treatment of STEMI is dependant 
on prompt reperfusion of the occluded artery to 
prevent irreversible heart muscle death. In the recent 
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past, thrombolytic drugs, which are used to dissolve 
clots, were the mainstay of treatment. More recently, 
evidence suggests that timely PPCI, involving opening 
the occluded coronary artery with balloons and stents, 
affords a more effective treatment option. STEMI 
guidelines are available that outline goals of care for 
these patients with a focus on providing efficient 
treatment.17-18 STEMI timelines beginning with the 
onset of heart attack symptoms to the time it takes 
to open the occluded artery in the hospital have 
been devised and are recorded by most centers to 
optimize patient management. For instance the time 
from symptom onset to first hospital presentation is 
measured as the “symptom onset-to-door time” and the 
time it takes from diagnosis of STEMI in the emergency 
department to inflating the first intracoronary balloon 
in the catheterization laboratory is called the “door-to-
balloon time.”

#ere has been no investigation into the effect of 
weather on the presentation of patients with STEMI nor 
how this may influence the ‘out of hours’ response time 
of the catheterization lab. In this study we examined the 
relationship between season, circadian influence and 
weather variables on the acute onset and subsequent 
management times of STEMI managed with PPCI.

!"#$%&'
Setting  
Halifax is the capital city of the province of Nova Scotia 
and the largest Atlantic Canadian city. #e analysis 
took place at the Queen Elizabeth II Health Sciences 
Center (QEIIHSC) cardiac catheterization laboratory 
that offers a 24/7 PPCI program to a catchment area 
of over 400,000 people. #e climate in Halifax is humid 
continental and homogeneous for the surrounding 
geographic population studied.

Study Inclusion Characteristics 
#is was a single center retrospective cohort study 
utilizing the Cardiovascular Health Information 
System (CVIS) database. #is large database 
collects information about all patients admitted to 
hospital with myocardial infarction who proceed 
to percutaneous coronary intervention (PCI) in the 
cardiac catheterization laboratory at the QEIIHSC. #e 
database was used to identify all consecutive STEMI 
patients, over the age of eighteen years, who were 
treated with PPCI at the QEIIHSC between April 1, 2008 
and March 30, 2010. Procedure identification numbers 
established in the CVIS database were assigned to each 
patient in the cohort to maintain confidentiality and to 
facilitate analysis of data. Ethical approval for this study 

was granted by the Capital Health Research Ethics 
Board.

Study Data Collection 
Weather data were collected from the Environment 
Canada National Climate Data and Information 
Archive. #is publicly accessible online database 
contains detailed hourly, daily and monthly 
meteorological data for all Canadian provinces. For the 
purposes of this study seasons were classified as Winter 
(December-February), Spring (March-May), Summer 
(June-August) and Fall (September-November). 
Weather variables collected included: Hourly readings, 
daily summaries and monthly means for temperature, 
relative humidity, barometric pressure, precipitation 
(rainfall, snowfall, fog) and wind speed. Mild rainfall 
was defined as 0.001 to 5 mm and heavy as more 
than 5 mm. Mild and heavy snowfalls were defined 
as 0.25 – 2.5 cm and more than 2.5 cm, respectively. 
Symptom onset date and time, symptom-to-door and 
door-to-balloon times were used to correlate weather 
and seasonal variables with the acute STEMI cohort 
previously defined.

Outcome Measure
Incident ST elevation myocardial infarction as identified 
by symptoms and electrocardiographic features (ST 
elevation > 1mm in two or more contiguous limb leads, 
>2mm in two or more contiguous precordial leads or 
new left bundle branch block) in patients necessitating 
PPCI.

Statistical Analysis
Circadian variation was analyzed by calculating the 
number of patients whose symptom onset began 
in each of four 6-hour periods of the day. Seasonal 
patterns and weather parameters were evaluated by 
comparing symptom onset time to month, season,  
and individual weather variables. We also examined 
the effect of these parameters on symptom onset-to-
door times and door-to-balloon times for this cohort. 
Multivariate poisson analysis was used to determine 
the association between weather variables and STEMI 
onset. Quantitative data are reported as mean values ± 
standard deviation and qualitative data are reported as 
percentages. Continuous variables are compared using 
t-testing and categorical variables are analyzed using 
Fisher's exact and χ2 tests.  A p value less than 0.05 is 
considered statistically significant.

("')*#'
During the study period, between April 1, 2008 and 
March 30, 2010, 254 patients with STEMI required 
PPCI at our center. #e mean age was 60 ± 12 years 
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and 75% were men (Table 1). !e median symptom-
to-door and door-to-balloon times were 93 and 80 
minutes, respectively. !e onset of STEMI events had 
a circadian variation with most occurring during the 
second quarter of the day between 6am and 12pm 
(p = 0.03) (Figure 1). Patients who had symptom onset 
during the second quarter of the day also achieved the 
shortest symptom-to-door and door-to-balloon times, 
whereas those experiencing symptom onset in the 
early hours of the morning (24:00-05:59 hrs) had the 
longest symptom-to-door time (p = 0.003) and those 
during the evening (18:00-23:59 hrs) had the longest 
door-to-balloon time (p = 0.004) (Table 2). !ere was 
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no significant relationship between month or season 
and the incidence of STEMI (Figure 2). 

!e minimum and maximum temperatures during the 
study period were -15 C and +32.1 C, respectively, 
with a mean of 11.8 C (Table 3). !e relative risk (RR) 
of having a STEMI was higher during the periods of 
temperature extremes defined as < 0 C (RR 1.61, 
p = 0.004) and > 20 C (RR 1.61, p = 0.01) (Table 4). 
However, neither symptom-to-balloon nor door-to-
balloon times were affected by temperature extremes. 

!e mean snowfall for the period of study was 0.63cm 
with maximum of 30cm (Table 3). Significantly more 
STEMIs occurred on mild snow days compared to no 
snow or heavy snow days (RR 1.61, p = 0.01) (Table 
4). However, snowfall or other types of precipitation 
including rain and fog did not influence symptom-to-
door, or door-to-balloon times for STEMI (Table 2). 
!ere was no significant relationship between relative 
humidity or wind speed on the onset of STEMI in this 
cohort (Table 4).

!"#$%##"&'
To our knowledge, this study is the first to evaluate the 
relationship between weather and the management of 
STEMI in a cohort of patients undergoing PPCI, and 
the first to evaluate the relationship between weather 
and AMI in Atlantic Canada.

Circadian influences on AMI are well documented 
and are reinforced in our study.1-3,5,8,12 Additionally, we 
found that patients who developed symptoms during 
the second quarter of the day (06:00-11:59 hrs) had 
significantly shorter symptom-to-door and door-to-
balloon times, than patients who developed symptoms 
during other times of the day. !e latter finding is not 
entirely surprising as our catheterization laboratory 
operates between 8am-5pm and is not routinely staffed 
on evenings.

Our data suggest a significant relationship between 
temperature and the incidence of STEMI. STEMI was 
more common during temperature extremes, whereas 
other variables including season, rainfall, humidity and 
wind speed did not affect the relative risk of STEMI in 
this population. !e deleterious effects of cold on the 
cardiovascular system have been extensively explored. 
!e influence of cold air temperature on AMI is complex 
and multifactorial.9,12,21 Increased sympathetic tone and 
consequent elevations in blood pressure, heart rate and 
myocardial oxygen demand promote cardiovascular 
events.3,25 Hematological and thrombogenic 
consequences of cold temperatures including increased 
blood viscosity, red cell count and fibrinogen levels may 
trigger AMI.20,22 Hot temperatures may have similar 
hematological and cardiovascular effects although the 
correlation is not as well defined.1921

Previous studies have described a U-shaped relationship 
between extremes of temperatures and mortality.21 
A meta-analysis by Bhaskaran et al. (2009) described 
the adverse effects of both hot and cold temperatures 
on the short-term risk of myocardial infarction.22 A 
study assessing daily temperature and emergency 
room admissions for acute coronary syndromes found 
an increase in admissions when diurnal temperature 
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range was over 8 degrees.23 No studies have specifically 
evaluated the effect of temperature on acute plaque 
rupture and coronary thrombosis in STEMI. 

We did not demonstrate a significant increase in 
STEMI during winter months. Similarly, there was no 
obvious relationship between season and symptom 
onset-to-door, or door-to-balloon times for this cohort. 
Our results differ from previous epidemiological 
and observational data that describe an increase in 
cardiovascular mortality in the winter, particularly in 
the elderly, and a peak in spring mortality for younger 
individuals, especially males.6,27,28 One explanation for 
our findings is that Halifax has comparatively modest 
temperature variation, and 
winters are warmer compared 
to inland regions. However, we 
did find an increased relative 
risk of STEMI during mild snow 
days compared to heavy snow 
days. "is finding could in part 
relate to the phenomenon of 
the “snow shoveler's STEMI,” in 
which the strenuous exertion 
associated with shoveling, 
particularly in the cold, can 
enhance plaque rupture and 
coronary thrombosis.28,32,33 

Snow shoveling may occur on 
days following a heavy snow 
fall (i.e. mild snow days) and as 
such could partly account for 
the increase in events on mild 
snow days.28,32,33,35 Numerous 
studies have described increased 
cardiac events with strenuous 
exertion in the days following 
heavy snow fall.29-31 A rise in 
incidence of sudden cardiac 
death related to snow removal 
has been documented following 
snowstorms.31 More complex 
factors undoubtedly influence 
this finding. Fortunately, our 
data indicate that snowy days 
did not have longer symptom-
to-door or door-to-balloon 
times compared to days with no 
snow. It is reassuring that we are 
still able to achieve acceptable 
treatment times for these 
patients despite the influence of 
weather. 

!"#"$%$"&'()

"ere is inevitable internal correlation between the 
numerous weather variables that were studied. We used 
poisson regression analysis to find the combinations of 
variables that were most strongly associated with acute 
STEMI. Despite this, there may be inherent interactions 
between weather parameters making interpretation 
of associations difficult. We chose incident STEMI 
as an outcome measure but did not include mortality 
outcomes in this cohort. It should be noted that we 
studied a very select group of AMI patients because 
STEMI accounts for only a third of all AMI in Nova 
Scotia; many patients with STEMI outside of urban 
areas receive thrombolytics; and, many STEMI will die 
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before reaching hospital. We chose to evaluate only the 
subset of patients with STEMI that were eligible for 
PPCI in order to identify the impact weather has on 
management times. Finally, this is a single center study 
involving a relatively small number of patients.

!"#$%&'("#'
In this study we found a circadian pattern of STEMI 
onset in a population of Atlantic Canadian patients. An 
increased risk of STEMI was noted during extremes 
of temperatures, but there were no other significant 
associations between weather variables and STEMI 
onset or management times. Further research is needed 
to elucidate the true relationship between weather and 
the pathogenesis of acute ST elevation myocardial 
infarction. Weather does not seem to negatively 
influence the important benchmark management time 
goals of STEMI in this population.
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