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Abstract 

Background 

Seasonal patterns in cardiac disease in the northern hemisphere are well described in 

the literature. More recently age and gender differences in cardiac mortality and to a 

lesser extent morbidity have been presented. To date spatial differences between the 

seasonal patterns of cardiac disease has not been presented. Literature relating to 

seasonal patterns in cardiac disease in the southern hemisphere and in Australia in 

particular is scarce. The aim of this paper is to describe the seasonal, age, gender, and 

spatial patterns of cardiac disease in Melbourne Australia by using acute myocardial 

infarction admissions to hospital as a marker of cardiac disease. 

 

Results  

There were 33,165 Acute Myocardial Infarction (AMI) admissions over 2186 

consecutive days. There is a seasonal pattern in AMI admissions with increased rates 

during the colder months. The peak month is July. The admissions rate is greater for 

males than for females, although this difference decreases with advancing age. The 

maximal AMI season for males extends from April to November. The difference 

between months of peak and minimum admissions was 33.7%. Increased female AMI 

admissions occur from May to November, with a variation between peak and 

minimum of 23.1%. Maps of seasonal AMI admissions demonstrate spatial 

differences. Analysis using Global and Local Moran's I showed increased spatial 

clustering during the warmer months. The Bivariate Moran's I statistic indicated a 

weaker relationship between AMI and age during the warmer months. 
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Conclusions. 

There are two distinct seasons with increased admissions during the colder part of the 

year. Males present a stronger seasonal pattern than females. There are spatial 

differences in AMI admissions throughout the year that cannot be explained by the 

age structure of the population. The seasonal difference in AMI admissions warrants 

further investigation. This includes detailing the prevalence of cardiac disease in the 

community and examining issues of social and environmental justice.  
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Background 

Several studies have described a seasonal fluctuation in cardiac mortality and 

morbidity in the northern hemisphere with increased rates during the colder months 

[1-5]. Winter increases in Acute Myocardial Infarction (AMI) mortality in America 

were first described in 1937 [6, 7]
 
. Subsequent studies from Europe, America, and 

Asia have supported these observations [2, 4, 8-13]. Recently, studies have examined 

the differences in age and gender distributions in AMI mortality and morbidity [14-

17] . These studies suggest that the influence of age on seasonal variation in AMI 

mortality and morbidity becomes important from age 55 years onwards. Also, being 

male increases the risk of AMI, although this effect is known to decrease with 

advancing age. Additionally, over the last decade hospital admissions for coronary 

heart disease have been influenced by changes in diagnostic technology that has 

lowered the threshold for defining AMI events [18]. Although this may contribute to 

overall numbers of admissions it is unlikely to be seasonally related.  

 

Whilst descriptions of seasonal variation in AMI mortality and morbidity are not new, 

there is little information available detailing the existence or pattern of seasonal trends 

in Australia and none relating to south-eastern Australia where climate variability is 

most pronounced [19-22].  We therefore are still unsure if there are temporal, 

demographic, and spatial differences within AMI morbidity in Melbourne, i.e. 

whether or not persons suffering AMI in either warmer or colder months are drawn 

from the same population.  We propose that there are distinct seasonal patterns of 

cardiac mortality and morbidity in south-eastern Australia, and that these display local 

differences. Consequently, an assessment of seasonal variation, age, and gender 
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differences within the AMI population and where these people live is required if ‘high 

risk’ groups are to be identified.  

 

Spatial analysis is often used to describe patterns of infectious disease, cancer and air 

pollution epidemiology [23-27]. It has been applied less often to analysis of cardiac 

disease [28, 29] and seasonal patterns of coronary mortality and morbidity have not 

been described from a spatial perspective.  

 

Our aim was to establish the existence of a seasonal pattern in AMI morbidity in 

Melbourne. In addition, we describe the demographic groups associated with AMI 

morbidity in the Melbourne region, and represent this information spatially.  

A strength of the present study was that it was comprehensive for the population 

studied, as it included all AMI admissions to 37 hospitals in the Melbourne 

metropolitan area. 

Methods  

Measures 

The morbidity measure used in this analysis was the daily number of hospital 

admissions for AMI in Melbourne Australia. Melbourne is Australia’s second largest 

city. The CBD and suburbs comprise the Statistical District (SD) of Melbourne with 

an estimated resident population of 3,488,750 persons [30]. The study population 

consisted of all subjects hospitalised in the 37 hospitals in the SD of Melbourne 

during a 6-year period from 1/1/1999–31/12/2004 who were aged 35 years and older, 

were resident in the SD of Melbourne, and had a principal diagnosis of AMI.  
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The International Classification of Disease version 10 codes (I21.0, I21.1, I21.2, I21.3 

I21.4, and I21.9) were used to define AMI. The ICD-10 classification for I21.1-9 

includes all myocardial infarction specified as acute or within a stated duration of 4 

weeks or less from onset. This does not include certain current complications or 

treatments following acute myocardial infarction, myocardial infarction (old), - 

specified as chronic or with a stated duration of more than 4 weeks  from onset,  or 

subsequent post myocardial infarction syndrome. It is possible that there are cases of 

readmission relating to the initial AMI soon after the incident. However, our 

understanding is that all admissions were for AMI and repeat admissions would be 

excluded by different coding for each subsequent admission for investigation and or 

treatment.  

Data were supplied by the Department of Human Services (DHS) from the Victorian 

Admitted Episode Dataset (VAED) and included all five Melbourne hospital regions, 

age (in 5-year groups), sex, date of admission to hospital, principal diagnosis, and the 

Statistical Local Area in which each patient resided. The VAED is audited internally 

every two years and has a published 0.9 % error rate [30]. Definition of the age 

distribution was determined by generating a frequency distribution using SPSS [31] to 

assess the percentage contribution of each age group to the entire AMI cohort. Ninety-

nine percent of the AMI admissions occurred in persons aged 35 years and older; this 

group was taken as representative of the AMI cohort.  

 

To accommodate for population increases over time, daily and monthly rates of AMI 

admissions were calculated using estimated mid-year residential population (ERP) for 

each cohort per 100,000 persons [32]. A Monthly AMI ratio of mean monthly 

observed AMI admissions and expected long-term mean monthly admissions was 
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generated to demonstrate changes in trend and seasonality that may be related to 

changes in diagnosis.  

 

Patient characteristics examined were sex and age. Four groups were examined 

initially, younger males 35-54 years, older males 55 years and older, younger females 

34-54 years, and older females 55 years and older. Each gender grouping was then 

divided into four age categories 35-54 years, 55-64 years, 65-74 years, and 75 years 

and older. Age-standardised rates were calculated for each group for each year of the 

study. All statistical analysis was carried out using SPSS version 14.0.1.Statistical 

Package for Social Science [31]. To examine the joint effects of age group, sex, and 

month on AMI admissions a general linear model (GLM)  was completed [31]. Single 

sample t- tests were used to compare monthly means relative to base month 

December. The mean monthly admission rate per 100,000 persons was calculated for 

each month of the 6-year period (i.e. mean January admission rate is the mean of the 

daily admission rate for all Januarys 1999-2004). Months with a statistically 

significant increase in AMI admissions when compared with the base month (month 

with the lowest AMI rate) are referred to as the maximal AMI season, the remaining 

months are referred to as the minimal AMI season. The percentage difference in mean 

monthly admissions rate between the base month (month with the lowest admission 

rate) and all other months was calculated using Excel version 11 [33]. 

Weather 

Mean monthly temperature data for the Melbourne Regional Office were obtained 

from the Bureau of Meteorology website [34]. The mean monthly temperatures are 

derived from long-term records for this site from 1855 -2003.  
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Spatial analysis  

Maps were generated using GeoDa [35], and age specific rates were calculated using 

estimated mid-year residential population in 5-year age groups for each statistical 

local area (SLA). The geographic scale of the analysis had the potential to influence 

the results, therefore a Standardised Incidence Ratio (SIR) was calculated for each 

SLA in Melbourne (75 in total) using the indirect method to account for the 

uncertainty about the stability of age-specific rates in areas with small populations 

(the indirect method of age standardisation is a comparison of the number of observed 

cases compared with the number of expected cases if the age-specific incidence rates 

of the standard population are applied to the study population) [36]. This calculation 

was completed for the entire study period and for both the minimal and maximal AMI 

seasons independently. Estimated mid-year resident population for the SD of 

Melbourne was used as a reference population. Exploratory spatial data analysis 

(ESDA) methods [37] were used to study the spatial patterns of AMI admissions 

during both the minimal and maximal AMI admissions seasons. This involved using a 

univariate Moran's I statistic[37]. The variable of interest was entered as SIR in each 

SLA for both the minimal and maximal AMI seasons. The Moran's I statistic is a 

measure of spatial autocorrelation for variables with both ratio and interval scales. 

This statistic is similar in interpretation to the Pearson's Product Moment correlation 

statistic for independent samples, in that both statistics range between -1.0 and 1.0 

depending on the extent and direction of the correlation. The global measure of 

Moran’s I is defined as: 
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Where Wij is the row-standardised contiguity matrix, Xi is the risk scale measure at 

SLA I, and Xj is the risk scale measure at SLA j, and µ  is the average level of risk.  

 

Global Moran’s I statistic indicates the level of spatial autocorrelation or overall 

clustering within the entire geographical area by calculating a pseudo-p value. These 

are the result of complex permutation methods to determine significant differences 

between spatial units [37]. This analysis used 9999 permutations for each Moran 

significance or cluster map. Univariate global Moran's I  uses only one variable in the 

analysis for example SIR and the spatially weighted value of SIR, bivariate global 

Moran's I  determines the strength and direction of the relationship between  two 

variables such as SIR and the age distribution of the population in each SLA.  

 

Local spatial measures of association (LISA) provide information relating to the 

location of spatial clusters and the types of spatial correlation. Statistics focused on 

the local level are important because the magnitude of spatial autocorrelation is not 

necessarily uniform over the study area [38]. The local measure of Moran’s I is 

defined as: 
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As discussed by Anselin (1995, 2006) and Sridharan (2007) this involved two steps;  
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1. Visualisations of the spatial distribution of AMI SIR for both the minimal and 

maximal seasons. Spatial units used were SLA. The spatial size of SLA across 

Melbourne varies considerably.  

2. ESDA was completed in GeoDa using the Moran's I statistic, focusing on both 

the global and local relationships between AMI rates per SLA for minimal and 

maximal seasons.  

a. The Global Moran's I statistic was used to measure the overall 

clustering. 

b. The Local Moran’s I statistic (local indicators of spatial association 

LISA) indicated the areas of local clusters and spatial outliers. These 

are presented as significance maps and/or cluster maps in this analysis.  

c. Significance was tested by comparison to a reference distribution 

obtained by random permutations (9999 times).  

d. Tests for positive/negative spatial autocorrelation were made.  

e. Spatial contiguity was assessed as Rooks or Queens contiguity [39] 

(Rooks Weight matrix defines spatial neighbours as those areas with 

shared borders; for data on a regular grid this would mean cells to the 

north, south, east, and west of each cell. Queens Weight matrix – 

defines spatial neighbours as those areas with shared borders and 

vertexes. For data on a regular grid this would include cells to the 

north, northeast, east, southeast, south, southwest, west, and northwest) 

[39]. 

The extent to which the spatial distribution of AMI admissions is affected by the age 

structure of the population was assessed using a Bivariate Moran's I and LISA. The 

variables included were SIR (maximal, minimal seasons) and the percentage of the 
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population aged over 55 years for each SLA. The Bivariate Moran’s I is represented 

as the values of the SIR averaged across all neighbouring locations and plotted against 

the percentage of population over 55 years in each SLA. If the slope on the scatter 

plot is significantly different to zero then there is a relationship between SIR and the 

age structure of the population [27]. The Moran’s significance and cluster maps 

incorporate information from the Moran scatter plot about the significance level of the 

spatial relationships. 

 

Autocorrelation on all Moran's I scatter plots is divided into four types; these are 

represented spatially on Moran’s cluster maps:  

High - High  High value of SIR in SLA where neighbouring SIRs are also high. 

Low - High  Low value of SIR in SLA where neighbouring SIRs are high. 

Low - Low  Low value of SIR in SLA where neighbouring SIRs are also Low. 

High - Low  High value of SIR in SLA where neighbouring SIRs are Low. 

Results  

Age and gender distribution in the AMI cohort are summarised in Table 1. Whilst 

male AMI admissions are distributed relatively equally across all age groups, female 

admissions are considerably older with 54.7% of admissions recorded as 75 years or 

older. There were 33,165 admissions over 2186 consecutive days. 

 

The sex ratio of the AMI cohort varies markedly from that of the Melbourne 

population, especially with respect to the four age subgroups. Admissions are 2 – 5 

times more likely to be male. This does not replicate the sex ratio in the entire 

Melbourne population, which is approximately equal to one in all age groups except 

the oldest group where there are approximately 40% more females. This sex 
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imbalance is reflected in the age 75 years and older group when admissions are 

marginally more likely to be female (0.9: 1).  

 

Changes in AMI diagnosis due to the introduction of new diagnostic technology 

during the study period may have influenced the trend and seasonal pattern. Figure 1 

presents monthly patterns in AMI admissions for each year of the study period. As 

suggested there does not appear to a seasonal effect associated with diagnostic 

changes.  

 

A comparison of the percentage difference in monthly AMI admissions with the long-

term mean monthly maximum and minimum temperature from the Melbourne 

Regional weather station demonstrates an inverse relationship between mean monthly 

AMI admissions and mean monthly temperature with an increase in AMI admission 

during the colder months of the year (see Figure 2).  

 

The monthly percentage difference between the base month and each calendar month 

across the year for persons aged 35 years and older clearly demonstrates a seasonal 

pattern with a statistically significant increase (t = 3.6 – 7.6, p< 0.001) in the 

admission rate during April to November. The peak month is July with a 22.7% 

increase over the base month of December. This pattern of increased admission rates 

April to November is broader than the traditional winter months of June to August.  

The period April to November was referred to as the maximal AMI season and 

months December to March are referred to as the minimal AMI season.  
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The seasonal patterns for each sex and age sub-group are shown in Figures 3 and 4. 

The patterns are most pronounced for the oldest age group 75 years and older. Males 

demonstrate a more consistent seasonal pattern across all age groups, whereas only 

females 75 years and older show a clear seasonal pattern.  

 

Males  

The analysis of male admissions indicated that the two largest male age groups, 

defined as 35 years and older and 55 years and older, show a broad seasonal pattern 

with increased rates during the cooler months with the months of peak occurrence 

skewed towards the spring for males over 55 years of age as shown in Figure 5. 

However, age sub-groupings within this group display some variation in the seasonal 

response (details are shown in Table 2 and Figure 3). 

 

For males 35 years and older the maximal AMI season extends from April to 

November with a percentage difference across the year of 33.7%. The peak 

occurrence is in June (t = 7.88, p < 0.001) with a mean monthly admission rate of 

0.95, (SD = 0.04). Males 35-54 years demonstrate an increase in AMI admissions 

during the colder months; the pattern is irregular but extends from April to November. 

The peak month is October with a 26.8% increase in admissions over the base month 

March. For males older than 55 years the maximal AMI season extends from April to 

November (t = 7.13 – 3.24, p = < 0.001). The peak month is July with a mean 

admission rate of 2.43, (SD 0.95). The 55 years and older cohort was divided into 

three age groups. The seasonal difference in AMI admissions is most pronounced in 

the oldest group (see Table 2 and Figure 3) with a 42.6% change in mean monthly 

admissions rate across the year.  
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Females  

Seasonal analysis of female age groups also demonstrated a seasonal response for the 

two main age categories of 35 years and older and 55 years and older, with some 

differences between the age sub-groups. Females show a sharp increase in AMI 

admissions in May and a seasonal increase that extends from May to November (t = 

5.03, p < 0.001) with a percentage difference of 23.1% across the year. Females aged 

less than 75 years do not show a consistent seasonal increase in AMI admissions 

across the year see Figure 4. Females 75 years and older demonstrate a strong 

seasonal pattern from May to November with a 22.3% difference between peak and 

base months as shown in Table 2 and Figure 4. This group comprises 60% of the 

female admissions and appears to be driving the seasonal pattern observed for females 

35 years and older.  

 

Females 35-54 years demonstrate a large difference between peak and base months 

24.3%. However, there is no apparent seasonal pattern in this group. This may be due 

to low numbers of admissions for this group (n = 1089, or 9.6% of female cohort).  

Peak admissions occur during the warmer months January to March and again in 

August.  

 

The gender differentiation observed between monthly male and female admissions for 

persons aged 55 years and older shown in Figure 6 demonstrated a significant 

difference (t  = -18.8, df = 11, p< 0.001).  Both groups show increased admissions 

rates during the colder months, but males demonstrate a greater percentage difference 

during the colder months and during spring. The seasonal peak in AMI admissions as 
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shown in Figure 6 was also different as male admissions peaked in July (41% 

difference between peak and base months) and female admissions peaked in May 

(29.9% difference between peak and base months).  

 

Spatial visualisation 

Maps shown in Figure 7 demonstrate the spatial differences in the SIR of the seasonal 

distribution of AMI admissions in Melbourne. These maps display the spread or 

distribution as interquartile ranges of the SIR across Melbourne. SIRs are grouped 

into four categories plus high and low outliers; values are categorised as outliers if 

they are 1.5 times the value of the interquartile range.  

 

The map in Figure 7 (b) demonstrates the spatial concentration of SIR in the western 

and north-western suburbs during the minimal AMI season.  The null hypothesis 

(spatial distribution was random) was tested for spatial autocorrelation using a Global 

Moran's I. The results are summarised in Table 3, with significance values based on 

the permutation approach (9999 permutations). The results suggest that there is a 

degree of spatial patterning during both the maximal and minimal AMI seasons. 

However, the spatial clustering during the minimal season is more pronounced. 

Further analysis using LISA contributed to understanding the spatial relationships for 

both seasons. The cluster spatial typology (high-high, low-low, etc) outlined earlier 

was completed for both AMI seasons. Cluster maps based on LISA are shown in 

Figure 8 and reveal six areas with high-high typology in the western and north-

western regions of Melbourne during the minimal season (Figure 8(b) and three SLA 

of high-high typology in the same region during the maximal AMI season Figure 8(a).  
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The Bivariate spatial relationship between age SIR was studied using the Bivariate 

Moran's I [27]. The Bivariate Moran's I represents the value of the age variable 

(percentage of the population aged over 55 years) averaged across neighbouring 

locations and plotted on the variable for SIR. If the slope on the scatter plot is 

significantly different from zero then there is a bivariate spatial relationship between 

age and SIR. The contribution of the age structure of the population in each SLA to 

the spatial patterns of AMI admissions described is shown in Figure 9. Both maps 

indicate that areas with more than expected AMI admissions have lower numbers of 

people over the age of 55 years. The Bivariate Moran's I statistic for minimal and 

maximal seasons indicates a weaker relationship between SIR and age during the 

minimal season (see Table 2); that is during the minimal season, areas with increased 

SIR have a lower percentage of persons aged 55 years and older. However, during the 

minimal season one area (Brimbank-Sunshine) demonstrates high numbers of people 

over 55 years of age and high SIR. By contrast, the areas in inner eastern Melbourne 

with high total numbers of people over 55 years have low SIR.  

Discussion 

The main aim of this paper was to describe the seasonal, demographic, and spatial 

patterns of AMI admissions to hospital in Melbourne between 1999 and 2004. This is 

the first study to demonstrate demographic and spatial differences in the seasonal 

patterns in AMI admissions to hospital in Melbourne.  

 

Male and female admissions demonstrate a classical seasonal response with higher 

rates during the colder months particularly leading into spring, and lower rates during 

the warmer months. The mean monthly admission rates were lower in the female 

group than in the corresponding male group; in addition, the seasonal pattern was less 
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pronounced for females with the percentage difference between peak – base month of 

29 % whereas the corresponding difference for males was 41 %.  

 

Studies from the northern hemisphere have indicated that winter mortality is greater 

for women rather than men [1]. The Eurowinter Group suggests that this may be due 

to women wearing less suitable clothing such as skirts during cold weather [40]. The 

reason for this reversal is not clear but may be related to cultural factors specific to the 

Melbourne population or that this study only addresses AMI admissions not cardiac 

mortality or mortality in general. 

 

For people aged 55 years and older, the peak AMI admission month is May in older 

females but in older males the peak month is July. The age*sex analysis of the 55 

years older group again demonstrates differences in age distribution, and seasonal 

distribution.  Whereas 90% of female admissions are in the older than 55 years group, 

only 75% of male admissions are in this category.  

 

In this study, male AMI rates demonstrate the most pronounced seasonal distribution. 

This contrasts with reports from the northern hemisphere where females show a 

stronger seasonal pattern than males especially in areas with milder winters [1, 14]. 

Increased AMI admissions rates were also noted for both males and females in the 55-

64 years age group during February, indicating a possible relationship between hot 

weather and AMI admissions in an ageing but not elderly population. Many people in 

this age group may still be employed and this seasonal pattern might represent 

environmental/occupational exposure to heat. There were not heat waves recorded in 

Melbourne during this period. 
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A seasonal increased admissions rate from May to November is evident in males 

older than 55 years and females older than 65 -74 years; this is skewed towards the 

spring months of September, October, and November. Winter increases in respiratory 

disease and biomedical risk factors [41-48] related to decreasing temperature would 

be the primary explanation for this pattern. However, the increases noted here are 

typically in spring after the coldest part of the year has passed. A possible explanation 

may be that many retired Melbournians holiday in the northern states during the 

winter period and we speculate that this spring peak may be related to their return to 

Melbourne. After several months holiday in a warm climate the abrupt change to a 

cooler climate and returning home to an unkempt garden and home may incur 

physical exertion enough to trigger an MI. There is certainly enough evidence 

provided by these analyses to investigate this phenomenon further. It would also be 

interesting to investigate the admission rates of AMI in southeast Queensland and the 

mid-north coast of New South Wales during the winter months, noting Melbourne 

SLA or postcodes as the place of residence recorded in admitted episodes datasets.  

 

The percentage of male AMI admissions in each of the three age groups in the older 

than 55 years group is evenly distributed, unlike the corresponding female group 

where 60% of admissions are aged 75 years or older. The seasonal distribution in the 

overall female admissions appears to be influenced by the strong seasonal pattern in 

this older group. This seasonal pattern amongst the elderly may be due to cold 

exposure either inside or outside the home, or associated illness i.e. influenza or 

increased susceptibility to both cold and infectious diseases due to co-morbidities 

such as diabetes and respiratory disease.  
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With regard to the younger age groups, the pattern of mean monthly admission rates 

during the maximal season is erratic for both males and females. This may be a result 

of the dynamics within the ‘susceptible pool’ and the pool size itself. The pool may be 

quite small but the rate at which people enter and leave the pool may be quite high. 

Females 35-54 years compose 9.5% of the female cohort and this group demonstrated 

an irregular pattern throughout the year, not a consistent seasonal pattern. However, 

they do display a 24% difference between peak (January) and base (May) months 

with increased admission during the warmer months. This group of patients is rarely 

described as studies predominantly concentrate on older groups [15, 49-54].  

 

The rates in the youngest age group are of concern with an average of 2.7 (male) and 

0.5 (female) hospital admissions for AMI per day. This suggests an increase in the 

socio-economic burden of disease and increased DALYS (disability adjusted life 

years) in this group. The spring peak in October in males and the summer increase in 

younger female admissions also suggest that the trigger may be more complex than 

cold winter weather and suggests that associated co-morbidity, air pollution, 

behavioural changes, and/or increased environmental exposures in susceptible persons 

may also be important factors in determining seasonality. 

 

In short, there are marked differences in the seasonal distribution of AMI admission 

by both gender and age. With the exception of female admissions less than 75 years, 

the seasonal distribution of AMI admissions increases during the colder months of 

late autumn, winter, and spring. The seasonal pattern is much broader in Melbourne 

than that described in northern hemisphere reports [10, 55]. Seasonal differences are 
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often described for the 3-4 month winter period in the northern hemisphere. Extended 

seasonal patterns in Australia have also been reported for New South Wales [20, 56]. 

However, in Melbourne the seasonal increase extends for up to eight months. This 

suggests that the observed response is more complex than initially thought and 

responsive to triggers of AMI other than temperature alone. 

 

The impacts of possible external triggers of AMI are described by Culic et.al (2005) 

AMI events can be triggered by physical activity, emotional stress, and sexual 

activity, and excessive eating [57]. However, the frequency and intensity of these 

events preceding AMI varies between many of the published reports. Further insight 

into the relationships between external triggers and pathophysiologic mechanisms of 

AMI onset could help develop preventative strategies to reduce its incidence. 

 

The results presented here are consistent with a growing body of knowledge that 

highlights the effects of space and place on population health. Despite these findings, 

epidemiological research has paid little attention to the effects of place-based 

characteristics on population health [23]. Therefore, a great deal more is known about 

the population demography of health rather than the spatial characteristics of health, 

or the effect the latter has on exposure. A matter of interest in this study was the 

spatial patterning of seasonal AMI admissions to hospital, and the suggestion that 

AMI admissions may not be drawn from the same population throughout the year. 

This would suggest that variables other than temperature alone might be implicated in 

the observed seasonal distribution of AMI admissions. The spatial clustering observed 

in the northern and western suburbs of Melbourne is more pronounced during the 

warmer months of the minimal season as demonstrated using LISA. The mechanisms 
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responsible for this phenomenon are difficult to determine at this broad level of 

analysis. However, there are almost certainly a series of social and environmental 

processes, which involve the combined aspects of neighbouring areas, and contribute 

to the observed spatial clusters. For example, the north-western suburbs of Melbourne 

are built on an exposed basalt plain; this is an industrial region and has experienced 

increased urbanisation during the recent past, with low cost housing. 

 

Analysis of the age distribution in Melbourne SLA and AMI admissions during both 

seasons indicated that although AMI admissions rates increased with age, advancing 

age did not explain the spatial distribution of admissions, as the areas with the highest 

percentage of aged persons did not have the highest SIR. Therefore, the observed 

patterns are likely to be representative of socioeconomic status and the distribution of 

cardiac disease in conjunction with features of the built environment and the 

geography of the northern and western suburbs, such as flat basalt plains, 

industrialised regions and urban heat island effects. 

Concluding comments  

This study has some limitations; it only includes admissions to hospitals and to aged 

care facilities and did not include out-of-hospital deaths. Diagnoses were based on the 

ICD -10 classification system and coding by medical clerks from clinician records. In 

addition, the study could not analyse AMI mortality or AMI outcomes following 

hospitalisation. Some analyses, particularly for the younger female population, may 

have lacked sufficient power to detect seasonal patterns due to small numbers of 

admissions. 
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The results presented indicate that there is a classical seasonal pattern with increased 

admissions during the colder part of the year. Persons admitted to hospital with AMI 

tend to be older and males present a stronger seasonal pattern than females. Whist 

some areas to the north and west of Melbourne have high rates of AMI admissions 

during both the warmer and colder months there are significant differences in the 

spatial distribution of AMI admissions throughout the year that cannot be explained 

by the age structure of the resident population. The spatial distribution of AMI 

admissions during the year do demonstrate some differences and this warrants further 

investigation including; detailing the incidence of cardiac disease in the community 

and the consideration of socioeconomic circumstance.  
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Figure legends  

 

Figure 1. Monthly AMI admissions ratio for each year 1999-2004 

 

Figure 2. Monthly percentage difference for AMI admissions rates between each 

calendar month and base month December and average monthly temperature. 

 

Figure 3. Percentage difference between peak and base months showing the seasonal 

patterns in AMI admissions for males in each of the four age groups. 

 

 

Figure 4. Percentage difference between peak and base months showing the seasonal 

patterns in AMI admissions for females in each of the four age groups. 

 

 

Figure.5. Percentage difference between each calendar month and the base month 

December  for male AMI admissions aged 35 years and older and 55 years and older. 

 

Figure.6. Percentage difference in monthly AMI admissions for males and females 

aged 55 years and older 1999-2004 

 

Figure 7. AMI admissions during (a) maximal and (b) minimal AMI seasons in 

Melbourne during study period 1999-2004 (number of SLAs in parenthesis). 

 

Figure 8. Univariate Moran's I  (LISA) cluster maps for SIR of AMI admissions  in 

(a) maximal and (b) minimal season. 

 

Figure 9. Bivariate Moran's I  (LISA) cluster maps for SIR of AMI admissions and 

age during the (a) maximal and (b) minimal seasons. 
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Tables  

 

Table 1 Total number and (%) AMI admissions to hospital in Melbourne  
Sex Total  35-54 years 55-64 years 65-74 years 75 years and 

older  

55 years and 

older  

Male 21634 5421 (25.1) 5102 (23.6) 5358 (24.8) 5765 (26.4) 16216 (75) 

Female 11530 1089 (9.5) 1433 (12.4) 2696 (23.5) 6302 (54.7) 10431(90.4) 

Total 33165 6510 (19.6) 6535 (19.7) 8054 (24.3) 12065(36.3) 26653(80.3) 

 

 

 

 

 

 

Table 2 Percentage difference from peak to base months across the year for male and 

female AMI admissions in four age groups 

 
Sex                                               Age groups  

 35-54 years 55-64 years  65-74 years  75+ years  

Male 26.8% 20.8% 24.1% 42.6% 

Female 24.3% 15.3% 14.7% 22.3% 

 

 

Table 3 Moran's I statistic for the Global spatial autocorrelation of SIR (largest 

pseudo p value) 

 
Spatial weight  

Univariate 

Maximal Minimal 

Queens contiguity  0.0455 (0.01) 0.3468 (0.0001) 

Rooks contiguity 0.0453 (0.01) 0.3463 (0.0001) 

Spatial weight  

Bivariate (SIR*Age) 

Maximal Minimal 

Queens contiguity  -.1432 (0.01) -.2248 (0.01) 

Rooks contiguity -.1428 (0.01) -.2242 (0.01) 

 

 

 
 

 

 

 



 26 

 

 

References  

 

1. Barnett AG, Dobson A, McElduff P, Salomaa V, Kuulasmaa K, Sans S: Cold 

Periods and coronary events: an analysis of populations worldwide. J 

Epidemiology and Community Health 2005, 59:551-557. 

2. DeLorenzo F, Sharma V, Scully M, Kakkar VV: Cold Adaptation and the 

seasonal distribution of acute myocardial infarction. QJMed 1999, 92:747-

751. 

3. Keatinge WR, Donaldson GC, Cordioli E, Martinelli M, Kunst AE, 

Mackenbach JP, Nayha S: Heat-related mortality in warm and cold regions 

of Europe: an observational study. British Medical Journal 2000, 321(16 

Sept):670-673. 

4. McGregor GR: Winter Ischemic Heart Disease deaths in Birmingham 

United Kingdom: a Synoptic Climatological Approach. Climate Research 

1999, 13:17-31. 

5. McGregor GR: Winter North Atlantic Oscillation, temperature and 

Ischaemic Heart Disease mortality in three English Counties. International 

Journal Biometeorology 2004, 49:1 -15. 

6. Masters AM, Dack S, Jaffe HL: Factors and events associated with onset of 

coronary artery thrombosis. JAMA 1937, 109:546-549. 

7. Rosahn PD: Incidence of coronary thrombosis. JAMA 1937, 109:1294-1299. 

8. Danet S, Richard F, Montaye M, Beauchant S, Lemaire B, Graux C, Cottle D, 

Marecaux N, Amouyel P: Unhealthy effects of atmospheric temperature 

and pressure on the occurrence of myocardial infarction and coronary 

deaths. Circulation 1999, 100:1-7. 

9. Kalkstein L, Greene JS: An Evaluation of Climate/Mortality Relationship 

in Large US Cities and the Possible Impacts of a Climate Change. 

Environmental Health Perspectives 1997, 105(1):81-93. 

10. Ornato J, Peberdy M, Chandra N, Bush D: Seasonal patterns of acute 

myocardial infarction in the National Registry of Myocardial Infarction. 

JACC 1996, 28(7):1684-1688. 

11. Aronow W, Ahn D: Elderly nursing home patients with congestive cardiac 

failure after myocardial infarction living in New York City have a higher 

prevalence of mortality in cold weather and warm weather months. 

Journal Gerontology 2004, 59A(2):146-147. 

12. Seto TB, Mittleman MA, Davis RB, Taira DA, Kawachi I: Seasonal variation 

in coronary artery disease mortality in Hawaii: observational study. BMJ 

1998, 316(7149):1946-1947. 

13. Ku C, Yang C, Lee W, Chaing H, Lui C, Lin SL: Absence of a seasonal 

variation in myocardial infarction onset in a region without temperature 

extremes. Cardiology 1998, 89:277-282. 

14. Grech V, Aqulina JP: Gender differences in seasonality of acute 

myocardial infarction admissions and mortality in a population -based 

study. J Epidemiology and Community Health 2001, 55:147-148. 

15. Tong W, Lai H, Yang C, Ren S, Dai S, Lai S: Age, gender and metabolic 

syndrome-related coronary heart disease in US adults. Int J Cardiology 

2005, 104:288-291. 



 27 

16. Petrelli A, Gnavi R, Marinacci C, Costa G: Socioeconomic inequalities in 

coronary heart disease in Italy: A multilevel population-based study. 

Social Science & Medicine 2006, 63(2):446-456. 

17. Roger VL, Killian J, Henkel M, Weston SA, Goraya TY, Yawn BP, Kottke 

TE, Frye RL, Jacobsen SJ: Coronary disease surveillance in Olmsted 

County objectives and methodology. Journal of Clinical Epidemiology 

2002, 55(6):593-601. 

18. Alpert JS, Thygesen K: Myocardial infarction redefined - A consensus 

document of The Joint European Society of Cardiology/American College 

of Cardiology Committee for the Redefinition of Myocardial Infarction. 

Eur Heart J 2000, 21:1502-1513. 

19. Auliciems A, Skinner JL: Cardiovascular deaths and temperature in sub-

tropical Brisbane. International Journal Biometeorology 1989, 33:215-221. 

20. Enquselassie F, Dobson A, Alexander HM, Steele PS: Seasons, Temperature 

and Coronary Disease. International Journal Epidemiology 1993, 22(4):632 

- 636. 

21. Frost D, Auliciems A: Myocardial infarct death, and population at risk, 

and temperature habituation. International Journal Biometeorology 1993, 

37(46-51). 

22. Kui A, Horowitz JD, Stewart S: Seasonal variation in AF-related 

admissions to a Coronary Care Unit in a "hot" climate. Journal of 

Cardiovascular Nursing 2004, 19(2):138-141. 

23. Smoyer-Tomic KE: Putting Risk in its Place: methodological 

considerations for investigating extreme event health risk. Social Science 

Medicine 1998, 47(11):1809-1824. 

24. Maantay J: Asthma and air pollution in the Bronx: Methodological and 

data considerations in using GIS for environmental justice and health 

research. Health & Place 

Part Special Issue: Environmental Justice, Population Health, Critical Theory and 

GIS 2007, 13(1):32-56. 

25. Crighton E, Elliott S, Moineddin R, Kanaroglou P, Upshur R: A spatial 

analysis of the determinants of pneumonia and influenza hospitalizations 

in Ontario. Social Science & Medicine 2007, In Press. 

26. Rezaeian M, Dunn G, St Leger S, Appleby S: Geographical epidemiology, 

spatial analysis and geographical information systems: a 

multidisciplinary glossary. J Epidemiol Community Health 2007, 61:98-102. 

27. Sridharan S, Tunstall H, Lawder R, Mitchell.R.: An exploratory spatial data 

analysis approach to understanding the relationship between deprivation 

and mortality in Scotland. Social Science & Medicine 2007, 65:1942-1952. 

28. Burnley IH: Inequalities in the transition of ischaemic heart disease 

mortality in New South Wales, Australia, 1969-1994. Social Science & 

Medicine 1998, 47(9):1209-1222. 

29. Bryce C, Curtis S, Mohan J: Coronary heart disease: Trends in spatial 

inequalities and implications for health care planning in England. Social 

Science & Medicine 1994, 38(5):677-690. 

30. ABS: Integrated Regional Database. In. Australia: ABS; 2004. 

31. SPSS: Version 14. In: Statistical Package for Social Science (Chicago 

Illinois). vol. 2006, 14.0 edn: 2006. 

32. http://www.abs.gov.au: Australian Bureau Statistics (accessed 12/9/2004). 

In.; 2004. 



 28 

33. Microsoft: Excel for Office. In., 11 edn: Microsoft Corporation 2003. 

34. http://www.bom.gov.au: Bureau of Meteorology In., vol. 2005. Melbourne 

accessed 28/1/2005. 

35. Anselin l, Syabri I, Kho Y: GeoDa. In: Release Notes. 0.95i edn. Urbana-

Champaign, IL: Spatial Analysis Laboratory (SAL), Department of 

Agriculture and Consumer Economics, University of Illinois; 2004. 

36. NCDDD Help statistical methods [http://www.aihw.gov.au/cvdhtml/cvd-

help-methods.html] 

37. Anselin L: Local Indicators of spatial association - LISA. Geographical 

Analysis 1995, 27:93-115. 

38. http://www.sfu.ca/geog452spring02/group4/anal_stats2.htm: Simon Fraser 

University Analytical Statistics. 

39. Anselin L: Exploring Spatial Data with GeoDa
TM 

: A Workbook. In.: 

Centre for Spatially Integrated Social Science, Spatial Analysis Laboratory, 

Department of Geography, University of Illinois, Urbana-Champaign 2005. 

40. TheEurowinterGroup: Cold exposure and winter mortality from ischemic 

heart disease, cerebrovascular disease, respiratory disease, and all causes 

in warm and cold regions of Europe. Lancet 1997, 997(349):1341-1346. 

41. Cook NS, Ubben D: Fibrinogen as a major risk factor in cardio-vascular 

disease. Trends Pharmacol Sci 1990:444-451. 

42. Gurevich VS: Influenza, auto-immunity and atherogenesis. Autoimmun Rev 

2005, 4(2):101-105. 

43. Madjid M, Aboshady I, Awan I, Litovsky S, Casscells S: Influenza and 

cardiovascular disease: is there a causal relationship? Tex Heart Inst J 

2004, 31(1):4-13. 

44. Moschos N, Christoforaki M, Antonatos P: Seasonal distribution of acute 

myocardial infarction and its relation to acute infections in a mild climate. 

International Journal Cardiology 2004, 93:39-44. 

45. Plummer M: Seasonal variation in blood pressure in relation to 

temperature in elderly men and women. J Hypertens 1993, 11:1267-1274. 

46. Stout RW, Crawford VLS: Seasonal variations in fibrinogen concentrations 

among elderly people. Lancet 1991, 338:9-13. 

47. Woodhouse PR, Khaw KT, Plummer M, Foley A, Meade TW: Seasonal 

Variations of Plasma Fibrinogen and Factor VII activity in the elderly: 

winter infections and death from cardio-vascular disease. Lancet 

1994:435-439. 

48. Yeatts K, Svendson E, Creason J, Alexis N, Herbst M, Scott J, Kupper L, 

Williams R, Neas L, Cascio W et al: Coarse Particulate Matter (PM10-2.5) 

Affects Heart Rate Variability, Blood Lipids, and Circulating Eosinophils 

in Adults with Asthma. EHP 2007, 115(5):709-714. 

49. Hernandez E, O'Callaghan A, Domenech J, Merino V, Manez R, Martinez V: 

Seasonal variations in Admissions for acute myocardial infarction. The 

PRIMVAC Study. Revista Espanola de Cardiologia 2004, 57(1):12-19. 

50. Sheth T, Nair C, Muller J, Yusuf F: Increased Winter Mortality from Acute 

Myocardial Infarction and Stroke: The Effect of Age. Journal of the 

American College of Cardiology 1999, 33(7):1916-1919. 

51. Rosengren A, Wallentin L, Gitt AK, Behar S, Battler A, Hasdai D: Sex, age, 

and clinical presentation of acute coronary syndromes. Eur Heart J 2004, 

25(8):663-670. 



 29 

52. Asia Pacific Cohort Studies Collaboration: The impact of cardiovascular 

risk factors on the age-related excess risk of coronary heart disease 

Int J Epidemiol 2006, 35(4):1025-1033. 

53. Douglas AS, Russell D, Allan TM: Seasonal, regional and secular 

variations of cardiovascular and cerebrovascular mortality in New 

Zealand. Australian And New Zealand Journal Of Medicine 1990, 20(5):669-

676. 

54. O'Neill MS, Zanobetti A, Schwartz J: Modifiers of the Temperature and 

Mortality Association in Seven US Cities Am J Epidemiol 2003, 

157(12):1074-1082. 

55. Marchant B, Kulasegaram R, Stevenson R, Wilkinson P, Timmis AD: 

Circadian and seasonal patterns in the pathogenesis of acute myocardial 

infarction: the influence of environmental temperature. British Heart 

Journal 1993, 69:385-387. 

56. Weerasinghe DP, MacIntyre CR, Rubin GL: Seasonality of coronary artery 

deaths in New South Wales, Australia. Heart 2002, 88:30-34. 

57. Culic V, Eterovic D, Miric D: Meta-Analysis of possible external triggers of 

acute myocardial infarction. Cardiology 2005, 99(1):1-8. 

 

 



Figure 1



Figure 2



Figure 3



Figure 4



Figure 5



Figure 6



Figure 7



Figure 8



Figure 9


	Start of article
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9

