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ABSTRACT 

Objectives Monthly hospitalization rates in Saskatchewan from 

January 1979 to December 1989 were examined in order to see if 

they exhibited a seasonal pattern. The agegroups studied were 

0-4, 5-14, 15-34, 35-49 and 50-64. Male and females rates, as 

well as native and non-native patterns were compared to see if 

the patterns differed by sex or race. 

Methods The method used was that of decomposing the time 

series into its trend, seasonal and error component, using an 

additive model. The significance of the components was tested 

using a two-way ANOVA. 

Results The monthly asthma hospitalization rates for non

natives in Sakatchewan did exhibit seasonal variation. The 

pattern seen was that of a spring and fall peak in the 

children, a fall peak in young adults and a winter-spring peak 

in the older groups. There was a difference between the sexes 

among the adults. Women seem to be more affected by the 

aeroallergens in spring than men. The 35-49 year old men did 

not have a statistically significant seasonal pattern, whereas 

the women did. 

The native and non-native patterns compared for the first time 

in this study, do show different patterns for the different 

populations. Only the oldest group had the same seasonal 

iii 



pattern as seen in the non-natives. 

Conclusions : Asthma hospitalization rates for non-natives in 

Saskatchewan do exhibit seasonal patterns. The results are 

similar to those seen in other parts of the world. The sex 

specific patterns for the age groups studied do not seem to 

have been examined before. The adult sex specific patterns did 

indicate some differences between the sexes. The native and 

non-native patterns were also quite different. More studies 

need to be done in order to find reasons for the differences 

seen in this study. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background 

Asthma is a condition that is characterized by symptoms such 

as wheezing, shortness of breath, coughing and tightness in 

the chest, in varying degrees and varying combinations. It is 

a common condition, estimated to affect about half a million 

people in Canada(l). In clinical practice two forms of asthma 

are commonly distinguished. Extrinsic asthma in which an 

exogenous causal factor is involved, generally begins at an 

early age and affects boys more often than girls. Intrinsic 

asthma begins later and strikes men and women equally (2). 

Extrinsic asthma or an asthma attack that follows exposure to 

some allergic agent is also called atopic asthma. It has been 

suggested that most patients with asthma have an atopic 

component. Other estimates suggest that as many as one third 

of the patients with asthma are not atopic(3). It is however 

an undisputed fact that atopy does play a significant role in 

precipitating asthma attacks in many asthma patients. There is 

1 



evidence which suggests that the environment has an important 

role to play in the prevalence of both atopy and asthma. This 

is backed up by surveys in developing countries which show 

that populations living in very poor rural areas have a low 

prevalence of bronchial hyper-responsiveness, which increases 

rapidly as they move to urban and more affluent areas(4}. This 

role of the environment on asthma is further backed up by the 

evidence of seasonal patterns in asthma morbidity. It is now 

a well-established fact that many asthma patients experience 

worse symptoms and more frequent attacks at certain times of 

the year. The antigens that precipitate asthma, are air borne 

and exist in the air in different concentrations depending on 

many factors such as the climate, weather, and degree of 

pollution(S}. It is therefore possible that different 

geographical areas of the world experience different patterns 

of seasonal asthma morbidity. 

A number of studies have been conducted in many different 

countries to investigate seasonal patterns in asthma. The 

problem in comparing these studies is that they have been 

done on widely varying age groups, of patients taken from 

widely varying settings such as hospitalization data, 

emergency room logs and general practice records. 
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1.2 Seasonality in the U.K. 

Khot et al (6) investigated the seasonal trends in asthma by 

studying patterns in hospital admissions in the U.K. They 

studied the under fifteens as two age groups, 0-4 and 5-14. 

Examining seven years' data from 1975 to 1981, they found 

that hospital admissions in both these age groups had the 

lowest number in winter, rose slowly in spring and reached a 

peak in autumn. Both the groups showed similar patterns, 

although the younger group seems to have their spring peak a 

little before the older group. The authors used the data from 

the Hospital Activity Analysis system. In 1975 it was 

believed that the system covered 95% of hospital admissions 

in England and Wales, by 1980, it covered 98%. The data 

studied by these authors aretherefore quite comprehensive and 

should reflect accurately the seasonal pattern in hospital 

admissions during the years studied. However, the fact that 

the last three years in this study used ICD-9 codes that came 

into effect in 1979 does not seem to have been addressed by 

the authors. This could have influenced the results since in 

the last three years studied, wheezy bronchitis was coded as 

asthma, whereas in the first four years it was not. 

Ayers(7) studied weekly returns from 41 general practices in 

the U.K., between 1976 and 1983. Whether this sample is more 

representative of the general asthmatic population than 

hospitalization data is not discussed in the paper. Having 
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examined both the data for asthma as well as for hay fever, he 

reports a seasonal pattern for asthma that shows a peak in 

both summer and fall. He also grouped the data for 1983 into 

15 44 year olds and others and compared the seasonal 

patterns. The pattern of the two groups is largely the same. 

The reason for choosing 1983 is not discussed, and the value 

of looking at the seasonal pattern seen in just one year in 

different age groups is not clarified. The author suggests 

that the pattern he sees is different from that seen by Khot 

et al, Both however do show spring summer peaks, a drop in 

August-September and peaks again around fall. In the 

hospitalization figures the fall peak is more pronounced than 

the summer peak, whereas in the general practice data the 

summer peak is more pronounced. It is interesting that both 

these studies, looking at different population groups, using 

same code for asthma (since both seem to have disregarded the 

ICD change), show broadly the same seasonal patterns. 

Storr and Lenney ( 8) looked at the seasonal patterns of 

hospital admissions, in one hospital in Brighton(U.K.). The 

age groups looked at were 0 - 3, 4 - 10 and 11 - 14. They 

found the same pattern that Khot et al found i.e. peaks in 

spring and summer, and the most pronounced peak in the fall 

term. They used daily admissions. They have tried to link this 

pattern to school holidays, pointing to the troughs in the 

Easter and summer holidays and peaks immediately after. They 
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have ignored other troughs that show up in the graphs, such as 

that between May and June, or February and March. They also 

chose to consider only one half term break, although all half 

term breaks in England have the same duration. The data here 

are confined to one hospital in Brighton and it is not clear 

how representative they are of the rest of the population. The 

study design thus seems flawed and it is difficult to give too 

much importance to these findings. The similarity in the 

pat terns seen in the three studies however, leads one to 

conclude that the pattern of asthma morbidity among children 

in the United Kingdom is a fall peak, that is preceded by a 

spring summer peak. To the best of my knowledge no study has 

looked at seasonal patterns in asthma morbidity in adult 

asthmatics in the U.K. There do not seem to be any more recent 

studies of the seasonal patterns of asthma in England and 

Wales done after the ICD codes changed in 1978. 

1.3 Seasonality in the U.S.A. 

Earlier studies on emergency room patients have shown large 

increases in the number of asthmatic patients between August 

to October. Goldstein and Currie(9) studied seasonal patterns 

in the daily admissions to the emergency department, in three 

inner city hospitals in New York, and one in New Orleans. They 

had complete data for 18 years (1953 -1968 and 1974 -1977) for 

New Orleans and nine years' data (1969 -1977)for New York. 
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They studied the patterns in the two groups adults (defined as 

above 13 years), and pediatric (13 and under). The definition 

for asthma was any case that was recorded as asthma, except 

cardiac asthma. It is not clear how the data was coded, 

whether it used ICD codes for asthma, or was recovered from 

emergency room logs. The data are restricted to a few inner 

city hospitals. It is therefore difficult to know about the 

generalizability of the results to the rest of the population. 

They report a consistent autumn increase in the total number 

of emergency room visits in New York. This was present in 

both adults and children, in all three hospitals. The authors 

suggest that in New Orleans they could not find a consistent 

seasonal pattern. However, these results may be due to the 

methods used in the paper. They say that in any given year the 

highest daily increases are often in October or November. The 

problem they cite in settling on October and November as the 

peak months is that the difference between the other months 

and October and November in some years is not substantially 

different. This however could be the effect of the change in 

the mean. The mean value of the series is not constant, and in 

some years it might be moving up whereas in other years it may 

be moving down. This is one reason seasonal estimation is done 

after the effect of the local mean is removed. 

Weiss(10), found that the seasonal pattern varied with age 

groups. The age groups he studied were 5 - 34, 35 - 64 and 
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over 65 years. He found that the youngest group had a fall 

peak, with below trend values everywhere else. The 35 - 64 

age group had peaks in the winter months, as did the over 65 

group. He found no difference in patterns between the sexes, 

race or census region. For these comparisons he has used the 

entire data without dividing it into age groups. The age 

groups used in this study are very wide and are mixing up 

population with different lifestyles and exposures. eg. the 5-

34 age group combines the school children, with adults. Age 

groups this wide may obliterate differences that might exist

between the the different populations. 

A study done by Ward(ll), compared asthma morbidity and 

mortality of US soldiers in Europe to those in continental 

US. This comparison helped to match the two groups in terms of 

quality of health care, and many other demographic variables. 

The age groups he looked at were below 24 and 24 - 35. He 

also reports, higher rates in Europe with a peak discharge 

rate in the third calendar quarter. The group in the US he 

says shows a less clear seasonal pattern. This pattern 

whatever it is, is not discussed. The methodology and figures 

in the paper are not explained as clearly as they could be, 

and this difference in the two groups is not evident from the 

figures. The group being studied is also a very select group 

that is not very representative of the general population. 

This is also evident from the fact that the results in the 
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trend and comparisons between races in this group do not come 

to the same conclusions as studies that deal with the general 

population. 

1.4 Seasonality in some tropical countries 

Tseng et al, (12) studied the discharges from the government 

hospitals in Hong Kong. Half the population of Hong Kong is 

covered by these hospitals. They studied the rates between 

1976 and 1986 but were unable to study the effect of the ICD 

code change in 1979. They found that there was a pronounced 

seasonal pattern in hospitalization rates for asthma in these 

hospitals. The pattern was that of a peak from October to 

December, and another peak from April to June. The October

December peak being higher. This pattern they found was most 

pronounced in the younger groups especially the 15 - 24 year 

age group. The older adults had peaks and troughs that were 

barely discernible. When compared to the other patterns 

discussed so far, there is a slight shift here from a fall 

peak in the U.K. and USA, (i.e., September - November) to a 

fall - winter peak. This could be a function of the climate in 

Hong Kong, vis-a-vis the climate in the U.K. and USA. 

Strannegard et al(13), investigated patterns of asthma among 

children in Kuwait between the ages of 1 - 12. The seasonal 

pattern here was that of a peak in winter and minimum values 

in summer. They report that atmospheric pollen including that 

of Prosopis juliflora, which is considered to be the major 
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allergenic pollen in Kuwait has a bi-annual distribution, 

peaking in August/October and April/May. The peaks observed 

in asthma hospitalizations thus seem to have no correlation 

with the pollen season. There was also no connection 

seenbetween the dust storm season, which is early summer and 

asthma admissions. The study may have been affected by the 

fact that the group studied, includes the preschoolers, 

especially the one and two year olds. Asthma in this group is 

very often confused with other bronchial infections. The 

younger babies are also admitted more frequently and could 

have contributed a large number of separations to the study. 

If this is the case, what is seen here could be a seasonal 

pattern of bronchial infections, rather than asthma. The study 

was restricted to the main teaching hospital in Kuwait. In 

most cases, asthma was diagnosed by the authors themselves, 

and they report parallelism between emergency room rates and 

hospitalization rates. 

1.5 Seasonality in Canada 

Mao et al ( 14) studied the seasonal pattern in hospital 

admission rates in Ontario between 1979- 87. They only looked 

at the 15 - 34 age group. They report ·significant seasonality, 

with peaks in spring (April - May) and a much higher peak in 

fall (September -October) . They have used age standardized 

hospitalization rates, and person-years units. They say that 
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the health plan in Ontario covers 100% of the population , so 

that the data are quite representative. They have however 

studied a group that has very low rates of hospital admissions 

for asthma. They have mentioned that they chose this group 

because there is less chance of diagnostic misclassification. 

It would have been useful to study at least the 5 - 14 year 

olds in whom according to the literature, the chances of 

diagnostic misclassification are also small. 

Bates et al (15) studied the attendances at the emergency 

departments of nine acute care hospitals in Vancouver. The 

agegroups studied were 0-14, 15-59 and over 60. In three 

consecutive years they found that weekly visits for asthma 

peaked beginning the last week of September and lasted for 

three weeks. This pattern was seen in both children and adults 

less than 60 years old, but did not appear to affect the 

oldest segment of the population. The method used was a simple 

examination of the frequencies. A lot of care was taken in the 

study to ensure uniformity of records. The hospitals covered 

are all the hospitals with emergency departments in region. 

The age groups used are very wide, and thus tend to obliterate 

differences for instance between the preschoolers, and school 

goers. 

1.6 Summary and Study objectives 

Most of these studies have been conducted in countries which 
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have more or less similar climatic conditions. England, USA 

and Canada, although they differ in the details of the weather 

patterns such as amount of precipitation, highs and lows of 

temperature etc., still have four well-defined seasons. The 

studies so far are limited in that they either studied a very 

small section of the population, or used age groups that were 

too big to detect changes in the different populations. The 

only study that I came across that compared patterns between 

sexes was Weiss's. In that study though the sex specific 

patterns looked at were for the entire population, not for 

specific age groups. 

In Canada, Saskatchewan and the Maritime provinces have the 

highest hospital admission/separation rates for asthma. (16) 

Saskatchewan along with Alberta also has the highest mortality 

rate for asthma(16). Recent studies in Saskatchewan on the 

trends in asthma hospitalization found that hospitalization 

rates for asthma increased significantly among the 0 - 4 year 

olds between 1979 and 1989 (17). The study investigated the 

rates of first admissions for asthma, in the age groups 0-4, 

5-9, 10-14, 15-34, 35-49, and 50-64. No significant trends 

were found in any' other age groupo 

No one has studied the seasonal patterns of asthma morbidity 

in Saskatchewan. To the best of my knowledge there has also 
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been no study that has looked at the differences ·or 

similarities in seasonal patterns between the sexes in small 

age groups. As well there are no studies that document the 

seasonal patterns of asthma morbidity among Native Canadians. 

The aim of this study was to study the seasonal patterns in 

asthma morbidity, in Saskatchewan. The age groups studied 

were, the preschoolers(0-4), the school children(S- 14), the 

young adults(lS- 34), the middle-aged adults(35- 49), and 

the older adults(SO- 65). The seasonal patterns of males and 

females in the non-native population were studied separately. 

The native and non-native patterns were also compared. 
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CHAPTER 2 

METHODS 

2.1 : HOSPITALIZATION DATA 

The population of Saskatchewan is a mixture of Caucasians, 

people of the First Nations, and many other ethnic origins. 

The government of Saskatchewan provides universal health care 

insurance to all people living in Saskatchewan. The data for 

this study was obtained from the Urban Hospitals Branch of the 

Saskatchewan Health Department. The raw data included, the 

year and month of separation, and the age and sex of the 

patient. Two separate data sets were obtained, one for the 

registered native population and the other for the non-native 

population. The Registered Indians of Saskatchewan belong to 

bands whose leaders signed treaties with the federal 

Government of Canada. The federal government is responsible 

for the health, education and welfare of Registered Indians. 

Saskatchewan also has non-treaty or non-registered Indians, 

who cannot be distinguished from the rest of the population in 

the hospitalization data base. Registered Indians are 

distinguished by means of an identifying number. In 1989 the 

population of registered Indians in Saskatchewan was 
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62,000(5.9%). The population of non-Registered Indians is not 

known but it is estimated to be about 11,000(1.1%). 

2.2 STATISTICAL METHODS 

The data was first divided into the age groups, .o - 4, 5 - 14, 

15 - 34, 35 - 49, 50 - 64, and the total separations in each 

age group for each month, for each year was obtained. The 

population for each year in each age-sex group was· obtained 

from the publication Covered Population tables published by 

Saskatchewan Health. The hospitalization rate for each month 

of each. year was then obtained by dividing the number of 

separations in the age group, for that month, by the 

corresponding midyear population for that year. The admissions 

were not separated into first admissions and re-amissions. The 

rate, thus reflects the number of episodes of hospital care, 

not the number of individuals cared for in the hospital. 

2.21 : COMPONENTS OF A TIME SERIES 

While reviewing the literature, I found that the methods used 

by different researchers varied widely. Some used simple plots 

of the actual numbers and discussed the peaks and troughs. 

Others plotted rates and discussed peaks and troughs. One 

paper used auto-regressive models. A number of them used the 
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decomposition method which was the method used in this study. 

In this method, time series are generally considered to be a 

mixture of four components. 

TREND A trend or long term movement seen across years. An 

increasing trend could be attributed to artifactual or real 

factors. Some of the reasons that have been put forward to 

explain increasing trends in asthma hospitalization have been, 

changes in physicians diagnostic practices, changes in drug 

therapy, an increase in the number of people who have asthma, 

or an increase in the severity of the episodes of asthma . 

This change in the series is what one sees after observing 

over a long period maybe five or ten years. Another way to 

describe the trend then is to call it the change in the 

series observed across years. It is not just a one or two year 

phenomenon. 

SEASONALITY Besides this long term movement, the series may 

also exhibit a variation within the year. This is often 

related to the particular season. For example, increase in 

employment over the Christmas season, is a seasonal 

phenomenon, in the series showing the employment rates. As 

disc~ssed before, many researchers have also found seasonal 

patterns in asthma hospitalizations, i.e., an increase in a 

particular season in the year, usually spring or fall. This 

part of the series is called the seasonal component. The 
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seasonal component is assumed to change very slowly, or remain 

practically constant. Thus one assumes, when calculating a 

seasonal component that the effect that a particular season 

has on the variable being studied, this year, is the same as 

last year, and will be the same next year. The effects of the 

seasons in each particular year are also assumed to add up to 

zero. So if some phenomenon in spring causes an increase in 

hospitalizations, some other phenomenon in summer also 

moderates this increase. Thus at the end of the year the net 

effect of the seasons is zero, and the series is only carrying 

on to the next year the effect of the trend. 

CYCLIC PATTERNS Many series exhibit a cyclical pattern. This 

is a pattern that is repeated over time periods of different 
. 

lengths generally longer than one year. Business cycles, with 

the stages of prosperity, recession, and recovery is an 

example of this. One would also expect to see this in the 

morbidity rates of infectious diseases that are known to have 

a cyclical pattern, especially viral illnesses, eg measles. 

The effect of the cycles over the whole period is also assumed 

to be zero. The effect of the cycles on the analysis can be 

serious if the cycles are longer than the period under 

investigation. The effect of short cycles can be assumed to be 

zero. 



RANDOM COMPONENTS Fourthly it is recognized that the series 

has a random or unpredictable component, usually called the 

random error. The effect of the random error over the long 

term is also assumed to be zero. If the random variation in a 

series gives it a value that moves it above the trend and 

seasonal value a certain number of times, it will also pull 

the values of the series in the opposite direction, 

approximately the same number of times, so that the net effect 

will add up to zero. 

TIME SERIES MODELS The relationship between these three 

components could be additive or multiplicative. 

Additive 

Y(ij) = T(ij) + s(ij) + c(ij) + e(ij) 

i = 1, 2, 3, ... 11 years 

j = 1,2,3, .... 12 months (for monthly rates) 

Y(ij) =value of original series in month of j,in year i 

T(ij) =the trend component of month j, in year i 

S(ij)= seasonal component of month j, in year i 

C(ij) = cyclical component of month j, in year i 

e(t) =error term at time t. 

OR 

Multiplicative 

Y(ij) = T(ij) X S(ij) x C(ij) x e(ij) 
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These are the simplest examples of these models. Various 

combination of the multiplicative and additive models can of 

course be used if it is necessary. Before one decides which of 

these models to adopt, it is necessary to plot the series. If 

the seasonal variation, and trend seem to be independent of 

each other, i.e., if the seasonal variation does not seem to 

be increasing with an increasing trend, or decreasing with the 

decreasing trend, or changing when the trend changes, then we 

are justified in assuming that the two components are 

affecting the series independently then an additive model is 

indicated. Cyclicity is more difficult to account for. In the 

case of prominent cycles, an examination of the series plot, 

should bring to light a prominent cycle over and above any 

-seasonal cycle that is affecting the variable in question. The 

effect of small cycles will be incorporated into the moving 

~verage that is used to eliminate the seasonal variation from 

the series. The time series plot is obtained by plotting the 

hospitalization rates against the months over the entire study 

period. In this study an additive model was adopted for all 

the series, after an examination of the time series plot 

(figures 1-5). The examination did not indicate a prominent 

cyclical influence. Once the additive nature of the model is 

determined, the next step is to begin to decompose the series 

into its various components. 
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2.22: DECOMPOSITION OF THE TIME SERIES

First the trend is estimated. The simple average of the 

hospitalizations for asthma over the entire study period would 

give us a rough estimate of the value of the series for the 

whole period, but no indication about whether it was moving up 

or down. The simple average thus does not estimate the trend. 

To detect changes in the mean over the years, a moving average 

is used. In the case of monthly data, one uses a 12-month 

moving average. A moving average is a simple arithmetic mean, 

but one changes the terms whose average is being calculated. 

eg : If the series is the monthly asthma hospitalization for 

0 - 4 year olds between 1979 and 1989. The first value of the 

moving average(trend) is obtained by finding the arithmetic 

mean of hospitalizations from January 1979 to December 1979. 

The next value is obtained by finding the mean of the rates 

from February 1979 to January 1980. The average of these two 

values is then used as the trend value for June 1979. 

In the case of monthly data, the term seasonal pattern means 

a pattern that in repeated every 12 months. i.e. If a seasonal 

pattern exists, the value of the rate this January will have 

some commonality with the value next January. When we take a 

moving average that spans 12 months, what we are in essence 

doing is eliminating or at least reducing considerably the 

effect the months have on the value of the hospitalization 

rate. Thus another way to look at the moving average, is to 
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consider it as the value of the series from which seasonal 

variation has been eliminated. This va1ue thus gives us a 

better idea of how the series is behaving from year to year, 

without the influence of the months. The moving average is 

thus said to estimate the trend. Since we are adopting an 

additive model, i.e. Y(ij) = T(ij) + S(ij) + e(ij) 

Y(ij) - T(ij) = S(ij) + e(ij) 

The difference between the original series value and the trend 

associated with that value, gives us an estimate of the 

seasonal component with the error term. Since the error term 

over the entire period of observation, adds up to zero, the 

simple arithmetic average of S(ij) + e(ij), over the eleven 

years will give us an estimate of the seasonal component. 

In the hospitalization rates for the natives, in this study, 

there were many months in all age groups (except the 0-4 year 

olds), for which there were no separations attributed. to 

asthma. For this analysis therefore, I decided to pool 

together the months into the four-seasons. The four-seasons 

were defined as follows: 

Winter December, January, February. 

Spring March, April, May. 

Summer: June, July, August. 

Fall: September, October, November. 

The rates for the four-seasons were obtained by pooling the 

rates for the corresponding months. The non-native series was 
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The rates for the four-seasons were obtained by pooling the 

rates for the corresponding months. The non-native series was 

analyzed using both four-seasonal and monthly rates. The trend 

for the four-seasonal series. is obtained by using a four term 

moving average instead of 12 term. (since there are four 

seasons in a year) . I used a scattergram for all the series 

with the correlation coefficient and corresponding p-value to 

see if there was a significant linear trend, and to get a 

sense of whether this was increasing or decreasing. 

2.23 : TEST OF SIGNIFICANCE OF SEASONALITY 

To test whether the seasonal estimates obtained in this 

fashion were causing a statistically significant variation in 

the hospitalization rates, I used the F-test in an Analysis of 

Variance (ANOVA) table. ANOVA has been used before in testing 

seasonality in time series). McLeod et al used three ANOVA 

tables to test for what they called 'stable seasonality'. (19) 

For the ANOVA test, I used a two-factor ANOVA with the years 

as one factor and the months(or quarters) as the second. In 

the first instance, I tested the hospitalization rates to 

examine if there was a statistically significant variation 

between the years (trend) or between the months(seasonality) 

or both. I then removed the trend value from the series, 

and tested the de-trended series for variation between the 
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de-trended rates and then a third ANOVA was run. If the 

model is a good representation of the truth, the series should 

now only exhibit random variation. The series behaved exactly 

as expected, and I was able to de-seasonalize all the series 

with significant seasonality, with the seasonal estimates I 

had calculated from the series. Since it is not possible to 

completely isolate the trend from the seasonal fluctuation, I 

found that if the seasonal fluctuation was subtracted from the 

series without removing the trend, the series would still 

exhibit some monthly variation. However, it did not matter 

whether you removed the trend first or the seasonal estimate 

first. As long as both factors were removed from the series, 

most of the variation in the series was accounted for. The 

contribution from the residual was very small. 
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CHAPTER 3 

RESULTS 

3.1 THE ROB-RATIVE POPULATION 

The time series plots with the trend line fo'r each age group 

is sh~~n in figures ·1 to 5. The series itsel£ shows regular 

peaks and troughs suggesting seasonality. The trend 

(indicated by a thick line) shows a fluctuating mean. The 

seasonal peaks are independent of the movement in the mean. 

Thus an additive model seems to be adequate. 
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Monthly asthma hospitalization rates with trend: ages 35 -49: non-natives 
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The trend line in figure 1 and figure 2 show much more detail 

than the lines in figures 3, 4 and 5. This is because the 

younger age groups have many more hospital admissions for 

asthma than the older groups. The younger groups in this study 

also span across a smaller number of years(i.e. 0-4, and 5-14) 

As a result, in the older age groups, the rates have much 

smaller numerators and much larger denominators. The effect of 

this is that small fluctuations in monthly admissions are not 

easily discernible in these groups. For instance, in the 0-4 

group in 1980 the rates varied between 1.4 and .33 per 1000. 

In the 15-34 group however, the rates varied between .11 and 

.05 per 1000. The process of calculating a moving average 

reduces these fluctuations even further. 

Although an examinatirin of the time series did not indicate 

any prominent cyclical influences, while calculating the 

moving average to estimate the trend, I discovered that the 

average monthly hospitalization from year to year had a 

cyclical pattern. The pattern is most evident in the younger 

age groups but all groups show the average monthly 

hospitalization rate fluctuating like a sinusoidal curve, (see 

figures 6 to 10) . The pattern seen in the mean in figures 6-10 

can also be related to the seasonal variation seen over the 

years. 
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The most striking picture is the alternating pattern seen in 

the winter hospitalization rates among the 0-4 year olds 

(figure 12a) . In all the other seasons and age groups however 

one can see a pattern of a higher peak followed by a lower 

peak, or a deep trough followed by a shallower trough. The 

period of fluctuation is different for different age groups. 

This is interesting in light of the recent hypothesis (20) 

that asthma might have a viral etiology. 
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3.11: Children, 0-4 years 
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Figure 11 shows the monthly seasonal pattern for the 0-4 year 

old non-native children in Saskatchewan. _The horizontal line 

at zero represents the trend line or the values the rate is 

expected to take if there is no monthly variation in the 

rates. The vertical bars for each month, show how much the 

monthly hospitalization rate varied in that month over the 

years. Thus the length of the bar for January, shows that on 

average the rate for January is lower than the expected value 

for that month. The monthly seasonal pattern found in the 

asthma hospitalization in Saskatchewan, shows above expected 

values in April, May, June, September, October and November. 
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variation in fall rates 79-89 
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The non-native population was also analyzed using quarterly 

(four-seasonal) rates. The seasons were: winter (December, 

January and February); spring (March, April, May); summer 

(June, July, August)and fall (September, October, November). 

30 



Figures 12a-12d show how the quarterly hospitalization rates 

varied over the years studied. Figure 12a shows how the 

hospitalization rate changed in winter from year to year. Each 

bar in the figure shows the extent to which the rate for a 

particular season varied from its expected value. We can see 

that the winter rates for this age group alternated between 

peaks and troughs. This could be because in winter, the excess 

of viral infections makes it difficult to distinguish asthma 

in this age group from wheezing due to infections. This 

alternating pattern seems to indicate that every second year 

in winter asthma hospitalizations exceed the expected value. 

Figure 12b on the other hand shows a fairly consistent pattern 

in spring. Nearly all 

the years show peaks . 
quarterly seasonal pattern 

Figure 12c shows the 0-4 year old non-natives 
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pattern for the non-

natives. The winter bar 
Figure 13 

in this case represents 

the simple average of the length of the bars in figure 12a. 
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The spring bar the average of the length of the bars in 

Figure 12b and so on. 

The ANOVA Tables 1a-1c show how the series behaves before 

removing the trend, after detrending, and after detrending 

and deseasonalizing. This group of children had statistically 

significant variation between the years as well as within the 

years. The ratio of the mean square error (MSE) for years 

after detrending to the MSE before detrending was .07. This 

ratio acts as an estimate of how much of the variation between 

the years could be accounted for by the trend estimates. 

Detrending reduced 93% of the variation between the years . 

As discussed in chapter 2, (page 22) removal of the trend did 

affect the variation between months a little bit. The month to 

month variance was reduced by 18% because of de-trending. The 

monthly variation in the rates was still highly statistically 

significant. Deseasonalizing using the estimates shown in 

figure 11 reduced variation between years by 83%, and made the 

variation non-significant. 
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1a: VARIABLE TESTED 

SOURCE 

MEAN 

month 

year 

1 ERROR 

ANOVA TABLES 

CHILDREN 0-4 YEARS: 

HOSPITALIZATION RATE 

SUM OF 

SQUARES 

D.F. 

54.65767 1 

2.11533 11 

0.76301 10 

3.19454 109 

MEAN 

SQUARE 

F 

54.65767 1864.96 

0.19230 6.56 

0.07630 2.60 

0.02931 

1b: VARIABLE TESTED: DETRENDED HOSPITALIZATION RATE; 

SOURCE SUM OF D. F. MEAN F 

SQUARES SQUARE 

MEAN 0.00334 1 0.00334 0.10 

month 1.91019 11 0.17365 5.27 

year 0.05805 10 0.00580 0.18 

1 ERROR 3.19338 97 0.03292 

1c: Variable tested: DESEASONALIZED, DETRENDED, HOSPITALIZATION RATE. 

SOURCE SUM OF D. F. MEAN F 

SQUARES SQUARE 

MEAN 0.01558 1 0.01558 0.50 

month 0.29918 11 0.02720 0.86 

year 0.06643 10 0.00664 0.21 

1 ERROR 3.08298 97 0.03178 
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3.12 CHILDREN, 5-14 years 

0.5 

0.4 

0.3 

§ 0.2 

i 0.0 

c 0.0 
0 

~ -0.1 ,-0.2 
-0.3 

-0.4 

rmnthly seaonal pattem 
5-14 year old non-natives 

-0.5 ....~....;-.,-,-.....,...,.-.-r..,.-r-,...-,--

Figure 14 

jfmamjjasond 

ITl)nfhS 

The monthly seasonal pattern seen in this group is similar to 

the one seen in the 0-4 year olds. There are peaks in April, 

May and June. The values for May and June are higher. In 

younger age group it is the first two months that have higher 

values. This age group also shows its highest peak in 

September(figure 14). The younger children have their highest 

peak in May. Figures 14a -14d show the seasonal variation in 

the rates from year to year. The winter rates in this case are 

consistent troughs, spring and summer have fluctuating values, 

whereas the fall rates in all the years were above expected 

values. Figure 15 shows the quarterly seasonal pattern. 
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variation in spring rates 79-89 
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quarterly seasonal pattern 
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Figure 15 

The ANOVA tables 2a - 2c in this case show that the trend is 

not statistically significant. The trend estimates in this 

case reduced variation between years by 98%. The seasonal 

estimates reduced the monthly variation by 99%. 
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ANOVA TABLES 

CHILDREN 5-14 YEARS 

2a:VARIABLE TESTED: HOSPITALIZATION RATE: 

SOURCE 

MEAN 

year 

mth 

1 ERROR 

SUM OF 

SQUARES 

22.45238 

0.22702 

3.17688 

D.F. 

1 

10 

11 

1.44972 110 

MEAN 

SQUARE 

F 

22.45238 1703.61 

0.02270 1.72 

0.28881 21.91 

0.01318 

2b:VARIABLE TESTED: DETRENDED HOSPITALIZATION RATE: 

SOURCE 

MEAN 

year 

mth 

1 ERROR 

SUM OF 

SQUARES 

D.F. 

0.00013 1 

0.00494 10 

3.01605 11 

1.41212 99 

MEAN 

SQUARE 

0.00013 

0.00049 

0.27419 

0.01426 

F 

0.01 

0.03 

19.22 

2c:VARIABLE TESTED:DESEASONALIZED DETRENDED HOSPITALIZATION RATE: 

SOURCE SUM OF D. F. MEAN F 

SQUARES SQUARE 

MEAN 0.00176 1 0.00176 0.12 

month 0.03405 11 0.00310 0.22 

year 0.00494 10 0.00049 0.03 

1 ERROR 1.41212 99 0.01426 
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3.13 : Adults, 15-34 years 
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Figure 16 

The monthly seasonal pattern for this age group shows a peak 

in August, September and October, and troughs in January, 

February and March(figure 16). The spring peak seen in the 

younger age groups has completely disappeared. The rates for 

the 15 - 34 year olds, (see figures 16a-16d), show consistent 

troughs in winter. Spring and summer have fluctuating values 

in this group. Fall has mostly peaks. Figure 17 shows the 

quarterly seasonal pattern for the group. Because of the way 

the seasonal quarters have been defined this figure indicates 

a summer and fall peak. 
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variation in winter rates 79-89 
15-34 year old non-natives 

0.06 

§ 0.04 
..... 
~ 0.02 ,s 
-~ 0.00 -1---r-rr-n-Tr-TT-rr-TT'""T'--r--n-..-

iii 
~ -0.02 
·a 
~ -0.04 
.r:. 

78 80 82 84 86 88 90 

years 

Figure 16a : WINTER 

8 
0 
0 ..... 
~ .s 

0.06 

0.04 

0.02 

variation in summer rates 79-89 
15-34 year old non-natives 

-0.06 -+----.--,.--,.----,--.----, 

78 80 82 84 86 88 90 

years 

Figure 16c SUMMER 

39 

variation in spring rates 79-89 
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quarterly seasonal pattern 
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This group also had variation between the years that was 

statistically significant (tables 3a-3c}. The trend estimates 

reduced the year to year variation by 95% and the monthly 

variation by 33%. The rates in this group are very low and the 

fluctuation is also much lesser than in the younger groups, 

thus removing the trend affects the monthly variation more 

than in other cases. The month to month variation is still 

highly significant. The seasonal estimates for this group 

reduced the remaining variation by 96%. 
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~OVA TABLES 

ADULTS 15-34 YEARS 

3a VARIABLE TESTED:HOSPITALIZATION RATE. 

SOURCE SUM OF D. F. 

SQUARES 

:MEAN 1.20464 1 

year 0.01805 10 

mth 0.03590 11 

ERROR 0.06131 110 

MEAN 

SQUARE 

1.20464 

0.00181 

0.00326 

0.00056 

3b VARIABLE TESTED:DETRENDED HOSPITALIZATION RATE. 

SOURCE SUM OF D. F. MEAN 

SQUARES SQUARE 

:MEAN 0.00004 1 0.00004 

year 0.00098 10 0.00010 

mth 0.02421 11 0.00220 

ERROR 0.05464 99 0.00055 

F 

2161.34 

3.24 

5.86 

F 

0.08 

0.18 

3.99 

3c VARIABLE TESTED:DESEASONALIZED, DETRENDED, HOSPITALIZATION RATE 

SOURCE SUM OF D. F. MEAN F 

SQUARES SQUARE 

:MEAN 0.00004 1 0.00004 0.08 

month 0.00093 11 0.00008 0.15 

year 0.00098 10 0.00010 0.18 

ERROR 0.05464 99 0.00055 
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TAIL 

PROB. 

0.0000 

0.0011 

0.0000 

TAIL 

PROB. 

0.7833 

0.9975 

0.0001 

TAIL 

PROB. 

0.7833 

0.9992 

0.9975 



3.14 ADULTS, 35-49 years 
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The monthly pattern for this group shows peaks in January, 

February, March, April, followed by troughs in May, June, July 

and August, a peak in September and December (figure 18). The 

quarterly rates for the 35 - 49 age group, have mainly peaks 

in the winter and spring, consistent troughs in summer and 

peaks in fall(see figures 18a-18d). This is the age group that 

marks a change in the pattern from, a spring-fall peak to a 

winter-spring peak. This can be seen very clearly in the 

quarterly seasonal pattern of this group (figure 19). 
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The trend in this case was not statistically significant 

(tables:4a-4c). De-trending reduced the yearly variation by 

88%, and the monthly variation by 1%. Of the remaining 

variation de-seasonalizing with the estimates reduced 

variation by 97%. 
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~OVA TABLES 

35-49 YEAR OLD NON NATIVES 

4a VARIABLE TESTED:HOSPITALIZATION RATE 

SOURCE 

MEAN 

year 

mth 

ERROR 

D.F. SUM OF 

SQUARES 

1.16861 1 

0.01397 10 

0.02432 11 

0.09330 110 

MEAN 

SQUARE 

F 

1.16861 1377.80 

0.00140 1.65 

0.00221 2.61 

0.00085 

4b VARIABLE.TESTED: DETRENDED HOSPITALIZATION RATE 

SOURCE 

MEAN 

year 

mth 

1 ERROR 

SUM OF 

SQUARES 

D. F. 

0.00015 1 

0.00168 10 

0.02414 11 

0.07477 99 

MEAN 

SQUARE 

0.00015 

0.00017 

0.00219 

0.00076 

F 

0.20 

0.22 

2.91 

TAIL 

PROB. 

0.0000 

0.1025 

0.0055 

TAIL 

PROB. 

0.6520 

0.9936 

0.0023 

4c VARIABLE TESTED:DESEASONALIZED, DETRENDED, HOSPITALIZATION RATE. 

SOURCE SUM OF D. F. MEAN F TAIL 

SQUARES SQUARE PROB. 

MEAN 0.00153 1 0.00153 2.03 0.1577 

month 0.00777 11 0.00071 0.93 0.5109 

year 0.00168 10 0.00017 0.22 0.9936 

ERROR 0.07477 99 0.00076 
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3.15 50-64 year old adults 
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Figure 20 

The monthly pattern for this age group has December, January, 

March, April, May as the peak months. The highest peaks are in 

January and March. July, August, September, October and 

November all have troughs(Figure 20). The. quarterly rates 

have peaks in winter and spring, and troughs in summer and 

fall (see figures 20a-20d). In this group the winter-spring 

peaks become more pronounced. Figure 21 shows the quarterly 

seasonal pattern in this group. 
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This group had a statistically significant decreasing trend. 

(tables Sa-Sc). De-trending reduced the yearly variation by 

89% and monthly variation by 16%. The season estimates 

accounted for 98% of the seasonal variation. 
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Sa : VARIABLE 

SOURCE 

:MEAN 

year 

mth 

ERROR 

ANOVA TABLES 

ADULTS, 50-64 years 

TESTED: HOSPITALIZATION RATE 

SUM OF D. F. 

SQUARES 

6.67800 1 

0. 07606 10 

0.15961 11 

0.24463 110 

MEAN 

SQUARE 

6.67800 

0.00761 

0.01451 

0.00222 

Sb VARIABLE TESTED DETRENDED HOSPITALIZATION RATE: 

SOURCE SUM OF D. F. MEAN 

SQUARES SQUARE 

:MEAN 0.00009 1 0.00009 

year 0.00847 10 0.00085 

mth 0.13538 11 0.01231 

ERROR 0.20336 99 0.00205 

F 

3002.78 

3.42 

6.52 

F 

0.05 

0.41 

5.99 

5c VARIABLE TESTED:DESEASONALIZED, DETRENDED HOSPITALIZATION RATE 

SOURCE 

:MEAN 

month 

year 

ERROR 

SUM OF 

SQUARES 

D. F. 

0.00035 1 

0.00274 11 

0.00847 10 

0.20336 99 

49 

MEAN 

SQUARE 

0.00035 

0.00025 

0.00085 

0.00205 

F 

0.17 

0.12 

0.41 

TAIL 

PROB. 

0.0000 

0.0006 

0.0000 

TAIL 

PROB. 

0.8311 

0.9379 

0.0000 

TAIL 

PROB. 

0.6826 

0.9997 

0.9379 



3.16 SUMMARY -NON-NATIVES 

In conclusion, seasonal patterns of asthma morbidity among 

Saskatchewan children show peaks in spring and fall. The young 

adults only have fall peaks whereas the older adults have 

winter-spring peaks. 

so 



3.2 : MALE/FEMALE COMPARISONS 

The seasonal patterns for males and females in the non-native 

population were examined separately. The methods used were 

identical to those used in the case of the pooled population. 

3.21: CHILDREN : 0-4 years 

The monthly pattern shows 

peaks in April, May, June, 

and September, October and 

November(figure 22) . The 

female population has an 

identical pattern. (figure 23) 

It is well known that boys in 

the younger age groups have 

higher hospitalization rates. 

These results seem to show 

that there is also more 

variation in the rates for the 

males. The seasonal estimates 

for the boys are higher than 

that for the girls. The 

seasonal estimates reduced 

monthly variation in this 

group, by 99% for both girls 

and boys. 
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3.22 : CHILDREN 5-14 years 

The monthly pattern for males shows peaks in May and June, and 

September and October (figure 

24). The females have smaller 

values and peaks in April as 

well as May and June, and August 

as well as September and October 

(figure 25). In both populations 

in this school going age hi·ghest 

hospitalization rate was highest 

in September. 

The seasonal estimates in both 

instances accounted for over 99% 

of the monthly variation in the 

rates. 
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3.23: ADULTS 15-34 years 

August, September and October 

are the months with the 

highest hospitalization rates 

for males in this age group 

(figure 26). October has the 

highest values. There is no 

spring peak. In fact, there 

are troughs in February, 

March, April and May. The 

seasonal estimates or the 

variation in hospitalization 
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0.04 

§ 0.03 
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among the males is still higher than the females. The women in 

this age group show a 

different pattern from the 

men. The women have higher 

than avarage hospitalization 

rates(peaks) in the spring 

months of May as well as the 

fall months of August, 

September and October. The 

highest rate is in August and 

lowest in October(figure 27). 
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3.24 : ADULTS: 35 - 49 year olds 

In this age group seasonal 

variation exhibited by the rates 

for the men is not significantly 

different from the random error 0.06 

in the series. Thus there is no 
0 0.04 0 
0 ..... 

seasonal variation this in 
:; 0.02 .s 
c 
.2 0.00 c; 

group. The females however, do .!::::! 

i -0.02 
Q. 
1/) 

show a seasonal pattern. The 0 -0.04 .s:: 

women have peaks in March, May, 
-0.06 

troughs in June, July, August 

and September, and peaks again Figure 28 

in October, November and 

December(figure 29). Troughs 

seen in the winter months in the o.06 

younger age groups have § 0.04 

dis appeared. In this age group

one also begins to see the

female seasonal estimates have

higher values than the males. 

The estimates accounted for 68% 

of the monthly variation left
Figure 29 

after de-trending. 
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3.25 : ADULTS: 50 -64 year olds

The pattern for men and women in this age group is quite 

similar. Both groups show peaks 

in the winter-spring months of 

December, January, March, and 

April (figure 30). The men have 

the highest peak in January, and 

also have a peak in February. 

The women have a trough in 

February, and their highest 

value is in March, and they also 

have a peak in May. A comparison 

of the troughs in the two 

groups shows the men have 

troughs in the summer and fali 

months, there is no specific 

pattern. November has the 

lowest rate. The women on the 

other hand have troughs in 

October, and July has the 

lowest rate (figure 31). 
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3.26 : SUMMARY Although a cursory examination seems to show 

broadly the same seasonal patterns among males and females, 

closer examination shows that there are some interesting 

differences between the two groups. The differences show up 

in the adult groups and not in the children. The 15 - 34 year 

old males only have a fall peak, whereas the females have both 

a spring and a fall peak. The 35 - 49 year old males do not 

exhibit a seasonal pattern, but the females do. They have a 

spring peak and the fall peak is shifting to a fall - winter 

peak. In the oldest group studied, although both groups have 

winter-spring peaks, the men seem to have the highest rates in 

the winter, whereas the women seem to be more affected in 

spring. The women in this group have lowest values in summer 

gradually increasing during the fall months, whereas the men 

seem to have the lowest rates in the fall just before a peak 

in the winter. For The ANOVA Tables please refer to the

Appendix 1. 
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3.3 : Comparison of Non- Natives and Natives 

The Native and Non-Native rates were compared using seasonal 

rates of hospitalization, 

instead of monthly rates. 

3.31 NATIVES:0-4 years 

They had a trend component 

that was of border line 

significance at the 5% 

level.The seasonal pattern 

was not statistically 

significant. This is 

quite possibly because in 

8 
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this population we are Figure 32 (ns) 

dealing with small numbers. 

The seasonal estimates 

reduced the variation 

between quarters, by 80% 

(tables 6a-6c) . The pattern 

seen was that of a winter-

spring peak, as opposed to 

the spring-fall peak seen 

in the non-natives (figures 

32 and 33). 
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ANOVA TABLES 

0-4 YEAR OLD NATIVES 

6a VARIABLES TESTED: HOSPITALIZATION RATE 

SOURCE 

MEAN 

year 

qtr 

1 ERROR 

SUM OF 

SQUARES 

D. F. 

1631.26748 1 

63.45087 10 

13.91384 3 

87.64133 30 

MEAN 

SQUARE 

1631.26748 

6.34509 

4.63795 

2.92138 

6b VARIABLE TESTED DETRENDED HOSPITALIZATION RATE 

SOURCE SUM OF D.F. MEAN 

SQUARES SQUARE 

MEAN 0.23289 1 0.23289 

qtr 18.27226 3 6.09075 

year 4.98475 10 0.498.48 

1 ERROR 63.94949 26 2.45960 

F TAIL 

PROB. 

558.39 0.0000 

2.17. 0.0493 

1.59 0.2130 

F TAIL 

PROB. 

0.09 0.7608 

2.48 0.0837 

0.20 0.9941 

6c VARIABLE TESTED: DESEASONALIZED HOSPITALIZATION RATE 

SOURCE SUM OF D. F. MEAN F TAIL 

SQUARES SQUARE PROB. 

MEAN 1.22563 1 1.22563 0.33 0.5705 

year 15.40834 10 1.54083 0.41 0.9279 

qtr 3.71876 3 1.23959 0.33 0.8013 
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3.32 NATIVES: 5-14 YEARS 

In this group as well the 

variation between quarters 

was not statistically 

significant(ns), but the 

seasonal estimates reduced 

the quar:terly variation by 

92% (tables 7a-7c) . The 

pattern seen here was once 

again different from that of 

0.4 

quarterly seasonal pattern 
5-14 year old natives 

winter spring summ fall 

t h e n o n - n a t i v e Figure 34 (ns) 

population(figure 34) • 

group showed spring 

summer peaks. The 

native children in 

group had spring and 

peaks (figure 35) • 

This 

and 

non-

this 

fall 
0.4 

8 0.3 
0 
0 0.2 

&.... 
Q) 

0.1 0.. ...._ 

Figure 35 
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~OVA TABLES 

5-14 YEAR OLD NATIVES 

7a VARIABLE TESTED: HOSPITALIZATION RATE 

SOURCE 

MEAN 

year 

qtr 

1 ERROR 

7b : VARIABLE 

SOURCE 

MEAN 

qtr 

year 

1 ERROR 

7c VARIABLE 

SOURCE 

MEAN 

year 

qtr 

1 ERROR 

TESTED: 

TESTED: 

SUM OF 

SQUARES 

D.F. 

3.12711 1 

0.20776 10 

0.08917 3 

0.35605 30 

MEAN 

SQUARE 

3.12711 

0.02078 

0.02972 

0.01187 

F 

263.48 

1.75 

2.50 

TAIL 

PROB. 

0.0000 

0.1148 

0.0781 

DETRENDED HOSPITALIZATION RATE 

SUM OF D. F. MEAN F TAIL 

SQUARES SQUARE PROB. 

0.00043 1 0.00043 0.04 0.8432 

0.07733 3 0.02578 2.38 0.0927 

0.01301 10 0.00130 0.12 0.9993 

0.28170 26 0.01083 

DESEASONALIZED, DE TRENDED HOSPITALIZATION RATE. 

SUM OF D. F. MEAN F TAIL 

SQUARES SQUARE PROB. 

0.00199 1 0.00199 0.16 0.6915 

0.05698 10 0.00570 0.46 0.9005 

0.00646 3 0.00215 0.17 0.9128 

0.33375 26 0.01284 
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3.33 NATIVES: 15-34 years 

This group of native adults 

had a significant trend but 

very insignificant variation 

between quarters (tables 8a-

8b) . Figures 36 and 37 show 

the patterns observed in the 

two groups. 
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ANOVA TABLES 

15-34 YEAR OLD NATIVES 

Sa: VARIABLES TESTED:HOSPITALIZATION RATE 

SOURCE 

MEAN 

year 

qtr 

1 ERROR 

SUM OF D.F. 

SQUARES 

3.93604 1 

0.41001 10 

0.00125 3 

0.54310 30 

MEAN F 

SQUARE 

3.93604 217.42 

0.04100 2.26 

0.00042 0.02 

0.01810 

Sb VARIABLES TESTED:DETRENDED HOSPITALIZATION RATE 

SOURCE 

MEAN 

qtr 

year 

1 ERROR 

SUM OF D.F. 

SQUARES 

0.00016 1 

0.00788 3 

0.02907 10 

0.50895 26 
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MEAN 

SQUARE 

0.00016 

0.00263 

0.00291 

0.01958 

F 

0.01 

0.13 

0.15 

TAIL 

PROB. 

0.0000 

0.0409 

0.9951 

TAIL 

PROB. 

0.9296 

0.9388 

0.9984 



3.34 NATIVES:35 - 49 years 

This group initially had an 

insignificant trend and no 

seasonal pattern. However 

when the rates were 

de trended, the variation 

between the quarters became 

very significant. 

This could indicate that the 

process of calculating a 

moving average has introduced 

0.30 
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a spurious seasonal pattern. Figure 38 

Deseasonalizing the detrended 

rates reduced the variation 

between the quarters, by 99% 

(tables 9a-9c) . 

The pattern observed here was 

that of a spring peak with 

troughs everywhere else. The 

non-natives in this age group 

had winter,spring and fall 

peaks. (figures 38 and 39). 
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PNOVA TABLES 

35-49 YEAR OLD NATIVES 

9a VARIABLE TESTED: HOSPITALIZATION RATE; 

SOURCE 

MEAN 

year 

qtr 

1 ERROR 

SUM OF 

SQUARES 

D. F. 

33.16455 1 

2.50420 10 

1.68796 3 

7.40429 30 

9b VARIABLES:DETRENDED HOSPITALIZATION RATE 

SOURCE 

MEAN 

qtr 

year 

1 ERROR 

SUM OF 

SQUARES 

D. F. 

0.00500 1 

2.22237 3 

0.29830 10 

5.08676 26 

MEAN 

SQUARE 

33.16455 

0.25042 

0.56265 

0.24681 

MEAN 

SQUARE 

0.00500 

0.74079 

0.02983 

0.19564 

F 

134.37 

1.01 

2.28 

F 

0.03 

3.79 

0.15 

9c VARIABLE TESTED:DESEASONALIZED, DETRENDED HOSPITALIZATION RATE 

SOURCE SUM OF D. F. MEAN F 

SQUARES SQUARE 

MEAN 0.04026 1 0.04026 0.18 

year 0.64055 10 0.06405 0.29 

qtr 0.02912 3 0.00971 0.04 

1 ERROR 6.25943 26 0.24075 

64 

TAIL 

PROB. 

0.0000 

0.4544 

0.0996 

TAIL 

PROB. 

0.8742 

0.0223 

0.9982 

TAIL 

PROB. 

0.6745 

0.9789 

0.9877 



3.35 NATIVES:S0-64 years 

The pattern of the natives 

and non-natives in this 

group is identical. There 

are troughs in summer and 

fall and peaks in winter and 

spring (figures 40 and 41). 

The estimates for the native 

group is much higher than 

that of the non-native 

group.The seasonal estimates 

reduced quarterly variation 

by 87%. This was the only 

group amongst the natives who 

had highly statistically 

significant quarterly 

variation in rates (tables 

10a-10c) . 
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:ANOVA·Tables 

50-64 YEAR OLD NATIVES 

lOa VARIABLE TESTED:HOSPITALIZATION RATE 

SOURCE SUM OF D.F. MEAN F TAIL 

SQUARES SQUARE PROB. 

MEAN 133.37350 1 133.37350 207.83 0.0000 

year 6.15592 10 0.61559 0.96 0.4976 

qtr 10.11621 3 3.37207 5.25 0.0051 

1 ERROR 18.61089 30 0.62036 

lOb VARIABLE TESTED: DETRENDED HOSPITALIZATION RATE 

SOURCE SUM OF D.F. MEAN F TAIL 

SQUARES SQUARE PROB. 

MEAN 0.07095 1 0.07095 0.13 0.7171 

qtr 8.85841 3 2.95280 5.59 0.0045 

year 2.04531 10 0.20453 0.39 0.9404 

1 ERROR 13.20884 26 0.50893 

lOc VARIABLE TESTED:DESEASONALIZED DETRENDED HOSPITALIZATION RATE. 

SOURCE SUM OF D. F. MEAN F TAIL 

SQUARES SQUARE PROB. 

MEAN 0.17614 1 0.17614 0.21 0.6535 

year 4.77192 10 0.47719 0.56 0.8326 

qtr 1.18674 3 0.39558 0.46 0.7106 

1 ERROR 23.08186 26 0.88775 
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3.36 SUMMARY Natives/ Non-Natives 

Although the seasonal variation for most of the native age 

groups did not reach statistical significance, the results 

indicate a need to look into the seasonal patterns of this 

population in greater depth. In most of the cases the 

quarterly variation was not very far from statistical 

significance. 
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CHAPTER 4 

DISCUSSION 

The adjective 'seasonal' is defined in Websters dictionary as 

pertaining to, dependent on or accompanying the seasons of the 

year, or some particular season. When examining 

hospitalization data to look for seasonal patterns, I was 

trying to see if there were patterns in the hospital 

separations that seemed to depend on the seasons of the year. 

If these patterns exist, then the reasonable next step, is to 

examine why they exist. In the case of morbidity and mortality 

of diseases, it might also be possible to speculate on the 

etiology of a disease that exhibits a certain seasonal 

pattern. Before one relates the pattern observed conclusively 

to a disease morbidity, it is important to ensure that the 

pattern observed is not an ·artefact. Observed patterns may be 

due to the methods of analysis used, other externals such as 

the general pattern of morbidity in a community, which is not 

specific to any disease, misclassification of the disease 

being studied, and hospitalization practices in the area being 

studied. 
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4.1 PATTERNS DUE TO METHODS ? 

In the examination of the hospitalization data for asthma, I 

did observe seasonal patterns specific to different age 

groups. The method of analysis used assumed an additive model 

and decomposed the series into its trend and seasonal 

components using a moving average. This method is often used, 

especially when dealing with series that are known to have 

trend and seasonal components (21,22,23). The plots in figure 

6 to figure 10 give us an approximate idea of the pattern of 

variation in the monthly hospitalization rate from year to 

year. These plots are therefore a rough estimate of the trend 

line. If the process of calculating moving averages had 

introduced a spurious pattern into the series, we would expect 

the trend line in figures 1 to figure 5, to exhibit a pattern 

that was different from the one in figures 6. to 10. However, 

for each age group, the trend line.does follow the expected 

pattern shown in figures 6 to 10. The patterns observed thus 

are not caused by the methods used in the analysis. 

4.2 SEASONALITY OF ALL DISEASES 

Masako Momiyama(24) conducted a 'Geographical study of 

Seasonal Diseases" in 1961. She studied the seasonal patterns 

based on mortality statistics available at time, to construct 

calendars of seasonal diseases for various countries. This is 
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a very old paper, but the significance of the results reported 

in it as far as the present study is concerned is that she 

found that different diseases had different seasonal patterns. 

In a study of seasonal variation of mortality in Queensland, 

Robert Scragg(25) reports seasonal, age-dependent variation in 

cardio-vascular and respiratory diseases but not in malignant 

neo-plasms. This study once again seems to show that there is 

a difference in the mortality patterns in different diseases, 

and that all diseases are not influenced by some external 

over-riding seasonality. Seasonal variation in mortality is 

known to be primarily influenced by cardio-vascular and 

respiratory diseases. Douglas et al ( 2 6) studied the 

composition of seasonality of disease in the Grampian area of 

Scotland. They found that respiratory diseases had the largest 

amplitude of seasonality, for both mortality as well as 

hospital admissions and survivors. The next highest amplitude 

was found in the mortality rates of coronary and

cerebrovascular diseases. Respiratory diseases in general 

therefore seem to contribute a large proportion of the 

seasonal variation seen in general morbidity. The pattern of 

seasonality exhibited by respiratory disease when taken as 

whole, is one of peaks winter and early spring, troughs in 

summer and early fall. Sonnenberg et al(27) when examining the 

periodicity of peptic ulcer disease in the US, found that 

admissions peaked in the first three months of the year, 

70 



declined in the summer and peaked again in October. The 

authors report that the monthly variation of ulcer disease 

is distinctly different from that of total admissions. They 

were however unable to find statistically significant 

differences between the two patterns. The variation that was 

observed in ulcer disease was between 90% to 110%. The 

variation seen in pneumonia, was between 136% to 72%. The 

variation seen in the total disease pattern, which as 

suggested by other studies, is dominated by respiratory 

conditions. It is thus unlikely that one would be able to 

differentiate the pattern in ulcer from the overwhelming 

pattern of respiratory disease. All these studies that looked 

at disease morbidity were based on hospitalization data. It 

seems to be a fair conclusion then that while 

hospitalizations in general do exhibit seasonality, a large 

proportion of this is due to respiratory diseases. The next 

task.then is to see if the patterns that were observed in this 

study were the patterns seen in respiratory disease in general 

or were specific to asthma, the disease of interest here. 

Since a large number of respiratory conditions have a viral or 

bacterial etiology we would expect that respiratory disease in 

general would peak in the winter months. The age specific 

seasonal pattern seen in this study however is quite different 

from this general seasonal pattern of respiratory diseases. 
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The seasonal pattern observed in this study, was age specific, 

and among the adult population was also sex specific. 

4 . 3 AERO ALLERGENS IN SASKATCHEWAN 

Before the patterns specific to different agegroups and sexes 

are discussed, a brief discussion of the important 

aeroallergens in Saskatchewan is probably in order. There are 

various kinds of aeroallergens. They are generally divided 

into the following categories: 

a) Pollen b)Fungi or moulds c)Pet dander. 

These aeroallergens themselves exhibit a seasonal periodicity. 

The earliest pollens of the year are from the trees. The most 

common in Saskatchewan is the Manitoba Maple, which begins 

flowering around May/June. However other trees such as the 

White elm, White birch, and common Juniper which also grow in 

the province begin to flower in April/May. The grass pollens 

follow the trees. The Timothy grass and Kentucky grass, which 

are common in Saskatchewan, are in flower between May and 

July. The weeds follow the grasses. The species most common to 

Saskatchewan are Lambs quarters, which flowers between July 

and September, as does the Russian thistle ~.Another important 

class of aero alergens are fungi or moulds. The occurrence and 

concentration of these allergens are very dependent on 

weather. Fungi grow best at relative humidity 80 -90%. They 

are most prevalent in the atmosphere during early spring and 

again later on in fall (28) . 
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The other important class of aero allergens that are present 

in most places are pet dander, produced by indoor pets. 

Although this is present throughout the year, the turning on 

of the furnace in the fall is thought to cause a increase in 

the concentration of the allergen in the air. 

Saskatchewan being a province where farming is the main 

occupation, grain dust is also a significant aeroallergen. The 

concentration of grain dust in the air would be highest at 

harvest time, which in this province is early fall. 

4.4 SEASONAL PATTERNS IN CHILDREN 

The patterns seen in the children was that of a spring and 

fall peak in hospitalizations for asthma, with winter and 

summer troughs. The school children had higher peaks in f.all, 

whereas the preschoolers had higher peaks in spring. This 

pattern is almost identical to the patterns found in other 

studies of asthma morb-idity around the world. 

It has been recognized for some time now, that viral 

respiratory infections increase the symptoms of asthma in 

some patients. This relationship is particularly apparent in 

children. The most commonly isolated virus in the 1-5 year age 

group is the respiratory synctial virus (RSV) (29) . Zimmerman 

et al (30) studied the role of atopy and asthma in a group of 

109 children, 5 years old or younger. They report that there 

was a small group of highly atopic children who were 
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asthmatic. However, the tendency of this younger group of 

children to develop asthma with viral infections appeared to 

be independent of atopy. Out of 109, 54 children had a normal 

total IgE. They go on to conclude that asthma in infants is 

inherited independent of allergy and first expressed during 

viral infections of the respiratory tract. In a study 

conducted by Lemanske et al (31), infection with rhino virus 

was found to enhance airway responsiveness to inhaled 

allergens, in patients with allergic rhinitis. Furthermore it 

was found that these changes persisted for at least four weeks 

after an acute viral infection. The pattern seen in the 0-4 

year olds in this study-seems to support the theory that viral 

infections play an important role in precipitating asthma 

attacks. Looking at the average values of seasonal estimates 

in figure 13, the winter months, December, January and 

February have troughs. Looking closely at the .values though, 

one can see that the depths of the trough is greatest in 

December, the admissions then slowly rise, until it reaches 

the trend value in March, and then begins to rise and peaks in 

May. This could be a reflection of the increasing incidence 

of respiratory viral infections in this group, as the winter 

progresses, which causes not only an immediate reaction, but 

also a late reaction, the full effect of which is felt in 

April and May. One could also speculate that the fall peak is 

smaller than the spring peak in this group, because not all 
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the children who had asthma like symptoms in the spring were 

atopic, and those that were, are now more susceptible to 

aeroallergens in the fall and thus we have a peak in fall 

albeit a much smaller one than in spring. 

The pattern for the school going group of children is 

reversed, we now have a spring peak that is much smaller than 

the fall peak. As mentioned before, atopy seems to manifest 

itself only in a very small number of children below the age 

of five (32). As the children grow older, atopy seems to play 

a more important role in the occurance of asthmatic attacks. 

In the 5-14 year group, the spring peak, can probably be 

associated with the aeroallergens. The allergy season in 

spring is followed by the· summer holidays for the school 

children. They come back to school in September, when we see 

a sudden large increase of hospitalized asthma cases. This 

large increase in September, could be accounted for, ·in a 

number of ways. One of the little recognized features of 

allergen asthma is the gradual worsening of asthma due to 

progressive increase in airway inflamation, caused by 

continual exposure to the allergen. The effect of allergens in 

that sense is cumulative. Thus this gradual worsening is 

reflected in part by increasing hospitalization rates. The 

fact that all atopic children already sensitised due to 

exposure to allergens in spring, suddenly come into contact 

with a large number of other children dramatically increases 
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the possibility of respiratory viral infections, which could 

precipitate asthma in the susceptible. In both these groups 

sex specific examination of patterns revealed essentially the 

same pattern for boys and girls. 

4.5 SEASONAL PATTERNS AMONG ADULTS 

The young adults when taken as whole exhibit a pattern that is 

different from the children. This group only has a fall peak. 

However, when sex specific patterns are examined, the women 

still have a small spring peak, followed by a larger fall 

peak, whereas the men only have fall peaks. The males in this 

group in fact show troughs in April and May, whereas the 

women have peaks. An examination of the values of the seasonal 

variation for April and May, over the years, confirms that the 

women have more peaks in these months, whereas the men have 

more troughs . There have been no studies to the ~best of my 

knowledge, that have looked at sex specific seasonal patterns 

in this age group, or other adult age groups. One can only 

speculate as to the reasons for this difference. It is 

generally recognized that women are more prone to allergic 

diseases such as hay fever and allergic rhinitis. The results 

for the adult groups in this study consistently show that 

female asthmatics are more affected by spring than males. In 

the 15-34 group, we can see that the women who are sensitized 

by the aeroallergens in spring, have the highest number of 
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by the aeroallergens in spring, have the highest number of 

admissions in September, the beginning of fall. The numbers 

then drop steadily in October and November, up to February, 

and begins to increase in March. The men on the other hand, 

who seem to be affected first at the beginning of fall, have 

their highest value in November, towards the end of fall. 

The 35-49 year olds mark the change in the seasonal pattern. 

The pattern we see in the combined group is that of a winter 

spring peak. The troughs seen in the winter months so far have 

dissappeared and changed into peaks. This is similar to the 

pattern Weiss observed in his study. The pattern seems to 

suggest that respiratory infections are probably beginning to 

play an important role, both in precipitating asthma attacks 

and causing increased sensi ti vi ty to the aeroallergens of 

spring. Thus spring in this group has the highest value. The 

sex-specific patterns here show very interesting differences 

between men and women. The men do not have a seasonal pattern 

which is statistically significant. Once again since there is 

so little literature on these age groups, and practically no 

sex specific data, the reasons for these differences can only 

be speculated upon. It might be that adult males are more 

likely to be in occupations that expose them to allergens that 

precipitate occupational asthma. Farming is the main 

occupation in Saskatchewan, and the sex specific results of 

this study particularly this age group, could be a reflection 
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farming community. It is possible that although exposure might 

have started at a younger age, this is the age group in which 

occupational asthma is most manifest. If this is so, then the 

fact that men are exposed to these allergens throughout the 

year, would eliminate any effect that other seasonal allergens 

may have on these men. The women in this age group do have a 

seasonal pattern that is statistically significant. Once again 

they have small increases in spring, (March & May) and then 

peaks in October, November and December. December has the 

highest value. The troughs in winter that were seen in the 15-

34 year group have dissapeared. 

The oldest group in this study show a seasonal pattern of 

winter-spring peaks and troughs in summer and fall. So among 

the adults we have gone from winter troughs in the 15-34 

group, to winter peaks in the 50-64 year group. The reasons 

for these could be manifold. This is probably the age group 

which begins to suffer the consequences of a smoking, and has 

a lot of patients with chronic bronchitis and chronic 

obstructive pulmonary disease (COPD) . These diseases are 

easily misclassified as asthma, and also often coexist with 

asthma. All of these conditions can be exacerbated by 

infections. Infectious respiratory illnesses are generally 

more common in the winter months. This could be one reason 

why we see this increased in hospital admissions for asthma in 

the winter. In fact, the pattern seen in this group is very 
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similar to the general pattern of seasonality for respiratory 

disease discussed before. In the sex specific pattern for this 

group there is once again some evidence that allergens in 

spring and fall continue to affect women more than men. The 

men have highest number of hospitalizations in January, and no 

specific pattern can be seen in the troughs in the summer and 

fall months. The women however, show the deepest trough .in 

July, and a steady increase in hospitalizations from then on 

up to January. There is a trough in February, and then the 

highest value of the year in the spring month of March. 

4.6 SUMMER TROUGHS 

A common feature in all the age groups is a trough in the 

summer months. This has been seen in many other diseases and 

has often been associated with the holiday period, for both 

doctors and patients. There are however conditions for which 

the pattern seen is a peak in the summer months .. Preterm 

births is one condition which has been shown to have a summer 

peak (33). This is also true of many pscychiatric illnesses 

(34) . It is difficult to explain the hypothesis that summer 

is the holiday season for the doctors and therefore fewer 

patients are admitted. For one, even though the resident 

doctor might go away on leave, the hospital is rarely left 

without a locum physician to look after patients. Is it not 

more likely that a physician less familiar with local patents 
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would likely admit more patients out of an abundance of 

caution.? In fact some studies in teaching hospitals have 

pointed to what is called a "July phenomenon" (35, 36). The 

'July phenomenon', is believed to be the result of 

inexperienced house officers and first year Residents entering 

the physician work force in July. This is thought in some 

cases to cause an increase in admissions and investigative 

procedures during these months. Another observation that 

denies the doctors on holiday hypothesis, is the fact that, 

many of the female summer trough patterns one can also see a 

steady increase in admissions in the summer months leading to 

a peak in fall. 

4.7 NATIVE SEASONAL PATTERNS 

In this study we found interesting and some puzzling 

differences between the Native and Non-Native populations. It 

is true that in all but the oldest group, quarterly variation 

was not statistically significant. However in most groups 

except the 15-34 year olds, quarterly variation was not very 

far from reaching significance. Almost all the groups had p

values between .09 and .07. It is also true that the seasonal 

estimates calculated from the series were very successful in 

reducing a large proportion of the quarterly variation in all 

the series. One of the first explanation that comes to mind is 

the difference in geographical location of the two 
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populations. However an examination of the covered population 

figures for 1992, shows 69 bands of Registered Indians. Only 

11 of these are situated in Northern Saskatchewan. It is also 

a well known fact that even if a person is registered as 

belonging to a band in Northern Saskatchewan, the actual place 

of residence is often the south of the province. 

It is difficult to explain the differences in the seasonal 

variation. The youngest children have winter-spring peaks 

among the natives. This could be a reflection of the fact that 

the living conditions of many native peoples are similar to 

third world conditions, and their infants may be more prone to 

respiratory infections than the non-native population. It is 

also possible that the native parent may have to travel 

further with a sick baby than a non-native parent. Thus more 

native children who come into hospital in winter, with 

respratory infections and associated wheeze maybe admitted. 

The 5-14 year olds once again have a pattern that is quite 

different from that of the non-natives. The peaks are in 

spring and summer, instead of spring and fall. Other 

differences in the life styles of the two populations might 

contribute to the differences. The materials used in housing, 

the condition of hous~ng, especially aspects of heating and 

sanitation could seriously affect health.Cockroach infestation 

is known to cause high rates of asthma morbidity in many inner 

city areas of the U.S.A. (37). 
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The numbers of asthma patients hospitalized in the 15-34 group 

are very small. With small denominators as well, these rates 

are very prone to random fluctuation.This is possibly why the 

rates here do not show quarterly variation that is 

significantly different from the error variation. 

In the 35-49 agegroup, removal of the trend estimates made a 

non-significant quarterly variation significant. This might 

point to a pattern being introduced by the calculation of the 

trend, rather than one that really exists in the rates. 

However, the estimates did reduce the quarterly variation 

considerably. The pattern seen here was that of a high spring 

peak, with troughs every where else. The non-natives in this 

group have a winter-spring peaks. 

This group which was the only group to have a statistically 

significant quarterly variation, shows a pattern that is 

identical to the pattern seen among the non-natives. To the 

best of my knowledge, there is no study that has compared the 

seasonal variation of Native North American asthmatics to that 

of the non-native population. Hisnanick et al (38) studied 

the asthma admissions among natives. They concluded that 

inspite of having socia-economic indicators that.were more 

similar to those of black children, the Native Americans had 

hospitalization rates and trends that were more like white 

children. They suggest that the reason might be that the 

Indian Health Service provides better access to care for the 
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Native Americans, than is available to African Am.erica.ns. 

What has been observed in this study are seasonal patterns and 

it is unlikely that seasonal patterns are a reflection of the 

access to health care. Lower socio-economic status could 

however affect a community, in more ways than just reduce 

access to care and medication(39). This should be kept in mind 

when looking at the reasons for these differences observed 

between the two populations. It is true however that adult 

natives have much higher seasonal estimates than the non

natives. This could be a reflection of the fact that 

education about asthma and topics such as allergen avoidance 

is not reaching the native population. There need to be more 

studies done on this population to both ascertain the 

differences that were observed in this study and to look for 

underlying causes that might cause them. 

4.8 HOSPITALIZATION DATA AND ASTHMA 

There has been a lot of discussion in the literature about the 

validity of studies conducted using hospitalization data (40) . 

Saskatchewan with its universal coverage and hospitalization 

numbers to track patients probably has one of the best 

hospital data bases in the world. We can thus be quite 

confident that the data does capture all the hospitalizations 

in the province. The commonly cited problem of incomplete data 
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bases is thus much reduced in our data base.. It is true that 

the hospitalization do not capture mild to moderate attacks of 

asthma which may be seen by the family practitioner or an 

emergency room physician. The question therefore is how 

generalizable are the patterns observed in this study to the 

population of asthmatics at large. These results are largely 

in agreement with studies done all over the world, in areas 

where studies have been conducted, such as seasonal patterns 

in children and some groups of adults. There is thus every 

possibility that the sex specific patterns seen in this case 

are generalizable to much of the hospitaliized asthma 

population. Recent evidence from biopsies done on mild 

asthmatics seems to indicate that the pathophysiology of 

asthma is very similar, in the mild asthmatic as well as the 

severe asthmatic ( 41) . It is possible therefore that the 

environment acts on the mild asthmatic and severe asthmatic in 

similar ways varying only in degree. The seasonal patterns 

seen here thus could also be the patterns seen in the 

population at large. A recent study in England (42), found 

that hospitalizations were a good proxy for morbidity, in the 

case of respiratory conditions (correlation coefficient > 

.6). This offers further support to the theory that at least 

in the case of respiratory illnesses, examining 

hospitalizations could provide valuable insight into morbidity 

patterns in the general population. 
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4.9 CONCLUSIONS 

In summary then the findings of this study were, 

1) Seasonal patterns in asthma hospitalization rates for 

children in Saskatchewan exhibit the familiar spring-fall 

peak. The pre-schoolers have higher peaks in spring, whereas 

the school goers have higher peaks in fall. 

2) The seasonal pattern for adults is different from that of 

the children. The 15-34 year olds have just a fall peak. The 

35-49 year olds and 50-64 year olds however have a winter

spring peak. 

3) The sex specific patterns of the children did not indicate 

any differences between the sexes. The patterns for the adults 

did indicate differences between sexes. The 15-34 year old 

women, had peaks both in spring and fall, whereas the men only 

had a fall peak. The 35-49 year old men had no significant 

seasonal vari~tion, however the women did have significant 

seasonal variation, with peaks in late fall- early winter, and 

spring. The 50-64 year old males and females both exhibit a 

winter -spring peak. The men have their highest peak in the 

winter months, whereas the women have their highest in the 

spring. 

4)There were considerable differences between the patterns 

exhibited by the Native and Non-Native population. The native 

patterns did not reach statistical significance in most cases. 
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The numbers were however not far away from statistical 

significance. Only the oldest group had similar patterns. 

The differences seen in both the. sex specific rates for adults 

and between the native and non-native population need to be 

examined in further detail in order that plausible 

explanations can be found. 
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APPENDIX 1 

ANALYSIS 0 F VARIANCE 

MALES 0-4 YEARS (NON-NATIVES) 

VARIABLE TESTED:HOSPITALIZATION RATE 

SOURCE SUM OF D. F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 118.16297 1 118.16297 2053.56 0.0000 
month 4.78149 11 0.43468 7.55 0.0000 
year 2.10279 10 0.21028 3.65 0.0003 

1 ERROR 6.32945 110 0.05754 

VARIABLE TESTED:DETRENDED HOSPITALIZATION RATE 

SOURCE SUM OF D. F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 0.00016 1 0.00016 0.00 0.9588 
month 4.10572 11 0.37325 6.27 0.0000 
year 0.07753 10 0.00775 0.13 0.9993 

1 ERROR 5.89584 99 0.05955 

VARIABLE TESTED:DETRENDED,DESEASONALIZED HOSPITALIZATION RATE: 

SOURCE SUM OF D.F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 0.00020 1 0.00020 0.00 0.9542 
month 0.00203 11 0.00018 0.00 1.0000 
year 0.07753 10 0.00775 0.13 0.9993 

1 ERROR 5.89584 99 0.05955 
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ANALYSIS 0 F VARIANCE 

FEMALE AGES 0-4(non-natives) 

VARIABLE TESTED:HOSPITALIZATION RATE: 

SOURCE SUM OF D. F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 28.40237 1 28.40237 980.80 0.0000 
month 0.96644 11 0.08786 3.03 0.0014 
year 0.92207 10 0.09221 3.18 0.0013 

1 ERROR 3.18542 110 0.02896 

VARIABLE TESTED: DETRENDED HOSPITALIZATION RATE. 

SOURCE SUM OF D. F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 0.00220 1 0.00220 0.08 0.7845 
month 0.93509 11 0.08501 2.91 0.0023 
year 0.12763 10 0.01276 0.44 0.9249 

1 ERROR 2.89133 99 0.02921 

VARIABLE TESTED: DETRENDED, DESEASONALIZED HOSPITALIZATION RATE: 

SOURCE SUM OF D. F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 0.00013 1 0.00013 0.00 0.9475 
month 0.00079 11 0.00007 0.00 1.0000 
year 0.12763 10 0.01276 0.44 0.9249 

1 ERROR 2.89133 99 0.02921 
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ANALYSIS 0 F VARIANCE 

MALES:AGES 5-14(NON-NATIVES) 

VARIABLE TESTED: HOSPITALIZATION RATE 

SOURCE SUM OF D. F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 21.47347 1 21.47347 1468.91 0.0000 
year 0.29853 10 0.02985. 2.04 0.0355 
mth 2.90435 11 0.26403 18.06 0.0000 

1 ERROR 1.60805 110 0.01462 

VARIABLES:DETRENDED HOSPITALIZATION RATE 

SOURCE SUM OF D.F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 0.00000 1 0.00000 0.00 0.9976 
year 0.00567 10 0.00057 0.04 1.0000 
month 2.70850 11 0.24623 15.43 0.0000 

1 ERROR 1.57977 99 0.01596 

VARIABLE TESTED: DESEASONALIZED DETRENDED HOSPITALIZATION RATE 

SOURCE SUM OF D. F .. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 0.00000 1 0.00000 0.00 0.9976 
month 0.00161 11 0.00015 0.01 1.0000 
year 0.00567 10 0.00057 0.04 1.0000 

1 ERROR 1.57977 99 0.01596 
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ANALYSIS OF VARIANCE 

FEMALES: AGES 5-14(NON-NATIVES) 

VARIABLES TESTED :HOSPITALIZATION RATE 

SOURCE SUM OF D.F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 11.70664 1 11.70664 895.24 0.0000 
year 0.32770 10 0.03277 2.51 0.0094 
mth 1.41854 11 0.12896 9.86 0.0000 

1 ERROR 1.43842 110 0.01308 

VARIABLE TESTED: DE TRENDED HOSPITALIZATION RATE 

SOURCE SUM OF D. F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 0.00000 1 0.00000 0.00 0.9976 
year 0.00567 10 0.00057 0.04 1.0000 
month 2.70850 11 0.24623 15.43 0.0000 

1 ERROR 1.57977 99 0.01596 

VARIABLE TESTED: DE TRENDED DESEASONALIZED HOSPITALIZATION RATE 

SOURCE SUM OF D. F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 0.00000 1 0.00000 0.00 0.9970 
month 0.00137 11 0.00012 0.01 1.0000 
year 0.02096 10 0.00210 0.16 0.9986 

1 ERROR 1.33216 99 0.01346 
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ANALYSIS 0 F VARIANCE 

M:ALES 15-34 YEARS (NON-NATIVES) 

VARIABLE TESTED:HOSPITALIZATION RATE 

SOURCE SUM OF D. F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 0.75909 1 0.75909 993.10 0.0000 
month 0.03724 11 o:oo339 4.43 0.0000 
year 0.01868 10 0.00187 2.44 0.0113 

1 ERROR 0.08408 110 0.00076 

VARIABLE TESTED: DE TRENDED HOSPITALIZATION RATE. 

SOURCE SUM OF D. F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 0.23081 1 0.23081 285.00 0.0000 
month 0.03053 11 0.00278 3.43 0.0005 
year 0.00485 10 0.00049 0.60 0.8109 

1 ERROR 0.08018 99 0.00081 

VARIABLE TESTED: DESEASONALIZED, DE TRENDED HOSPITALIZATION RATE 

SOURCE SUM OF D. F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 0.24822 1 0.24822 306.50 0.0000 
month 0.00392 11 0.00036 0.44 0.9344 
year 0.00485 10 0.00049 0.60 0.8109 

1 ERROR 0.08018 99 0.00081 
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ANALYSIS 0 F VARIANCE 

~S: 15-34 (NON-NATIVES) 

VARIABLE TESTED: HOSPITALIZATION RATE 

SOURCE SUM OF D. F. JviEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 1.89840 1 1.89840 1669.76 0.0000 
month 0.05466 11 0.00497 4.37 0.0000 
year 0.02937 10 0.00294 2.58 0.0075 

1 ERROR 0.12506 110 0.00114 

VARIABLE TESTED: DE TRENDED HOSPITALIZATION RATE 

SOURCE SUM OF D.F. JviEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 0.00001 1 0.00001 0.01 0.9277 
year 0.00137 10 0.00014 0.13 0.9994 
month 0.03841 11 0.00349 3.22 0.0009 

1 ERROR 0.10740 99 0.00108 

VARIABLES TESTED:DESEASONALIZED HOSPITALIZATION RATE: 

SOURCE SUM OF D.F. JviEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 0.00003 1 0.00003 0.03 0.8582 
month 0.00086 11 0.00008 0.07 1.0000 
year. 0.00137 10 0.00014 0.13 0.9994 

1 ERROR 0.10740 99 0.00108 
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ANALYSIS 0 F VARIANCE 

~S - Ages 35 - 49: (non- natives) 

VARIABLE TESTED HOSPITALIZATION RATE 

SOURCE SUM OF D.F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 0.61227 1 0.61227 509.15 0.0000 
month 0.01966 11 0.00179 1.49 0.1466 
year 0.02428 10 0.00243 2.02 0.0378 

1 ERROR 0.13228 110 0.00120 

VARIABLE TESTED: DE TRENDED HOSPITALIZATION RATE: 

SOURCE SUM OF D.F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 0.00000 1 0.00000 0.00 0.9824 
month 0.01732 11 0.00157 1.47 0.1560 
year 0.00380 10 0.00038 0.35 0.9629 

1 ERROR 0.10624 99 0.00107 

98 



ANALYSIS OF VARIANCE 

F~ES -Ages 35 - 49( non - natives) 

VARIABLE TESTED Hospitalization rate 

SOURCE SUM OF D. F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 2.02765 1 2.02765 1141.67 0.0000 
month 0.04657 11 0.00423 2.38 0.0109 
year 0.03962 10 0.00396 2.23 0.0209 

1 ERROR 0.19536 110 0.00178 

VARIABLE TESTED DETRENDED HOSPITALIZATION RATE: 

SOURCE SUM OF D.F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 0.00024 1 0.00024 0.15 0.6951 
month 0.04795 11 0.00436 2.82 0.0030 
year 0.00423 10 0.00042 0.27 0.9856 

1 ERROR 0.15280 99 0.00154 

VARIABLE TESTED DESEASONALIZED DETRENDED HOSPITALIZATION RATE: 

SOURCE SUM OF D. F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 0.00013 1 0.00013 0.08 0.7752 
month 0.02032 11 0.00185 1.20 0.2992 
year 0.00423 10 0.00042 0.27 0.9856 

1 ERROR 0.15280 99 0.00154 
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ANALYSIS 0 F VARIANCE 

MALES 50-64 YEARS(NON-NATIVES) 

VARIABLE TESTED:HOSPITALIZATION RATE 

SOURCE SUM OF D. F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 6.32735 1 6.32735 2473.48 0.0000 
month 0.20918 11 0.01902 7.43 0.0000 
year 0.10428 10 0.01043 4.08 0.0001 

1 ERROR 0.28139 110 0.00256 

VARIABLE TESTED:DETRENDED HOSPITALIZATION RATE: 

SOURCE SUM OF D. F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 0.00011 1 0.00011 0.05 0.8298 
month 0.16955 11 0.01541 6.32 0.0000 
year 0.00831 10 0.00083 0.34 0.9677 

1 ERROR 0.24153 99 0.00244 

VARIABLE TESTED:DETRENDED, DESEASONALIZED, HOSPITALIZATION RATE 

SOURCE SUM OF D. F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 0.00081 1 0.00081 0.33 0.5661 
month 0.00046 11 0.00004 0.02 1.0000 
year 0.00831 10 0.00083 0.34 0.9677 

1 ERROR 0.24153 99 0.00244 
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ANALYSIS 0 F VARIANCE 

FEMALE: AGES 50-64(non-natives) 

VARIABLE TESTED: HOSPITALIZATION RATE 

SOURCE SUM OF D.F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 6.99661 1 6.99661 1629.30 0.0000 
month 0.17708 11 0.01610 3.75 0.0001 
year 0.11205 10 0.01121 2.61 0.0070 

1 ERROR 0.·47237 110 0.00429 

VARIABLE TESTED:DETRENDED, HOSPITALIZATION RATE 

SOURCE SUM OF D. F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 0.00004 1 0.00004 0.01 0.9207 
month 0.15617 11 0.01420 3.64 0.0002 
year 0.01348 10 0.00135 0.35 0.9659 

1 ERROR 0.38591 99 0.00390 

VARIABLE TESTED: DE TRENDED DESEASONALIZED HOSPITALIZATION RATE 

SOURCE SUM OF D. F. MEAN F TAIL 
SQUARES SQUARE PROB. 

MEAN 0.-00001 1 0.00001 0.00 0.9660 
month 0.00103 11 0.00009 0.02 1.0000 
year 0.01348 10 0.00135 0.35 0.9659 

1 ERROR 0.38591 99 0.00390 
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