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Summary
Earlier research has demonstrated that excess winter mortality is greater in the countries of
the United Kingdom than in those on comparable latitudes elsewhere in Europe. The
purpose of this thesis was to provide an up-to-date analysis of excess winter mortality in
Scotland. This involved exploring the relationships between mortality, morbidity (as
reflected in rates of emergency hospital admissions), climate, influenza epidemics, and
socio-demographic variables. The majority of the analysis was concerned with temporal
relationships between these variables, however, latterly spatial relationships were also
considered.
Chapter 1 reviews the literature in support of seasonal patterns in health and assesses the
merits of the various statistical techniques that have been used to demonstrate these patterns.
Much of the previous analyses have used simple descriptive statistical methods with few
acknowledging the Poisson time series nature of the data.
In chapter 2 the seasonal pattern of mortality and morbidity from three main disease groups
was described using a generalised linear model with Poisson errors incorporating a cosine
term. The method was used to analyse the seasonal pattern by sex, age group, social class,
deprivation category and health board.
In chapter 3 the effect of climate on mortality and morbidity is explored. This chapter is
chiefly concerned with the comparison of possible methods of analysis. Firstly the problems
with summary methods are demonstrated before the principles of time series methodology
are introduced. The final comparison involves three methods, ARIMA time series methods,
Poisson regression and Zeger’s method. Zeger’s method is as a time series regression
method for Poisson data. The methods are compared by assessing the effect of temperature
on weekly deaths from respiratory disease. Examination of the residuals and the standard
errors of the model coefficients reveal that Zeger’s method is the most appropriate for this

type of analysis.

XX




Zeger’s method is used in Chapter 4 to assess the relationship between temperature and
mortality and morbidity in more detail, by considering the effects of age, socio-economic
deprivation and city of residence. This chapter also includes a detailed examination of the
effects on mortality of a variety of different temperature patterns.

In chapter 5 the spatial aspect of the data is included in the analysis. Space-time variations in
emergency admissions for respiratory disease are assessed at various levels of aggregation.
Overall there is no clear evidence of space-time patterns in emergency respiratory
admissions over the time period, however spatial relationships are demonstrated. Finally,
methods which account for spatial autocorrelation are used in an analysis of the relationship
between emergency admissions and socio-economic deprivation in Glasgow. This analysis
demonstrates, as with the previous temporal analysis, that if autocorrelation exists it is vital
to account for this in any modelling procedure.

Chapter 6 provides a summary of the main findings of the analysis in terms of both the
epidemiological results and the methodological concerns. The limitations of the study
concerning problems associated with the use of routinely collected data are also recognised.
The thesis has demonstrated that seasonal patterns in mortality and morbidity are still a
significant public health problem in Scotland and that Zeger’s method is the most

appropriate method to use when assessing the direct relationship between climate and ill
health.

xx1




Chapter 1 - Introduction

1.1 Introduction

Ever since death records have been examined in an epidemiological manner, seasonal
fluctuations in death rates have been recognised. Some of the earliest work in the UK
was done by Quetelet' in 1842 and William Farr® in 1847. Recent studies in the UK and
the rest of the world have demonstrated that seasonal variation in both mortality and
morbidity exists in most countries. The extent of these seasonal fluctuations varies
considerably around the globe but no consistent method of measurement has been used.
Three studies®” published between 1987 and 1991 identified that the British Isles
experienced greater seasonal increases in mortality than most other European countries
and that this seasonal variation was associated with outdoor temperature and influenza

epidemics.

A study conducted by the General Register Office for Scotland® in 1987 computed the
ratio of the death rate in the 1st quarter (Q1) of the year and the 3rd quarter (Q3) of the
year between 1979 and 1984 in twelve European countries. This study found that
although there was marked seasonal variation in every country studied, the greatest
seasonal increases were in Scotland, England, Ireland, Wales and Italy. Death rates in
Scotland in the 1st quarter of the year were 30% higher than death rates in the 3rd quarter
of the year. In Germany, Netherlands, Denmark, Finland, Norway and Sweden this
figure was between 15% and 20%. In Scotland the Q1/Q3 mortality ratio was greater for

those over 65 years compared to those aged under 65.

A similar study conducted by the Office of Population Censuses and Surveys®, computed
an ‘excess winter deaths index’ (EWDI). This was defined as the percentage of excess
deaths in the four winter months of highest mortality compared with the average of the
numbers in the preceding and following four month periods. The authors compared the
excess winter death index for several countries. It was found that countries in the British
Isles experienced a greater seasonal increase in deaths than other European countries

including the colder Scandinavian countries.




Curwen’ described a regression model that used 3 variables to model the size of the
EWDI in England and Wales from 1949 to 1985. These variables were the mean national
winter temperature, the number of deaths registered as due to influenza and, to account
for time trends, the year. From this model it was estimated that each degree Celsius by
which the winter was colder than average was associated with around 8000 excess winter
deaths. Each registered winter influenza death was associated with 3.5 excess winter

deaths.

The three studies described above, using monthly aggregates, provided the impetus for
an up-to-date and detailed investigation of excess winter deaths in Scotland. The broad
aim of the study was to examine the seasonal variation of patterns of ill health in
Scotland and to assess the direct effect of climate and influenza epidemics on these
patterns. A further aim was to develop a more sensitive approach using appropriate
statistical methods to fully establish the nature of the relationship between mortality,

climate and influenza epidemics.

1.2 Evidence for Seasonality

The majority of the literature on climate related ill health is concerned with deaths or
hospital admissions from respiratory disease, cardiovascular disease or all cause
mortality. Epidemiological studies in this area have been carried out in many countries,
several of which have a climate very different to that of Scotland. Due to the diversity of
the work carried out in this field the relevant studies have been grouped into six semi-
homogeneous groups based on disease group and country (UK or elsewhere). Within
these groups, the statistical methods used range from simple measures of seasonal

variation to more detailed Poisson regression and time series methodology.

1.2.1 UK Studies
1.2.1 (a) All causes

There have been several general studies of seasonal mortality in the UK. These studies
have tended to use fairly crude but different measures of seasonality based on monthly
data. The simplest measure of seasonal variation in death rates is the Q1/Q3 ratio. This
measure provides an effective method of comparing several European countries using

published data available from the UN Monthly Bulletin of Statistics. The Excess Winter
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Deaths Index* provided another fairly simple method for comparing seasonal variation in
death rates between several countries. Using this method, countries in which the number
of deaths did not peak in the same months as European countries can be included in the
analysis. The seasonal variation in deaths in Scotland was again shown to be
considerably greater than most other European countries but not as great as that
experienced in Australia, New Zealand and Israel. The EWDI was shown to vary by sex,
age group, social class and cause of death. However there was little correlation between
the regional EWDI and the regional average winter temperature in England & Wales.
The regional EWDI was more closely related to the regional influenza rate than regional

temperature.

In another OPCS publication® a different method of measuring seasonal variation in
death rates was introduced. The seasonality ratio was computed as the death rate from
January to March expressed as a ratio of the yearly rate. Using data as far back as 1840
the author showed how seasonal variation in death rates has changed over the centuries.
The main focus of the paper was the apparent fall in seasonal variation since the 1960’s.
The author maintained that the fall in seasonality was not solely the product of fewer
severe winters or less severe influenza epidemics but could be attributed in part to an
increase in central heating systems and the fali in air pollution which has occurred since
the 1960’s.

The seasonality of disease in Scotland using both deaths and hospital admissions for
different causes and age groups was assessed by Douglas’ in 1991 using the method of
‘cosinor analysis’. This method involved computing the amplitude of the seasonal curve
from the coefficients of a cosine and sine term in a regression model and expressing this
as a percentage of the mean yearly number of deaths. He found a mean to peak increase
of 12.4% for all causes of death, 14.7% for ischaemic heart disease, 13.3% for
cerebrovascular disease and 32.5% for respiratory disease. The degree of seasonality

experienced increased with age and was greater for deaths than for hospital admissions.

The five papers discussed provide a general overview of the seasonal pattern of ill health

in the UK. Each author has used a different method which makes a direct comparison of




the figures difficult. However, they all demonstrate a substantial seasonal increase in

deaths.

One criticism of the first three methods is that the authors pre-determine the period of the
year for which the peak in deaths is measured. If the peak does not fall exactly in the
middle of the monthly grouping these methods will provide an underestimate of the true
extent of seasonal variation. The method proposed by Douglas removes this obstacle but
as with the other authors he uses monthly data. The data set is reduced to twelve monthly

points, thus losing information.

Much of the work in the field of seasonality of disease has concentrated on specific
diagnostic groups or causes of death. The disease groups which displayed the greatest
seasonal variation, and on which most analysis has been conducted, are diseases of the
respiratory system, cerebrovascular disease and ischaemic heart disease. A review of the

findings and methods used in the different disease categories is now presented.

1.2.1 (b) Respiratory disease and influenza

Deaths from respiratory disease tend to display the greatest seasonal variation. Most
papers concerned specifically with seasonal patterns in respiratory disease concentrated
on the effect of influenza epidemics and of respiratory disease on all cause mortality.
Specific respiratory conditions such as hypothermia and asthma have also attracted
attention in studies of seasonality. Recently the effect of air pollution on deaths from

respiratory disease has been the subject of much media interest.

Curwen® compared the number of deaths in a winter that contained an influenza epidemic
to the number in the previous winter and estimated that the influenza epidemic in the
winter of 1989-1990 was responsible for 25 000 deaths. Curwen used a fairly crude
method to establish a ‘hidden influenza factor’. He subtracted the number of deaths in
the previous winter from the number in the epidemic winter to obtain the excess winter
deaths. He then subtracted from the number of excess winter deaths those that were
recorded as influenza deaths. The remaining excess winter deaths were deemed
attributable to influenza but not recorded as influenza. To obtain a ‘hidden influenza

factor’ he divided the number of deaths attributable to influenza by those recorded as
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influenza. The hidden influenza factor is described as the number of deaths associated
with the epidemic but ascribed to another cause for each death certified as due to
influenza. The winters that contained influenza epidemics in England and Wales were
the winters of 1969/70, 1972/73, 1975/76 and 1989/90 and for each of the epidemic
winters respectively the hidden influenza factor was computed as 1.8, 4.6, 2.3 and 8.9.
Curwen showed that the hidden influenza factor was more pronounced in the 65-74 age

group rather than the very old or very young.

Fleming®’ considered not just the effect of influenza epidemics but the effect of the
incidence of respiratory disease on deaths from all causes in England and Wales.
Fleming proposed that the pattern occurring in all causes of death was driven by the
underlying pattern of respiratory disease. Using four-weekly periods over the years
1986-1990 he removed the trend and seasonality from both the respiratory incidence
series and from the mortality series. He then computed a correlation for the two residual
series. This gave a strong positive correlation from which the authors concluded that
there was a close association between respiratory disease incidence and total deaths.
However, there may also have been serial autocorrelation present in both series and this

autocorrelation may have contributed to the significant correlation.

Another study that associated influenza and respiratory syncytial virus (RSV) to total
mortality in England & Wales was carried out by Nicholson'. Using four-weekly periods
Nicholson demonstrated a relationship between influenza and RSV morbidity reports and
all cause mortality. He concluded that mortality associated with RSV was considerably

greater than that associated with influenza.

While there have been several studies in other countries concerning seasonal fluctuation
in admissions for asthma there have been relatively few carried out in the UK. However,
Khot"' showed that childhood asthma admissions in southeast England peaked in early
summer and again in September/October. The authors suggested that climatic factors
might contribute to this rise in admissions in autumn. A recent editorial in the BMJ*?
reviewed the recent literature on asthma incidence and air pollution. The authors
concluded that asthma is made substantially worse by current concentrations and

combinations of air pollutants.




Intuitively respiratory disease is most likely to vary seasonally and be related to
temperature fluctuations. However, a considerable amount of work has been done
concerning other causes of death. The two other broad disease categories that display a
strong seasonal pattern are cerebrovascular disease (CVD) and ischaemic heart disease

(THD).

1.2.1 (c) Ischaemic heart disease and cerebrovascular disease

Dunnigan® examined the seasonal variation in hospital admissions and mortality from
ischaemic heart disease in Scotland between 1962-1966 by age and sex. The authors
considered three case type categories; non-fatal admissions, fatal admissions and total
deaths. The seasonal mean to peak increase in non-fatal hospital admissions was 7%, this
increased to 17% for fatal hospital admissions and to 27% for total deaths. Dunnigan
used simple correlation methods to assess the relationship between monthly temperature
and monthly deaths. He took no account of the fact that both data series were seasonal
and a correlation between any two seasonal curves is likely to produce a significant
result. Anderson™ in a letter in reply to Dunnigan’s paper showed similar patterns in
Ontario. He considered ‘sudden’ deaths separately from non-sudden deaths and showed a
scasonal increase of around 15% in sudden deaths and a similar increase in non-sudden
deaths. Both studies demonstrated a dicyclic pattern with peaks in deaths in winter and in

spring.

Several studies into the seasonal pattern of cardiovascular disease in the UK have been
published recently. Douglas® looked at the seasonality of coronary heart disease. Using
monthly data from 1962 to 1971, he demonstrated a winter/summer pattern of seasonal
variation in male and female deaths and female admissions. For male admissions he
found a dominant spring peak up to the age of 55, followed by a bimodal pattern with a

winter and a spring peak at older ages.

In a BMJ editorial Wilmshurst'® reviewed the relationship between temperature and
cardiovascular mortality. He commented that excess winter deaths from cardiovascular
mortality are numerically far more important than any other cause of death and suggested

that these excess deaths might be preventable. He discussed several possible mechanisms
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in which environmental temperature would have an effect on cardiovascular mortality,

such as raised blood pressure, peripheral vasoconstriction and blood clotting.

Several replies to this editorial were published in the following editions of the BMJ.
Cooke' comments on how the seasonal pattern of pulmonary embolism is closely related
to that of coronary disease and how the two diseases have similar causal paths. O.L.
Lloyd" discussed the idea of a climate gradient of coronary mortality and commented on
the ‘Scottish Paradox’. He showed that within Scottish geographical regions the high
cardiovascular and cerebrovascular standardised mortality rates (SMR’s) occur in the
milder west and southwest. In reply to this letter E.L. Lloyd"” commented on the fact that
it is not just absolute temperatures that have effects on health but also changes in
temperature. E.L. Lloyd claimed there was no Scottish paradox and blamed the higher
rates of CVD and THD mortality in the west of Scotland on the more changeable climate

which is experienced in the west.

A paper by Rothwell® suggested that previous studies of stroke deaths and hospital
admissions were selective and potentially biased reflecting the seasonal nature of
complications such as pneumonia. Using monthly data from 675 patients in Oxfordshire
the authors computed a chi-square statistic to test for an equal number of events in each
month. They found no significant difference between the monthly number of events in
different diagnostic classifications for stroke, however they did find that primary
intracerebral haemorrhage occurred more often than expected at low temperatures.
Haberman® also used a chi-square test statistic to test for a seasonal pattern in the
number of deaths from CVD occurring in England & Wales in 1975. He showed a clear

winter peak that occurred in both males and females and at all ages.

Bull** used simple correlation and chi-square tests to determine the degree of association
between climate and deaths from respiratory disease and cardiovascular disease. Using
data from Belfast and London he showed that the incidence of cardiovascular disease
was greater in winter and was related to temperature. He also showed that the
relationship with temperature was stronger in older people. Bull commented that on his

evidence it was unlikely that the increased incidence of respiratory and infective disease




in cold weather was causally related to the high incidence of cardiovascular disease in

cold weather.

West® demonstrated that THD mortality was correlated with temperature, rainfall and
water calcium by computing correlation coefficients between IHD mortality and the
three factors in 114 boroughs in England and Wales. Bainton®® also demonstrated a

relationship between mortality and temperature using data for Greater London between
1970 and 1974.

These three studies are among the studies in the UK which have assessed the direct effect
of temperature on cardiovascular mortality, however they use simple correlations to infer
causal associations. Most studies of climate related mortality and morbidity in the UK
have used aggregate measures of temperature such as annual figures for each year of the
analysis. Those studies that have used more detailed information on climate have used

crude methods of relating the climate variables to the mortality data.

1.2.2 International studies

1.2.2 (a) All causes

There have been several studies on winter excess mortality in the Netherlands in recent
years. In his paper on seasonal variation Mackenbach® assessed the seasonal fluctuation
in deaths using a method similar to that used in this thesis, described in Chapter 2. He
used Poisson regression and periodic functions of time to estimate the peak to trough
ratio of the seasonal curve. Machenbach included higher order cosine terms to model
more complicated patterns of variation. He considered all cause mortality and several
specific causes of death. Machenbach estimated that in the Netherlands the trough to
peak ratio for deaths from IHD was 34% and for deaths from cerebrovascular disease
this figure was 25%. By using daily deaths standardised for age and sex he arrived at a
single value for each diagnostic group and therefore an age-related increase or a sex
difference was unidentifiable. For deaths from all causes Machenbach estimated a trough
to peak percentage increase of 22%. An influenza epidemic occurred in the Netherlands
in 1986, and the authors concluded that there were 12 deaths associated with each death

registered as influenza during that year.




In his 1990 paper Kunst®, using monthly deaths in the Netherlands from 1953-1988,
described the changing pattern of excess winter deaths. The authors showed that excess
winter mortality had decreased in the Netherlands throughout the time period. This
decrease was not due to changes in the cause of death composition of total mortality nor
had the effect of influenza declined over the years. The authors proposed that the decline
in winter excess mortality experienced in the Netherlands was due to the decrease in
winter smog and improved housing conditions. They also cite many social factors that
may have affected this decrease, such as improvements in footwear, clothing, working

conditions and transport.

The seasonal variation in mortality in Germany also fell between 1946 and 1995.
Lerchl®” demonstrated a seasonal increase of around 20-30% from the annual mean to the
peak of the seasonal curve in the early years of the study. This fell to around 10% in the
1990’s. The author proposes that increased use of central heating, better clothing and an
improvement in the health care system have contributed to this decline in seasonal

variation in Germany.

Laake™ provided a direct comparison between the levels of excess winter mortality in
England & Wales and Norway in a similar method to that used by Curwen in 1988.
Excess winter mortality between 1970 and 1991 was shown to be 21% in England &
Wales and only 11% in Norway. This paper used a different method of estimating the
seasonal increase but confirmed the findings of the OPCS* study which showed that
countries in the UK had a greater seasonal increase in mortality than those in the rest of

Europe.

More recently McKee* demonstrated that the seasonal increase in mortality in Moscow
between 1993 and 1995 was smaller than that in western countries. The authors
suggested a fall in temperature of 1°C was associated with an increase in mortality of
around 0.7 per cent. The Eurowinter’® group, in a study that compared the change in
mortality with temperature falls in several European countries, showed that the effect of

falling temperature on mortality was greater in countries that had milder winters.




Saez’! used a time series approach to assess the relationship between daily mortality and
increases in temperature in Barcelona. Despite the fact that the main interest of this paper
is increases in temperature rather than decreases in temperature it bears relevance to the
work described in Chapter 4 and covers all cause mortality, cardiovascular mortality and
respiratory mortality. Saez rejected the hypothesis that the data followed a Poisson
distribution, he logarithmically transformed the data to normalise the distribution and
then used ARIMA techniques to model the relationship between mortality and deaths. He
checked the adequacy of his modelling technique using normality checks on the
residuals. The models showed that, in winter, falls in temperature were negatively related
to changes in mortality and unusual periods of temperature were associated with an
increase in mortality. In summer, increases in temperature were associated with an
increase in mortality and again unusual periods of temperature were associated with an

increase in mortality.

1.2.2 (b) Respiratory disease and influenza

As in the case of the UK, there have been few international studies that have constdered
the seasonal variation in respiratory disease. The majority of studies involving the
analysis of short-term fluctuations in respiratory disease are concerned with air pollution

rather than climatic variables. These papers are discussed in section 4.5.1.

Dales® analysed the autumn increase in asthma admissions among pre-school children in
Toronto. Using time series methods, incorporating measures of air pollution, allergens
and meteorological variables, the authors concluded that respiratory infection was the

major identifiable risk factor for the large autumnal increase in asthma admissions.

In a detailed study on the impact of influenza on mortality in the Netherlands, Sprenger™
suggested that more than 2000 people died from influenza in the Netherlands each year
but only a fraction were recognised as influenza deaths. He concluded that for each death
recorded as influenza there were 2.6 other deaths attributable to influenza and that, of all
deaths which were not registered as influenza, 47% were recorded as heart disease, 23%

as Jung disease and 30% as other causes of death.
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1.2.2 (c) Ischaemic heart disease and cerebrovascular disease

In a study conducted in 1979 Anderson®* compared the seasonal fluctuation of ischaemic
heart disease mortality in England and Wales with that in Ontario. He showed a January
peak in deaths existed in both areas, however the mean to peak increase in deaths in
England and Wales was 31% compared with 9% in Ontario. Anderson discounted the
fact that the difference in age structure of the two populations may account for the
difference in mortality patterns by comparing England & Wales with selected counties in
Ontario that had a similar age structure. He also considered increased use of central
heating and an assumption of a lower underlying death rate in Ontario, however neither
of these factors explained the difference in the seasonal fluctuation in mortality between
the two areas. He concluded that the incidence of myocardial infarction was not
increased by low environmental temperature but followed fluctuation in incidence of

severe respiratory disease.

Douglas® used analysis of variance methods to assess seasonality of deaths from
coronary heart disease and cerebrovascular disease in New Zealand between 1980 and
1984. He showed a clear seasonal pattern in both causes of death with a winter
(June/Tuly/August) peak and a summer trough. Previously Marshall®® had demonstrated a
seasonal increase in mortality from coronary heart disease in New Zealand of 35%
between 1970 and 1983. He showed that this figure varied by age group with a greater
seasonal increase occurring in older age groups. A seasonal increase in deaths from
ischaemic heart disease of 33% was shown to occur in Los Angeles County’’. This
analysis was also based on monthly data but was extended to look at weekly patterns
around the seasonal peak. The authors found that deaths peaked most markedly during
the holiday season of Christmas and New Year. Another study®® used monthly data for
the whole of the United States from 1937 to 1991 to look at seasonal variation in
mortality from coronary disease. Seasonal increases in mortality declined from around
38% in early years of the study to under 20% around 1970, the seasonal pattern then
began to increase again to around 25% in the 1990’s. The authors hypothesised that the
initial decline was due to the increase in the use of central heating over the early years
time period and the apparent reversal of this trend could be due to the uptake of air
conditioning systems which began around 1970. The increased use of air conditioning

systems would reduce the number of summer deaths from heat waves.
11




Green® carried out a study on excess winter mortality from ischaemic heart disease and
cerebrovascular disease in Israel. He computed a measure of trough to peak percentage
increase for both causes by sex and age group. The seasonal percentage increase in
deaths from IHD in those aged over 45 was around 50% for males and 60% females, for
deaths from CVD the increase was around 50% for males and 40% for females. For both
causes of death there was an increase in seasonal variation with age group. Green also
performed a cosinor analysis, splitting the data into warmer or colder years. He
demonstrated that the amplitude of the cosine curve was greater in colder years than
warmer years for both causes of death. He commented that the contribution of influenza

and pneumonia to the seasonal pattern of deaths was relatively small.

Sheth® showed a 10% seasonal increase in mortality from AMI in Canada during 1980
to 1982 and 1990 to 1992 and seasonal increase in stroke mortality of 14% for the same
time period. The authors also showed that these scasonal increases were significantly

greater at older ages compared to younger ages.

The papers described above have concentrated on measuring the extent of the seasonal
variation, however there have been several papers which have tried to establish a direct
association between climatic conditions and deaths from ischaemic heart disease and
cerebrovascular disease. Statistical methods such as Poisson regression and time series
regression, have been used in some cases, however there have been many studies in

which the distribution of the data and methodological issues have been ignored.

Pan* used odds ratios to establish a risk of dying from CVD at a particular temperature
in Taiwan. The authors took no account of the seasonal pattern existing in both series
and computed an odds ratio between the mean daily mortality at each degree Celsius and
the mean daily mortality at a baseline temperature. They demonstrated that the odds of
death were generally greater at temperatures lower than the baseline temperature. From
the odds ratios they observed a U shaped relationship with temperature and computed a
percentage increase in deaths due to each degree fall in temperature. While the
methodology used in this study cannot establish a causal link it does support findings

from other studies. Mannino* used linear regression to establish a link between mortality
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rates from myocardial infarction and daily temperature in Wisconsin. The regression
coefficients were significant for all age categories except those under 50 years. However
the analysis did not adjust for the fact that both variables followed a seasonal pattern and
could therefore produce significant results in a linear regression analysis when there was
no causal relationship present. Baker-Blocker® used correlation coefficients to determine
the relationship between minimum air temperature and cardiovascular mortality in
Minneapolis-St Paul. She found a significant relationship between mortality and
departures from normal minimum temperature on the days preceding death. She found
that in two out of the five winters studied, snowfalls were significantly correlated to
cardiovascular mortality several days after the snowfall. The limitations of this study are

again failure to account for the seasonal pattern in both mortality and temperature

Using observed to expected ratios, Rogot and Padgett* demonstrated that both stroke and
coronary heart disease mortality were related to snowfall for a period of up to 6 days
after a snow fall in the USA. Anderson®® assessed the effect of cold snaps and snow falls
on deaths from IHD in Toronto over a 15 year period. He defined a cold snap as a day on
which the temperature was at least 4.4°C lower than it was the day before. He considered
the average number of deaths each day in the pair of days and found that deaths
increased by 16% in males aged younger than 65. Similar analysis on snowfall days
recorded an 88% increase in deaths, on pairs of days which experienced both a cold snap
and a snowfall the increase in deaths was 113%. Heunis*® considered the effect of short
term changes in temperature on deaths from cardiovascular disease in people aged over
60 in Cape Town, South Africa for the period 1978-1985. Using t-tests he demonstrated
that a significant increase in deaths occurred two days after a minimum temperature of
below 4°C. He also considered deaths on very hot days associated with berg winds.
These winds herald the approach of a cold front and are extremely hot. They are
characterised by a sudden rise in temperature of at least 5°C and then drop in temperature

of around 10°C. A significant increase in deaths was found two days after a berg wind.

The studies described have used various measures to determine the existence of an
association between temperature and deaths. However, in most cases certain features of
the data have been overlooked and simple summary statistics have been used to infer a

causal relationship.
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Ohlson*” used Poisson regression to relate wind-chill, snowfall, atmospheric pressure and
day of the week to daily admissions for IHD in a Swedish hospital during three winters.
No relationship between the climatic features and IHD incidence was found, however
this study did not consider lag effects and was concerned with climatic features other
than temperature. The authors concluded that weather conditions were not a major
triggering factor for myocardial infarction in Sweden. Enquselassie®® studied fatal and
non-fatal coronary events in New South Wales. Poisson regression analysis was used to
determine the degree of association between the climatic variables and the coronary
events. The main findings from the study were that fatal coronary events and non-fatal
myocardial infarction were 20-40% more likely in winter (June-August) and spring
(Sept-Nov) than at other times of the year. Fatal events were 40% more likely to occur
on cold days than at moderate temperatures. The authors showed the change in deviance
associated with the addition of each variable to the logistic regression model but did not
give parameter estimates. Temperature and rainfall were both significant variables in the

model.

Kunst®” used data on all deaths in the Netherlands from 1979 to 1987 and daily
meteorological data in his study of the relationship between temperature and mortality.
He also had access to data on incidence of influenza-like diseases and air pollution
measurements of sulphur dioxide from six stations. He used a Poisson regression model
and demonstrated the presence of a lag effect. For all cause mortality he found that a 1°C
drop in temperature was associated with a percentage increase in deaths of about 0.5%
one week later. Falls in temperature had the greatest effect on deaths from respiratory
disease and cardiovascular disease. He showed that the relationship between temperature
and mortality was altered very little by the inclusion of sulphur dioxide levels and season
into the model. Influenza incidence however was a significant term in the model. Kunst
also considered hot temperatures and demonstrated a U shaped relationship between

temperature and mortality.

Lanska®® analysed seasonal patterns in stroke mortality in the USA from 1938 to 1988,
concluding that both respiratory disease and temperature influenced the seasonal patterns
in stroke mortality. The authors decomposed each time series into a trend, a seasonal

effect and a residual effect and used cross correlation techniques to assess the
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relationship between the residual time series. The cross correlations were greatest at a lag
of zero indicating that the stroke and respiratory curves peaked at the same time, when
the temperature curve was at its trough. However, the data were aggregated by month

giving little opportunity to further investigate any time lags in the relationship.

Most of the studies described have used fairly simple statistical techniques such as
correlation, chi-square tests and latterly Poisson regression or time series regression; few

studies have recognised that weekly or daily mortality data is a Poisson time series.

1.2.3 The use of time series in epidemiology

Catalano® discussed the underuse of time series methods by epidemiologists stating that
in the five years prior to the publication of his paper, the American Journal of
Epidemiology had only published one article which used time series methods. However,
Catalano failed to recognise that most epidemiological data do not satisfy the normality

assumptions required in a classical time series analysis.

Giles®, using a co-spectral time series analysis technique, found no relationship between
asthma morbidity and daily meteorological data in Tasmania. Hoppenbrouwers™ used a
similar technique, spectral coherence methods, to demonstrate a relationship between
environmental pollutants and cases of Sudden Infant Death Syndrome (SIDS). He
showed that peak levels of pollutants preceded peak levels of SIDS by seven weeks.
Bowie and Prother054, i a study of IHD mortality and temperature, used time series
methods to filter their data and create residual series which consisted of independent
identically distributed random variables before correlating the two series. This technique
is similar to that described in section 3.3.3.

Alberdi® assessed the relationship between temperature and daily mortality in Madrid
using a similar method. The authors removed any deterministic elements of the series
such as trend and seasonal components and also removed autocorrelation using Box-
Jenkins methodology. Several different weather variables and the mortality data were
modelled using ARIMA models and the cross correlation function between the weather
series and the mortality series was examined. The results showed that mortality was

inversely related to cold temperature with a lag of 11 days and directly related to warm
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temperature with a lag of 1 day. This was described as a J shaped relationship by the
authors.

Albert® proposed two models for describing relapsing-remitting behaviour in a series of
counts. The first was in the form of a Poisson time series with a periodic trend and terms
for previous observations; the second model used a hidden Markov chain to describe
relapsing-remitting fluctuations. He found that both were satisfactory models and their
suitability depended on the vagaries of the data to which they were applied. Kuhn*
compared Poisson regression and time series methods to detect changes over time in
rates of child injury following a prevention program. He found that both methods

provided similar parameter estimates and both provided a good fit to the data.

While these studies have applied time series techniques to epidemiological data, none
have been able to deal with the fact that the data follow a Poisson distribution. A paper
by Campbell® used a method developed by Zeger” to investigate the relationship
between sudden infant death syndrome and environmental temperature. The authors
concluded that the rate of SIDS in England and Wales from 1979 to 1983 increased by
4.3% for every 1°C drop in environmental temperature. In this paper the authors assess
the validity of several methods of statistical analysis for time series data which follow a
Poisson process. Zeger’s method was developed to deal with this type of problem and the
authors conclude that the method proposed by Zeger is the most appropriate one to use in

these circumstances.

Zeger’'s method may provide the tool for time series methods to be applied to
epidemiological problems and in this thesis three methods of analysis will be compared;
classical time series methods, Poisson regression methods and Zeger’s method when
assessing the nature of the relationship between mortality and environmental

temperature.

1.2.4 Physiological Hypotheses

Many studies have demonstrated a statistical relationship between seasonal increases in
mortality and seasonal climatic change. However, to establish a causal relationship the
mechanisms by which outdoor temperature affects the body’s physiology need to be
considered. Several studies have examined seasonal variation in three risk factors for
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vascular disease; high blood pressure, high cholesterol levels and fibrinogen

concentration in the blood.

Brennan,” using blood pressure measurements taken during a trial for mild hypertension,
demonstrated that for each age, sex and treatment group, systolic and diastolic pressures
were higher in winter than in summer months. Brennan also showed that seasonal
variation in blood pressure was greater in older than in younger subjects and was related

to daily air temperature measurements.

A study by Dobson® demonstrated a seasonal fluctuation in serum cholesterol with
higher levels in winter than in summer. MacRury®, in a similar trial, also showed some
evidence of a seasonal variation in serum cholesterol levels, however both trials
consisted of very few patients. A study conducted in Belfast by Stout® demonstrated a
23% increase in winter in plasma fibrinogen concentrations as well as significant
seasonal variation in measurements of plasma viscosity and high density lipoprotein
cholesterol. A similar study conducted in Cambridge by Woodhouse® also showed that
fibrinogen levels were greater in winter than summer. Using results from the Northwick
Park Heart Study® the authors estimated that the observed seasonal variation in plasma
fibrinogen could account for 15% of the increase in ischaemic heart disease risk in
winter. Keatinge® demonstrated significant changes in the levels of many cardiovascular
risk factors by comparing healthy student volunteers in an experiment that involved the
student being cooled over a period of 6 hours. He showed that blood viscosity increased
by 21%, arterial pressure rose on average from 126/69 to 138/87 and both blood

cholesterol and platelet count increased.

Donaldson®’, using data from men aged 50-69 attending BUPA health screening
examinations in London, compared haematological and blood pressure data with outdoor
temperatures. Regression analysis using data filtered for long term seasonal patterns
showed that short-term falls in temperature were associated with significant increases in
9 out of the 13 variables recorded. The analyses also included daily mortality rates for
IHD and CVD in London which also demonstrated a significant increase associated with

a short term fall in temperature. The authors concluded that the relationship between
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temperature changes and changes in arterial risk factors are sufficient to cause the

observed increase in arterial disease mortality in winter.

The association between the increase in respiratory disease and outdoor temperature is
more difficult to explain. Respiratory infections such as the common cold are so
common that their importance is not recognised until such time as there is a major winter
influenza epidemic. The respiratory tract is a major site for infections and identifying
which infective agent is associated with a particular outcome is complex. Respiratory
disease can be caused by viral infections and bacterial infections. Some viruses are
temperature dependent and are only able to multiply freely at lower body temperatures of
around 33°C*, Fleming’® proposed that outdoor temperatures of a few degrees above
freezing, together with relatively high humidity might encourage the spread of infection
by the droplet method. Monto® examined the temporal patterns of respiratory syncytial

virus and showed that the virus was prevalent during much of the cold season.

Influenza epidemics occur at cold temperatures and have been shown to be related to a
significant increase in the number of deaths from all causes®. This phenomenon of hidden
influenza deaths has been examined in several other studies™ and it is generally
recognised that an influenza epidemic can produce a significant increase in the number

of deaths which are not recorded as influenza deaths.

1.3 Summary & Aims

Other studies™ have established that seasonal variation in mottality in Scotland is greater
than in most other European countries. The work described in this thesis looks at both
seasonal variation in ill health and the direct effects of changing temperature on iil health
in Scotland. Furthermore the analysis is also concerned with the role of socio-
demographic variables and environmental pollution. The pattern of disease occurrence
over both time and space is also examined by concentrating on hospital admissions for
respiratory disease and examining how these vary over time throughout different

geographical areas of Scotland.

Previous studies of seasonal variation in deaths in Scotland used fairly crude methods of
measurement such as the Q1/Q3 ratio and the EWDI. The initial aim of this work was to
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develop a more accurate method of measuring the seasonal variation in mortality and
morbidity in Scotland. This analysis would then be examined in more detail to determine
the effect of various socio-demographic variables on seasonal variation. The main effects
to be studied were cause of death or hospital diagnosis, sex, age group, area of residence
and social deprivation score. In Chapter 2 a method similar to that used by Douglas’ is
described, but using weekly data, for 1981 to 1993 and a time trend variable. This
provides a more accurate but also generalisable estimate of seasonal variation in deaths
and emergency hospital admissions in Scotland. Douglas’ expressed the seasonal
increase in deaths in Scotland by the percentage increase from the mean to the peak.
Using the amplitude estimate from the sinusoidal curve it is possible to express the
seasonal increase as the percentage increase from the trough to the peak thus providing a

closer comparison to the previous work by OPCS™.

The second main aim of the work was to describe in detail the relationship between
climatic variables and ill health in Scotland, taking into account possible confounding
variables such as influenza epidemics. Within this broad aim there were many potential
areas of interest. These included determining which climatic features were most closely
related to ill-health, determining the level of aggregation at which to assess the
relationships, and incorporating the information obtained from the seasonality analysis
described in Chapter 2. While these are principally matters of interest in terms of
epidemiological analysis, there were also several statistical issues to be addressed. The
data are a time series of events. The general approach to modelling time series data has
in the past been Box-Jenkins methodology, which assumes normality. These data are
counts and, after divisions by the various socio-demographic variables, the numbers may
be small and therefore assumptions of normality may not be justified. When analysing
data in the form of counts Poisson assumptions are usually valid, however in this case,
because the data are a time series there is autocorrelation present in the data and Poisson
regression methods require the counts to be serially independent. Chapter 3 provides a
detailed discussion of the statistical issues and the results of the more detailed

epidemiological analysis.

In Chapter 4 the relationship between temperature and ill health with regard to age

group, socio-economic status and city of residence is assessed. An analysis of the effects
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of changes in temperature, absolute temperatures and sudden cold snaps is described
before concentrating on the effects of air pollution. Data on daily levels of Nitrogen
Dioxide and Carbon Monoxide were available for Glasgow City and this information

was incorporated into the analysis of the effects of climate on health in Glasgow City.

In Chapter 5 the concept of space-time analysis is introduced. The analysis described in
this chapter acknowledges that while the main analysis is concerned with the temporal
aspects of the data the spatial element is also important. The presence of a spatial pattern
is established before the space-time interaction is examined. Finally Chapter 6 provides a
summary of the main findings of the analysis, in terms of both the epidemiological
results and the comparison of the statistical methods as well as a discussion of the

limitations of the study.
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Chapter 2 Seasonality of Deaths and Emergency Hospital

Admissions

2.1 Introduction & Data

2.1.1 Aims of Chapter

The aim of the work of this chapter is to accurately describe the seasonal pattern of
mortality and morbidity in Scotland during the period 1981 to 1993 and to determine
how this seasonal pattern varies according to various demographic features. The method
developed to describe these patterns was straightforward to use and understand, yet
detailed enough to provide a reliable estimate of seasonal variation for which confidence
intervals could be computed. Mortality data were obtained from the General Register
Office, while emergency hospital admissions were used as a measure of population

morbidity.

2.1.2 SMRI and GRO data

The data used in this chapter were supplied by the Information and Statistics Division
(ISD) of the NHS in Scotland and General Register Office (GRO) in Scotland.
Summaries of hospital care have been collected on a 100% basis in Scotland for many
years, these records are collectively known as the Scottish Morbidity Records (SMR).
The database which records information on in-patient stays and day cases is known as
the SMR1 database. ISD supplied computerised records of all continuous in-patient stays
and day cases in general hospitals for the period 1981 to 1993 in Scotland while the
GRO supplied computerised records of all deaths in Scotland for the same period. These
records included demographic information as well as, in the case of the death records, 3
causes of death and in the case of the SMRI1 records, 6 diagnoses, coded according to the
International Classification of Diseases’® (Ninth Revision) (ICD-9). A copy of the SMR1

form and a sample death record are shown in appendix 1.

The further aim of this project was to describe in detail the relationship between climatic
variables and ill health in Scotland (Chapters 3 & 4). The effect of short term climatic
change on the pattern of ill health is likely to be fairly immediate, and for this reason

only emergency admissions were selected for analysis from the SMR1 data base. It is
21




unlikely that a waiting list in-patient episode will be related to measurable climatic
features. All death records were included in the analysis. The final data files for analysis
consisted of over 4.3 million emergency hospital admissions and over 800 000 death
records. The data were analysed separately for different causes of death and diagnostic
groups. Weekly data were used in preference to daily data due to the amount of noise in
the daily data. However, one problem with using weekly data was that there were 52
weeks and 1 day in most years and 52 weeks and 2 days in a leap year. In order to
simplify the analysis, the data were adjusted such that each year contained exactly 52
weeks. This was done by making week number 52 contain 8 days in a normal year or 9
days in a leap year then adjusting the number of deaths in these weeks by either 7/8 or

7/9. Table 2.1 shows the distribution of deaths in the different causal groups.

Table 2.1 Total number of deaths in Scotland 1981-1993

Cause of Death ICD-9  Sex Average deaths Total Percent of all
code per week deaths

Cancer 140-239 M 145 98004 25

F 137 92751 22
Ischaemic 410-414 M 183 123838 31
Heart Disease F 155 104881 25
Cerebrovascular | 430-438 M 60 40342 10
Disease F 100 67861 16
Respiratory 460-519 ™M 68 46032 12
Disease F 71 48061 12
Total 001-999 M 580 392298 100

F 616 416075 100

Mortality from cancer and ischaemic heart disease (IHD) accounted for over half of all
deaths in Scotland between 1981 and 1993, with deaths from cerebrovascular disease
(CVD) and respiratory disease (RD) each accounting for around 10% of all deaths.
Overall there were around 1200 deaths per week in Scotland. The patterns were quite
different for emergency hospital admissions. Table 2.2 shows the distribution of

emergency hospital admissions in different diagnostic groups.
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Table 2.2 Total number of emergency hospital admissions in Scotland 1981-1993

Diagnostic ICD-9  Sex Ave emerg. Total Percent of all
Group code admis. per week emerg. admis.
Cancer 140-239 M 172 116476 5
F 160 108103 5
Ischaemic 410-414 M 252 170235 8
Heart Disease F 174 117528 6
Cerebrovascular | 430-438 M 91 61496 3
Disease F 109 73554 4
Respiratory 460-519 M 354 239418 11
Disease F 289 195279 9
Total 001-999 M 3263 2205774 100
F 3105 2099130 100

The majority of emergency hospital admissions were for accidents while respiratory
admissions accounted for around 10% of all emergency admissions. Around 6-8% of
emergency admissions were for THD with 5% for cancer and around 3% for

cerebrovascular disease.

2.1.3 Dividing the data into subgroups

2.1.3 (a ) Cause of death/Hospital diagnosis

The data were split into the main disease groups from the ICD-9 chapter headings. The
decision of which disease groups to concentrate on was made by considering two points;
the proportion of all deaths which were attributable to that cause and the estimated size
of seasonal variation in deaths from that cause. The expected seasonal variation from a
cause was assessed by looking at a plot of the data and from information gained from the
literature. The disease groups for which the seasonal analysis was most relevant were
ischaemic heart disease, cerebrovascular disease, and respiratory disease. These
categories accounted for over half of all deaths and all had demonstrated a seasonal
pattern in a simple plot of the weekly number of deaths. The other disease group that was
considered was cancer, cancer deaths accounted for a quarter of all deaths. Of these four

groups respiratory disease showed the greatest seasonal variation, followed by IHD and
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CVD and there was virtually no scasonal variation in deaths from cancer. From this
preliminary analysis and results from the literature it was decided to concentrate the

detailed analysis on respiratory disease, IHD and CVD.

2.1.3 (b) Age group

The data were split into 5 age groups. The age groups were determined by considering
age groups in which the population is at varying risks of deaths from certain diseases and
with reference to previous studies which showed that seasonal variation is greatest at

older age groups. The age groups were 0-9, 10-59, 60-69, 70-79 and 80+.

2.1.3 (c) Socio-economic status

Deprivation scores were assigned to each case using the Carstairs scoring system.
Carstairs”' attached a score to each postcode sector in Scotland based on (i) the
proportion of male unemployment in the postcode sector, (ii) the proportion of
overcrowding (iii) the proportion of car ownership and (iv) the proportion of the
population classed as social class I & II. The Carstairs scores were divided into 5 groups
ranging from deprived to affluent, with each category containing approximately 20% of
the population. These were then further grouped into 3 categories. The ‘affluent’
category contained the top 20% of the population, the ‘average’ group contained the
middle 60% of the population and the ‘deprived’ group contained the bottom 20% of the
population.

Information about an individual’s occupational social class was provided on death
records but not on SMR1 forms, therefore emergency hospital admissions could only be
assessed by the area-based deprivation score, whereas the death records could also be
analysed according to social class. Occupational social class for females is unreliable as
it frequently is based on the occupation of the spouse, therefore a social class analysis
was only conducted for males aged 16 and over.

The distribution of deprivation and social class amongst the population when compared
by age at death is not even, as shown in table 2.3. For each cause of death, in the younger
age groups the proportion of deaths is greatest in the deprived areas, whereas in the older
age groups the proportion of deaths is greatest in the affluent areas. This is due to the fact
that the population of deprived areas in general die younger than those who live in

affluent areas. The relationship between social class and age group, while not as strong
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as that for deprivation categories, also indicates that the population of social classes III,
IV & V die younger than the populations in social classes 1 & II. From table 2.3 it
appears that there is a clear trend across deprivation categories, whereas with the social
class data there are similar age distributions in social classes III, IV & V which are
different to those in social classes I & II. There has been much work on the inequalities

in health related to social class and socio-economic deprivation’”!

which is beyond the
scope of this thesis. However, these observations suggest that when assessing seasonal
variation according to deprivation categories and social class, the data should be age
standardised to avoid the problems of confounding. Seasonal patterns have consistantly
shown to be greater at older age groups and not standardising for age would mean that,
because affluent areas have higher proportions of older people they may be shown to
experience greater seasonality. This could be wrongly attributed to socio-economic status

when, in fact, it is purely an age association.

Table 2.3 Distribution of age group, social class and deprivation

Cause of  Age Deprivation Category Social Class

Death ~ Group | Aff(%) Ave(%) Dep(%) |I1&I(%) 1IL%) IV & V(%)

HD <65 23.6 29.1 36.3 26.7 30.8 30.1

65-74 32.3 342 34.6 32.4 34.1 35.0

75+ 44.0 36.7 29.0 40.9 35.0 34.8

CvD <65 11.4 14.3 20.5 11.8 15.3 15.7

65-74 24.4 29.5 32.0 26.1 29.8 30.3

75+ 64.2 56.2 47.4 62.1 54.8 54.0

RD <65 9.9 14.0 19.8 10.4 14.0 14.6

65-74 21.3 26.4 29.9 22.1 27.2 28.0

75+ 68.8 59.7 50.3 67.5 58.9 57.4

All Cause <65 242 28.6 35.6 25.6 28.6 28.5

65-74 27.6 302 31.3 28.8 30.9 314

75+ 48.2 41.2 332 45.6 40.5 40.2

Age standardisation was carried out using data from both the 1981 and 1991 censuses.

The population were grouped into 18 quinenial year age groups and three deprivation
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groups ‘affluent’, *average’ and ‘deprived’ for both 1981 and 1991. The data were then
interpolated and extrapolated to provide the weekly population figures for the time
period Jan 1981 to Dec 1993 in each of the 54 (18*3) age/deprivation categories. The
rate for each age/deprivation category was computed by dividing the weekly number of
deaths by the weekly population estimate and this was standardised to the 1991 Scottish
population figures using direct standardisation techniques.

Population figures by social class were not available in the 1981 census, however they
were available in the 1991 census. In order to interpolate and extrapolate the social class
data the percentage change in the overall population for each of the 18 age groups from
1981 to 1991 was applied to each social class group within the age group. This method
assumed that the change in population patterns within a 5-year age group was spread
evenly throughout the social class groups. This may not be the case, but it was the only
method in which the weekly population by age group and social class from 1981 to 1993
could be estimated. Again, the mortality data was divided by the population data and

direct standardisation techniques were used.

2.1.3 (d) Health Board of residence

The data were also analysed according to Health Board of residence. As with the analysis
by deprivation category and social class, age effects may confound a geographical effect,
so the data were age standardised in a similar method. Population data by five year age
group and Health Board were available from both the 1981 and 1991 census. The three
Island Health Boards; Orkney, Shetland and the Western Isles were grouped together as

‘Islands’ to avoid the problems of very small numbers.

2.1.4 Exploratory plots

The weekly number of deaths in Scotland from 1981 to 1993 showed a clear seasonal
pattern (figures 2.1 & 2.2). On average, there were around 1200 deaths per week in
Scotland. This figure increased to over 1400 deaths per week in most winters and, in
summer, fell to around 1000 deaths per week. The pattern is less clear for emergency
hospital admissions (figures 2.3 & 2.4). The weekly number of admissions for all

diagnostic groups showed a clear upward trend. The number of admissions per week was
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2.2 Development of Methods

2.2.1 Trend Analysis

Before estimating the seasonal component in weekly deaths and hospital admissions a
simple linear regression was fitted to the data shown in figures 2.1 and 2.3. There was
found to be a decreasing trend in the number of deaths and an increasing trend in weekly
admissions. In order to study the existence of seasonal patterns the linear trend in the
series was removed by fitting a straight line to the data. The residual series from this fit

contained the seasonal and the random variation present in the data.

2.2.2 Spectral Analysis

Spectral analysis of time series describes the fluctuations in the series in terms of
sinusoidal curves. The spectrum of a series is defined by the autocovariance of the series
and when based on the sample autocovariances is known as the periodogram. The
periodogram is a plot of the amount of variation in the series that could be associated
with a cycle at a particular frequency or period. A sharp peak in the periodogram may
indicate the presence of a cycle at the corresponding frequency. It can be used to identify
cyclical patterns in data which may not have been evident in a plot of the data and which
may not have been predictable before the data were examined. Smoothed estimates of
the spectrum which gain precision as » increases can also be used to identify cycles in
data. These smoothed estimates are known as ‘windowed’ estimators for the spectrum.
Once cyclical behavior has been establised harmonic modelling can be used to model

these observed patterns.

If we imagine that our series consists of several sinusoidal components, then the data

series can be written as

m
yt = k§1 k cos(cokt) + ﬁk sm(cokt)}-a- u, t=1nnt 2.1)

where u, is a white noise sequence and each @, is one of the Fourier frequencies. If we

further specify @, =27k /n, for some positive integer £ <n/2 then the regression sum
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of squares assoclated with a particular frequency @ can be computed and the

periodogram ordinates /(@) defined

1

2 2
H{w)= {§ Y, cos(a)t)} +{ % y tsin(a)t)} /n (2.2)
t=1 t=

The periodogram is a plot of the periodogram ordinates (@) against @. The
periodogram will show a peak in the value of /(@) if a cycle of frequency @ results in a

large regression sum of squares. This plot will demonstrate where cycles may be found

in the data.

For example in our data set of 13 years giving a series of 676 weeks an annual cycle

. . 2
would be represented by a peak in the periodogram at the frequency =~—ﬂ£, or
n

w=——-—= — =10.12083.

Cycles at other frequencies that were not predictable before using spectral analysis
would also be identified by a peak in the periodogram. To make identification of these
cycles easier, the periodogram ordinate can be plotted against the periodicity of the curve

rather than the frequency. In this case a yearly cycle would show as a peak at a
periodicity of 52 weeks rather than a frequency of 0.1208 (27/52) and a 6 month cycle
would show as a peak at 26 weeks rather than a frequency 0f 0.24166 (27 /26 ) or 2w .

2.2.3 Harmonic modelling

The all cause male mortality data y, showed a clear yearly cycle and a negative trend.

These features were evident simply from looking at the data (figure 2.1). The yearly
cycle in the data was the cycle of most interest and spectral analysis, to identify any other
patterns in the data, was not necessary at this stage. The model fitted was of the form

y, =a+bt+ Adcos(at + p) t=0),....675 (2.3)

A plot of this curve is shown in figure 2.5
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The plot of the periodogram using period rather than frequency on the x-axis showed a
peak at a period of 26 weeks, indicating an additional 6 monthly cycle.

This apparent cycle appearing at a frequency of 2w was however not a real cycle, this
peak in the periodogram occurs due to the fact that the data follow a non-sinusoidal
curve. The model that had been fitted contained one cosine term to represent the cyclical
nature of the data. The data however did not follow a purely sinusoidal curve, therefore
at a certain time each year the model does not fit well, thus examination of the residuals
from the fit using spectral methods displays evidence of other cycles in the data. The
weekly number of deaths from all causes does not follow a 6 month cycle but the
presence of this other possible cycle in the periodogram indicates that the data deviates
from a straightforward sinusoidal curve. These other ‘pseudo-cycles’ which often appear
in spectral analysis are known as harmonics.

Harmonics occur in a cycle when the cyclical variation in the original series is non-
sinusoidal. If a series has a clear cycle at frequency '@' then if this is a non-sinusoidal
cycle there will be peaks in a periodogram at frequencies 2a',"3®','4w" etc. If there are
peaks at these frequencies in the periodogram they should not be interpreted as separate
cycles in the series but as indicators that the cycle is not sinusoidal.

The harmonic terms can be represented in a model in the same way as the yearly cycle
was represented. The inclusion of these terms in the model leads to the model being a
better fit of the data. By including a term for all the harmonics found in the data the
residual series will show no cyclical features and no trend.

These full harmonic models were of the form

y=a+bt+ A cos(wt+ p,)+ A, cosQart + p,) + A, cos(3wt + p,) +...... (2.4)

This method of modelling the data in such detail was done for both male and female
deaths from all causes, IIHD, CVD and respiratory disease. It provided a good insight into
the form of the data and the fact that the patterns in the data were not straightforward.
However, the information gained from the individual parameters from this type of model
is not easy to interpret. The main problem with the full model containing several cosine
terms is that no simple summary measure of amplitude could be obtained using the

parameter estimates in the model.
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2.2.4 Simple model

The second method of modelling provided a simple summary measure of the amplitude
of the seasonal curve expressed as the average percentage increase in deaths from
summer to winter. The method developed by Halberg, Tong and Johnson” involves
fitting a sinusoidal curve to time series data using least squares regression. Lentz’*

r'> and Faure’®

provides a straightforward description of the technique, while Teiche
discuss the technique in more detail. Bloomfield’” provides a good general introduction
to the sinusoidal analysis of time series.

From (2.1) assuming the presence of only 1 cyclical term, our series can be written as
y, =acos(ar) + Bsin(wt) where  =0.1203 (27/52) (2.5)

using trigonometric expansions this equation can be written as

Y, = Acos(wt + p) (2.6)

where A is the amplitude of the fitted curve and pis the phase of the curve. In this model

A=4a’*+ [ and p = arctan(-fB/ ) .

In the previous section concerned with harmonic modelling the data was modelled using
the non-linear model function in SPSS. However, in this case, when the aim is not to get
the most accurate fit to the data but to develop a method that can provide a summary
measure of seasonal variation with confidence limits, the linear model (2.5) was more

appropriate. Equation (2.5), the trigonometric expansion of (2.6), is equivalent to (2.3)

but without the trend.

The clear trend in the data was modelled using

y,=at bt 2.7
this gave an expected number of deaths per week assuming no seasonal variation was
present. No other structured form was considered for the data, anything greater than
linear terms would introduce potential extrapolation problems. Next a generalised linear

model with a poisson error and a log link of the form

In(y t) =g cos{(wt) + f cos(wt) (2.8)
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was fitted using the expected values a + bt as an offset.

The inclusion of the offset term meant that when 1 =&’ + 8> was computed 1

represented the increase from the mean to the peak of the fitted curve expressed as a ratio
and p = arctan(—-fg/ @) .

The variance of A was given directly in the modelling procedure using equation (2.3),
but when using the expansion necessary for the log-linear analysis (2.8), the variance of

A had to be computed separately. This was done using the result that for a function

Z = H(x,y), where xis N(u,,03)and y is N(u,,073) then

Var(Z) = [%} o’ +[§] O'f, + [%}[%}Cav(x, ¥)

this gives

Rw

2 2
(24 ﬂ 2 aﬁ 2
Var(A) =| ==——=—| o, +| —:——=| o -{————}o-a
L/(auﬁz)] L/(azwz)} Platepr
An S-Plus function was written to estimate A which was then expressed as the

percentage increase from the trough to the peak of the fitted seasonal curve using

. 22 _ o .
= 14l Ik 95% confidence intervals for this estimate were also provided.

This method provided a means of comparing the seasonal increase in mortality between
different populations or different subgroups of the same population. The method was
used to analyse the seasonal pattern of mortality and morbidity by sex, age group, social
class, deprivation category and health board.

A copy of the S-PLUS function is provided in appendix IL

2.3 Mortality Results

As mentioned in section 2.2, two methods of modelling the data were explored. Firstly
the data were modelled using a fairly complex harmonic model, which was later found to
be of little use in the descriptive analysis as it did not provide a simple measure of

amplitude for which a confidence interval could be computed. The second method used a
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simple model, which could be used to provide an estimate of the amplitude expressed as
the percentage increase in mortality from the summer trough to the winter peak. This
method also accounted for the fact that the data were Poisson, which while not of great
concern when considering deaths from all causes, would be important when dealing with
smaller numbers. When describing the seasonal patterns for each cause of death the data
have firstly been examined using simple summaries such as the average pattern over the
13 years and have then been described according to the results from the sinusoidal
model. The results should be looked at bearing in mind that the simple model averages
the data and, as shown by the more detailed modelling in section 2.2.3, the data in fact

follow a non-sinusoidal pattern.

2.3.1 All Causes

As described in section 2.1.4 there was a clear seasonal pattern apparent in the plots of
mortality from all causes over the 13 year period (figure 2.1) and in the average number
of deaths per week averaged over one year (figure 2.2). This section of the thesis reports

on the results from modelling these data using a simple sinusoidal curve.

2.3.1 (a) Results from sinusoidal model for all cause mortality

When modelled using a simple sinusoidal curve with just one cosine term the percentage
increase in deaths from all causes from trough to peak for males was 28.3% with a 95%
confidence interval (27.5,29.0) and 33.8% (33.1,34.6) for females. The confidence
intervals for male and female total deaths from all causes did not overlap, implying that
the difference in amplitudes was significant, the seasonal increase in female deaths from
all causes was significantly greater than the seasonal increase for males. The seasonal
increase in mortality from all causes was greatest at the very young age groups and the
older age groups. These age groups are the more vulnerable members of society, those
who may struggle to keep warm in the winter or who are more vulnerable to infection.
The seasonal increase when the data are split by age and sex is given in table 2.4 and

figure 2.8
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degree of seasonal variation experienced in each of the deprivation categories. However,
when the data were analysed according to occupational social class the seasonal increase
in male mortality in social classes I & II was considerably smaller than that experienced
in social classes III, IV & V. People in the lower social classes experienced a greater
seasonal increase in mortality than those in the higher social classes. This may be related
to a person’s ability, financial or otherwise, to protect themselves from the effects of cold

winter conditions. The results of this analysis are shown in table 2.5.

Table 2.5 Seasonal percentage increase in mortality by deprivation category and social

class, all causes (age standardised)

Males Females
Deprivation Category % CI % CI
Affluent 30.1 (26.4,33.8) 35.1 (31.4,38.8)
Average 304 (27.0,33.8) 34.0 (30.5,37.5)
Deprived 31.7 (28.5,34.9) 36.6 (33.1,40.0)
All categories 30.6 (27.2,34.1) 34.7 (31.2,38.2)
Social class
1&1 23.2 (18.8,27.7) - -
I 30.2 (27.2,33.3) - -
V&V 30.9 (27.7,34.1) - -
All categories 29.3 (25.9,32.6) - -

In order to assess whether seasonal increases in mortality varied according to
geographical area of residence the data were split into separate Health Board areas. In
general there was little difference in the degree of seasonal variation in mortality
between the health boards however the seasonal increase in male mortality in the Islands
was significantly lower than in all other health boards. The seasonal increase in mortality
was greater in females than in males in each health board. The results of this analysis can

be seen in table 2.6.
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Table 2.6 Seasonal percentage increase in mortality by Health Board of residence, all

causes, (age standardised)

Health Board Percent Males Percent Females
Increase 95%(CI Increase 95%C1
Argyll & Clyde 311 (27.7,34.5) 33.5 (30.0,36.9)
Ayrshire & Arran 25.7 (22.4,29.1) 29.0 (25.6,32.4)
Borders 38.2 (34.3,42.0) 36.6 (32.9,40.3)
Dumfries & Galloway 27.4 (23.8,30.9) 324 (28.8,35.9)
Fife 27.1 (23.7,30.6) 33.1 (29.5,36.6)
Forth Valley | 29.2 (25.8,32.6) 36.0 (32.4,39.5)
Grampian 30.2 (26.6,33.8) 32.0 (28.3,35.7)
Greater Glasgow 30.2 (26.9,33.4) 36.8 (33.4,40.3)
Highlands 252 (21.8,28.7) 332 (29.6,36.9)
Lanarkshire 28.8 (25.4,32.1) 30.6 (27.2,34.0)
Lothian 29.7 (26.2,33.2) 38.0 (34.3,41.7)
Tayside 29.7 (26.2,33.3) 39.6 (35.9,43.2)
Islands 17.2 (13.9,20.6) 29.8 (26.1,33.4)

2.3.1 (b) Summary of seasonal analysis for all cause mortality

The seasonal increase in mortality in Scotland from 1981 to 1993 was 28% for males and
34% for females, these figures were greater in the very young and the older age groups.
There was little variation in seasonal mortality according to area based deprivation
measures, however when the data were grouped according to occupational social class,
social classes III, IV and V experienced a greater seasonal increase in mortality than
social classes I & II. Seasonal increases in mortality were similar in each health board
apart from the Islands which experienced lower male seasonal variation than all the other

health boards.
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females, occurred in the very young age group. This again is likely to be related to the
fact that the elderly and the very young are those who require more protection from the
effects of cold weather than other members of the population. The figures for the 0-9 age
group are based on small numbers.

Again, age standardised data was used to assess the seasonal increase in mortality from
respiratory disease for different deprivation categories and different social classes. The
results of this analysis are shown in table 2.8. The analysis by deprivation category
appeared to indicate a pattern of greater seasonal variation in the more affluent areas.
However, the estimates have large confidence intervals and the suggestion is that there is
no difference in the size of the seasonal variation in respiratory mortality according to
socio-economic deprivation for both males and females. When the data were analysed by
social class there was again no evidence of a difference in the size of the seasonal

increase 1n mortality experienced by the different social classes.

Table 2.8 Seasonal percentage increase in mortality by deprivation category and social

class, respiratory disease, (age standardised)

Males Females
Deprivation Category % CI % CI
Affluent 96.1 (82.1,110.1) 129.6 (115.3,144.0)
Average 93.2 (80.5,105.7) 117.0 (103.8,130.3)
Deprived 87.1 (76.5,97.7) 114.0 (102.3,125.7)
All categories 92.5 (80.2,1.05) 119.1 (105.4,132.8)
Social class
[&IT 92.3 (72.7,112.0) - -
1 95.3 (84.3,106.3) - -
V&V 88.5 (77.3,99.7) - -
All classes 92.8 (80.3,105.2) - -

The results from the analysis by health board of residence are supplied in table 2.9. The
seasonal increase in mortality for respiratory disease was lower in the Borders than in the
other health boards for both males and females. In the Islands the seasonal increase was

lower for males only. The greatest seasonal increase occurred in Dumfries and Galloway.
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No clear conclusions can be drawn from these results as Borders HB and Dumfries and
Galloway HB border each other, are both rural health boards and yet one experiences
lower than average seasonal increases in respiratory mortality and one experiences

greater than average seasonal increases in mortality.

Table 2.9 Seasonal percentage increase in mortality by health board of residence,

respiratory disease, (age standardised)

Health Board Percent Males Percent Females
Increase 95%CI Increase 95%Cl1
Argyll & Clyde 84.9 (72.8,96.9) 113.0 (99.0,127.0)
Ayrshire & Arran 78.7 (66.6,90.7) 93.3 (80.2,106.5)
Borders 45.2 (38.1,52.2) 343 (26.8,41.8)
Dumfries & Galloway 127.5 (112.1,143.0) 138.6 (123.0,154.2)
Fife 68.6 (56.8,80.4) 101.1 (87.4,114.8)
Forth Valley 110.3 (97.7,122.9) 106.0 (93.1,119.0)
Grampian 103.8 (89.4,118.2) 116.9 (102.1,131.6)
Greater Glasgow 87.5 (76.7,98.3) 119.0 (106.6,131.2)
Highlands 106.0 (91.2,121.0) 100.4 (85.7,115.1)
Lanarkshire 73.4 (62.5,84.4) 102.5 (90.3,114.8)
Lothian 95.3 (82.3,108.3) 132.5 (117.7,147.4)
Tayside 92.3 (79.3,105.3) 125.1 (111.0,139.2)
Islands 434 (31.0,55.8) 117.5 (102.5,132.6)

2.3.2 (c) Summary of seasonal analysis for respiratory disease

Mortality from respiratory disease displayed the greatest amount of scasonal variation,
with male mortality increasing by 89% from summer to winter and female mortality
increasing by 114% from summer to winter. The size of the seasonal increase was
greater at older ages and was very large in the 0-9 age group. There was no variation in
the seasonal mortality from respiratory disease when the data were analysed according to
deprivation categories and occupational social class. Borders Health Board and the
Island Health Boards appeared to experience a lower seasonal increase in mortality from

respiratory disease than the other health board areas.
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The results of the age standardised analysis of seasonal variation by deprivation category

and social class are shown in table 2.11.

Table 2.11 Seasonal percentage increase in mortality by deprivation category and social

class, THD, (age standardised)

Males Females
Deprivation Category % CI % CI
Affluent 36.7 (29.9,43.5) 334 (26.2,40.5)
Average 35.9 (29.7,42.1) 38.8 (32.0,45.6)
Deprived 37.2 (31.2,43.3) 429 (36.2,49.6)
All categories 36.3 (30.0,42.6) 38.5 (31.3,45.6)
Social class
[& 1D 25.6 (17.0,34.2) - -
i 36.0 (30.0,42.1) - -
V&V 34.5 (28.1,40.8) - -
All classes 33.7 (27.1,40.4)

There was no difference between deprivation categories for male deaths from IHD.
However, for female mortality it appeared that those people living in affluent areas may
experience a lower seasonal increase in mortality from IHD than those living in deprived
arcas. There appeared to be considerably greater seasonal variation in mortality from
IHD in social classes III, IV & V as compared to social classes I & II. While there are no
significant differences observed in this analysis, the patterns suggest that there may be a

social class/deprivation effect on seasonal increases in mortality from IHD.

The seasonal increase in mortality from IHD by health board is shown in table 2.12. In
general there are no clear patterns between the health boards however for both males and
females the Island health boards display significantly less seasonal variation than several

of the other health board areas.
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