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1. Introduction






In two previous studies
 
(Atkinson, 1996
,
 1997) 
of an unnamed area 
GP patient disease data
 (attack rates and empirical Bayes estimates, EBEs
, Langford, 1994
) w
ere
 found to be clustered spatially for 
acute respiratory infection (
ARI
)
, asthma and cough, although influenza was less clustered
. 
There are various methods for detecting clustering in spatial data (
Cressie, 1991; 
Bailey and Gatrell, 1995
). In the present case, geostatistical an
alysis was used to detect spatial dependence
 
as represented with the variogram
. 
The clustering was minor, with most of the variation occurring randomly. However, the objective in the present research was to attempt to explain the non-random component of the spatial variation in disease. In particular, data were obtained 
using the Arc-Info geographical information system (GIS) 
on distance to four categories of road, elevation and grid reference (easting and northing). 





B
ecause of the most likely mecha
nism through which 
major thoroughfares 
affect 
the 
risk of disease
, it may be hypothesized that 
risk will 
be affected most for the winter and
 for cold temperatures. In addition, it was hypothesised that when the wind blows along the motorway, 
po
l
lutants are likely to be 
increasingly concentrated along the motorway, thus increasing the effect on risk
 (de Mik and de Groot, 1977)
. Thus, 
data were obtained for summer and winter, cold and warm temperatures (10o C threshold), four wind directions and four wind directions with cold temperatures. 
Then d
ifferent correlation coefficients and regression models were obtained for 
the 
different meteorolog
ical conditions
.









2. Analysis




2.1 
Correlation
 coefficient
s



The correlation
 coefficient
s obtained for each data set above were mostly insignificant, but in some critical cases were weak, but significant at the 95% confidence level. The most important relations were that both ARI and cough were negatively correlated with distance from the 
motorway
, whereas influenza and asthma were not. No significant correlations were found for the summer and winter data, presumably because the numbers of data involved were too small. Similarly, no significant correlations were found for 
warm temperatures, but for cold temperatures the correlation between ARI and cough on the one hand and distance to the 
motorway
 on the other increased in magnitude. Further, for each of the four wind directions all directions led to a marked decrease in the coefficient except for north-easterly winds for which the coefficient increased markedly (for both ARI and cough). This was interpreted to mean that winds parallel to the 
motorway
 increase
d
 concentrations of pollutants and increase
d
 the associated rates of decay from the 
motorway
. A ridge of high relief which runs from the centre of the area out to the north-east is such that the effect might be observed for north-easterly winds, but not for south-westerlies
. 



Interestingly, the correlation 
between 
diease attack rate (or EBE) 
with the 
motorway
 was greater than that 
between 
diease attack rate (or EBE) 
and 
eastings and northings
. F
urther, the EBEs often resulted in the removal of one or other of the correlations with grid reference suggesting that it is the 
motorway
 which is the real effect and that any other effect (for example, 
an industrial area
 
which lies to the east 
and north-east 
of the area 
or social status) is coincidental. However, since the correlation coefficients are small it would be dubious to ascribe any causal relation to the statistical results.








2.
2
 Linear Regression Modelling


To examine the effects of each explanatory variable in combination it was necessary to build a multiple regression model in a step-wise fashion.





2
.
2.
1 ARI models


For the ARI attack rate for all data, elevation was the most significant variable 
(95% significance level)
 followed by distance to C roads
. When the four roads only were entered into the model only distance to the 
motorway
 was significant. When the same analysis was repeated for the EBE data northing was the most significant variable followed by elevation
. When the four roads only were entered into the model again the 
motorway
 was the only significant variable. 



The same model as above was fitted again, but for cold temperatures (less than 10o C). This time the 
motorway
 was the only significant variable
 both for the attack rate and the EBE. More specifically, once distance from the 
motorway
 was entered into the model, no other variables were correlated significantly with the residuals. The same analysis, when repeated for winds from the north-east, again revealed the 
motorway
 to be the only significant
 variable to be entered.




The resulting model for the north-east wind data is given by 




y
 = 0.073 + -0.021 (dist. to 
motorway
 in km)




From the equation one can see that for every km distance away from the 
motorway
 one's chances of getting ARI decrease by 2.1%. This does not seem much to worry about, but over several kilometres it might make a difference. Further, it is a risk which is in question. Where the acceptable risk is low and the range of possible values is small, an increase of only a few percent may be important.




2.2.2
 Cough models


For the cough attack rate, fitting a regression model to the whole data set revealed that distance to A roads was the most significant variable followed by distance to the 
motorway
. However, since 
roads are generally in different places to the motorway 
we expect the relation with distance to A roads effectively to be the inverse of that with distance to the 
motorway
. Thus, this result means little
 without holding distance to 
motorway
 constant
. For the EBE data distance to the 
motorway
 is replaced as the second most significant variable by elevation. However, when only the roads were entered into the model, distance to the 
motorway
 was the second most significant variable. 



For the attack rate when temperatures are less than 10o C, distance to the 
motorway
 was found to be the most significant variable
 followed by distance to A roads
. For the EBE the result was repeated in reverse: distance to A roads w
as
 the most significant variable followed by distance to the 
motorway
. 
For north-easterly winds, distance to the 
motorway
 was the most significant variable
 followed by distance to A roads
. The result was repeated for the EBE
. 
The resulting model for the north-east wind data is given by 




y
 = 0.124 + -0.04 (dist. to 
motorway
 in km)



From the equation one can see that for every km distance away from the 
motorway
 one's chances of getting 
‘
cough
’
 decrease by 4%.








3
. Conclusions



The main conclusions of this research are as follows:



¥	There appears to be a weak, but significant correlation between both ARI and cough and the 
motorway
.



¥	When one considers only low temperatures (less than 10o C) the correlations increase. This supports the hypothesis that pollutants have a more noticeable effect when temperature is low and 
the open air factor
 is low
 (de Mik and de Groot, 1977)
. 



¥	When one considers only the north-east wind direction the correlations increase greatly. This suggests that the source of pollution is indeed the 
motorway
 or something close to it (such as 
the industrial area
). In particular, it suggests that the wind is concentrating the pollution along the motorway and increasing the associated rates of decay away from the 
motorway
. It seems likely that the ridge of elevated land dividing 
two parts of the study region 
plays an important r™le in this. 



¥	One cannot rule out the possibility that 
the industrial area
 causes the increased correlations. However, the correlation for the 
motorway
 was greater than the correlations with
 eastings and northings
. Further, for the EBEs, the correlations with grid reference often decreased or dissappeared entirely suggesting that the 
motorway
 is a more important factor than other spatial factors such as 
the industrial area
. It is of course possible that both sources of pollution have an effect, and potentially one which is complementary.




The evidence seems to point to the 
motorway
 as having a real effect on risk. When the various pieces of evidence are taken together (initial correlation between both ARI and cough and the 
motorway
, increased correlation with cold temperatures, markedly increased correlation with north-easterly winds
) the most likely explanation does seem that the 
motorway
 
is causing increased risk. 




I
t is worth 
noting
 that ARI (in particular) is a contagious disease which would arise independently of the pollution sources. The pollution (particularly SO2 and NOx) acts to condition the underlying risk of ARI. It is possible that pollution may affect the disease being transmitted (that is, pollution is germicidal, in which case the risk decreases) or the human being infected (in which case the risk of reporting increases). The results of this study suggest that the latter effect is relevant to Shirehampton. That is, pollution from the 
motorway
 acts to increase the risk of reporting. 




T
he correlation coefficients obtained were very small, 
there 
we
re several possible causative factors 
(
each o
f which to some extent confounded
 the other
)
, and 
the amount of structured (non-random) spatial variation to be explained 
wa
s small
. Therefore,
 the results of this study must be taken as, at best, weak evidence only for the dependence of disease risk on proximity to the 
motorway
. 
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