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1. Executive Summary

Nitrate In Drinking Water And Childhood-Onset Insulin-Dependent
Diabetes Mellitus In Scotland And Central England
 
1. The aim of the study was to determine whether geographical

variation in the incidence of childhood-onset diabetes was
associated with levels of nitrate in drinking water.

 
2. Population-based registers were the source of cases of childhood

diabetes occurring between 1990 and 1996 and nitrate sample data
were supplied by the water companies for relevant water supply
zones for 1990-1996.

 
3. Estimates of the population exposure to nitrate were taken as the

mean of the monthly mean nitrate levels in 594 water supply zones.
Mean nitrate levels were ten times higher in the English study area
(22.94 mg l-1) than Scotland (2.07mg l-1) with a wider range and
more variability.  Nitrate levels are dependent on water source and
catchment area.  The EC maximum acceptable concentration for
nitrate in drinking water is 50mg l-1.

 
4. An ecological analysis was conducted in the former Oxfordshire

Regional and Leicestershire District health authorities, all of
Scotland and all areas combined.  Factors were examined
separately followed by multivariate modelling which accounted for
the demographic factors associated with childhood diabetes i.e.
socio-economic status, migration and ethnicity.

 
5. In both the Scottish and English study areas there was no significant

geographical variation of diabetes incidence.  No significant
associations were observed between diabetes incidence and nitrate
in drinking water when unadjusted by the demographic factors.

 
6. Multivariate modelling of the English data, adjusting for all factors,

showed no association with childhood diabetes at the highest nitrate
levels.  There was no evidence of a ‘dose response’ between
increasing levels of nitrate and childhood diabetes. However, a
significantly raised risk of childhood diabetes was restricted to areas
with medium levels of nitrate (16.7-22.2 mg/l).   There is no
apparent biologically plausible explanation for this observation
which may represent a confounding effect.

 
7. After adjusting for the three demographic variables in Scotland and

the larger combined study area data set no significant risks were
identified for childhood diabetes and nitrate levels in drinking water.

 
8. In conclusion, the overall findings from this ecological analysis do

not provide evidence of any consistent or plausible associations
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between childhood diabetes and levels of nitrate in drinking water in
the geographical areas of study.
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3. Introduction

Insulin dependent diabetes mellitus (IDDM) is a condition resulting
from an autoimmune process in which insulin producing pancreatic ß -
cells are destroyed.  Its genetic susceptibility is closely linked with
genes within the HLA region on the short arm of chromosome 6 (Todd,
1995).  Genetic susceptibility is necessary but not wholly sufficient for
disease development: concordance rates for childhood diabetes range
between 13-50% for IDDM in monozygotic twins (Kaprio et al, 1992;
Kyvik et al, 1995) suggesting environmental factors in its aetiology

Many environmental exposures have been studied in relation to IDDM
the majority concentrating on diet or viral infections (Bach, 1994).
However, chemical toxins such as alloxan, chlorotocin and certain
pesticides can poison pancreatic ß - cells directly or trigger an immune
response which damages these cells (Assan and Larger, 1993).
Particular attention has focused on nitrosamines and ß - cell
destruction as streptozotocin (STZ), a wide spectrum antibiotic, is also
a nitrosamine specifically used as a toxin to induce IDDM in rats.  STZ
causes DNA strand breaks, selectively destroying ß - cells either
following single high doses or multiple low doses (Dulin and Soret,
1978).  In humans, the reduction of ingested nitrate to nitrite and
amination in the stomach to nitrosamines is well documented (IARC,
1987) and a limited number of previous studies have investigated the
possible links between dietary intake of nitrate and nitrite and the
incidence of IDDM.  Helgason et. al.  have shown that mice fed with a
nitrosamine rich diet of smoked and cured meat developed diabetes
and sustained morphological damage to islet ß - cells (Helgason et al,
1982).  In Scandinavia conflicting evidence has emerged from dietary
studies of nitrate and nitrite (Dahlquist et al,1990; Virtanen et al,1994)
and a case-control study in Australia found no association between
estimated intake of nitrosamines from food and IDDM (Verge et al,
1994).  Two ecological studies, one in the USA (Kostraba et al, 1992)
and our own in Yorkshire (Parslow et al, 1997) have demonstrated
significant positive correlations between levels of nitrate in drinking
water and the incidence of IDDM.

Estimates of daily nitrate intake in the UK vary between 64 and 297
mg/person/day (Chilvers et al, 1984).  The Water Supply (Water
Quality) Regulations (1989) defines a maximum acceptable
concentration of nitrate in drinking water as 50 mg l-1 (HMSO, 1989).
In the UK,  a nitrate level of 50 mg l-1 in drinking water is estimated to
provide over 50% of total dietary nitrate intake (Chilvers et al, 1984).

The aim of this study was to determine whether geographical variation
in the incidence of childhood diabetes in Scotland and central England
is associated with varying levels of nitrate in the public drinking water
supply.
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4. Materials and methods

4.1 Overview

This study linked the diagnosis addresses of children with diabetes to
population and water quality parameters of nitrate using a
geographical information system.  An ecological analysis of water
supply zones, tested for possible associations between nitrate in
drinking water and the incidence of childhood diabetes.  Demographic
factors known to influence patterns of incidence of childhood diabetes
at the population level are included in the statistical modelling.

4.2 Data

4.2.1 Study populations

For the English study area, details of 934 children under the age of 15
diagnosed with IDDM between 1990 and 1996 were obtained from two
specialist registers covering the former Oxford Regional Health
Authority (Bingley and Gale, 1989) and the former Leicestershire
District Health Authority (Burden et al, 1989).  Of these, 886 finally
contributed to the analysis with 48 either living in areas with no public
water supply or where no water quality data were obtained.

For Scotland details were obtained for 1588 children diagnosed
between 1990 and 1996.  Of these, 1376 were used in the analysis as
data from the islands were excluded as were data for those living in
areas with no public supply and in the Fife region for which no suitable
water quality zone boundary data could be obtained.

All three registers supplied date of birth sex, date of diagnosis and
address (or postcode) at diagnosis.

4.2.2 Census data - populations and digitised boundary data

Population and digitised boundary data were obtained from the 1991
Census (The 1991 Census, Crown Copyright. ESRC purchase)
including population totals by age and sex, ethnicity (white or
non-white), car ownership, unemployment, owner-occupation and
overcrowding.  These data were obtained at the smallest level
available - the Enumeration District (ED) in England and Wales or the
Output Area (OA) in Scotland.  In addition, the number of households
with dependent children who have moved was used as an index for
migration in and out of Water Supply Zones.  The 1991 Census is the
first decennial census to provide information on ethnicity (Office of
Population Censuses and Surveys, 1996)
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4.2.3 Nitrate and nitrite sample data

Nitrate and nitrite sample data were supplied at varying levels and for
different dates by the Water Supply Companies.  A summary of the
data provided for the analysis is given in Table 1.  It should be noted
that the number of WSZs for which data were provided exceeded that
of those used in the final analysis as some smaller areas were
combined and those with insufficient/no population excluded.   Data
were supplied in electronic and hard copy format and for part of the
area covered by East of Scotland Water, summary data were extracted
from annual drinking water quality reports.  Raw data consisted of
individual measurements by date and WSZ.  For some areas only
summary data comprising annual means were available.

Table 1. Summary of water quality data provision

Company Dates No of
WSZs

No. of
measurements†

Raw or
summary
data

nitrate nitrite

ENGLAND

Anglian 1990-1997 30 7924 9041 Raw
Mid-Southern 1991-1998(Jan) 10 754 676 Raw
North Surrey 1991-1996 2 194 151 Raw
Severn Trent 1991-1997 36 2003 2003 Raw
Thames 1990-1997 68 5422 5022 Raw
Three Valleys 1992-1998(Jan) 3 157 157 Raw

SCOTLAND

East of Scotland 1990-1997 131 5298 5732 Summary
North of Scotland 1992-1996 234 4349 4448 Summary‡

West of Scotland 1990-1997 179 7401 8007 Raw

†Number of samples recorded
‡Data obtained from the Scottish Office

4.2.4 Water supply zone boundary data

Boundary data for water supply zones was provided both in electronic
and hard copy format.  Hard copy maps were digitised and converted
into a format that could be read in to the geographical information
system used to process all the geographical information (ARC/INFO v
7.1.2).
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The Fife region (supplied by East of Scotland Water) were unable to
provide either suitable hard copy or electronic maps resulting in the
exclusion of this area from the analysis.

4.3 Data processing, validation and cross-checks

4.3.1 Study populations: validation of addresses, post-coding and linkage
with census areas.

The address at diagnosis of each child was validated against the
postcode using QuickAddress, a program produced by the Post Office
to provide correct postal addresses and postcodes.  Validated
postcodes were then linked to a census ED or OA via the Central
Postcode Directory (CPD).  Where postcodes sectors or districts had
been changed following production of the CPD, Postcode Update
books provided by the Post Office were used to ensure linkage to
census areas.

The Scottish data included 363 children with only a postcode at
diagnosis: it was not possible to validate these against an address
therefore these postcodes were accepted without validation.

In Scotland, out of 1684 children eligible for inclusion in the study 96
were not included as it was not possible to obtain a validated address
at diagnosis.  Of these, 29 had no address or postcode at diagnosis
recorded and the remaining 67 could not be allocated a census output
area due to insufficient addresses or no match in the CPD.  Thus
details for 1588 children were available for the analysis.

Approximately 3% of eligible children from the Oxford register were not
included in the study as it was not possible to validate their address,
however all the addresses of eligible children from the Leicester
register were included.

4.3.2 Water supply zone boundaries

The digital boundaries of water supply zones from each company were
joined to form a single map detailing all supply zones covering the
study area.  Where boundaries did not correspond exactly a visual
check was made in conjunction with the original map data: in most
cases boundaries corresponded well, very rarely being misaligned by
more than 150m in the English data, with slightly poorer registration in
Scotland.

4.4 Creating population structures for water supply zones

The digitised boundary data from the census was ‘overlaid’ on the
WSZ boundaries using the UNION function within ARC/INFO.  The file
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created by this process records what proportion of an ED or OA lies in
any water supply zone based on area.  Enumeration districts/output
areas were allocated to a WSZ if their boundaries fell wholly inside
that WSZ.  Where an ED or OA lay in more than one WSZ it was
assigned to the WSZ which contained the largest proportion of its
area.  There were no instances in which exactly half an ED or OA fell
into one of two WSZs.  In some cases in Scotland one or more of the
smaller WSZs fell inside an OA: these were either assigned to the OA
as they described the major population centre or amalgamated with
other WSZs for whom a joint population was created.

With EDs and OAs linked to WSZs the population data was
aggregated to the WSZ level:  these included age/sex population
counts and the raw variables to calculate the Townsend index,
proportion of non-white children and an index for migration.

4.4.1 Person-based population density

For the English Study area, area-based population densities were
calculated for children under 15 years old by dividing the respective
populations in each ED by the area in hectares.  The population
weighted average of the area-based population density for each of the
EDs was aggregated to WSZs to provide population-weighted
population densities.  This measure more accurately reflects the
density at which the average person lives (Dorling and Atkins, 1995).

It was not possible to calculate population density for Scotland as the
method relies on aggregation of smaller units into larger units.  The
data were only available in sub-units (the OA) for 75% of WSZs as a
number of WSZs were smaller than the population sub-unit.  It is only
appropriate to calculate person-based population density if all the
smaller units can be aggregated to the larger units across the entire
area.

4.4.2 Townsend index

The Townsend index is a composite score which gives a measure of
socio-economic status.  It is based on four census variables:

• Unemployment:  unemployed residents over 16 as a percentage of
all economically active residents aged over 16

• Overcrowding:  households with 1 person per room and over as a
percentage of all households

• Non car ownership:  households with no car as a percentage of all
households.

• Non home ownership:  households not owning their own home as a
percentage of all households.

The unemployment and overcrowding variables are transformed using
the natural log transformation and then standardised to produce Z
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scores (the ‘observed’ proportion for each WSZ minus the mean
divided by the standard deviation).  The Z-scores are summed to give
the Townsend index.  All calculations were performed in STATA
(StataCorp, 1995).  The index ranges from low (i.e. negative) values,
denoting relative affluence to high values indicating relative
deprivation.

4.4.3 Ethnicity

Ethnicity was calculated as the proportion of non-white children (0-14
years) in each WSZ.

4.4.4 Migration

An index of migration was generated using the proportion of wholly
moving households with dependent children out of all households with
dependent children.

4.5 Statistical analyses

The data were analysed according to standard methods for ecological
epidemiological studies (Breslow and Day,1987; Esteve et al, 1994).

The main analysis groups were defined a priori  with data from the
registers:

1. Scotland
2. Central England - Oxfordshire and Leicestershire combined
3. All three study areas combined.

Statistical analyses were carried out using STATA (Statacorp, 1997).
Expected numbers of cases were derived using the age-sex stratum
specific rates and census population totals.  Standardised incidence
ratios (SIRs) were calculated for IDDM in each WSZ as the ratio of
observed (O) to expected (E) cases multiplied by 100.

Townsend score, ethnicity, population density (for the English study
region) and mean nitrate levels were divided into five categories, all
with approximately equal populations.  The use of five categories
retained sufficient numbers within each category for reasonable power
to be obtained.  Further splitting is arbitrary and could generate groups
of insufficient size to produce reliable results.  This categorical division
was used initially to assess whether there were any identifiable trends
in the data which would then indicate they should be included as
continuous variables.  It was clear from summary statistics and
graphical representation of these variables that not all of the data were
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normally distributed and following univariate analyses which
demonstrated no clear trends, these categories were retained.

Univariate analyses examined the effect of mean nitrate levels,
ethnicity, person-based population density (England only),  Townsend
index and migration on the SIR using the Poisson trend statistic
(Breslow and Day, 1987).  A chi-square test for heterogeneity was
applied to the SIRs across WSZs.

The incidence of IDDM is assumed to be Poisson distributed and the
data were fitted to a Poisson regression model together with significant
risk factors derived a priori from the univariate analyses in the
Yorkshire study - average nitrate, childhood ethnicity and the
Townsend index - together with the proxy variable for migration.
Person-based childhood population density was excluded from the
modelling to ensure comparability between the study regions.  The
number of cases in each WSZ was used as the dependent variable
and the log of the expected number of cases used as the offset.  The
Poisson assumption and model fit were tested using the methods
described in section 4.5.2 below.

A base model was created which included childhood ethnicity,
Townsend score and migration.  For the combined study regions, an
indicator variable was included for country: Scotland or the English
study region.  The effect of adding mean nitrate levels to the model
was calculated using the likelihood ratio test.

4.5.1 Power considerations

Ecological studies use measures that represent characteristics of
entire populations to describe disease in relation to a particular
environmental factor.  Exposure to an environmental factor cannot be
linked with disease in particular individuals, nor control for the effects
of potential confounding factors at the individual level.  Power
calculations are normally carried out to determine the sample size
required to detect a particular level of effect (in this case a change in
odds ratio) at a particular significance level.  In the case of this study
our ‘sample’ comprises the entire population and we have not defined
a priori ‘exposed’ and ‘non-exposed’ categories as you would in a
clinical trial.

At a 95% level of confidence with a 1:1 ratio of exposed to unexposed
(i.e. higher nitrate levels vs. lower nitrate levels) and an expected
frequency of 15/100,000/year*100% (≈ 0.02) of childhood diabetes in
the low/unexposed group, a study would have 90% power to detect an
odds ratio of 1.2 in a population of 590,000 subjects providing
4,130,000 person years.

Our study has approximately 1.6m subjects and therefore has ample
power to detect significant risks in the circumstances described above.
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4.5.2 Assessing model fit

Over-dispersion in the Poisson model - extra-Poisson variation (ePv) -
can be detected using the over-dispersion parameter α, derived from a
negative binomial regression model of the data. (the Poisson
regression model is a special case of the negative binomial regression
model in which α =0).  A likelihood-ratio test is used to test whether
the data are distributed significantly differently from Poisson.

Although not over-dispersed we used the conservative measures
described by Breslow (1984) to reduce ePv by iterative weighting.

Standardised residuals were plotted to determine outliers or skewed
distributions and were mapped to determine any systematic pattern
(Breslow and Day, 1987; McCullagh and Nelder, 1989).
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5. Results

5.1 Data on children with diabetes

The numbers of children diagnosed with IDDM between 1990 and
1996 contributing to the analysis from each register are given by five
year age group in Table 2 below together with the respective childhood
populations.

The demographic characteristics of the water supply zones in the
study are described in Tables 3.1 and 3.2 including a summary of the
geographical size and levels of nitrate in the drinking water (which are
based on the mean of the monthly mean- see below)

Table 2. Number of children with diabetes diagnosed 1990-1996
contributed by each register and populations by age group
from the 1991 Census.

Girls Boys
Age 0-4 5-9 10-14 0-4 5-9 10-14 Totals

Cases

Leicester 22 41 43 17 31 61 215
Oxford 84 109 122 85 110 161 671
Scotland 147 253 275 170 247 284 1376

All 253 403 440 272 388 506 2262

Population

Leicester 29931 28260 27035 31548 30172 28862 175808
Oxford 83781 78756 76473 88895 83742 80609 492256
Scotland 138553 137262 132904 146074 143445 140268 838506

All 252265 244278 236412 266517 257359 249739 1506570
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Table 3.1 Characteristics of water supply zones: English study area

English WSZs:
n=148

min lower
quartile

median upper
quartile

max

Area (ha) 50 1246 3237 8059 54670
Population 0-14 70 2114 4406 6775 11977
Population density† 0.08 3.27 7.05 11.44 57.06
Townsend score‡ -5.35 -2.3 -0.93 1.56 17.66
Ethnicity§ 0 0.01 0.03 0.09 0.86
Migration 1.96 6.72 7.78 9.71 17.85
No of cases 0 2 5 9 23
Mean nitrate (mg l-1) 3.08 18.40 21.73 27.51 45.74

Table 3.2 Characteristics of water supply zones: Scottish study area

Scottish WSZs
n=446

min lower
quartile

median upper
quartile

max

Area (ha) 16 365 1008 2910 105250
Population 0-14 6 44 302 3208 13652
Townsend score‡ -5.74 -2.02 -0.61 1.39 12.32
Ethnicity§ 0 0 0.005 0.013 0.33
Migration# 0 7.4 9.5 12.5 46.2
No of cases 0 0 0 5 32
Mean nitrate (mg l-1) 0.05 0.37 0.82 1.52 37.33

† Person-based population density in persons per hectare
‡ Townsend index score increases with increasing deprivation
§ Proportion non-white children
# Percentage of wholly moving households with dependent children

5.2 Nitrate and nitrite data

5.2.1 Nitrate data: English study region

Nitrate data were examined for gross outliers and data anomalies and
significant change over time was examined using linear regression.
One water supply company (Thames Water plc) had examined their
data before submission and provided a detailed commentary.  Of 64
WSZs that showed a significant trend over time in nitrate levels, 16
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showed an increase of more than 1mg l-1 year-1 (range 1.07-3.94 mg l-1

year-1) and 8 a significant decrease (range -1.00 - -1.97 mg l-1 year-1).

Using all the data supplied by the water companies there was a highly
significant increase (p<0.001) in nitrate levels of 3.7 over 2946 days
for the area including the former Oxfordshire Regional and
Leicestershire District Health Authorities.  This is illustrated graphically
in Figure 1

Figure 1. Nitrate levels in drinking water for the area including the
former Oxfordshire Regional and Leicestershire District
Health Authorities including fitted regression line.

edate

 NITRATE  pred

03jan90 27jan98

.04429

72.56

5.2.2 Nitrate data: Scotland

For the area served by North of Scotland Water, there was only
summary data and insufficient data over time to allow satisfactory
investigation into trends over time.  In the West of Scotland there were
no regulation zones showing a significant increase in nitrate of over 1
mg l-1 year-1 over the whole of the study period.  In East Scotland there
were no apparent trends in nitrate levels over time but this observation
is based on summary data.

1990 1998
time

Sample
nitrate
(mg l-1)
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5.2.3 Nitrite data

The nitrite data were initially dealt with identically to the nitrate data.
However, the variation in levels was minimal and many of the
measures were close to the level of detection.  For example, in the
English study area, mean monthly mean nitrite levels did not exceed
0.06 mg l-1 with a level of 0.04 mg l-1 at the 99th centile.  The situation
was similar in Scotland and given the relative instability of nitrite in the
supply system and its subsequent fate after leaving the consumers
tap, it was felt that no adequate assessment of exposure could be
made.  These were, therefore, not investigated further.

5.3 Demographic data

The demographic variables - Townsend index, proportion non-white
children and migration were analysed and graphed individually for the
English, Scottish and combined study regions: the plots are given in
the Appendix.  Anomalous or extreme values (for example a WSZ in
Leicester which had over 80% non-white children) were re-examined
to ensure that there was no error in their calculation.  The relatively
high migration values in Scotland are accounted for by families with
dependent children moving into WSZs with small populations.

5.4 Univariate analysis

5.4.1 England

The chi-square test for heterogeneity proved not significant for the
English study area (χ2=166.7,146df, p=0.115) and there were no
significantly raised risks for any of the independent variables - see
Table 4 below.
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Table 4. Standardised Incidence Ratios (SIR) and 95% confidence
intervals (CI) for IDDM by nitrate levels, ethnicity, migration,
population density and Townsend index - English study
region (population 0-14 years, 668,064)

Variable Range* O E SIR 95% CI
from to lower upper

Townsend -5.34 -2.3 184 177 103.9 89.42 120.03
index -2.21 -0.94 175 173 101.4 86.92 117.57

-0.93 0.99 188 182 103.1 88.99 119.07
1.15 3.52 169 180 94.1 80.51 109.50
3.57 17.67 170 174 97.5 83.47 113.41

Population 0.08 5.70 177 171 103.4 88.69 119.75
density 5.77 8.13 202 187 108.1 93.64 124.09

8.19 10.84 154 178 86.7 73.19 101.58
10.89 14.37 173 170 101.6 87.03 117.82
14.73 57.06 180 180 100.0 86.04 115.76

Ethnicity 0 0.02 192 179 107.4 92.47 123.73
0.02 0.03 175 178 98.4 84.38 114.14
0.03 0.09 175 174 100.5 86.19 116.59
0.09 0.14 168 189 93.6 79.97 108.86
0.14 0.86 176 176 100.1 85.82 115.99

Migration 1.96 6.80 181 171 105.8 91.00 122.45
6.81 7.50.. 179 179 99.8 85.78 115.63
7.50 8.51 185 181 102.7 88.22 118.33
8.62 9.95 172 174 98.9 84.77 114.97

10.00 17.85 167 179 92.9 79.45 108.26

Mean 3.08 16.55 153 175 87.6 74.29 102.66
nitrate 16.74 19.49 200 179 111.7 96.77 128.32
mg l-1 19.51 22.21 193 169 114.1 98.59 131.41

22.28 27.49 171 186 91.9 78.61 106.71
27.52 45.74 169 177 95.4 81.58 110.93

* Ranges determined by allocating approximately equal populations to
each category.

5.4.2 Scotland

The chi-square test for heterogeneity proved not significant for the
Scottish study area (χ2=471.57,445df, p=0.185) and there were no
significantly raised risks for any of the independent variables - see
Table 5 below.
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Table 5. Standardised Incidence Ratios (SIR) and 95% confidence
intervals (CI) for IDDM by nitrate levels, ethnicity, migration
and Townsend index - Scottish study region (population
0-14 years 838,506)

Variable Range* O E SIR 95% CI
from to lower upper

Townsend -5.74 -1.29 259 274 94.4 83.21 106.57
index -1.29 -0.21 282 273 103.2 91.53 116.01

0.23 1.25 269 274 98.2 86.85 110.71
1.29 3.25 256 269 95.2 83.90 107.61
3.33 13.34 310 286 108.5 96.80 121.33

Ethnicity 0 0.01 252 274 92.2 81.13 104.27
0.01 0.01 268 264 101.5 89.67 114.36
0.01 0.02 308 287 107.4 95.72 120.06
0.02 0.03 282 274 102.8 91.19 115.58
0.03 0.34 266 277 95.9 84.72 108.42

Migration 0 8.22 297 274 108.5 96.48 121.54
8.22 9.36 279 269 103.7 91.85 116.56
9.38 10.28 258 281 91.7 80.89 103.64

10.30 11.48 250 275 90.9 79.94 102.84
11.48 46.15 292 277 105.6 93.79 118.38

Mean 0.05 0.72 277 264 104.9 92.87 117.96
nitrate 0.72 0.88 264 282 93.7 82.76 105.75
mg l-1 0.90 1.00 276 265 104.1 92.16 117.10

1.00 1.63 281 278 100.9 89.49 113.47
1.63 37.30 278 287 97.0 85.93 109.10

* Ranges determined by allocating approximately equal populations to
each category.

5.4.3 Combined areas

The chi-square test for heterogeneity proved significant for the English
and Scottish study areas combined (χ2=686.55,593df, p=0.005).
There was a significantly raised SIR for the most deprived category of
the Townsend index (range 2.93-14.72) and a significant positive trend
(χ2 test for trend=10.4,1df, p=0.001) whereas there was a significant
decrease in SIR for the highest category of average nitrate (ranging
from 22.01-45.74 mg l-1) and a significant negative trend (χ2 test for
trend=14.10,1df, p=0.000) - see Table 6 below.
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Table 6. Standardised Incidence Ratios (SIR) and 95% confidence
intervals (CI) for IDDM by nitrate levels, ethnicity, migration
and Townsend index - combined study regions (population
0-14 years, 1,506,570)

Variable Range* O E SIR 95% CI
from to lower upper

Townsend -5.22 -2.73 421 454 92.8 84.17 102.13
index -2.71 -0.94 426 453 93.9 85.23 103.30

-0.93 0.74 440 440 99.9 90.80 109.71
0.75 2.91 465 461 100.6 91.67 110.21
2.93 14.72 511 454 112.7 103.12 122.88

Ethnicity 0 0.009 481 451 106.5 97.21 116.48
0.009 0.015 479 449 106.6 97.22 116.54
0.015 0.026 480 458 104.9 95.72 114.71
0.026 0.086 415 449 92.5 83.81 101.84
0.087 0.861 407 455 89.5 81.03 98.66

Migration 0 7.36 471 451 104.5 95.25 114.34
7.39 8.47 428 450 95.0 86.24 104.48
8.51 9.83 461 451 102.3 93.22 112.13
9.83 11.05 428 453 94.4 85.66 103.77

11.06 46.15 474 457 103.7 94.61 113.51

Mean 0.05 0.81 483 450 107.2 98.07 117.50
nitrate 0.81 1.24 517 458 112.9 103.34 123.02
(mg l-1) 1.24 15.69 440 446 98.7 89.72 108.40

15.69 21.92 436 452 96.4 87.53 105.85
22.01 45.74 386 456 84.6 76.88 93.48

* Ranges determined by allocating approximately equal populations to
each category.

5.5 Regression modelling

5.5.1 England

Modelling average nitrate and the demographic factors together with
the proxy variable for migration produces significantly raised incidence
rate ratios for the second category (16.74-19.49 mg l-1) and third
category (19.51-22.21 mg l-1) of nitrate of 1.29 and 1.35 respectively.

The final model results for the English study area are given in Table 7
below.  The effect of adding nitrate as a factor in the model was
significant (likelihood ratio test χ2=10.72,4df, p=0.03).
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Table 7. Incidence Rate Ratios (IRR) and 95% confidence intervals
(CI) for IDDM by nitrate levels, ethnicity, migration and
Townsend index in a Poisson regression model - English
study region (population 0-14 years, 668,064)

Variable Range* IRR P 95% CI
from to lower upper

Townsend -5.34 -2.3 1 - - -
index -2.21 -0.94 0.96 0.699 0.77 1.19

-0.93 0.99 0.95 0.691 0.75 1.21
1.15 3.52 0.90 0.445 0.70 1.17
3.57 17.67 0.95 0.734 0.71 1.27

Ethnicity 0 0.02 1 - - -
0.02 0.03 0.92 0.445 0.74 1.14
0.03 0.09 1.04 0.755 0.83 1.30
0.09 0.14 0.91 0.51 0.70 1.19
0.14 0.86 1.02 0.88 0.77 1.35

Migration 1.96 6.80 1 - - -
6.81 7.50.. 0.96 0.715 0.77 1.19
7.50 8.51 0.98 0.866 0.79 1.22
8.62 9.95 1.00 0.995 0.79 1.26

10.00 17.85 0.94 0.588 0.74 1.18

Mean 3.08 16.55 1 - - -
nitrate 16.74 19.49 1.29 0.025 1.03 1.61
(mg l-1) 19.51 22.21 1.35 0.007 1.08 1.69

22.28 27.49 1.05 0.743 0.82 1.32
27.52 45.74 1.08 0.546 0.85 1.37

* Ranges determined by allocating approximately equal populations to
each category.

5.6 Scotland

The final model results for the Scottish study area are given in Table 8
below.  The effect of adding nitrate as a factor in the model was not
significant (likelihood ratio test χ2=2.20,4df, p=0.699).  There was a
significantly reduced IRR for the fourth category of the migration proxy
(percentage of households with dependent children moving in the
range of 10.30-11.48) and a significantly increased IRR for the third
category of ethnicity (proportion of non-white children ranging from
0.01-0.02).
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Table 8. Incidence Rate Ratios (IRR) and 95% confidence intervals
(CI) for IDDM by nitrate levels, ethnicity and Townsend
index in a Poisson regression model - Scottish study region
(population 0-14 years, 838,506)

Variable Range IRR P 95% CI
from to lower upper

Townsend -5.74 -1.29 1 - - -
index -1.29 -0.21 1.12 0.201 0.94 1.33

0.23 1.25 1.05 0.592 0.88 1.27
1.29 3.25 1.01 0.897 0.84 1.22
3.33 13.34 1.15 0.103 0.97 1.37

Ethnicity 0 0.01 1 - - -
0.01 0.01 1.07 0.462 0.89 1.30
0.01 0.02 1.22 0.027 1.02 1.45
0.02 0.03 1.08 0.432 0.90 1.29
0.03 0.34 1.03 0.766 0.86 1.24

Migration 0 8.22 1 - - -
8.22 9.36 0.97 0.694 0.81 1.15
9.38 10.28 0.85 0.064 0.71 1.01

10.30 11.48 0.82 0.026 0.68 0.98
11.48 46.15 1.00 0.964 0.85 1.19

Mean 0.05 0.72 1 - - -
nitrate 0.72 0.88 0.89 0.201 0.75 1.06
(mg l-1) 0.90 1.00 0.98 0.793 0.81 1.17

1.00 1.63 0.99 0.891 0.83 1.18
1.63 37.30 0.95 0.560 0.80 1.13

* Ranges determined by allocating approximately equal populations to
each category.

5.7 Combined areas

The final model results for the combined study areas are given in
Table 9 below.  The effect of adding nitrate as a factor in the model
was not significant (likelihood ratio test χ2=6.13,4df, p=0.188).  The
fourth category of the migration proxy (percentage of households with
dependent children moving in the range of 9.84-11.14) showed a
significant decrease in IRR to 0.83.
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Table 9. Incidence Rate Ratios (IRR) and 95% confidence intervals
(CI) for IDDM by nitrate levels, ethnicity, Townsend index,
migration and study area in a Poisson regression model -
English and Scottish study regions (population 0-14 years,
1,506,570)

Variable Range* IRR P 95% CI
from to lower upper

Region English 1 -
Scottish 1.39 0.007 1.09 1.78

Townsend -5.22 -2.73 1 - - -
index -2.71 -0.94 0.97 0.716 0.83 1.14

-0.93 0.74 1.00 0.985 0.84 1.20
0.75 2.91 0.95 0.566 0.79 1.14
2.93 14.72 1.04 0.686 0.86 1.25

Ethnicity 0 0.009 1 - - -
0.009 0.015 1.04 0.504 0.92 1.19
0.015 0.026 1.09 0.215 0.95 1.26
0.026 0.086 0.96 0.559 0.83 1.10
0.087 0.861 1.02 0.849 0.85 1.22

Migration 0 7.36 1 - - -
7.39 8.47 0.88 0.063 0.76 1.01
8.51 9.83 0.90 0.161 0.78 1.04
9.83 11.05 0.83 0.010 0.72 0.96

11.06 46.15 0.88 0.098 0.76 1.14

Mean 0.05 0.81 1 - - -
nitrate 0.81 1.24 1.08 0.237 0.95 1.23
(mg l-1) 1.24 15.69 1.01 0.910 0.87 1.16

15.69 21.92 1.19 0.165 0.93 1.52
22.01 45.74 1.11 0.402 0.87 1.42

* Ranges determined by allocating approximately equal populations to
each category.

5.8 Model fit: dispersion and residual deviance

The models for the English and Scottish and combined study regions
did not exhibit significant extra-Poisson variation as determined by a
likelihood ratio test in a negative binomial model.  We were satisfied,
therefore that the Poisson distribution was appropriate to use in the
modelling.
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Further confirmation of model fit was assessed by plotting
standardised residuals as a normal plot and against fitted values and
co-variates from the model.  These plots reveal no particular pattern in
any of the models and the output is given in the Appendix.  As a
further check, the standardised residuals were mapped by water
supply zone, again with no systematic geographical pattern observed.

5.9 Summary of modelling

The modelling process did not seek to find a ‘best-fit’ model but rather
include those factors a priori which have been previously shown to
influence the incidence of childhood diabetes at the population level.
The lack of over-dispersion or systematic pattern in the residuals plots
and maps suggests that the modelling adequately describes the data.

The lack of any significant associations or trends in the data with the
exception of the single significant raised or lowered IRR suggests that
the independent variables have little influence on the geographical
distribution of childhood diabetes incidence in the study areas.
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6. Discussion

6.1 General

The results of the analysis of coincident childhood onset diabetes and
nitrate data for the period 1990-1996 are presented in this report.
Overall, they do not provide support for the hypothesis that childhood
onset diabetes is positively associated with levels of nitrate in drinking
water in mainland Scotland and the regions covered by the former
Oxfordshire Regional and Leicestershire District Health Authorities.
This investigation has been conducted with high quality data sets from
different geographical areas of the UK.

Firstly, we discuss below some of the potential sources of error which
may be present in a study of this type and their implications in relation
to the study findings.

6.2 Data Quality

The overall quality of both the diabetes case data and the nitrate
information was considered to be high.  However, potential sources of
misclassification are inevitably present in these type of datasets.  We
discuss the most important of these below.

• Completeness of case ascertainment: No population-based disease
register is ever 100% complete with respect to the collection of
cases.  This is of particular concern for our study if there is a
possibility that unregistered cases may be distributed in a
systematic geographical pattern which would influence any spatial
analysis.  Unfortunately, it is not possible to quantify the spatial
characteristics of any non-ascertained cases but it is known this
number will be very small. Therefore, this is unlikely to have
strongly influenced our study because of the high degree of
completeness for each register (over 95%).  This high
ascertainment rate was achieved by cross-checking with an
additional independent source of cases i.e. GPs or routine hospital
episode data.

 

• Geographical location of cases 1:  Cases excluded through inability
to assign an ED or OA, either due to poor/no address details or no
corresponding entry in the CPD were mainly from Scotland (see
section 4.3.1) and it was not possible to analyse their geographical
distribution to determine any biases for obvious reasons.  This small
proportion of children for whom a geographical location at diagnosis
could not be identified were presumed to be randomly distributed
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across the areas.  There was no reason to suspect any bias in
those excluded.

 

• Geographical location of cases 2:  There is inherent error in the
standard method which was used to assign cases to an ED or OA
using their postcode via the Central Postcode Directory:  Collins
et al (1998) have carried out a detailed analysis of this problem but
without using very expensive software supplied by the Post Office
(AddressPoint) it is not possible to improve on the accuracy.  The
benefit of increasing the accuracy of case location was not
considered to be justified as it would need to be accompanied by
the improved resolution of all the other spatial data.  Our method
was considered to be appropriate in the context of this study.

 

• Nitrate exposure measurement:  The use of the ‘mean of the
monthly mean nitrate values’ to represent exposure assumes that
any potential effect on diabetes incidence will be related to an
average long-term exposure.   This limited the study in that it failed
to include examination of the effect of short term peak exposures.
However, it was not feasible to use this latter measurement which
would require continuous monitoring of nitrate levels and data
samples of similar frequency and quality for the entire study area.
Individual sample measures were not universally available for all
geographical areas of the study.  Therefore, after careful evaluation
of all the nitrate sample data our index of nitrate exposure was
considered to be the most representative measure possible.  The
use of this measure also permitted comparison with the previously
published Yorkshire studies (Parslow et al,1997; Barrett et al, 1998)

 

• Nitrate exposure measurements in the study areas:  The range of
nitrate values in Scotland and England were very different: for
example approximately 3% of the population of Scotland were
exposed to average nitrate levels above 10 mg l-1 whereas nearly
98% of the population in the English study area were exposed at or
above this level.  The restricted exposure levels for Scotland and
the lack of associations should be interpreted with caution as nitrate
intake consequent on water consumption would have been
extremely low.

 

• Population characteristics: measures of ‘population factors’ for
individual children were estimated from area-based measures of
population density, deprivation (Townsend index), ethnicity and
migration.  It is acknowledged there will be inherent inaccuracies in
this approach with the area measure failing to accurately represent
an individual child’s exposure (or their mother during pregnancy).
However, this is an accepted method for this type of ecological
study and lack of precision is likely to reduce the chance of a
significant result and mask any positive associations.  This is
discussed in more detail in section 6.3.
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• Migration:  All the population characteristics and measures of nitrate
exposure are taken for each child at the point of diagnosis.
However, a proportion of children may not have lived in the area
prior to diagnosis and any area-based index may therefore be
mis-representative.  We are not able to identify individual children
to whom this applies. This is especially relevant to those children
who are older when diagnosed as there is a longer period for which
exposures may have been different.  We attempted to allow for this
in the analysis by including an index of migration as a controlling
factor thereby adjusting for areas where there was a greater
probability of children having moved.  The migration variable was a
proxy measure and identified proportions of households with
dependent children who had a different address one year prior to
the 1991 census.  The estimate does not identify whether the
proportion of ‘moves’ were from within the area or those who moved
in.  The inclusion of cases who spent their lives outside the study
area but moved in prior to diagnosis will counterbalance the effect
of the outward migration of children who may have been exposed all
their lives but who move just prior to diagnosis.  We are unaware of
any large scale systematic migration patterns in the study areas
which might suggest a substantial proportion of cases were not
exposed either to the measured nitrate levels or population
characteristics.

 

• Population denominator data:  The accuracy of the denominator
data in calculating rates for rare diseases is crucial and our study
constructed populations for WSZs.  The digitised boundary data for
the WSZ came directly from the supply companies or required hard
copy maps to be digitised. The digitised boundary data from the
companies were of generally high quality and comprised
approximately 75% of all the boundary data.  The accuracy
associated with digitising hard copy maps may be less exact but this
is impossible to assess. The Census boundaries (EDs and OAs),
which are known to be have a high degree of accuracy and were in
turn key to ensuring the WSZ population data were accurate.
However, the process of ‘fitting’ the maximum area of an ED or OA
to a WSZ may have resulted in some populations and cases being
mis-assigned to WSZs despite extreme care being taken with
allocation at an individual level.  Without obtaining the individual
supply addresses, the precision of our method was optimum and
there was no reason to indicate that our allocation of areas to water
supply zones incorporated any systematic bias across the
geographical areas of study.

The use of the static 1991 Census population counts to represent
populations for the years 1990-1996 will inevitably introduce error in
to calculating denominators for incidence rates for diabetes.
Unfortunately, there are no reliable algorithms which estimate
population change at the enumeration district/output area level,
either in the public or private sector.  The migration proxy would



28

adjust for overall population movements and goes some way
towards overcoming this problem.

 

• Population exposure as a measure of individual exposure and
changing patterns of tap water consumption:  In studies of this kind
the assumption is made that individual exposures are represented
by measurements at the group level.  As long as there is no
systematic geographical bias in tap water consumption the
assumption is valid.  A recent study of tap water consumption in the
UK has clearly demonstrated that the proportion of tap water
consumed by children has remained constant over recent decades
and constitutes 63 % of their total liquid consumption (M.E.L
Research,1996).  Drinking water continues to be an important
source of exposure during childhood and has not been replaced by
bottled or canned drinks.

6.3 Limitations of the ‘ecological approach’

Ecological analyses based on geographical areas are a key
epidemiological method for detecting small risks of disease associated
with widespread environmental exposures. Nitrates in domestic
drinking water constitute a widespread exposure and any putative risk
for childhood diabetes is likely to be small and the ecological approach
is therefore an ideal starting point for investigation.  The availability of
both diabetes and nitrate data for areas of the UK has presented a
unique opportunity for studying this issue.

One of the problems with inferring an association from the results of
ecological studies is that they might be drawn in error - the ‘ecological
fallacy’ (Esteve et al, 1994; Rothman, 1986) - due to the inability to
control for or identify unknown confounding variables.  Our study
adjusted for factors which could be measured and were already known
to have a relationship with the geographical distribution of childhood
diabetes (socio-economic status, ethnicity).  The use of migration as
an independent variable was intended to allow for the possible
changes in the underlying structure of the childhood population
between decennial censuses.  We therefore made every effort to
account for known risk factors but the possibility of other unmeasured
factors being related to patterns of childhood diabetes cannot be
excluded.

Ecological investigations conducted at the group or population level
are most appropriate when the underlying exposure of the ‘group’ can
be measured directly (Esteve et al, 1994) as was the case with the
measurement of nitrate exposure by water supply zone.

The strength of ecological studies lies in the size of the subject
populations which are often large - in this case 1.5 million children -
avoiding selection bias, and the availability of exposure data at a
population level.  Therefore despite the limitations of the method used
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in this study it was appropriately applied and some weight may be
given to the findings.

The outcome of ecological analyses can never by themselves
establish cause and effect; strong positive results may infer an
association which warrants further investigation examining the
exposures of individuals rather than groups or populations.  Our
results do not indicate a need for further studies of individuals.

6.4 Nitrite data

The original study protocol identified a need to examine nitrite levels in
addition to nitrate in relation to childhood diabetes.  Examination of the
sample data from the water companies data revealed very little
variation between WSZs and many of the measures were close to the
level of detection.  Due to the relative instability of nitrite in the supply
system and its subsequent fate after leaving the consumers tap, it was
decided that no adequate and appropriate assessment of exposure
could be made.

6.5 Study findings

The results of the study are discussed in a sequence which
corresponds to the reporting of the results section.

6.5.1 Univariate analyses

The first set of analyses investigated associations between childhood
diabetes and nitrate levels, socio-economic status, ethnicity and
migration for each of the 3 predefined study areas.  Examination of the
separate areas (Scotland and England) showed no significant
differences in diabetes incidence and no associations with either
nitrate levels or any demographic factors.

The univariate analysis examines the effect of each factor without
adjustment for any other variable.  The absence of a significant
association in either separate area does not preclude the finding of a
significant association in the combined data set, as is seen for the
heterogeneity of diabetes incidence.   Larger numbers increase the
power of detecting risks e.g. for a negative association with nitrate
levels.  Conversely, there may be significant associations in the
separate data sets which are lost when the data are combined,
particularly if the variables are operating in different directions in the
smaller analyses.  While it is necessary to report on univariate
analyses it must be accepted that these unadjusted results are only
exploratory: the aetiology of childhood diabetes is multi-factorial and
requires the more complex approach used in multivariate modelling.
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The categories of exposure i.e. the ranges of scores within the
Townsend index, and the nitrate categories are different for each area
and the combined area.  So the combined area analysis cannot be
directly compared with the constituent areas who also cannot be
directly compared with each other.   For example the highest nitrate
category range for England is 28-46 mg/l, for Scotland 2-37mg/l and
the combined area 22-46mg/l.  These categories (quantiles) are
derived according to the populations exposed i.e. approximately a fifth
of the population under investigation and is a well-established method
of generating exposure groups.  Deriving simple quantiles based on
the exposure variables would result in unequal populations within each
quantile.

The fact that the underlying distribution of childhood diabetes was not
significantly heterogeneous reduced the possibility of demonstrating
any factors which might display significant geographical patterns.  The
absence of an association with socio-economic status is surprising
given the increasing number of studies which point to the protective
effect of deprivation/and or household overcrowding (Karvonen et al,
1997; Patterson et al, 1996) particularly in Scotland (Barclay et al,
1988; Patterson and Waugh, 1992) and Northern England (Parslow
et al, 1997) although one study shows increasing incidence with
increasing deprivation (Crow et al, 1991).  The lack of association
between reduced incidence and material deprivation in Scotland
specifically contrasts with the findings of Patterson and Waugh (1992).
This may be explained by the restricted geographical area of Scotland
covered by the present study which excluded areas without a public
water supply.  It is likely these represent rural areas where incidence
is known to be high (Barclay et al, 1988; Patterson et al, 1996;
Patterson and Waugh, 1992; Karvonen et al, 1997). Data on water
quality from private supplies were not readily available and in some
circumstances with very small individual supplies, there will be no
water quality monitoring.  Our study of WSZ will therefore be biased
towards coverage of urban populations in Scotland which may account
for the lack of associations for social class observed in the present
investigation.

The combined study areas increased the number of WSZ to 594 with a
total childhood population of 1.5 million.   The combined areas display
significant variation in the distribution of diabetes and therefore a
greater likelihood of other factors being significantly associated with
the more divergent overall pattern of incidence.  The results of the
analysis of the total area were unexpected, particularly for the
Townsend index of deprivation, where contrary to other published data
(see above) there was a significantly increased risk associated with
decreasing affluence.   The larger numbers from the Scottish study
influence these findings and the potential bias present in Scotland is
discussed above.
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The combined area results for associations of diabetes with nitrate
levels gave 2 statistically significant SIRs.  They showed a positive
effect for very low levels of nitrate (0.81-1.24 mg l-1) and reduced risk
for the highest exposure level (22.01-45.74 mg l-1).  These 2 results
are biologically inconsistent as it would be expected to observe an
increasing risk with rising levels of nitrate exposure.  The presence of
these biologically implausible results in the combined data set were
further examined by multivariate modelling (see below) to determine
whether any of the other factors could explain these findings.

6.5.2 Multivariate analysis

Poisson regression modelling is the standard approach to ecological
investigations of rare diseases where a number of factors may
influence spatial distribution.  The method allows for a limited number
of measured variables to be adjusted for in the analysis, thereby
allowing the opportunity to determine whether they might explain any
observed variation.

The study results for nitrate exposure vary according to study region.
In England, where the average nitrate exposure is considerably higher
than in Scotland, there were significant independent associations
between childhood diabetes and nitrate levels in the mid range (16.74-
22.21 mg l-1) but not in the higher exposure group. These raised risks
were thus restricted to medium level exposure and there was no
evidence of a trend in risk.  There were no equivalent risks associated
with nitrate exposure in Scotland although this is a somewhat spurious
comparison due to the substantial differences in nitrate levels between
the 2 areas.  The results for the combined study areas showed no
associations for nitrate.  There is no immediately obvious explanation
of the English area findings which are unsubstantiated by the
univariate and other data: they may describe the effect of an
unmeasured confounding variable operating in the geographical areas
supplied with nitrate at these levels.  On balance, we feel  these
findings warrant reporting but not as observations which necessarily
support the hypothesis of a causal link between nitrate levels and
childhood diabetes.

In Scotland, two significant risks were found for migration and ethnicity
but neither were at the extremes of exposure and no trend in risk
existed.  The absence of an association with levels of nitrate is clear
but it can be seen the levels in drinking water across Scotland are
lower than the comparable English study area.

The results of the modelling of the variables for the combined areas
gave no significant results for any level of nitrate.
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6.6 Comparison with Yorkshire study

The lack of significant heterogeneity in the English and Scottish study
areas is in distinct contrast to the Yorkshire study.  Repeating the
analysis using the demographic variables at the census district level
for the English study area produced a similar non-heterogeneous
pattern of incidence indicating that it was not caused by the choice of
the unit of analysis.  The small number of significant results observed
in this study, with no apparent trends associated with the independent
variables suggests that there may be some other unmeasured factor
influencing the geographical distribution of the incidence of childhood
diabetes acting as a confounder which reduces heterogeneity.  This
factor has not been identified: it may or may not be present in
Yorkshire or possibly at a different level, or there may be some other
unmeasured factor in Yorkshire which is correlated with the
geographical distribution of nitrate in the drinking water supply.  Using
the WSZ as a unit of analysis does not change the apparent negative
association between IDDM incidence and population density which
were also seen in Yorkshire at electoral ward level (Staines et al,
1997).

6.7 Further considerations

This study has conducted a geographical analysis of childhood
diabetes in 2 areas of the UK which not only have different rates of
childhood diabetes (ranging from 16/100 000 per year in
Leicestershire (Burden et al, 1989) to 18.6/100 000 per year in
Oxfordshire (Gardner et al, 1997) and 23.9/100 000 per year in
Scotland (Rangasami et al, 1997)) but are geographically separated
(these rates compare with 13.7/100 000 per year in Yorkshire (Staines
et al, 1993)).  In addition, their demographic profiles display marked
differences particularly in relation to deprivation which progressively
increases with Northerly latitude.  However, the method of analysis
adjusted for differences and if there was an effect of nitrate levels on
childhood diabetes incidence it should be seen in all areas.  This was
not the case but as discussed above the Scottish nitrate levels were
low.

Variation in the quality of the diabetes case data which were collected
by 3 different registries is highly unlikely to have played in any part in
explaining any findings which are not seen consistently in each area.

The aetiology of childhood diabetes is multifactorial but strongly
influenced by environmental factors.  The ecological analysis is just
one of many epidemiological methods which can be used to detect
environmental risk factors and the absence of positive results for these
UK study areas cannot totally exclude the possibility that nitrates
ingested via food and water may increase the risk of disease.
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7. Conclusions

The data contributing to the analyses in this study were considered to
be of uniformly high quality across the study areas.   Any possible
variation resulting from different methods of collecting and recording
both the diabetes and nitrate data are unlikely to explain any
differences in the results.

The small number of significant results observed in this study, which
were unsupported by trends in the data, are suggestive of the
presence of other unmeasured factors influencing the geographical
distribution of the incidence of childhood diabetes. These confounding
variables remained unidentified in this investigation.

There is a surprising lack of association with deprivation in either the
separate or combined study areas.  This is in contrast to previously
published data and specifically conflicts with observations of reduced
risk in urban areas.  The explanation for this is not immediately
obvious but may relate to the Scottish study area which has an
overrepresentation of urbanised populations.  This is due to the
exclusion of rural areas with no public water supply.

There are no associations between levels of nitrate and childhood
diabetes in Scotland or the combined study area in either the
univariate or Poisson regression analyses.

A raised risk was demonstrated for the middle levels of nitrate in the
English study region.  This effect is quite marked and is not explained
by any of the other measured factors.  However, the results fail to
show any trend of increasing risk associated with increased exposure
to nitrate.  The absence of a trend reduces the biological plausibility of
the observation.

Overall, the findings of the study are not consistent with previous work
which has shown an association between levels of nitrate in drinking
water and the incidence of childhood diabetes.  The results show no
consistent plausible evidence to support a link between childhood
diabetes and levels of nitrates in domestic drinking water.
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10. Glossary

Term Description

Aetiology Causality (Lit. the science of causes).   in

epidemiology it is related to the

disease/condition under scrutiny

Autoimmunity Autoimmune disease occurs when the

body’s defences turn on itself, destroying

tissue or causing inflammation.  IDDM

follows an autoimmune process

Central Postcode

Directory (CPD)

A directory that lists all 1.6m postcodes in

the UK linked to the census

Confidence interval

(CI)

Indicates the precision of the study result as

a measure of the real size of any risk: for

example, it conveys the effects of sampling

variation on the precision of age

standardised rates calculated from a limited

time period.  The true rate is likely to be

inside the 95% confidence interval 95% of

the time.

Ecological studies Ecological studies (also described as

correlation studies) examine the association

between geographical variation in the factor

of interest (in this case childhood diabetes)

and other spatially distributed variables i.e.

population density/socio-economic status.

Enumeration District

(ED)

The smallest geographical area for which

census data are published in England and

Wales

Epidemiology The study of the distribution of determinants

of health-related states or events in
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specified populations.

Geographical

information system

(GIS)

A Geographical Information System is a

mapping tool linked to a database designed

to work with spatially referenced data

HLA Human leucocyte antigen system: a series

of four gene families that code for

polymorphic proteins found on the surface

of most cells.  Individuals inherit one gene

or set of genes from each parent for each

subdivision of the HLA system.  Two

individuals with the same HLA type are said

to be histocompatible  Successful organ

transplants require as few HLA differences

as possible between donor and recipient

Incidence (rate) The number of instances of illness

commencing, or of persons falling ill, during

a given period in a specified population.

More generally, the number of new events,

e.g. new cases of disease in a defined

population, within a specified period of time.

Sometimes used to denote “incidence rate”.

Incidence Rate Ratio

(IRR)

Incidence rate ratios are used to compare

incidence rates per unit change of an

independent variable: i.e. the relative

incidence rate between the lowest and

highest category of some exposure

Insulin dependent

diabetes mellitus

(IDDM)

This is an endocrine disorder that affects

the metabolism of carbohydrate,  fat and

protein using the hormone insulin produced

by β-cells in the pancreas.  In diabetics,

this metabolic function is impaired due to a

reduction in the number and/or activity of β-

cells.
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Multivariate analysis Statistical analysis which examines the

influence of several independent variables

on a dependent variable, adjusting for the

separate effect of each

Nitrosamine a compound comprising a nitrogenous

element combined with an amino acid:

these can be formed in the human body

Odds Ratio Odds ratios are used in case-control studies

as a measure of effect of exposure on the

risk of developing a disease.   IDDM is

relatively uncommon and as a result,  the

odds ratio is equal to the relative probability

of disease occurrence in an exposed group

compared to an unexposed group - the

relative risk

Output area (OA) The smallest geographical area for which

census data are published in Scotland

Poisson distribution A mathematical formula which describes the

probability of observing each number of

events (0,1,2….n) in equal units of time or

space where the average rate of occurrence

is low and known and the events are

occurring at random. The Poisson

distribution is often used to calculate the

number of occurrences of a rare illness

which may be expected to occur in a

population.

Population-based

registers of disease

Population-based disease registers collect

data on diseases within defined population

areas and time-periods.  The aim is to

collect all occurrences of disease

Risk The probability that an event will occur, e.g.

that a child will develop IDDM within a
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stated period of time or by a given age

ß-cell cells in the Islets of Langerhans in the

pancreas which produce the hormone

insulin (see IDDM)

Standardised

Incidence Ratio (SIR)

The ratio of observed occurrences in the

study population to the expected number if

the study population had the same rates as

the standard population as a whole,

multiplied by 100

Univariate analysis Statistical analysis that examines the effect

of only one independent variable on the

dependent variable



42

11. APPENDIX

Figure A1. Distribution of Townsend score in English study area

Fraction

Townsend Index
-5.34056 17.6096

0

.095238

Figure A2. Distribution of Proportion non-white children in English study area

Fraction

Proportion non-white children

0 .860747

0

.333333
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Figure A3. Distribution of Migration proxy in English study area

Fraction

Percentage of households moving with dependent children

1.96078 17.854

0

.102041

Figure A4. Distribution of mean nitrate levels in English study area

Fraction

Average nitrate

3.08392 45.7383

0

.095238
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Figure A5. Normal plot of deviance residuals from Poisson model in English
study area

Fraction

Deviance residual
-2.97238 2.96444

0

.088435

Figure A6. Deviance residuals fitted against fitted values in English study
area

Deviance
 residual

.083399 16.6651

-2.97238

2.96444

Fitted value
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Figure A7. Deviance residuals plotted against Townsend index in English
study area

Townsend index

-5.34056 17.6096

-2.97238

2.96444

Deviance
residual

Figure A8. Deviance residuals plotted against migration in English study area

1.96078 17.854

-2.97238

2.96444

Deviance
residual

Percentage of households moving with dependent children
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Figure A9. Deviance residuals plotted against proportion non-white children
in English study area

proportion non-white children
0 .860747

-2.97238

2.96444

Deviance
residual

Figure A10. Deviance residuals plotted against proportion average nitrate in
English study area

Deviance
residual

average nitrate

3.08392 45.7383

-2.97238

2.96444
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Figure A11. Distribution of Townsend score in Scottish study area

Fraction

Townsend index

-5.74367 13.3265

0

.085202

Figure A12. Distribution of Proportion non-white children in Scottish study area

Fraction

Proportion non-white children

0 .336032

0

.54382
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Figure A13. Distribution of Migration proxy in Scottish study area

Fraction

0 46.1538

0

.130337

Percentage of households moving with dependent children

Figure A14. Distribution of mean nitrate levels in Scottish study area

Fraction

.04735 37.3333

0

.477578

Average nitrate
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Figure A15. Normal plot of deviance residuals from Poisson model in Scottish
study area

Fraction

-3.31647 3.33038

0

.165919

Deviance residual

Figure A16. Deviance residuals fitted against fitted values in Scottish study
area

Deviance
 residual

Fitted value
.008213 25.3733

-3.31647

3.33038
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Figure A17. Deviance residuals plotted against Townsend index in Scottish
study area

Deviance
residual

Townsend index

-5.74367 13.3265

-3.31647

3.33038

Figure A18. Deviance residuals plotted against migration in Scottish study area

0 46.1538

-3.31647

3.33038

Deviance
 residual

Percentage of households moving with dependent children
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Figure A19. Deviance residuals plotted against proportion non-white children
in Scottish study area

Deviance
residual

proportion non-white children
0 .336032

-3.31647

3.33038

Figure A20. Deviance residuals plotted against average nitrate in the Scottish
study area.

Deviance
residual

average nitrate

.04735 37.3333

-3.32415

3.3284
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Figure A21. Distribution of Townsend score in combined study areas

Fraction

Townsend index

-5.21423 14.7063

0

.067682

Figure A22. Distribution of Proportion non-white children in combined study
areas

Fraction

Proportion non-white children

0 .860747

0

.69322
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Figure A23. Distribution of Migration proxy in combined study areas

Fraction

0 46.1538

0

.122034

Percentage of households moving with dependent children

Figure A24. Distribution of mean nitrate levels in combined study areas

Fraction

Average nitrate

.04735 45.7383

0

.414552
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Figure A25. Normal plot of deviance residuals from Poisson model in combined
study areas

Fraction

Deviance residuals

-3.39803 3.47911

0

.146465

Figure A26. Deviance residuals fitted against fitted values in combined study
areas

Deviance
residual

Fitted value

.007496 23.8047

-3.39803

3.47911
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Figure A27. Deviance residuals plotted against Townsend index in combined
study areas

Deviance
residual

Townsend index

-5.22099 14.716

-3.39803

3.47911

Figure A28. Deviance residuals plotted against migration in combined study
areas

Deviance
residual

Proportion of households moving with dependent children

0 46.1538

-3.39803

3.47911
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Figure A29. Deviance residuals plotted against proportion non-white children
in combined study areas

Deviance
residual

 Proportion non-white children

0 .860747

-3.39803

3.47911

Figure A30. Deviance residuals plotted against average nitrate levels in
combined study areas

Deviance
residual

Average nitrate

.04735 45.7383

-3.39803

3.47911


