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Summary. A computer file of all Scottish hospital admissions
in the period 1968-1976 was searched to identify the 2,505
children (aged <19 years) with a diagnosis of diabetes. The
average annual incidence of the disease (based on first hospi-
tal admission) was estimated to be 13.8 per 100,000 children
aged <19 years (boys 14.4 per 100,000; girls 13.2 per 100,000).
The highest incidence, 20.0 per 100,000 was in the age group
10-14 years and the lowest 7.1 per 100,000 in those aged <5
years. It is estimated that during the study period there was an
80% increase in the annual incidence of juvenile diabetes,
from about 10 per 100,000 in 1968 to about 18 per 100,000 in
1976. First admission rates showed seasonal variations for
those aged 5 years or more, with peaks in October/November
and January/February. Marked variation was found in the in-
cidence rates in the different counties of Scotland. The central
lowlands which includes the cities of Edinburgh and Glasgow

was an area of low incidence. There appeared to be an inverse
correlation between the incidence rate in each county and
population density. In Glasgow, there was an inverse associa-
tion between the incidence rate in each city ward and the aver-
age number of persons per room. There was no evidence of
space-clustering of the disease in different years within the
parishes (rural districts) of each county and there was no con-
vincing evidence that the variation in the incidence of diabetes
between parishes in the same county was more than might
have been expected to arise by chance. The observations are
compatible with the disease having a viral aetiology but it is
difficult to explain the striking rise in incidence over the study
period on this basis.
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There is circumstantial evidence suggesting that viral in-
fections play a role in the aetiology of Type 1 (insulin-
dependent) diabetes. There are several reports of chil-
dren in the same family developing the disease at about
the same time [1]. A fairly consistent pattern has been
noted in the seasonal variation in the month of onset of
Type 1 diabetes, with peaks in the autumn and winter
{2]. Furthermore, the incidence peaks around the age of
5 years, when children commonly start primary educa-
tion, and 12 years, the age when children often change
schools to start their secondary education. At both these
ages children are likely to be exposed to a new environ-
ment and may acquire new infections. Coxsackie B4 vi-
rus has been suggested as a possible aetiological agent.
Children with newly diagnosed diabetes were found to
have higher antibody titres to this virus than long-stand-
ing diabetics or normal subjects [3]. Yoon et al. [4] found
a variant of Coxsackie B4 virus in the pancreas of an
11 year old boy who died from diabetic ketoacidosis.

The virus caused diabetes when injected into certain
strains of mice.

The incidence of the disease has been reported to
vary markedly from year to year and in different areas
of the British Isles [1], but this finding is difficult to in-
terpret as the results were based on notifications of new
cases received during the first 2 years of a national vol-
untary register. There might have been variation in the
completeness of reporting in different areas and at dif-
ferent times. A study of Type 1 diabetes in an English
county (Oxfordshire) showed considerable variations in
incidence rates between different health districts and a
striking cluster of children with the disease was found
within a single parish in one district [5].

The present investigation was undertaken to deter-
mine if previously reported epidemiological observa-
tions could be confirmed in a study based on all cases of
the disease notified in Scotland over a 9-year period.
We were especially interested in examining the distribu-
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Table 1. Age and sex specific average annual incidence rates of dia-
betes (corrected for readmissions)

Age at first Corrected average annual
admission (years) incidence rate (per 100,000)
Male Female Total
0- 4 73 6.8 74
5-9 12.0 10.8 114
10-14 20.0 20.1 20.0
15-18 19.6 153 17.5
0-18 14.4 13.2 13.8
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Fig.1. Age of children when first admitted to hospital with diabetes
during 1968-1976. (— males, ---- females)

tion of the disease for evidence of clustering in space or
in time or in space and time jointly.

Methods

Since 1968 details of all non-psychiatric in-patient discharges from
Scottish hospitals have been recorded on computer. The system has
been described by Heasman [6] and Heasman and Clarke [7]. Records
for the period 1968-1976 were searched to identify all children under
the age of 19 years who had a discharge diagnosis of diabetes. For
each of the 7,197 admissions so identified, the surname of the patient
was extracted together with his or her initials, sex, date of birth, date
of admission and area of residence. These records were arranged in
alphabetical order (and subsequently in date of birth order and by
area of residence) and this enabled 4,482 (62.3%) to be removed as
they were found to relate to readmissions of patients already included
(the routine recording system does not distinguish first admissions
from subsequent admissions with the same condition). A computer
file of school medical examinations for the period 1967-1976 was also
searched and 861 children identified who had been noted to have dia-
betes at a school medical inspection. Since neither area of residence
nor date of first hospital admission were recorded for these children,
the data were used only as a means of identifying children known to
have diabetes before their first recorded hospital admission. Eighty-
one children were excluded from the hospital series on this basis (the
date of first recorded hospital admission being after the date of the
school medical inspection at which diabetes was noted). A further 86
cases, whose date of admission with diabetes was recorded as in the
first month of life were excluded from the series (most were coding er-
rors — diabetes in the mother had been wrongly coded as diabetes in
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the newborn child) and 43 patients were excluded who lived outside
Scotland. The remaining 2,505 children constitute the study series.

For each child we had a record of their date of first hospital ad-
mission with diabetes in the period 1968-1976, their age, sex and
usual place of residence. Place of residence was coded according to
Scottish county and to rural parish or city ward within the County,
these being the smallest areas for which population estimates are
available. Twenty-four cases were excluded because place of resi-
dence was unknown. A further 135 cases could only be included in
analyses at a county level since we were unable to determine their par-
ish.

Parish and city ward populations (by sex in individual years of age
up to 18 years) were supplied by the General Register Office for Scot-
land from the 1971 census. These populations have been used to esti-
mate the average annual incidence rates of diabetes for cases diag-
nosed during 1968-1976. For the calculation of annual rates the Re-
gister General’s mid-year population estimates were used.

In testing our data for seasonal variation in admission rates two
statistical tests were used. One was based on Edward’s test [8] which is
appropriate when a sinusoidal pattern of incidence with a single peak
is expected during a year [9] and the other was a non-parametric
procedure for which no assumptions are made about the form of any
seasonal variation [10]. Tests for the detection of clustering of cases in
small areas [11] and of space-time clustering [12] were also used as
well as a test for a linear trend in proportions [13].

Since we could not determine if a child’s first hospital admission
with diabetes during the period of 1968-1976 was in fact the first ever
admission with diabetes (as we had no information on admissions be-
fore 1968), it was necessary to develop a method that enabled us to es-
timate the proportion of children in our study who had been admitted
to hospital with diabetes before 1968. Children whose first recorded
admission during the period 1968-1976 was in 1976 were unlikely to
have been admitted before 1968 (as we knew they had not been admit-
ted in the period 1968-1975). However, those children whose first re-
corded admission was in the earlier years of our study were more like-
ly to have been admitted before 1968 since we were able to check for
previous admissions only back to 1968 (e. g. for those first admitted in
1969 we could only be sure that they had not been admitted in 1968).
The method developed to calculate correction factors to adjust for
readmissions for each of the years 1968-1976 is given in the Appen-
dix.

Results

Of the 2,505 children 1,337 (53.4%) were boys and 1,165
(46.5%) girls (for three the sex was not recorded). Fi-
gure 1 shows the age distribution at the time of first ad-
mission during 1968-1976. For the boys there is a small
peak in the number of cases at the age of 3 years and an-
other at 11 years and, for the girls there are peaks at 4
years and 12 years. Age and sex specific average annual
incidence rates are given in Table 1. (These rates are
based on admission rates and have been corrected to
eliminate the effect of readmissions using the method
described in the Appendix*). Incidence rates among
boys were slightly higher than those among girls except
at age 10-14 years. For both sexes the highest rate was
in the age group 10-14 years. The estimated average
annual incidence rate of diabetes, for all ages combined
(0-18 years), was 13.8 per 100,000.

The estimated incidence rates in each year of the
study period are given in Table 2. Both uncorrected and

* The same correction factors were used for all age groups and for
both sexes.
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Table 2. Age standardised and corrected® age standardised annual in-
cidence rates
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Table 3. Average annual incidence rate* by population density in the
counties of Scotland

Year Standardised annual Corrected standardised
incidence rate annual incidence rate
per 100,000 per 100,000

Male  Female Total Male  Female Total

1968 222 213 21.8 10.2 9.8 10.0
1969 18.5 159 17.2 12.0 10.3 11.2
1970 149 17.5 16.2 11.3 13.3 123
1971 164 13.6 151 13.8 114 12.7
1972 156 14.7 15.2 14.2 13.4 138
1973 16.8 15.1 16.0 16.0 143 15.2
1974 15.5 143 149 15.0 139 14.5
1975 18.0 14.8 16.4 17.5 14.4 15.9
1976 19.6 17.3 18.5 194 171 18.3

1968-76 17.5 16.1 16.8 14.4 13.2 13.8

2 See Appendix

Table 4. Average annual incidence rate* by population density in
Glasgow City Wards

Population density Average annual incidence rate®

(persons/room) (per 100,000)
Male Female Total

<0.8 149 131 14.0

0.8- 10.0 11.7 10.8

09- 11.6 3.7 10.2

1.0- 8.7 8.3 8.5

1.1 or more 7.3 8.9 8.2
Overall 10.4 9.9 10.2
% test for 6.4 29 8.5

trend (1 df) (p=0.01) (p<0.01)

2 Not corrected for readmissions

corrected rates are given and all rates have been stand-
ardised to the 1971 census population. The uncorrected
rates show no clear trend with time but the corrected
rates increase steadily over the study period (Fig.2).
Overall there is a rise of about 90% for boys and 70% for
girls between 1968 and 1976.

Admission rates were higher in the winter months
than in the summer months. Figure 3 shows the number
of cases (‘first’) admitted in each month separately for
children aged 0-4years, 5-11years and 12-18 years.
Statistically significant seasonal variation was apparent
only in those aged 5years and above (p<0.05), with
peaks in October/November and January/February.
The monthly variation in the rates for those aged <35
years was not statistically significant.

The average annual incidence rates by county (un-
corrected for readmissions) range from 8.5 per 100,000
in Peebles to 34.1 per 100,000 in Sutherland and the var-
iation between the different counties was highly signifi-
cant (y* (35df)=165.5; p< 0.001). There appeared to be
an area of relatively low incidence through-out the cen-
tral lowlands. It was notable that the rate in Glasgow,

Population density Average annual incidence rate?

(persons/hectare) (per 100,000)
Male Female Total
<02 24.4 20.1 223
0.2- 232 19.4 21.4
1.0- 16.8 16.6 16.7
3.0- 17.1 15.6 164
10.0 or more 13.2 12.2 12.7
Overall 17.4 15.8 16,6
x* test for 523 32.5 84.3
trend (1 df) (p<0.001) (p<0.001) (p<0.001)

2 Not corrected for readmissions

Annual admission rate per 100, 000

OLI i 1 i ! 1 i I |

1968 1969 1970 1971 1972 1973 1974 1975 1976
Year

Fig.2. Corrected age standardised annual admission rates during
1968-1976. (@—@ males, @----® females)

the largest city in Scotland was relatively low (10.2 per
100,000 per year).

To determine if there was evidence of any clustering
of cases in parishes, within counties or in wards within
cities, the distribution of cases (using address at first re-
corded admission) in each of the 967 parishes or city
wards in Scotland was examined. The test for clustering
was applied within each county and the results
summed. In a few counties there was some evidence of
clustering but, when the data were considered as a
whole, there was no evidence that the variation in the
incidence rates between areas within counties was more
than might have been expected to arise by chance.

The incidence rates appear to be highest in those
areas of the country that are most sparsely populated.
Using data from the 1971 census, the counties were di-
vided into five categories on the basis of their popula-
tion densities (Table 3). Incidence data from counties
with population densities in the same category were
combined and the results are summarised in Table 3.
For both boys and girls there was a progressive increase
in incidence rates as population densities decrease and
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for each sex the trend was highly significant (p < 0.001).
To investigate whether this might be due to differences
in readmission patterns in areas of high and low popu-
lation density we repeated the analysis shown in Table 3
for the data from the period 1974-1976 (when the ef-
fects of readmissions were minimal — see Appendix).
Significant trends were still apparent for each sex (p<
0.01) though the admission rates in the lowest popula-
tion density categories were less than those shown in
Table 3.

To determine if such an association existed in a
small area and where the disease incidence was lower,
data from the city wards in Glasgow were analysed in a
similar fashion. No association was found between
population density (as measured by persons per hec-
tare) and diabetes incidence, but when the wards were
categorised on the basis of the average number of per-
sons per room in the ward, as given in the 1971 census,
there was an inverse relationship between the average
number of persons per room and the incidence of dia-
betes (Table 4).

Evidence of space-time clustering was sought by ex-
amining the year-to-year variation in the number of first
admissions from each parish or ward in the years
1970-74 (a period during which the national average
annual incidence rate, not corrected for readmissions
(Table 2), was relatively stable). There was no evidence
of space-time clustering.

Discussion

Our survey of Type1 diabetes (first diagnosed <19
years of age) is one of the largest epidemiological stud-
ies to have been conducted on this disease. It was made
possible by use of the register of all hospital admissions,
which has been maintained on computer for the whole
of Scotland since 1968. There were two drawbacks in
using these data for an epidemiological investigation.
Firstly, our analysis necessarily excluded those chil-
dren who developed diabetes but who were not admit-
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ted to hospital. We do not think that this is a serious
source of bias since Scottish diabetologists and paedia-
tricians have confirmed that throughout the period of
study it was their policy to admit newly diagnosed cases
to hospital. Furthermore, the average annual incidence
of diabetes we observed during the study period, 13.8
per 100,000 children aged 0-18 years, is higher than the
corresponding rates of 7.4 per 100,000 estimated for
Scotland [1] during 1973-74 and is also higher than the
rate of 10.1 per 100,000 obtained for Oxfordshire [5] for
the period 1969-76. The rates are rather similar to those
observed by Christau et al. in Denmark [14].

Secondly, the computer record of each admission
contains no information on whether or not it relates to
the first or to a subsequent admission. We found that
many children had been admitted more than once with
diabetes and it was necessary to devise a method which
allowed us to determine the effect that readmissions
may have had on our estimates of incidence of new
cases. The method we used is detailed in the Appendix.

The 80% increase in incidence of the disease over a
9-year period is striking. This apparent increase is not
due to a general increase in the total number of patients
recorded by the Scottish Inpatient system. During the
period 1968-76, the total recorded admissions (for all
causes) among children aged 0-14 years in fact declined
slightly (Heasman, personal communication). It is pos-
sible that the assumptions we made in deriving inci-
dence rates adjusted for readmissions may have over-
estimated this trend but it seems most unlikely that this
could account for all the change observed. A very con-
servative estimate based on extrapolation from Appen-
dix Figure A1 suggests that the real increase in inci-
dence cannot be less than 30% during the period
1968-1976. We have no explanation for this increase
but our finding supports an earlier observation of a 70%
increase in the number of newly diagnosed cases of dia-
betes treated at the Royal Hospital for Sick Children in
Glasgow between 1969-1972 and 1973-1976. These ob-
servations suggest that trends in incidence after 1976
[15, 16] should be carefully monitored to determine if
they have continued to rise.

Our study has confirmed a previous report [3] that
children over 5 years of age are more likely to be admit-
ted to hospital with diabetes in late autumn or winter.
The apparent peaks in hospital admission are not very
marked, and do not provide strong support for the sug-
gestion that peaks of incidence occur at the time of
starting school (or kindergarten) and changing schools.
The peaks are at different ages for boys and girls and
the early peaks occur at ages which seem to be too
young to be related to starting school. State organised
nursery education in Scotland was uncommon during
the study period.

Considerable differences in the incidence rates of
juvenile diabetes in districts of Oxfordshire have been
reported [S] and we have confirmed that there is consid-
erable geographical variation in admission rates. Rates
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Table A1. Proportion of total admissions in 1976 classified as read-
missions on the basis of a previous admission in an earlier year during
the study period

Index Year  Number of Number of patients  As

] X patients admitted in 1976 who proportion
with were classed as read-  of total 1976
admission  missions because of  admissions
in year x admissions in year x  (15)
and in 1976* of later year

0 1976 (696) — 0.000

1 1975 202 202 0.2907

2 1974 73 275 0.395

3 1973 42 317 0.455

4 1972 26 343 0.493

5 1971 16 359 0.516

6 1970 6 365 0.524

7 1969 1 366 0.526

8 1968 8 374 0.537

2 Patients are not counted in a particular year if they have also been
admitted in a later year (before 1976). Thus for example 275 patients
(202+73) who were admitted in 1976 were also admitted in 1975 or
1974. ® Equals 202/696

Table A 2. Correction factors to convert the number of ‘apparent’ first
admissions in each year of the study period to the estimated number
of ‘true’ first admissions

Index Year of study Correction factor

i (<)

1 1968 0.46

2 1969 0.65

3 1970 0.76

4 1971 0.84

5 1972 091

6 1973 095

7 1974 0.97

8 1975 0.97

9 1976 0.99
1968-1976 0.82
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Fig. A1. Proportion of all admissions rejected as re-admissions by the
number of previous years information considered

in the two northern counties of Scotland are three times
as high as in Glasgow and twice as high as in Edinburgh
and, in general, there seems to be an inverse association
between admission rates for diabetes and population
density. A similar association has been observed among
Swedish children with diabetes [17], though the situa-
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tion is less clear in Denmark [14]. Failure to find evi-
dence of space-clustering suggests that there is no sim-
ple relationship between infection and onset of Type 1
diabetes. The apparent large increase in incidence over
the study period also cannot readily be explained on the
basis of an infectious aetiology. However, the finding of
a higher incidence in sparsely populated areas may be
compatible with an aetiology similar to that of infec-
tious mononucleosis and paralytic polio, that is delayed
infection with a common virus. The higher incidence
after the age of 10 years would also be consistent with
such an hypothesis.
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Appendix

Adjustment for Readmissions

The total number of patients admitted to hospital for juvenile diabetes
in any one year is made up of two groups - those admitted for the first
time with the disease and those first admitted with the disease in a
previous year who are readmitted for further investigations or treat-
ment. In studying the incidence of the disease we are interested only
in the former group but the data available to us on each admission did
not enable us to determine directly if it was the first or a subsequent
admission with diabetes. We could, however, inspect the list of admis-
sions in preceding years, back to 1968, to determine if a child had also
had an admission in one of those previous years. For example, in
1976, our original list consisted of 696 children admitted with dia-
betes. Two hundred and two of these had also been admitted in 1975
and 73 had been admitted in 1974 (but not in 1975) and eight had been
admitted in 1968 (but not in 1969-1975) (Table A 1). Thus, by consid-
ering only one previous year we were able to reject 29% (202/696) of
the 1976 cases as having been admitted before and by considering the
admissions in the 8 preceding years we were able to reject 54%
(374/696) of the 1976 cases as having been previously admitted. This
is shown graphically in Figure A 1. It may be seen (Table A1, Fig. A1)
that only 15 (2.2%) of the 696 admissions in 1976 were detected as
readmissions because of admissions in the period 6-8 years before
1976 (i.e. 1968-1970). Thus it seems likely that the 322 patients
(=696-374) whose admission in 1976 was their only admission in the
period 1968-1976 will include very few patients who were first admit-
ted before 1968.

If we assume that the ratio of number of first admissions to the
number of readmissions remained constant for each of the years
1968-1976, we may use Figure A1 to calculate ‘correction factors’
which may be used to estimate the number of first admissions in each
of these years.

Let t; be the total number of admissions in the i th year

(i=1=1968;i=2==1969;...;1=9=1976)
Let f; be the number of first admissions in the i th year

Assume
fi=at; (for all i) (where «is a constant) )
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Let n; be the number of ‘apparent’ first admissions in the i th year.
That is, the number admitted in year i who had not been admitted in
year1,2,..., ori-1.

If the proportion of total admissions in a year which are rejected
as being readmissions is r; when j years previous data are available, we
have

n=t;(1—r;_7) (wherer,=0) i=1,2,...9 2)
Thus, from (1) and (2), we have

fi=an/(1—r1_y)
=qiny where ¢;=a/(1—1,_1) 3)

From Figure A1 it appears that as the number of previous years
data available increases the proportion of cases that are rejected as
having been previously admitted tends towards an asymptotic value
of about 0.54. At the asymptotic value f;=n; (i.e. all ‘apparent’ first
admissions are ‘true’ first admissions) and thus we may estimate ¢ to
be 0.46. The graph shown in Figure A1 enables us to estimaie r; for
i=1, 2, ..., 8 and thus, using (3), we can estimate the correction fac-
tors ¢;. These are shown in Table 2 A. We have used the correction fac-
tors shown in Table 2 A to adjust the number of ‘apparent’ first admis-
sions in each of the years of the study to obtain an estimate of the ac-
tual numbers of first admissions in each year. The overall correction
factor at the foot of the table was obtained as a weighted mean of the
correction factors for the individual years, using the numbers of ap-
parent first admissions in each year as weights.

Coverall = érl&
Zni

In order to check the validity of the assumption that the ratio of
first admissions to readmissions remained constant during the study
period, the analysis above, based on data for 1976, was also conduct-
ed for the years 1970 and 1973 (Fig. A1). There is some evidence that
the ratio of first admissions to readmissions decreased in the later
years. This shift would be more compatible with a decreasing inci-
dence rate during the study period than with an increasing incidence
rate (see text). However, changes in readmission patterns or other
relevant factors (e.g. size and age distribution of the population)
could also contribute to this shift.



