
BRITISH MEDICAL JOURNAL 3 JULY 1976 35

Clinical Topics

Ten-year follow-up report on Birmingham Diabetes Survey
of I96I

Report by the Birmingham Diabetes Survey Working Party*
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Summary

In a diabetes survey in 1960-1, 808 patients from a whole-
practice population who either had glycosuria or were
used as age- and sex-matched controls were given a
50-g oral glucose tolerance test (GTT). Ten years later
the test was repeated in 382 cases. Of the original group,
126 had died and a similar number refused the second test.
The original GTT results were classed as normal or as
showing GTT diabetes, lag storage, renal glycosuria, or
miscellaneous abnormalities. Most of those who conver-
ted to florid diabetes came from the GTT diabetes group,
all the remainder having shown another minor degree of
abnormality in the test; 23O' with GTT diabetes, however,
remained unchanged, while 320o returned to normal or
had only minor anomalies. Of the original lag-storage
group 57tO' remained unchanged or became normal,
though 240h had converted to a diabetic abnormality.
Renal glycosuria was an innocent peculiarity. The various
miscellaneous abnormalities tended to change and
showed an excessive conversion to diabetes. There was no
accelerating trend towards diabetes in the second five
years of follow-up. Those who developed florid diabetes
showed an excess mortality comparable to that of clinical
diabetics in general. Those who remained normal had
the lowest mortality, while those with minor abnor-
malities occupied an intermediate position.

Introduction

The aim of the Birmingham Diabetes Survey carried out in
1960-11 was to establish, so far as possible, the prevalence of
abnormal glucose tolerance in an English provincial city. In
addition, the causes of postprandial glycosuria were classified
in terms of the oral glucose tolerance test (GTT). Two of the
problems that emerged are considered here. Firstly, it was
impossible to decide whether the many examples of mild glucose
interolerance were really significant and likely to lead to clinical
diabetes. Secondly, the relation of apparently non-diabetic
abnormalities, such as renal glycosuria and the lag-storage effect,
to diabetes was uncertain. Both these questions could be
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Health Authority (now regional statistician, East Anglia Regional Health
Authority)

answered only by follow-up with repetition of the tests. After
five years2 the results were suggestive but not conclusive. We
now present the figures from a 10 year follow-up. These must
be regarded as the conclusion of the study because of the
attenuation of the original population from death and other
causes, particularly among the elderly, who showed most of the
abnormalities. We calculate that by 1974 only 27% of the
original population were still alive or on the same practice lists
as in 1960, although a considerable number still in the West
Midland area were followed up.

Method

In 1960-1, 19 412 patients from the lists of 10 general practitioners
in the Birmingham area were invited to test, with a glucose oxidase
strip, a specimen of urine collected one hour after the largest meal of
the day. The test was carried out by 18 532 (9555%), and 493 (2 7%)
reported glycosuria; 119 (060 1,) others were known cases of diabetes.
Altogether 465 proceeded to a 50-g oral GTT. In 1962, to establish a
more representative sample of the population,3 a further 343 GTTs
were carried out on a random sample of those who had not detected
glycosuria. The composition of the survey population who had
glycosuria and their controls has been described.' The figure shows
that in 1971, 10 years after the original survey, 569 of the 808 patients
given GTTs were considered for follow-up. Of these, 134 refused or
had died or emigrated or were otherwise untraced. Of the 56 shown
to have diabetes in the original test, 16 had died. The 40 survivors
were joined by a further 13 who had been shown to have diabetes
when retested in 1965. They were assumed to be still diabetic and did

1961 808 Glucose tolerance tests

56 Florid diabetics

1966 808
72 Died
10 Emigrated
12 Untraced

It, 37 Excluded (control group)
677
+ 108 Refused or incapacitated

1966 569 Retested

53 Florid diabetics

1971 569
54 Died
4 Emigrated
18 Untraced

493
i 58 Refused or incapacitated

1971 43 5 Retested
(382 had glucose tolerance tests

53 were florid dia6etics)

Fate of patients given GTTs in original survey.

BRITISH MEDICAL JOURNAL 3 JULY 1976 35

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.2.6026.35 on 3 July 1976. D
ow

nloaded from
 

http://www.bmj.com/


36

not have a further GTT. The others had been told that they were

normal, and therefore received no dietary advice, but were led to
expect to be recalled for a further test. This left 382 who did have a

further GTT, which was 830, of those still alive and available. The
performance of the test was the same as in 1961 and 1962.' The tests
were conducted during December 1970 to February 1973. Twenty-one
patients who had left the district since 1965 and had had normal
results had repeat tests in laboratories in other parts of the country.

Definitions

The various categories of abnormal glucose tolerance have been
defined.' Briefly, florid diabetics were those whose fasting blood
glucose levels exceeded 7 2 mmol/l (130 mg/100 ml). Originally, GTT
diabetics were those whose fasting levels were below this but exceeded
10 mmol/l (180 mg/100 ml) at one hour and 6 7 mmol/l (120 mg/100
ml) two hours after glucose. In our five-year follow-up report,2
however, we pointed out that, regardless of the original GTT category,
nearly all the patients who converted to florid diabetes had shown a

two-hour blood glucose level exceeding 7 5 mmol/l (135 mg/100 ml)
in the first test. We proposed that this two-hour figure would be more

appropriate than the 6-7 mmol/1 originally adopted and later recom-

mended by the British Diabetic Association.4 In this paper we have
adopted the new two-hour figure but have not changed the original
fasting and half-, one-, and one-and-a-half-hour standards. Those
whose values exceeded 10 mmol/l at either half-an-hour or one hour
but who were normal fasting and at two hours are included in a

lag-storage category. Patients with renal glycosuria were those in whom
glycosuria was found by Clinitest but in whom the blood glucose
never exceeded normal values.

Results

The most important issue to arise from the original survey was the
significance of minor abnormalities shown by the GTT. Did these
inevitably progress to clinical diabetes ? Table I shows that of the 31
patients who originally had GTT (chemical) diabetes, seven were

unchanged 10 years later, 14 were florid diabetics, and 10 were either
normal or had only some slight peculiarity. None from the normal or

renal category had developed florid diabetes, and only one from each
of the lag, miscellaneous A and B, and unclassified categories had done
so. Eleven of the 14 who developed florid diabetes did so in the first
five years and only three in the second five years.
Of the 90 patients who originally had a lag-storage curve 32 were

unchanged, but 21 had converted to GTT diabetes and one had
become a florid diabetic. We divided those patients in the lag-storage-
curve group who converted to GTT diabetes into those who showed
a peak half an hour after glucose and those who showed a peak one

hour afterwards5 (table II). More of those who peaked at one hour
became GTT diabetic but only one became floridly diabetic. Renal
glycosuria, on the other hand, either returned to normal (22 patients
(51 0o)) or remained unchanged (12 patients (28°0)). The various
miscellaneous abnormalities behaved in an intermediate fashion
between the lag and renal groups. Of the 168 patients who were normal
in the original GTT, 101 (600') stayed the same. None developed
florid diabetes. The numbers who shifted to other categories may
represent the day-to-day variability of glucose tolerance.
These results are similar to those obtained at five-years.' All the

various permutations of category between five and 10 years are highly

BRITISH MEDICAL JOURNAL 3 JULY 1976

TABLE II-Lag-storage conversions to GTT diabetic abnormality, half- and one-

hour peaks compared

Age at first test (years): <30 30-49 50-69 70 Total

Peak at half an hour 1 2 4 7
Peak at one hour 2 10 2 14

TABLE III-Age-specific death rates*

0-5 years 5-10 years

Category at No of deaths No of deaths
first test

Actual Expected Ratio Actual Expected Ratio

GTT diabetes 20 19 38 1 03 911 974 1-13
Florid diabetes 13 8 96 1 45 12 8 74 1-37
Lag storage 10 13-08 0 76 16 12 88 1124
Renal glycosuria 1 1-54 193
Miscellaneous:
A 1 2 53 4 3 31
B 3 4-82 5 4-25
C 6 506 8 432

Unclassified 3 1-75 1-31
Normal 15 17 20 0 87 10 15-13 0-66

Total 72 7432 097 66 61-61 1 07

*Based on 526 patients retested at five years together with original 43 florid diabetics
still alive after five years. "Expected" deaths derived from Abridged Life Tables,
1962 and 1966, England and Wales.

complex and are not shown here. We have prepared tables, however,
which are available on request.

Table III shows the number of deaths, by category at first test,

from 0 to five and five to 10 years. It is impossible to tabulate overall
deaths for the whole 10-year period because of the unknown fate of the
patients who refused to be retested or were untraced after five years.

The numbers of expected deaths for persons of the same age and sex

were calculated from the Registrar General's figures for 1962 and
1966. The figures show that the mortality rates among those with
florid diabetes were increased. Those with normal glucose tolerance
fared the best. The clearest result to emerge is the excess in the ratio
when florid diabetics are compared with normal people. This is about
the same as that found for clinical diabetics in the West Midlands.6
The GTT diabetes and miscellaneous groups show the expected
mortality in the the first quinquennium and a slight increase in the
second quinquennium of follow-up. The significance of this is
debatable, however, because of small numbers. Those with normal
glucose tolerance seem to have a slight advantage over the general
population. Our survey population, however, may not have been truly
representative of that of England and Wales and there may have been
slightly more of the higher socioeconomic grades.

Discussion

This study was concerned with the progress of minor abnor-
malities shown by the 50 g oral GTT using capillary blood. The
original tests in 1960 were carried out on a group of patients
who had found glycosuria on self-testing (465), to which were

added a control group matched for age and sex who had not
found glycosuria on self-testing (343). Treatment was prescribed

TABLE I-Changes of category on retesting after 10 years using new two-hour standard of 7-5 mmol/l for both the original and retest categories. Percentages
are given in parentheses

Retest category
Original
category

Normal Florid GTT Lag Renal
diabetes diabetes storage glycosuria

Normal 101 (60-1) 11 (6 5) 26 (15-5) 7
GTT diabetes 2 (6 5) 14 (452) 7 (22-6) 2 (6-5)
Lag storage 19 (21-1) 1 (1 1) 21 (23-3) 32 (35-6) 3
Renal glycosuria 22 (51-2) 4 (9 3) 4 (9 3) 12
Miscellaneous:
A 5 (33 3) 1 (6 7) 3 (20 0) 3 (20-0)
B 6 (25 0) 1 (4 2) 8 (33-3) 5 (20 8)
C 3 (25-0) 1 (8-3) 2 (16-7)

Unclassified 1 (10-0) 1 (10-0) 2 (20-0) 3 (30-0) 1

Miscellaneous Total
Unclassified

A B C

9 2
4

7 5
1

2
1

2

9 3 168
2 31
1 1 90

43

1

2
4
1

15
1 24

12
1 10

Total 159I(40-5) 18 (4-6) 57 (14-5) 77 (19-6) 23 20 13I 20 6 393

,i

20 13 6 393Total 159 (40-5) 18 (4-6) 57 (14-5) 77 (19-6) 23 20
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for those who were obviously diabetic. We defined obvious
diabetes by a GTT in which the fasting blood glucose level
exceeded 7-2 mmol/I (130 mg/100 ml), and the definition was
validated by high blood glucose values at all times after the 50-g
challenge.' This category was called florid diabetes whether
or not symptoms were reported, and, except for recording
mortality, the patients in this category were not studied further,
although all were treated and reviewed clinically. On the other
hand, those with lesser abnormalities of glucose tolerance were
told that they were normal and that treatment was not required.
This differentiates them clearly from patients in other prospective
studies of mild diabetes,8 'o who were instructed in diet and
particularly in weight reduction. Improvement in carbohydrate
tolerance and a fall in insulin secretion occurs after weight loss,12
so that the natural course of mild diabetes is modified. Our
completely untreated patients may give a true picture of the
progress of such mild carbohydrate intolerance.
Table I shows that 45",, of those with GTT diabetes had

developed florid diabetes by the end of 10 years, the remainder
being unchanged or in non-diabetic categories. O'Sullivan and
Mahen predicted that overt diabetes would occur in 52() of a
sample of 352 women with chemical diabetes aged 21 to 50
years followed up for a hypothetical 12 years. The follow-up
period actually ranged from one to 12 years, the predictions for
12 years being based on an actuarial technique using a few
long-term test results. They found that the nearer the original
test results approached normal the fewer were the conversions
to chemical diabetes on follow-up. Our figures agree, in that
the higher the blood glucose levels were in the original test the
more likely it was that a change to florid diabetes would eventually
occur. The comparatively low rate of conversion to florid
diabetes does not invalidate the efforts made by some workers'3
to forestall deterioration by using oral treatment. It does,
however, suggest that prospective trials of such treatment will
have to continue for 20 years or more,' which, with the loss of
patients from various causes during this time, may prevent a
meaningful result.
Our evidence that mortality was not excessive in the GTT

diabetes group over 10 years suggests that treatment is indicated
only in the hope of preventing conversion to florid diabetes. If
this cannot be achieved a yearly review is all that is needed, so
that the florid state may be treated as soon as possible. While
more than half of those who originally had GTT diabetes did
not deteriorate, new cases of clinical diabetes were arising in the
populations of the practices who did not report glycosuria in
1960-1 and were therefore not investigated. In 1970 we calculated
that this rate was 0 3 per thousand per annum,2 which was
substantially less than the incidence of about 1 2 per thousand
per annum calculated for the general population. From the
tested population all of those who developed florid diabetes
during the 10-year period already showed minor diabetic
abnormalities in the test, and none of those with normal tolerance
changed to florid diabetes. This suggests that most adults who
present with clinical diabetes have had the disease in a form
detectable by the GTT for several years, and there is some
confirmation of this in the comparatively high prevalence of
visible diabetic retinopathy at the time when diabetes is diagnosed
in middle-aged and elderly patients.')

Apart from the 14 patients who were originally GTT diabetics,
four others developed florid diabetes in the 10-year follow-up
period (table I). They were all from categories that had originally
shown minor degrees of abnormality of glucose tolerance that
did not constitute chemical (GTT) diabetes according to our
original criteria. In addition, many of those in these suspect
categories, compared with the normal group, had now developed
GTT diabetes (table I). The one exception to this was the group
whose only peculiarity was a high two-hour level, which we
designated miscellaneous C. None of the patients in this category
became florid diabetics and only one became GTT diabetic.
Hence we believe that normal glucose tolerance could be rede-
fined to include a two-hour figure of up to 7-5 mmol/l (135
mg/100 ml) if all the other figures are normal.2 Our figures show

that both types of the lag-storage curve with peaks at either
half an hour or one hour should be viewed with suspicion. It
also seems that Jackson's suggestion,5 that the later the peak the
more likely it is to presage future diabetic abnormality, is correct
(table II). The results of the 10-year follow-up confirm our
earlier conclusions that there is no tendency for those with renal
glycosuria to develop diabetes. Most of the test results had
become normal or stayed unchanged.
No striking differences emerged as a result of the extra five

years of follow-up. The proportion of retested patients develop-
ing both florid and GTT diabetes had increased but not doubled
between five and 10 years. Renal glycosuria showed an increasing
tendency to revert to normal, no doubt because the renal
threshold for glucose rises with age.

This work was made possible by Public Health Service Grant No
CD00058, National Institutes of Health of America. We are grateful
to Dr B E Northam and his department for biochemical help, Miss
M Wall, regional statistician, Birmingham Area Health Authority,
and Mrs J Harold, Department of Hospital Statistics, Queen Elizabeth
Hospital, Birmingham. Invaluable help in tracing patients was given
by National Health Service Family Practitioner Committees all over
Britain, and in particular by the Birmingham Family Practitioner
Committee.
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If antenatal blood tests show no rubella antibodies, and vaccination is
carried out immediately after delivery, will the rubella virus be excreted
in the milk and infect a breast-fed baby ? Should ovulation be suppressed
by injecting progesterone to ensure no pregnancy until the risk of terato-
genic damage by the virus has passed?

After vaccination with attenuated live rubella virus in the puerperium
there has been no evidence of ill effects on the baby. Even if the virus
were excreted in the milk, infection of the baby would be more likely
to result from close contact between mother and child, but there is no
evidence of the vaccine transmitting infection among people. Despite
rare isolated reports that suggest the possibility of communicability,
the overwhelming evidence indicates that vaccinated virus-shedding
individuals are not contagious.' No evidence has been found2 3 of
attenuated rubella transmitting virus to the newborn when the mother
was vaccinated, and the babies did not show seroconversion. Any
woman given virus vaccine should not become pregnant for two to
three months. There are other methods of contraception than sup-
pression of ovulation. The dose of steroids in ordinary combined
contraceptive pills, however, is not large enough to suppress lactation
if the baby is suckling well and removing milk from the breast in
reasonably large quantity. If there is difficulty in lactation it might be
best to avoid steroid contraception.

Krugman, S, in Yearbook of Obstetrics and Gynecology, 1971, ed J P Greenhill, p 163.
Chicago, Year Book Press, 1971.

2 Isaacson, P, et al, Obstetrics and Gynecology, 1971, 37, 332.
3 Kelly, C S, et al, Obstetrics and Gynecology, 1971, 37, 338.
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