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Summary. A multi-centre, prospective randomised study of
the therapy of maturity-onset diabetes has been started, and
we report progress of the first 286 patients with 1-year follow-
up. Newly presenting patients (aged 25-65 years inclusive)
were initially treated by diet and divided into three categories.
(1) Forty-one patients (14%) were ‘primary diet failure’ in that
they continued to have symptoms or their fasting plasma glu-
cose remained>15mmol/]. Their therapy was allocated
randomly to insulin, chlorpropamide or glibenclamide, and
doses adjusted to try to maintain a fasting plasma glucose
<6mmol/1. Insulin produced a similar decrease in fasting
plasma glucose to sulphonylurea therapy (median fasting
plasma glucose fell from 15.4 to 8.0 mmol/1 and from 15.5 to
8.6 mmol/1, respectively). (2) After 3-4 months diet, 161 pat-
ients (56%) were asymptomatic but had a fasting plasma
glucose > 6 mmol/1. In the ‘main randomisation’ their therapy
was allocated to diet only, or diet plus chlorpropamide, gli-
benclamide or a basal insulin supplement from ultralente in-
sulin. On diet alone, fasting plasma glucose remained con-
stant over 1-year follow-up (from 7.7 to 7.6 mmol/1), where-
as it was reduced significantly by insulin (from 8.0 to 6.4
mmol/1), chlorpropamide (8.6 to 6.1 mmol/]) and glibencla-
mide (7.8 to 6.5 mmol/I). On diet alone, weight remained un-

changed over 1year but increased significantly on insulin,
chlorpropamide or glibenclamide (median change ideal body
weight +3.5%, +4% and +4%, respectively). Obese patients
(>20% over ideal weight) did not differ from normal weight
diabetic subjects in either fasting plasma glucose or weight
changes. Insulin therapy was associated with few hypoglycae-
mic episodes, with 8% of patients on ultralente insulin alone
reporting an episode compared with 7% on chlorpropamide.
Fifty-one patients (86%) randomised to insulin remain on it
1year later. (3) After 3—4 months on diet, 84 patients (30%)
after dieting had a fasting plasma glucose < 6 mmol/1. During
the following year on diet alone 34 patients were less well con-
trolled with a fasting plasma glucose > 6 mmol/1 and were in-
cluded in a ‘delayed randomisation’. Thus 83% of all patients
entered into the study had their therapy randomised by 1 year.
Insulin and sulphonylurea therapy are equally effective in
reducing glycaemia, and the study is being extended to deter-
mine if either therapy will prevent the complications of dia-
betes or have untoward long-term side effects.

Key words: Diabetes, therapy, diet, insulin therapy, sulphonyl-
urea, biguanide, epidemiology, body weight, fasting plasma
glucose.

At present, therapy of maturity-onset diabetes does not
prevent complications, such as cardiovascular disease
[1-4] and retinopathy [5, 6]. Control based on the ab-
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sence of glycosuria may be insufficiently strict, as the re-
nal threshold is often considerably above physiological
glucose concentrations. The mean fasting plasma glu-
cose of an unselected population monitored by glycosu-
ria and treated by diet or tablets has been reported as
8 mmol/1[7].

Two major questions of clinical management are:
(1) whether improved glycaemic control of maturity-on-
set diabetes would diminish the morbidity and mortali-
ty of the disease, and (2) whether it is preferable to low-
er the blood glucose concentrations with insulin or oral
hypoglycaemic agents. The University Group Diabetes
Programme (UGDP) suggested that tolbutamide and
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phenformin may be more harmful than beneficial [8].
This study provoked considerable controversy, and did
not resolve the dilemma of what is the most appropriate
therapy [9]. One reason for the lack of benefit of thera-
pies in the UGDP trial might be that the criteria of con-
trol were insufficiently strict. Thus, even their most suc-
cessful treatment, a variable dose of insulin, at the 35th
examination, gave a mean fasting blood glucose con-
centration of 6.7mmol/1 [10], representing approxi-
mately 7.8 mmol/1 fasting plasma glucose.

A more logical criterion of control would be to aim
for basal normoglycaemia, and this can be obtained
with either ultralente insulin [11] or chlorpropamide
[12]. The overnight basal plasma glucose concentration
is relatively repeatable in a diabetic patient in a given
nutritional state [13]. In practice it is reasonable to aim
for a fasting plasma glucose of <6 mmol/l, and this
means of control has been shown to be acceptable in an
unselected group of maturity-onset diabetic patients
[14], with a reduction of the raised fasting plasma glu-
cose being accompanied by a reduced haemoglobin A;.

If, after dietary therapy, the fasting plasma glucose
continues to be raised, there is little information avail-
able to determine whether one should continue with
diet alone, or add sulphonylurea, biguanide or insulin.

Chlorpropamide

Chlorpropamide
“Glibenciamide

Fig. 1. Summary flow-chart of the main therapeutic groups.
The figures in boxes denote the percentage of all patients en-
tering study in that category. After Therapy Decision: pat-
ients seen 3-monthly (or more frequently if control poor).
Main criteria of control: fasting plasma glucose and body
weight. Therapy adjusted to aim for fasting plasma glucose
<6 mmol/1

The UK multi-centre prospective study is being under-
taken to study this. The efficacy of these therapies in
reducing the fasting plasma glucose, and their influence
on body weight is reported. The study is being extended
to determine whether any particular therapy or degree
of improved control can prevent or reduce the morbidi-
ty and excessive mortality of the disease.

Methods

Entry to Study

Patients aged 25-65 years inclusive with recently diagnosed diabetes
(main criterion fasting plasma glucose > 6 mmol/1 on two occasions)
were asked if they wished to participate in a prospective study. They
were told that there is uncertainty which therapy is best if diet alone
fails to control their diabetes, and that the decision would then be
randomised. Exclusions were patients with ketonuria, myocardial in-
farction in the previous year, angina, heart failure, more than one ma-
jor vascular episode, serum creatinine > 175 pmol/1, severe retinopa-
thy requiring photocoagulation, malignant hypertension, an uncor-
rected endocrine abnormality, an occupation which would not allow
randomisation to insulin therapy (e.g. heavy goods vehicle driver), a
severe intercurrent illness likely to limit life (e.g. cancer), or requiring
extensive systemic treatment (e.g. ulcerative colitis), and inadequate
comprehension to allow co-operation. If reasonable, diuretics and
oestrogen therapy were stopped before assessment.
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Fig.2. Histogram of fasting plasma glucose concentrations of patients
at their first clinic visit. The subsequent category of patients after die-
tary advice is shown by shading. Key: B : diet satisfactory; £ : main
randomisation; O : primary diet failures
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Fig.3. Median fasting plasma glucose concentrations and body
weight of the normal weight patients ( <20% over ideal weight) who
could not be controlled on diet because of persistent fasting plasma
glucose > 15 mmol/1 or symptoms, e.g. thirst (‘primary diet failure’).
The patients on insulin (#=17, A) had a similar decrease in fasting
plasma glucose to the patients allocated to sulphonylurea (10 chlor-
propamide O seven glibenclamide A), five of whom had failed on
oral therapy and had been transferred to insulin
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Therapy Decisions

Patients were advised to take a ‘prudent’ diet, containing approxi-
mately 50% carbohydrate, low saturated fat and moderately high fi-
bre, of energy content to attain ideal body weight [15]. They were in-
itially seen at monthly intervals, usually by a dietitian as well as a doc-
tor.

Main Randomisation

At 3 months, three fasting plasma glucose estimations were taken for a
‘therapy decision’. If the mean was >7 mmol/1, patients were rando-
mised according to a decision in a sealed envelope with stratification
according to whether the weight was < or> 20% over ideal weight [15].
If the fasting plasma glucose was borderline (6-7 mmol/1) the patient
was kept on diet alone for a further month and then randomised if a
mean of two fasting plasma glucose concentrations was> 6 mmol/1.
In this ‘main randomisation’, non-obese patients were randomised to:
30% diet alone, 30% insulin, 20% chlorpropamide and 20% glibencla-
mide. Obese patients had the same proportional allocation with an
additional group randomised to metformin (proportions: 24% diet
alone, 24% insulin, 16% chlorpropamide, 16% glibenclamide, 20%
metformin: Fig. 1).

Insulin therapy: Patients randomised to insulin were started on ultra-
lente insulin (beef Ultratard MC, Novo), the initial dose being calcu-
lated by subtracting three from the fasting plasma glucose in mmol/1,
and multiplying by two to give the dose in units/day, with an increase
of x (actual weight/ideal weight)? if the patient was obese [11]. Pat-
ients were asked to maintain their normal ‘prudent’ diet, but were not
given specific rules on the size or timing of meals as usually required
with short-acting insulin therapy. Patients were provided with dispos-
able insulin syringes, and seen at 1- or 2-weekly intervals when the in-
sulin dose was adjusted until the fasting plasma glucose became <
6 mmol/1, and thereafter at regular 3-monthly intervals. If the patient
was receiving more than 12 U/day ultralente insulin, he was asked to
do home blood glucose monitoring. If the pre-meal or pre-bed blood
glucose concentrations were >7 mmol/1, the patient was put onto an
ultralente and twice daily soluble insulin regime [17], although other
insulins could be used if glucose control was not satisfactory.

Oral hypoglycaemic agents: Doses were increased at 1- or 2-weekly in-
tervals, until the fasting plasma glucose became < 6 mmol/], to a max-
imum for chlorpropamide 500 mg once daily, for glibenclamide 10 mg
twice daily [16] and for metformin 1700 mg at breakfast and 850 mg at
the evening meal. Once a patient had a fasting plasma glucose of <
6 mmol/l, or was on maximum therapy, 3-monthly appointments
were given. If on a sulphonylurea either the fasting plasma glucose
became > 15 mmol/1 or symptoms developed, metformin was added.
If either of these criteria persisted the patient was put on to insulin
therapy. Patients randomised to metformin, who became poorly con-
trolled by the same criteria, had additional glibenclamide therapy be-
fore transferring to insulin.

Primary Diet Failure

During the initial 3 months on diet, if either the fasting plasma glucose
remained > 15 mmol/1 or symptoms (e. g. polyuria or thirst) persisted,
a ‘therapy decision’ termed ‘primary diet failure’ was made using a
separate series of randomisation envelopes from the ‘main random-
isation’. The same obesity stratification and proportional allocation to
therapies applied except for the absence of a ‘diet only’ group.

Delayed Randomisation

If after the initial 3 or 4 months of diet the fasting plasma glucose fell
to 6 mmol/1 or less, the patient was deemed ‘diet satisfactory’, was
kept on diet alone and, like other patients in the study, seen at 3-
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Table 1. Patient data at presentation
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Diet Main randomisation Primary diet failure
satisfactory
Normal weight Obese Normal weight Obese

Number (% of total entry) 84 (30) 101 (35) 60 (21) 34(12) 7(2)
Percentage male 67 70 40 55 -
Age (years) 51 £ 9 51 + 8 52 £ 8 47 =10 53 + 6
Fasting plasma glucose (mmol/1) 98+ 33 11.6+ 3.0 124+ 3.2 153+ 3.1 148+ 2.0
Ideal body weight (%) 130 +24 114 +11 145 +£19 103 =14 148 +28

Results expressed as mean+ SD

s
o

Median fasting plasma glucose (mmol/l}

=N

(]
r

—
v
(=3

—

—

rs

(=%
T

—

w

o
T

Median % ideal weight
~
(=]
:

—
o
P=3

Therapy +3 +6 +9 +12
decision months

ol Diagnosis
Fig.4. The median fasting plasma glucose and body weight of patients
who were asymptomatic on diet therapy, but whose fasting plasma
glucose remained > 6 mmol/1 (‘main randomisation’). The patients al-
located to insulin (n=42, A) or sulphonylurea (26 chlorpropamide
O 33 glibenclamide A) had a significant reduction in mean fasting
plasma glucose, whereas there was no change in the patients allocated
to diet alone (n=49, @)

monthly intervals. Often the fasting plasma glucose subsequently in-
creased to>6mmol/], and a separate ‘delayed randomisation’ was
made at the end of the first year if the mean of three consecutive 3-
monthly fasting plasma glucose was > 6 mmol/1. The therapy alloca-
tions were identical to the ‘main randomisation’ group. If the mean
fasting plasma glucose was 6 mmol/1 or less, patients were seen year-
ly. If the fasting plasma glucose became > 6 mmol/1 at any yearly visit,
two further fasting plasma glucose were measured and a delayed ran-
domisation done if the mean was > 6 mmol/1.

General Arrangements

Each centre was provided with additional doctor and nurse sessions
to assist with the study. If feasible, female hormone therapy was
avoided. Guidelines were set for management of patients on diuretics
(avoid thiazides), hypertension (treat if diastolic>100 mmHg) and
hyperlipidaemia (treat if cholesterol>8.5mmol/l or fasting tri-
glyceride > 4.0 mmol/1). Special arrangements were made for oph-
thalmological examination including retinal photography, regular
blood pressure measurements, assessments of diabetic complications,
and notification of any complications or drug reactions. All data were
put onto computer-compatible sheets, and ‘punched’ twice for verifi-
cation. Randomisation envelopes were prepared with their decision
determined by a computer program. An envelope was only opened
when a decision was needed and the date of opening, result and pat-
ient number were then placed on the envelope for computing in Ox-
ford. A ‘checking program’ checked the randomisation dates and re-
sults and excluded gross data errors for all variables. An ‘accounting
program’ checked patient visits and data reception and requested
missing data from the centres. Bias in measurement of fasting plasma
glucose was monitored by sending to each centre every month four
commercial quality control samples with values between 5 and
17 mmol/1. For each sample the mean of the results for all centres was
calculated and each result expressed as a percentage of that mean. All
values from each centre over 6 months were averaged, and the per-
centage bias ranged from —3.4to +6.2%. Centres tended to maintain
the direction of their bias.

Analyses

Computation was done by the full time statistician on a CTL 8050
computer (Computer Technology, Hemel Hempstead, UK). Obesity
was expressed relative to the ideal body weight according to the mean
of middle frame subjects [15]. Weight change was expressed from
‘therapy decision’ to 1year. Fasting plasma glucose changes were ex-
pressed from the mean of the three values at ‘therapy decision’ to the
mean of the three values at 6, 9 and 12 months later. All statistics were
according to the assigned groups at ‘therapy decision’, irrespective of
non-compliance or subsequent therapy changes {18], and used the
Mann-Whitney test for non-parametric data.

Results

So far 777 patients have been recruited, and this paper
reports the results on the 286 who have been followed
for 1 year from the major ‘therapy decision’. They had a
mean age of 51years, mean ideal weight was 125%,
mean fasting plasma glucose at the first clinic visit
11.4mmol/], and 59% were male. Figure2 shows the
fasting plasma glucose at the first clinic visit and Table 1
summarises the patients in the major categories.
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Forty-one patients (14%) were ‘primary diet failures’
with 38 having continued symptoms and 28 a fasting
plasma glucose > 15 mmol/1. They were less obese than
the other groups, and had a higher initial fasting plasma
glucose. Fifteen of 17 non-obese patients on sulphonyl-
urea therapy had the dose increased to the maximum.
Six of the 10 non-obese patients randomised to chlor-
propamide and two of the seven randomised to gliben-
clamide therapy continued by the same criteria to be
‘tablet failures’ and had metformin added. Four pat-

glibenclamide and metformin continued as ‘tablet fail-
ure’” and were transferred to insulin within 1 year. Nine
of the 17 non-obese patients randomised to insulin
needed soluble as well as ultralente insulin, the mean
total daily insulin dose at 1 year of all 17 patients was
31 units.

The patients assigned to insulin therapy had a simi-
lar fasting plasma glucose concentration (mean after 6,
9 and 12months) to the combined sulphonylurea
groups (median 8.0 and 8.6 mmol/]l, respectively;
Fig.3).
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Fig.7. Median fasting plasma glucose and body weight in the patients
who were initially controlled by diet (i.e. fasting plasma glucose
became < 6 mmol/1). Subsequently the fasting plasma glucose rose
significantly even though they dieted sufficiently to maintain a re-
duced body weight (although usually they were on a less restricted
diet than previously). Forty percent of these patients had a ‘delayed
randomisation’ at 1year because the mean of the +6, +9, and
+ 12 month fasting plasma glucose was > 6 mmol/1

Main Randomisation

One hundred and sixty-one patients (56%) were asymp-
tomatic after 3-4 months on diet, although the mean
of three fasting plasma glucose concentrations re-
mained > 6 mmol/1. Figure 4 shows the median fasting
plasma glucose of the groups of patients allocated to
each therapy. Four of the 42 patients randomised to in-
sulin were put on soluble insulin in addition to ultra-
lente. On diet alone, the fasting plasma glucose re-
mained constant over 1year follow-up (from median
7.7 to 7.6 mmol/1) whereas it was reduced by insulin
(median 8.0 to 6.4 mmol/1), chlorpropamide (median
8.6 to 6.1 mmol/1) and glibenclamide (median 7.8 to
6.5 mmol/l); each 2p < 0.01 different from the diet only
group. The obese patients randomised to metformin
had a slightly smaller fall in fasting plasma glucose
(median 8.4 to 7.1 mmol/l) than those on insulin or
sulphonylurea.

The change in fasting plasma glucose from the ‘ther-
apy decision’ to the mean of 6,9 and 12 months later is
shown in Figure 5. There was no difference in the re-
sponse of the normal weight or obese subjects to the dif-
ferent treatments. Those randomised to continue with
diet alone had little change in fasting plasma glucose,
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whereas those also treated with insulin, chlorpropamide
or glibenclamide had a similar decrease in fasting plas-
ma glucose. The mean levels of 6, 9 and 12 months fast-
ing plasma glucose of patients after 1 year are shown in
Figure 6. Whereas only 27% of ‘diet only’ patients had a
fasting plasma glucose <7 mmol/], 60%, 77% and 58%
of patients on insulin, chlorpropamide and glibencla-
mide respectively had a fasting plasma glucose <
7mmol/1 (each p<0.01 compared with the diet only
group — Chi-square test).

Insulin and the two sulphonylureas caused a slight
but significant increase in weight after 1 year, the medi-
an being +2kg greater than those randomised to diet
alone. Metformin did not increase body weight. The
mean daily doses of insulin, chlorpropamide, glibencla-
mide and metformin after 6 and 12 months were 17 U
and 19 U, 282 mg and 301 mg, 6.7 mg and 7.6 mg, and
1636 mg and 1717 mg, respectively. Fifty-one of 59
patients (86%) randomised to insulin and followed
for 1 year accepted it and remained on it.

Diet Satisfactory

Eighty-four patients (30%) after the initial 3 or 4 months
on diet had a mean fasting plasma glucose of <
6 mmol/l. Most subsequently had a higher fasting plas-
ma glucose (Fig.7). In anticipation of the delayed ran-
domisation at 1year, there was a slight fall in fasting
plasma glucose, but 34 (40%) had a mean of the last
three fasting plasma glucose of >6 mmol/l, and were
randomised at 1year in an identical way to the other
patients at the major ‘therapy decision’. Thus, a total of
83% of all patients entered into the study had their ther-
apy randomised by the end of the first year.

Side Effects

Few side effects of therapy were noted. Hypoglycaemic
reactions are difficult to assess, but physicians thought
that seven of the 13 patients (54%) on more complex in-
sulin regimes, including short-acting insulin, had hy-
poglycaemic reactions. Only three of the 38 patients
(8%) treated with ultralente insulin alone had reactions,
usually after exercise, and never requiring hospital ad-
mission. Eleven patients (31%) on glibenclamide and
two patients on chlorpropamide therapy (7%) had mild
hypoglycaemic reactions. Five of the 12 patients on
metformin had gastro-intestinal side effects requiring a
reduction in dose. Two of the 39 patients randomised to
chlorpropamide had alcohol-induced flushing and one
a skin rash.

Discussion
These results suggest that a multi-centre, prospective

randomised study of maturity-onset diabetes is feasible.
Aiming to lower the fasting plasma glucose concentra-
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tion to <6 mmol/! proved to be a safe and acceptable
way of monitoring therapy. Insulin treatment, with a
basal insulin supplement provided by ultralente insulin,
was a practical alternative to sulphonylurea. The small
risk of hypoglycaemia, the absence of the usual need
with insulin therapy for strict portions of food at specif-
ic meals, and the simplicity of injections with modern
disposable insulin syringes, assisted patient acceptance
of this treatment. Insulin is often thought to be contra-
indicated in maturity-onset diabetes, because it might
induce excessive weight gain. However, the increase in
weight was similar to that induced by sulphonylurea
therapy, and both after 1year were associated with a
median weight gain of only 2kg compared with no
change in the diet only group. Insulin and sulphonyl-
ureas were similarly effective in reducing the fasting
plasma glucose. The reduction of median fasting plas-
ma glucose in this study by insulin or sulphonylurea
was nearly twice that achieved by the UGDP study at
the same stage [8, 10]. Metformin was only used in the
obese patients, and appeared to have less hypoglycae-
mic effect than the other additional therapies but did
not increase body weight.

Patients with diabetes have an increased incidence
of death from cardiovascular disease [1] and even mini-
mal glucose intolerance, approximately equivalent to a
fasting plasma glucose of 5.5-6.0 mmol/l, is associated
with increased cardiac mortality [2-4]. The risk of dia-
betic retinopathy is not great until the 2-h plasma glu-
cose after a 50-g oral glucose load is 11 mmol/1 [5],
which is equivalent to the fasting plasma glucose of
> 7.7 mmol/1 suggested by a subsequent study [6]. As,
in the present study, the majority of patients ran-
domised to insulin or sulphonylurea after 1 year have a
fasting plasma glucose below this level, but most of
those randomised to diet are above this level, it should
be possible to determine whether improved glycaemic
control will prevent retinopathy.

The study is being extended to recruit 3,500 patients
in 15 centres to investigate whether insulin, sulphonyl-
urea or biguanide therapy might reduce the incidence of
complications, including macrovascular events or reti-
nopathy, nephropathy or peripheral neuropathy. It
should be possible to determine whether sulphonylurea
therapy produces untoward side effects, as suggested by
the UGDP study. That study has been criticised for ana-
lysing data according to the treatment groups to which
patients were assigned, regardless of adherence to ther-
apy. As a general principle, that is correct as deviants
from a group tend not to be randomly selected, and
analysis of subgroups can lead to bias. Nevertheless,
such an analysis has suggested that patients given insu-
lin in variable dosage to optimise glucose control might
have had a decrease in cardiovascular mortality [19, 20]
and that tolbutamide might only be associated with in-
creased mortality if the fasting blood glucose remains
greater than 11.1 mmol/1 (200 mg/dl) [21]. Certainly,
studies of tolbutamide therapy in borderline diabetic
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patients have not indicated an increased cardiovascular
mortality [22, 23].

The overall aims of the present study are (1) to pro-
vide data concerning the effects of the different treat-
ments on clinical and biochemical aspects of diabetes,
which might guide clinicians in their choice of therapy,
and (2) to indicate the degree of plasma glucose control,
for which it would be advisable to aim, to prevent the
complications of the disease.
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