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Summary. Thirty-five freshly presenting, diabetic
patients received 5 hour, 100 g oral glucose toleran-
ce tests when first seen and after a period of carbo-
hydrate and energy restriction. After treatment, the
significant improvement in glucose tolerance was ac-
companied by increased insulin secretion and lower
concentrations of blood ketone bodies, lactate, gly-
cerol, FFA, triglycerides, cholesterol and pre-beta
lipoprotein. There were no significant changes in se-
rum growth hormone or blood pyruvate concen-
trations. Improvement in glucose tolerance was
greater in patients who were obese (> 115% of de-
sirable body weight for height) on presentation and
was related to the improvement in insulin secretion
and the diminished lipolysis. An hypothesis to ex-
plain the changes in insulin secretion is proposed.
Eleven out of the 35 patients showed sufficient im-
provement in glucose tolerance to require no treat-
ment other than diet.

Key words: Chronic (maturity onset) diabetes melli-
tus, glucose tolerance, insulin and growth hormone
secretion, intermediary metabolites, lipids, diet tre-
atment.

Carbohydrate restriction has been the keystone of
most treatment regimes for diabetes mellitus for
over 150 years [14]. Many patients with chronic
(maturity-onset) diabetes require no therapy other
than carbohydrate restriction to achieve remission of
symptoms and maintenance of health. This form of
treatment has the advantage of simplicity and avoids
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the potential dangers and difficulties of insulin the-
rapy or oral hypoglycaemic drugs. The mechanisms
which are involved in determining good clinical and
biochemical responses to carbohydrate and energy
restriction are not well documented. Furthermore,
there are no means of identifying, at the time of
diagnosis, those patients who will respond to this
form of treatment. We have investigated the bioche-
mical changes that follow simple dietary advice on
carbohydrate and energy restriction in a group of
patients with chronic diabetes in an attempt to iden-
tify 1) the hormonal and biochemical changes asso-
ciated with a satisfactory response to diet and 2) the
clinical and biochemical features of those most likely
to respond to this form of treatment.

Patients and Methods

Patients

Thirty-five freshly presenting, untreated diabetics
were studied as out-patients. Three had previously
been treated with diet or sulphonylureas and two
were known to have had gestational diabetes, but
these five had stopped all treatment, including diet,
and had relapsed at the time of presentation. The
group comprised ten women and 25 men, aged from
18 to 67 years, whose weights ranged from 52 to
95 kg. Only patients whose percentage of desirable
body weight for height (% DBW, according to Me-
tropolitan Life Insurance Tables) was less than
130% at the time of diagnosis were selected for
study. Patients entering the study had no evidence
of untreated disease other than diabetes mellitus.
Two patients were receiving thyroid replacement
therapy and three patients were being treated with
mild anxiolytic agents. Each patient was given a 5Sh,
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100 g oral glucose tolerance test (OGTT) on pre-
sentation and after the period of dietary treatment.
If patients were of normal weight (85-115% DBW),
the second OGTT was performed approximately
one month after the first. Those patients whose
weight exceeded 115% DBW were maintained on
diet until their weight had fallen to within 15% of
DBW before the second test was performed. The
more obese patients therefore tended to remain on
diet for a longer period (up to 33 weeks).

OGTTs

Patients were advised to continue their usual diet
until the day of their first OGTT. Carbohydrate in-
take was not increased before the second OGTT.
All tests were done in the morning, after an over-
night fast (= 11h) and patients remained recumbent
throughout the tests. A plastic cannula was inserted
into a forearm vein and kept patent with 0.15
MNaCl. After two fasting blood samples (separated
by 10 min) had been taken, the patients drank,
within 10 min, 100 g glucose in 250 ml water,
flavoured with unsweetened lemon juice. Blood
sampling was continued up to 5h after the end of
glucose ingestion and measurements were made of
the concentration of: glucose, insulin (IRI), growth
hormone (GH), lactate, pyruvate, 3-hydroxybutyr-
ate, acetoacetate, free fatty acids (FFA) and glycerol.
Fasting plasma cholesterol and triglycerides and li-
poprotein electrophoretic pattern were also meas-
ured at each OGTT.

Diet

All patients were initially interviewed by a dietitian
and their usual diet was assessed for carbohydrate
and total energy intake. This diet was continued un-
til the first OGTT. Patients were seen again by the
dietitian and instructed to reduce their carbohydrate
intake. No increase in protein or fat intake was advi-
sed, so that energy intake fell in all patients, al-
though more stringent energy restriction was advi-
sed to the more obese patients (> 115% DBW).

Analytical Methods

Blood glucose was measured by an automated glu-
cose oxidase method. [19, 20] Serum IRI and GH
concentrations were measured by a combined dou-
ble antibody radioimmunoassay [18]. Enzymatic
methods were used to measure blood lactate and
pyruvate [8], 3-hydroxybutyrate and acetoacetate
[25] and glycerol [11]. Blood for metabolite estima-
tion was taken into an equal volume (5 ml) of 1M
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perchloric acid and stored deep frozen until ana-
lysed. The coefficient of variation of the measure-
ments was less than 5%. FFA [2] and triglycerides
[10] were measured fluorimetrically in extracts of
plasma. Plasma cholesterol was measured colorime-
trically [12]. Lipoprotein electrophoresis was carried
out in agarose gel and the proportion of staining in
each band was measured with an integrating re-
flecting densitometer.

Analysis of Results

Differences between values at each OGTT were as-
sessed by analysis of variance. Values measured
throughout each OGTT were first assessed by
a 3-way analysis of variance, with patients, OGTT
number and times of measurement in OGTTs as
factors (OGTT number and times in tests were ta-
ken as fixed effects and patients as a random effect)
[26]. There were the expected significant differences
between patients and between times of measure-
ment in OGTTs, but the main interest was in diffe-
rences between the first and second tests. Where re-
sponse curves were not significantly non-parallel
(i.e. there was no significant 2-way interaction be-
tween OGTT number and times in test), the residual
estimate of variance was used for the t test signifi-
cances given in the Figures. Where shapes of re-
sponse curves changed on treatment, significances of
the simple main effect of OGTT number (assessed
by 2-way analyses of variance at each time of meas-
urement in OGTTs, identical for these data to
a ‘paired’ Student’s t test) are given. This method
was also used for the variables measured only once
at the start of each OGTT.

Relationships of changes in one variable to chan-
ges in others were investigated by analysis of cova-
riance or of correlation. For each variable measured
at each point during OGTTs, differences between
values at OGTT 1 and OGTT 2 were calculated.
The significances of their interrelations were asses-
sed by analysis of covariance, with patients and ti-
mes of measurements in OGTTs as factors. Changes
in variables measured only once at each OGTT were
related to other changes by simple correlation ana-
lysis.

We separately examined the results from pa-
tients with the least marked glucose intolerance af-
ter diet treatment, since this group appeared to be
adequately controlled by this means alone. We divi-
ded the patients into two groups on the basis of the
sum of their blood glucose concentrations at 0, 1,
2 and 3h (SUMBG) during the second OGTT. Pa-
tients whose SUMBG was less than 44.4 mmol/l
(800 mg/100 ml) were judged to be “Responders”
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to diet therapy, while those whose SUMBG was
> 44.4 mmol/l were taken as “Non-responders”.
The significance of differences between the two
groups was assessed (for continuous variables) by
Student’s t test or (for discrete variables) by chi
squared tests.

We also divided the patients into two groups on
the basis of % DBW on presentation (at OGTT 1).
Patients whose DBW was < 115% were classed as
non-obese and those whose DBW was > 115%
were classed as obese.

Results

Diet and Weight Change

On presentation, dietary assessment revealed an
average daily carbohydrate intake of 260 g (range
85-400¢g) and an average energy intake of
10.4 MJ* (range 4.4-13.7 MJ). The average prescri-
bed diet contained 142 g carbohydrate (range
80-245g) and the energy content was 6.8 MJ
(range 4.3-10.5 MJ). The mean duration of diet tre-
atment was 59 days (range 21-232 days). Of the 35
patients, 29 lost weight (up to 7.5 kg), one gained
weight by 1.9 kg and five stayed at the same weight.
The average weight of the group fell from 68.9
+ 1.8 kg (mean = SEM) to 66.6 + 1.7 kg (% DBW
fell from 106.8 + 2.0 to 103.2 + 1.8).

Biochemical Changes

Mean concentrations of glucose, IRI and GH at
each OGTT are shown in Figure 1. After diet, there
was a marked improvement in fasting glucose con-
centration and in glucose tolerance. The shape of
the 2nd response curve changed (p < 0.05), the
peak glucose concentration being reached earlier,
the rise from fasting to peak values being smaller
and values returning to the fasting concentration by
5h. Mean changes were significant at all times of
measurement. While fasting IRI concentrations
were similar before and after treatment, the respon-
se curve in the second OGTT was improved signifi-
cantly (p < 0.01) compared with the first. Treat-
ment produced significantly higher insulin concen-
trations at the times shown, as well as a significant
change in shape of the response curve. The patterns
of growth hormone response were similar in both
OGTTs.

Figure 2 shows FFA, glycerol, ketone bodies,
lactate and pyruvate concentrations throughout the
OGTTs. Treatment did not change the shape of the
FFA response curve, but gave lower concentrations
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Fig. 1. Glucose, insulin and growth hormone concentrations befo-
re and after treatment. Mean values at OGTT 1 are shown by Bl
and at OGTT 2 by {1 (bars indicate SEMs). The significance (p)
of the difference between values at OGTTs 1 and 2 is indicated:
,p=005 5 p=<001,: p=<0.001

up to 4h. The effect on glycerol was to change the
response curve’s shape (p < 0.05), as well as to give
lower concentrations between 1 and 4h post glucose.
Although the fall in ketone body concentrations af-
ter treatment did not reach statistical significance,
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Fig. 2. Intermediary metabolite concentrations before and after treatment. Symbols are the same as those given in the legend to Figure 1

the shape of the 3-hydroxybutyrate curve was chan-
ged significantly (p < 0.01), presumably a reflection
of the lower fasting concentrations. (These results
were biased by three patients, who had very high
ketone body concentrations at their first OGTT.
Their total fasting ketone body concentrations fell
from over 1.5 mmol/] to less than 0.25 mmol/1 after
diet). Treatment had no effect on the shapes of the
response curves of lactate and pyruvate, but did pro-
duce lower lactate concentrations at 2, 4 and 5h in
OGTT 2. Mean [lactate}/[pyruvate] and [3-hydroxy-
butyrate]/[acetoacetate] ratios were not appreciably
abnormal at the first OGTT and showed no signifi-
cant changes on treatment.

Fasting cholesterol and triglycerides and the pro-
portion of prebeta lipoprotein all fell significantly
after diet therapy (Fig. 3). The fall in the proportion
of beta lipoprotein, unlike that of cholesterol, was
not significant. There was a significant relative in-
crease in alpha lipoprotein.

Relation of Changes in Different Variables

Table 1 shows the significances of the covariances of
variables measured throughout OGTTs. Increases in
insulin secretion between OGTTs 1 and 2 were sig-
nificantly related to decreases in concentrations of
glucose, lactate, ketone bodies and FFA. Changes in
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Fig. 3. Fasting lipid values before and after treatment. Symbols are the same as those given in the legend to Figure 1

Fig. 4. Glucose and IRI concentrations before (solid symbols) and after (open symbols) diet treatment in non-obese patients (left hand
panel) and obese patients (right hand panel). Other symbols as in Figure 1

Table 1. Relation of changes in different compounds at each point during OGTTs (see text for explanation). The table gives the

significance (p) of the variance ratio (F) from analyses of covariance

of concentration changes between OGTTs 1 and 2 (A) for each pair

of compounds. NS = not significant. Asterisks indicate an inverse correlation

A Insulin Growth Glucose Lactate Pyruvate 3-Hydroxy- Aceto- Glycerol
Hormone butyrate acetate

A F p F p F p F p F p F p F p F p
Free Fatty Acids 17.0* <01 0.1* NS 172 <01 29 NS 03 NS 717 <.01 974 <.01 837 <.01
Glycerol 34 NS 07* NS 192 <01 64 <.05 36 NS 142 <01 150 <.01
Acetoacetate 32.9* <01 02* NS 292 <01 89 <01 143 <.01 1259.6<.01
3-Hydroxy- 30.8* <.01 0.004*NS 240 <.01 43 <05 144 <.01,
butyrate
Pyruvate 03* NS 04* NS 122 <01 919 <.01
Lactate 7.7%* <.01 0.05*% NS 1.0 NS
Glucose 24.1* <.01 0.1* NS

Growth Hormone 0.8* NS

growth hormone did not correlate with any other
variable. The majority of remaining variables were
significantly related, especially when they were lin-
ked metabolically (i.e. 3-hydroxybutyrate and ace-
toacetate, lactate and pyruvate). Changes in glycerol
were related to those of glucose, ketone bodies and
FFA. Variables with more distant biochemical rela-

tionships and those which changed least on treat-
ment showed the weakest correlations.

The change in fasting cholesterol showed a weak
(p < 0.05) correlation with the changes in ketone
bodies, but not with changes in beta lipoprotein.
Neither absolute weight (and % BDW) nor the
changes in either on treatment correlated with the
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Table 2. ‘Responders’ and ‘Non-responders’. Clinical data at
diagnosis. NS indicates not significant

Responders Non-responders P
Number 11 24
Female 2 8 NS
Male 9 16 NS'
Retinopathy 1 7 NS
Peripheral
neuropathy 1 3 NS
Vascular
disease 0 2 NS
Family history
of diabetes 4 9 NS
Age (years) 43 (31-67) 50 (18-64) NS
Height (cm) 174 (160-185) 166 (126~183) <0.05
Weight (kg) 78 (64-95) 66 (52-86) <0.001
% DBW 115 (87-130) 103 (85-127) <0.01
Weight
change (kg —30(—7'5t01-9)— 2-0(— 7-0to0) NS
Duration of
diet (days) 77 (28-232) 50 (21-231) NS
Untreated Treated
BG 11 BG |

Stimulus to S cell maximal Insulin synthesis > output

Output limited by synthesis

No insulin reserve Storage -. insulin reserve

{
Constant low insulin output Insulin output | to BG |

Fig. 5. Proposed mechanism of the response to dietary therapy.
See text for explanation

improvements in glucose tolerance, insulin secretion
or other changes.

Responders and Non-responders

When the response to carbohydrate restriction was
classified according to the SUMBG at the second
test, eleven patients were judged to be Responders
and 24 Non-responders. Clinical details of these pa-
tients on presentation are given in Table 2. Sexual
and ethnic distributions between the two groups
were similar, as were the assessed diets at presenta-
tion and the dietary advice given. There was a hig-
her incidence of vascular complications in the group
of Non-responders, although the difference between
the two groups did not reach statistical significance.
Responders were significantly taller and relatively
more overweight than Non-responders at the time
of presentation. The only biochemical variables dif-
fering significantly between the Responders and
Non-responders at the time of presentation were
a lower mean fasting GH concentration (2.6 = 1.2
and 7.6 £ 1.8 mu/l, p < 0.05) and higher mean fa-
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sting triglycerides (1.58 * 1 and 094 =+
0.46 mmol/l, p < 0.05) and pre-beta lipoprotein
values (21 *+ 11 and 15 + 6%, p < 0.05) in Re-
sponders. Mean plasma insulin concentrations and
glucose tolerance were identical in the two groups at
presentation. The most striking difference between
the two goups at the second OGTT (apart from the
difference in glucose tolerance) was a marked im-
provement in IRI concentrations after oral glucose
in Responders. In Non-responders mean IRI re-
sponse to oral glucose was unchanged after carbohy-
drate restriction. Furthermore, in Responders mean
concentrations of glycerol and 3-hydroxybutyrate
were lower than in Non-responders during the sec-
ond test.

Obese and Non-obese

At OGTT 1 26 patients were non-obese (17 men
and nine women, weight 64.9 + 1.6 kg, DBW 102
+ 2%) and nine were obese (eight men and one
woman, weight 80.4 £ 2.6 kg, DBW 122 + 2%).
The obese group lost significantly more weight than
the non-obese (4.6 *+ 0.9 kg versus 1.5 + 0.4 kg re-
spectively, p < 0.0001). There were no significant
differences in glucose or IRI between the two
groups at OGTT 1 (Fig. 4). Both groups showed sig-
nificant improvements in glucose after treatment
and the improvement was significantly greater in the
obese group from 2 to Sh. In the obese group post-
glucose IRI concentrations increased significantly
after treatment although mean fasting IRI did not
change. The non-obese group showed no significant
increase in IRI.

Six of the nine obese patients and three of the 24
non-obese patients were Responders. The propor-
tion of Responders was significantly greater in the
obese than in the non-obese group (x> = 7,
p < 0.01).

Discussion

In this study we have shown that, in a group of un-
treated diabetic patients, carbohydrate and energy
restriction with weight loss leads to improvement in
glucose tolerance and insulin secretion. In parallel
with these changes, there was evidence of diminish-
ed lipolysis (lower FFA, glycerol and triglycerides,
as well as lower ketone body concentrations). These
changes were interrelated as shown by the analyses
of covariance and correlation and are in keeping
with the known actions of insulin as an inhibitor of
gluconeogenesis and lipolysis. These improvements
were, however, independent of changes in growth
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hormone concentration, which were affected little
by treatment.

Neither the absolute amount of weight lost nor
the loss in % DBW nor the duration of diet correla-
ted with the improvement in glucose tolerance or in
insulin secretion. These results agree with those of
Wall et al., [23] who concluded that the improve-
ment in glucose tolerance after diet treatment was
independent of weight loss. It is known, however,
that loss of weight in obese individuals can produce
striking improvements in glucose tolerance and insu-
lin sensitivity [S, 13], possibly by a reduction in the
size of abnormally large adipose cells, [16] or an in-
crease in the number of insulin receptors [1].
Among our patients, those who were most obese (>
115% DBW) on presentation showed the greatest
improvements in glucose tolerance and insulin se-
cretion.

Previous studies have also shown improvement
in insulin secretion concurrent with improved gluco-
se tolerance after carbohydrate restriction [3, 7, 15].
We have proposed [24] the following mechanism to
explain this improvement (Fig. 5). Decreased carbo-
hydrate intake leads directly to a lower daily mean
blood glucose (BG) concentration. The stimulus to
the pancreatic beta cell to secrete insulin is lowered
and becomes submaximal. Assuming that insulin
synthesis continues unchanged, although at a sub-
normal rate, synthesis can now exceed secretion and
the functional reserve of the beta cell becomes par-
tially restored. The insulin response to an oral glu-
cose load can be increased [9]. This partial restora-
tion of a normal insulin-glucose interrelation creates
a feedback loop tending further to lower mean
blood glucose. Doar et al. [3] proposed a similar
mode of action of diet in improving glucose tol-
erance in diabetics. This hypothesis receives support
from the experiments of Turner et al., [21] who sho-
wed that restoration of normoglycaemia with exoge-
nous insulin in diabetics improved the first phase in-
sulin response to intravenous glucose, presumably
by “resting” the beta cell. The converse of this me-
chanism has been demonstrated in both animals and
man. Dohan and Lukens [4] induced hydropic dege-
neration of the islets of Langerhans and a persistent
diabetic state by injecting large amounts of glucose
intraperitoneally into cats. The development of the
islet lesions was related to the degree and duration
of the hyperglycaemia and not to excessive energy
intake or weight gain. In the pre-diabetic Chinese
hamster, diabetes can be prevented by dietary re-
strictions and precipitated by ad libitum feeding [6].
Seltzer and Harris [17] infused glucose intravenous-
ly over 5-7 days into normal and diabetic subjects
and demonstrated exhaustion of insulin reserve in
the diabetics, but not in the normal subjects.
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When the patients were arbitrarily assigned to
two groups on the basis of the degree of glucose in-
tolerance at the second OGTT, approximately 30%
were found to have ‘responded’. As a group, these
patients had significantly improved insulin secretion
after oral glucose, as well as evidence of diminished
lipolysis. Non-responders did not similarly improve
and appeared as a group to have evidence of a more
severe diabetic state (i.e. a greater incidence of vas-
cular disease). The clinical importance of the results
is that, of patients presenting with symptomatic dia-
betes mellitus, one third will have sufficient im-
provement in glucose and fat metabolism with die-
tary advice alone to eliminate the need for treat-
ment with oral hypoglycaemic agents. This may be
important in view of alleged longterm hazards asso-
ciated with the use of tolbutamide [22]. Our data
also suggest that a period of one month’s treatment
with diet alone will reveal the majority of those who
will benefit from this form of treatment.
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