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Summary. Diabetic associations throughout the world are rec-
ommending high carbohydrate / high fibre / low fat diets for
diabetic patients as a means of improving general health and
metabolic control. We have previously shown that the efficacy
of a ‘conventional’ low carbohydrate diet can be greatly in-
creased by improving the method of dietary education. To test
whether further improvement in metabolic control could be
achieved by changing to a high carbohydrate / high fibre /
low fat diet we have followed a group of 40 Type 1 (insulin de-
pendent) diabetic adults for up to 19 months. They had all
been prescribed a conventional low carbohydrate diet taught
by one of three methods (dietician only, practical lunchtime
demonstration or videotape). Those taught by dietician only
were left as a control group for follow-up (group A). The oth-
ers were randomized either to continue on their present diet
(group B) or to change to a high carbohydrate / high fibre /
low fat diet (group C). At final assessment those in groups B

and C were more knowledgeable, compliant and better con-
trolled than group A. Those in group C achieved a change
from 38% carbohydrate / 43% fat / 20 g fibre daily to 45% car-
bohydgate / 34% fat / 32 g fibre daily. However, metabolic
control in group C deteriorated while taking the high carbohy-
drate / high fibre / low fat diet (haemoglobin A; went from
9.4+0.5% to 11.2+0.5%, p<0.01, over 4 months). None of
the patients in group C changed their eating habits or those of
their families nearly as much as was recommended. This study
suggests that imaginative and practical teaching methods are
the most important factor influencing dietary compliance and
metabolic control in Type 1 diabetic adults and that no addi-
tional improvement is achieved in this group by changingto a
high carbohydrate / high fibre / low fat diet.
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No diet, however, beneficial in theory, will work unless
it is eaten; in the treatment of diabetes the gulf between
what is prescribed and what is consumed is very wide
[1-4]. We have previously shown an improvement in
dietary compliance and metabolic control in a group of
adults with longstanding poorly controlled Type 1 dia-
betes when imaginative teaching methods were intro-
duced, even though the diet was a conventional low car-
bohydrate one [5]. In this study we have followed the
same group of patients for a further 6-10 months to
answer the following questions: will the improved
knowledge, compliance and metabolic control shown
previously [5] be maintained after stopping formal edu-
cation? Will these patients obtain further benefit by
changing to a more modern diet containing less fat and
more high fibre carbohydrate, as suggested by most Na-
tional Diabetes Associations? How well do patients and
their families respond to the high fibre / low fat diet?

* Present appointment: Diabetes Research™ Fellow, University of
Washington, Seattle, Washington 98195, USA

Subjects and methods

Forty Type 1 diabetic patients (mean age 35 years, range 17-64 years)
completed the first part of the study [5] the design of which is shown in
Figure 1. During the initial run-in period (0-3 months), an attempt
was made to improve overall diabetic treatment and metabolic con-
trol without mentioning diet. The value of long-term normoglycaemia
was stressed and patients were told how this could be assessed by reg-
ular home blood glucose recordings and laboratory estimations of
haemoglobin A, (HbA,). Capillary blood glucose concentrations were
measured before each meal and before bed on 2 days a week using
visually read test strips (BM test, Glycemie 20-800 strips, Boehringer
Mannheim). On one day per week they were asked to check the blood
glucose at 3 a.m. They were set a target of achieving and maintaining
blood glucose values of 4-8 mmol/1. No change was made to the spe-
cies or purity of insulin preparation being used, but all were changed
to a regimen of short and intermediate acting insulin given 30 min be-
fore breakfast and 30 min before the evening meal. They were taught
to adjust their own insulin doses using the following guidelines. The
morning short acting insulin was adjusted on the basis of before
lunchtime blood glucose results. Every 8-10 days the average glucose
was calculated. If this was above 8 mmol/1 then the morning short act-
ing insulin was increased by 4units. If the average was below
4 mmol/1 or if there had been any documented episodes of midmorn-
ing hypoglycaemia then the morning short acting insulin was reduced
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Fig.1. Flow diagram showing the overall study design and where pat-
ients dropped out of the study

Table 1. Clinical characteristics of patients in the study

Group A Group B Group C
(n=12) (n=10) (n=12)
Men 7 5 7
Women 5 5 5
Age (years) 381 £26 29.8 +£2.8 393 +39
Duration of diabetes 115 +18 116 £13 143 *£138
(years)
Insulin dose 0.67£0.07 0.88+0.08 0.67%0.03
(U-kg'-day™)
Initial HbA; (%) 131 £05 120 06 129 *0.5
Body mass index 244 £08 232 +0.8 243 +05
(kg/m?)

Results expressed as mean + SEM

by 4 units. The blood glucose results before the evening meal were
used to adjust the morning intermediate acting insulin, the before
bedtime tests were used for the before evening meal short acting insu-
lin. For adjustment of the intermediate acting insulin before the even-
ing meal attention was paid to both the 3 a.m. and before breakfast
glucose values. If, by increasing this insulin dose, it was not possible
to keep the before breakfast glucose below 8 mmol/1 without causing
nocturnal hypoglycaemia (3 a.m. glucose <4 mmol/1) then the even-
ing insulin was split such that only short acting insulin was given be-
fore the evening meal with the intermediate acting insulin given at
9 p.m. Patients were scen at monthly intervals and contacted by tele-
phone between visits during the run-in to verify their competence at
insulin self-adjustment. They were told their HbA, result at each visit
and it was stressed that the aim was to keep this below 10%. These tar-
gets and methods of monitoring were continued throughout the study.

At the end of the run-in period patients were randomized to one of
three methods of dietary teaching: individual tuition from a dietician

(n =14), small group teaching using a videotape (n =13) or practical
lunchtime demonstrations (n =13). The dietary policy and education-
al methods during this first intervention period have been described in
detail elsewhere [5]. The dietary policy was the same for all three
groups and was kept simple with the types of food eaten determined
largely by patient preference. What was particularly stressed was that
each patient should learn to judge how much carbohydrate they ate at
each meal and snack and that this should be kept consistent from day-
to-day. Each group was seen three times for dietary education during
the intervention period.

At the end of the first intervention period, all patients were asked
whether they would be prepared to continue for a further
6-10 months. Three refused; two in the control group insisted that
they now see the video tape, while one from the lunchtime demonstra-
tion group was unwilling to take more time off work. This left 12 in
the control group (group A, Fig. 1). The remaining 25 patients, who
had received either lunchtime demonstrations or video tape educa-
tion, were then randomized either to continue their current diet with a
review in 6 months (group B, n=12) or to undertake a second inter-
vention period where their diet was changed to a high carbohydrate /
high fibre / low fat diet (group C, n=13). This second intervention
period was to last 4 months with a final assessment 6 months later (i. e.
10 months after randomization). During the last 6-month period pat-
ients were neither seen nor given dietary advice unless they had a spe-
cific query. One patient in group C dropped out because he moved
from the area and two in group B defaulted for their final visit. Thus
the final groupings were: group A - 12 patients, group B - 10 patients,
group C - 12 patients.

Clinical details of the patients are shown in Table 1. Those in
group B are younger, have a higher insulin dose and slightly lower
HbA, than groups A and C, but none of the differences was statistical-
ly significant (Mann-Whitney U test p >0.1).

Dietary policy during the second intervention period

The principle of maintaining a consistent carbohydrate profile from
day-to-day was continued, but patients were also told that the new ob-
jective was to alter the content of the diet in accordance with the Brit-
ish Diabetic Association’s “dietary recommendations for diabetics in
the 1980°s” [6]. Energy intake was assessed from 7-day food records
and a carbohydrate allowance prescribed to provide approximately
50% of energy from carbohydrate. Special care was taken to explain
that, as the carbohydrate allowance had been increased, fat intake
must be reduced to precent an increase in calories and body weight.
The use of low fat spreads, skimmed and semi-skimmed milk, cottage
cheese, white fish and poultry were encouraged. In accordance with
the recommendations of the British Diabetic Association [6], it was
suggested that most carbohydrate should be eaten as polysaccharides,
particularly fibre-rich unprocessed foods such as wholemeal bread,
crisp breads, wholemeal flour and pasta, whole grain breakfast cereals
and brown rice. It was also suggested that vegetables and fruit should
be eaten liberally at both midday and evening meals.

The advantages of pulses (such as beans and lentils) were stressed
and suggestions made as to how dried and canned pulses could be in-
corporated into meals. The educational method used during the sec-
ond intervention period was similar to the practical lunchtime demon-
strations which had proved so successful during the first intervention
[5]. Patients were seen in small groups with their spouse where possi-
ble. In addition to printed instructions they were given two recipe
books, “Better cookery for diabetics” [7] and “The diabetic’s diet
book” [8]. To encourage the use of high fibre / low fat foods, a selec-
tion of these was on display at each dietetic appointment, 1, 2 and
4 months after initial instructions. Several recipes contained in the two
books [7, 8] were prepared by the dietician so that patients and their
families could sample these and discuss practical problems at each
visit. During the last visit patients were given a questionnaire about
the palatability and acceptability of the new diet. At the end of the
second intervention period, patients in group C were asked to contin-
ue the same diet and were seen for final follow-up 6 months later. As
with groups A and B no new dietary advice or teaching was given dur-
ing the final 6 months unless specifically requested.
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Table 2. Changes within three groups of Type 1 diabetic adults in die-
tary knowledge and dietary compliance at the end of the run-in (Ini-
tial), at the end of the first intervention period (Middle) and at the end
of the study (Final)

Group A Group B Group C
(n=12) (n=10) (n=12)
Questionnaire score
(maximum possible =20)
Initial 11.1+1.0 113+ 09  11.5+1.0
Middle 89+1.1 176+ 05 167108
Final 11.5+1.6 178+ 0.8 17.6+0.8°
Dietary compliance
overall coefficient of
variation (%)
Initjal 51.8+5.8 646+ 98  46.6+6.6
Middle 531184 293+ 6.7° 31.0+49°
Final 50.0+7.0 281117 29.8%6.7°

Results expressed as mean + SEM. An a indicates p <0.01 and b indi-
cates p <0.001 when compared with group A using Mann-Whitney
U-test

Assessment of dietary knowledge, compliance and content

Dietary knowledge was tested by three questionnaires, one at the end
of the run-in, one at the end of the first intervention period and one at
the very end of the study. The questions were similar but not identical
and tested the patient’s understanding of his or her own diet. They
were asked how many 10 g carbohydrate exchanges they ate each day
and what steps they took to ensure accurate measurement. Finally,
they were asked specific questions about the number of 10-g carbohy-
drate exchanges contained in several common foods including items
in their own exhange lists. The maximum score on each questionnaire
was 20 points.

Dietary compliance was assessed from detailed 7-day food re-
cords. These were taken at the end of the run-in, at the end of the first
intervention period and at the end of the study. Group C completed
an additional food record at the end of the second intervention period
to measure consistency of carbohydrate intake. The data derived from
the food records were handled as follows; the amount of carbohy-
drate taken at each of the seven breakfasts was calculated. The coeffi-
cient of variation was then derived (SD/mean x 100). This calculation
was repeated for all meals. and snacks. In this way six coefficients of
variation were derived from each food record - one for each meal and
snack. An average was then calculated to give a single figure, the over-
all coefficient of variation for each 7-day food record which is a mea-
sure of day-to-day consistency in carbohydrate intake.

Dietary content was calculated from food records to give the aver-
age daily calorie intake, the percentage of calorie intake derived from
carbohydrate, fat and protein and the daily fibre intake.

Metabolic control was assessed by serial HbA; measurements us-
ing an electrophoretic method on cellulose acetate membranes [9].
The coefficient of variation for this method is < 6% where HbA, is <
10% of total Haemoglobin A and is <4% where HbA, is > 14% of to-
tal Haemoglobin A. Samples were measured in duplicate and HbA,
control (Glycophore product no.51262, Gelman Sciences, UK) run
on each membrane. Where duplicate samples differed by>1% the
analysis was repeated.

Statistical analysis

Paired non-parametric statistical tests were used. Pro-
gressive changes within each group were tested by the
Wilcoxon matched sign rank test while comparisons be-
tween groups were tested with the Mann-Whitney
method. Results are expressed as mean+ SEM.
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Fig.2. Changes in calorie intake (kcal), fat and carbohydrate (ex-
pressed as percentage of daily kcal) and fibre (g/day) in group A
(O—0), group B (—@) and group C (O - - - O) throughout the
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with group A. Results are expressed as mean + SEM
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Fig.3. Changes in HbA; in groups A, B and C throughout the study.
An a indicates p <0.05, b indicates p <0.02 and ¢ indicates p <0.002
when compared with group A

Table3. Changes in types of food eaten by patients in group C
(n =12} at the end of the second intervention period compared with
the end of the first intervention

Never Less No More  Always
often  change often

White bread 5 7
Wholemeal bread 7 5
High fibre biscuits 5 4 3
Bran cereals 1 5 6
Pulses (lentils, beans) 8 4
Butiter 7 3 2
Margarine 9 1 2
Low fat spread 2 4 6
Skimmed milk 2 2 4 4
Cheese 9 3
Fried food 2 5 5
Fruit 10 2
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Results

Daily insulin dose and body mass index did not change
significantly within or between groups throughout the
study.

Dietary knowledge was equally poor in all three
groups at the beginning of the study with an average
score of only 55% (Table 2). No improvement was seen
in the control subjects at any stage, whereas both groups
B and C showed a significant improvement in knowl-
edge after the first intervention period (Wilcoxon
matched sign rank test p < 0.01) which was maintained
in both groups 12-16 months later. Groups B and C
knew significantly more than group A after the first in-
tervention period (p <0.001) and at the end of the study
(p <0.01), but did not differ significantly from one an-
other with both answering over 85% of questions cor-
rectly at the end of the study.

Consistency of carbohydrate intake from day-to-
day was equally erratic in all three groups at the outset
with an overall coefficient of variation between 46 and
65%. There was no significant change in group A at any
stage, but groups B and C became significantly more
consistent both at the end of the first intervention peri-
od (p <0.01) and at the end of the study (p <0.01).

Daily calorie intake did not differ between the
groups at the start being 2267 152 kcal for group A,
1829+140kcal for group B and 2233 £163 kcal for
group C. There was no significant change in calorie in-
take either within or between groups throughout the
study as would be expected from the lack of change in
body weight. Daily fat consumption (expressed as a
percentage of daily calorie intake) did not change sig-
nificantly in groups A and B throughout the study.
However, during the second intervention period, group
C, as expected after instruction in a low fat diet, showed
a significant reduction in fat intake from 42.6 +1.9% to
33.9+1.7% (p <0.01, Fig.2). This reduction was main-
tained for a further 6 months and at final follow-up
group C were still eating significantly less fat than
groups A or B (p <0.02). The opposite trend was seen
with carbohydrate intake (Fig.2). There was no change
in groups A and B but group C increased their intake
from 38.8+1.6% of total calories to 45.4+1.3% (p<
0.01) during the second intervention period. However,
at final follow-up the difference in carbohydrate intake
between the groups was not significant, although group
C patients were still taking nearly 45% of their total in-
take as carbohydrate.

Daily fibre intake was <20 g in all groups at the start
of the study and did not change in group A. In group C
there was a significant increase in fibre intake from
203+1.6gto 31.8+£1.7g (p <0.01) during the second
intervention period and this was maintained so that at
final follow-up it remained significantly higher than in
group A (p <0.02). What was surprising was that pat-
ients in group B who had not received specific advice
about increasing fibre intake, did show a steady in-

crease so that at final follow-up their intake of 28.5
3.0 g daily was significantly greater than group A (p <
0.05) and not significantly different from group C.

The extent to which patients in group C actually al-
tered their dietary content is shown in Table 3. Most
patients found it easy to change from white to whole-
meal bread and from butter to low-fat spread. However,
we were less successful in persuading them to reduce
the amount of cheese and fried food. In addition, only
four of the twelve increased the amount of pulses in
their diet. Interestingly, of the five who were troubled by
“wind”, four were the ones who had tried to increase
their consumption of pulses.

Overall, four patients in group C found the high fi-
bre diet more enjoyable, three less enjoyable and five
expressed no preference. Only five of the twelve man-
aged to persuade anyone else in the family to adopt the
new diet. Seven made some effort to read the recipe
books, but only two had actually tried more than three
of the recipes.

Diabetic control was equally poor in all three
groups at the start of the study (Fig.3) and improved to
a similar degree by the end of the run-in period when
HbA, levels were 12.0+0.3%, 11.1£0.6% and 114+
0.5% respectively in groups A, B and C. During the first
intervention period HbA, did not change in group A
while in groups B and C there was a further fall so that
both, although not significantly different from one an-
other, were significantly better than group A with levels
0f 10.3£0.7% in group B (p <0.05 compared to A) and
9.4+ 0.5% in group C (p <0.002 compared to A). After
6 months follow-up HbA; in group A rose to 12.5+
0.3%, a value not significantly lower than the starting
level. However, group B maintained their improved
control so that 12 months after the beginning of the
study their mean HbA | was 9.5 +0.4% significantly low-
er than group A (p<0.002). Group C, having shown
better control during the first intervention period, dete-
riorated over the 4 months of the second intervention
after introduction of the high fibre, high carbohydrate
diet so that at the end of the second intervention period
their HbA; was 11.2+0.5% compared with 9.4 +0.5%
at the end of the first intervention (p<0.01). However,
over the remaining 6 months HbA, in group C fell again
to 10.0+0.6% which was significantly lower than group
A (p<0.02) but no different from group B.

Discussion

As reported alsewhere [5] this study has shown that im-
aginative teaching methods can improve dietary knowi-
edge, compliance and metabolic control even in adults
with longstanding Type 1 diabetes. The improvement in
group B was substantial, achieved using simple dietary
advice and was maintained for 6 months after the end of
formal educational visits to the doctor and dietician.
The increased dietary knowledge and improved day-to-



212 D.K.McCulloch et al.: Conventional or high carbohydrate diets in Type 1 diabetes

day consistency in eating patterns of groups B and C at
the end of the first intervention period was also well
maintained 6 months later. Thus, although practical
lunchtime demonstrations or video tape éducation may
be more time consuming than conventional instruction
by a dietician, they were in our hands much more effec-
tive in changing eating habits and they were also cost ef-
fective in that the effects were long lasting.

It has been said [10] that the new dietary recommen-
dations of the British Diabetic Association are in line
with the principles of healthy eating advocated for the
whole population. However, it remains to be demon-
strated whether it is possible to change the eating habits
of the general population in such a substantial way and
whether they will benefit from the change. In the pre-
sent study we were able to make modest alterations in
the diet of patients in group C and these were well
maintained 6 months later. The change from 42.6% fat /
38.8% carbohydrate to 33.9% fat / 44% carbohydrate
and from 20.3 to 31.0 g fibre / day is relatively small al-
though statistically significant. However, one should
remember that patients in this study had an average du-
ration of diabetes of 11 years and had been selected be-
cause of poor metabolic control. During the first inter-
vention period they had been asked to pay much more
attention to their eating habits than hitherto with the on-
ly concession being that they could continue to eat the
kind of food they enjoyed. It may have been expecting
too much to ask them in addition to change the type of
food as was done during the second intervention. Most
were prepared to make modest changes but would not
“train” themselves or other members of their family to
eat unfamiliar foods. We doubt whether such conserva-
tism is confined to Nottingham.

Although disappointing, it is perhaps not surprising
that metabolic control did not improve in group C while
taking the high carbohydrate / high fibre diet given the
modest changes in carbohydrate and fibre consumption
which we achieved. Previous studies showing a benefi-
cial effect on glycaemic control in insulin treated sub-
jects have prescribed 60-70% carbohydrate and
65-105 g fibre daily [11, 12] with a substantial propor-
tion of the fibre from legumes and pulses. Unfortunate-
ly our patients were unable, or unwilling to make die-
tary changes of such magnitude. It is hard to explain
however why diabetic control actually deteriorated in
group C during the second intervention. Insulin doses
and regimens did not change significantly and patients
continued to adjust their insulin appropriately on the
basis of blood glucose tests. Daily intake of calories was
reduced, although not significantly, from 2114 kcal at
the end of the first intervention to 1920 kcal at the end
of the second. Since patients in group C were advised to
eat fruit liberally it is possible that the extra oligosac-
charides consumed might explain their transient wors-
ening of metabolic control. However the extent to
which they actually changed their fruit intake (Table 3)
makes this unlikely. Alternatively it may be that patients

in group C had reached a point where they were being
swamped with so many new changes to their eating
habits that they ‘gave up’ and became less compliant. A
third possibility is that they needed longer than four
months to adapt to and learn the new diet. Whatever the
explanation, one has to conclude that our attempts to
implement the new high carbohydrate / high fibre / low
fat recommendations [6] had no beneficial effects on
metabolic control over and above that achieved by a
simple diet concentrating only on the day-to-day con-
cistency of carbohydrate intake.

The gulf between theory and practice of diet treat-
ment in insulin dependent diabetes remains wide. This
study has highlighted several practical problems which
need to be overcome if we are to persuade our patients
to eat healthier diets in the future.
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