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Self-selected unrefined and refined carbohydrate diets do not affect 
metabolic control in pump-treated diabetic patients 
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Summary. This study investigated whether unrefined or re- 
fined carbohydrate diets have any effect on metabolic con- 
trol and on insulin requirement in near-normoglycaemic 
Type l (insulin-dependent) diabetic out-patients on continu- 
ous subcutaneous insulin infusion therapy. Two females and 
8 males (aged 2 7 + 9 y e a r s ;  diabetes duration 1 3 + 8 y e a r s ;  
duration of insulin pump therapy 22 + 5 months; means + 
SD) participated in a randomised cross-over study with two 
6-week periods on self-selected refined and unrefined carbo- 
hydrate diets respectively. As a result, energy intake differed 
between the experimental diets (2372_+ 669 kca l /day  on un- 
refined diet vs 2757 _ 654 kca l /day  on refined diet, p =  0.04), 
as did the fibre intake (18 + 5 g / d a y  with the refined carbo- 
hydrate diet vs 35+13 g / d a y  with the unrefined carbohy- 

drate diet, p =  0.02). The composition of  nutrients was ap- 
proximately 40% carbohydrate, 45% fat, and 13% protein 
with both diets. Body weight, HbAlc, daily mean blood glu- 
cose (7.2_+ 0.6 mmol/1) and serum lipids remained virtually 
unchanged during the entire study. Insulin requirement var- 
ied between 40.1 +7.9 U / d a y  with the unrefined carbohy- 
drate diet, and 42.5 _+ 10.1 U / d a y  with the refined carbohy- 
drate diet (NS). Thus, neither the refined nor the unrefined 
carbohydrate diet affected insulin requirement and metabolic 
control in these near-normoglycaemic, normolipaemic, non- 
obese, insulin-pump-treated Type 1 diabetic patients. 

Key words: Unrefined diet, Type 1 (insulin-dependent) diabe- 
tes, intensive insulin therapy. 

Unrefined carbohydrate foods, e.g. carbohydrate 
foods rich in naturally occuring dietary fibres, have 
been advocated by numerous authors in the treatment 
of various diseases for decades [1]. Regarding diabetes 
mellitus, a high-carbohydrate, high-fibre diet has been 
claimed to improve metabolic control at reduced insu- 
lin dosages [2-6]. Slama et al. [7] have shown that the 
addition of pectin to a standard breakfast was fol- 
lowed by a 35% reduction in insulin requirement in 
Type 1 (insulin-dependent) diabetic patients connected 
to an artificial pancreas. 

However, insulin requirements during either a 
high-carbohydrate, high-fibre diet [8], or an average re- 
fined low-fibre Western diet [9], have also been ob- 
served as unchanged in Type 1 diabetic patients. 

To further clarify whether the refinement of carbo- 
hydrate foods has an impact on insulin requirement we 
have performed a randomised cross-over study with 
self-selected unrefined and refined carbohydrate diets 
in well-controlled, non-obese Type i diabetic out-pat- 
ients on continuous subcutaneous insulin infusion 
(CSII) therapy. 

Subjects and methods 

Subjects 
Ten Type I diabetic patients (2 females, 8 males; aged 27 + 9 years; 
diabetes duration 13_+8 years; duration of insulin pump therapy 
22 _+ 5 months; means _+ SD) volunteered to participate in the study. 
The study was carried out in accordance with the Helsinki Decla- 
ration [10]. All patients were C-peptide negative (post-absorptive C- 
peptide levels < 0.3 ng/ml) and non-obese (body mass index 22.6 + 
1.7 kg/m2). The patients had been on CSII and a liberalised diet [11] 
for more than 1 year. Their daily insulin dose was approximately 
0.6 U/kg body weight. At the beginning of the study, the patients 
were well-controlled, as indicated by near-normal HbAlc levels and 
normal serum lipids (Table t). 

Study design 
After a four-week run-in period on their habitual diet, the patients 
were instructed to consume unrefined and refined carbohydrate 
diets, each of a six-week period in random order, according to 
Thornton et al. [12] and Kinmonth et al. [13]. 

During the unrefined carbohydrate diet (URD), refined fibre-de- 
pleted carbohydrates such as sucrose, white bread, white rice, 
mashed potatoes and other highly-processed (e.g. boiled, canned, 
dried, flaked) foods, includin~ Juices, were to be avoided, excent for 
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Table L Clinical data of the patients during habitual diet, before 
randomisation on experimental diets 

Body weight (kg) 68.8 + 11.1 
Random plasma glucose (mmol/l) 6.8 -+ 2.3 
HbAac (% of total Hb) 6.4 -+ 0.7 
Triglycerides (mmol/l) 1.63 + 1.04 
Total cholesterol (mmol/1) 4.81 _+ 0.75 
HDL-cholesterol (retool/l) 1.56+ 0.39 
Apolipoprotein A-I  (mg/dl) a 170 + 21 
Apolipoprotein B (mg/dl) a 96 • 21 

Energy intake (kcal/day) 2878 + 658 
Carbohydrate intake (g/day) 260 + 64 
Intake of simple sugars with fructose included 103 _+ 41 

(g/day) 
Intake of complex carbohydrates (g/day) 157 + 33 

Fat intake (g/day) 141 + 40 
Protein intake (g/day) 97 + 29 

Daily insulin dosage (U/day) prandial insulin 20.9 + 4.8 
dose 

Total dose 41.7 + 6.9 

Apolipoproteins are given in mg/dl since the molar weight of these 
compounds is still uncertain 

Table 2. Dietary assessment 

URD RD p-value 

Fibre intake (g/day) 35.5+ 13.0 17.9_+ 5.1 p=0.007 
(g/1000 kcal) 14.9 • 2.8 6.5 + 1.9 p=  0.005 

Energy intake 2372 + 669 2757 _+ 654 p=  0.04 
(kcal/day) 

Carbohydrate intake 211 -+ 62 249 -+ 59 p=0.007 
(g/day) 
(% of energy 40 _+ 5 41 -+ 4 NS 
intake) 

Intake of simple 69 _+ 24 96 +- 45 p=  0.02 
sugars with 
fructose included 
(g/day) 

Intake of complex 142 _+ 48 152 _+ 41 NS 
carbohydrates 
(g/day) 

Fat intake (g/day) 118 _+ 39 137 + 35 NS 
(% of energy 45 -+ 5 46 +_ 2 NS 
intake) 

Protein intake 86 + 29 92 • 23 NS 
(g/day) 
(%of  energy 13 + 2 12 -+ 2 NS 
intake) 

URD = unrefined carbohydrate diet; RD = refined carbohydrate diet 

As the experimental diets were not provided by the investigators, 
but were to be selected by the patients themselves, teaching sessions 
were held initially for each study period to give patients theoretical 
and practical advice for the preparation of meals. 

CSII therapy was conducted as described previously, with the 
basal insulin infusion rate adjusted predominantly to the fasting 
blood glucose level, and prandial insulin dosage adjusted according 
to the type and amount of carbohydrate to be ingested, with correc- 
tions made for the actual premeal blood glucose level [11, 15], and 
exercise. The patients were able to assess carbohydrate quantities 
with less than 10% deviation (unpublished data). 

Patients were advised that adjustment of prandial insulin dosage 
with the experimental diets might be necessary, in that less prandial 
insulin might be required with the URD, and more prandial insulin 
with the RD. 

Dietary assessment 

Dietary intake was assessed during the last 7 days of the run-in peri- 
od and the URD and RD periods using a standardised food-record- 
ing check-list system ("My personal dietary diary") developed by 
Pudel et al. [16]. This food record contains 152 commonly eaten 
foods described in household measures, such as "one half slice of 
white bread" or "one cup of cooked brown rice"; it was to be filled 
in during meal intake. The diet records were evaluated with comput- 
er assistance on the basis of standard West German food tables [17[; 
fibre intake was calculated according to McCane/Widdowson tables 
[18]. The food record system had been validated in a previous study 
[19], and consequently been found suitable for the purposes of this 
study. To further ensure proper adherence of the patients to the ex- 
perimental diets, stool frequency, consistency, and quantity was 
monitored using a questionnaire. 

Assessment of metabolic control 

Self-monitoring data of blood glucose and insulin dosages were ob- 
tained from the last 4 weeks of each observation period as recorded 
in the patients' diabetes log books [11]. All patients were followed up 
in our out-patient diabetes clinic bi-weekly for determination of 
blood pressure, body weight (in street clothes), random non-fasting 
plasma glucose (Beckman Glucose Analyzer, Fullerton, Calif, USA), 
non-fasting serum concentrations of total cholesterol, HDL-choles- 
terol, apolipoproteins A-I and B, triglycerides and HbAlo-levels. Lip- 
ids and lipoproteins were measured using standard laboratory meth- 
ods, including nephelometry for the determination of lipoproteins 
[20]. HbA~c was determined with the TBA-method [21], with the nor- 
mal range of our laboratory being 4.2-5.6% of total haemoglobin. 

Statistical analysis 

Statistical processing of the data was carried out using the SPSS pro- 
gramme [22]. Data are given as means • SD; a p value of < 0.05 was 
considered statistically significant. Wilcoxon tests for matched pairs 
were applied, as well as analysis of variance. 

treatment of hypoglycaemia. Whole grain products, leguminous 
seeds such as peas, lentils and beans, and fruits and vegetables were 
to be chosen. The patients were instructed not to eat additional di- 
etary fibre in the form of guar or wheat bran. 

On the refined carbohydrate diet (RD), whole grain products 
were to be avoided, and the intake of vegetables and fruits was 
limited to one serving of processed vegetables per day and less than 
five servings of fresh fruit per week [12]. Refined sugar was permitted 
up to 50 g/day. Thus, with the URD the carbohydrate food had a 
low glycaemic index and was fibre-rich, and with the RD it had a 
high glycaemic index [14] and was fibre-depleted. 

Results 

The results of the dietary assessment during the last 
seven days of the two experimental diets are shown in 
detail in Table 2. The patients chose to lower their en- 
ergy intake during the unrefined diet (URD: 2372+ 
669 kcal/day) as compared to the refined carbohydrate 
diet (RD: 2757 _+ 654 kcal/day), and varied their carbo- 
hydrate intake accordingly (211 + 62 g/day with URD 
vs 249+_59 g/day with RD, p=0.007). Despite this 
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Table 3, Clinical parameters of the patients, as obtained with the experimental diets under non-fasting conditions 
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Unrefined carbohydrate diet Refined carbohydrate diet 

week 2 week 4 week 6 week 2 week 4 week 6 

Body weight (kg) 69.5 +11.1 69.8 +11.5 69.0 • 69.1 +11.0 70.2 +11.5 70.2 • 
Random plasma glucose(mmol/1) 5.8 _+ 3.4 7.2 • 3.7 8.3 + 3.8 7.8 _+ 5.8 7.8 + 4.1 6.9 •  
HbA~c(% of total Hb) 5.9 • 0.8 5.9 • 1.0 6.3 + 0.8 5.9 • 0.5 6.0 • 0.7 5.8 + 0.5 
Tfiglycerides (mmol/1) 1.37 • 0.93 1.30_+ 0.86 1.24 + 0.57 1.48 + 1.33 1.23 + 0.80 1.67 • 1.22 
Total cholesterol(mmol) 4.86_+ 0.83 4.84+ 0.75 4.68+ 0.62 4.76_+ 0.78 4.84+ 0.81 4.94• 0.81 
HDL-cholesterol (retool/l) 1.40+ 0.36 1.30_+ 0.36 1.43• 0.34 1.40• 0.36 1.51• 0.36 1.48+ 0.34 
Apolipoprotein A- I  (mg/dl) 171 +28 170 +26 176 _+22 175 +27 176 •  179 +20  
Apolipoprotein B (mg/dl) 97 + 22 88 _+ 18 90 _+ 18 94 _+ 27 88 _+24 97 _+ 25 

Table 4. Metabolic self-monitoring 

URD RD p-value 

Frequency of blood-glucose 4.7 • 1.1 4.6 • 1.1 NS 
self-monitoring/day 

Mean daily blood-glucose 7.3 • 0.8 7.2 + 0.5 NS 
(mmol/l) 

Frequency of blood-glucose 9.6 + 6.6 11.4 + 8.5 NS 
readings _<2.5 mmol/1 or 
symptomatic hypoglycaemia/ 
month 

Frequency of blood-glucose 18.2 _+ 9.5 16.7 + 7.5 NS 
readings > 11 mmol/1 per 
month 

URD = unrefined carbohydrate diet; RD = refined carbohydrate diet 
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Fig.l. Daily mean_+ SD glycaemia (left side of the diagramme) 
based upon self-monitoring, and daily m e a n •  insulin supply 
(right side of the diagramme) as recorded by the ten patients. Hori- 
zontal bars divide the total daily insulin dose into basal rate (lower 
parts) and meal-related (upper parts) insulin supply 

slightly lower carbohydrate intake, fibre intake was 
nearly 100% more with URD than with the refined car- 
bohydrate diet (35.3 +13.0 g/day vs 17.9_+5.1 g/day; 
p =  0.007). During URD, significantly fewer (p= 0.02) 

simple sugars were consumed than during RD 
(Table 2). 

Stool frequency was increased to 1.9 _+ 0.6 times per 
day with URD, as compared to 1.0_+ 0.6 times per day 
with RD (p= 0.01). The stools appeared to be looser 
and more voluminous with URD. 

The clinical parameters of the patients are shown in 
Tables 1 and 3. Upon entering the study (Table 1), all 
patients had normal body weight and were in good 
metabolic control, as indicated by near-normal HbAto 
values. Serum lipids and lipoproteins did not show any 
abnormality; daily insulin requirement was compara- 
ble to results reported elsewhere [11]. During the ex- 
perimental periods (Table 3) there were no significant 
changes in body weight, blood pressure, HbAtc, serum 
lipids and lipoproteins, and random non-fasting plas- 
ma glucose. There was a tendency to gain weight dur- 
ing the refined carbohydrate period, but this was statis- 
tically insignificant. Body mass index varied between 
22.4 _+ 1.8 kg/m 2 and 23.0 _+ 2.1 kg/m 2, without chang- 
ing significantly throughout the entire study. Blood 
pressure remained stable with systolic pressure ranging 
from 119 _+ 8 mm Hg to 128 + 15 mm Hg, and diastolic 
pressure ranging from 73 _+10 mmHg to 81 +5 mmHg 
(NS). 

The results of the patients' metabolic self-monitor- 
ing are given in Table 4. During the two experimental 
periods, the number of blood glucose readings per day 
did not change significantly. There were 11.4 + 8.5 mild 
hypoglycaemic episodes (i. e. blood glucose readings < 
2.5 mmol/1, or hypoglycaemic symptoms) per month 
during the RD period as compared to 9.6+6.6 per 
month with URD (NS). No severe hypoglycaemia with 
unconsciousness occurred during the entire study. 

On the other hand, 16.7+7.5 hyperglycaemic ep- 
isodes (i. e. blood glucose readings >__ 11 mmol/1) per 
month were documented with RD, and 18.2_+9.5 per 
month during URD (NS). No ketoacidosis occurred 
during the entire study. 

The mean daily blood glucose levels as computed 
from 138 _+ 33 to 144_+ 42 home blood glucose readings 
per month were 7.3_+0.8 retool/1 with URD, and 
7.2 _+ 0.5 mmol/1 with RD (NS; Fig. 1). The study had a 
power of 90% to detect a significant 0.3 mmol/1 differ- 
ence between the mean daily blood glucose levels. 
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The mean daily insulin dosages were also comput- 
ed from the patients' records (Fig. 1). With URD, the 
prandial insulin dose was 19.2 + 4.4 U/day, and the to- 
tal insulin dose was 40.1 +7.9 U/day. With RD, the 
prandial insulin dose was 21.3 _+ 5.3 U/day, and the to- 
tal insulin dosage amounted to 42.5 + 10.1 U/day. The 
differences between URD and RD were statistically in- 
significant (p >0.10 ANOVA). The study had a power 
of 90% to detect a significant 2.5-unit difference be- 
tween the mean daily insulin dosages. 

Discussion 

The results indicate that doubling the habitual intake 
of dietary fibres per 1000 kcal by increasing the intake 
of unrefined carbohydrates does not affect metabolic 
control in well-controlled Type I diabetic patients on 
CSII. Furthermore, we did not observe any significant 
changes in insulin dosages in relation to the unrefined 
and refined carbohydrate diets, although carbohydrate 
foods with low glycaemic index (like those used with 
the unrefined carbohydrate diet) have repeatedly been 
proven to reduce the insulinaemic response as com- 
pared to high glycaemic index carbohydrates [9, 14, 15, 
23, 24, 29]. 

There are several explanations for these findings: 
firstly, the patients in our study increased their fibre in- 
take to a maximum of approximately 35g/day 
(Table 2) which approaches the recent recommenda- 
tions of the American Diabetes Association (ADA) of 
40 g/day [25]; however, this fibre intake is far below 
the 60 g/day in those study patients whose insulin dos- 
age could be reduced during high-carbohydrate, high- 
fibre diets [2, 26]. In addition, the current carbohydrate 
intake in our study was lower than recommended by 
the ADA [25]. 

Secondly, our patients preferred cereal fibres 
known to exert less influence on glucose metabolism 
as compared to viscous fibres such as pectin or legumi- 
nous fibres [25]. Thirdly, our patients were all C-pep- 
tide negative and non-obese, whereas patients in whom 
insulin dosages could be reduced during high-fibre in- 
take included Type 2 (non-insulin-dependent) diabetic 
patients transiently under insulin therapy [26]. Further, 
our study was performed during the winter and spring 
1986/87, and the patients consumed only about two 
servings of fresh fruits per day. Hence, the contribution 
of this particular type of unrefined carbohydrate to the 
URD was negligible, and the insulin-saving effects of a 
high fruit diet [15, 23, 24] were not evident during 
this study. Finally, the relatively low percentage of car- 
bohydrate in the URD, reflecting a relatively low in- 
take of carbohydrates with a low glycaemic index and 
low insulin requirement like fruits (as mentioned 
above), leguminous seeds [27, 28] and soaked whole 
grain cereals [29], might as well have influenced the 

present results. Taking together all these arguments, it 
seems that the impact of the unrefined carbohydrate 
diet on the patients' insulin dosages in our study was 
too weak as compared with other effects requiring in- 
sulin dosage-adaptation, like the amount of carbohy- 
drate, the time of day, and hypo- and hyperglycaemia 
[15]. 

Doubled fibre intake and increased stool frequency 
during URD as compared to RD document the pat- 
ients' satisfactory compliance with both of the diets, al- 
though the refined carbohydrate diet was more easily 
accessible. Patients generally liked the unrefined car- 
bohydrate diet; 4 patients stated that they would con- 
tinue the URD after finishing the study. We attribute 
this to the patients' experiencing the overall benefits of 
an unrefined carbohydrate diet, e.g. the immediate 
feeling of satiety and presumably the looser stool. 

It is of note that during the URD recording period 
the patients reported reduced energy intake as com- 
pared to the refined carbohydrate diet, possibly related 
to the bulkiness of the unrefined carbohydrate diet; 
comparable observations have been made in human 
[30] and animal [31] studies. Hence, carbohydrate in- 
take was lowered by about 16% during the URD re- 
cording period, due largely to the avoidance of refined 
sugars [11, 30]. However, prandial insulin dosages were 
only insignificantly lower (19.2+4.4 U/day) during 
URD as compared to RD (21.3 _+ 5.3 U/day). This in- 
dicates once again that the prandial insulin dosages 
were adjusted not exclusively to the diet, but also to 
other factors like the premeal blood glucose reading, 
the time of day [15], and exercise [32]. Body weight, se- 
rum lipids, and lipoproteins varied only insignificantly 
in relation to the diets, remaining within the normal 
range throughout the entire study. 

In summary, our study demonstrates that the de- 
gree of refinement of dietary carbohydrates - within 
practical limits [33] - has little or no impact on meta- 
bolic control and insulin therapy in near-normoglycae- 
mic Type 1 diabetic out-patients on CSII. This does 
not preclude, however, that fibre-rich unrefined carbo- 
hydrate foods with low glycaemic index may attenuate 
postmeal glycaemic excursions in Type 1 diabetic pat- 
ients on traditional therapy without meal-related bo- 
luses of regular insulin [13]. This potential benefit of an 
unrefined diet, however, is negligible diabetic control is 
poor due to insufficient insulin replacement [34, 35]. 
On the other hand, if intensive insulin therapy is em- 
ployed, the potential insulin saving effect of such a diet 
may be overruled by other impacts requiring insulin 
dosage adaptation during Type i diabetes treatment. 
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