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Summary. Recently diabetic patients have been encouraged to 
increase their carbohydrate intake, but exact details of which 
foods to use are lacking. To determine whether sufficiently 
large differences existed to justify more specific dietary ad- 
vice, we compared the glycaemic responses to 50 g carbohy- 
drate portions of different foods, taken as breakfast test meals 
by groups of five to seven diabetic patients. Two- to threefold 
differences were seen amongst the 15 foods tested. The glycae- 
mic responses for spaghetti, 'All-bran', rice and beans were 
significantly below those for bread, while 'Cornflakes' were 
above. Factors predicted to influence this were without effect, 
including: substituting wholemeal for white bread, increasing 
substantially the simple sugars (using 'All-bran' or bananas in- 
stead of wholemeal bread) and doubling meal protein by 
adding cottage cheese to bread. Paired comparisons of the 
glycaemic response to the five legumes with those of the seven 

other starchy foods (breads, spaghetti, rice, Cornflakes, oat- 
meal porridge and potatoes) showed that the mean peak rise 
in blood glucose concentration and mean area under the glu- 
cose curve after beans were 23 and 28% lower, respectively, 
than the mean for the other foods (p < 0.001). Such results sug- 
gest a potentially valuable role for dried leguminous seeds in 
carbohydrate exchanges for individuals with impaired carbo- 
hydrate tolerance. These large differences in the blood glu- 
cose response to different food cannot at present be predicted 
directly from tables of chemical composition. Nevertheless, 
physiological testing may both aid in understanding the fac- 
tors responsible and help selection of the appropriate carbo- 
hydrate foods for the diabetic diet. 

Key words: Glycaemic index, leguminous seeds, low blood 
glucose rise, diabetes, diabetic diet, fat, sugars, protein. 

To lessen the risk to the diabetic of  carciovascular  dis- 
ease, current dietary guidelines of  the American [1] and 
Canad ian  [2] Diabetes  Associations and the British Dia- 
betic Association [3] have r e c o m m e n d e d  increasing 
complex  carbohydra te  and fibre intakes, while reducing 
fat consumption.  Exactly how this should be achieved 
is not known and there are fears that  increased intake of  
specific foods,  or carbohydrates  in general, may  worsen 
diabetic control [4]. However ,  in the context  o f  high fi- 
bre diets this does not appea r  to be the case [5]. Indeed  
studies using purified fibre and  high-fibre, high-carbo- 
hydrate  diets have been  associated with improved  dia- 
betic control [9-15]. Nevertheless,  the carbohydra te  
foods of  greatest potential  use to the diabetic have not 
as yet been  defined and it has now been acknowledged 
that  informat ion on the glycaemic effect o f  individual 
foods  and  meals is urgently needed  [3]. 

We have therefore com pa red  the effect o f  taking 
50 g carbohydra te  port ions of  15 different foods  on the 
b lood  glucose responses of  diabetic patients. We 
wished to determine whether  large differences existed 

which favoured the use of  part icular  foods. It was also 
impor tan t  to see whether  these differences related to 
specific food constituents (fibres, sugars, proteins, etc.). 

Methods 

Groups of five to seven highly motivated diabetic volunteers from a 
pool of 12 came fasting to the Diabetic Day Care Unit of St. Michael's 
Hospital, Toronto, weekly. There were six men and six women, aged 
67 _+ 2 years, 138 + 11% desirable weight [16]; ten took insulin (28 _+ 
5 U daily) and two took oral agents (Table 1). 

The majority (subjects 1-9) were studied over a 5-month period 
and on average attended 15 of the 19 sessions. Three further volun- 
teers (10-12) attended a subsequent seven or eight sessions. 

Although C-peptide measurements were not available it is likely 
that all but one of the volunteers had Type 2 (non-insulin-dependent) 
diabetes, being non-ketosis-prone and predominantly overweight al- 
though requiring insulin for adequate control. The one possible 
Type 1 (insulin-dependent) diabetic patient (No. 2) was slightly below 
ideal body weight, but was not ketosis prone. 

At the sessions, volunteers took test meals containing 50 g carbo- 
hydrate portions of specific foods as estimated from food tables 
[17-19]. A total of 15 foods were tested (Table 2). Each individual was 
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Table 1. Details of diabetic volunteers 
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Volunteer Sex Age Number Height Mean weight % Ideal Duration Medication Fasting blood 
(years) of tests (cm) (kg) weight of diabetes (units (mg)/day) glucose 

(years) (mmol/1) 

I" F 69 16 159 89.4+0.3 173 5 _+oral agents 7.4_+0.4 
2 M 70 19 184 71.4+0.1 96 31 19 Lente, 35 soluble insulin 4.5_+0.4 
3 F 64 18 161 65.3 +_ 0.1 123 25 22 Lente insulin 8.7 _+ 0.3 
4 F 74 17 156 76.3_+0.2 151 11 28 Lente insulin 9.4_+0.4 
5 M 74 12 179 83.2_+ 0.2 118 3 22 Lente insulin 5.7 _+ 0.1 
6 F 59 19 156 117.9 + 0.2 234 4 Glibenclamide 5 mg b 7.9 _+ 0.2 
7 M 76 13 164 74.3_+0.1 124 13 55 Lente insulin 9.0_+0.6 
8 M 68 7 165 66.6 + 0.5 110 2 30/28 Lente insulin 12.5 _+ 0.4 
9 M 59 I0 171 80.7 _+ 0.2 134 4 5 Lente insulin 7.0 -+ 0.2 

10 F 53 8 145 72.9 + 0.2 165 17 15 Lente insulin 9.3 _+ 0.4 
11 F 61 7 155 57.1 _+0.1 106 1 25 Lente insulin 5.4+0.2 
12 M 74 7 161 70.2 -+ 0.3 121 12 24 Lente, 4 soluble insulin 9.7 _+ 0.4 
Mean + SEM 67_+2 1 3 _ + 1  163_+3  77.1+4.4 138_+11 11_+3 28+5 8.0+_0.6 

a Mean of three periods: chlorpropamide 250 mg for seven tests (fasting blood glucose 6.4___ 0.2 retool/l); no medication, seven tests (fasting 
blood glucose 8.8 _+ 0.5 mmol/1); b glibenclamide (glyburide (USP)) 10 mg, two tests (fasting blood glucose 6.5 + 0.0 retool/l) 

Table 2. Meal constituents of foods tested 

Meal Meal constituents 

Dry Cooked Protein Fat Carbo- Sugars Dietary Energy 
weight weight hydrate fibre 
(g) (g) (g) (g) (g) (g) (g) (kcal) 

Wholemeal bread 76 a 121 
Wholemeal bread 76 a 210 

and cottage cheese 89 
Wholemeal bread 76 a 371 

and milk 250 
White bread 66.8 a 170 
�89 Wholemeal bread 38 a 

and cottage cheese 89 150 
Wholemeal bread, 57" 

butter and 17.7 157.1 
marmalade 17.9 

White rice 58 256 
White spaghetti 59.5 146 
'All-bran 'b 116 116 
'Cornflakes 'b 59 59 
Porridge oats b 69 390 
Digestive biscuit 76 76 
Banana 260 
New potato - 273 
Kidney beans 111.1 339 
Romano beans c 78.5 228.6 
Red lentils 94 302.4 
Black eye peas d 83.3 264.5 
Chick peas 100 249.5 

10.0 1.5 50.0 1.8 7.3 164 

22.1 3.5 51.2 3.0 7.3 249 

19.9 6.9 62.9 14.7 7.3 326 

7.6 0.8 50.0 1.0 2.0 156 

17.1 2.8 26.2 2.1 3.7 167 

7.6 15.6 50.0 13.8 5.6 341 

3.8 0.6 50.3 Trace 1.4 209 
8.1 0.6 50.0 1.6 2.0 225 

17.5 6.6 49.9 17.9 31.0 317 
5.1 0.9 50.2 4.4 6.5 217 
8.6 6.0 50.2 Trace 4.8 277 
7.5 15.6 50.2 12.5 4.2 358 
2.9 0.8 49.9 42.1 8.8 205 
4.4 0.3 50.0 12.5 4.2 207 

24.6 1.9 50.0 3.3 27.8 315 
18.0 0.9 50.0 2.4 19.6 280 
22.4 0.9 50.0 2.3 11.0 286 
18.3 1.3 50.0 3.0 16.0 283 
20.2 5.7 50.0 10.0 15.0 320 

a Weight of dry flour; b nutrients not including 250 ml 2% milk taken with all cereals; c fibre content assumed to be the same as in kidney beans 
according to Paul and Southgate [17] other nutrients according to Platt [18]; d nutrients and fibre according to Adams [19] 

asked to take at least one wholemeal bread and cottage cheese meal 
(containing 50 g of carbohydrate from bread) as a standard with 
which other foods were compared. 

Cottage cheese was added to the wholemeal bread to provide a 
meal protein content equivalent to the legumes, the highest protein 
foods tested. Each individual used in the gtycaemic index study (ex- 
cept patient 8) took the standard bread and cottage cheese meal on 
more than one occasion, the mean being once for every six other 
foods tested (range 4-9). The data on the three individuals (subjects 

10-12) who were studied at a later date but were not able to be in- 
cluded in the glycaemic index comparison, were used in the subse- 
quent comparison of legumes with the other starchy foods. 

The breads were baked in the diet kitchen. Dry legumes were pre- 
cooked in batches by boiling in a minimum of salted water, aliquoted 
and frozen before reheating to boiling on the morning of the test. Po- 
tatoes were boiled on the day before the test and heated in the oven 
before eating, Rice, spaghetti, and porridge oats were cooked on the 
morning of the test by boiling in a minimum of salted water. In addi- 
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tion, all non-sweet meals were served with 100 g raw tomato. Break- 
fast cereals and bread and milk meals were taken with 250 ml 2% but- 
terfat milk. 

The first meal was taken with either one to two cups of water, cof- 
fee or tea, with milk as determined by individual taste. This same 
amount and type of beverage was then taken with all subsequent test 
meals. In addition to the standard bread and cottage cheese meal, five 
other types of bread test meals were performed including: a half por- 
tion of bread with cottage cheese; wholemeal bread with 250 ml 2% 
butterfat milk; wholemeal bread without cottage cheese; substitution 
of 26% of the bread carbohydrate (12.5 g) by the sugars in 18 g marma- 
lade; and white bread containing the same amount of carbohydrate as 
the wholemeal bread (50 g). These were designed to assess the effect 
on glycaemic response of carbohydrate dose, milk as used on the 
breakfast cereals, and the protein, sugar and wheat fibre contents of 
the meal. 

Volunteers took their insulin or oral hypoglycaemic agents 
5-10min before the meal. They were asked to eat the meal over a 10- 
rain period. Finger prick capillary blood samples were obtained be- 
fore taking insulin or oral agents and then at 30-min intervals after the 
start of the meal for the following 3 h. These were analysed for glucose 
by a glucose oxidase method [20, 21]. 

During the series of tests, patients remained on the same diet and 
medications with the exception of three patients: patient 2 exchanged 
2 U lente for 2 U soluble insulin; patient 8 reduced his insulin dose 
from 30 to 28 U lente insulin; and patient 1 discontinued her oral 
agents for the middle part of the study (Table 1). Only patient 1 
showed a change in fasting blood glucose with a change in medication 
and a separate bread and cottage cheese meal was therefore used for 
comparison with the other tests performed during this period. 

Peak rises are given as the difference between the highest post- 
prandial blood glucose value minus the fasting value. Areas under the 
curve were calculated geometrically as the area above the fasting val- 
ue. To allow direct comparison with the breakfast cereals, the blood 
glucose response to 250 ml milk was deducted from the values for the 
cereal. This correction factor was derived from additional tests on five 
subjects who took both wholemeal bread alone and wholemeal bread 
with 250 ml milk. The blood glucose area for each food was expressed 
as a percentage of the mean area of that individual's wholemeal bread 
and cottage cheese standard tests. The mean of these values for each 
food was defined as the 'glycaemic index' for that food [20]: 

Area under the 3 h glucose response curve for a food 
Area under the 3 h glucose response curve for the 

equivalent amount of bread. 

x 100 

Detailed comparisons of the blood glucose response to the five 
legumes were made directly with those of the other seven starchy 
foods. For this purpose, the results of patient I were excluded because 
of a change in diabetic therapy and three additional patients (sub- 
jects 10-12) added. These subjects had taken both cereals and leg- 
umes, but not all had eaten the bread and cottage cheese which could 
have enabled their inclusion in the glycaemic index data. 

Results are given as mean + SEM. The significances were calculat- 
ed using Student's t-test for paired and unpaired data. For paired da- 
ta, in addition to Student's t-test, Fishers' test was also used after de- 
monstration of significant heterogeneity with a one-way analysis of 
variance and the lower significance level taken. Correlation coeffi- 
cients were calculated by the method of least squares. 

Results 

Glycaemic Index 

In  general ,  the meals  were  well received. I n  on ly  one  
case was  the full a m o u n t  no t  eaten. Pat ient  4 ate on ly  
50% o f  the chick peas  which  were  therefore  c o m p a r e d  
with the ' ha l f  b r ead '  test meal.  
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Large  differences were  seen in the  m e a n  g lycaemic  
responses  be tween  individual  foods.  The  m e a n  glycae- 
mic  index o f  'Corn f l akes '  was  three t imes that  o f  lentils 
(Table 3). These  two foods  represented  the u p p e r  and  
lower  ends o f  the range. Values for  rice, 'Al l -bran ' ,  
spaghet t i  and  beans  were all s ignif icantly be low those 
for  b read  and  cheese by  20% (p < 0.05), 28% (p < 0.005), 
40% (p < 0.01), and  2 9 % - 5 6 %  (p < 0.005-0.001) respec- 
tively. Values for  'Corn f l akes '  were  signif icantly above  
by  23% ( p <  0.01 ; Table  3). 

The  g lycaemic  index  o f  the ha l f  (25 g) ca rbohydra t e  
b r ead  breakfas t  was 58% that  o f  the full (50 g) b read  test 
meal  and  so showed  the expec ted  propor t ional i ty .  The  
g lycaemic  response  to who lemea l  b read  was no t  signifi- 
cant ly  al tered by  addi t ion  o f  89 g cot tage  cheese,  250 ml 
milk or  subst i tut ion o f  the sugars in 18 g m a r m a l a d e  for  
26% o f  the starch in bread.  In  addi t ion,  subst i tut ion o f  
white  for  who lemea l  b read  m a d e  no  difference to the 
g lycaemic  response.  Overall ,  there was  no  corre la t ion  
be tween  total fat, protein,  fibre, sugar  or  energy  conten t  
o f  the foods  and  the g lycaemic  index. 

The  m e a n  t imes for  eating the individual  foods  
r anged  f rom 8 to 15 min, the m e a n  for  all foods  being 
12 _+ 1 min. The  s t anda rd  b read  and  cot tage cheese a n d  
b read  and  milk meals  t o o k  longest  (15min)  while 
spaghett i ,  porr idge,  lentils and  b a n a n a  were  the mos t  
rap id ly  eaten with m e a n  t imes be tween  8 -9  min. There  
was  no  signficant  re la t ionship be tween  the g lycaemic  
index  and  eating t ime ( r =  0.217). Fo r  example ,  the two 
lowest  g lycaemic  index foods ,  lentils and  chick peas,  
represen ted  short  (8 min)  and  long (13 min)  eat ing times 
respectively.  

M e a n  fast ing b l o o d  glucose values were c o m p a r a b l e  
for  each f o o d  tested. N o  t rend  was  seen dur ing  the 
course  o f  the tests in b o d y  weight,  fast ing b l o o d  glucose 
level and  g lycaemic  responses  to the s t anda rd  test meal.  
At  the beginning  and  end  o f  the s tudy  per iod,  the m e a n  
values were, respect ively:  b o d y  weight :  8 1 + 5  and  
81___6kg; fasting b l o o d  glucose 8 . 4 + 1  and  7 . 9 +  
1 mmol /1 ;  and  b l o o d  glucose  area fo l lowing the s tand- 
ard  b read  and  cheese  meal  7 7 7 + 1 0 0  and  8 4 4 +  
125 m m o l -  1- t. rain. 

Us ing  the data  for  the 123 test meals  taken,  there 
was  no  signif icant  corre la t ion  be tween  fast ing b l o o d  
glucose  level and  peak  rise ( r =  - 0 . 0 4 3 )  o r  area  u n d e r  
the curve ( r =  - 0 . 0 7 9 ) .  In  addi t ion,  no  re la t ionship  ex- 
isted be tween  the m e a n  fast ing values for  the 19 individ- 
ual  meals  and  the m e a n  p e a k  rise ( r =  - 0 . 1 3 1 )  o r  area 
( r =  - 0 . 0 7 8 ) .  

Legume Comparisons 

O f  the 35 pa i red  compa r i sons  be tween  a b e a n  a n d  an- 
o ther  food ,  ten involved g roups  o f  three, 12 g roups  o f  
four,  three g roups  o f  five, eight g roups  o f  six, one  g r o u p  
o f  seven and  one  g r o u p  o f  eight individuals.  

The  m e a n  rise in b l o o d  glucose concen t ra t ions  for  
the beans  by  c o m p a r i s o n  with the seven o ther  s tarchy 
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Table 4. Paired comparisons between legumes and the other foods taken by diabetic patients 

Wholemeal White bread Potato Rice Spaghetti Cornflakes Porridge oats Mean 
bread 

Area - 4 1 +  5 b -37_+ 2 d -19+18  - 1 9 +  8 - 9 + 1 8  -61+_13 b - - 5 8 _ t 0  b - 3 5 +  8 d 
Chick (n= 3) (n= 3) (n= 3) (n= 3) (n= 5) (n= 4) (n= 4) 
pea Peak -41-+ 6" -37_+ 7" -19-+22 - 1 2 + 1 2  - 9 + 1 1  - -56+12  b - - 5 3 + ] 0  b - 3 2 +  7 d 

rise (n= 3) (n= 3) (n= 3) (n= 3) (n= 5) (n= 4) (n= 4) 

Area -37_+ 7 d - 3 2 +  7 c -12-+15 - 8_+11 9-+17 -46_+ 8 d - 3 7 +  9 b -23_+ 8 a 
Kidney (n= 6) (n= 6) (n= 4) (n= 6) (n= 7) (n= 5) (n= 5) 
bean Peak -33_+ 7 c -28_+ 6 ~ -16_+20 7_+10 3_+10 -45_+ 9 c - 3 9 + 1 0  b -22-+ 8 ~ 

rise (n= 6) (n= 6) (n= 4) (n= 6) (n= 7) (n= 5) (n= 5) 

Area -58 -+10  b -58__.1_1_ b -42_+21 -44_+21 -30-+18 -63_+ 6 e -56-+ 5 e - 5 0 +  4 e 
Red (n= 4) (n= 4) (n= 4) (n= 3) (n= 4) (n= 6) (n= 6) 
lentil Peak - 5 7 + 1 4  a -55+13  a -41-+28 -33-+29 -24-+22 -59-+ 8 e -53_+ 8 d -46_+ 5 e 

rise (n= 4) (n= 4) (n= 4) (n= 3) (n= 4) (n= 6) (n= 6) 

Area -27-+ 7 b --20--+ 7 a --14_+24 1_+ 9 22+11 --40_+ 9 a --35_+ 4 b - 1 6 +  8 
Romano (n= 6) (n= 6) (n= 3) (n= 6) (n= 8) (n= 3) (n= 3) 
bean Peak -21_+ 6 b -17_+ 5 b -11_+19 19-+ 6 a 40-+ 9 d -30_+ 48 -28_+ 2 c - 7_+10 

rise (n= 6) (n= 6) (n= 3) (n= 6) (n= 8) (n= 3) (n= 3) 

Area - 3 1 +  I e -28_+ 4 c - 7_+10 -10_+ 9 28-+30 -31_+ 7 ~ -29-+ 5 a -~5_+ 8 
Black- (n= 4) (n= 4) (n= 4) (n= 4) (n= 4) (n= 3) (n= 3) 
eyepea Peak -25_+ 2 e -21_+ 8 - 8-+19 3_+ 7 26+13 - 2 4 +  9 -21_+ 9 -10_+ 7 

rise (n= 4) (n= 4) (n= 4) (n= 4) (n= 4) (n= 3) (n= 3) 

Area - 3 9 +  5 d - 3 5 +  6 c -19_+ 6 a -16_+ 8 4_+11 - 4 8 +  6 a -43_+ 6 d -28_+ 4 e'f 

Mean Peak -35_+ 6 c -32_+ 7 c -19_+ 6 a -- 3-+ 9 7_+12 - 4 3 +  7 d -39_+ 6 d -23_+ 4 e'f 

rise 

Results expressed as the mean_+ SEM of percentage differences in peak rises and areas under the blood glucose response curve. 
a =p < 0.05; b =p < 0.02; c =p < 0.01 ; d =p < 0.005 ; e =p < 0.001 ; f = Mean_+ SEM of all 35 comparisons 
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Fig. I. Increments of blood glucose (mean + SEM) in diabetic patients 
after consumption of 50 g carbohydrate portions of five varieties of le- 
guminous seeds (kidney and romano beans, black eye and chick peas 
and red lentils: �9 ..... O) and seven other starchy foods (wholemeal 
and white breads, rice, spaghetti, new potatoes, 'Cornflakes' and por- 
ridge oats: 0 - - - - 0 ) .  The values for breakfast cereals have been re- 
duced to allow for the contribution of the added milk 

foods  are given in Figure  1. At  each t ime except  fasting, 
the m e a n  value for  beans  was signif icantly be low that  
fo r  the o ther  foods  (p < 0.05-0.001). 

W h e n  the direct  c om pa r i sons  be tween  foods  t aken  
by  the same groups  o f  individuals  were  cons idered ,  the 

overal l  m e a n  b lood  glucose  peak  rise and  area  u n d e r  
the  curve in response  to beans  were be low the m e a n  
values for  the o ther  foods  by  2 3 _  4% (p < 0.001) and  
28 _ 4% (p < 0.001) respectively (Table 4). The  k idney  
beans ,  chick  peas  and  lentils p r o d u c e d  the lowest  b l o o d  
g lucose  responses  o f  the beans  tested, their  m e a n  glu- 
cose areas being signif icantly be low the non- legumi-  
nous  foods  by  2 3 + 8 %  (p<0 .05) ,  3 5 + 8 %  ( p < 0 . 0 0 5 )  
and  50 + 4% (p < 0.001) respect ively (Table 4). Their  
p e a k  rises were also less by  22 + 8% (p < 0.05), 32 _+ 7% 
(p < 0.005) and  46 _+ 5% (p < 0.001). The  differences be- 
tween  b lack  eye peas  o r  p in to  beans  and  the o ther  foods  
were  no t  consistent.  O n  the o ther  hand ,  who lemea l  and  
white  bread,  pota to ,  Cornf lakes  and  por r idge  s h o w e d  
the highest  b lood  g lucose  responses ,  all hav ing  signifi- 
cant ly  greater  g lucose  areas and  p e a k  rises than  the leg- 
umes  (Table 3). Spaghet t i  and  rice did not ,  however ,  
show signif icantly different  areas and  p e a k  rises f rom 
the beans.  

W h e n  the b l o o d  glucose  areas o f  the three addi t ion-  
al individuals  (subjects 10-12)  were  expressed as a gly- 
caemic  index based  on  50 g ca rbohydra t e  por t ions  o f  
who lemea l  bread,  ra ther  t han  who lemea l  b read  a n d  cot- 
tage cheese,  the values for  the foods  they  tested (white 
b r ead  89 + 10%, spaghet t i  62 + 10%, rice 66 ___ 3%, p in to  
beans  70_+ 12%, k idney  beans  60_+15%) were no t  sig- 
nif icant ly  different  f r o m  the original  g lycaemic  indices 
ba sed  on  the values o f  the first nine volunteers .  
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Fig. 2. The relationship between the glycaemic index of 15 foods test- 
ed in normal volunteers and the same foods tested in diabetic patients 
( r=  0.756, p < 0.01) 
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Discussion 

Our results indicate that two- to threefold differences in 
blood glucose response may be seen when equivalent 
portions of carbohydrates from different foods are eat- 
en by diabetic subjects. Awareness of such differences is 
of especial importance at a time when there is a move 
internationally to increase the dietary fibre and carbo- 
hydrate content of the diabetic diet [1-3]. 

The suggested carbohydrate intake by the American 
[1] and Canadian [2] Diabetes Associations and the 
British Diabetic Association [3] are now respectively: 
50%-60% [11; over 45% [2] (with no upper limit); and 
50% or more [3] of the caloric intake with emphasis on 
high fibre foods as sources of carbohydrate. One major 
aim has been to lower fat intake in an endeavour to re- 
duce the possible risk to the diabetic of cardiovascular 
disease [22]. However, in the absence of specific details 
as to exactly how the carbohydrate intake was to be in- 
creased, concern was expressed after publication of the 
American Diabetes Association's guidelines that it 
might be from items which would compromise good 
blood glucose control [4]. In response to this the British 
Diabetic Association and Canadian Diabetes Associa- 
tion guidelines suggested the use of cereal products, cer- 
tain root vegetables and legumes [2, 3]. This was on the 
basis of studies demonstrating that the nature of starch 
may be an important determinant of the blood glucose 
and insulin responses to foods in normal and diabetic 
individuals [20, 23-25]. Nevertheless, the British Dia- 
betic Association statement acknowledged that more 
work was urgently needed to define the glycaemic re- 
sponse to different foods [3]. 

Although much emphasis has been placed on the 
need to increase the intake of dietary fibre in the diet of 
diabetic individuals [1-3, 5-7, 9-11], comparatively 
little attention has been paid to differences which may 
exist between different types of fibre [26]. Certain legu- 
minous seed fibres, eg. guar, have been shown to reduce 
the glycaemic response in both normal [27] and diabetic 
[28] volunteers. In addition, longer term studies of dia- 
betics showed that their urinary glucose losses were re- 
duced with guar supplementation [12-15]. However, in 
healthy subjects cereal fibre has been largely without ef- 
fect as illustrated by similar responses to white and 
wholemeal bread [29]. The current study indicates that 
the same is also true for diabetic patients. Nevertheless, 
in the  long term other aspects of cereal fibre, as for ex- 
ample in wholemeal bread, may be beneficial [30]. 

The Diabetes Associations [1-31 have advised 
against the use of added sugar and emphasis has been 
placed on increasing the use of 'complex' as opposed to 
'simple' carbohydrates and sugars. Nevertheless, the 
British Diabetic Association has suggested that some 
sugar, for example in high fibre breakfast cereals, may 
have no more, or possibly less, effect on blood glucose 
than sugar-free low fibre foods [31. This is borne out 
here by the 40% lower glycaemic responses after All- 
bran compared with Cornflakes, despite the fact that 
36% of the carbohydrates in 'All-bran' were sugars com- 
pared with only 9% in Cornflakes. Similarly the sugars 
in the banana, digestive biscuits, and bread and marma- 
lade meals did not lead to high glycaemic responses. 
One explanation for this is the relatively flat blood glu- 
cose rise seen after sucrose or fructose as reported in 
normal subjects [31], the value being respectively only 
60 and 20% that of glucose [20]. However, for reasons 
other than the acute effect on the glycaemic response 
(eg. the effect on serum triglyceride [321) it may be advis- 
able to limit both sugar and refined carbohydrate in- 
take. 

Addition of 12.1 g protein to the meal (an increase of 
121%) in the form of cottage cheese made no difference 
to the bread glycaemic response. This is despite its sug- 
gested role in increasing insulin secretion [33] and so 
lowering the post-meal blood glucose response when 
taken as part of a mixed meal. 

Conversely a change in food form, with no major 
difference in the ratio of starch to protein (white bread 
6.4, spaghetti 6.2), resulted in the large disparity in gly- 
caemic response between white bread and spaghetti. 
Recently a similar difference has been reported in nor- 
mal volunteers [29]. The factors involved in this altera- 
tion in food form are unknown but may relate to the 
very "hard" wheat (Triticum durum) used in making 
spaghetti. Nevertheless, these differences could not be 
predicted from food tables based on chemical analysis. 
However particle size has been implicated in studies of 
whole or ground rice [34] and whole or pur6ed apples 
[331. 

The comparisons of beans with other foods indicate 
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that the beneficial effects seen when leguminous seeds 
have been included in diets for diabetics [5, 10, 11] may 
be explained by the flatter blood glucose responses they 
produce. 

Much of the original interest in beans was stimulat- 
ed by the use of the bean fibre, guar, in the treatment of 
diabetes [12-15]. However, many factors in addition to 
fibre may be responsible for the effects of the whole 
bean. Recently comparison of a range of carbohydrate 
foods [37] and foods processed in different ways [38] 
have indicated that the glycaemic response may be pre- 
dicted from the rate at which a food is digested in vitro. 
In turn the digestibility of foods has been shown to be 
reduced by the presence of enzyme inhibitors [39], lec- 
tins [40] and phytates [41], all of which are contained in 
beans. In vitro studies of cooked legumes have indeed 
shown that these are digested less rapidly than other 
carbohydrate foods [37, 42]. 

Carbohydrate malabsorption resulting from slow di- 
gestion may also contribute to the lower blood glucose 
levels seen after feeding low glycaemic index foods. As- 
sessed by breath hydrogen evolution, substantial carbo- 
hydrate malabsorption has been reported after con- 
sumption of legumes [43]. However, our own results 
using this method suggested that, for example, after eat- 
ing lentils only 13% of the carbohydrate was malab- 
sorbed by comparison with 6% after wholemeal bread 
[44]. This small difference in carbohydrate malabsorp- 
tion did not account for the 72% difference in the blood 
glucose responses between the two meals [44]. 

Previous studies of normal volunteers have demon- 
strated low post-prandial blood glucose rises after con- 
sumption of a range of beans [36]. The flattest responses 
were seen after consumption of lentils and kidney 
beans. The picture was therefore similar to that seen 
here in the diabetic patients. 

In addition to their effect in long-term diabetic stud- 
ies, a further possible use for dried legumes and per- 
haps other low glycaemic index foods has recently been 
reported. It was shown that addition to the diet of as 
little as 30 g dried beans per day over a 1-3 month peri- 
od reduced the serum cholesterol level of hypercholes- 
terolaemic individuals [45]. 

There is therefore a growing body of evidence to 
suggest that high fibre starchy foods such as legumes 
could usefully be incorporated into the diabetic diet. 

For the practical purpose of diet formulation, the 
number of foods tested here was relatively small. We 
have, however, tested a much larger series including 
over 60 foods and sugars studied in normal volunteers 
[20]. In that series the glycaemic index was derived 
using glucose as the standard, rather than bread, as used 
here for the diabetic patients. 

Comparison of the results in the normal and diabet- 
ic volunteers indicated that the glycaemic indices of the 
15 foods common to each series were significantly relat- 
ed (r= 0.756, n = 15, p < 0.01 ; Fig. 2). The mean area un- 
der the 3 h blood glucose curve for the 15 foods tested in 
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diabetic subjects was 681 + 54 mmol-1-1, rain -1 which 
was almost five times that of the same foods tested over 
2h in normal subjects (119_+11 m m o l . l - l . m i n  -1 [36]. 
A relationship very similar to that for glycaemic index 
was also seen when the absolute blood glucose areas for 
diabetic and non-diabetic volunteers were compared 
( r=  0.753 n=  15, p<  0.01). 

Such a finding was of interest since the items tested 
in the normal series were obtained in Oxford and Lon- 
don, UK, while those used for the diabetic subjects were 
bought in Toronto, Canada. The similar pattern of gly- 
caemic responses in normal and diabetic subjects is of 
particular importance in view of the criticism which can 
be levelled at any study where values are derived from 
food tables rather than directly from food analysis. 
These results may therefore extend the range of foods 
on which potentially useful physiological data are avail- 
able for formulating diabetic diets. 

The relative benefits of high carbohydrate diets se- 
lected specifically on the basis of glycaemic index as op- 
posed to fibre or sugar content remain to be evaluated 
clinically. Nevertheless, where low glycaemic diets have 
been chosen for other reasons the results show great 
promise [5-7, 9-11]. 
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