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INTRODUCTION 

THE assessment of glucose tolerance is an important part of the 
investigation of a variety of metabolic and endocrine disorders. In 
clinical practice it is usual to give the loading dose of glucose by mouth, 
nd a precise evaluation of glucose tolerance from the blood sugar 

values then obtained is difficult, as absorption of glucose from the gut 
is not completed fora variable time. The rising and falling limbs of the 
curve do not, therefore, reflect the true rates of either absorption or 
disposal, since the two processes are coincident over an intermediate 
period. In contrast, following the intravenous administration of 
glucose, the maximal hyperglycæmia is immediate and the subsequent 
fall in blood glucose is uninfluenced by simultaneous absorption. 
Analysis of the observed fall in blood glucose by appropriate 
mathematical methods eliminates at least one major difficulty in the 
measurement of glucose tolerance. 

The intravenous method has been studied by several workers over 
the past three decades. There is still, however, no uniformity of pro- 
cedure, particularly in regard to the "loading dose" of glucose given, 
and there is considerable lack of agreement as to the best method of 
evaluating the glucose tolerance from the results obtained. Tunbridge 
and. Allibone [1940] made their criterion the time taken for the blood 
sugar to regain the fasting value, whereas Crawford [1938] used the time 
taken to reach the value of 100 mg. /100 ml. Jorgensen [1926] and 
Ross [1938] measured the area under the observed curve, and Lozner, 
Winkler, Taylor and Peters [1941] took the two -hour blood glucose 
value as their index. 

The disappearance from the circulation of substances injected 
intravenously has been studied by many workers. Fishberg [1930] 
showed that when foreign sugars such as xylose and galactose are 
injected intravenously into rabbits their rate of disappearance from 
the circulation is exponential with regard to time, and Greville [1931] 
reported that after the single intravenous injection of a calcium salt 
the fall in serum calcium, expressed in this instance as the difference 
between the total and initial value, conformed to the same type of 
equation. 
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Greville [1943] has presented a masterly analysis of the dynamics of 
the fall of blood glucose following upon the rapid introduction of glucose 
by the intravenous route. He demonstrated that the curve obtained by 
plotting the concentration of blood glucose against time approximated 
to a simple exponential form. Hamilton and Stein [1942] also described 
this relationship, but they have emphasized that even this approxima- 
tion applied to only a limited part of the curve, and further confirmation 
of this view is provided by analysis of the results published by Lozner 
et al. [1941], Amutzio, Statzman, Vanderbildt and Nosbit [1953] and 
Bastenie, Conrad and Frankson [1954], and of those of the present 
investigation. 

Bastenie et al. [1953] plotted the log of the total blood glucose con- 
centration against time, and called the slope of the straight line which 
best fitted their experimental data the "glucose assimilation coefficient ", 
which will be referred to in this paper as "total index ". This index is 
based on the assumption that the rate of fall of blood glucose at any 
time is proportional to the total blood glucose value at that time, so that 
the fall in total blood glucose could be expressed as a simple exponential 
function. Analyses of the available published data show that this is 
only approximately the case. The result is that the "total index" is 
derived from the application of a formula to a curve which demonstrably 
does not fit the equation from which the formula is derived. 

Greville [1943] has demonstrated that by plotting dy /dt against y 
(where t =time and y =total blood glucose value) a straight line results 
which, however, does not cut the y axis at zero but at a point representing 
a positive value of y. If this value (y0) is considered and log (y - yo) is 
plotted against time a straight line results, so that the fall in blood 
glucose in excess of value yo is exponential with regard to time. 

Amutzio et al. [1953] have found; from the analysis of a large series 
of results obtained after intravenous injection of glucose in normal 
persons and mild diabetics, that the blood glucose value in excess of the 
initial fasting level, "increment blood glucose falls exponentially with 
time so that When the log of the increment blood glucose is plotted 
against time a straight line results. Thus the fasting blood glucose 
value would appear to correspond to yo. However, with increment 
values below 30 mg. /100 ml. the rate of fall ceases to be exponential 
and there is also a variable interval between the injection of glucose 
and the establishment of the straight line relationship between the log 
increment blood glucose and time. 

An index of glucose tolerance is derived from this exponential curve 
by applying the formula 

K en Cl - logro C2 x 2.3 t,-ti 
where C is the blood glucose increment value at time t, or more accurately 
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by plotting the data (log increment against time) and then applying 
the formula 

K_loge 2 

t 

where t is the time in minutes required for the blood glucose increment 
value at any point to be halved. This index, which will be referred to 
as the "increment index", measures glucose tolerance as the fall of 
blood glucose per minute expressed as a percentage of the increment 
blood glucose value at that time. 

Amutzio et al. [1953] have further shown by duplicate tests that 
in any one normal individual this index "K" is reproducible and that 
its value is independent of the size of the loading dose of glucose 
employed. 

It would seem then that the data obtained from the intravenous 
glucose test may be used in two different ways to provide an index of 
glucose tolerance, namely, by the method described by Bastenie which 
gives a "total index" and by that of Amutzio et al. resulting in an 
"increment index ". By the analysis of the data in the literature, and 
the data presented in this paper, it was hoped to arrive at some decision 
as to which method was the more satisfactory, and thereby establish a 
technically reliable and suitable method of assessment of glucose toler- 
ance which could act as a baseline for further studies of carbohydrate 
metabolism in health and disease. 

METHODS AND MATERIAL 

Selection of Cases. -A series of 28 normal persons was studied and 
in each subject a further test was performed not earlier than 5 and not 
later than 14 days from the time of the initial test. The ages of the 
subjects in this group varied from 20 to 60 years; there were 5 females 
and 23 males, and they were particularly selected as being non -obese, 
ambulant at the time of testing, with no family history of diabetes 
mellitus and free from disease known to be associated with a disturbance 
in glucose tolerance. The majority were about to be discharged from 
hospital following a period of treatment for peptic ulceration. 

These subjects acted as controls for a series of 21 patients suffering 
from mild diabetes mellitus, in whom the diagnosis had been firmly 
established on clinical grounds. The ages of the patients ranged from 
26 to 73 years. The majority were controlled by diet alone, though a 
minority required insulin in doses of less than 40 units of any preparation 
per day. In the latter cases no insulin had been given in the 48 -hour 
period prior to the test, which of course precluded the use of patients 
suffering more severely from the disorder. Not one of these patients 
was obese. 
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Methods. -Each subject had for a minimum of 4 days prior to the 
test taken daily a diet containing at least 250 g. of carbohydrate. The 
subject, who had fasted for 15 hours, was kept completely at rest during 
the test and for half an hour prior to it. 

The solution used for intravenous administration contained 50 g. of 
glucose per 100 ml. sterile distilled water. Syringes of 50 ml. capacity 
were used and in every instance the injection into an arm vein was 
completed within 3 minutes. The usual dose was 25 g. glucose (50 ml. 
of solution), though 50 g. was given to 14 subjects (100 ml. of solution). 

Capillary blood was used for glucose analysis, 0.2 ml. being drawn 
up into a pipette from a stab puncture made with a scalpel blade in the 
thumb. By applying a gauze pad soaked in heparin to the puncture, 
the requisite amount of blood could be obtained within 30 seconds and, 
as the blood was prevented from clotting, it was only very occasionally 
necessary to make a further stab during the whole period of the test. 

.After three fasting blood samples had been taken over a period 
of 15 minutes, the glucose was injected. Exactly 4 minutes after the 
completion of the injection another sample was obtained, and this time 
was regarded as zero. Thereafter at intervals of 5 or 10 minutes for a 
total period of 60 to 90 minutes, further samples were taken. 

Nine of the 14 patients who received 50 g. of glucose were given 
42,500 units of heparin intravenously along with the glucose. This 
appeared to prevent the local venous thrombosis so apt to occur when 
concentrated solutions of glucose are .given intravenously, and had no 
effect upon glucose tolerance. 

The blood glucose was determined by the Hagedorn- Jensen method. 

CiOMPLICATIONs 

There were only slight ill- effects or complications when an injection 
of 25 g. of glucose was given in this way. A few of the subjects had a 
mild pyrexia on the following day and there were 2 cases of local venous 
thrombosis in 77 tests. When, however, the dose was increased to 50 g. 
of glucose undesirable complications were encountered frequently. No 
technical difficulty was experienced in making the injection, and no 
complaints were made during the test, but on the following day 8 of 
the 14 subjects had considerable pyrexia with malaise, headache and 
generalized body and joint pains lasting for about 12 hours. In addition, 
before the practice of injecting heparin with the glucose was adopted, 
3 of the first 5 cases developed a local venous thrombosis. In the 
remaining 9, to whom heparin was. also given, no thrombosis occurred. 
These sequelæ would appear to make the routine use of 50 g. as the 
loading dose of glucose most .undesirable. 



Intravenous Glucose Tolerance Test 89 

RESULTS 

The data obtained from duplicate tests in 20 normal persons using a 
loading dose of 25 g. of glucose are presented in Table I. The mean 

- "total index" of this series was 1.37 with a range of 0.97 -1.89 and 
standard deviation 0.22. The mean "increment index" was 3.68 with 
a range of 3115 -4.62 and standard deviation 0.4. 

Analysis of the data provided by tests in 70 normal subjects, using 
25 g. of glucose, published by Amutzio et al. [1953], gives a mean "total 
index" of 1.34 (SD 0.27) with a range of 0.98 -1.82, the mean "incre- 
ment index" being 3.71 (SD 0.40) with a range of 2.97 -4.85. Lozner 
et al. [1941] tested 60 normal persons, using a loading dose of 25 g., and 
analysis of these results gives a mean "total index" of 1.96 (SD 0.30) 
and "increment index" 3.57 (SD 0.37). Bastenie et al. [1953, 1954] 
report for the same test the "total index" in normal persons as being 
1.54 (SD 0.17). There is thus a wide measure of agreement between 
the various series, particularly in regard to the "increment index". 

If however Table I is further examined, it is seen that there is no 
correlation between the values of the two indices of glucose tolerance 
in any one individual. Thus the glucose tolerance of the same person 
may be adjudged to be just within the bounds of normality if one index 
is used, and in the centre of the normal range if the other index is 
employed, e.g. Case Nos. 6, 12, 13, 15, 17, 19 and 20. This fact also 
emerges from the analytical study of the data provided by Lozner et al. 
and Amutzio et al. 

It is, however, clearly shown that either index of glucose tolerance 
is reproducible in the same individual. Thus, for this series of 20 persons, 
for both indices, statistical comparison of the value obtained by the first 
test with that from the second shows that there is no significant change, 
the value of Student's t being < 1. Also, when two measurements are 
made on the same subject the higher of the two results exceeds the lower 
by, on the average, for the 20 subjects investigated, 2.5 per cent for 
the "total index" and 1.3 per cent for the "increment index". Analysis 
of the data obtained by Amutzio et al. in repeat tests in 25 normal 
subjects shows a similar order of percentage deviation. 

In Table II are presented the results obtained with tests in 15 
patients suffering from mild diabetes in 6 of whom the test was 
duplicated, the loading dose of glucose employed being 25 g. in each 
instance. The mean "total index" of these 21 observations was 0.71 
with a range of 0.45 -1.13 and standard deviation 0.16. The mean 
"increment index" was 1.83 with a range of 1.33 -2.34 and standard 
'deviation 0.31. In 26 cases of mild diabetes studied by Amutzio 
et al. the mean "increment index" was 1.81 with a range of 0.93 -2.46 
and standard deviation 0.51, and in 13 cases of severe diabetes the 
mean index was 1.05 (SD 0.45), the indices ranging from 0.19 to 1.64. 
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TABLE I 

Glucose increment mg. per cent 
Wt. Fasting Total Incre, 

Case in glucose Time in minutes index ment 
kg. value - index 

0 10 15 20 25 30 40 50 60 70 

1. 70 102 165 118 103 88 70 54 43 26 11 - 4 1.17 3.65 
100 146 106 95 80 72 59 38 22 6 - 2 1.21 3.75 

2. 82 90 134 94 81 70 64 52 34 20 8 3 1.28 3.65 
84 152 98 78 68 61 48 31 17 4 0 1.31 3.75 

3. 55 110 215 155 133 116 100 85 57 35 15 3 1.47 3.65 
124 224 149 128 114 100 84 54 32 10 0 1.43 3.65 

4. 60 100 230 156 135 115 104 84 55 37 23 1.58 3.65 
108 246 143 120 102 89 76 48 30 16 .. 1.52 3.75 

5. 63 94 231 139 118 103 92 74 56 40 26 10 1.17 3.15 
98 220 130 110 88 80 70 48 30 26 12 1.15 3.22 

6. 65 84 266 152 126 109 94 80 56 40 30 18 1.43 '3.22 
86 205 127 106 92 78 61 46 32 22 15 1.43 3.30 

7. 62 96 220 162 124 104 84 74 52 35 22 6 1.45 3.56 
104 207 146 126 98 85 67 48 33 18 0 1.45 3.56 

8. 60 88 211 156 115 100 88 70 55 40 24 9 1.23 3.47 
96 252 185 146 120 107 90 62 44 34 20 1.26 3.47 

9. 81 80 168 106 89 76 60 58 42 30 15 3 1.24 3.15 
84 136 100 78 68 56 50 35 26 14 9 1.18 3.22 

10. 79 108 122 69 55 46 34 27 18 -2 9 0 1.39 4.28 
112 147 83 66 54 42 35 24 5 -10 -16 1.34 4.28 

11. 61 100 262 156 135 116 94 85 55 36 24 6 1.56 3.75 
108 246 146 122 102 88 75 48 30 22 10 1.56 3.75 

12. 72 94 202 143 118 105 85 74 58 40 24 16 1.67 3.15 
100 186 130 106 88 76 70 48 32 26 12 1.67 3.15 

13. 50 94 263 182 152 121 105 84 62 45 32 19 1.89 3.47 
90 261 190 163 140 118 95 68 49 36 18 1.87 3.51 

14. 65 87 227 128 105 87 70 57 38 27 18 7 1.43 3.85 
85 232 127 107 84 67 56 35 30 19 10 1.45 3.85 
80 248 142 129 108 88 78 50 35 23 9 1.52 3.75 

15. 70 86 165 110 90 76 65 50 39 28 18 6 1.15 3.45 
90 149 90 75 58 55 45 32 22 15 4 1.17 3.43 

16. 77 110 176 105 84 65 63 41 26 13 - 7 -30 1.60 4.62 
112 165 99 79 62 50 41 23 10 - 3 -17 1.59 4.62 
108 178 107 83 68 57 44 26 14 7 -18 1.57 4.62 

17. 50 100 305 182 154 131 103 88 63 41 28 14 1.01 3.75 
94 278 168 141 116 92 82 54 35 26 8 0.97 3.75 

18. 78 76 203 136 112 100 86 75 56 38 28 20 1.39 3.15 
82 186 120 103 86 75 64 48 35 25 16 1.33 3.08 

19. 73 105 146 88 75 63 50 38 25 18 8 - 1 1.12 4.08 
100 173 118 92 75 62 54 34 25 14 3 1.05 4.03 

20. 77 90 138 94 78 64 55 42 30 20 4 0 1.05 3.75 
84 152 100 78 68 55 45 32 22 8 3 1.04 3.75 

Mean "total index" 1.37. 
Mean "increment index" 3.68. 

Standard deviation 0.22. Range 0.97 -1.89. 
Standard deviation 0.40. Range 3.15 -4.62. 

Data obtained from duplicate tests in 20 normal subjects, using 25 g. glucose as the loading dose. 
In the repeat tests 200 mg. cortisone was administered orally 120 minutes prior to the injection of glucose. 

This does not affect the glucose tolerance in normal persons [Duncan, 1955. To be published]. 
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The reproducibility of either index is again clear from the results 
in the first 6 cases, and by token of the same analysis as was applied to 
the series of normal persons there is no statistically significant change 
in the value of either index as obtained by the two tests in the same 
person. Taking the lesser index as material, the mean percentage 

TABLE II 
Glucose increment mg. per cent 

Case 
Wt. Fasting 
in glucose 
kg. value 

Time in minutes Total 
index 

lucre - 
ment 
index 

0 10 15 20 25 30 40 50 60 70 80 90 

1. 58 124 246 178 156 142 122 107 86 68 54 44 34 26 1.01 2.31 
120 249 194 170 152 134 115 92 76 58 45 37 26 1.13 2.34 

2. 70 105 252 173 159 137 127 113 95 80 64 52 44 35 0.86 1.93 
100 223 149 134 120 114 102. 85 70 56 45 38 0.90 1.93 

3. 68 188 213 173 160 152 142 128 113 98 87 78 66 .. 0.52 1.39 
196 208 166 155 147 137 127 112 96 84 75 62 .. 0.49 1.37 

4. 65 200 274 205 188 169 153 138 112 94 75 62 49 40 0.73 1.98 
192 286 223 200 184 165 148 123 99 84 65 55 46 0.79 1.98 

5. 62 186 283 215 206 186 172 160 136 115 108 82 72 59 0.65 1.63 
203 269 195 178 160 150 136 115 100 84 72 60 41 0.66 1.62 

6. 72 152 163 126 116 108 98 88 70 62 49 37 33 23 0.61 2.13 
148 183 152 134 123 110 98 82 65 50 42 35 27 0.61 2.10 

7. 68 280 187 155 146 138 127 118 107 92 80 72 58 54 0.57 1.33 

8. 67 230 184 151 141 132 125 115 102 85 76 64 50 0.51 1-39 

9. 65 235 178 144 120 118 104 90 78 66 52 45 35 0.61 1.87 

10. 58 147 224 180 158 144 135 115 94 78 63 52 40 0.76 2.10 

11. 63 126 212 162 144 128 118 102 84 70 66 45 36 0.84 2.00 

12. 73 135 135 111 98 92 80 70 59 45 40 33 22 .. 0.71 2.10 

13. 67 188 196 146 134 121 113 100 85 70 55 48 39 37 0.60 1.87 

14. 70 146 210 180 167 160 146 136 115 100 85 75 62 47 0.64 1.48 

15. 66 138 230 170 158 145 131 124 102 84 70 58 50 42 0.77 F60 

Mean " total index" 0.71. 
Mean " increment index" 1.83. 

Standard deviation 0.16. Range 0.49 -1.13. 
Standard deviation 0.31. Range 1.33 -2.34. 

Data obtained from tests in 15 subjects having mild diabetes mellitus in 6 of 
whom the test was duplicated, the loading dose of glucose being 25 g. in 

each instance. 

difference is 4 per cent in the "total index" and less than 1 per cent in 
the "increment index ". There is, however, again no correlation between 
the two indices in any one patient. 

So far there is no evidence to indicate which is the better method of 
arriving at an ,index of glucose tolerance. The "total index" is, how- 
ever, based on the assumption that the rate of fall of blood glucose, 
in any minute during the period of observation, remains consistently 
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proportional to the value of the total blood glucose at that. time. : The 
"increment index" is, however, based on the assumption that the rate 
of fall is similarly proportional to the increment blood glucose value. 
Thus, the two indices are based on different and mutually incompatible 
concepts. The one must be more nearly correct than the other. - 

If the assumption upon which the "total index" is based is correct, 
it can be shown mathematically that the "total index" should remain 
unchanged despite variation of the loading dose of glucose, whereas 
the "increment index " will decrease with an increase in Toading dose. 
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Fio. l.- Semilogarithmic plot of fall in 
blood glucose values observed following the 
intravenous administration of 25 and 50 g. 
of glucose to a normal person. (Case 6, 

Table III.) 
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Fm. 2.- Semilogarithmic plot of fall in 
blood glucose values observed following the 
intravenous administration of 25 and 50 g. 
of glucose to a diabetic patient. (Case 4, 

Table IV.) 

- Similarly, if the assumption upon which the "increment index" is based 
be the more correct, then the "increment index" will remain unchanged 
whereas the "total index" will increase with the larger loading dose. 

The data presented in Table III were obtained from 8 normal subjects 
each subjected to two tests, the first employing a loading, dose of 25 g. 
of glucose and the second 50 g. 

Fig. 1 represents the graphs obtained from Case No. 6. It is obvious 
that the slopes of the lines obtained by plotting log increment glucose 
value against time are to all intents and purposes the same, so that the 
value for the "increment index" is unchanged. 

The lines resulting from the plot of log total blood glucose value 
show "non-parallelism", that obtained with the 50 g. loading dose 
being the steeper, so that the "total index " is greater in this instance. 
This would seem to be the natural consequence of increasing the ratio 
Total blood glucose /Fasting blood glucose. 

Co 

I 
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Analysis of the results in Table III shows that whereas in any one 
normal person the "increment index" is reproducible within a twofold 
variation of the loading dose, the means being 3.90 (SD 0.42) with 25 g. 
and 3.92 (SD 0.40) with 50 g., the "total index" increases with the 
loading dose, the corresponding means being 1.38 (SD 0.17.) and 1.78 
(SD. 0.19). In the case of the "increment index" the change is statisti- 
cally not significant (mean difference =0.02. SE of difference = ± 2.19.. 

TABLE III 

ase 
Loading 
dose of 
glucose 

Wt. Fasting 
in glucose 

kg. value 

Glucose increment mg. per cent 
Total 
index 

Incre- 
ment 
index 

Time in minutes 
- 
0 10 15 20 25 30 40 50 60 70 

1 25 g. 78 88 184 116 97 81 68 61 42 28 18 0 1.31 3.55 
50 g. 90 421 300 226 190 160 137 94 66 46 32 1.99 3.55 

2. 25 g. 75 110 188 110 90 75 60 50 34 22 6 - 2 1.18 4.08 
50 g. 100 404 274 202 164 136 114 74 52 32 20 1.80 4.08 

3. 25 g. 62 92 226 116 89 68 54 41 24 14 0 - 2 1.50 4.78 
50 g. 95 432 242 190 140 112 91 53 36 12 10 2.05 4.75 

4. 25 g. 75 96 220 152 124 104 84 74 52 35 22 6 1.42 3.56 
50 g. 90 364 240 196 164 146 115 82 55 42 25 1.86 3.65 

5 25 g. 65 98 210 136 116 95 84 70 50 34 22 13 1.24 3.44 
50 g. 102 460 310 212 223 185 160 112 79 59 40 2.05 3.46 

6. 25 g. 70 75 233 143 118 98 80 65 44 28 18 6 1.67 3.77 
50.g. 84 456 305 259 206 168 140 96 62 45 28 2.31 3.80 

7. 25 g. 68 108 122 69 55 46 34 27 16 -2 9 0 F18 4.28 
50 g. 102 302 150 123 100 78 62 45 26 10 -10 F67 4.32 

8. 25 g. 66 80 241 162 126 100 83 67 46 31 22 2 F57 3.75 
50 g. 80 482 351 286 232 180 160 110 72 55 36 2.11 3.74 

25 g. Mean index 1.38 3.90 
Standard deviation (0.17) (0.42) 

50 g. Mean index 1.98 3.92 
Standard deviation (0.19) (0.40) 

Data obtained from repeat tests in 8 normal subjects using loading doses of 
both 25 and 50 g. of glucose in each case. 

Value of Student's t < 1), whereas a highly significant change is observed 
for the "total index" (mean difference =0.60. SE of difference = ± 0.96. 
Value of Student's t =6.2). 

Further, the mean increase in the value obtained with 50 g. as 
the loading dose of glucose expressed as percentage of the value obtained 
with 25 g. of glucose is 0.3 per cent for the "increment index" and 
58 per cent for the "total index". The corresponding increases in 
Amutzio's results are 0.1 and 28 per cent, the loading dose however in 
the second test being 35 g. of glucose in contrast to the 50 g. employed 
in the present series. 
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Repeat tests, using a loading dose of 25 g. of glucose in the first and 
50 g. in the second, were performed in 6 patients having mild diabetes, 
and the data obtained are shown in Table IV. Fig. 2 shows the data 
of Case 4 graphically and the deductions drawn from fig. 1 are applicable 
to it also. In any single patient the "increment index" remains 
virtually constant irrespective of a twofold variation in the loading 
dose, whereas the "total index" increases with the increase in the loading 

Loading Wt. Fasting 

TABLE IV 

Glucose increment mg. per cent 
Incre. - 

Time in minutes Case dose of in glucose Total ment 
glucose kg. value index index i 

0 10 15 20 25 30 40 50 60 70 

1. 25 g. 65 230 184 156 141 132 124 115 102 85 76 64 0.46 1.39 
50 g. 245 304 242 217 202 190 173 155 130 115 98 0.59 1.39 

2. 25 g. 63 230 236 181 167 158 147 135 117 102 81 .75 0.43 1.46 
50 g. 254 332 256 230 215 206 180 163 140 118 100 0.61 1.51 

3. 25 g. 72 182 192 155 140 135 118 115 96 78 64 55 0.60 1.73 
50 g. 190 286 226 210 185 168 160 138 114 94 80 0.72 1.71 

4. 25 g. 75 150 174 126 115 105 98 88 70 68 47 42 0.65 '1.87 
50 g. 142 332 236 216 200 175 154 138 115 90 73 0.95 1.92 

5. 25 g. 62 146 212 180 170 150 142 140 116 105 94 83 0.58 1.35 
50 g. 152 340 259 236 219 209 197 170 152 129 113 0.68 1.36 

6. 25 g. 70 150 163 126 116 108 99 88 70 62 49 38 0.65 1.98 
50 g. 150 252 200 178 160 154 130 105 88 72 60 0.89 1.98 

25 g. Mean index 0.56 1.63 
Standard deviation (0.10) (0.24) 

50 g. Mean index 0.74 1.73 
Standard deviation (0.13) (0.20) 

Data obtained from repeat tests in 6 mild diabetics using loaded doses of 
both 25 and 50 g. of glucose in each case. 

dose. The mean increase in "increment index", the increase observed 
with the use of 50 g. as the loading dose being expressed as percentage 
of the index obtained with 25 g. loading dose, is 1.3 per cent, whereas 
it is 35 per cent with regard to the "total index". The mean "incre- 
ment index" is 1.63 (SD'0.24) with 25 g. and 1.73 (SD 0.20) with 50 g., 
the corresponding figures for "total index" being 0.56 (SD 0.10) and 
0.74 (SD 0.13). Statistically the change in "increment index" is not 
significant, the value for Student's t being < 1, whereas the change in 
"total index" is significant, Student's t having the value 2.5. 

Disèussiox 
It would therefore appear to be the case that following the intra- 

venous injection of a simple dose of glucose there is an immediate rise 

i 
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in the blood level of glucose, and that this initially falls within about 
10 to 15 minutes as the result of its diffusion throughout the extra - 
cellular fluid. There may be some osmotic entry of water into the 
blood but this is insignificant [Pijoan and Gibson, 1938]. 

From this point the blood glucose is removed by excretion in the 
urine, although not more than 10 per cent of the loading dose is removed 
in this way [Davidson and Allen, 1925; Tunbridge and Allibone, 1941; 
Amutzio et al., 1953], and by the body tissues. There are obviously 
several metabolic processes involved, but the net result of these processes 
is the removal of increment blood glucose at a rate which obeys a simple 
exponential law, until finally when the blood glucose level is approaching 
the fasting value the exponential relationship no longer obtains, possibly 
due to intervention by adaptative processes. 

It is reasonable to deduce from the results obtained in this present 
investigation that the rate of removal of blood glucose is constant in any 
one individual and that it remains more nearly proportional to the value 
of glucose in excess of the fasting concentration than to the total con- 
centration. This premise would appear to be physiologically the more 
reasonable, and it has been demonstrated to be applicable to the calcium 
ion [Greville, 1931]. 

In view of the increasing precision which is now demanded in 
laboratory procedures designed to yield information on metabolic 
processes, it is surprising indeed that the relatively crude oral test is 
so commonly employed when a much more accurate index of glucose 
tolerance is desirable. The intravenous tolerance test is a sensitive 
and reliable procedure and, by the application of mathematical equations 
to the data afforded by it, a reproducible index of glucose tolerance is 
available. The "increment index is a basically sound and satisfactory 
measure of glucose tolerance and, being reproducible in any one indi- 
vidual within a twofold variation of the loading dose, is superior to the 
"total index ". 

When accurate assessment of glucose tolerance is required, the 
intravenous test should be employed and the tolerance expressed as 
the " increment index ". 

SUMMARY 

1. Two indices of glucose tolerance, the "total index " and the 
"increment index ", derived from an intravenous glucose tolerance test 
have been defined, and determined in, 20 normal and 15 diabetic subjects. 

2. The "total index " is based on the assumption that the rate of fall 
of blood glucose remains consistently proportional to the total blood 
glucose value. The "increment index" assumes that the rate remains 
proportional to the increment blood glucose value. 

3. The mean "total index" for 42 tests in 20 normal individuals was 
1.37 and the mean "increment index" was 3.68. 
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4. The mean "total index" for 21 tests in 15 mildly diabetic patients 
was 0.71 and the mean "increment index" was 1.83. 

5. With a constant loading dose of glucose both indices are repro- 
ducible in any one individual. 

6. Increasing the loading dose from 25 to 50 g. produced significant 
increases of the "total index' in 8 normal and 6 diabetic subjects. The 
"increment index" remained constant in both groups. 

7. As the "increment index" is reproducible in any one individual 
within a twofold variation in the dose of glucose injected, it is the 
preferable measure of glucose tolerance. 
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CORTISONE INDUCED IMPAIRMENT OF GLUCOSE TOLERANCE IN THE 

DETECTION OF THE DIABETIC DIATHESIS. 

By 
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CORTISONE INDUCED IMPAIRMENT OF GLUCOSE TOLERANCE IN THE 

DETECTION OF THE DIABETIC DIATHESIS. 

INTRODUCTION. 

Cortisone is a steroid with diabetogenic properties in that it induces 

hyperglycaemia and glycosuria when given in sufficiently large and prolonged 

dosage to experimental animals (Ingle 1941), and may occasionally induce a 

diabetic state in normal persons. (Sprague, Power, Mason, Albert, Mathieson, 

Hench, Kendall, Slocum and Polley,1950; Burns, Engel, Viau, Scott, Hollings- 

worth and Werke, 1953). It both increases gluconeogenesis (Soskin and Levine 

1952) and decreases the rate at which the tissues can assimilate glucose from 

the blood. (Frankson 1953; Persky, Linsk, Isaacs, Jenkins, Rosenbluth and 

Klupperman, 1953; Conn and Fajans 1956). 

After a single and smaller dose of cortisone, the reserve insulin 

activity of normal animals and human beings can overcome this anti -insulin 

effect on glucose tolerance. In diabetic persons, however, and in specially 

prepared experimental animals reserve insulin activity is limited and impair- 

ment of glucose tolerance occurs in the face of a critical dose of cortisone. 

(Zucher 1949; Berger 1952; Conn and Fajans 1954). 

Zucher (1949) showed, in rabbits, that the glucose tolerance, determined 

by an intravenous technique, was not altered by the parenteral administration 

of a specific dose of aqueous adreno -cortical extract thirty minutes previous 

to / 



to the test. A subdiabetogenic dose of alloxan was then given and the 

glucose tolerance was found to be unchanged. When, however, the adreno- 

cortical extract was given before the test a marked impairment of glucose 

tolerance resulted. 

On the basis of this experimental work the effect of cortisone on 

glucose tolerance has been studied in normal and diabetic persons. A critical 

single dose of cortisone has been established, which would produce a signifi- 

cant exaggeration of the already existing impairment of glucose tolerance in 

diabetic persons, but which would not influence that of normal individuals. 

The effect of this dose on the glucose tolerance of patients having "latent 

diabetes" and of persons suspected of being in a "prediabetic state" has been 

investigated. 

Methods and Materials. 

Glucose tolerance was determined by the intravenous technique, the 

results being expressed in terms of the increment index (I.I.) (Duncan 1956). 

When the test was repeated after cortisone, 200 mg. of cortisone acetate were 

administered by mouth 120 minutes prior to the injection of glucose. The 

blood glucose was determined by the Hagedorn- Jensen method. 

Selection of the critical dose of cortisone. 

Preliminary experiments showed that a dose of 400 mg. of cortisone 

lowered 



lowered the increment index in normal persons. Conversely 50 mg. resulted 

in some reduction, and 200 mg. in a very significant reduction in the I.I. 

of diabetic patients, but neither dose had any such effect in normal persons. 

Further, as can be seen from Tables I and II, 200 mg. of cortisone produced 

no significant rise in the fasting blood sugar in either normal or diabetic 

subjects. 

In two diabetic patients a test following 200 mg. of cortisone was 

performed in which normal saline was injected in place of the 50 per cent. 

glucose solution and no significant alteration of the blood glucose values 

was observed in the following ninety minutes. 

As 200 mg. of cortisone induced a statistically significant fall in 

the glucose tolerance of diabetic patients without altering the tolerance of 

normal subjects, this dose was selected as being suitably critical. 

RESULTS. 

Normal subjects. 

Table I presents the results obtained in 20 normal persons in each of 

whom a control test and a test after cortisone was performed. The mean I.I. 

for the control test was 3.62 (SD 0.37) and for the test following cortisone 

3.63 (SD 0.36), so that there was no statistically significant change (mean 

difference 



difference = 0.1, S.J. of difference = t 1.2; Value of Student's t. = 0.08). 

Fig. I shows the plot of the data derived from a control test and two 

tests after cortisone in a normal subject. The slopes of the lines showing 

the fall of increment blood glucose are parallel so that the glucose tolerance 

obviously remained unchanged. 

Patients with mild diabetes. 

The tests were performed in 16 persons having mild diabetes as defined 

in a previous paper. (Duncan 1956). The data provided by the two tests in 

these 16 patients are presented in Table II. The mean control I.I. was 1.87 

(SD 0.28) and the mean cortisone I.I. 1.25 (SD 0.24). The difference between 

the two values is statistically highly significant (mean difference = 0.62, 

S.E. of difference = ± 0.95; Value of Student's t. = 6.5). 

If the fall of the I.I. be expressed as a percentage of the control I.I. 

then the mean fall for the 16 mild diabetic's was 33 per cent. 

Fig. II shows the plot of the data obtained in a mildly diabetic patients 

The slope of the fall of increment blood glucose in the test following cortisone 

is less steep than in that of the control, showing that a cortisone induced 

depression of glucose tolerance had occurred with a reduction in the value of 

the I.I. 

Patients with "latent diabetes". 

In diabetes mellitus the metabolic defect of glucose tolerance may, in 



any one patient, fluctuate considerably in severity. Thus a person may 

regain normal tolerance,as judged by conventional oral glucose tolerance tests 

(G.T.T.), subsequent to a temporary episode of frank metabolic diabetes 

precipitated, for example, by infection, trauma, operation, pregnancy, 

emotional stress, myocardial infarction or obesity. 

The illustrative case histories of three such patients with latent 

diabetes, each of whom had at the time of testing a normal oral G.T.T., were 

as follows: 

Case 37. Female. Age 29. Wt. 10 st. 12 lb. No family history of 

diabetes. When aged 20 she was delivered of.a child weighing 7 lb. 11 oz. 

Two years later a child weighing 12 lb. 5 oz. was born after a pregnancy 

during which glycosuria was recorded. At the age of 27 she became frankly 

diabetic during a further pregnancy, but aborted at the sixth month after 

receiving insulin for only three weeks. Since then she has remained well, 

and when tested twentyfour months later was symptom free and had a normal 

oral G.T.T. The intravenous G.T.T. is recorded in Table III. 

Case 39. Male. Age 36. Wt. 12 st. 6 lb. Family history of diabetes. 

When aged 34 he developed acute diabetes after an operation for prolapsed 

cervical disc and required insulin for eight weeks in doses up to 88 units 

daily. Eight months later he required no insulin and had a normal oral 

G.T.T. One year later he was tested (see Table III). A further episode 

of/ 



of diabetes coincided with the appearance of a severe carbuncle some months 

later. 

Case 44. Female. Age 53. Wt. 10 st. 2 lb. Family history of 

diabetes. When aged 51 she weighed 13 st. 11 lb. and following emotional 

stress developed acute diabetes with a diabetic oral G.T.T. With dietary 

restriction there was relief of symptoms, loss of weight and a return of 

her oral G.T.T. to normal. Nevertheless her response to cortisone 

(Table III) indicated a persistent latent diabetic diathesis. 

Table III shows the data derived from a control test and a test after 

cortisone in each of ten such patients having latent diabetes of this nature. 

The mean control I.I. was 3.26 (SD 0.23), which is within the normal range, 

and the mean cortisone I.I. was 1.98 (SD 0.18). The change in the I.T. 

induced by preliminary administration of cortisone is statistically highly 

significant (Value of Student's t. = 18.2). 

The mean fall of the I.I. expressed as a percentage of the control I.I. 

was 38.5 per cent. 

Fig. III shows the plot of the data obtained in a latent diabetic, the 

cortisone induced impairment of glucose tolerance being self evident. 

Patients in the "prediabetic state ". 

The subsequent development of diabetes in an apparently normal person 

can / 



can frequently be predicted either on the grounds of a strong family history 

of the disorder or in the case of a woman, by reason of her obstetric record. 

In this latter respect the birth of increasingly heavy babies or the repeated 

occurrence of late intrauterine foetal deaths is particularly suggestive. 

In such persons the diabetic tendency is not necessarily revealed by conven- 

tional oral G.T.T., although they may well be in the prediabetic state. 

A control test and a test after cortisone was done on nineteen persons 

suspected of being in a prediabetic state. In nine of these a significant 

impairment of glucose tolerance was induced by cortisone, and of these nine 

subjects two became frankly diabetic at a later date. None of the remaining 

patients who showed no alteration of glucose tolerance has become diabetic. 

The case histories of two such persons in whom cortisone impaired glucose 

tolerance are as follows: 

Case 49. Female. Age 41. Wt. 13 st. 12 lb. No family history 

of diabetes. Sixteen, fifteen, thirteen and eight years before 

testing she gave birth to babies weighing respectively 9, 10, 10 and 

13 lb. Six years previous to testing a still birth occurred. There 

was no available record of glycosuria during these pregnancies. When 

tested at the tenth week of a subsequent pregnancy her oral G.T.T. 

and intravenous I.I. were normal, but cortisone lowered the I.I. At 

the thirtieth week she was frankly diabetic, requiring insulin, with a 

fasting blood sugar of 147 mg. per cent. and a diabetic oral G.T.T. 

Labour 



Labour was medically induced at the 36th week and a live child of 

8 lb. 4 oz. was born. No insulin has subsequently been required and a 

normal oral G.T.T. has been regained. 

Case 48. Male. Age 26. This patient was a proven case of prepubertal 

hypogonadism due to haemochromatosis. There was no abnormality of oral 

G.T.T., but his I.I. was just outside normal limits and after cortisone 

a significant impairment of glucose tolerance was observed. 

The data obtained in the nine patients in whom an impairment of glucose 

tolerance resulted from the previous administration of cortisone are presented 

in Table IV. The mean value of the control I.I. was 3.35 and of the I.I. 

following cortisone 2.09. The mean cortisone- induced -fall of the I.I. expressed 

as a percentage of the control I.I. was 34.7 per cent. 

Fig. IV shows the plot of the data obtained in two patients suspected 

of being pre -diabetic in whom cortisone induced an impairment of glucose 

tolerance. 

Other diseases. 

A small number of patients suffering from hepatic cirrhosis, florid 

hyperthyroidism or simple obesity were studied, but although it was usual to 

find some impairment of glucose tolerance, this was not exaggerated by cortisone. 

DISCUSSION / 



DISCUSSION. 

These results indicate that the previous administration of 200 mg. of 

cortisone causes at least a 30 per cent. reduction of the control I.I. of 

glucose tolerance in patients with diabetes mellitus, latent diabetes or in a 

prediabetic state. No other persons tested were so affected. 

Whilst these studies were in progress Fajans and Conn (1954) demon- 

strated that the preliminary administration of 125 mg. of cortisone by mouth, 

in divided dosage eight and two hours prior to an oral G.T.T., significantly 

impaired glucose tolerance in all persons having diabetes and in 24 per cent. 

of relatives of diabetics, apparently normal at the time of testing. 

Oral tests are, however, basically unsatisfactory for the accurate 

assessment of glucose tolerance as the resultant curves are neither consistently 

reproducible in any one person, nor are they suitable for mathematical analysis. 

For these reasons the intravenous test is to be preferred. 

It would obviously be of value to devise a test which would demonstrate 

the presence of the diabetic diathesis. It is suggested that this critical 

dosage of cortisone may, by revealing an otherwise hidden defect in glucose 

tolerance, be employed with the intravenous G.T.T. for this purpose. 

SUMMARY / 
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SUMMARY. 

(1) The effect of cortisone on glucose tolerance was investigated 

by the administration of 200 mg. of cortisone 120 minutes before an intra- 

venous glucose tolerance test. The resultant increment index (I.I.) has been 

compared with the control I.I. 

(2) In 20 normal persons no change was observed following cortisone, 

(3) In 16 mildly diabetic patients the I.I. after cortisone was lower 

than the control I.I. by an average of 33 per cent. 

(4) In 10 patients with latent diabetes the I.I. after cortisone 

was lower than the control I.I. by an average of 35.5 per cent. 

(5) Nineteen persons suspected of being in a prediabetic state were 

tested and in nine, cortisone induced a lowering of the I.I. by 4t least 

30 per cent. of the control I.I. value. Of these patients two have subse- 

quently become clinically diabetic. In no other persons tested was this 

cortisone -induced impairment of glucose tolerance observed. 

(6) It is suggested that the use of an intravenous technique for 

the determination of glucose tolerance is the most precise measure of that 

function, and that the impairment of glucose tolerance induced by preliminary 

administration of cortisone makes it possible to diagnose the diabetic diathesis 

before any defect in carbohydrate tolerance is demonstrable by other laboratory 

tests. 
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Test 

Fasting 
glucose 
value 

Glucose increment 

TABLE I. 

per cent. 

60 70 
Increment 
index 

mgm. 

0 

Time 

10 15 

in 

20 

Minutes 

25 30 40 50 

- 102 165 118 103 88 70 54 43 26 11 -4 3.65 
+ 100 146 106 95 80 72 59 38 22 6 -2 3.75 

90 134 94 81 70 64 52 34 20 8 3 3.65 
+ 84 152 98 78 68 61 48 31 17 4 0 3.75 

- 110 215 155 133 116 100 85 57 35 15 3 3.65 
+ 124 224 149 128 114 100 84 54 32 10 0 3.65 

100 230 156 135 115 104 84 55 37 23 - 3.65 
+ 108 246 143 120 102 89 76 48 30 16 - 3.75 

94 231 139 118 103 92 74 56 40 26 10 3.15 
+ 98 220 130 110 88 80 70 48 30 26 12 3.22 

84 266 152 126 109 94 80 56 40 30 18 3.22 
+ 86 205 127 106 92 78 61 46 32 22 15 3.30 

96 220 162 124 104 84 74 52 35 22 6 3.56 
+ 104 207 146 126 98 85 67 48 33 18 0 3.56 

- 88 211 156 115 100 88 70 55 40 24 9 3.47 
+ 96 252 185 146 120 107 90 62 44 34 20 3.47 

80 168 106 89 76 60 58 42 30 15 3 3.15 
+ 84 136 100 78 68 56 50 35 26 14 9 3.22 

108 122 69 55 46 34 27 18 -2 9 0 4.28 
+ 112 147 83 66 54 42 35 24 5 -10 -16 4.28 

100 262 156 135 116 94 85 55 36 24 6 3.75 
+ 108 246 146 122 102 88 75 48 30 22 10 3.75 

94 202 143 118 105 85 74 58 40 24 16 3.15 
+ 100 186 130 106 88 76 70 48 32 26 12 3.15 

94 263 182 152 121 105 84 62 45 32 19 3.47 
+ 90 261 190 163 140 118 95 68 49 36 18 3.51 

87 227 128 105 87 70 57 38 27 18 7 3.85 
+ 80 248 142 129 108 88 78 50 35 23 9 3.75 


