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Relationship between Heterogeneity of Insulin Responses 
and Insulin Resistance in Normal Subjects and Patients 
with Chemical Diabetes* 
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Summary. Plasma insulin responses and insulin re- 
sistance were determined in 75 subjects, defined as 
having a normal, borderline abnormal, or abnormal 
oral glucose tolerance test (OGTT). Although con- 
siderable heterogeneity of insulin response existed, 
most patients with abnormal OGTT's had insulin re- 
sponses greater than normal; none had insulin re- 
sponses less than normal. The degree of insulin re- 
sistance also varied, but most patients with abnor- 
mal OGTT's were also abnormally insulin resistant. 
A significant correlation (r = 0.64, p _+ 0.001) ex- 
isted between insulin response and the degree of in- 
sulin resistance. However, when both variables were 
taken into consideration, the entire population could 
be divided into two groups. One group was charac- 
terized by both normal insulin responsiveness and 
sensitivity, the other by increased insulin response, 
associated with greater insulin resistance. Most pa- 
tients with abnormal OGTT's fell into the latter 
group, but some had glucose intolerance without 
either an exaggerated insulin response or insulin re- 
sistance. These results suggest that true heterogenei- 
ty exists in patients with abnormal OGTT's. 
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Fajans and associates have recently drawn attention 
to the heterogeneity of insulin responses in normal 
subjects and in patients with chemical diabetes [1], 
and have divided patients with comparable degrees 
of glucose intolerance into "low" and "high" insulin 
responders. This observation is of importance in any 
formulation of the pathogenesis of diabetes mellitus, 
and efforts should be made to define the significance 
of this heterogeneity of insulin response in patients 
with mild diabetes. Many patients with mild diabetes 
mellitus are more resistant to the action of insulin 
than normoglycaemic subjects [2], and it is possible 
that heterogeneity of insulin response and insulin re- 
sistance are related. To explore this possibility we 
have separately measured insulin response and insu- 
lin resistance in 75 non-obese subjects, classified as 
normal, borderline glucose intolerant, or chemicall~ 
diabetic on the basis of an oral glucose tolerance test 
(OGT ). 

Methods 

The data to be presented have been derived from 
investigation of 75 individuals who volunteered to 
take part in our advertised studies of the aetiology 
of diabetes. Their stated reasons for participation in- 
cluded a family history of diabetes, a desire to have 
a thorough physical examination, a wish to be part 
of a research programme, etc. Following discussion 
of the nature of the protocol and after consenting to 
be part of the study, all subjects were admitted to 
the Stanford Clinical Research Centre. None of the 
subjects had ever received insulin, not were they 
taking medications known to modify carbohydrate 
metabolism. There was no clinical or laboratory evi- 
dence of hepatic or cardiovascular disease. The sub- 
jects were fed a liquid, weight-maintenance, formula 
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Table 1. Diagnostic criteria 

Group Plasma glucose concentration (mg/100 ml) 

Fasting One hour Two hour 

Normal <110 <165 <135 
Borderline tolerance <110 165-185 ~ 135-140 a 
Chemical diabetes <110 >185 >140 

a Either one or both of the one and two hour plasma glucose 
values are within these ranges 

Table 2. Clinical characteristics 

Group Num- Mean (+_ SD) Sex Mean (_+ SE) 
ber Age y Relative Weight a 

Normal 25 44+11 21M:4F 1.03+.02 
Borderline 
tolerance 25 47+_10 20M:5F 1.04_+.02 
Chemical 
diabetes 25 47+11 22M:3F 1.05+_.02 

a Actual weight divided by ideal weight (as determined by Met- 
ropolitan Life Insurance Tables) 

(SSPI) levels are reached by 90minutes [2, 3]. 
Studies in which the coefficients of variation of the 
individual SSPG and SSPI values are greater than 
10% are excluded from analysis. Since similar SSPI 
values were achieved in all subjects [2, 3], this 
technique allows us to compare the ability of differ- 
ent subjects to dispose of identical glucose loads 
under the same insulin stimulus. Therefore, the 
mean of several plasma glucose concentrations 
measured during the steady state period from 90 to 
150 m is a measure of efficiency of insulin-mediated 
glucose utilization, i.e. insulin resistance. 

Blood for determination of plasma glucose and 
insulin was drawn into test tubes containing EDTA, 
the plasma quickly separated, and aliquots stored at 
- 2 0  ~ C until determinations were done. Plasma glu- 
cose was measured by methods modified for use on 
a Technicon Auto Analyzer (Technicon Instruments 
Corp., Tarrytown, N.Y.). Plasma insulin was meas- 
ured by the method of Desbuquois and Aurbach [4]. 
Statistical analysis was performed with Student's 
t-test for nonpaired data. 

diet, consisting of 43% carbohydrate, 42% fat, and 
15% protein, three times daily in portions of 
one-fifth, two-fifths and two-fifths of total calories, 
respectively. Daily weights were obtained; signifi- 
cant weight changes did not occur during the study 
period. 

After at least three days on the diet, subjects 
were given an oral glucose load of 40 gm per sq. 
metre body surface area, and blood samples were 
drawn during the following three hours for measure- 
ment of plasma glucose and immunoreactive insulin 
levels. Subjects were divided into three groups on 
the basis of their plasma glucose responses during 
the OGTT, using the criteria given in Table 1. The 
results to be reported are based upon study of 25 
consecutive patients in each of the three diagnostic 
categories. The clinical characteristics of the three 
groups are presented in Table 2. 

Two days later, after a 12 h overnight fast, all 
subjects received an intravenous injection of 5 mg of 
propranolol followed, in five minutes, by a constant 
intravenous infusion of glucose (6 mg/kg/m), insulin 
(80 mU/min), epinephrine (6 gg/min) and pro- 
panolol (0.08 mg/min). The solution was infused 
continuously for 150 minutes via a Harvard pump 
(Harvard Apparatus Co., Millis, Mass.) into an an- 
tecubital vein. Blood samples were drawn from the 
opposite arm through a needle kept patent by a slow 
saline infusion. Under these experimental condi- 
tions, endogenous insulin secretion is suppressed 
and steady state plasma glucose (SSPG) and insulin 

Results 

Mean plasma glucose and insulin responses of the 
three groups of patients are presented in Figure 1. 
Despite higher mean plasma glucose levels, there 
was no difference in the insulin response of patients 
with borderline glucose tolerance, compared with 
normal subjects. The mean plasma insulin level of 
patients with chemical diabetes was never less than 
normal, and was significantly elevated at 1, 2 and 
3 h (p < 0.02-p < 0.001) in the face of marked 
hyperglycaemia. 

The fact that the mean insulin response of pa- 
tients with chemical diabetes was actually greater 
than that of normal subjects indicates that the ab- 
normal glucose tolerance in these patients cannot be 
simply attributed to insulin deficiency. On the other 
hand, these data do not mean that all patients with 
an abnormal OGTT have an elevated insulin re- 
sponse, and inspection of the magnitude of the 
standard errors of the mean insulin response (Fig. 1) 
suggests considerable variability. In order to illus- 
trate more clearly the degree of this variability, we 
have computed total insulin response (area under 
the insulin response curve during the OGTT) for 
each subject. These data are plotted in Figure 2 and 
indicate that the coefficient of variation of the insu- 
lin response was 23%, 35% and 45% for normal 
subjects, subjects with borderline tolerance and with 
chemical diabetes, respectively. However, in spite of 
this degree of variation, most patients with chemical 
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Fig. 1. Mean (+ SE) plasma glucose and in- 
sulin responses during the oral glucose tol- 
erance test (OGTr) in the three groups of 
subjects. There are 25 patients in each 
diagnostic category 
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Fig. 2. Individual insulin responses (area under the plasma insulin 
curve) during the OGTr in each group of subjects. The mean 
response of each group is given by the height of the bar 
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Fig. 3. Individual steady state plasma glucose responses during 
the infusion of epinephrine, propranolol, glucose and exogenous 
insulin. The mean response of each group is given by the height 
of the bar 

diabetes had insulin responses which were greater 
than those of the controls. Thus, of twenty-five pa- 
tients with chemical diabetes, seventeen had a total 
insulin response greater than that of any normal 
subject and eight had insulin responses within the 
normal range. Four patients with borderline toler- 
ance had insulin responses greater than those of the 
normal subjects, while the remainder were within 
the normal range. In view of these results it is dif- 
ficult to attribute the glucose intolerance of most pa- 
tients with chemical diabetes to deficient insulin se- 
cretion. 

An alternative explanation for the glucose in- 
tolerance of these patients is that they are resistant 
to the action of insulin; our attempt to quantify this 
resistance is seen in Figure 3, which depicts both the 
mean steady state plasma glucose (SSPG) responses 
to the infusion of glucose, insulin, epinephrine and 
propranolol, as well as the individual values. The 
mean SSPG responses are significantly (p < 0.001) 
higher than normal in patients with borderline toler- 
ance and chemical diabetes. It should also be noted 
that the mean SSPG response was significantly high- 
er in the subjects with chemical diabetes than in pa- 
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Fig. 4. The relationship between in- 
sulin response (area under the plas- 
ma insulin curve during the OGTI') 
and insulin resistance (steady state 
plasma glucose level during the in- 
fusion) in all subjects studied 

tients with borderline tolerance (p < 0.01). The 
mean steady state plasma insulin response was virtu- 
ally identical in the three groups. Thus, the more  
severe the abnormality of glucose tolerance, the 
higher the SSPG, i.e., the greater the insulin resist- 
ance. 

The individual SSPG responses demonstrate that 
variation also exists in this measurement. The coeffi- 
cient of variation was 36%, 32% and 25%, for nor- 
mal subjects, patients with borderline tolerance and 
chemical diabetics, respectively. However, 19 of 25 
patients with chemical diabetes had SSPG responses 
which were more than two standard deviations 
above the mean response of control subjects. Thus, 
it appears that the majority of patients with oral glu- 
cose intolerance are more insulin resistant than are 
the majority of normal subjects. On the other hand, 
there are certainly some patients with glucose in- 
tolerance who appear to be insulin sensitive. 

The relationship (Spearman Rank Correlation 
Coefficient) between insulin response and SSPG for 
the entire experimental group is presented in Figure 
4. A strong correlation (r = 0.64, p < 0.001) exists 
between these two variables. These results suggest 
that the greater the insulin response, the greater the 
degree of insulin resistance, and this relationship 
seems to be independent of diagnostic category. On 
the other hand, certain groupings emerge. For ex- 
ample, the majority of patients with chemical dia- 
betes share a greater insulin response and higher 
SSPG level, and these two variables seem to clearly 
separate them from most subjects with normal glu- 
cose tolerance. However, a few patients with chemi- 
cal diabetes have insulin responses and SSPG levels 
well within the normal range, and they seem to dif- 

fer, in both respects, from the remainder of the pa- 
tients with chemical diabetes. 

Discussion 

These results confirm earlier studies which indicated 
that the mean insulin response of patients with mild 
diabetes mellitus was not less than that of subjects 
with normal glucose tolerance [5-16]. They also 
confirm the observation by Fajans and associates of 
considerable variation in the insulin response to oral 
glucose among normal subjects and patients with 
mild diabetes [1]. There is also considerable varia- 
tion in the relative ability of insulin to promote glu- 
cose uptake in these same subjects. However, the 
degree of variability is not so great as to obscure the 
fact that most patients with chemical diabetes were 
more insulin resistant and had, in general, the great- 
est total insulin response to oral glucose. In this 
sense, these results differ somewhat from those of 
Fajans and associates [1], who found that the major- 
ity of their patients with chemical diabetes had a 
somewhat lower insulin response than did normal 
subjects. The explanation for this difference is not 
clear, but it may reflect the fact that our control and 
experimental groups were approximately twice as 
old as the subjects they studied. 

Although these results indicate that there is con- 
siderable variation in the insulin response within 
each of the groups, they do not necessarily mean 
that these groups are heterogenous. For example, 
the diagnostic accuracy of the OGTT is not perfect 
[17], and apparent heterogeneity of the insulin re- 
sponse may be due to the inclusion of individuals 
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within the "wrong" diagnostic category. Further- 
more, there is considerable variability in the insulin 
response of any given individual. Thus, the plasma 
insulin response to two successive oral glucose toler- 
ance tests, performed 48 h apart, differed by more 
than 30% in half the patients studied [18]. In an 
attempt to distinguish between variability and 
heterogeneity, we examined the same subjects in 
terms of another characteristic, i.e., their resistance 
to insulin-mediated glucose uptake (insulin resist- 
ance). The result of this analysis (Fig. 3) indicates 
that variability of insulin resistance also existed in 
these subjects. However, it is likely that these two 
characteristics, i.e., insulin response and insulin re- 
sistance, are related [19] and this relationship might 
help differentiate between heterogeneity as con- 
trasted to variability. Evidence for the fact that the 
two characteristics are related is presented in Figure 
4, which demonstrates a highly significant correla- 
tion between height of insulin response and severity 
of insulin resistance in the study population. Fur- 
thermore, when both characteristics are taken into 
consideration, we feel that there is support for the 
notion of true heterogeneity in patients with chemi- 
cal diabetes. Thus, most patients with chemical dia- 
betes can be distinguished from most normal sub- 
jects when both insulin response and insulin resist- 
ance are taken into consideration. On the other 
hand, there are some patients, diagnosed as having 
chemical diabetes, who cannot be differentiated 
from normal with use of both characteristics. 

In light of the above we think that true 
heterogeneity does exist within the group of patients 
classified as having chemical diabetes. In most of 
these patients we believe that the abnormal glucose 
tolerance test is due to resistance to the action of 
insulin, and the exaggerated insulin response is an 
attempt to maintain glucose homeostasis. On the 
other hand, we think that the glucose intolerance in 
the patients who demonstrate a low insulin response 
and normal insulin sensitivity is secondary to deft- 
cient insulin secretion. 

The division of patients with chemical diabetes 
into these two subgroups may also help in under- 
standing which of these patients will develo p pro- 
gressive deterioration of glucose tolerance. The ma- 
jority of patients with chemical diabetes do not ex- 
perience deterioration of glucose tolerance with 
time, and this is true irrespective of age [20, 21]. 
However, a minority of patients with chemical dia- 
betes do show progressive deterioration and these 
subjects seem to be those with a diminished insulin 
response to glucose [22-24]. It is possible that de- 
terioration of glucose tolerance is confined to those 
subjects whose chemical diabetes is secondary to a 

diminished insulin response and is associated with a 
further attenuation of the insulin response. In con- 
trast, the majority of patients currently diagnosed as 
having chemical diabetes may not be insulin defi- 
cient - their glucose intolerance is due to their in- 
creased degree of insulin resistance - and these pa- 
tients rarely develop insulin deficiency or develop 
glucose intolerance. 

In conclusion, these results indicate that consid- 
erable variability exists in both plasma insulin re- 
sponse to oral glucose and plasma glucose response 
to infused insulin in patients with glucose intoler- 
ance. A significant relationshi p was seen between 
height of insulin response and degree of insulin re- 
sistance in the entire population, and the nature of 
this relationship seems to confirm the suggestion of 
Fajans et al. [1] that there is heterogeneity within 
patients with chemical diabetes. The subdivision of 
chemical diabetics into those patients with both in- 
sulin resistance and an increased insulin response, as 
contrasted to those with a primary defect of insulin 
release, without insulin resistance, seems to account 
for both the heterogeneity and the clinical course of 
these patients. Obviously, further study will be 
needed to evaluate this working hypothesis. 
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