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Summary. Insulin responses to intravenous glucose infusion 
and glucose utilization during hyperinsulinaemic eugly- 
caemic clamp were determined in a large homogeneous 
group of 65-year-old male subjects. Twenty-eight had un- 
treated Type 2 (non-insulin-dependent) diabetes mellitus 
and the remaining 44 control subjects had a normal glucose 
tolerance. Diabetic patients with abdominal obesity dis- 
played peripheral insulin resistance in combination with de- 

fective insulin secretion, whereas non-obese diabetic pa- 
tients showed only a secretory defect. Thus, Type 2 diabetes 
in obese and non-obese elderly male subjects may take two 
forms where the cause of hyperglycaemia differs. 
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Insulin resistance is a common feature of many  physio- 
logical and pathophysiological states [1]. Peripheral re- 
sistance appears  to have a greater  impact  on glucose ho- 
meostasis than does resistance in the liver because the 
periphery (i. e. skeletal muscle) handles the major  part  of 
insulin-induced glucose disposal [2, 3]. It is often believed 
that insulin resistance is the major  cause of glucose in- 
tolerance in Type 2 (non-insulin-dependent) diabetes 
mellitus; the resistance cannot be overcome by an in- 
creased production of insulin by the Beta cell [1-6]. Most 
Type 2 diabetic patients are obese and obese normogly- 
caemic subjects are also insulin resistant. However,  obese 
subjects have a hyperinsulinaemia that compensates for 
insulin resistance and results in normal  or only a slightly 
impaired glucose tolerance. When the resistance becomes 
worse in obesity and/or the Beta  cells cannot produce the 
amount  of hormone  necessary to compensate  for insulin 
resistance, hyperglycaemia develops [6]. 

The proposed model  for the pathogenesis of Type 2 
diabetes is mainly based on studies of obese subjects. Al- 
though some studies have found insulin resistance in non- 
obese patients with Type 2 diabetes [7-10] it is not yet 
clear whether  this type of diabetes in non-obese patients is 
due to impaired insulin secretion, to insulin resistance or 
to both. This question is addressed in the present  study 
which was per formed on a large homogeneous  group of 
65-year-old men undergoing health screening. The insulin 
response to intravenous glucose injection and glucose 
utilization during a hyperinsulinaemic euglycaemic clamp 

was determined in 28 asymptomatic  untreated Type 2 
diabetic patients of whom 16 were obese and the remain- 
der non-obese. The results were compared with those 
in 44 matched healthy control subjects with normal  intra- 
venous glucose tolerance. 

Subjects and methods 

Subjects 

All the subjects were males between 60-70 years of age. They par- 
ticipated in a health screening study in Uppsala, a medium-sized 
town in Sweden [11]. The subjects were healthy and not taking any 
medication, except for moderate obesity (body mass index > 25) and 
Type 2 diabetes in affected individuals. The subjects were divided 
into four groups: 21 non-obese and 23 obese control subjects with 
normal intravenous glucose tolerance [12], and 12 non-obese and 16 
obese diabetic subjects. Diabetes, which was asymptomatic, was di- 
agnosed during the health-screening procedure. The urine of the 
diabetic subjects was free from glucose and ketones. Diabetes was 
defined as fasting blood glucose above 7.0 mmol/1 and a k-value 
below 0.9. After the study the diabetic patients were treated with 
diet alone or in combination with sulphonylurea. During a follow-up 
period of at least one year none of these patients developed second- 
ary sulphonylurea failure. They all followed a similar diet 
(10.5 mJ/24 h) that consisted of 35% fat, 48% carbohydrates, 15% 
protein and 2% alcohol, as judged by a dietary history [11]. After an 
overnight fast, each subject underwent on separate occasions a me- 
tabolic investigation and an insulin sensitivity test. The subjects were 
instructed to adhere to a diet rich in carbohydrates (at least 250 g 
daily) and to abstain from hard physical exercise or inactivity for at 
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Table 1. Clinical data of the groups studied 

Group n Age BMI W/H FBG IVGT 
(years) (kg/m 2) (retool/l) (%/min) 

Control 21 65+1 23.6+_0.2 0.86+_0.01 4.7_+0.1 1.33--0.08 

Obese 23 63+1 29.5+-0.6 a 0.95+0.01 a 5.0-+0.1 b 1.38.+0.09 b 

Diabetes, 
non-obese 12 66+1 23.9+.0.3 0.88+0.02 8.1-+0.7 a 0.56-+0.03 a 

Diabetes, 
obese 16 63 + 1 31.3 + 1.0 a 0.97 + 0.01 a 9.3_+ 0.8 ~ 0.47 + 0.03 ~ 

Mean+SEM. n=number  of subjects. BMI=body mass index. 
W/H = waist/hip ratio. FBG = fasting blood glucose. IVGT= in- 
travenous glucose tolerance, ap < 0.001 vs control, b p < 0.001 for 
obese vs diabetes obese 

Table 2. Circulating insulin levels before and after intravenous glu- 
cose infusion 

Control Obese Diabetes, Diabetes, 
non-obese obese 

Fasting 5.7 _+ 1.0 12.2_+ 1.4 b 7.7 _+ 1.6 17.1 _+ 2.3 b 

Peak 54.0 _+ 6.0 76.1 _+ 9.0 a'c 9.6 _+ 1.8 b 23.9 + 3.6 b 

Peak-minus 
fasting 47.3 _+ 6.0 65.2_+ 8.0 a'c 1.9 _+ 0.8 b 6.8 _+ 2,2 b 

mU/1, mean_+ SEM. ~p < 0.05 vs control, b p < 0.001 VS control, 
~ p < 0.001 for obese vs diabetes obese 

Table 3. Insulin sensitivity studies 

Control Obese Diabetes, Diabetes, 
non-obese obese 

Insulin, mUff 96_+3 105+5 97+6 111+5 a 

M, mg glucose. 
kg-l.min -~ 7.6+0.4 5.4+0.3 b,c 6.8_+0.4 2.6_+0.2 b 

M/I x 100 8.4_+0.5 5.5+0.5 '~ 7.5.+0.7 2.5_+0.3 b 

Mean _+ SEM. M = rate of glucose infusion. M/I = M value divided 
by the insulin value during clamp, ap < 0.05 vs control, bp < 0.001 VS 
control, Cp < 0.001 for obese vs diabetes obese 

least five days before each of the two investigations. Each subject 
was questioned regarding heredity for diabetes and hypertension 
among first-degree relatives. The study was approved by the Ethics 
Committee of Uppsala University. 

Metabolic investigation 

Waist-to-hip ratio and body mass index were calculated and the me- 
tabolic investigation was conducted, as described in detail recently 
[13]. First, fasting venous blood samples were drawn for the determi- 
nation of the plasma levels of glucose and insulin. Then the insulin 
response to an intravenous glucose load was investigated. The disap- 
pearance rate of glucose (k-value) was calculated [13] and the peak 
insulin response to intravenous glucose [12] which reflects the first- 
phase insulin secretory response [14] was defined as the mean of the 
values obtained at 2, 4 and 6 min after glucose injection. 

lnsulin sensitivity studies 

The euglycaemic hyperinsulinaemic clamp technique was used to es- 
timate in vivo sensitivity to insulin. The protocol has been described 
in detail [13]. Insulin was infused as an initial priming dose for the 
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first 10 min and then as a continuous infusion for 110 min at the rate 
of 56 mU/m 2 in all subjects, which resulted in a plasma insulin con- 
centration in the range of 69-145 mU/1. The target plasma glucose 
concentration during the clamp procedure was 5.3 retool/l, which 
was reached within 60 min of the start of the insulin infusion in each 
subject. Steady-state plasma glucose concentration was determined 
and the M-value (rate of glucose infusion during the last hour of the 
clamp) was calculated. An insulin sensitivity index (M/I) was ob- 
tained by dividing the M-value (mg glucose taken up. kg body 
weight 1. min-1) by the steady-state insulin value (mU/1) during the 
last hour of the clamp [15, 16]. 

Statistical analysis 

The values are mean+ SEM. Values were compared statistically 
using the Student's unpaired t-test, analysis of variance of repeated 
measures (Tukey's test) and Fisher's exact test. 

Resul ts  

The  clinical data  of the four groups are p resen ted  in 
Table  1, The  obese diabet ic  and non-d iabe t ic  groups had 
similar modera t e  degrees of obesity. The waist/hip ratio 
indica ted  that  the obesity was of the abdomina l  type in 
bo th  of these groups. The  results concern ing  fasting b lood  
glucose and in t ravenous  glucose to lerance  show that  glu- 
cose homeostas is  was slightly worse in obese diabet ic  than  
in non-obese  diabet ic  pat ients  (p < 0.01). 

The  data  concern ing  insul in  calculat ions are given in 
Table 2. As expected the obese diabet ic  subjects and 
obese non-d iabe t i c  subjects had fasting hyper insul in-  
aemia. However,  the insul in  response to in t ravenous  glu- 
cose was increased in the obese non-d iabe t i c  and de- 
creased in the obese diabet ic  subjects. The lat ter  was t rue 
for peak and  peak -minus  fasting insulin. Non-obese  
diabet ic  subjects showed no  change in fasting insulin,  bu t  
their  peak  and  peak-minus  fasting insul in  levels were mar-  
kedly depressed. The  fasting insul in  level was more  than  
two t imes higher in obese as compared  to non -obese  
diabet ic  pat ients  (p < 0.01). 

As regards per iphera l  insul in  insensitivity, the results 
of this invest igat ion are summar ized  in Table 3. The obese 
control  and obese diabetic subjects had decreased M and  
M/I  values; this decrease was more  marked  in  the lat ter  
group. In  the non-obese  diabet ic  subjects, however,  
ne i the r  M nor  M/I  was different f rom the control  group. 
The  insul in  levels dur ing the clamp were significantly 
higher in the diabet ic  obese group than  in the other  three  
groups. Dur ing  the last hour  of the clamp the plasma glu- 
cose value was 5.32 + 0.02 mmol/1 in the control  group. Al-  
most  ident ical  glucose values were ob ta ined  in the o ther  
three  groups (data not  shown).  

In  Tables 1-3 we used the Student 's  t- test  for statistical 
comparison.  However,  similar results were ob ta ined  when  
analysis of var iance  was used as the statistical method.  

In  order  to evaluate  the individual  values which repre-  
sented  insul in  sensitivity and peak insul in  secretory re- 
sponse to in t ravenous  glucose a no rma l  range of values 
was const ructed for peak  minus  fasting insul in  concent ra-  
t ion and  for M/I. O ne  s tandard  devia t ion above and  be low 
the m e a n  value for the non -obese  control  group was used 
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Fig. 1. Individual values for insulin secretion and insulin sensitivity 
in diabetes. /x insulin = peak plasma insulin after intravenous glu- 
cose load minus fasting plasma insulin. M/I = insulin sensitivity 
index. �9 = obese diabetic subjects. O -non-obese diabetic sub- 
jects. Rectangular areas indicate the normal range 
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Fig.2. Individual values for insulin secretion ( O ) and insulin sensi- 
tivity ( � 9  in obese non-diabetic subjects. See legend to Figure i for 
further details 
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Fig. 3. Insulin secretory response in control subjects (1), non-obese 
diabetic subjects (2), obese non-diabetic subjects (3) and obese 
diabetic subjects (4). Plasma insulin was determined before and 
after an intravenous glucose load at the time points indicated in the 
figure. Values obtained with the study groups were compared with 
control values using analysis of variance. Mean curves for the differ- 
ent groups are depicted. An asterisk above each curve indicates 
p < 0.01 (or better) when compared with control curve 

normal  range and the remaining 13 had decreased values. 
M/I also showed some heterogeneity in the obese diabetic 
group. Two subjects had normal  values and the remainder  
had decreased values. The non-obese diabetic subjects ap- 
peared to be a highly homogeneous  group. All subjects 
had insulin secretory values far below the normal  range 
and all the M/I values were evenly distributed within the 
normal  range. The individual values for obese non- 
diabetic subjects are depicted in Figure 2. Seven had de- 
creased M/I and eight had increased insulin secretory 
values. Six of the latter subjects belonged to the group 
with low M/I. 

First- and second-phase insulin secretory response to 
intravenous glucose is shown in Figure 3. Both phases 
were significantly decreased in non-obese diabetic pa- 
tients and significantly increased in obese non-diabetic 
subjects. In obese diabetic patients the first-phase re- 
sponse was significantly decreased but the second phase 
response was somewhat  enhanced. 

Diabetic patients tended to have different heredity for 
diabetes and hypertension as compared  to non-diabetic 
subjects. A heredity for diabetes was found in 47% of the 
diabetic patients and in 25% of the non-diabetic subjects 
(p = 0.07 using Fisher's exact test). Corresponding values 
regarding heredity for hypertension were 10% and 25% 
(p = 0.09). 

Discussion 

as the normal  range (i. e. a 95% confidence interval), since 
the values for peak  minus fasting insulin concentration 
and M/I were normally distributed in the non-obese group 
with normal  glucose tolerance. The individual values for 
diabetic subjects are depicted in Figure 1. As regards cir- 
culating insulin, the obese diabetic subjects were a hete- 
rogeneous group: three of whom had values within the 

In this study we investigated insulin secretion and periph- 
eral insulin sensitivity in a very homogeneous populat ion 
of 65-year-old men, all living in the same area and having 
similar dietary habits. In men with abdominal  obesity and 
normal  glucose tolerance, peripheral  insulin resistance in 
combination with a compensatory increase in insulin se- 
cretion was observed. Abdominal  obese Type 2 diabetic 
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males had a more marked peripheral resistance and de- 
creased insulin secretory response to glucose. These data 
concerning obese non-diabetic and diabetic subjects are in 
consonance with numerous previous investigations which 
have been reviewed in detail [1-6]. In non-obese hyper- 
glycaemic subjects, however, there was no evidence of pe- 
ripheral insulin resistance, which is a new finding. All of 
the latter subjects had only a marked secretory defect in- 
volving both the first- and second-phase response. The 
present findings with fasting plasma insulin and glucose 
are also evidence of a greater insulin resistance in obese as 
compared to non-obese diabetic patients. 

Our data concerning insulin resistance in non-obese 
diabetic subjects are at odds with previous results, show- 
ing significant peripheral insulin resistance in non-insulin- 
dependent  diabetic subjects with normal body weight [7- 
10]. There are, however, several important differences re- 
garding patient characteristics between our and previous 
investigations. Both female and male subjects were in- 
cluded in the previous study groups [7-10] and the 
diabetic patients were 10-15 years younger than our pa- 
tients [7-10]. In addition, the control subjects were 10- 
20 years younger than the diabetic subjects in three of the 
earlier studies [7, 8, 10]. The aging process per se appears 
to have its own deleterious effect on peripheral insulin 
sensitivity [17]. Finally, diabetes was not newly diagnosed 
in the previous reports and most patients had received 
antidiabetic therapy for several years [7-10]. Thus, several 
factors may explain the discrepancy between present and 
previous results. Furthermore,  insulin secretion was not 
measured in the earlier investigations [7-10]. 

It should be noted that only peripheral insulin resis- 
tance was evaluated in this study. Quantitatively, however, 
peripheral tissues (i. e. skeletal muscle) are the major tis- 
sues responsible for decreased in vivo insulin action in 
insulin-resistant states [2, 3]. Under  the present hyper- 
insulinaemic euglycaemic clamp conditions, endogenous 
glucose production by the liver is completely suppressed, 
even in the most resistant obese diabetic subjects [15, 16]. 
Thus, it is possible that our non-obese diabetic patients 
may be resistant to insulin in the liver, such resistance is re- 
vealed at insulin levels lower than those obtained during 
the clamp investigation. On the other hand, the concen- 
tration of insulin (67-145 mU/1) obtained in the present 
study is relevant to the peripheral effects of the hormone, 
since such insulin levels can be reached in normal subjects 
in connection with a glucose load. It is, however, unlikely 
that there is a right word shift of the dose response curve in 
lean diabetic patients due to decreased insulin sensitivity 
in skeletal muscle, since we recently found normal insulin 
receptor binding and normal sensitivity of insulin receptor 
tyrosine kinase activity in skeletal muscle of this group of 
patients [18]. 

Because of ethical reasons insulin secretion in man can 
only be determined indirectly. We used plasma insulin re- 
sponse to an intravenous glucose load because it is simple, 
reproduceable and discriminates between a first-phase 
peak insulin response and a second-phase response; the 
former response correlates well with intravenous glucose 
tolerance [14]. Non-obese diabetic subjects had decreased 
first- and second-phase insulin secretion, whereas in obese 
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diabetic patients only the first-phase insulin response was 
decreased, the second-phase response was slightly en- 
hanced. The meaning of the latter is unclear at present. 
First-phase response may be more important for glucose 
tolerance than second-phase response [14, 15]. In addi- 
tion, pro-insulin which cross-reacts with insulin anti- 
bodies, may to an unknown extent contribute to the find- 
ings. However, there is a disproportionate increase in 
pro-insulin secretion in Type 2 diabetic patients [19]. 
Thus, the presently observed defect in first-phase insulin 
secretion in the two diabetes groups is, if anything, under- 
estimated. 

It is clear that Type 2 diabetes is not a single disorder 
but is rather a syndrome of great heterogeniety [20, 21]. 
Rare cases of diabetes where an abnormal insulin molecu- 
lar or incomplete conversion of pro-insulin to insulin is the 
underlying cause of the disease have been reported [22]. 
Mutations in the insulin receptor gene leading to insulin 
resistance, and consequently to diabetes, have also been 
described recently [23, 24]. When diabetes is associated 
with obesity, the disease usually seems to be caused by in- 
sulin resistance plus an impaired ability of the pancreas to 
compensate for the resistance. The present data suggest 
that non-obese diabetic elderly male subjects form an- 
other subgroup of the disease where peripheral insulin ac- 
tion is normal and the insulin secretory defect is the major 
cause of the disease. Whether  such patients are resistant at 
the level of the liver remains to be determined. In addi- 
tion, the present results do not rule out the possibility that 
peripheral insulin resistance is present in young or female 
non-obese subjects with Type 2 diabetes. 
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