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Summary. After  an overnight fast, the effects of a 30- 
min low-dose intravenous insulin infusion (2.6 units/ 
h) upon plasma glucose and non-esterified fatty acids 
were compared  in 29 very obese patients and 17 non- 
obese controls. The dose of insulin was chosen so as 
to have its sole or  predominant  hypoglycaemic effect 
upon hepatic glucose release. The proport ional  fall 
f rom basal values at 30 min of both plasma glucose 
and non-estcrified fatty acids was significantly grea- 
ter in the controls and there was no difference be- 
tween males and females. In the controls the fall in 
plasma glucose and non-esterified fatty acids was sig- 
nificantly and inversely correlated with the basal 
plasma insulin level. Nei ther  index of insulin sensitiv- 
ity was significantly related with the basal plasma 
insulin in thc obese subjects. Weight loss in the obese 
subjects led to increased insulin sensitivity; in par-  
ticular, the degree of change in insulin-induced non-  
csterified fatty acids was significantly related to the 
percentage change in weight. Despi te  their ex t reme 
degree of obesity, the distributions of basal plasma 
insulin levels and the indices of insulin sensitivity in 
the obese subjects over lapped with those of the non- 
obese controls. 
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Intravenous infusion of insulin at low dose rates, suf- 
ficient to raise fasting insulin levels two or threefold, 
havc been shown to lower blood glucose levels in 
non-diabetics and diabetics primarily by reducing 
hepatic glucose release [1, 2]. We have used low dose 
infusions of insulin to study in vivo hepatic insulin 
sensitivity in obese and non-obese,  non-diabetic sub- 

jects. Measurements  of plasma non-esterified fatty 
acids (NEFA)  wcre also performed to assess the 
peripheral  effects of insulin. The effects of weight 
loss upon insulin sensitivity measured by these 
methods were studied in obese subjects only. 

Subjects and Methods 

The protocol was approved by the Guy's Hospital Ethical Com- 
mittee. Patients attending the Obesity Clinic at Guy's Hospital 
were asked to volunteer for the study after an explanation of its 
nature and gave written consent. Non-obese controls were mem- 
bers of the medical, technical and secretarial staff of the Depart- 
ment of Medicine. Reference data concerning paticnts and con- 
trols are given in "Fable 1. Clinically significant metabolic abnor- 
malities associated with obesity were excluded in the patients by 
measurement of blood glucose and plasma cortisol and by tests of 

Table 1. Some characteristi~ of the control and obese subjects 

Control subjects Obese subjects 
Number n = 10 n = 20 

Female: 
Mean age (years) 
(+ SEM) 29.6 _+ 2.7 29.3 -+ 1.5 
Age range (years) 22-52 18-43 
Mean weight (kg) 
(_+ SEM) 65.7 +- 0.7 104.4 _+ 4.1 
Weight range (kg) 62-68 79-140 
Fasting plasma 
insulin range (mU/l) 1-14 2-53 

~14ale: 
Number 7 9 
Mean age (years) 
(_+ SEM) 28.8 _+ 3.2 28.9 __+ 3.7 
Age range (years) 21-46 1.7--47 
Mean wcight (kg) 66.1 _+ 3.4 126.3 _+ 5.4 
Weight range (kg) 56-78 1(14-156 
Fasting plasma 
insulin range (mU/l) 1-9 7-32 
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Table 2. Effects of insulin infusion upon  blood glucose levels (mmol/1; mean  _+ SEM) 
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Time (min) 

0 5 10 15 20 25 30 30 min % basal 

Female 
Obese  (n = 20) 4.1 _+ 0.12 4.0 _+ 0.15 3.9 +- 0.13 3.7 _+ 0.14 3.7 _+ 0.15 3.5 _+ 0.13 3.5 +- 0.2 85.9 _+ 2.99 a 
Controls (n = 10) 3.6 _+ 0.06 3 .6+-  0.12 3.5 -2-_ 0.12 3.2 -+ 0.10 3.0 +- 0.11 2.8 +- 0.12 2.6 _+ 0.15 72.0 +- 3.67 

Male 
Obese  (n = 9) 3.7 +- 0.13 3.5 _+ 0.15 3.6 _+ 0.13 3.5 _+ 0.10 3.4 _+ 0.12 3.4 _+ 0.13 3.3 +- 0.17 88.4 _+ 2.86 a 
Controls (n = 7) 3.8 • 0.09 3.7 +- 0.09 3.6 + 0.09 3.3 +- 0.11 3.1 _+ 0.12 2.9 • 0.1 2.7 • 0.12 71.8 + 2.99 

a Difference f rom controls: p < 0.001 

Table 3. Effects of insulin infusion upon plasma N E F A  levels (gmol/1; mean  +- SEM) 

Time (rain) 

0 5 10 15 20 25 30 30 min 
% basal 

Female 
Obese  ( n = 2 0 )  600 .6+26 .8  612.8_+32.7 627.5+_36.2 626.1+-40.5 594.6_+37.7 583.4_+39.2 548.0+-38.7 91.2_+4.9 a 
Controls ( n = 1 0 )  675.6+-36.6 603.2_+48.7 570.2_+53.2 542 .6+51.9  463.2+-43.8 415.0_+47.8 361.8_+46.4 53.5_+6.6 

Male 
Obese  ( n = 9 )  618.9+-30.8 633.0+-32.3 641.3_+32.9 586.7_+32.3 606.0+-41.9 614.0+-41.6 571.2+-40.2 92.7_+6.1" 
Controls  ( n = 7 )  456.7_+35.9 384.3_+50.0 359.2_+37.5 311.0_+39.4 265.5+-27.6 239.7_+29.3 216.1+-16.8 47.3_+6.2 

a Difference from controls: p < 0.001 

thyroid and liver function. Before admission to the metabolic ward 
for the  insulin infusions, patients were interviewed by a dietician 
and were instructed to continue their usual  diet. 

Insulin infusion tests 

In  the  morning,  after an  overnight  fast, an indwelling venous 
catheter  was inserted in a vein in each arm, one for sampling and 
one for infusion. The  cannulae were kept  patent  by small injec- 
tions of 0.154 mol/1 sod ium chloride solution. Af ter  a 30-rain basal 
period, monoeomponen t  insulin (Actrapid) was infused at a con- 
stant  rate of 2.6 uni ts /h  in sal ine/albumin solution for a 30-min 
period. Venous  blood was sampled  at -30 ,  -20 ,  0, 5, 10, 15, 20, 25 
and 30 min. The  three pre- infusion values were used to calculate a 
mean  basal level. 

Whole  blood glucose was measured  in duplicate on a Techni-  
con Auto -Ana lyse r  using glucose oxidase. Plasma insulin was 
measured  by a double-ant ibody me t hod  [3] and plasma N E F A  by 
the fluorimetric me thod  of Carruthers  and Young  [4]. 

The  obese patients  were discharged from the metabolic ward 
after a fur ther  interview with the  dietician who prescribed a 
hypocaloric diet in the  proport ions 40% carbohydrate,  40% fat 
and 20% protein. Patients were subsequent ly  seen at approxi- 
mately 2-week intervals in the  obesity clinic, when  dietary recom- 
mendat ions  were reinforced. The insulin infusion test was repeated 
when  weight loss exceeded 10% of initial weight or after 2 -3  
mon ths  if weight loss had not  reached this target level. 

Statistical tests included paired and unpaired Student ' s  t tests 
and Wilcoxon's  test  for non-parametr ic  variables where appropri- 
ate. Coefficients of correlation were calculated by the  me thod  of 
least squares,  using a p rogrammed  HP 9 8 3 A  Calculator equipped 
with a plotter. 

Results 

The basal and post-infusion blood glucose values are 
presented in Table 2 and the percentage changes 
illustrated in Fig. 1. In the obese subjects, the effect 
of a 30-rain infusion was to lower the basal blood 
glucose level by approximately 12% on average com- 
pared with 28% in the controls, with no apparent sex 
difference in the response. 

The plasma NEFA results are similarly presented 
in Table 3 and Fig. 2. In the controls the insulin infu- 
sion produced a proportionately greater fall in NEFA 
than in blood glucose, reaching approximately 50% 
of basal at the nadir. By contrast the effect in the 
obese subjects was less than that upon blood glucose 
and thus very much less than the NEFA fall in the 
controls. 

Table 4 presents the basal and 30min plasma 
insulin levels only, for plasma levels were virtually 
constant after 10 min of infusion. Mean basal levels 
were substantially higher in the obese subjects, 
though the distribution in obese subjects and their 
controls overlapped (Table 1). In the controls the 
proportional increase in insulin concentrations (three 
to fourfold) was greater than in the obese subjects, 
though the increments were similar and not signifi- 
cantly different. 
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Fig. 1. Blood glucose level as percentage of basal during insulin 
infusion in obese and control subjects. Upper figure: females. 
Lower figure: males. O - - O  Obese; A z~ Control subjects 

Table 4. Plasma insulin levels before insulin infusion and at the 
end of the infusion (mU/l; mean + SEM) 

Basal insulin 30 min insulin 

Female  
Obese (n=20)  17.6+2.7 28.2+4.6 
Controls ( n =  10) 5.4+1.1 20.6+3.5 

Male  
Obese ( n = 9 )  15.3• 29.5+7.0 
Controls ( n = 7 )  4.6• 16.2+2.9 
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Fig. 2. Plasma NEFA level as percentage of basal during insulin 
infusion in obese and control subjects. Upper figure: females. 
Lower figure: males. O - - O  Obese; A A Control subjects 

The relationship between basal plasma insulin 
and the sensitivity to infused insulin as indicated by 
the percentage fall in blood glucose and plasma 
NEFA,  respectively, was calculated. The results were 
similar in the two sexes and they were recalculated 
for both sexes combined. In the controls there was a 
statistically significant inverse relationship between 
basal plasma insulin and insulin sensitivity, i. e. the 
lower the basal plasma insulin, the greater the fall in 
blood glucose or plasma N E F A  (blood glucose: r = 

0.61, p < 0.01; plasma NEFA: r = 0.50, p < 0.05). 
By contrast, neither index of insulin sensitivity was 
significantly related to basal plasma insulin in the 
obese subjects (blood glucose: r = 0.37, 0.1 > p > 
0.05; plasma NEFA: r = 0.24, p > 0.1). 

Effects of weight change: The obese patients who 
agreed to and subsequently had a second infusion test 
were arbitrarily classified into three groups according 
to their weight change following instruction in a 
hypocaloric diet: 
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Table 5. Measurements made before and after dietary therapy in the three groups of obese patients 
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Groups 

Fasting Fasting Fasting 30 rain 30 min 
blood glucose plasma NEFA plasma insulin blood glucose plasma NEFA 
(mmol/l) (~tmol/l) (mU/1) (% basal) (% basal) 

Before After Before After Before After Before After Before After 

A 3.6 +0.2 3.6+0.55 643.8+56.1 a 764.5 + _ 59.4 27.9+-7.6 b 15.1_+5.1 90.5+3.09 b 73.2_+3.76 81.5+2.4 b 70.6+3.5 
B 4.27_+0.24 3.9+0.20 643.8+-48.6 739.0_+ 69.6 21.9+4.8 16.5_+2.0 96.4+2.6 ~ 79.2+-2.7 96.4+1.7 c 79.2+-1.3 
C 3.7 +0.11 4.1+-0.3 604.0+88.2 473.5+-144.0 9.7_+3.2 a 22.9+-7.1 75.0+2.8 77.0+-2.96 83.4+1.8 b 93.8_+1.7 

Values are means+SEM 
Group A = weight loss > 10% of starting weight; group B = weight loss 1-10% of starting weight; group C = 
a p < 0.05; b p < 0.01; c p < 0.001 (paired t or Wilcoxon's tests). 

gained weight 

A. Weight loss of > 10% of starting weight (mean 
weight loss = 13.9 kg; mean  age = 29.4 years; six 
women, one man).  

B. Weight loss 1 - 1 0 %  of starting weight (mean 
weight loss = 6.3 kg; mean  age - 33 years; four 
women,  three men).  

C. Weight gain (mean weight gain = 8.2 kg; mean 
age = 28.6 years; two women,  one man).  
For  the comparison before and after dieting, the 

results for both  sexes have been combined. The mean  
level of fasting blood glucose showed little change in 
any group. In groups A and B there was a significant 
increase in the percentage fall in glucose and in the 
proport ional  fall in N E F A  after weight loss 
(Table 5). When all the obese subjects were con- 
sidered, there was a significant correlation between 
percentage change in plasma N E F A  fall after insulin 
and percentage change in weight ( r  = 0.54, p < 
0.05). The correlation between percentage blood 
glucose fall and percentage weight change was also 
positive, but not statistically significant ( r  = 0.28, 
p > 0.1). 

Basal plasma insulin levels fell in both  groups, A 
and B, but the difference was statistically significant 
only in Group  A (Table 5). 

Discussion 

The insulin infusion rate used in this study was cho- 
sen on the basis of the observations of Brown et al. 
[1], confirmed by Sacca et al. [2], that the predomi-  
nant  effect of a low dose insulin infusion is upon he- 
patic glucose release rather  than peripheral  glucose 
uptake. In the obese subjects the effect of a 30-rain 
infusion was to lower basal blood glucose by approxi- 
mately 12%, significantly less than the 28% in non- 
obese controls. Assuming that the observations of 
Brown et al. [1] and Sacca et al. [2] can be extrapo- 

lated to obese subjects, these results suggest a degree 
of hepatic insulin insensitivity in obese subjects, a 
finding in agreement  with those of Felig et al. [5, 6]. 

In the controls, the insulin infusion had a much 
greater  proport ional  effect upon plasma N E F A  
levels, with a maximal  fall to 50% of basal. By con- 
trast, the effect in the obese subjects was less than 
that upon blood glucose and thus very much less than 
the response in the controls. Rabinowitz and Zierler  
[7] repor ted that the effects of insulin upon 
peripheral  metabol ism are, at a given dose, more  
apparent  upon N E F A  release by cells than upon glu- 
cose uptake. Our  results in the control group are in 
agreement  with their observations. 

Nestel and Matar  [8] first showed that  infusion of 
insulin produces a lesser fall in plasma N E F A  in 
obese subjects than in non-obese  controls, though 
they used a substantially higher dose of insulin. This 
effect appears  to be  a peripheral  one, for the extrac- 
tion of N E F A  from the circulation by the liver is 
actually increased in obese subjects [5]. Nestel et al. 
[9] have produced further evidence that  the defect in 
obesity is a relative failure of cells - probably  muscle 
cells - to respond to the usual insulin stimulation of 
N E F A  re-esterification. 

West  et al. [10] showed that, in non-obese  sub- 
jects, the insulin sensitivity in terms of blood glucose 
fall could be  predicted from the basal plasma insulin 
level. The same phenomenon  was observed in our 
non-obese  controls, both  for blood glucose and 
plasma N E F A  decline. However ,  in the obese sub- 
jects, individual insulin insensitivity was not signifi- 
cantly related to the basal plasma insulin level. Insu- 
lin insensitivity, at least as measured in this study, 
appears  to be a function of the obese state ra ther  
than the degree of fasting insuIinaemia. This is at 
variance with the results of Harr ison et al. [11] who 
used a much larger insulin dose (0.1 U/g)  and thus 
presumably measured both peripheral  and hepatic 
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insulin effects. In the present study (data not shown) 
increasing adiposity (measured as Body Mass Index) 
[12] did not significantly affect hepatic insulin sen- 
sitivity either in controls or obese subjects, though it 
was significantly related to NEFA fall in the controls. 
The effect just escaped statistical significance in the 
obese subjects. It may be relevant that weight loss in 
the obese had more effect upon NEFA fall than glu- 
cose fall during insulin infusion. 

It now seems probable that the abnormalities in 
insulin receptors observed in obese humans and 
experimental animals are the result of hyperin- 
sulinaemia rather than its cause [13, 14]. Neverthe- 
less, the obese subjects in the present study with 'nor- 
mal' basal insulin levels were as insulin insensitive as 
those with high basal insulin levels. As with the latter, 
however, there was overlap with the controls in terms 
of both hepatic and peripheral insulin sensitivity. 
Thus, extreme obesity can occur without basal 
hyperinsulinaemia and without insulin insensitivity. 

Olefsky [15] has drawn attention to a sub-group 
of "non-hyperinsulinaemic" obese subjects, claiming 
that they were younger, with onset of obesity in 
childhood and distinguished by the presence of 
'hyperplastic' rather than 'hypertrophic' obesity. 
Baxter et al. [13] could not confirm this distinction 
and the obese subjects in the present study with basal 
insulin levels in the range of the controls had a mean 
age of 27.8 years, hardly different from those with 
elevated basal insulin values - mean age 29.8 years. 
Estimation of duration of obesity is imprecise, but we 
did not find any significant difference in duration of 
obesity in the two groups. 

Obese humans are more likely to have raised 
basal plasma insulin levels and to show evidence of 
insulin insensitivity, though either may occur inde- 
pendently of the other and neither is an inevitable 
accompaniment of the obese state. 
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