
Letters to the editors 

Evaluation of octreotide to assess insulin- 
mediated glucose disposal by the insulin 
suppression test 

Dear Sir, 
Insulin resistance is commonly seen in patients with impaired 
glucose tolerance or non-insulin-dependent diabetes mellitus 
NIDDM, normoglycaemic first-degree relatives of patients with 
NIDDM, patients with high blood pressure and their normo- 
tensive first-degree relatives, dyslipidaemic individuals with 
high plasma triglyeeride and low HDL cholesterol concentra- 
tions, and both microvascular angina and conventional coronary 
heart disease [1-8]. Given these observations, it is not surprising 
that this phenomenon has received, and continues to receive 
considerable attention. In this context, plasma insulin concentra- 
tion is often used as a surrogate marker for insulin-mediated glu- 
cose uptake. Although the relationship between plasma insulin 
concentration and insulin resistance is statistically significant in 
non-diabetic subjects [9], measurement of the plasma insulin 
level is not identical to the direct determination of insulin resis- 
tance, either quantitatively or conceptually. 

For approximately 20 years we have used a simple infusion 
procedure (insulin suppression test) to directly measure insulin- 
mediated glucose uptake based upon the suppression of en- 
dogenous insulin secretion and the constant infusion of glucose 
and exogenous insulin [1-8]. Under these conditions, similar 
steady-state plasma insulin (SSPI) concentrations are reached in 
all individuals, and the steady-state plasma glucose (SSPG) con- 
centration provides a direct estimate of insulin-mediated glucose 
uptake. More recently we have used somatostatin to suppress 
endogenous insulin secretion as initially suggested by Harano et 
al. [10]. Although this approach is satisfactory, it suffers from 
some practical drawbacks. For example, in the United States the 
use of somatostatin requires tiling for an investigative new drug 
number at the Food and Drug Administration. A specific grade 
of good manufacturing practice of this material must be pur- 
chased in bulk and prepared in aliquots for intravenous infusion. 
Furthermore, it is necessary to prove lack of pyrogenicity for 
these preparations. The present study was initiated in an effort to 
overcome these practical hurdles, and to simplify the use of the 
insulin suppression test to directly assess insulin resistance. Spe- 
cifically, we compared the results of measuring insulin resistance 
with the commercially available somatostatin analogue, octreo- 
tide, and somatostatin. 

The study population consisted of 29 normal volunteers, 
13 males and 16 females in good general health, taking no 
medication known to influence carbohydrate or lipid metabo- 
lism. They had a mean age of 46years (range 22-69) and a 
mean body mass index of 26.1 kg/mZ(range 18.6-35.4). Criteria 
for inclusion into the study included a normal medical history, 
physical examination, haemogram, and chemical screening bat- 
tery. In addition, all subjects had a normal oral glucose toler- 
ance test. This study was approved by the Stanford Human 
Subjects Committee, and each subject gave written informed 
consent. 

The insulin suppression test (IST) was performed in each vol- 
unteer on two occasions, between 2 days and 2 months apart. 
Volunteers were instructed not to change their usual diet or level 
of physical activity during the interval between the two tests, and 
there was no significant difference in their weight on the two oc- 
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casions. In 18 subjjects, one IST was performed with somato- 
statin (SRIF) and the other with octreotide (a gift from Dr. 
B. Given, Sandoz Research Institute, East HANOVER,  NJ), 
with the order of the two tests being randomized. In 11 subjects 
the IST was performed with SRIF on two occasions. 

Volunteers were admitted to the Stanford General Clinical 
Research Center on the afternoon before each study. The IST 
was performed at 08.00 hours following at 12-h fast. All patients 
were infused with glucose (240 mg �9 m 2 �9 r a i n -  1) and insulin 
(25 mU �9 m 2 min- 2) for 180 rain via an indwelling catheter in 
a superficial antecubital vein. In addition, either SRIF 
(5 gg/min) or octreotide (0.5 gg/min preceded by a 25-gg bolus) 
was infused over the same time period. Venous blood samples 
were obtained for measurement of plasma glucose and insulin 
concentrations from a similar catheter inserted in a contralateral 
antecubital vein kept patent by slow infusion of 0.9 % NaC1 [3- 
8]. Blood was drawn every 30 min until 150 min and then every 
10 rain from 150-180 min. The mean value of these last four 
measurements was used to calculate SSPG and SSPI concentra- 
tions. Since the SSPI levels are comparable in all subjects, the 
height of the SSPG response is a direct reflection of the effi- 
ciency of insulin-mediated glucose disposal. Thus, the higher the 
SSPG value the more insulin resistant the subject. Data are ex- 
pressed as the mean ( + SEM), and the significance of the dif- 
ference in SSPG and SSPI responses observed between the two 
ISTs was evaluated by two-way (mean values) or three-way 
(values from multiple time points) analysis of variance 
(ANOVA) with "difference" and "patient", and/or time points 
being the factors. 

A comparison of the time e0urse of plasma insulin and glu- 
cose concentrations when the IST was performed with either 
SRIF or octreotide is shown in Figure 1 A. It is apparent that the 
values for both insulin and glucose were essentially identical 
throughout the two studies, irrespective of whether SRIF or oe- 
treotide was used to suppress endogenous insulin secretion. In 
addition, mean values of the last four time points for the SSPI 
(349 + 36 vs 347 + 27 pmol/1) and SSPG (7.1 +_ 0.8 vs 6.9 + 
0.7 mmol/l) concentrations were the same when subjects were 
infused with octreotide or SRIF. 

Individual SSPG values for the 18 subjects infused with 
both SRIF and octreotide are shown in Figure 1B as a scatter- 
gram. These results indicate that SSPG values resulting from the 
two IST studies were highly correlated (r = 0.93, p < 0.001) 
over an approximate eight-fold range of SSPG concentrations. 

Figure 1 C displays the relationship observed when the IST 
was performed in 11 individuals, using SRIF on both occasions to 
suppress endogenous insulin secretion. As was the case in Fig- 
ure 1B, the SSPG values resulting from the two tests were highly 
correlated (r = 0.97,p < 0.001). Not surprisingly, SSPI (402 + 
39 vs 406 +_ 51pmol/1) and SSPG (9.3 +_ 1.6 vs 9.4 + 
1.6 mmol/1) concentrations in the two studies were essentially 
identical. 

The data shown in Figures 1A and B clearly demonstrate 
that the SSPI and SSPG values achieved during the IST are simi- 
lar, irrespective of the use of SRIF or octreotide to suppress en- 
dogenous insulin. Furthermore, this was true of both the time 
course and the final steady-state plasma glucose and insulin con- 
centrations. Consequently, the IST can be successfully per- 
formed with octreotide, enabling the interested clinical investi- 
gator to assess insulin-mediated glucose disposal in humans 
without the inconvenience of having to obtain an investigative 
new drug number and be responsible for assuring the sterility 
and lack of pyrogenicity of the material used to suppress en- 
dogenous insulin secretion. 

The data presented in Figures 1 B and C provide additional 
evidence of the reproducibility of the SSPG values obtained 
when the IST is performed in the same individual on two occa- 
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Fig.IA-C. A Time course of plasma insulin 
and glucose concentrations achieved during 
the insulin suppression test, and B correla- 
tion between steady-state plasma glucose 
(SSPG) values, achieved using either somato- 
statin ( �9 ) or octreotide to suppress en- 
dogenous insulin. C Reproducibility of SSPG 
achieved when the insulin suppression test 
was performed on two occasions using soma- 
tostatin 

sions. Specifically, the correlation coefficients between the two 
tests were r = 0.93 and r = 0.97 in duplicate studies in the 18 
and 11 subjects, respectively. It should be emphasized that the 
SSPG concentrations of the individuals studied varied over an 
eight-fold range, indicating that the IST can provide reproduc- 
ible estimates of insulin-mediated glucose uptake irrespec- 
tive of whether the subjects are insulin sensitive or insulin resis- 
tant. 

Finally, the results of these studies emphasize the utility of 
the IST to compare insulin-mediated glucose disposal in non- 
diabetic subjects. Interest in the role played by insulin resistance 
in the pathogenesis and clinical courses of several diseases has 
increased considerably. Plasma insulin concentration is often 
used as a surrogate marker for insulin resistance. However, indi- 
viduals can vary in both the hepatic and peripheral catabolism of 
insulin, and the presence of hyperinsulinaemia cannot necessar- 
ily be equated with being synonymous with insulin resistance. 
Consequently, the view that quantitative differences in plasma 
insulin level can provide accurate estimates of insulin-mediated 
glucose uptake is problematic. In this context, use of the IST is 
worthy of consideration. 

We have previously shown in a large population of non- 
obese and obese individuals with varying degrees of glucose 
tolerance that values of insulin resistance obtained with the IST 
are highly correlated (r = 0.93) with those achieved with the 
glucose clamp technique [11]. Thus, the results of the present 
study in non-diabetic subjects are also likely to apply to patients 
with states of glucose intolerance. The IST is highly reproduc- 
ible, as both this and the earlier study [11] demonstrated, and the 
results are not affected by investigator behaviour. Finally, it is 
easily and safely performed, less investigator intensive, requir- 
ing only a 180-rain infusion, with plasma glucose and insulin con- 
centrations measured on four occasions during the final 30 rain, 

and it is possible to obtain values for insulin-mediated glucose 
uptake without the need for sophisticated mathematical modell- 
ing. As such, the IST using octreotide to inhibit endogenous in- 
sulin secretion provides the investigator with a simple, practical 
and time-tested approach to quantify insulin-mediated glucose 
disposal in human beings. 

D. Pei, C. N. O. Jones, R. Bhargava, Y.-D. I. Chert, G. M. Reaven 
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Selection of control subjects for case/control 
analysis of susceptibility to Type 1 
(insulin-dependent) diabetes mellitus 

Dear Sir, 

Pozzilli et al. [1] suggest several possible sources for control 
subjects for studies of Type 1 (insulin-dependent) diabetes. For 
the examination of HLA-associations alone they suggest that 
blood donors are likely to be satisfactory, subject to adequate 
matching by ethnic group, which seems a very sensible and 
practical proposal if the donors' ethnicity is adequately known, 
an if the cases are obtained from the entire catchment area of 
the blood donor service. 

They suggest, for studies looking at environmental factors, a 
number of additional sources for control subjects. They are of 
the view that individuals who may later develop diabetes should 
be excluded, and that various efforts should be made to match 
diabetic cases and control subjects for some of the known H L A  
associations. 

We do not agree with this proposal. The purpose of match- 
ing in analytical epidemiological studies of environmental de- 
terminants of disease is quite different, and has nothing to do 
with the fundamental design issue of collecting diabetic cases 
and sampling control subjects in an unbiased way. Matching is 
essentially a convenience, and should be used for clearly iden- 
tified, and easily measured risk factors, such as age and sex, 
which are not in themselves of interest as analytical variables. 
Briefly, matching induces a confounding of the disease-ex- 
posure relationship by the matching factors, and this con- 
founding is adjusted for in the analysis. A consequence of this is 
that it is not possible to carry out any meaningful analyses 
using the matching factors. Indeed matching by H L A  pheno- 
types would exclude the possibility of investigating the inter- 
action between environmental exposures and genetic suscept- 
ibility. 

The most significant development in epidemiologic metho- 
dology in the last decade is a more detailed understanding of the 
nature of the case-control study. Miettinen [2] has snmmarised 
this work, albeit rather opaquely. Rothman [3] is a more acces- 
sible source. The key notion is the unbiased comparison of a 
census of cases with a sample from a base of control subjects. 
This base can be most elegantly defined as "all those persons 
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who, if they were to develop the disease of interest during the 
study period, would be eligible to be cases" [3]. 

The choice of control subjects is critical. It is not difficult to 
match cases and control subjects too closely, and one of the 
proposals, selecting control subjects from classmates, would al- 
most certainly accomplish this. There is good evidence [4] that 
factors acting in early life are important in the aetiology of 
childhood diabetes, and some evidence [5, and Staines, Bod- 
ansky, McKinney et al. unpublished observations] that area of 
residence is a significant risk factor for Type i diabetes. Selec- 
tion of classmates would almost certainly match closely on re- 
sidence, and might well match closely for social factors, which 
are related to infant feeding and child rearing practices. The 
potential influence of these factors could be entirely obscured. 

Eliminating persons with a family history of diabetes from 
consideration as control subjects would tend to selectively 
eliminate families exposed to the putative environmental risk 
factors, and could therefore tend to exaggerate any associations 
which might be uncovered. It would also tend to strengthen any 
confounding present in the study population, and would render 
the entire analysis suspect. In additon the difficulty of im- 
plementing this in practice, and incurring a significant extra cost 
in approaching control subjects should not be under-estimated. 
A more appropriate approach would be to record information 
on family history, and to adjust for this in the analysis. 

We agree that selecting two haplotype different siblings of 
diabetic patients as control subjects would cause serious pro- 
blems of interpretation, both for the analysis of genetic risks, 
and for the analysis of environmental factors. 

In conclusion the choice of appropriate control subjects for a 
case-control study is certainly not easy. Control subjects and 
diabetic cases should have precisely the same eligibility criteria, 
and control subjects should be sampled from the best available 
population lists, if these exist. If  they don't, great care needs to 
be taken to avoid bias and overmatching of diabetic cases and 
control subjects. For case-control studies looking at environ- 
mental risk factors, (as opposed to cohort studies) it is hard to 
see any justification for genetic exclusion criteria applied to 
control subjects alone. 

Yours sincerely, 
A. Staines, 
R A. McKinney 
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