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The insulin resistance syndrome: the controversy is dead, 
long live the controversy! 
M. P, Stern 
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In the first article in this collection Jarrett reiterates his 
familiar complaint that the epidemiologic evidence 
implicating insulinaemia as a cardiovascular risk fac- 
tor is at best weak [1]. Neither Reaven nor Fontbonne 
dispute this point [2, 3]. The concurrence by Font- 
bonne is particularly noteworthy, since she is a key in- 
vestigator on the Paris Prospective Study, one of the 
main studies which launched insulin on its now falter- 
ing career as a cardiovascular risk factor. Both Reaven 
and Fontbonne propose that it is not the insulinaemia 
per se, but rather the entire insulin-resistance syn- 
drome (IRS), especially its dyslipidaemic (specifically, 
high triglyceride and low HDL)  and haemodynamic 
correlates, that confer enhanced cardiovascular risk. 
With this formulation Jarrett concurs [1]. So the con- 
troversy is dead? Well, perhaps not quite. 

Jarrett continues the dialogue by asking why, if in- 
sulinaemia is correlated with established cardiovas- 
cular risk factors, it is not itself a cardiovascular risk 
factor, at least in univariate analyses. It is instructive 
to contrast the performance of insulin as a cardiovas- 
cular risk factor with its performance as a diabetes risk 
factor. Insulin is a strong univariate risk factor for 
diabetes in at least six prospective studies [4]. But it is 
no longer a risk factor in multivariate models which 
contain the anthropometric, dyslipidaemic, and hae- 
modynamic features which constitute the IRS [5]. 

Reaven has nicely summarized the multiple mech- 
anisms whereby insulin resistance and/or the accom- 
panying hyperinsulinaemia adversely affect blood 
pressure, triglyceride, and HDL. He also highlights 
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the possible role of some "new-comers" to the IRS, 
namely, small, dense LDL and plasminogen activator 
inhibitor-1 (PAI-1), which suggest additional me- 
chanisms whereby the IRS could enhance cardiovas- 
cular risk. But, even granting these mechanisms, this 
does not mean that insulin is the only influence on 
these other established and potential cardiovascular 
risk factors. In fact, the existence of other influences is 
hardly a matter  of debate. The more pertinent ques- 
tion relates to the quantitative relationships among 
these various influences. Table i shows the residual 
variances in triglyceride, HDL, and blood pressure 
after accounting for the effects of age and in- 
sulinaemia, either fasting or 2 h after a standard oral 
glucose load, as determined in the San Antonio Heart  
Study. The results are derived from multiple regres- 
sion analyses with either triglyceride, HDL, or blood 
pressure as dependent  variables and age and either 
fasting or 2-h insulin as independent  variables. The 
residual variances were calculated as 1.0 minus the 
Multiple R 2 for each regression model where the 
Multiple R 2 equals the percent of variance accounted 
for by the independent  variables in the model. I wish 
to emphasize that in each of the 32 regression models 
represented in Table 1 the effect of insulinaemia on 
the dependent  variable was statistically highly sig- 
nificant (p < 0.001). Despite this. it is clear thai a 
minimum of 71.1% and as much as 96.5 % of the vari- 
ance in lipid and blood pressure levels is not explained 
by insulinaemia. It might be argued that if we had a 
more precise measure of insulinaemia, or perhaps if 
we had measured insulin resistance by a definitive 
method, the residual variances would have been low- 
er. But, since the thing to be explained is the weak 
univariate signal given by insulinaemia as customarily 
measured in epidemiologic studies, the independent 
variables in Table 1 would appear to be appropriate. 
These results suggest that if the effect of insulinaemia 
on cardiovascular risk is mediated by the lipid and 
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Table 1. Residual variances ( (1-multiple R 2) • 100 %) in lipids 
and blood pressure after accounting for the effects of age and 
insulinaemia 

Dependent variables 

Trigly- HDL Systolic Diastolic 
cerides blood blood 

pressure pressure 

Mexican American men (n = 1139) 
Fasting insulin 87.3 % 93.3 % 89.1% 95.0 % 
2-h insulin 91.9 % 96.1% 86.8 % 96.1% 

Mexican American women (n = 1572) 
Fasting insulin 79.5 % 88.3 % 72.2 % 91.6 % 
2-h insulin 83.9 % 93.4 % 73.3 % 92.1% 

Non-Hispanic men (n = 650) 
Fasting insulin 90.0 % 95.2 % 90.5 % 96.5 % 
2-h insulin 88.8 % 92.3 % 89.7 % 95.4 % 

Non-Hispanic women (n = 805) 
Fasting insulin 72.8 % 89.7 % 71.1% 93.4 % 
2-h insulin 73.0 % 90.8 % 71.3 % 95.0 % 

blood pressure variables shown in Table 1, the extra- 
neous influences on these variables are probably suf- 
ficient to weaken or even obliterate the univariate in- 
sulin signal. 

Jarrett has juxtaposed the following three concepts: 
first, that insulin, since it is correlated with well- 
established cardiovascular risk factors, ought itself to 
be a univariate risk factor, but is not; second, that 
conventional insulin immunoassays cross-react with 
proinsulin and other insulin precursors; and third that 
proinsulin is also correlated with the same cardiovas- 
cular risk factors as insulin. Although Jarrett does not 
say so explicitly, the same reasoning which leads him 
to conclude that insulin ought to be a univariate risk 
factor can be applied to proinsulin. A conceivable 
synthesis of these concepts is that insulin is actually 
protective against cardiovascular disease, but appears 
neutral in epidemiologic studies because the im- 
munoassays used in such studies cross-react with 
proinsulin which is the "true" risk factor and which 
cancels the protective effects of insulin. Jarrett speci- 
fically postulates a protective effect of insulin, but only 
hints at the rest of the argument. 

What can we say about this surprising theory? 
Firstly, it is not exactly parsimonious. The data in Ta- 
ble 1 suggest that it is hardly necessary to take such 
leaps to explain the lack of a univariate effect of in- 
sulin on subsequent cardiovascular disease. Secondly, 
biological mechanisms whereby proinsulin might en- 
hance cardiovascular risk do not come readily to mind. 
Moreover, data from San Antonio indicate that most 
"hyperinsulinaemic" states have genuine hyper- 
insulinaemia, which is not merely an artifact produced 
by cross-reactivity with elevated proinsulin levels. 
Using an insulin immunoassay which is specific for in- 
sulin (human insulin-specific R I A  method, Linco Re- 
search, St. Louis, Mo, USA) and which has less than 
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0.2 % cross-reactivity with proinsulin, we have con- 
firmed that Mexican Americans are truly hyper- 
insulinaemic relative to non-Hispanic whites [6] and 
that patients with impaired glucose tolerance are truly 
hyperinsulinaemic relative to subjects with normal 
glucose tolerance (San Antonio Heart  Study, un- 
published data). It is true that proinsulin is also ele- 
vated in these hyperinsulinaemic subjects, but not dis- 
proportionately so, as is shown by a normal proinsulin- 
to-insulin ratio [6]. Disproportionate elevations of 
proinsulin appear to occur mainly in patients with 
frank diabetes [7, 8]. The results in impaired glucose 
tolerance are more variable [9, 10], perhaps reflecting 
how close the patient is to decompensating to dia- 
betes. 

Much has been made of the fact that proinsulin, like 
insulin itself, correlates with cardiovascular risk fac- 
tors. Although Jarrett asserts that these correlations 
are stronger than the corresponding correlations with 
insulin itself, the picture is actually more mixed. For 
certain cardiovascular risk factors, insulin shows the 
stronger correlation, and for others proinsulin shows 
the stronger correlation [11, 12]. In any case, correla- 
tions are not by themselves evidence of causality. 
Proinsulin signals a failing pancreas, and thereby 
marks the end-stage of the pre-diabetic process. Since 
the pre-diabetic state is characterized by the IRS [5, 
13], it is hardly surprising that proinsulin is correlated 
with the various elements of this syndrome. 

Are these disputes mere  arcana of interest to clois- 
tered academicians only? I think not. Insulin is not 
merely a substance which is measured by imperfect 
immunoassays having greater or lesser degrees of 
cross-reactivity with proinsulin. It is also a medication 
which is administered to patients. Many clinicians are 
now asking whether  aggressive efforts to control hy- 
perglycaemia with exogenous insulin could, by virtue 
of the resulting hyperinsulinaemia, increase cardio- 
vascular risk. The Diabetes Control and Complica- 
tions Trial (DCCT) has now provided strong (many 
would say conclusive) evidence that intensive insulin 
management  of IDDM markedly reduces their risk of 
microvascular complications, specifically, retinopathy, 
nephropathy, and neuropathy [14]. The American 
Diabetes Association, in a position statement [15], 
concluded that, insofar as glycaemic control was con- 
cerned, the DCCT results could probably also be ex- 
trapolated to NIDDM. They further noted that the 
adverse consequences of intensive insulin manage- 
ment, namely weight gain and a threefold increase in 
hypoglycaemic episodes, could have more deleterious 
consequences for NIDDM patients since they are 
more likely to have co-morbid conditions such as car- 
diovascular disease. Such co-morbidity might make 
them more vulnerable to levels of hypoglycaemia that 
might not harm an otherwise healthy IDDM patient. 
Since NIDDM patients are typically obese and insulin 
resistant, many would require high doses of exogenous 
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insulin, over 100 or even 150 IU per day in some cases, 
to achieve euglycaemia. Even if one stops short of ab- 
solute euglycaemia (for fear of dangerous hypogly- 
caemic episodes, for example), the DCCT results ar- 
gue for more aggressive management  of hyperglycae- 
mia in NIDDM patients. The extent to which such an 
approach might enhance cardiovascular risk depends 
on the extent to which hyperinsulinaemia (in this case 
exogenous) drives the IRS. In this regard the weak 
epidemiologic signal and the results presented in Ta- 
ble i are reassuring. It is also the case that, if insulin 
increases cardiovascular risk solely by virtue of its ef- 
fects on other risk factors, the latter can be monitored 
for any deterioration. In fact, the available literature 
suggests that improved glycaemic control with insulin 
actually improves rather than worsens the lipid profile 
(studies summarized in [16] ). 

So insulin has been exonerated! Alas, not quite. A 
recent report from the Feasibility Trial of the VA Co- 
operative Study on Glycemic Control and Complica- 
tions in Type II Diabetes suggests that patients rando- 
mized to intensive treatment with insulin experienced 
m o r e  cardiovascular events than those randomized to 
conventional t reatment [17]. Although these results 
represent only a pilot study involving 153 subjects fol- 
lowed for an average of 27 months, they nevertheless 
achieved statistical significance (p = 0.04). It is now 
urgent that the full 8-year trial involving over 
1400 subjects be carried out. On the other hand, it is 
somewhat reassuring that the University Group Dia- 
betes Program trial produced no evidence to suggest 
that insulin administration increased cardiovascular 
risk [18]. However, if a full-scale clinical trial re-indicts 
insulin, we will then be forced to proclaim, the con- 
troversy is dead, long live the controversy! 
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