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Is oxidative stress the missing link between 
insulin resistance and atherosclerosis? 

Dear Sir, 
It is noteworthy that the hypotheses which have been advo- 
cated to explain the pathogenesis of cardiovascular disease 
(CVD) have been largely focused on the atherogenic potential 
of insulin and glucose. Insulin, or more properly insulin resist- 
ance, i.e. the metabolic abnormality characterizing "syn- 
drome X", has probably the most passionate supporters [1], 
but the evidence provided to affirm its involvement in the de- 
velopment of CVD is not univocal [2]. Independently of the 
blood insulin concentration and of the presence of diabetes, 
blood glucose level has been proven to be associated with 
CVD: subjects who have high-normal levels of blood glucose 
[3] and of glycated haemoglobin [4] but who are non-diabetic 
and non-insulin-resistant have an increased incidence of CVD. 

When insulin resistance and glucose have been investigated 
separately, they have been demonstrated to act as independent 
determinants of several risk factors for CVD. Hypertension 
has been linked to insulin resistance [5], but data also support 
the hypothesis that it might be associated with an impaired car- 
bohydrate metabolism [6]. The modifications of blood lipids 
typical of insulin resistance [1] are also present in patients 
with impaired glucose tolerance or diabetes [7]. Finally, plasma 
fibrinogen and PAI-1 concentrations have been shown to be in- 
creased in states of insulin resistance [8], but also during hyper- 
glycaemia [9]. 

When two substances such as insulin and glucose, which ap- 
pear so closely related physiologically, are implicated indepen- 
dently of each other in the development of CVD, it is legiti- 
mate to suspect that they may act by means of a third common 
mechanism. 

It is now clear that impaired glucose metabolism leads to 
oxidative stress [10], and that the glycation of proteins pro- 
duces free oxygen radicals [10]. The possibility that oxidative 
stress, i.e. the release of free radicals unbalanced by the pro- 
tective effect of anti-oxidants, might have a pathogenetic role 
in the development of CVD has been recently raised [11]. Ox- 
idative stress therefore might represent the biochemical mech- 
anism through which the alteration of glucose metabolism 
might result in the development of CVD. Is it possible to also 
link such a mechanism to insulin resistance? 

In our opinion, this sounds plausible. Preliminary findings in 
animal models indicate that rats with insulin resistance show 
signs of increased lipid peroxidation [12], while the administra- 
tion of anti-oxidants improves the action of insulin in humans 
[13-14]. This last evidence is consistent with the finding that 
troglitazone, the structure of which is similar to that of vita- 
min E [15], improves insulin-resistance in non-diabetic obese 
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subjects [16]. In adipocytes cultured in vitro, insulin increases 
the production of H20 2 [17], which has been shown to mimic 
the action o f  insulin [18]. Furthermore, the administration of 
vanadium reproduces the action of insulin [19] through the 
intercellular release of free radicals [20]. On the basis of this 
evidence, we propose oxidative stress as the best candidate for 
the role of final common mediator by which glucose and 
insulin resistance, via their action on risk factors, might contrib- 
ute to the development of CVD. Experimental models of insu- 
lin resistance are available and it could be worth testing 
whether the administration of an anti-oxidant in this setting 
might result in the prevention of atherosclerosis and/or of its 
risk factors. 

Yours sincerely, 
A. Ceriello, M. Pirisi 

References 

1. Reaven GM, Laws A (1994) Insulin resistance, compensa- 
tory hyperinsulinaemia, and coronary heart disease. Dia- 
betologia 37:948-952 

2. Jarrett RJ (1992) In defence of insulin: a critique of syn- 
drome X. Lancet 340:469-471 

3. Yarnell JWG, Pickering JE, Elwood PC et al. (1994) Does 
non-diabetic hyperglycemia predict future IHD - evidence 
from the Caerphilly and Speedwell Studies. J Clin Epide- 
miol 47:383-388 

4. Singer DE, Natahn DM, Anderson KM, Wilson PWF, 
Evans JC (1992) Association of Hb Alc with prevalent car- 
diovascular disease in the original cohort of the Framing- 
ham Heart Study. Diabetes 41:202-208 

5. Ferrannini E, Natali A (1991) Essential hypertension, met- 
abolic disorders, and insulin resistance. Am Heart J 121: 
1274-1282 

6. Ceriello A, Quatraro A, Giugliano D (1993) Diabetes mel- 
litus and hypertension. The possible role of hyperglycaemia 
through oxidative stress. Diabetologia 36:265-266 

7. Fontbonne A, Eschwege E, Cambien F et al. (1989) Hyper- 
triglyceridaemia as a risk factor of coronary heart disease 
mortality in subjects with impaired glucose tolerance or di- 
abetes. Results from the 11-year follow-up of the Paris Pro- 
spective Study. Diabetologia 32:300-304 

8. Juhan-Vague I, Thompson SG, Jespersen J (1993) Involve- 
ment of the hemostatic system in the insulin resistance syn- 
drome - a study of 1500 patients with angina pectoris. Arte- 
rioscler Thromb 13:1865-1873 

9. Ceriello A (1993) Coagulation activation in diabetes metli- 
tus: the role of hyperglycaemia and therapeutic prospects. 
Diabetologia 36:1119-1125 

10. Ceriello A, Quatraro A, Giugliano D (1992) New insights 
on non-enzymatic glycosylation may lead to therapeutic 
approaches for the prevention of diabetic complications. 
Diabet Med 9:297-299 

11. Halliwell B (!993) Free radicals and vascular disease: how 
much do we know? BMJ 307:885-886 



Letter to the editors 

12. Kazdovfi L, Vrana A, Matejckov~ M, Vidlfikov~ M (1994) 
Increased lipid peroxidation in an experimental model of 
metabolic syndrome X: effect of dietary oils. Diabetologia 
37 [Suppl 1]: A 533 (Abstract) 

13. Paolisso G, D'Amore A, Giugliano D, Ceriello A, Varric- 
chio M, DOnofrio F (1993) Pharmacological doses of vita- 
min E improve insulin action in healthy subjects and non- 
insulin dependent diabetic subjects. Am J Clin Nutr 57: 
65O-656 

14. Paolisso G, D'Amore A, Balbi Vet al. (1994) Plasma vita- 
min C affects glucose homeostasis in healthy subjects and 
non-insulin dependent diabetics. Am J Physiol 266: E261- 
E268 

15. Fujiwara T, Yoshioka S, Yoshioka T, Ushiyama I, Horikoshi 
H (1988) Characterization of new oral antidiabetic agent 
CS-045: studies in KK and ob/ob mice and Zucker fatty 
rats. Diabetes 37:1549-1558 

16. Nolan JJ, Ludvik B, Beerdsen P, Joyce M, Olefsky J (1994) 
Improvement in glucose tolerance and insulin resistance 

1485 

in obese subjects treated with troglitazone. N Engl J Med 
331:1188-1193 

17. Muchmore DB, Little SA, deHaen C (1982) Counterregu- 
latory control of intracellular hydrogen peroxide produc- 
tion by insulin and lipolitic hormones in isolated rat epid- 
idymal fat cells: a role for free fatty acids. Biochemistry 21: 
3886-3892 

18. Hayes GR, Lockwood DH (1987) Role of insulin receptor 
phosphorylation in the insulinomimetic effects of hydrogen 
peroxide. Proc Natl Acad Sci USA 84:8115-8119 

19. Heffetz D, Bushkin J, Dror R, Zick Y (1990) The insulino- 
mimetic agent H202 and vanadate stimulate protein ty- 
rosine phosphorylation in intact cells. J Biol Chem 265: 
2896-2902 

20. Yin X, Davison AJ, Tsang SS (1992) Vanadate-induced 
gene expression in mouse C127 cells: roles of oxygen de- 
rived active species. Mol Cell Biochem 115:85-96 

Could coenzyme QIO and L-carnitine 
be a treatment for diabetes secondary 
to 3243 mutation of mtDNA? 

Dear Sir, 
Maternally-inherited "diabetes and deafness syndrome" has 
been related to a point mutation of mtDNA leading to an A to 
G transition at position 3243 in the tRNA leucine gene [1-9]. 
This mutation has been previously observed in patients with 
MELAS (mitochondrial myopathy, encephalopathy, lactic aci- 
dosis and stroke-like episodes). In this disease, as in other mito- 
chondrial myopathies, treatment by coenzyme Q10 has been 
shown to dramatically improve muscle oxidative metabolism 
in some patients [10-14]. We wondered whether coenzyme 
Q 10 or related compounds which improve mitochondrial oxida- 
tive processes might be useful in the treatment of this type of di- 
abetes. Accordingly, we treated a diabetic patient who exhibited 
the 3243 mutation with a combination of coenzyme Q10 
(150 mg/day) and L-carnitine (2 g/day) for 6 months in order to 
evaluate whether improvement of glucose tolerance as well as 
muscle oxidative functions could be observed. 

The patient was a 49-year-old woman who had a 3243 mu- 
tation in the tRNA leucine gene identified with a combination 
of maternally-inherited diabetes, deafness and atypical pig- 
mentary retinitis. Non-insulin-dependent diabetes was diag- 
nosed at the age of 25 years and insulin treatment had to be 
introduced at the age of 40 years after oral hypoglycaemic 
agent failure. Of the total mtDNA, 11% of that in blood 
cells and 74 % of that in muscle was found to be mutated. 
Muscle impairment had been diagnosed by pathology and 31p 
nuclear magnetic resonance spectroscopy. The 31p magnetic 
resonance spectroscopy data were recorded throughout a 
standardized rest-exercise-recovery protocol as previously de- 
scribed [15]. Low residual insulin secretion was assessed by C- 
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peptide measurement before and after i.v. injection of i mg of 
glucagon (Novo Nordisk laboratory Gentofte, Denmark). 

The effect of the treatment on glucose tolerance at 3 and 
6 months is summarized in Table 1. During coenzyme Q10 
and L-carnitine administration metabolic post-stimulative C- 
peptide values did not change. In contrast, at the muscular le- 
vel the patient felt better and 31p NMR spectroscopy showed 
an improvement in oxidative metabolism. Metabolic changes 
were recorded before and after 3 months of treatment. De- 
creased phosphocreatine/inorganic phosphate (PCr/Pi) ratio 
measured at rest, before treatment, indicated an impaired 
muscle energy state, while after palliative therapy, normaliza- 
tion of the value reflected the improvement of oxidative me- 
tabolism. Similarly, ADP concentration, calculated from the 
creatine kinase equilibrium, returned to normal after treat- 
ment (35.68 vs 9.87 ~mol/1). During the 3-rain exercise of the 
forearm flexor muscles, glycolysis-induced pH decrease was 
large (6.23) compared to the pre-treatment value (6.63) 
whereas a trend towards a iimitation of the PCr breakdown 
(20.98 vs 15.36 mmol/1) was observed. Kinetics of PCr/Pi re- 
covery, closely associated with the mitochondrial function, 
was slower than normal before treatment, as a manifestation 
of oxidative impairment. Taking into account the effect of 
end-of-exercise pH on recovery processes [16], the PCr/Pi ki- 
netics returned to normal upon treatment, further confirming 
the positive effect of coenzyme Q palliative therapy upon mus- 
cular oxidative metabolism. Finally, the clinical tolerance was 

Table 1. Effects of treatment by coenzyme Q10 (150 mg/day) 
and L-carnitine (2 g/day) 

Month of therapy 

- 6  0 3 6 

Daily insulin dose 
(IU/day) 92 100 92 106 

Basal C-peptide 
(rmaol/1) 0.17 0.22 0.15 0.10 

Post-stimulative 
C-peptide (nmol/1) 0.23 0.22 0.30 0.15 

HbA1c (%) 8.1 7.9 8.2 8.1 


