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Abnormalities of cholesterol metabolism in diabetes 
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The basic lesion leading to the high morbidity and mortality in diabetes is athero- 
sclerosis. The histological picture of atherosclerosis in the diabetic is similar to that found 
in the non-diabetic, yet atherosclerosis is more frequent and more severe in diabetes 
(West, 1978; Krolewski et al. 1987a,h). Gangrene of the foot is five times more common 
and myocardial infarction and strokes are also more frequent than in non-diabetic 
subjects (Fuller et al. 1983; Brand et al. 1989). The relationship between cholesterol and 
atherosclerosis is well known in the non-diabetic population. For example, Castelli et al. 
(1986) reporting on the famous Framingham study, in which about 5000 men and women 
between 30 and 60 years of age on entry to the study were followed and reviewed at 
regular intervals, found that there was a direct and independent relationship between 
elevated serum cholesterol levels and symptoms suggestive of atherosclerosis. In the 
diabetic population Brand et al. (1989) examined the incidence of diabetes in inter- 
mittent claudication in 1813 men and 2004 women during a 34-year follow-up. For both 
sexes diabetes was associated with a two-threefold excess risk of intermittent claudi- 
cation compared with its absence. Reckless ef al. (1978) have shown that the connection 
between lipoprotein-cholesterol and the prevalence of vascular disease in the diabetic 
patient is the same as the non-diabetic, but it  is not known why the diabetic with similar 
lipid profile to his non-diabetic counterpart is much more at risk of developing 
atherosclerosis. For this reason, there has been a proliferation of research work on more 
complex alterations in lipoprotein-cholesterol in the diabetic in an effort to understand 
the way in which diabetes speeds up the atherogenic process. 

T H E  PHYSIOLOGY O F  C H O L E S T E R O L  METABOLISM 

To understand some of the complex alterations in cholesterol metabolism in the diabetic 
patient, it is necessary to discuss the physiology of cholesterol metabolism in broader 
outlines. Cholesterol is either absorbed by the gut from the food or synthesized from 
acetate in the cell. Absorption of cholesterol is dependent on the small intestinal mucosa 
being intact. The cholesterol molecule is absorbed by pinocytosis and transferred to the 
lacteal in the villus where it is assembled, together with triacylglycerols, phospholipids 
and protein to make very-low-density chylomicrons. These are transported via the 
thoracic duct and eventually to the liver. Diabetes in humans and experimentally induced 
in animals may be associated with intestinal hypertrophy. Increased intestinal cholesterol 
absorption or synthesis, or both, has been shown to accompany poorly-controlled 
diabetes (Devery et al. 1987; O’Meara et af. 1990). 

The acceptance of cholesterol by the liver is dependent to a large part on receptors 
which recognize the protein moiety of the chylomicron,-namely, Apo E. The chylo- 

https://doi.org/10.1079/PNS19910072 Published online by Cambridge University Press

https://doi.org/10.1079/PNS19910072


584 G.  H .  T O M K I N  A N D  D .  OWENS 

Acetyl-CoA 

I 
HMGCoA 

HMGCoA reductase 1 (rate-limiting step) 

M eva I o n a te 

I 
1 

Mevalonate phosphate 

i 
lsopentenyl ~ Dimethyl lsopentenyl 

pyrophosphate pyrophosphate t-RNA 

1 
Geranyl 

pyrophosphate 

I 
Farnesyl pyrophosphate 

( 1  Squalene 

I ! I 
Ubiquinone Cholesterol Dolichol 

Fig. I .  Pathway for cholesterol synthesis. HMGCoA reductase. 3-liydroxy-3-mcthyl~lutaryl-CoA reductase 
(EC 1.1.1.88). 

micron is broken down before it reaches the liver by the action of lipoprotein lipase (EC 
3.1.1.34) which hydrolyses the triacylglycerol portion to give chylomicron remnants 
(Taskinen, 1987). These are rapidly taken up by the Apo E receptor in the liver. The 
cholesterol released enters the pool of hepatic cholesterol together with endogenously 
synthesized hepatic cholesterol. Cholesterol synthesis occurs mainly in the liver but also 
in the intestine and in most of the body’s cells. Synthesis of cholesterol is via the acetate 
pathway (Fig. 1). Therefore, an estimate of cholesterol synthesis may be made by 
measuring 3-hydroxy-3-methylglutaryl-CoA reductase (EC 1. I .  1.88); or by measuring 
radiolabelled acetate incorporation into cholesterol in the cell. De n o w  synthesis is 
controlled by a feedback mechanism through the low-density-lipoprotein (LDL) recep- 
tor (Brown et af. 1974). Cholesterol, once synthesized, may be stored in the cell 
following conversion to cholesteryl ester by the enzyme acy1-CoA:cholesterol-O- 
acyltransferase (EC 2.3.1.26: ACAT). In the liver cholesterol becomes associated with 
triacylglycerols, apolipoprotein B 100 and phospholipids. This complex particle has a 
very low density and is termed very-low-density lipoprotein (VLDL). Triacylglycerol 
secretion by the liver is controlled by insulin, insulin deficiency leading to increased 
triacylglycerol release (Streja et d. 1977). 

Lipoprotein lipase again is responsible for hydrolysis of the VLDL-triacylglycerol and 
the remnant particle is converted to intermediate-density lipoprotein (IDL), so named 
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because of its higher density. IDL is rapidly converted into LDL. having shed Apo C and 
Apo E proteins. Lipoprotein lipase is insulin sensitive, hence the deficiency of insulin 
leads to increase in triacylglycerol levels in both the chylomicrons and VLDL (for 
review, see Gibbons, 1990). 

High-density lipoprotein (HDL) is assembled by the combination of the shed proteins 
and cholesterol from the VLDL following hydrolysis by lipoprotein lipase. Because of 
the structure of HDL it is thought to act as an acceptor of cholesterol from cells. HDL 
first attaches itself to the cell membrane by means of the HDL receptor (Keichl & Miller, 
1989) and then accepts cellular free cholesterol. The cholesterol in the HDL is esterified 
by the enzyme lecithin-cholesterol acyltransferase (EC 2.3.1.43) (Glomset, 1968) and 
transferred to the lower-density lipoproteins by the action of cholesteryl ester transfer 
protein (CETP). This cholesterol is then cleared by the liver following the uptake of 
LDI, by the LDL receptor. CETP has been shown t o  have an increased activity in 
insulin-dependent diabetic patients (Bagdade et al. 1991). The significance of this finding 
is still unclear. However, a defect of this type is potentially atherogenic because it may 
lead to an increase in cholesteryl ester-rich lipoprotein particles with altered LDL- 
receptor binding properties. 

H Y P E R T R I A C Y L G L Y C E R O L A E M I A  I N  DIABETES 

The commonest abnormality in the diabetic patient is the finding of a raised serum 
triacylglycerol level, the cause being most importantly the decrease in the inhibitory 
effect of insulin on triacylglycerol release from the liver and, secondly, the decreased 
activity of lipoprotein lipase leading to slowing down of the hydrolysis of triacylglycerol 
in the circulation. The hypertriacylglycerolaemia in uncontrolled diabetes is rapidly 
correctable by control of diabetes. Whether hypertriacylglycerolaemia is a risk factor in 
the development of atherosclerosis is perhaps still an open question, but the Paris 
Prospective Study is the most compelling evidence for triacylglycerol as an independent 
risk factor (Fontbonne et af. 1989). In this study, during a mean follow-up of 11 years, 
twenty-six of 943 subjects with abnormal glucose tolerance died from coronary heart 
disease. Univariate analysis showed that plasma triacylglycerol levels were significantly 
higher in subjects who died from coronary heart disease compared with those who did 
not. A multivariate regression analysis showed that the plasma triacylglycerol level was 
the only factor positively and significantly associated with coronary heart disease. I have 
reservations, however, about the power of statistics in such a small sample (twenty-eight 
subjects) to answer definitively whether triacylglycerols really are an independent risk 
factor. Of greater interest is the relationship between a raised serum triacylglycerol and 
HDL and LDL. It is accepted that a low HDL level is an independent risk factor for 
atherosclerosis in both the non-diabetic (Gordon et al. 1977) and diabetic patient 
(Reckless et af. 1978). The deficiency in lipoprotein lipase activity diminishes the 
formation of HDL from VLDL. HDL is often low in type 2 diabetic patients, although it 
may be normal or raised in type 1 diabetes (Nikkila 61r Hormila, 1978). Hence, the 
relationship between triacylglycerol and HDL is of extreme importance in the clearance 
of cellular cholesterol from the tissues to the liver. The disturbances, as stated, above all 
lead to impairment in the reverse transport of cholesterol from the tissue to liver for 
excretion. Support for these findings comes from recent results in our laboratory. We 
have shown that cellular cholesterol in diabetic patients with poor control was signifi- 
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cantly higher than that in control subjects. Normocholesterolaemic diabetic patients 
shared the same elevated cellular cholesterol as hypercholesterolaemic non-diabetic 
patients (McBrinn et al. 1991). 

The enzyme ACAT, which esterifies cholesterol in the cell, has been shown to be low 
in diabetic animals in both liver and intestine. Enzyme levels have been related to 
glycaemic control, the lowest levels being found in the most poorly-controlled animals 
(O’Meara ef al. 1990). We have also shown that ACAT is lower in diabetic patients than 
in controlled subjects (Owens ef al. 19906). The significance of the lower ACAT levels 
suggests that more free cholesterol is available for transport out of storage leading to a 
higher pool of circulating cholesterol. 

L D L  

The major carrier of cholesterol to the cell is the LDL particle. Elevated serum LDL is a 
major risk factor of atherosclerosis and explains the association between atheroma and 
cholesterol. LDL is often raised in type 1 diabetics in poor control and even in young 
diabetic patients the LDL may be higher than in their non-diabetic siblings (Sosenko 
et ul. 1980). LDL composition is often abnormal (James & Pometta, 1990). We and 
others have demonstrated a raised esterified cholesterol content in LDL (Owens et al. 
1990~;  Bagdade efal .  1991). The significance of the abnormality is related to the inability 
of this modified LDL to down-regulate cholesterol synthesis in the cell. This appears to 
be due to the poorer binding of esterified LDL to the LDL receptor (D. Owens, 
unpublished results). A normal serum LDL cholesterol level does not revcal these very 
important differences in the metabolic effect of the particle and again the abnormal 
particle may play a very important role in the pathogenesis of atherosclerosis. Insulin has 
been shown to stimulate LDL receptors and insulin deficiency is another mechanism 
which would result in poor clearance of LDL from the blood and could lead to an 
increase in de now synthesis in the cell (Mazzone et al. 1984). 

Lipoprotein(a) (Lp(a)) is an unusual serum lipoprotein characterized by the presence 
of a unique glycoprotein(a) linked to apoprotein €3100 by disulphide bridges. Lp(a) has 
been shown to be an important marker of coronary heart disease (Kostner et al. 1981; 
Armstrong et al. 1086). Lp(a) may be elevated in poorly-controlled non-insulin- 
dependent diabetic patients (Levitsky et al. 1991) and may be decreased with improved 
glycaemic control (Haffner et al. 1991). 

Diabetes affects not only the large vessels, due to the early and aggressive onset of 
atheroma, but also the small vessels, leading to retinopathy and blindness, neuropathy 
with loss of sensation in the feet, postural hypotension diarrhoea, impotence and 
proteinuria leading to renal failure. Recent studies on the effect of proteinuria on 
lipoproteins have shown an association with lower HDL levels (Winocour ef a[. 1987). 

INS  IJL I N R E S I S T A N C E  A N D  CH 0 L E SI’E R O  L 

Epidemiological studies have shown a relationship between raised insulin levels and 
atherosclerosis in non-diabetic subjects. The raised insulin in the presence of normal 
blood sugars suggests insulin resistance. In type 2 diabetes, in obesity and in conditions 
such as cortisol excess (Cushing’s Syndrome), raised insulin levels are frequently found. 
Insulin resistance is often associated, as previously explained, with hypertriacyl- 
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glycerolaemia and, therefore, low HDL levels, both of which are strongly and indepen- 
dently related to coronary heart disease (for review, see Stout, 1990). Stout & 
Valiance-Owen (1969) did the original animal studies showing that insulin in experi- 
mental conditions could cause atheroma (see also Stout, 1970). They suggested a 
mechanism whereby insulin rather than glucose might be the important factor in the 
development of atheroma. The hypothesis was backed up or supported by many 
epidemiological studies showing the relationship between hyperinsulinaemia and coron- 
ary artery disease (Zavaroni et al. 1989; DeFronzo & Ferrannini, 1991). A recent study, 
for example, has shown that patients with angina and normal coronary arteries have 
insulin resistance with elevated serum insulin levels but without hyperglycaemia (Dean 
et al. 1991). Reaven (1988) has publicized the correlation between hyperinsulinaemia, 
hypertension and hyperlipidaemia. To evaluate the role of insulin on cholesterol 
synthesis, we have recently completed a series of experiments in type 1 insulin- 
dependent diabetic patients using the biostator (artificial pancreas). Clamping blood 
sugar for 4 h at either high or low level and infusing insulin at either a high or low rate, 
we have shown that hyperglycaemia does not stimulate cholesterol synthesis in the 
mononuclear cell. However, hyperinsulinaemia as derived from high insulin infusion rate 
causes a significant rise in cholesterol synthesis as measured by acetate incorporation. 
Hyperglycaemia, only in the presence of hyperinsulinaemia, caused a further rise in the 
rate of cholesterol synthesis in the cell (Stinson et al. 1991). In another set of experiments 
on type 2 non-insulin-dependent diabetic patients and obese hyperinsulinaemic non- 
diabetic patients, these findings were confirmed after a high-energy meal. In these 
experiments we have shown that there was a relationship between hyperinsulinaemia and 
cholesterol synthesis, whereas there was no relationship between blood sugar and 
cholesterol synthesis after the meal. 

GLYCOSYLATION OF LDL 

Finally, what effect does hyperglycaemia have on cholesterol metabolism? Glucose is 
known to form chemically reversible early glycosylation products with protein. LDL, 
because of its protein moiety, is, therefore, subject to glycosylation. Glycosylated LDL 
binds poorly to the LDL receptor (Steinbrecher & Witztum, 1984) and is one 
explanation for the increased cellular cholesterol and raised LDL-cholesterol found in 
poorly-controlled diabetic subjects. Furthermore, hyperglycaemia may retard the efflux 
of cholesterol from the cell through covalent cross-linking of plasma lipoprotein to 
cellular protein. At high levels of glycosylated collagen, LDL binding increases with 
increased LDL concentration (Brownlee et al. 1985). Lyons et al. (1987) have shown in a 
series of experiments that non-enzymic glycosylation of LDL may lead to increased 
accumulation of cholesteryl esters in macrophages, suggesting another possible mechan- 
ism by which hyperglycaemia may contribute to the acceleration of atherosclerosis in 
diabetes. 

CONCLUSION 

The present review has focused on cholesterol metabolism and particularly on LDL- 
cholesterol alterations in diabetes. It must be accepted that there are many alterations in 
the diabetic state that may promote atherosclerosis, for example altered platelet function 
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and abnormal growth factors, including perhaps the altered LDL found in the diabetic 
which may also act as a growth factor (Owens ef af. 1990~).  Glycosylation of collagen 
may play a part in the development of atherosclerosis. The purpose of the present paper 
was not to give an overall review of the pathogenesis of diabetes but rather to present 
recent evidence suggesting that the measurement of serum lipoproteins does not reveal 
major disturbances which occur in lipoprotein metabolism in the diabetic patient. 
Understanding these abnormalities may lead to a rational theory which could prevent the 
onset of severe atherosclerosis in the diabetic patient. 

R E F E R E N C E S  

Armstrong, V. W., Cremer, P., Eberle, E. ,  Manke, A, ,  Schulz. F., Wieland, € I . ,  Kreuzer, H. & Seidel, D. 
(1986). The association between serum Lp(a) concentration and angiographically assessed coronary 
atherosclerosis. Atlierosclerosis 62, 249-257. 

Bagdade, J. D., Ritter. M. L. & Subbaiah, P. V. (1991). Accelerated cholesteryl ester transfer in patients with 
insulin-dcpendcnt diabetes mellitus. European Journal of Clinical Inwsiigation 21, 161-167. 

Brand, F. N. ,  Abbott. R. D. & Kannel, W. R. (1989). Diabetes, intermittent claudication and risk of 
cardiovascular events. The Framingham Study. Diabetes 38,504-509. 

Brown. M. S. ,  Dana. S. E. & Goldstein. J. L. (1974). The regulation of 3-hydroxy-3-methylglutaryl coenzyme 
A reductase activity in cultured human fibroblasts. Comparison of cells from a normal subject and from a 
patient with homozygous familial hypercholesterolaemia. Journal of Biological Chemistry 249, 789-796. 

Brownlee, M.. Vlassara, H. & Cerami. A. (1985). Non-enzymatic glycosylation products on collagen 
covalently trap low density lipoprotein. Diabetes 34, 938-94 I .  

Castelli, W. P. .  Garrison, R. T., Wilson. P. W. K., Abbott. R. D., Kalousdian, S. & Kannel. W. B. (1986). 
Incidence of coronary heart disease and lipoprotein cholesterol levcls. The Framingham Study. Journal of 
the American Medical Association 256,2835-2838. 

Dean, J. D.. Jones. C. J. H., Hutchinson, S. J . ,  Peters. R. J. & Henderson. A. H. (1991). Hyperinsulinaemia 
and microvascular angina ("syndrome X"). Lancet 337,456457. 

DeFronzo. R. A. & Ferrannini, E. (1991). Insulin resistance. A multifaced syndrome responsible for NIDDM. 
Obesity. Hypertension, Dyslipidemia, and atherosclerotic vascular disease. Diabetes Care 14, 173-194. 

Devery. R. A. M.. O'Meara, N . ,  Collins. P. B., Johnson. A., Scott, L. & Tomkin. G. H. (1987). A 
comparative study of the rate-limiting enzymes of cholesterol synthesis. esterification and catabolism with 
alloxan-induced diabetic rat and rabbit. Comparative Biochemistry and Physiology 88B. 547-550. 

Fontbonne. A,,  Esehwege, E., Cambien. F., Richard, J. L.. Ducimetiere. P., Thibult. N., Warnct. J .  M., 
Claude, J.-R. & Rosselin, G. E. (1989). Hypertriglyceridaemia as a risk factor of coronary heart disease 
mortality in subjects with impaired glucose tolerance or diabetes. Results from the 1 I-ycar follow-up of the 
Pans Prospective Study. Diahetologia 32. 300-304. 

Fuller. J .  H., Shipley, M. J., Rose. G.,  Jarrett, K. J .  & Keen. H. (1983). Mortality from coronary heart disease 
and stroke in relation to degree of glyeaemia: The Whitehall Study. British Medical Journal 287, 867-870. 

Gibbons, G. F. (1990). Assembly and secretion of hepatic very-low-density lipoprotein. Biochemical Journal 
268, 1-13. 

Glomset, J .  A. (1968). The plasma 1ecithin:cholestcrol acyltransferase reaction. Journal of Lipid Research 9, 

Gordon. T.. Castclli, W. P.. Hjortland, M. C., Kannel, W. B. & Dauber. 'r. R. (1977). Diabetes, blood lipids 
and the role of obesity in coronary heart disease risk for men. The Framingham Study. Annals of Internal 
Medicine 87,393-397. 

Haffner, S. M., Tuttle, K. R. & Rainwater, D. L. (1991). Decrease of  lipoprotein(a) with improved glycaemic 
control in IDDM subjects. Diabetes Care 14, 302-307. 

James. R. W. 81 Pomerta, D. (1990). Differcnces in lipoprotein subfraction composition and distribution 
between Type 1 diabetic men and control subjects. Diabetes 39, 1158-1 164. 

Kostner, G. M., Avogaro, P., Cazzaloto, G.,  Marth, E., Bittolo-Bon. G. & Quinci. G. B. (1981). Lipoprotein 
Lp(a) and the risk of myocardial infarction. Afherosclerosis 38, 5141.  

Krolewski. A. S.,  Kosinski, E. J., Warram, J. H.. Leland, 0. S. ,  Busick. E. J. & Asmal, A. C. (1987a). 
Magnitude and determinants of coronary artery disease in juvenile onset, insulin-dependent diabetes 
mellitus. American Journal of CurdiuloRy 59, 750-755. 

155-167. 

https://doi.org/10.1079/PNS19910072 Published online by Cambridge University Press

https://doi.org/10.1079/PNS19910072


D I S T U R B A N C E S  O F  N U T R I E N T  H O M E O S T A S I S  I N  D I A B E T E S  589 

Krolewski, A. S. ,  Warram, J. €I.? Rand. L. I. & Kahn. C. R. (19876). Epidemiologic approach to the etiology 
of type 1 diabetes mellitus and its complications. New England Joicrnal of Medicine 317. 139G-1398. 

Levitsky, L. L., Scanu, A. M. B Could, S. H. (1991). Lipoprotein(a) levels in black and white childrcn and 
adolescents with IDDM. Diabetes Cure 14, 283-287. 

Lyons, 1’. J.. Klein. R. L,., Baynes, J. W., Stevenson, H. C. & Lopes-Virella. M. F. (1987). Stimulation of 
cholesterol ester synthesis in human monocyte-derived macrophages by low-density lipoproteins from Type 
1 (insulin-dependent) diabetic patients: the influence of non-enzymatic glycosylation of low-density 
lipoproteins. Diahetologia 30. 916-923. 

McBrinn, S. ,  Collins, P., Johnson, A.. Owens, D. & Tomkin. G .  (1991). Normocholesterolaemic diabetic 
subjects have elevated lcucocyte cholesterol content. Diahetologia (In the Press). 

Mazzone. T., Foster, D.  B Chait, A. (1984). In vitro stimulation of low density lipoprotein degradation by 
insulin. Diabetes 33, 333-338. 

Nikkila, E. A. & Hormila, P. (1978). Serum lipids and lipoproteins in insulin-treated diabetes. Demonstration 
of increased high density lipoprotein concentrations. Diabetes 27, 1078-1086. 

O’Meara, N. M. G.,  Devery. A. M., Owens, D., Collins, P.. Johnson, A. H. & Tomkin. G. H. (1990). 
Cholesterol metabolism in alloxan-induced diabetic rabbits. Diabere.s 39, 62-33, 

Owens, I)., Maher, V., Collins, P., Johnson, A. & Tomkin, G. H.  (1990~). Cellular cholesterol regulation - a - 
defect in the Type 2 (non-insulin-dependent) diabetic patient in poor metabolic control. Diube/ologia 33, 
93-90, 

Owens. D., Stinson, J.. Collins, P., Johnson, A. B Tomkin, G .  H. (1990b). Improvement in the regulation of 
cholesterologenesis in diabetes: thc effect of reduction in serum cholesterol by simvastatin. Diabetic 
Medicine 8,  151-156. 

Rcaven. G. (1988). ‘n1e role of insulin resistance in human disease. Diabetes 37, 1595-1607. 
Reckless. P. D.. Betteridge, D. J., Wu, P.. Payne, B.  & Galton, D. J. (1978). High density and low density 

lipoproteins and prevalence of vascular disease in diabetes mellitus. British Medical Journal i ,  883-886. 
Reichl, D.  & Miller, N. (1989). Pathology of reverse cholesterol transport. Insights from inherited disorders of 

lipoprotein metabolism. Arherosclerosis 9, 785-797. 
Sosenko, J. M.. Breslow, J. L.. Miettenen, 0. S. & Gabbay, K.  H. (1980). Nypcrglycaemia and plasma lipid 

levels. A prospective study of young insulin-depcndcnt diabetic patients. New England Journal of Medicine 

Steinbrechcr. U. P. & Witztum. J.  L. (1984). Glycosylation of low-density lipoproteins to an extent 

Stout. R. W. (1970). Development of vascular lesions in insulin-treated animals fed a normal diet. Brirish 

Stout, R.  W. (1990). Insulin and atheroma. 20-Yr perspective. Diatetes Care 13,631454.  
Stout, R. W. & Vallance-Owen, J. (1969). Insulin and atheroma. Lanceri, 1078-1080. 
Stinson, J . .  Owens, D., Collins. P., Johnson, A. & Tomkin, G .  H. (1991). Thc effects of hyperinsulinaemia 

and/or hyperglycaemia on cholesterol synthesis in insulin-dependent diabetic patients. Diabetic Medicine 
(In the Press). 

Streja. D. A,,  Marliss. E. B. & Stciner. G. (1977). The effects of prolonged fasting on plasma triglyceride 
kinetics in man. Metaboli.tm 26, 505-516. 

Taskinen, M. R. (1987). Lipoprotein lipase in diabetes. Diubetes Metabolism Reviews 3,  551-570. 
West, K .  M. (1978). Epidemiology of Diuberes and its Vascztlar Lesions. pp. 159-189. New York: Elsevier. 
Winocour, P. H., Durrington, P. N., Ishola, M.. Anderson, D.  C. & Cohen, H. (1987). Influence of 

proteinuria on vascular disease, blood pressure, and lipoproteins in insulin dependent diabetes mellitus. 
British Medical Journal 294, 1648-1654. 

Zavaroni, I., Bonora, E. ,  Pagliara, M., Dall’Aglio, E., Luchetti. L.. Ihonanno. G . ,  Bonati. P. A., 
Bergonzani, M., Gnudi, L., Passeri, M. & Reaven, G .  (1989). Risk factors for coronary artery disease in 
healthy persons with hyperinsulinaemia and normal glucose tolerance. New England Journal of Medicine 

302,650454.  

comparable to that seen in diabetes slows their catabolism. Diabetes 7 ,  135-143. 

Medical Joitrnal3, 685-687. 

320. 702-706. 

Printed in Great Britain 

https://doi.org/10.1079/PNS19910072 Published online by Cambridge University Press

https://doi.org/10.1079/PNS19910072

