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Abstract In the 1980s prospective studies using whole
populations suggested a relationship between insulin and
cardiovascular disease, and these studies proposed that both
metabolic and haemodynamic factors were associated with
cardiovascular events. The initial analysis of the Paris Pro-
spective Study (Diabetologia 19: 205–210), published in
1980, showed a positive correlation between insulin and
cardiovascular events in healthy middle-aged policemen
after a 5 year follow-up. In the Bedford Survey (Diabetologia
22: 79–84), also performed in the 1980s, a higher cardiovas-
cular risk was demonstrated in diabetic patients and in those
with borderline diabetes; however, in contrast to the Paris
Prospective Study, insulin was negatively correlated to car-
diovascular endpoints in the Bedford Survey. The initial en-
thusiasm for insulin as a cardiovascular risk marker was
dampened when the 15 year follow-up data of the Paris
Prospective Study (Diabetologia 34: 356–361) showed that
the correlation between insulin and cardiovascular risk sub-
sided with increased duration of follow-up. Despite the fact
that hyperinsulinaemia was always strongly associated with
other classical cardiovascular risk factors, univariate analyses
usually failed to show a strong correlation between insulin
and cardiovascular risk. The San Antonio Heart Study
(Diabetologia 34: 416–422) performed in a bi-ethnic popu-
lation that included a large proportion of Mexican-American
participants again emphasised that insulin resistance may be
the underlying factor associated with a cluster of metabolic
and haemodynamic abnormalities. However, recently

performed meta-analyses that included larger studies have
not been able to confirm a critical role for insulin levels in
cardiovascular risk. Indeed, it has been suggested that
proinsulin or other factors may be better markers than insulin
per se.
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Abbreviation
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Introduction

Epidemiological studies have consistently shown that indi-
viduals with type 2 diabetes have an approximately twofold
increased risk of CHD compared with those free of diabetes
[1]. Thus, it has been suggested that not only glucose but
also insulin may be marker of cardiovascular risk, particu-
larly early in the time course of diabetes and in states of
insulin resistance [2]. In the 1980s, seminal prospective
studies were performed where whole populations were sub-
jected to glucose tolerance tests and plasma insulin measure-
ments; these included the Busselton study [3], the Bedford
Survey [4], the Helsinki study [5] and the Paris Prospective
Study [6]. It was suggested that metabolic factors that occur
in type 2 diabetes are not only linked to haemodynamic
factors such as hypertension but could also potentially in-
fluence cardiovascular risk in an independent manner. This
was further supported by the description of the metabolic
syndrome [7] demonstrating links among hypertension, obe-
sity, hyperlipidaemia and glucose intolerance in association
with elevated circulating insulin levels. In addition, these
findings complemented a series of studies published 10–
20 years earlier by Stout [8–12], who promoted the idea
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that insulin could be involved aetiologically in the develop-
ment of cardiovascular disease.

Although there was mounting evidence for the link be-
tween the metabolic syndrome, diabetes and impaired glu-
cose tolerance on the one hand and cardiovascular disease
on the other, the enthusiasm for insulin as an independent
risk marker for cardiovascular risk has dampened over the
years, particularly in the 1990s, when long-term follow-up
studies could not confirm the initial findings. More recent
meta-analyses that included multiple studies and a signifi-
cant number of cardiovascular events, clearly enhancing the
power of such analyses, confirmed much weaker associa-
tions between cardiovascular risk and fasting or non-fasting
insulin levels than had been previously suggested [13].
Furthermore, other markers associated with insulin resis-
tance, such as proinsulin levels, were identified as possibly
being better predictors of cardiovascular risk [13]. An over-
view of the major studies assessing the relationship between
plasma insulin and cardiovascular disease is given in
Table 1.

Then: insulin—a link between metabolism
and cardiovascular complications

In retrospect, a correlation between metabolic and haemo-
dynamic factors leading to cardiovascular disease had al-
ready been observed in the 1920s [14]. In a number of rather
small studies a link between the prevalence of hypertension
and diabetes was suggested. It was hypothesised that hyper-
tension was a prediabetic condition and, vice versa, that
elevated blood pressure was associated with a 1.63 in-
creased risk of diabetes [15]. The Whitehall Study [16],
published in the 1980s, looked at the relationship between
glucose tolerance and cardiovascular disease in 19,000 civil
servants aged over 40 years who were assessed for the
presence of hypertension and glucose intolerance. This
study showed that men with impaired glucose tolerance
(top 2% of glucose distribution) had a similar risk of dying
from CHD compared with diabetic patients after 5 years of
follow-up. These participants in the upper 5% of the glucose
distribution had a doubling of CHD mortality at 7.5 years,
independent of other risk factors. As in the Framingham
study [17–19], the excess mortality could not be explained
by age, blood pressure, cholesterol and cigarette smoking
alone. Blood pressure appeared to be an important predictor
of CHD mortality in people with impaired glucose tolerance,
further suggesting a link between metabolic and haemody-
namic disorders.

In the Busselton study [3], also performed at that time,
the general population of the small town of Busselton in
Western Australia underwent a glucose tolerance test (n0
3,390, 91% of the population). This study showed that 1 h

post-load glucose levels were associated with increased
6 year morbidity and 12 year mortality rates from CHD.
However, only in one of the six age- and sex-specific groups
was there a significant association between insulin and
cardiovascular events, namely, men aged between 60 and
69 years. As in the Framingham prospective study, the risk
indices for age, LDL-cholesterol, low HDL-cholesterol,
blood pressure and cigarette smoking were common and
similar in diabetic and non-diabetic participants and the
increased cardiovascular disease risk could not be explained
by those conventional risk factors alone. This study also
suggested that women with diabetes or borderline diabetes
had a higher risk for cardiovascular disease than men with
similar metabolic control.

In subsequent multivariate analyses performed after
13 years of follow-up there was, unexpectedly, a negative
correlation between insulin and all-cause mortality in men
aged 40–59 years and a positive correlation with cancer in
men aged 60–79 years [20].

The Paris Prospective Study was performed at a similar
time but included healthy policemen and specifically inves-
tigated the relationship between plasma insulin levels and
the incidence of myocardial infarction and CHD mortality
[6]. Over 7,000 healthy, non-diabetic working men, aged
between 43 and 54 years, were investigated and followed for
an average of 63 months. These individuals were initially
free from cardiovascular disease and 128 new CHD events
(non-fatal myocardial infarction and coronary-related
deaths) were detected during the study period. The annual
risk was assessed by multivariate modelling including age,
serum cholesterol and triacylglycerol, blood pressure, smok-
ing, obesity, plasma glucose and insulin, both fasting and
2 h after a 75 g oral glucose load. The most important
finding of the study was that fasting insulin and the fasting
insulin/glucose (I/G) ratio were positively associated with
cardiovascular risk, independently of other factors. The
same variables were also positively related to risk after a
2 h glucose load, but their contribution was not significant in
the multivariate analysis. When the fasting I/G ratio was
presented in quintiles, the highest risk for cardiovascular
death was reported in the highest quintiles (4 and
5; >13 mU/g) of plasma insulin concentrations. There was
a positive correlation between insulin and cardiovascular
events in the study, but the relationship between glucose
and cardiovascular risk was negative, suggesting that for any
given glucose level there was an excess of insulin, consistent
with insulin resistance being a key variable in the prediction
of CHD.

Other authors have also suggested that the I/G ratio may
be a useful tool to assess insulin resistance. Individuals who
suffered a myocardial infarction had a higher I/G ratio than
controls [21]. Santen et al observed a higher fasting I/G ratio
in diabetic patients with atherosclerosis compared with

3146 Diabetologia (2012) 55:3145–3151



those without atherosclerosis [22]. Furthermore, highly
significant associations were found between the I/G
ratio and triacylglycerol as well as obesity [23]. The
relationship of the I/G ratio with triacylglycerol could
not be analysed in the Paris Prospective Study because
lipids and, in particular, triacylglycerol and HDL-
cholesterol were not measured.

Other studies have also suggested a positive correlation
between insulin levels and cardiovascular risk. In the
Helsinki study glucose tolerance tests were performed in
1,059 male policemen aged 35–59 years at baseline and
repeated after 5 years. Pyorala et al [5, 24] found that
fasting and the 1 h and 2 h post-load plasma insulin
values were associated with an increased incidence of
CHD death and non-fatal myocardial infarction. In this
study, the 2 h value appeared to be a better predictor than
the fasting level. However, after a further 9.5 years
follow-up, only the upper part of the distribution of the

1 and 2 h post-load insulin levels, but not the fasting
levels, was significantly associated with the combined
endpoint. Consistent with these findings emphasising
post-glucose-loading serum insulin levels, Welborn and
Wearne observed in the Busselton study an association
between the 1 h post-load insulin level and CHD inci-
dence in men, but not in women [3].

Based on the studies described in the 1980s, it was
suggested that insulin could play an independent role as a
risk factor for CHD; however, the evidence remained con-
troversial. Other studies, such as the Gothenburg study [25],
the Edinburgh study [26] and a study in Pima Indians
[27] (a population characterised by a high incidence of
hyperinsulinaemia and progression to type 2 diabetes),
did not report positive associations.

Another large prospective cohort study performed in the
1980s was the Bedford Survey, in which glucose tolerance
tests were performed in the whole adult population of the

Table 1 Overview of major studies assessing the relationship between plasma insulin and cardiovascular disease

Study Diagnostic criteria Follow-up Findings for insulin and cardiovascular disease

1982:

Bedford Survey Glucosuria, then
50 g OGTT

1962–1972 (10 years) Borderline diabetes confers higher relative
cardiovascular risk in women than in menHealthy, borderline

diabetic patients and
type 2 diabetic patients

2 h >11 mmol/l
(200 mg/100 ml);

Other independent predictive factors:
Age at entry, systolic BP and smoking

∼200 in each group,
men and women

normal: 2 h <6.7 mmol/l
(120 mg/100 ml)

2 h plasma insulin after 50 g glucose load
was inversely related to angina and
incidence of any cardiac event

1980:

Paris Prospective Study 75 g OGTT 63 months (5 years) Predictive: fasting I/G ratio

7,264 non-diabetic,
healthy participants aged
43–54 years, all male

Highest risk with insulin quintiles 4 and 5

Fasting I/G ratio >13 mU/g

1991:

Paris Prospective Study 75 g OGTT 15 year follow-up Predictive: 2 h post-load insulin as a
categorical variable, or highest quintile
of the 2 h insulin, but not fasting insulin

6,903 middle-aged male
and 125 non-insulin
treated diabetic patients
aged 43–54 years, all male

Other predictors: systolic BP,
cigarette smoking, cholesterol

1990:

San Antonio Heart Study,
2,930 participants, mean
age 42.9 years (43% men,
68% Mexican-American)

Prevalence: Obesity 54.3%
(in its isolated form: 29%)
Type 2 diabetes 9.3% – isolated 1.3%
IGT 11.1% – isolated 1.8%
Hypertension 9.8% – isolated 1.5%
HT 10.3% – isolated 1.0%
HC 9.2% – isolated 1.7%
Major overlap between all six disorders – each
disorder characterised by hyperinsulinaemia
(fasting and 2 h)

IGT, impaired glucose tolerance; HT, hypertriacylglycerolaemia; HC, hypercholesterolaemia
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English town of Bedford (n024,701) [4]. Ten-year mortal-
ity rates were compared between newly diagnosed diabet-
ic patients, individuals with borderline diabetes and
normoglycaemic controls. The three groups varied signif-
icantly in age. Age-corrected mortality rates were highest
in the diabetic group, followed by the borderline diabetic
participants. Using multiple logistic statistical methods,
borderline diabetic women had a significantly increased
odds ratio of dying from all deaths vs control participants.
The diabetic group also had a higher risk of dying than
the borderline diabetic group, but the small number of par-
ticipants probably resulted in a failure to reach statistical
significance. It was concluded that borderline diabetic women
had a greater increase in mortality compared with borderline
diabetic men.

In the borderline diabetic patients, raised systolic BP was
the major risk factor for myocardial infarction. The findings
for plasma insulin concentrations were negative. Indeed,
plasma insulin levels were lowest in individuals who sub-
sequently developed angina with respect to cardiovascular
disease and in the total group sustaining any cardiac event,
as assessed by ECG change and/or angina and/or possible
infarction, thus suggesting a negative relationship between
insulin and cardiovascular risk. Similar data were also
obtained for CHD death. In a multiple regression analysis
in relation to coronary morbidity, BMI was independently
and significantly predictive of angina. Multiple logistic
analysis relating to mortality showed that the major predic-
tive factors for mortality were age, cigarette smoking and
systolic blood pressure, all approaching 5% significance,
but circulating insulin concentrations failed to reach statis-
tical significance.

Unfortunately, the long-term follow-up of the Paris Pro-
spective Study 15 years later could not confirm the initial
positive results observed with respect to insulin. The 15 year
follow-up included 6,903 middle-aged male participants
aged 43–54 years who were compared with 125 non-
insulin-treated diabetic participants [28]. The baseline vari-
ables were tested as predictors of death from CHD using a
Cox regression analysis. The predictors of death from CHD
were systolic blood pressure, number of cigarettes smoked
per day and cholesterol levels, but there was no correlation
with fasting insulin. However, there was a positive correla-
tion between incidence of CHD and the 2 h post-load insulin
level, but only when entered as a categorical variable with a
cut-off of 452 pmol/l (the lower limit of the fifth quintile of
the distribution). Although participants who died from CHD
had higher plasma insulin levels (both fasting and 2 h post-
load), only the last quintile of the 2 h post loading value was
predictive for cardiovascular events when using categorical
variables.

In the Multiple Risk Factor Intervention Trial for the
Prevention of Coronary Heart Disease (MRFIT) study,

fasting serum insulin levels were measured in men at high
risk for CHD and compared with matched healthy controls.
Mean serum insulin levels were almost identical in patients
and controls [29]. These studies could not confirm the initial
positive results with respect to insulin as a biomarker for
cardiovascular disease. Thus, while hyperinsulinaemia was
associated with a range of other factors, summarised as the
metabolic syndrome, suggesting that insulin resistance was
the underlying pathology leading to a cluster of cardiovas-
cular risk factors, the evidence for plasma insulin being an
independent biomarker for cardiovascular disease was either
weak at best or non-existent, in particular after longer
follow-up periods [7].

The San Antonio Heart Study [30] was a population-
based survey of 2,930 individuals with a large component
of Mexican-Americans (43% men, 68% Mexican-American).
In this population, prevalence rates of obesity were very high
at 54.3%, and prevalence rates for type 2 diabetes (non-insulin
dependent) were 9.3%, for impaired glucose tolerance 11.1%,
for hypertension 9.8%, for hypertriacylglycerolaemia 10.3%
and for hypercholesterolaemia 9.2%. The prevalence of each
of these conditions in their isolated form (without the other
five) was 29% for obesity, 1.3% for type 2 diabetes, 1.8% for
impaired glucose tolerance, 1.5% for hypertension, 1.0% for
hypertriacylglycerolaemia and 1.7% for hypercholesterolae-
mia. The large differences in prevalence between isolated and
mixed forms indicate a major overlap among the six disorders
in multiple combinations. In its isolated form each condition
was characterised by hyperinsulinaemia (both fasting and 2 h
after oral glucose), suggesting the presence of insulin resis-
tance. In addition, in any isolated condition most of the other
variables of the sextet were still significantly altered when
compared with 1,049 normal participants. Individuals who
presented with one or another disorder (64%) showed marked
fasting and post-glucose hyperinsulinaemia, which was asso-
ciated with higher BMI, waist-to-hip ratio, fasting and post-
glucose glycaemia, raised systolic and diastolic BP, elevated
serum triacylglycerol and total cholesterol, and lower HDL-
cholesterol levels.

The authors of the San Antonio Heart study suggested
that insulin sensitivity, glucose tolerance, blood pressure,
body fat mass distribution and serum lipids are a network
of mutually interrelated functions and that the insulin resis-
tance syndrome underlies each of the six disorders that carry
an increased risk for coronary artery disease, at least in the
population studied, which has a high metabolic and cardio-
vascular disease burden. It was, however, noted that this
population is not representative of other populations be-
cause of its unique composition, including a high proportion
of Mexican-Americans, who have a high prevalence of the
metabolic syndrome and insulin resistance. Thus, findings
obtained from this survey cannot easily be translated to
other populations.

3148 Diabetologia (2012) 55:3145–3151



Why is insulin not a good biomarker for cardiovascular
disease?

Our current knowledge about the role of insulin in cardio-
vascular disease is based on larger meta-analyses and a
better understanding of the pathophysiology of insulin in
vascular disease. A number of more recent studies have
added support to a link between insulin and cardiovascular
disease with a positive correlation between insulin and
cardiovascular events reported, such as in the Veterans
Affairs High-Density Lipoprotein Cholesterol Intervention
Trial (VA-HIT) study [31]. In this study fasting insulin
levels above a cut-off of 271 pmol/l (39 μU/ml) were
associated with a highly significant 31% increase in risk of
cardiovascular events [31]. Similar results have been
obtained by Ruige et al in 1998, including data from 12
prospective studies involving 800 cardiovascular endpoints
[32]. In this meta-analysis, the authors reported a relative
risk of 1.17 for a 50 pmol/l increase in fasting insulin
and of 1.16 for a 250 pmol/l increase in non-fasting
insulin concentrations. Another meta-analysis included
data from 11 prospective trials and reported 400 vascular
deaths in western European countries [33]. That analysis
showed a relative risk of 1.54 in men and 2.66 in women
for cardiovascular disease with higher insulin levels. The
most recent meta-analysis included 19 studies with less
heterogeneity and analysed three different insulin varia-
bles: fasting and non-fasting insulin and proinsulin lev-
els. It included only Western populations and reported
3,600 incident cases of non-fatal myocardial infarction
and death. It was concluded that the association between
insulin and cardiovascular events is weaker than previ-
ously suspected. It was suggested that circulating levels
of proinsulin may be more strongly associated with CHD
events [13].

Effects of insulin on the vasculature

Insulin resistance is the common denominator for at least six
conditions associated with increased cardiovascular risk.
Hyperinsulinaemia could also be the common basic cellular
defect relevant to all these conditions. The direct role of
insulin in mediating vascular injury remains controversial.
People who develop atherosclerosis have higher plasma
insulin levels. Furthermore, the arterial wall is an insulin-
sensitive tissue [34]. Insulin promotes the proliferation and
migration of vascular smooth muscle cells, inhibits lipolysis
and increases the synthesis of cholesterol, phospholipids
and triacylglycerol (Fig. 1). These processes also occur in
the vascular wall and lead to the accumulation of lipids
there, resulting in attraction of inflammatory cells with
subsequent promotion of inflammation and extracellular
matrix remodelling—all key features of atherosclerosis de-
velopment. More recently, it has also been shown that
insulin promotes macrophage foam cell formation [34, 35].

Pathway-selective insulin resistance has also been impli-
cated in the directly damaging effects of insulin on the vascu-
lar wall. Diabetes and obesity are associated with selective
insulin resistance in the phosphatidylinositol-3-kinase signal-
ling pathways, which leads to reduced synthesis of nitric
oxide, impaired metabolic control and compensatory hyper-
insulinaemia; however, insulin signalling via extracellular
signal-regulated kinase-dependent pathways is unaffected,
leading to abnormal vascular reactivity and angiogenesis [36].

Furthermore, elevated insulin could indirectly affect the
vasculature by leading to hepatic VLDL overproduction.
Hyperinsulinaemia can also raise blood pressure by a variety
of mechanisms, including salt and water retention and sym-
pathetic adrenergic activation. However, it has also been
suggested that insulin may have beneficial effects on vascu-
lar function and could be anti-inflammatory [37, 38].

Insulin

Intravascular lipid accumulation
Macrophage foam cell formation
VSMC proliferation and migration
Collagen accumulation
Growth factors (e.g. IGF) activation
Vasoprotective factors?

Lipid synthesis: VLDL,
triacylglycerol,
IDL and LDL

BP
Diabetes
Impaired glucose tolerance
Obesity
Insulin resistance
Hyperlipidaemia

Vascular effects

Fig. 1 Proposed direct and
indirect vascular effects of
insulin. IDL, intermediate-
density lipoprotein; VSMC,
vascular smooth muscle cell
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Indeed, early administration of exogenous insulin has been
considered to be a controversial approach because of the
potential negative effects of insulin on the vasculature.
However, the results of the recently published Outcome
Reduction with Initial Glargine Intervention (ORIGIN)
study showed that early treatment of diabetic patients with
exogenous insulin glargine (A21Gly,B31Arg,B32Arg hu-
man insulin) was neutral on cardiovascular outcomes after
a 6.2 year study follow-up [39]. Furthermore, it has been
suggested that insulin assays also measure other insulin-like
molecules, in particular in individuals with increasing glu-
cose intolerance, and that these insulin-like molecules, in-
cluding proinsulin, may indeed show stronger correlations
with cardiovascular events than insulin itself [40–42].

In summary, the exact relationship between insulin and
cardiovascular disease is still unclear. Studies in the 1980s
that discovered a link between metabolic disturbances and
cardiovascular disease emphasised a role for insulin resistance
as an accelerator of cardiovascular risk, and suggested a role
for insulin as an independent risk factor, although the evidence
was controversial. Subsequent studies have, however, been
disappointing in general, and long-term follow-up studies,
including larger cohorts, have not supported a critical role
for insulin as a biomarker in cardiovascular disease. Recent
meta-analyses suggest a much weaker role for insulin as a
cardiovascular biomarker than previously predicted. Whereas
insulin itself may not be the ideal biomarker, other factors
related to insulin resistance, such as proinsulin, the proinsulin/
insulin ratio or insulin-like molecules, may be more relevant
markers of cardiovascular disease risk [32, 33].

Duality of interest The authors declare that there is no duality of
interest associated with this manuscript.

Contribution statement The authors were responsible for the con-
ception and design of the manuscript, drafting the article and approval
of the final version of the article.

References

1. Haffner SM, Lehto S, Ronnemaa T, Pyorala K, Laakso M (1998)
Mortality from coronary heart disease in subjects with type 2
diabetes and in nondiabetic subjects with and without prior myo-
cardial infarction. N Engl J Med 339:229–234

2. Nikkila EA, Miettinen TA, Vesenne MR, Pelkonen R (1965)
Plasma-insulin in coronary heart-disease: response to oral and
intravenous glucose and to tolbutamide. Lancet 2:508–511

3. Welborn TA, Wearne K (1979) Coronary heart disease incidence
and cardiovascular mortality in Busselton with reference to glu-
cose and insulin concentrations. Diabetes Care 2:154–160

4. Jarrett RJ, McCartney P, Keen H (1982) The Bedford Survey:
ten year mortality rates in newly diagnosed diabetics, border-
line diabetics and normoglycaemic controls and risk indices

for coronary heart disease in borderline diabetics. Diabetologia
22:79–84

5. Pyorala K, Savolainen E, Kaukola S, Haapakoski J (1985) Plasma
insulin as coronary heart disease risk factor: relationship to other
risk factors and predictive value during 9 1/2-year follow-up of the
Helsinki Policemen Study population. Acta Med Scand Suppl
701:38–52

6. Ducimetiere P, Eschwege E, Papoz L, Richard JL, Claude JR,
Rosselin G (1980) Relationship of plasma insulin levels to
the incidence of myocardial infarction and coronary heart dis-
ease mortality in a middle-aged population. Diabetologia 19:205–
210

7. Reaven GM (1988) Banting lecture 1988. Role of insulin resis-
tance in human disease. Diabetes 37:1595–1607

8. Stout RW (1969) Insulin and atherosclerosis. Lancet 2:327–328
9. Stout RW (1973) The role of insulin in the development of ath-

erosclerosis. Adv Metab Disord 2(Suppl 2):41–47
10. Stout RW (1977) The relationship of abnormal circulating insulin

levels to atherosclerosis. Atherosclerosis 27:1–13
11. Stout RW (1979) Diabetes and atherosclerosis–the role of insulin.

Diabetologia 16:141–150
12. Stout RW (1981) The role of insulin in atherosclerosis in diabetics

and nondiabetics: a review. Diabetes 30:54–57
13. Sarwar N, Sattar N, Gudnason V, Danesh J (2007) Circulating

concentrations of insulin markers and coronary heart disease: a
quantitative review of 19 Western prospective studies. Eur Heart J
28:2491–2497

14. O’Hare JP (1920) Glucose tolerance in chonic vascular hyperten-
sion. Am J Med 160:366–369

15. Major SG (1929) Blood pressure in diabetes mellitus: a statistical
study. Arch Int Med 44:797–812

16. Fuller JH, Shipley MJ, Rose G, Jarrett RJ, Keen H (1980)
Coronary-heart-disease risk and impaired glucose tolerance. The
Whitehall study. Lancet 1:1373–1376

17. Kannel WB, McGee DL (1979) Diabetes and cardiovascular dis-
ease. The Framingham study. JAMA 241:2035–2038

18. Kannel WB, McGee DL (1979) Diabetes and glucose tolerance as
risk factors for cardiovascular disease: the Framingham study.
Diabetes Care 2:120–126

19. Kannel WB, McGee DL (1979) Diabetes and cardiovascular risk
factors: the Framingham study. Circulation 59:8–13

20. Cullen K, Stenhouse NS, Wearne KL, Welborn TA (1983) Multi-
ple regression analysis of risk factors for cardiovascular disease
and cancer mortality in Busselton, Western Australia–13-year
study. J Chronic Dis 36:371–377

21. Sorge F, Schwartzkopff W, Neuhaus GA (1976) Insulin response
to oral glucose in patients with a previous myocardial infarction
and in patients with peripheral vascular disease. Hyperinsulinism
and its relationships to hypertriglyceridemia and overweight.
Diabetes 25:586–594

22. Santen RJ, Willis PW 3rd, Fajans SS (1972) Atherosclerosis in
diabetes mellitus. Correlations with serum lipid levels, adiposity,
and serum insulin level. Arch Intern Med 130:833–843

23. Gordon T, Castelli WP, Hjortland MC, Kannel WB, Dawber TR
(1977) Diabetes, blood lipids, and the role of obesity in coronary
heart disease risk for women. The Framingham study. Ann Intern
Med 87:393–397

24. Pyorala K (1979) Relationship of glucose tolerance and plasma
insulin to the incidence of coronary heart disease: results from two
population studies in Finland. Diabetes Care 2:131–141

25. Welin L, Eriksson H, Larsson B, Ohlson LO, Svardsudd K, Tibblin
G (1992) Hyperinsulinaemia is not a major coronary risk factor in
elderly men. The study of men born in 1913. Diabetologia 35:766–
770

26. Hargreaves AD, Logan RL, Elton RA, Buchanan KD, Oliver MF,
Riemersma RA (1992) Glucose tolerance, plasma insulin, HDL

3150 Diabetologia (2012) 55:3145–3151



cholesterol and obesity: 12-year follow-up and development of
coronary heart disease in Edinburgh men. Atherosclerosis 94:61–
69

27. Liu QZ, Knowler WC, Nelson RG et al (1992) Insulin treatment,
endogenous insulin concentration, and ECG abnormalities in
diabetic Pima Indians. Cross-sectional and prospective analyses.
Diabetes 41:1141–1150

28. Fontbonne A, Charles MA, Thibult N et al (1991) Hyperinsulinae-
mia as a predictor of coronary heart disease mortality in a healthy
population: the Paris Prospective Study, 15-year follow-up. Dia-
betologia 34:356–361

29. Orchard TJ, Eichner J, Kuller LH, Becker DJ, McCallum LM,
Grandits GA (1994) Insulin as a predictor of coronary heart disease:
interaction with apolipoprotein E phenotype. A report from the
Multiple Risk Factor Intervention Trial. Ann Epidemiol 4:40–45

30. Ferrannini E, Haffner SM, Mitchell BD, Stern MP (1991) Hyper-
insulinaemia: the key feature of a cardiovascular and metabolic
syndrome. Diabetologia 34:416–422

31. Rubins HB, Robins SJ, Collins D et al (2002) Diabetes, plasma
insulin, and cardiovascular disease: subgroup analysis from the
Department of Veterans Affairs high-density lipoprotein interven-
tion trial (VA-HIT). Arch Intern Med 162:2597–2604

32. Ruige JB, Assendelft WJ, Dekker JM, Kostense PJ, Heine RJ,
Bouter LM (1998) Insulin and risk of cardiovascular disease: a
meta-analysis. Circulation 97:996–1001

33. Hu G, Qiao Q, Tuomilehto J, Eliasson M, Feskens EJ, Pyorala K
(2004) Plasma insulin and cardiovascular mortality in non-diabetic
European men and women: a meta-analysis of data from eleven
prospective studies. Diabetologia 47:1245–1256

34. DeFronzo RA, Ferrannini E (1991) Insulin resistance. A multifac-
eted syndrome responsible for NIDDM, obesity, hypertension,
dyslipidemia, and atherosclerotic cardiovascular disease. Diabetes
Care 14:173–194

35. Park YM, Kashyap SR, Major JA, Silverstein RL (2012) Insulin
promotes macrophage foam cell formation: potential implications
in diabetes-related atherosclerosis. Lab Invest 92:1171–1180

36. Groop PH, Forsblom C, ThomasMC (2005) Mechanisms of disease:
pathway-selective insulin resistance and microvascular complica-
tions of diabetes. Nat Clin Pract Endocrinol Metab 1:100–110

37. Jarrett RJ (1994) Why is insulin not a risk factor for coronary heart
disease? Diabetologia 37:945–947

38. Mykkanen L, Laakso M, Pyorala K (1993) High plasma insulin
level associated with coronary heart disease in the elderly. Am J
Epidemiol 137:1190–1202

39. Gerstein HC, Bosch J, Dagenais GR et al (2012) Basal insulin and
cardiovascular and other outcomes in dysglycemia. N Engl J Med
367:319–328

40. Davies MJ, Metcalfe J, Gray IP, Day JL, Hales CN (1993) Insulin
deficiency rather than hyperinsulinaemia in newly diagnosed type
2 diabetes mellitus. Diabet Med 10:305–312

41. Nagi DK, Hendra TJ, Ryle AJ et al (1990) The relationships of
concentrations of insulin, intact proinsulin and 32–33 split proin-
sulin with cardiovascular risk factors in type 2 (non-insulin-depen-
dent) diabetic subjects. Diabetologia 33:532–537

42. Haffner SM, Mykkanen L, Stern MP, Valdez RA, Heisserman JA,
Bowsher RR (1993) Relationship of proinsulin and insulin to
cardiovascular risk factors in nondiabetic subjects. Diabetes
42:1297–1302

Diabetologia (2012) 55:3145–3151 3151


	Insulin and cardiovascular disease: biomarker or association?
	Abstract
	Introduction
	Then: insulin—a link between metabolism and cardiovascular complications
	Why is insulin not a good biomarker for cardiovascular disease?
	Effects of insulin on the vasculature
	References


