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Introduction

 

Individuals with diabetes mellitus are at a two- to fourfold
greater risk of cardiovascular disease (CVD) compared with
those without diabetes [1,2]. CVD is the leading cause of death
in diabetic patients. The importance of glycaemic control in
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Abstract

 

Background

 

Several observational studies have shown that higher insulin levels
are associated with an increased risk of cardiovascular disease. If higher endogenous
insulin levels are causally related to cardiovascular disease, one might expect an
increased risk of cardiovascular disease in patients treated with insulin, as this
results in high circulating insulin levels. Such risk elevation might counteract the
benefits of tight glucose control. Our objective was to explore the relationship
between insulin therapy and cardiovascular disease in Type 1 and Type 2 diabetes
mellitus using information from available literature.

 

Summary of comment

 

Several experimental studies in animals and humans
support the presence of a harmful effect of insulin on the vascular endothelium.
In prospective follow-up studies increased insulin dosage was associated with
increased risks of cardiovascular disease, although confounding by indication
could not be excluded. Randomized controlled trials in diabetic patients,
comparing conventional with intensive glucose-lowering treatment, although
showing a reduction in microvascular disease, showed no significant difference
in the incidence of cardiovascular disease. The results with respect to exposure
to insulin are, however, difficult to interpret due to insufficient information on
exposure to insulin levels as well as confounding by glycaemic control and body
mass index. In addition, these studies were not designed to address the question
whether higher insulin use relates to increased cardiovascular risk.

 

Conclusion

 

Published research provides conflicting evidence as to whether
exposure to high levels of exogenous insulin in diabetes mellitus affects the risk of
cardiovascular disease. The currently available studies have a number of serious
methodological restraints that limit accurate interpretation and conclusions in
this area.
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reducing the risk of long-term diabetic complications is well
documented. The Diabetes Control and Complications Trial
(DCCT) in Type 1 diabetes and the United Kingdom Prospective
Diabetes Study (UKPDS) in Type 2 diabetes have shown that
it leads to a marked reduction in late diabetic complications
[3,4]. As a result, worldwide, diabetes guidelines recommend
ever lower targets for glucose control. Insulin treatment is
intensified in Type 1 diabetes and insulin is used in an increas-
ing proportion of those with Type 2 diabetes [5]. However, the
evidence for effects on microvascular complications is much
more convincing than that for macrovascular complications.

Although insulin treatment lowers glucose, it results in weight
gain and increases the risk of hypoglycaemia [3,6]. Moreover,
insulin is an anabolic hormone which, in experimental studies,
has been shown to induce atherogenic effects [7]. Indeed, high
endogenous insulin levels have been related to an increased
cardiovascular risk in population-based observational studies
[8]. One might also expect an increased risk in those treated
with high doses of insulin. Therefore, the side-effects and bene-
fits of increasing insulin doses should be weighed carefully,
especially in those with Type 2 diabetes, who often use insulin
doses above 100 IU/day to achieve low HbA

 

1c

 

 levels [9,10].
Furthermore, insulin treatment in diabetes results in higher cir-
culating insulin levels than under physiological circumstances
in healthy persons [11]. After secretion by the B cell of the
pancreas, insulin must first pass the liver where 50% will be
broken down before it enters the systemic circulation [12]. To
reach an effective level in the portal vein, treatment with sub-
cutaneous injected insulin results in a relatively high peripheral
insulin concentration compared with the situation with only
endogenously secreted insulin. In this paper we focus on avail-
able evidence on the role of exposure to exogenous insulin in
cardiovascular risk.

A Medline Database search was performed to identify all
English-language articles of studies involving insulin use in
patients with Type 1 or Type 2 diabetes mellitus in relation to
cardiovascular disease.

 

Endogenous insulin: observational evidence

 

In subjects without diabetes mellitus, higher fasting insulin
levels and a more marked insulin response during an oral glucose
tolerance test have been associated with atherosclerotic disease
risk [7]. The Paris Prospective Study, the Helsinki Policemen
Study and the Busselton Study were the first three large pro-
spective population-based studies that reported that elevated
endogenous insulin is an independent predictor of coronary
heart disease in men [13–15]. Whether this association is
causal is still debated. A meta-analysis based on 17 prospective
studies on endogenous insulin and CVD [13,15–25], con-
cluded that hyperinsulinaemia is only a weak predictor of
occurrence of CVD [8]. However, in all studies insulin levels
were measured at one moment in time. Due to biological vari-
ability in endogenous insulin levels, subjects may have been
misclassified in insulin exposure. Misclassification generally

leads to attenuation of the associations under study, and thus
the relationship between endogenous insulin and risk of CVD
may actually be stronger. The question whether insulin itself
or insulin resistance is responsible for the increased risk of
CVD could not be answered in this meta-analysis.

The other body of evidence indicating that high levels of
endogenous insulin confer cardiovascular risk is from studies
among those with impaired glucose tolerance (IGT). They
have increased endogenous insulin levels, usually over a longer
time, due to decreased insulin sensitivity. Although they have
normal fasting glucose levels and only moderately increased
HbA1c levels, their cardiovascular risk is increased [26]. It is
not clear if this is due to the ubiquitous presence of the insulin
resistance syndrome, hyperinsulinaemia or the presence of
post-prandial hyperglycaemia.

 

Exogenous insulin: experimental evidence

 

Vascular effects of insulin have been studied both 

 

in vitro

 

 and

 

vivo

 

. 

 

In vitro

 

 studies have focused on endothelium and inflam-
matory cells (mononuclear cells) as these play an important
role in the process of atherogenesis [27,28].

 

In vitro

 

 findings

 

Insulin may have several direct actions on the vasculature,
both protective and harmful. A putative favourable effect of
insulin is the production of the vasodilator nitric oxide (NO)
by endothelial cells through enhancement of nitric oxide syn-
thase (NOS). Studies performed 

 

in vitro

 

 on endothelial cells
have confirmed that insulin enhances the expression of NOS
inducing the release of NO [29,30]. Another favourable effect
of insulin is its anti-inflammatory potential, as observed in
human aortic endothelial cells 

 

in vitro

 

 [31,32]. A possible
harmful effect is its potential to increase the production of
endothelin, a potent vasoconstrictor and mitogen [33]. Insulin
promotes adverse vascular effects by stimulating various
growth factors acting through the mitogen-activated protein
kinase (MAPK) signalling pathway. MAPK may also mediate
the effect of insulin on vascular smooth muscle cell production
of plasminogen activator inhibitor-1, which attenuates fibri-
nolysis [34].

 

Findings in animals

 

Several studies in animals have been performed with exoge-
nous insulin to determine its effect on atherogenesis. A study
by Stout 

 

et al

 

. in 1970 showed that the aortas of insulin-treated
rats contained significantly more triglyceride and had greater
thickening of the intima than those of the control group. The
thickening consisted of collagen fibres and smooth muscle cells
[35]. Another study by the same group concluded that insulin-
treated chickens that had long-term treatment with insulin
resulted in lipid-containing lesions and thickening of the
arterial wall in experimental animals [36]. These findings
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suggested that hyperinsulinaemia exerted adverse effects on
the vasculature 

 

in vivo

 

 [7]. A further study described the
effect of exogenous hyperinsulinaemia on the atherogenesis
in cholesterol-fed rabbits. No significant difference in extent or
severity of atherosclerosis between insulin- and placebo-treated
rabbits was shown [37].

 

Findings in humans

 

Several 

 

in vivo

 

 studies in humans have addressed the effects of
exogenous insulin on vascular endothelium, with the first pub-
lication as early as 1939 [38]. Since that time both detrimental
and favourable effects of insulin have been described. One
of the favourable effects of insulin is the stimulation of NO
release, via the 

 

L

 

-arginine-nitric oxide pathway. This mech-
anism plays a central role in the vasodilator action of insulin
[39,40], which is, however, impaired in obesity [41]. Another
beneficial property of insulin is its potential anti-inflammatory
effect [42,43].

Insulin also exerts a detrimental effect on the vasculature
by stimulating the sympathetic nervous system. Short-term
hyperinsulinaemia, with a distinct dose–response relationship,
results in vasoconstriction by sympathetic activation [44–46].
Whether long-term hyperinsulinaemia contributes to such
sympathetic activation is variable and species specific [47].
Another vasoconstrictive property of insulin is mediated by its
stimulation of ET-1 release [48]. It has been reported that
modest induced hyperinsulinaemia (by euglycaemic low-dose
insulin clamp, mimicking fasting hyperinsulinaemia of insulin-
resistant states) abrogates endothelium-dependent vasodilata-
tion in large conduit arteries [49]. It has been shown that
insulin has heterogeneous effects on different arteries, there-
fore favourable effects on the limb microcirculation may not
be extrapolated to other vessels [50].

A study in patients with an insulinoma reported no associ-
ation with increased atherosclerosis [51]. However, the mean
duration of disease was only 38.2 months [

 

±

 

 4.7], probably
too short to initiate atherogenic effects.

In summary, although animal experiments suggest harmful
effects of high insulin levels on atherosclerosis development,
data from human experiments are less convincing and reflect

 

in vitro

 

 findings showing both harmful and beneficial effects.

 

Exogenous insulin: observational evidence

 

Eight observational studies have been published on the rela-
tionship between insulin therapy and CVD (Table 1). Seven
were limited to patients with Type 2 diabetes. These studies
reported an increased risk of cardiovascular disease associated
with insulin treatment compared with no insulin treatment.
This was statistically significant in a study among Pima Indians
and in one performed in Germany. Observational studies
of this type are susceptible to confounding by indication,
i.e. insulin is prescribed for reasons associated with increased
CVD risk, notably worse glycaemic control and longer duration

of diabetes. Although in most studies multivariate models
were used to adjust for these confounding factors, they did not
fully explain the reported associations. However, as recently
seen in the hormone replacement treatment controversy
between observational data (considerable benefit of HRT) and
data from randomized controlled trials (no benefit, possible
harm) [52], there may be considerable residual confounding in
the relations from observational studies.

The only observational study in patients with Type 1 dia-
betes is the Epidemiology of Diabetes Interventions and Com-
plications Study (EDIC) study, which is an observational
extension of the DCCT. In EDIC no difference was found in
carotid intima-media thickness between patients receiving
intensive insulin treatment and those receiving conventional
treatment at 1–2 years after the end of the DCCT. Recently,
however, a report from the EDIC study indicated that the
group who received intensive treatment during and after the
DCCT (total 12 years, range 8–15) had a significantly reduced
progression of carotid intima-media thickness compared with
those who received regular care during the DCCT (6 years)
and intensive treatment (usual care at that time) during the
EDIC follow-up of 6 years. These findings suggest that the
effect of intensive glucose treatment on atherosclerosis needs
6 years to become apparent [53]. Although the EDIC results
do not indicate that insulin treatment increases CVD risk,
those receiving intensive glucose-lowering treatment had a
10% increase in exogenous insulin use compared with those
receiving regular care during 6 years. This constitutes a limited
increase in exposure compared with the differences in life-long
used insulin between individual patients. Moreover, no ana-
lyses were performed about the relation between the amount
of insulin used and CVD.

 

Exogenous insulin: evidence from 
randomized controlled trials

 

There have been few randomized controlled trials comparing
intensive insulin treatment with conventional insulin treatment.
These trials were designed to determine the benefits of improved
glucose control rather than increase in insulin dosage, and
focussed on microvascular complications rather than macro-
vascular events. In addition, the duration of these trials is
generally a few years, limiting conclusions on long-term
exposure to higher exogenous insulin levels. Of the trials per-
formed, only the Diabetes Mellitus Insulin Glucose Infusion in
Acute Myocardial Infarction (DIGAMI) study focused a priori
on macrovascular disease (Table 2). The results of these trials
are not consistent. Direct (beneficial), neutral and inverse rela-
tions have been found between insulin treatment and macro-
vascular disease.

 

Type 1 diabetes

 

In the DCCT insulin dosage was 10% higher in the intensive
treatment group over a period of 6.5 years. The intensive blood
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Table 1

 

Association of insulin treatment and cardiovascular disease in observational studies

 

 

 

 

Population No. Age Power*
Years 
follow-up End points

Insulin treatment and CVD risk (relative 
risk or odds ratio) (inverse = lower CVD 
risk, positive = higher CVD risk) Treatment groups

EDIC, USA 1993 [53, 69]
DM 1

1325 19–51 89% 6 Carotid artery wall thickness Inverse significant 
Progression: 0.032 mm vs. 
0.046 mm (

 

P

 

 = 0.01)

Conventional insulin treatment
Intensive insulin treatment

Pima Indians, USA 1975 [17]
DM 2

824

 

≥ 

 

25 93% 7.7 ECG abnormalities Positive significant [OR: 2.83 (1.84–4.33)] Insulin treatment 
No insulin treatment

Pima Indians, USA 1975 [70]
DM 2

1093

 

≥ 

 

45 100% 9 Fatal coronary heart disease Positive significant 
Incidence-rate ratio: insulin/no insulin 3.8 
(1.5–9.4); oral/no treatment 1.8 (0.7–4.5)

Insulin treatment 
No insulin treatment

Schwabing, Germany 1980 [71]
DM 2

197 17–84 20% 5 Macrovascular events (stroke, 
myocardial infarction, gangrene)

Positive significant

 

t

 

-value: 1.98 (

 

P

 

 < 0.04)
Insulin dose

NHANES I, USA 1971 [72]
DM 2

407 40 47% 9 Fatal cardiovascular events No significant difference [RR: 1.88 
(0.73–4.87) vs. 1.37 (0.64–2.89)]

Insulin treatment 
No insulin treatment

KPNW Diabetes Registry,  
USA 1987 [73] 
DM 2

9591 45–95 100% Retrospective Congestive heart failure No significant difference [OR: 1.47 
(1.17–1.85) vs. 0.82 (0.68–0.98)]

Insulin treatment 
No insulin treatment

Mortality in Diabetes, Italy 1988 [74]
DM 2

1967 adults 86% 7 Mortality by cardiovascular 
disease (ischaemic heart disease 
and cerebrovascular disease)

No significant difference [RR: 1.35 
(0.79–2.32) vs. 1.04 (0.62–1.75)]

Insulin treatment 
No insulin treatment

ARIC, USA 1987 [75]
DM 2

1676 45–64 100% 8 Coronary heart disease No significant difference [RR: 2.64 
(1.74–4.00) vs. 1.82 (1.23–2.70)]

Insulin treatment 
No insulin treatment

*We estimated the power of the different studies retrospectively.
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Table 2

 

Association of insulin treatment and cardiovascular disease in randomized controlled trials

 

 

 

 

Population No. Age Power*
Years 
follow-up End points

Insulin treatment and CVD risk 
(inverse = lower CVD risk, 
positive = higher CVD risk) Treatment groups

DCCT, USA 1983 [54] 
DM 1

1441 13–39 22% 6.5 Myocardial infarction, 
stroke, amputation, CVD 
confirmed by ECG or 
angiography, death from CVD

Inverse, non-significant (risk 

 

reduction

 

 42% with intensive 
insulin treatment; 

 

P

 

 < 0.08)

Conventional insulin treatment 
Intensive insulin treatment

UGDP III, USA 1961 [60] 
DM 2

619 Adults 2% 12.5 Myocardial infarction, stroke, 
CVD confirmed by ECG or 
angiography, death from 
CVD, sudden death, 
hypertension, amputation

None Diet 
Fixed insulin dose 
Variable insulin dose 

Veterans Affairs Diabetes 
Feasibility Trial, 1991 [61,76] 
DM 2

153 40–69 22% 2.25 Myocardial infarction, congestive 
heart failure, stroke, amputation, 
death from CVD, CVD confirmed 
by ECG or angiography none

None [risk ratio: 1.003 
(0.996–1.0011)]

Conventional insulin treatment 
Intensive insulin treatment

UKPDS, UK 1977 [4] 
DM 2

3867 48–60 Not possible
to determine

9–13 Myocardial infarction, stroke, 
amputation and death from CVD

None Conventional treatment 
Intensive treatment with sulphonylureas or 
with insulin

DIGAMI Study, Sweden 
1990 [62,63] 
DM 1 & 2

620 68 (

 

± 

 

9) 57% 1.6–5.6 Mortality after myocardial 
infarction

Inverse 
Relative mortality 
reduction: 28% (

 

P

 

 = 0.011)

Conventional treatment, no insulin unless it 
was indicated 
Insulin/glucose infusion, just after suspicion 
of myocardial infarction, followed by 
intensive insulin treatment 

*We estimated the power of the different studies retrospectively.
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glucose control group showed a borderline significant reduc-
tion of 42% in risk in macrovascular events [10,11,54]. The
absolute number of first major cardiovascular events was,
however, small: three in the intensive treatment group vs. 14 in
the conventional group. A meta-analysis of six randomized
controlled trials on the comparison of intensive insulin treat-
ment with conventional treatment on microvascular complica-
tions in young individuals with Type 1 diabetes included
macrovascular complications as a secondary outcome [54–
59]. Intensive insulin treatment decreased the extent of
macrovascular disease [odds ratio 0.55 (95% CI 0.35–0.88)

 

P

 

 = 0.015], but had no significant effect on the number of
patients developing macrovascular disease or dying from
macrovascular complications.

 

Type 2 diabetes

 

In the University Group Diabetes Program (UGDP) no signi-
ficant differences in all-cause and CVD mortality among the
three treatment groups (fixed-dose insulin regimen, variable-
dose insulin regimen and diet plus oral placebo regimen) were
seen [60]. They reported 14 U/day as fixed insulin treatment
vs. a mean insulin dose of 44 U/day as intensive treatment over
a period of 12.5 years. In the UKPDS the effects of intensive
blood-glucose control with either sulphonylurea or insulin and
conventional treatment were compared for the risk of micro-
vascular and macrovascular complications. The mean insulin
dose of the intensive treatment group was 36 U/day. Intensive
blood glucose control resulted in a 16% reduction of myocar-
dial infarction, which fell just short of statistical significance
[4]. However, a comparison of those on insulin treatment
during the study with those on oral treatment only was not
published. The VADFT (Veterans Affairs Diabetes Feasibility
Trial) compared standard vs. intensive insulin therapy in men
with Type 2 diabetes mellitus to assess the rate of new cardio-
vascular events and their correlates. A difference in insulin dos-
age of 23% between the treatment groups was reported. There
was a non-significant increase in CV events in the intensive
treatment group, with no difference in total and cardiovascu-
lar mortality [61].

In none of the studies plasma insulin levels were reported.
Because there is no simple correlation between insulin use and
plasma insulin levels, the difference in insulin levels between
the intervention groups cannot be estimated.

The (DIGAMI) study was a randomized trial on the effect of
insulin infusion followed by insulin treatment in patients with
diabetes during the acute phase of a myocardial infarction
compared with usual care [62,63]. The study population com-
prised 620 subjects, 70% of those were patients with Type 2
diabetes. Analyses for Type 1 and 2 diabetes separately were
not reported. The authors reported that insulin-glucose
infusion followed by a multi-dose insulin regimen improved
long-term prognosis in diabetic patients with acute myocardial
infarction. There was a 28% (

 

P

 

 = 0.027) relative mortality
reduction after 3.4 years in favour of the insulin infusion

group compared with the usual care group. It remains to be
established whether improved metabolic control by insulin or
the vasodilating effects of insulin [64] caused the beneficial
effects in this study.

To the best of our knowledge, analyses from these trials
into the relation between exogenous insulin use (cumulative or
daily dose) and risk of cardiovascular events have not been
performed and may shed light on the underlying hypothesis
on the balance of beneficial and adverse effects of increased
insulin use.

 

Discussion

 

In routine clinical practice physicians often encounter patients
on oral glucose lowering therapy or insulin treatment who either
need to start insulin or require an increase in insulin dose to
improve their glycaemic control (HbA

 

1c

 

 level). The balance
between side-effects and benefits of increase in insulin dose in
these patients should be weighed carefully. We set out to review
whether there is evidence that intensified insulin treatment
(increasing exogenous insulin) [11,65,66] counterbalances
the benefit of metabolic control, leading to increased CVD risk.
Experimental data (

 

in vitro

 

, animal and human) support both
harmful and beneficial effects. Observational data with pro-
longed follow-up suggest that insulin treatment increases CVD
risk. Results from clinical trials in patients with Type 1 or Type
2 diabetes neither support nor reject the hypothesis that insulin
treatment affects CVD risk. None of the studies has, however,
specifically addressed the relation between long-term exogenous
insulin use and the risk of cardiovascular disease.

There are a number of methodological aspects that merit
discussion. First experimental evidence is limited in that these
studies are often species specific and mostly performed with
supra-physiological insulin doses. For example, the insulin
levels in the study by Nordestgaard in 1997 were six times
higher than those described in euglycaemic clamp studies in
humans [37,67]. In addition, in humans, endothelial responses
to insulin seem to be heterogeneous and show vessel-specific
susceptibility.

Second, evidence from observational studies may be flawed
by confounding by indication [68], i.e. patients with more
insulin resistance, and thus more at risk of CVD, receive higher
insulin dosages. Confounding by indication may well explain
part of the findings as it artificially relates insulin treatment to
increased CVD risk. The confounding may not be fully removed
by adjustment for these factors, notably glycaemic control and
duration of diabetes. Third, evidence from most randomized
controlled trials should be interpreted in the understanding
that these trials were not powered for the detection of differ-
ences in cardiovascular events and were conducted over a
limited number of years. In addition, differences in insulin
levels across treatment groups can not be adequately extracted
from the publications. Finally, the relation between cumulat-
ive insulin exposure and CVD risk cannot be investigated
because of insufficient information on confounding effects of
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change in body mass index and change in glucose levels during
the intervention.

Further research is clearly warranted. These studies should
focus on the associations between cumulative (life time) exo-
genous insulin use and the incidence of cardiovascular disease.
Because glycaemic control is an important confounding factor,
long-term glycaemic control should be controlled for. In patients
with Type 1 diabetes, these surrogate endpoints, such as carotid
intima-media thickness, arterial stiffness, endothelial function,
and coronary calcifications may be necessary.

In conclusion, there is conflicting evidence whether exposure
to high levels of exogenous insulin in diabetes mellitus may be
beneficial or adversely affect the risk of CVD. The currently
available studies have important methodological limitations
that limit definitive conclusions.
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