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Abstract As a result of ambiguous results from several
recent trials in diabetes, scrutiny has focused on the
potential effects of insulin and its role in atherosclerosis.
This article reviews the premise that anti-diabetes therapy
(type 2 diabetes) with insulin causes vascular impairment
that leads to atherothrombosis and compromises vascular
integrity, which may further potentiates cardiovascular
morbidity and mortality. Underlying mechanisms are dis-
cussed, including metabolic derangements (blood pressure,
lipids, body weight, and glucose) and how these factors
trigger insulin-like growth factor (IGF) receptors, leading to
cancer. Cellular and molecular mechanisms are discussed,
as well as whether the negative results seen in recent
glucose trials support this premise. As with most drug
therapy, aggressive therapies designed to reach glucose
control targets trigger multiple and inter-related mecha-
nisms that, in many cases, go far beyond the pre-
determined physiologic targets. From a clinical perspective,
physicians should always stress lifestyle modifications,
including physical exercise and diet, to their patients who
show the first signs of metabolic impairment. Yet even
within this context, diet and exercise should be the
cornerstone of good therapy when pharmacotherapy is
necessary. Given the amount of evidence seen to date with
existing agents and the amount of information we do not yet
know, patient-centered approaches to modifying behavior
before intensive drug therapy are needed should be stressed.
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Introduction

Due to the overwhelming diabetes epidemic, major
population-based research has focused on various mecha-
nisms that either contribute or prevent disease. As more of
the population develops type 2 diabetes (T2D) earlier than
ever seen throughout history, and more individuals are
prescribed and taking insulin therapy to control their
disease, certain questions beg to be addressed regarding
the effects of therapy designed to keep individuals
euglycemic. Because diabetes seldom exists by itself, it
stands to reason that scrutiny is necessary from a holistic
approach to evaluate how metabolic treatments impact the
overall cardiovascular system. Therefore, the goals of this
review are to investigate whether there is a pathophysio-
logic link between exogenous insulin and atherosclerosis
through understanding of the various components underly-
ing vascular inflammation, evidence regarding an increase
in cancer risk associated with insulin therapy, and clinical
recommendations in this area. In addition, cellular and
molecular mechanisms are discussed, as well as whether the
negative results seen in recent glucose trials support this
premise.

In the past few years, three large clinical trials (Action in
Diabetes and Vascular Disease: Preterax and Diamicron
MR Controlled Evaluation [ADVANCE], Action to Control
Cardiovascular Risk in Diabetes [ACCORD], and Veterans
Affairs Diabetes Trial [VADT]) have surprised the cardio-
vascular community with negative results on macrovascular
and microvascular events with insulin therapy to achieve
intensive glucose control targets. These three trials used
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insulin as the predominant agent for intensive glucose
lowering to achieve glycated hemoglobin (A1C)<7%.
Results showed a lack of benefit on cardiovascular
morbidity and an increase in cardiovascular mortality
(ACCORD). The lack of cardiovascular benefits can be
attributed to the deleterious consequences of severe
recurrent hypoglycemia, adverse cardiovascular effects of
weight gain due to aggressive blood glucose control using
insulin as the predominant agent, and lack of benefit of
intensive glucose control in late stages of cardiovascular
disease [1•].

Aggressive glucose control with insulin promotes weight
gain and worsens central obesity, variables that may very
well explain the increased risk for cardiovascular disease.
In the ACCORD trial, the increased use of hypoglycemic
agents (primarily insulin) in the intensive-treatment arm led
to increased mortality. The baseline A1C in the ACCORD
trial was 8.1% and with insulin (35 units) it was reduced to
6.4%. Unfortunately, this was accompanied by a 7.7-pound
weight gain and 16.2% incidence of hypoglycemia events.
In the ADVANCE trial, the baseline A1C was 7.2%.
Patients given 1.5 units of insulin in the intensive arm
showed a decrease in A1C to 6.5%. The marked difference
in weight gain was striking at 0.2 lb, with only 2.7% having
hypoglycemia events. In contrast, patients in the VADT
study started with an A1C of 9.4%, and after intensive
treatment A1C was reduced to 6.5% with (52 units) insulin.
Of note was that weight gain was impressive at 17 lb and
associated hypoglycemia was reported in 24% of patients in
the intensive arm [2•, 3].

Given these startling results, evidence from genomic
studies holds promise that genomic risk stratification in
patients with T2D may reduce the potential risk for
adverse cardiovascular outcomes with exogenous insulin
[3]. Given this premise, these results have led us to
question whether insulin in patients with insulin-resistant
T2D may be pro-atherogenic.

These trials bring into question the potential vasculotox-
icity of exogenous insulin in patients who are insulin
resistant. The addition of insulin to control blood sugar in
patients who already have high circulating insulin levels
may not only increase hunger and fluid retention, but may
also elevate cardiovascular risk factors by increasing blood
pressure and free fatty acid levels (Table 1). Therefore, a
closer look at the potential amplification of cardiovascular
risk from exogenous insulin is warranted.

Insulin Therapy, Body Weight, Blood Pressure,
and Lipids in Type 2 Diabetes

A number of mechanisms have been described to explain
the link between weight gain with insulin therapy, such as

caloric conservation, changes in metabolism, compensation
for hypoglycemia, central effect on appetite and weight
regulation, and unphysiologic insulin replacement.

Caloric Conservation

Improvements in glycemic control have been shown to
induce caloric conservation and decrease energy expenditure.
Thus, patients return to glycemic levels below the renal
threshold. To illustrate this point, Carlson and Campbell [4]
studied 6 patients with type 1 diabetes. Six adult patients
with insulin-dependent diabetes mellitus (IDDM) were
studied on conventional insulin therapy and after 2 months
of intensive insulin therapy while maintaining constant
caloric intake, and they were compared with a group of six
matched nondiabetic volunteers. The daily blood glucose
concentration was reduced from 14.8 to 7.7 mmol, with A1C
reduced from 12.9% to 9.6% (both P<0.01). This improved
control resulted in an almost complete elimination of
glycosuria [5]

Metabolic Mechanisms

Insulin produces anabolic mechanisms; as such, it inhibits
hepatic glucose output, stimulates peripheral glucose
uptake, inhibits lipolysis, and promotes lipogenesis and
protein metabolism. Insulin does have the ability to inhibit
protein catabolism, and has been used by athletes to
augment performance and muscle building. Van den Berghe
[6] and associates [5] studied patients in the intensive care
unit and reported that insulin improved survival in this
highly catabolic group of patients.

Hypoglycemia Compensation

Within this setting, carbohydrate and caloric intake in
response to the perceived threat or experience of hypogly-
cemia is increased.

Central Effect on Appetite and Weight Regulation

Intact insulin and leptin signaling in the brain produce an
anorectic response. Any single defect involving these
signals could effectively cause “central insulin resistance,”
resulting in the anabolic actions of circulating insulin no
longer opposed by the catabolic and anorectic neuronal
responses. This could trigger a vicious circle of chronic
nutrient overload, weight gain, and insulin resistance [5].

Unphysiologic Insulin Replacement

Weight gain associated with insulin therapy suggests that
insulin replacement does not accurately reflect the normal
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physiologic balance between caloric intake and consump-
tion. Intervals of oversupply potentiate hypoglycemic
episodes. Subcutaneous insulin administration also has
other physiologic effects that are not intrinsically balanced.
In this scenario, the absorbed insulin first circulates
systemically and has a disproportional influence on muscle
and adipose tissue. The liver is “under-insulinized” and the
periphery is “over-insulinized.” This cascade might explain
the disproportionate increase in fat mass typically reported
with insulin therapy. Unphysiologic under-insulinization of
the liver due to systemic (subcutaneous) insulin delivery
reduces hepatic insulin-like growth factor (IGF) production
and therefore interferes with the maintenance of body
composition and the balance of anabolism and catabolism.

These mechanisms have been shown in seminal trials,
such as the Diabetes Control and Complications Trial
(DCCT) [7]. Similarly, in the United Kingdom Prospective
Diabetes Study (UKPDS), insulin-treated patients had the
greatest weight gain, with a mean of 6.5 kg [8].

Effects of Insulin Therapy on Blood Pressure
and Secondary Failure

Epidemiologic and experimental evidence have shown that
insulin therapy is associated with significant elevation of
both systolic and diastolic blood pressures (BP); however,
its mechanism remains unclear and controversial. For
example, an increase in arterial BP has been reported
6 months after initiation of insulin therapy in patients with
secondary failure to oral hypoglycemic drugs (SFOH) [9].

In DCCT, a study designed to determine the effect of
intensive diabetes therapy on the microvascular complica-
tions of type 1 diabetes, both systolic and diastolic BP were
significantly higher only in the fourth quartile of weight
gain compared with the first three quartiles (P<0.05).
These changes were similar to those seen in the insulin
resistance syndrome [10]. Randeree et al. [9] assessed

retrospectively a group of 80 diabetes patients with
secondary failure to diet and maximum doses of oral
hypoglycemic agents. Weight, blood glucose, and BP were
recorded over a 3-month period before and after the
initiation of insulin therapy. There was a significant rise in
systolic (131.8±1.7–148±1.9 mm Hg; P<0.05) and dia-
stolic (80.9±0.9–89.2±1.0 mm Hg; P<0.02) BP with
insulin treatment [7, 9].

Effects of Insulin Therapy on Lipids
and Atherothrombosis

Cardiovascular risk related to insulin-resistant state comes
from basic science research in animals completed by
Matsumoto et al. [11], Unger [12], and Brown and
Goldstein [13]. Matsumoto et al. [11] found that insulin
stimulates phosphorylation of FoxO1, a transcription
factor that stimulates glucose production. Insulin phos-
phorylates FoxO1, resulting in a reduction of genes
required for glucose production. In the insulin-resistant
state, FoxO1 becomes dysfunctional and glucose regula-
tion goes unchecked. Brown and Goldstein [12] further
amplified the concern by presenting research in mice with
T2D. These mice express selective liver insulin resistance
because insulin fails to suppress gluconeogenesis while at
the same time continues to stimulate lipogenesis, produc-
ing a deadly combination of hyperglycemia and hyper-
triglyceridemia. These dual defects illustrate the reduction in
FoxO1 function (loss of glucose control), and marked
stimulation of the transcription factor SREBP-1c (increases
genes involved in fatty acid/triglyceride biosynthesis) by
insulin leads to increased potential lipotoxicity on the
cardiovascular system.

Diabetes is a hypercoagulable state with predisposition
for atherothrombosis that leads to increases in fibrinogen,
plasminogen activator inhibitor-1 (PAI-1) levels, and
platelet aggregability [14]. Using data from the randomized

Table 1 Cardiovascular concerns of insulin treatment in insulin-resistant patients

CV events Trial Patients, n Design Reference

↑ Mortality ACCORD 10,251 Double blind N Engl J Med 358:2545

NS VADT 1,791 Double blind N Engl J Med 360:129

NS ADVANCE 11,140 Double blind N Engl J Med 358:2560

↑ Mortality NHANES I 7,886 Epidemiologic follow-up study Am J Epidemiol 128:389

↑ Mortality Pima Indians 4,828 Longitudinal study Circulation 81:987

↑ Mortality Verona Study 5,996 Prevalence study Diabetologia 38:318

↑ Mortality Italian 4,036 Cohort study Diabetologia 42:297

↑ CHD US universities 5,201 Cohort study J Clin Endocrinol Metab 89:2852

↑ Mortality Cardiovascular Health Study 5,888 Prospective, longitudinal, observational PLoS 3:e400

CHD coronary heart disease, CV cardiovascular, NS not significant
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prospective Veterans Affairs Cooperative Study in Type II
Diabetes Mellitus study, Emanuele et al. [15] reported the
effects of intensive glycemic control therapy on plasma
fibrinogen, serum triglycerides, total cholesterol, low-
density lipoprotein (LDL), cholesterol, apolipoprotein B
(Apo B), lipoprotein (a) (Lp[a]), high-density lipoprotein
(HDL) cholesterol, and Apo A1. Subjects were male, aged
40–69 years, with T2D for 15 years or less and divided into
intensive- and standard-treatment arms receiving maximum
doses of sulfonylurea and/or any dose of insulin. Dyslipi-
demia was managed identically in both arms with diet and
drugs. Fibrinogen levels and lipid fractions were measured in
the full cohort; plasma fibrinogen levels rose significantly in
the intensive treatment arm after 1 year (3.34±0.12 g/L to
3.75±0.15 g/L; P=0.001). Plasma fibrinogen levels returned
to levels that were not different from baseline after 2 years of
intensive therapy (3.47±0.12 g/L), and there was no change
in plasma fibrinogen levels in the standard-treatment arm.
Data were based on analyses of the full cohort. There was no
correlation between change in insulin dose and change in
fibrinogen level in either treatment arm or in the entire
cohort. Likewise, there was no correlation between change in
body mass index and change in fibrinogen level.

PAI-1 is considered to be an important regulator of
fibrinolysis. PAI-1 levels are elevated in T2D and known to
be associated with macro- and microvascular complications
of diabetes due to increased risk of atherothrombosis. In
addition, it is thought that there is a strong association
between PAI-1 and the metabolic components of the
insulin-resistance syndrome based on findings from prior
clinical studies, suggesting that insulin resistance may
regulate PAI-1. Visceral adipose tissue may be closely
associated between android obesity and PAI-1, and adipose
tissue PAI-1 production has been found to be elevated in
obese human subjects, and particularly in visceral adipose
tissue. High plasma PAI-1 levels are therefore thought to be
related to android obesity and insulin resistance, but exact
mechanisms remain to be elucidate [16]

Effects of Insulin Therapy on Cancer Risk

Recent literature has reported a link between insulin therapy
and cancer (Table 2). Moreover, three of the five leading

causes of cancer mortality in the United States (carcinoma
of the colon, pancreas and breast) are associated with T2D,
obesity, and insulin resistance [17, 18]. The estimated
excess risk for each cancer is ~30% for colon [19], ~50%
for pancreas [20], and ~20% breast cancer [21].

Several studies have evaluated the association between
insulin and cancer risk in the setting of obesity, diabetes,
and metabolic derangements and have consistently found
that insulin is a major determining factor. Bowker et al. [22]
evaluated the relationship between anti-diabetes therapy
and mortality and found that cancer mortality was almost
twice that among insulin users (hazard ratio [HR] of 1.9;
95% CI, 1.5–2.4; P<0.0001) compared to patients receiv-
ing metformin.

In a population based study in Sweden by Jonassan et al.
[23], 114,841 individuals on insulin were followed during
2006 and 2007. After adjusting for age and sex, patients
taking insulin glargine alone compared with those who took
other types of insulin had a relative risk of 1.99 (95% CI,
1.31–3.03) for breast cancer; 0.93 (95% CI, 0.61–1.40) for
gastrointestinal cancer; 1.27 (95% CI, 0.89–1.82) for
prostate cancer; and 1.07 (95% CI, 0.91–1.27) for any type
of malignancy [23].

In a retrospective cohort study in the United Kingdom
by Currie et al. [24], a total of 62,809 T2D patients
prescribed oral agents or insulin were divided into four
groups: metformin alone, sulfonylurea alone, metformin
plus sulfonylurea, or insulin. Insulin users were then
divided by group based on whether they took insulin
glargine, long-acting human insulin, biphasic analogue, or
human biphasic insulin. Results showed that those in the
metformin-monotherapy group had the lowest risk of
cancer. In comparison, the adjusted HR was 1.08 (95%
CI, 0.96–1.21) for metformin plus sulfonylurea, 1.36 (95%
CI, 1.19–1.54) for sulfonylurea monotherapy, and 1.42
(95% CI, 1.27–1.60) for insulin-based regimens. Surpris-
ingly, adding metformin to insulin reduced progression to
cancer (HR=0.54; 95% CI, 0.43–0.66). The risk for those
on basal human insulin alone versus insulin glargine alone
was 1.24 (95% CI, 0.90–1.70). Compared with metformin,
insulin therapy increased the risk of colorectal (HR=1.69;
95% CI, 1.23–2.33) or pancreatic cancer (HR=4.63; 95%
CI, 2.64–8.10), but did not influence the risk of breast or
prostate cancer. Sulfonylurea use was associated with a

Cardiovascular events Trial Reference

↑ All cause ACCORD N Engl J Med 358:2545

↑ Cancer German Insurance Fund Diabetologia 53:209

↑ Colorectal cancer UK General Practice Database Gastroenterology 127:1044

↑ Cancer Saskatchewan Health Diabetes Care 29:254

↑ Cancer Sweden Diabetologia 52:1745

Table 2 Cancer concerns of
insulin treatment in insulin-
resistant patients

126 Curr Atheroscler Rep (2011) 13:123–128



similar pattern of risk as insulin. Thus the authors
concluded that patients on insulin or insulin secretagogues
were at a higher risk for the development of malignancy
than those on metformin alone, and this excess malignancy
risk was abolished with the addition of metformin to the
treatment regimen. In addition, they also found that insulin
analogues were not associated with increased cancer risk as
compared with human insulin.

In a recent study by the Scottish Diabetes Research
Network Epidemiology Group, Colhoun [25] used a
nationwide diabetes clinical database that covered the
majority of the Scottish population with diagnosed diabetes
and examined patients with diabetes who were exposed to
any insulin therapy between January 1, 2002 and December
31, 2005. Those receiving any insulin glargine (n=3,959)
had the same incidence rate for all cancers as those not
receiving insulin glargine (HR=1.02; 95% CI, 0.77–1.36;
P=0.9 in the fixed cohort). However, the subset of patients
using insulin glargine alone (n=447) had a significantly
higher incidence of all cancers than those using other
insulins only (n=32,295) (HR=1.55; 95% CI, 1.01–2.37;
P=0.045), and those using insulin glargine with other
insulins (n=3,512) had a slightly lower incidence (HR=
0.81; 95% CI, 0.55–1.18; P=0.26). Overall, there was no
increase in breast cancer rates associated with insulin
glargine use (HR=1.49; 95% CI, 0.79–2.83), although
insulin glargine-only users had a higher rate than those
using non-glargine insulin only (HR=3.39; 95% CI, 1.46–
7.85; P=0.004). Overall, insulin glargine use was not
associated with an increased risk of all cancers or site-
specific cancers in Scotland over a 4-year time frame.
Given the overall data, we consider the excess of cases of
all cancers and breast cancer in the subgroup of insulin
glargine-only users to more likely reflect allocation bias
rather than an effect of insulin glargine itself [25].

At the molecular level, IGF is a peptide that regulates
cell proliferation, differentiation, and apoptosis. IGF pep-
tides occur in large concentrations in the circulation and
have systemic, hormonal, and local paracrine effects on cell
behavior. In the circulation, IGF-I binds mainly to the main
IGF binding protein, IGFBP-3. IGF-I is mitogenic and
antiapoptotic, whereas IGFBP-3, thought to inhibit growth,
is anti-proliferative and pro-apoptotic. Results of early
studies on risk of prostate, breast, colorectal, and lung
cancer suggest that high circulating IGF-I concentrations
are associated with an increased risk of cancer, whereas
high IGFBP-3 concentrations are associated with a de-
creased risk.

In a recent systematic review and meta-regression
analysis evaluating association between concentrations of
IGF-I and IGFBP-3 and prostate, colorectal, premenopausal
and postmenopausal breast, and lung cancer, Renehan et al.
[26] identified 21 eligible studies (26 datasets), which

included 3,609 cases and 7,137 controls. High concen-
trations of IGF-I were associated with an increased risk of
prostate cancer (odds ratio comparing the 75th with the
25th percentile of 1.49 [95% CI, 1.14–1.95]) and premen-
opausal breast cancer (odds ratio of 1.65; 95% CI, 1.26–
2.08), and high concentrations of IGFBP-3 were associated
with increased risk of premenopausal breast cancer (odds
ratio of 1.51; 95% CI, 1.01–2.27) [26].

Conclusions

The three negative large diabetes trials cause one to
consider the current therapeutic options for diabetes, a
condition that is largely preventable. The off-target (side
effects) impact of drug therapy in this group of patients at
high risk of subsequent cardiovascular disease requires
further scrutiny. Fluid retention and elevations in BP in
combination with increased lipogenesis risk associated with
traditional diabetes therapy cause one to reconsider thera-
pies that might be less atherogenic (those proven to reduce
classic risk factors or that have neutral cardiovascular risk)
first. It is important to remember these comments only
relate to an insulin-resistant state, which is not common in
type 1 diabetes. In light of concern with intensive glucose
control using insulin therapy as a predominant agent in
T2D, lifestyle modification with diet and exercise should
always be first-line treatment options, and the use of agents
other than insulin should be strongly considered earlier in
the course of the therapy in order to minimize or prevent
secondary morbidity and mortality.

Disclosure Robert Chilton has received honoraria and speaking fees
from Boston Scientific, Pfizer, MSD, Novo Nordisk, Amylin,
Medtronics, Takada, and GlaxoSmithKline.
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