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Insulin resistance associated with metabolic syndrome and Type 2 diabetes mellitus is

an  epidemic metabolic disorder, which increases the risk of cardiovascular complications.

Impaired vascular endothelial function is an early marker for atherosclerosis, which causes

cardiovascular complications. Both experimental and clinical studies indicate that endothe-

lial  dysfunction in vasculatures occurs with insulin resistance. The associated physiological

mechanisms are not fully appreciated yet, however, it seems that augmented oxidative

stress, a physiological imbalance between oxidants and antioxidants, in vascular cells is

a  possible mechanism involved in various vascular beds with insulin resistance and hyper-

glycemia. Regardless of the inclusion of resistance exercise, aerobic exercise seems to be

beneficial for vascular endothelial function in both large conduit and small resistance ves-

sels  in both clinical and experimental studies with insulin resistance. In clinical cases,

aerobic exercise over 8 weeks with higher intensity seems more beneficial than the cases

with shorter duration and lower intensity. However, more studies are needed in the future to

elucidate the physiological mechanisms by which vascular endothelial function is impaired

in  insulin resistance and improved with aerobic exercise.

© 2016 Korea Institute of Oriental Medicine. Published by Elsevier. This is an open access

article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1.  Introduction

Insulin resistance is a metabolic disorder that reflects low
capability to wash glucose out of the bloodstream to tar-
get tissues. Unlike type 1 diabetes mellitus, which results
from disrupted insulin secretion from pancreatic � cells,
type 2 diabetes mellitus is a representative metabolic disease
attributable to increased insulin resistance and decreased
insulin sensitivity.1 Type 2 diabetes mellitus comprises
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> 90% of all cases of diabetes and affected > 350 million
people in 2011.2 In particular, the population of diabetes
mellitus is gradually increasing in Korea, and about 15,000
diabetic patients die every year owing to the associated
complications.2 Metabolic syndrome, a clinically prediabetic
condition characterized by abdominal obesity, hypertension,
hyperglycemia, and dyslipidemia, is closely associated with
increased insulin resistance in etiology. Approximately 25% of
the adult population is considered to be at risk of metabolic
syndrome globally,3 and about 35% of the adult population in

http://dx.doi.org/10.1016/j.imr.2016.06.001
2213-4220/© 2016 Korea Institute of Oriental Medicine. Published by Elsevier. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

dx.doi.org/10.1016/j.imr.2016.06.001
http://www.sciencedirect.com/science/journal/22134220
http://www.imr-journal.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.imr.2016.06.001&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:leesew@inu.ac.kr
dx.doi.org/10.1016/j.imr.2016.06.001
http://creativecommons.org/licenses/by-nc-nd/4.0/


M.-H. Hwang and S. Lee/Insulin Resistance 199

the United States is reported to have metabolic syndrome.4

In Korea, the population with metabolic syndrome increased
from 25% in 1998 to 31% in 2007.5 Metabolic syndrome and
type 2 diabetes mellitus are etiologically similar because they
share two common causes: insulin resistance and abdominal
obesity.6 Thus, patients with metabolic syndrome have about
five times higher possibility to progress into type 2 diabetes
mellitus compared with those without metabolic syndrome.7

Patients with type 2 diabetes mellitus or metabolic
syndrome are usually at elevated risk of cardiovascular
disease.2,8,9 Degenerative alterations in vascular structure and
function in the metabolic diseases result in atherosclero-
sis, a main cause of cardiovascular disease.8 Atherosclerosis
results from dysfunction of the vascular endothelium, which
is closely related to decreased NO bioavailability and increased
endothelium-derived contraction factors in blood vessels.10

Previous studies have indicated that excessive oxidative stress
in the vasculature of patients with with metabolic disease is
a possible mechanism to cause reduction in NO bioavailabil-
ity and to impair vascular endothelial function.9,11–13 However,
few studies have demonstrated the physiological mechanisms
from vascular cells in patients with metabolic disease. Regular
physical activity is known as a strategy to reverse vascu-
lar dysfunction and to prevent future cardiovascular disease.
However, a few studies have investigated the effect of exercise
training on vascular function in patients with type 2 diabetes
mellitus and metabolic syndrome.14–17 Thus, the purpose of
this review is to introduce potential physiological mechanisms
by which vascular function is impaired in augmented insulin
resistance, to summarize previous studies to investigate the
effects of exercise training on vascular function in type 2
diabetes mellitus and metabolic syndrome, and to facilitate
related studies in the future.

2.  Insulin  resistance  and  oxidative  stress:  a
putative  physiological  mechanism  to  cause
vascular  dysfunction

Increased insulin resistance leads to augmented glucose level
in the bloodstream. Since vascular endothelium is the single
innermost layer in the vascular structure, vascular endothe-
lial cells are likely to be damaged by hyperglycemic stress,
suggesting that metabolic dysfunction such as insulin resis-
tance and type 2 diabetic mellitus may result in vascular
dysfunction.18 It has been demonstrated that the genera-
tion of reactive oxygen species (ROS) is increased in both
large and small vascular beds collected from hyperglycemic
animal models.19 In a hyperglycemic environment, elevated
ROS generation in vascular cells can be influenced by various
biological signaling pathways. Aldose reductase, in hyper-
glycemic conditions, converts glucose to sorbitol by using
nicotinamide adenine dinucleotide phosphate as a cofactor,
thus the regeneration of reduced glutathione is reduced and
intracellular oxidative stress level is increased.2,20,21 Increased
advanced glycation end-products lead to increased recep-
tor activity, which facilitates ROS and inflammatory cytokine
production.2,22,23 Activation of the diacylglycerol–protein
kinase C pathway also contributes to the elevated gen-
eration of ROS and inflammatory cytokines.2,24–26 In the

overloaded glycolytic pathway induced by hyperglycemia,
uridine diphosphate N-acetyl glucosamine has a negative
effect on endothelial NO synthase activity by obstructing its
phosphorylation at serine 1177 and increases the expression
of proinflammatory cytokines such as transforming growth
factor-�1 and plasminogen activator inhibitor-1.2,27–29 In the
vascular endothelium, oxidative stress induced by increased
ROS generation not only directly plays a pivotal role in reduc-
ing NO bioavailability, but also leads to increased expression
of proinflammatory cytokines so that proatherogenic and pro-
thrombotic processes are abnormally facilitated.30 Thus, the
structural and functional integrity of vascular endothelium is
likely to be damaged with insulin resistance, which increases
the risk of cardiovascular disease in those who  are continu-
ously exposed to hyperglycemia in the circulation.

3.  Insulin  resistance  and  exercise:  effects
on  vascular  function

Insulin signaling in local vascular cells is essential to promote
vascular endothelial NO production.31 Thus, the increase in
insulin resistance in the vasculature has a negative effect
on vascular endothelial function and cardiovascular morbid-
ity and mortality. Regular physical activity and exercise are
known to promote cardiovascular health in those with insulin
resistance.

3.1.  Effect  of  exercise  training  on  vascular  function  in
individuals  with  insulin  resistance

There are no specific exercise guidelines for metabolic syn-
drome patients to preserve and promote their cardiovascular
health. Even though their joint statements were published in
both 2000 and 2010, the American College of Sport Medicine
and the American Diabetes Association only provide generic
exercise regimens for diabetic patients.32,33 In the two  pre-
vious position standards, the experts recommended aerobic
exercise or aerobic exercise combined with resistance exer-
cise to prevent and promote cardiovascular disease risk in
patients with diabetes. However, the effect of either aer-
obic or combined exercise training on both micro- and
macrovascular endothelial function is still in debate. Some
studies presented positive results of exercise training,17,34–36

but others did not show any positive effect of exercise on
vascular health in type 2 diabetic patients.37–39 For individ-
uals with metabolic syndrome, a small number of studies
have explored the effect of exercise training on vascular
endothelial function, but the training effect has presented
a positive tendency,14,15,40,41 and had a close relationship
with increased NO bioavailability.42 It is established that
insulin resistance contributes to impaired vascular endothe-
lial function,31 and either aerobic or combined exercise
training programs might help to reverse endothelial dys-
function in those who have insulin resistance.14,15,17,34–36,40,41

Exercise intensity also seems to be a main factor influ-
encing exercise effects in people with insulin resistance.
Although both moderate-intensity continuous training and
high-intensity interval training have shown improvement
in vascular endothelial function, in the same caloric
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