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Impact of cigarette smoking in type 2 diabetes development
 
Xi-tao XIE1, Qiang LIU2, Jie WU2, Makoto WAKUI3,*

1Center for Metabolic Biology, Arizona State University, Tempe, AZ 85287–3704, USA; 2Division of Neurology, Barrow Neurological Institute, Phoenix, 
AZ 85013–4496, USA; 3Division of Clinical Research, Hirosaki National Hospital, Hirosaki 036–8545, Japan

Many patients with type 2 diabetes mellitus (DM2) are at risk for micro and macro vascular complications, which could 
be observed in heavy smokers. Cigarette smoking increases the risk for type 2 diabetes incidence. Nicotine, acknowledged 
as the major pharmacologically active chemical in tobacco, is responsible for the association between cigarette smoking 
and development of diabetes. This minireview summarized recent studies on nicotine effects on insulin action and insulin 
secretion, indicating the impact of nicotine on type 2 diabetes development.
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Introduction

Smoking is a well-known risk factor for coronary heart 
disease[1, 2], which is caused probably by vascular dis-
ability via its pathological change such as arteriosclerosis 
through the mechanisms of inflammation and endothelial 
dysfunctions[3–5].  Smoking also increases sympathetic nerve 
activity, which in turn increases vascular tone, increases 
energy expenditure, secretes corticoid[6–8], and leads to heart 
overburden.  Diabetes also causes micro- and macro vascular 
complications resulted from prolonged-hyperglycemia[9, 10].  
To some extent, the effects in physical conditions of smok-
ing and diabetes are similar, which brings a question if 
there is association between smoking and diabetes.  After 
decades of studies, accumulating lines of epidemic evidence 
have suggested that chronic smokers have a higher risk to 
be insulin resistant, exhibit several aspects of the insulin 
resistance syndrome, and develop type 2 diabetes mellitus 
(DM2)[11–14].  The risk is highly linked to the smoking degree 
and independent of smoking induced vascular effects[12, 15].  It 
was reported that heavy smokers (at least 20 cigarettes daily) 
had a 61% higher risk, while less than 20 cigarettes daily were 
correlated to a 29% increase of the risk[12].  Former smokers 
had just a 23% higher risk[12].  An appropriate temporal rela-
tionship that the cigarette smoking preceded diabetes inci-

dence was revealed in above studies.  Meanwhile, these find-
ings are consistent with a dose-response relationship, with 
stronger associations for heavy smokers relative to lighter 
smokers and for active smokers relative to former smokers.  
Thus, these findings show that cigarette smoking is associated 
with an increased risk of type 2 diabetes and chronic smokers 
have a higher risk to be insulin resistant or inadequate com-
pensatory insulin secretion responses[12, 14].  

To discuss the concern of smoking in DM2, one point 
of view is the etiology of smoking-related DM2 and another 
point of view is the aggravation of DM2 by smoking.  Since 
nicotine is the critical substance which exerts most effects of 
smoking, we concentrate the action of nicotine on the above 
points in this minireview.  

Nicotine on insulin action

A number of experimental and clinical studies suggest 
that smoking decreases insulin sensitivity, and consequently 
results in the disorders of glucose and lipid metabolism such 
as hyperglycemia and dyslipidemia including low HDL cho-
lesterol and postprandial lipid intolerance[16–19].  Particular 
in diabetic patients, it is clear that cigarette smoking worsens 
the metabolic control.  A larger insulin dose is needed to 
achieve similar metabolic control in smoking patients as in 
non-smokers[20].  

In the experiments using rats, the postnatal growth of 
the offspring of nicotine-treated dams was enhanced by a 
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possible result of an increase in body fat[21].  At the age of 
26 weeks, the fasting serum insulin levels of the offspring 
of nicotine-treated dams were higher compared to those 
of control although the fasting serum glucose levels were 
similar in different groups of the offspring.  In addition, the 
pattern of serum glucose levels of the offspring of nicotine-
treated dams in response to an oral glucose load showed 
the higher numeral values at 30 min and slower recovery 
measured at 120 min after the glucose load, as looking like 
DM2, compared to those of control offspring[21].  According 
to experiments with glucose-clamp method[22] to healthy 
volunteers and DM2 patients, nicotine infusion showed no 
different levels of serum insulin in healthy volunteers but 
required higher levels in DM2 patients[23].  This indicates 
that nicotine is more sensitive to DM2 patients in impairing 
insulin action of reducing blood glucose levels.  This finding 
further suggests that nicotine given at least acutely does not 
directly impair insulin action but inhibits insulin mediating 
glucose metabolism through newly born materials and/or 
mechanisms appeared with DM2.  Another study was under-
taken to determine whether the insulin-dependent phase of 
postexercise muscle glycogen synthesis is impaired in a fast-
ing population of young healthy cigarette smokers.  Impaired 
insulin-dependent muscle glycogen synthesis was observed 
in these young healthy smokers, much like that observed in 
prediabetic subjects[24].

Taken together, above findings indicate that either acute 
or chronic nicotine exposures could negatively affect insulin 
action both in smokers preceded before DM2 and DM2 
patients to develop insulin resistance by affecting insulin 
action.

Nicotine on islet beta-cells

Nicotine influences insulin secretion through 
nAChRs on beta-cells  Recently, many studies have found 
neuronal nicotinic acetylcholine receptors (nAChRs) 
expressed on many different non-neuronal cell types includ-
ing pancreatic islet cells[25–28].  Basal insulin secretion can 
be modulated by an endogenous pancreatic ganglionic 
mechanism.  The effects of ganglionic pre- and postsynaptic 
nAChRs antagonism were studied in the in vitro canine pan-
creas.  Results suggest that nAChRs are present at the gangli-
onic level in the pancreas and modulate insulin secretion by 
a complex intraganglionic mechanism[29].  Direct evidence of 
the presence of nicotinic receptors on islet beta-cells has also 
been obtained[28].  In that study, expression of mRNA for 
nAChRs subunits α 2, α 3, α 4, α 5, α 7, and β 2 were detected 
in insulin secreting cells by reverse transcriptase polymerase 

chain reaction.  Not only a long term exposure to nicotine 
but also acute exposure induced a reduction in insulin 
secretion in response to insulin-secreating agonists includ-
ing tolbutamide[28].  These studies suggest that nAChRs 
are playing an important role in controlling insulin release.  
Yoshikawa et al[28] also has shown that acute exposure to 
nicotine at concentrations of higher than 1 µmol/L inhibited 
high-glucose-induced insulin release in isolated human islets, 
although these concentrations of nicotine failed to decrease 
the glucose-induced insulin release from rat islets.  On the 
other hand, the exposure to nicotine for 48 h inhibited 
insulin release even at basal glucose levels in rat and human 
islets[28].  

These findings indicate that functional nicotinic receptors 
are present in pancreatic islets and beta cells and nicotine 
could, at least in part, negatively affect pancreatic beta-cell 
function.  Thus, the presence of neuronal nicotinic receptors 
sensitive to nicotine in pancreatic cells may be a switch to 
modulate pancreatic cells physiological function by acetyl-
choline and can be involved in tobacco toxicity.

Nicotine increases apoptosis of islet β-cells  There are 
several lines of studies have shown that nicotine can increase 
apoptosis of islet β-cells in nicotine exposed animal mod-
els.  In a rat model, prenatal nicotine exposure affected early 
endocrine pancreas and adipose tissue development in pups 
before weaning.  Results proved a direct association between 

fetal nicotine exposure and offspring metabolic syndrome 
with early signs of dysregulations of adipose tissue and pan-
creatic development[30].  Another two studies revealed that 
nicotine exposure can cause β-cell dysfunction, increased 
β-cell apoptosis, and loss of β-cell mass, which is mediated 
via the mitochondrial and/or death receptor pathway[31, 32].  
This nicotine-induced apoptosis may lead to the develop-
ment of postnatal dysglycemia and obesity.  Recently, Bruin 
et al also showed that nicotine exposure caused beta-cell 
apoptosis and loss of β-cell mass.  Moreover, this study indi-
cated that maternally derived nicotine can act via pancreatic 
nAChRs during fetal and neonatal development to induce 
oxidative stress in the pancreas thus to induce loss of pancre-
atic β-cells[33].  These results support that beta-cell apoptosis 
in the fetal and neonatal pancreas can be induced by a direct 
effect of nicotine via nAChRs and that this effect may be 
mediated through increased oxidative stress[33].

All these studies in animal models have indicated that 
prenatal or neonatal exposed to nicotine will lead to loss of 
pancreatic β-cells, thus less insulin secretion.  Mitochondrial 
dysfunction, oxidative stress, and inflammation are involved 
as underlying mechanisms for the direct toxicity induced by 
nicotine via nAChRs.  These findings facilitate the under-
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standing of nicotine effects on both smoking preceding DM2 
development and the aggravation of DM2.

Conclusion

Numerous clinical and experimental reports have 
described the association between the active cigarette smok-
ing, the development of diabetes, glycemic control, and 
diabetic complications.  Although confounding social factors 
are sometimes argued rather than a direct effect of nicotine 
or other cigarette components, it is probable that the most of 
these effects are exerted by nicotine since both prenatal and 
postnatal exposure to nicotine can directly induce imbalance 
of metabolic control.  Effects of nicotine on insulin action, 
secretion, and development of diabetes have been widely 
studied both in animal models and human subjects.  Results 
have indicated nicotine exposure could induce a reduction 
of insulin release, and negatively affect insulin action, 
suggesting nicotine could be a cause for development of 
insulin resistance.  Mitochondrial dysfunction, oxidative 
stress, and inflammation are involved as underlying 
mechanisms of nicotine induced pancreatic β-cells loss.  
These evidences together indicate that cigarette smoking can 
affect insulin action and pancreatic cell function.  To facilitate 
the development of diabetes, besides the well-known risk 
for cardiovascular and other disease.  Thus, in diabetes care, 
smoking cessation is important for glycemic control and 
limiting the development of diabetic complications.
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