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Smoking and obesity represent the largest challenges to public health. There is an established inverse relationship between body mass index (BMI†) and smoking, but this relationship becomes more complicated
among obese smokers. Smokers with higher BMI consume more cigarettes per day and may be more nicotine-dependent than lean smokers. Rates of obesity are lower among smokers than non-smokers, indicating
that chronic exposure to tobacco smoke may prevent excess weight gain in people who would otherwise become obese. Furthermore, obese smokers may be more sensitive to the weight-suppressive and reinforcing
effects of nicotine. Consequently, obese smokers may respond differently to reduction in the nicotine content
of cigarettes, a tobacco control policy being considered both in the Unites States and abroad. Here, we review the interrelationship between nicotine and obesity in the context of a potential nicotine reduction policy. We discuss the implications of nicotine-induced body weight suppression in obese smokers, as well as
the possibility that obesity might increase susceptibility to smoking and nicotine dependence.
INTRODUCTION

Tobacco use, primarily through cigarette smoking, is
the largest cause of preventable death worldwide. Despite
the well-publicized health risks associated with smoking,
approximately 19 percent of adults in the United States
are smokers, and about half of these smokers are predicted
to die prematurely due to tobacco-related illnesses [1].
Strategies to reduce the morbidity and mortality caused
by tobacco smoke are of immediate need. Nicotine, the
primary psychoactive constituent in cigarettes, drives continued use of tobacco products. A potential strategy to improve smoking-related public health outcomes posits that
reducing the nicotine content in cigarettes below an addictive threshold would promote quitting in current smokers and prevent initiation of smoking [2,3]. Reduction of
nicotine content in cigarettes below an addictive threshold
is being considered as a feasible tobacco control policy in
the United States and worldwide. The Family Smoking
Prevention and Tobacco Control Act in the United States

[2,4] and the World Health Organization (WHO) Framework Convention on Tobacco Control call for established
guidelines for the regulation of the content of cigarettes
[5]. The most recent report of the WHO study group on tobacco product regulation emphasizes nicotine reduction
as a strategy to reduce the immense harm caused by tobacco smoke [6]. Recent evidence suggests that very low
doses of nicotine do not support self-administration in rats
[7,8] and that reduction of nicotine content in experimental very low nicotine content (VLNC) cigarettes reduces
smoking in humans [4,9]. Importantly, the use of VLNC
cigarettes results in little initial compensatory smoking,
suggesting that nicotine reduction may be a safe and effective tobacco control policy [10]. Throughout this brief
review, reduction of nicotine dose or content refers to
nicotine reduction below an addictive threshold. Such a
tobacco control policy could have dramatic implications
for the rates of smoking and also may impact other healthrelated outcomes, such as body weight regulation.
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In the United States, the past 35 years have been
marked by a slow decline in the number of smokers [1] and
a dramatic and rapid increase in the rates of obesity [11].
More than 70 percent of adults and 17 percent of children
and adolescents are considered overweight or obese, and
deaths due to obesity-related diseases are predicted to surpass mortality caused by tobacco smoke within the decade
[11-13]. Together, obesity and smoking represent the
largest current obstacles in public health. Epidemiological
and empirical studies describe an inverse relationship between tobacco smoking or nicotine use and body weight
[14,15], and desired weight loss or maintenance of reduced
body weight is commonly cited as a primary reason for
smoking [16]. Moreover, ex-smokers typically gain an average of 10 pounds within the first year of abstinence [14].
Oftentimes, even the possibility of weight gain after cessation is a strong enough motive to drive continued use
[17,18]. The decline in smoking rates may in part contribute to the increases in obesity [19], and nicotine reduction in cigarettes could potentially increase rates of obesity
among smokers. Moreover, the motivation to continue to
smoke as a method of weight suppression could be greater
in obese smokers [14]. These observations imply that obesity may be a critical determinant of smoking and other related health behaviors as a result of a policy regulating the
nicotine content in cigarettes. Though obesity and smoking
are interrelated, how one might causally influence the other
is essentially unstudied.
Here, we explore the interaction between nicotine and
body weight regulation and consider this in the context of
a potential nicotine-reduction policy. We discuss the implications of nicotine-induced body weight suppression in
obese smokers, nicotine’s effect on metabolic profile, and
how nicotine reinforcement differs between obese and
lean smokers. A brief review of epidemiological, public
health, clinical, and preclinical science supports the view
that obese smokers may be especially susceptible to smoking and the weight-suppressant effects of nicotine.
NICOTINE-INDUCED BODY WEIGHT
SUPPRESSION: IMPLICATIONS FOR OBESITY

In the general population, smokers weigh less than
non-smokers and smokers who quit gain approximately
10 pounds within the first year of abstinence [14]; this relationship, however, is not as simple in the obese population. There is a negative correlation between the
percentage of smokers and body mass index (BMI) among
lean smokers, but this relationship is reversed among overweight, obese, and morbidly obese smokers [20]. Thus,
there is a U-shape curve associated with percentages of
smokers and smoking status as a function of BMI. Furthermore, several other studies report that moderate smokers weigh less than non-smokers, but heavy smokers (i.e.,
smoking at higher frequencies) are often obese [21,22].
The relationship between heavy smokers and obesity
has not been studied longitudinally or causally and may

be explained by several factors. First, obesity may enhance nicotine reinforcement, driving cigarette consumption. This idea is explored in more detail below.
Alternatively, the relationship may be explained by clustering of other risk behaviors; for example, higher levels
of cigarette consumption are linked with low levels of
physical activity, low fruit/vegetable intake, and high alcohol consumption [23]. Thus, high rates of obesity
among heavy smokers may be due to other independent
health risk factors. Thirdly, obese smokers may smoke at
higher rates in an effort to suppress body weight, which
would indicate that obesity precedes initiation of smoking. A more complete understanding of the pathways linking smoking and obesity is critical in determining how
body weight and smoking may be impacted following the
implementation of a nicotine reduction policy.
Despite data suggesting that high BMI is associated
with smoking, compared to a rate of more than 35 percent
of obesity in the general population, only 5 percent of the
general population smokes and is obese [24]. Thus,
chronic exposure to nicotine may prevent excess weight
gain in individuals who would otherwise be obese. As
these data are not available in smokers, animal models
might provide important information to fill this gap. A
constant subcutaneous infusion of nicotine suppressed
body weight gain in rats that become obese when maintained on a densely caloric diet (i.e., diet-induced obesity)
[25]. In contrast, oral administration of nicotine via the
drinking water had no effect on body weight in obese
Zucker fatty rats [26,27], a different animal model of
human obesity. The total daily dose of nicotine delivered
orally to the Zucker fatty rats [27] was substantially lower
than the dose delivered by subcutaneous infusion to dietinduced obese rats [25], which may explain the difference
between the two studies. To our knowledge, there are no
other reports of the effects of nicotine or smoking on body
weight regulation in obese animals.
The impact of nicotine and smoking on obesity must
be evaluated beyond an effect solely on body weight or
BMI. Chronic smoking can increase fat accumulation, associated with central obesity and insulin resistance [28].
Waist-to-hip ratio (WHR), a measure of central obesity, is
often predictive of the development of Type II diabetes and
poor health outcomes [29]. Former smokers who relapse
lose weight, approximately 2.5 pounds, but display an increase in WHR [29]. Central obesity increases dose-dependently with cigarette consumption, and this increase in
abdominal fat accumulation often occurs independently of
changes in BMI or body weight [28,29]. Smoking also induces insulin resistance [30], characteristic of Type II diabetes, and it is thought that it is nicotine in tobacco smoke
that contributes to the development of insulin resistance
[31]. Indeed, smoking and nicotine consumption are associated with the development of Type II diabetes, which
may be mediated by central obesity and insulin resistance
[32,33]. The contribution of chronic nicotine exposure to
the development of insulin resistance is supported in ani-

Rupprecht et al.: Obese smokers as a subpopulation of smoking risk

mal models [34]. Thus, it seems the relationship between
nicotine, smoking, and obesity is complex; nicotine may
reduce BMI in an obese population and prevent the onset
of obesity in an otherwise obese smoker, whereas chronic
nicotine exposure may increase central obesity and the development of Type II diabetes in lean smokers — and potentially obese smokers as well. The concept that nicotine
reduces BMI while increasing central obesity is contradictory and highlights the complexity of the relationship between nicotine and body weight, as well as the need for
research directly addressing this question, particularly in
the context of nicotine reduction policy.
THE EFFECTS OF OBESITY ON NICOTINE
REINFORCEMENT

Evidence also points to the potential impact of obesity
on the degree to which nicotine may reinforce behavior.
The mechanistic link between the drive for food and psychoactive drugs is clear in humans and rodents, which may
underlie the co-occurrence of obesity and substance abuse
disorders [35-37]. As mentioned above, higher BMI is associated with smoking more cigarettes per day, which may
be linked with higher levels of nicotine dependence. In female smokers, childhood-onset obesity is associated with
earlier smoking initiation and more severe withdrawal
symptoms, but not increases in nicotine dependence or
cigarettes consumed per day [38]. Further, craving for cigarettes significantly increased following 2-day abstinence
in high-BMI female smokers compared to lean counterparts [39]. A longitudinal survey study found that female
adolescent obesity is linked to higher levels of nicotine
dependence later in life [40]. However, a separate study
found a positive correlation between nicotine dependence
and BMI in adult men but not women [41]. Results from
these studies are not totally consistent, perhaps due to differing data collection methods or measures of dependence,
but generally support the notion that obesity might contribute to increased uptake of cigarette use or nicotine dependence.
To our knowledge, there is only one controlled laboratory study investigating the effects of body weight on
nicotine reinforcement in human smokers [42]. Non-obese
and obese non-deprived smokers were asked to take 16
total puffs from two cigarettes differing in nicotine content: a normal nicotine content (NNC) and a VLNC cigarette. Measures of nicotine dependence and cigarettes per
day were slightly elevated in the obese smokers. However,
nicotine reward, measured by the percentage of total puffs
taken from the NNC cigarette, was lower in the obese subjects. Ratings of liking for the VLNC cigarette, while
lower than the ratings of liking for the NNC cigarette,
were elevated in the obese subjects. The data describing a
relationship between obesity and smoking behavior are
limited and not entirely consistent across studies, but a
picture emerges that might support the view that obese
smokers may be more nicotine dependent and susceptible
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to smoking but derive less reward or liking from NNC cigarettes. More importantly, perhaps, is that these data highlight the possibility that obese smokers may derive more
reward from VLNC cigarettes than non-obese smokers,
indicating the potential for increased acceptance and use
of reduced nicotine content cigarettes in obese smokers.
Recent efforts using animal models have focused on
the concept that consumption of a densely caloric diet may
increase motivated behaviors, such as drug-seeking. Evidence supports the idea that high-fat diet exposure may increase motivation for nicotine reward. In an outbred
population of Sprague-Dawley rats that become obese when
maintained on a densely caloric diet, only a subset develops
insulin resistance [43]. Obese insulin-resistant rats, modeling Type II diabetes, displayed a strong place preference for
an environment previously paired with nicotine [43]. Interestingly, the obese insulin-sensitive rats did not show a nicotine conditioned place preference. Similarly, in a separate
report that that did not consider insulin sensitivity, lean mice
fed a standard chow diet showed conditioned place preference for nicotine, but this was not observed in mice fed a
high-fat diet [42]. Further, rats that become hypoinsulinemic by injection of Streptozotocin, modeling Type I or advanced stage Type II diabetes, show enhanced nicotine
self-administration across doses and schedules of reinforcement [44]. These data indicate that perhaps obesityinduced insulin resistance, and not obesity itself, enhances
nicotine reinforcement. Limited data from humans are consistent with these claims. More than 40 percent of adolescents with diabetes report to be smokers [45], and quit rates
among diabetic smokers are very low [46]. Further studies
investigating specifically whether diet-induced diabetes enhances acquisition and maintenance of nicotine self-administration and smoking behavior is warranted.
CONCLUSIONS AND OUTLOOK

The relationship between obesity and nicotine is complex. Smoking among the obese population is high [14,20].
This may be due to many factors. The explanation might be
as simple as a clustering of unhealthy behaviors, such that,
for example, people eating densely caloric foods also
smoke [23]. Alternatively, many obese individuals may use
smoking as a method of weight reduction [14]. Finally,
obesity has been linked to increased reward-seeking behaviors. This could lead to increased nicotine-seeking or
smoking behavior and augment seeking for food reward,
causing excess weight gain [47]. Nicotine reduces BMI
while at the same time increases fat accumulation, central
obesity, and insulin resistance [29], which could contribute
to the development of obesity. Moreover, insulin resistance
is thought to enhance nicotine reinforcement [43,44], potentially driving smoking behavior. Together, we propose
these factors create a cycle promoting nicotine-seeking in
the obese population (Figure 1).
Obese smokers represent a unique population and may
be especially susceptible to smoking and the weight-sup-
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Figure 1. A simplistic model of the relationship between obesity and smoking. Obesity may lead to increased
rates of smoking, mediated by several factors: a clustering of unhealthy behaviors, such as consumption of densely
caloric foods; motivation for weight loss; or enhanced reward seeking. Smoking causes insulin resistance, central
obesity, and fat accumulation, which could contribute to the development of obesity among smokers. These factors
may create a cycle promoting smoking in the obese population. The proposed cycle is enhanced by two specific interrelated factors, enclosed in grey boxes. Increased reward seeking may lead to further excess weight gain by enhancing food-seeking behaviors, exacerbating obesity. Insulin resistance, which can be caused by chronic smoke
exposure, is thought to augment nicotine reinforcement, which may lead to increased smoking behavior. For clarity,
the well-characterized relationships among obesity, clustering of unhealthy behaviors, and insulin resistance have
been omitted from the figure.

pressive effects of nicotine. Thus, obese smokers should
be considered a vulnerable population in a tobacco-reduction policy. It is possible that chronic nicotine exposure
may reduce the onset of obesity in a subset of people who
are otherwise predisposed to overweightness or obesity.
Preliminary work from human and rodent models supports
the possibility that reduction of nicotine dose or content
will result in substantial weight gain in lean populations
[48]. It is possible that nicotine reduction may result in the
development of obesity and its associated co-morbidities in
a subset of smokers. Several lines of research suggest that
diet-induced insulin resistance increases susceptibility to
smoking and nicotine reinforcement [43,44], raising the
possibility that obese individuals might be more likely to
initiate smoking of reduced nicotine content cigarettes, potentially increasing acceptance and use of VLNC cigarettes. On the other hand, insulin-resistant obese smokers
may maximally benefit from nicotine reduction, as insulin
resistance is a greater determinant of their behavior. Our
argument is limited by the number of controlled, experimental studies focused on obese smokers or animal models of obese smokers. This gap in the literature restricts our
ability to discern causal from correlative effects and demands future attention to this population, both in human
and animal models. A better understanding of how weight,
insulin resistance, and smoking behaviors will be impacted
by a potential transition to VLNC cigarettes is critical.

Analyses from surveys, such as the National Health and
Nutrition Examination Survey, examining the differences
in weight at the initiation of and following the cessation of
smoking between lean and obese individuals could provide
a useful foundation for future work. The initiation of smoking behaviors cannot be experimentally evaluated in humans; thus, animal models are needed to test the
self-administration of low doses of nicotine thought to be
below the threshold of addiction [8] in a model of diet-induced obesity and hypoinsulinemia. The ability to ask
these questions in an animal model may lead to a more
mechanistic understanding of the link between obesity and
smoking. Until we gain a more comprehensive picture of
the relationship between nicotine and obesity, careful consideration of obese smokers in nicotine-reduction policy is
necessary and future work focusing on this population in
human and animal models is of immediate importance.
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