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Abstract

Smoking continues to be the leading cause of preventable death in the USA, despite the vast and 

widely publicized knowledge about the negative health effects of tobacco smoking. Data show that 

smoking cessation is often accompanied by weight gain and an improvement in insulin sensitivity 

over time. However, paradoxically, post-cessation-related obesity might contribute to insulin 

resistance. Furthermore, post-cessation weight gain is reportedly the number one reason why 

smokers, especially women, fail to initiate smoking cessation or relapse after initiating smoking 

cessation. In this Review, we discuss the metabolic effects of stopping smoking and highlight 

future considerations for smoking cessation programs and therapies to be designed with an 

emphasis on reducing post-cessation weight gain.

Globally, reducing tobacco use and/or smoking cessation needs to be a health priority. The 

WHO estimates that each year ~6 million individuals die prematurely from smoking-related 

diseases worldwide, with the majority of deaths occurring in middle-income and low-income 

countries1. In 2008, the WHO introduced a practical, cost-effective way to help reduce 

worldwide tobacco use called MPOWER1. The six MPOWER measures include: monitoring 

tobacco use and prevention policies; protecting people from tobacco use; offering help to 

quit tobacco use; warning about the dangers of tobacco; enforcing bans on tobacco 

advertising, promotion and sponsorship; and raising taxes on tobacco1.

Although >5 million of the 6 million deaths from smoking-related diseases are the result of 

direct tobacco use, >600,000 deaths are the result of nonsmokers being exposed to second-

hand smoke1. Smoking is associated with an increased risk of multiple conditions including 

several types of cancer, type 2 diabetes mellitus (T2DM), heart disease, chronic obstructive 

pulmonary disease, congenital defects, adverse reproductive effects in men (such as erectile 

dysfunction), osteoporosis and hip and/or vertebral fractures, and overall diminished 

health2–5. Adverse reproductive effects in women (such as decreased fertility, preterm 

delivery and ectopic pregnancies) are more common in smokers than in nonsmokers5,6. 

Smoking decreases estrogen levels in the body7. Furthermore, in 2015, smoking and nicotine 

Correspondence to T.C.F. theodorefriedman@cdrewu.edu. 

Author contributions
K.K.H., M.Z. and T.C.F. researched data for the article. K.K.H. and T.C.F. provided substantial contributions to discussions of the 
content. K.K.H., M.Z. and T.C.F. wrote the article and reviewed and/or edited the manuscript before submission.

Competing interests statement
The authors declare no competing interests.

HHS Public Access
Author manuscript
Nat Rev Endocrinol. Author manuscript; available in PMC 2016 September 13.

Published in final edited form as:
Nat Rev Endocrinol. 2016 May ; 12(5): 299–308. doi:10.1038/nrendo.2016.32.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



were shown to be associated with an increased relative risk of accidents and suicide; the 

association with suicide possibly being mediated by modulation of serotonin levels by 

nicotine8. In a review published in 2014, some of the carcinogenic effects of nicotine were 

also highlighted9. In addition, passive smoking (that is, second-hand smoking) has been 

linked to severe negative health consequences, such as a low birth rate in offspring of 

mothers exposed to second-hand smoke, sudden infant death syndrome and T2DM10. In 

2012, we reported that second-hand smoking is associated with both T2DM and obesity, 

whereas primary smoke is only associated with T2DM11. Moreover, smoking leads to 

substantial financial costs to society. Between 2009 and 2012, smoking cost the USA $289–

332.5 billion, with 46–53% of this amount spent on adult medical care and the rest due to 

loss of workplace productivity5. The negative effects of smoking, thus, lead to reduced 

quality of life and loss of life, and can lead to personal and national financial burdens. 

Smoking cessation is, therefore, a personal (for smokers), national and global imperative. 

One of the major advances in understanding the link between cigarette smoke and 

cardiovascular diseases came in 1992 from a study that used insulin-mediated glucose 

uptake techniques to show that smokers are more insulin resistant (and had compensatory 

hyperinsulinaemia) than nonsmokers12. Smokers also have higher plasma levels of 

triglycerides and lower levels of HDL cholesterol12. These findings have since been 

reproduced in numerous studies13–19 and support the notion that insulin resistance leads to 

dyslipidaemia20 and endothelial dysfunction21 in smokers. Smoking is also a major risk 

factor for nonalcoholic fatty liver disease22. Although normal in some individuals and 

animals, excess fat deposition in the liver can lead to liver inflammation and scarring and, in 

severe cases, liver failure23–25.

Nicotine-mediated weight loss

In order to understand the effects of smoking cessation on metabolism, we must first 

understand the effects of smoking and nicotine on body weight and metabolic parameters. 

Smoking and nicotine directly affect glucose metabolism and body weight as a result of 

changes in metabolism, activation of lipoprotein lipase that breaks down triglycerides to 

form free fatty acids, sympathetic nervous system activation, and other changes that lead to 

increased energy consumption and weight loss26. Nicotine use results in anorexia and 

increased metabolism, which leads to weight loss in rodents and humans27. Nicotine use 

can, therefore, result in reduced body weight (FIG. 1) and other metabolic and endocrine 

effects. Some of the mechanisms by which nicotine causes weight loss include: direct 

stimulation of melanocortin receptor 4 (MC4-R), which results in reduced food 

consumption28 and serum levels of leptin29,30; increased stimulation of the sympathetic 

nervous system, which results in increased levels of adrenaline and noradrenaline31 (FIG. 1); 

lipolysis32 (FIG. 2) and other processes30–32.

Although causality has not been demonstrated, the decline in the rate of smoking parallels 

the increased prevalence of obesity (FIG. 3). An inverse dose-response relationship exists 

between smoking and BMI, with some smokers having a BMI lower than the healthy 

reference range33. By contrast, a positive correlation exists between the number of cigarettes 

smoked and central fat accumulation34; many individuals appreciate the weight-suppressive 

effects of nicotine35. In general, both active and passive smoking increase the risk of 
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T2DM10. Although use of electronic cigarettes results in weight loss in mice36, no studies 

examining the consequences of electronic cigarettes on body weight or glycaemic 

parameters in humans have been reported.

Nicotine-induced weight loss is a result of reduced appetite signalling in the hypothalamus 

and increased energy expenditure owing to increased locomotor activity, increased 

thermogenesis of brown adipose tissue, increased expression of UCP1 and UCP3 in brown 

adipose tissue and alterations in the utilization of fuel substrates29,37. At the biochemical 

level, nicotine-induced weight loss has been shown to result from inactivation of the cellular 

energy sensor 5´-AMP-activated protein kinase (AMPK) in the hypothalamus37.

Smoking cessation

Post-cessation weight gain

Widespread knowledge about the harmful effects of smoking has led to a decrease in 

smoking in all ethnic populations in the USA38. Statistics published in 2014 show that the 

proportion of adult individuals in the USA who smoke cigarettes has fallen from 20.9% in 

2005 to 17.8% in 2013 (REF. 39). Superior health benefits are observed when smokers quit 

sooner rather than later40. Although smokers are now using tobacco products less frequently 

than before, the use of electronic cigarettes has greatly increased, especially among 

adolescents5,41. Evidence-based recommendations indicate that smoking cessation programs 

are useful in helping smokers to quit42, yet in the real-world setting, smoking is a very 

difficult addiction to break. Although ~70% of both adolescent and adult smokers state that 

they would like to quit smoking, only ~7% of smokers who try to quit on their own achieve 

long-term cessation each year43. Current marketed smoking cessation products (including 

medications and tobacco-replacement products) increase the chance that committed smokers 

can stop smoking, but their efficacy is still low, especially in the real-life setting44. The 

powerfully addictive nature of nicotine is the main reason smokers continue to use 

tobacco43. Post-cessation weight gain has been reported to be the main reason why smokers, 

especially women, fail to initiate smoking cessation or relapse after initiating smoking 

cessation45. In the remainder of this Review, therefore, we explore the metabolic effects of 

smoking cessation, with an emphasis on post-cessation weight gain.

BOX 1 summarizes the results of a 2015 meta-analysis on post-cessation weight gain in 

adult individuals46. In another study47, an average smoker weighed 4–5 kg less than 

nonsmokers, but once these individuals quit, they gained on average 4.5 kg within 6–12 

months and their weights returned to the same weight–age trajectory observed in 

nonsmokers31 (FIG. 4). This weight gain in former smokers can last for up to 10 years31,48 

(FIG. 5). The mean increase in caloric intake was 227 calories per day in those who quit 

smoking, which explains up to 69% of the weight gained at 3 months post-cessation48. Of 

those who stop smoking, 13% gained >10 kg in a year, with weight gain greatest in the first 

few months after cessation and continuing to increase for ≥6 months48. Post-cessation 

weight gain leads to increased body fat31. In the USA, associated risk factors for post-

cessation weight gain include: African-American ethnicity; age <55 years; a history of heavy 

smoking (defined as >25 cigarettes per day); lower socioeconomic status; and genetic factors 
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(as demonstrated in twin studies)31. Additionally, many smokers are already overweight 

when they attempt to quit smoking33.

Another meta-analysis that included 62 studies analysed weight gain in smokers who had 

not smoked for at least 12 months49. The researchers found that post-cessation weight gain 

was greater than previously thought. On average, those who stopped smoking and did not 

use nicotine replacements or other drugs gained 1.1 kg during the first month and 2.3 kg 

during the second month; weight gain steadily increased by up to 4.7 kg at 12 months post-

cessation. Thirteen percent of individuals gained >10 kg after cessation; interestingly, 16% 

of those who stopped smoking lost weight after quitting49. The pattern or amount of weight 

gain was not reduced by pharmacotherapy. Similar weight gains occurred in individuals not 

receiving pharmacotherapy and in those using nicotine replacement, bupropion or 

varenicline.

Although on average smokers weigh less than non-smokers, the percentage of smokers who 

are overweight or obese (and who utilize smoking cessation quitlines50 — telephone-based 

advice for smokers who want to stop smoking) is reflective of that in the general population 

at large. In a study of 595 quitline participants, 206 had normal weight (34.6%), 182 were 

overweight (30.6%) and 207 had obesity (34.8%)51. More women than men had obesity and 

they had greater concerns about post-cessation weight gain. Individuals with obesity also 

expressed greater concern about post-cessation weight gain, expressed less confidence in 

being able to maintain their weight after stopping smoking, and were less willing to gain 

weight after smoking than nonobese individuals51. A 5 kg weight gain after stopping 

smoking can, therefore, stop and deter future cessation attempts33. However, in another 

study that assessed 595 quitline participants, although post-cessation weight gain occurred, 

no consistent association between baseline weight and cessation treatment adherence, 

cessation or post-cessation weight gain at 6 months was evident52.

Additionally, in the Oxfordshire (UK) general practice nicotine patch/placebo prospective 

cohort trial with an 8-year follow-up, those who abstained from smoking gained 8.8 kg at 

the 8-year follow-up53. Smokers gained 2.2 kg and relapsed smokers gained 3.3 kg; late 

abstainers (those who smoked after the first year but who were not smoking after 8 years) 

gained 8.3 kg. Smokers had a negative linear association with BMI (those with a lower BMI 

gained more weight than those with a higher BMI), while abstainers showed a J-shaped 

curve association with BMI (smoking cessation led to weight gain, with the most rapid 

weight gain observed during the first 6 months of cessation)53.

The influence of sex and the number of cigarettes smoked per day on weight gain 1 year 

post-cessation has also been investigated54. Individuals who abstained from smoking for at 

least 40 weeks gained 4.6 kg whereas those who abstained for <20 weeks gained 1.2 kg54. In 

this study, a link between weight gain and age, sex and the number of cigarettes smoked per 

day before quitting was also identified. Younger (lowest age tertile) participants gained more 

weight than older (highest age tertile) participants. For light smokers, men gained more 

weight than women, whereas for heavy smokers, women gained more weight than men. 

These findings suggest that young women who smoke heavily are at the highest risk of 

gaining weight after quitting smoking.
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The factors associated with weight gain following smoking cessation have also been 

identified55. In this study, BMI significantly increased from 23.5 ± 3.6 kg/m2 at the initial 

consultation to 23.9 ± 3.8 kg/m2 3 months after the start of smoking-cessation therapy. 

Plasma levels of triglycerides and HDL cholesterol, daily cigarette consumption and the 

Fagerström test for nicotine dependence (FTND) score significantly correlated with the 

increase in BMI after initiation of cessation therapy, with the FTND score being the 

strongest factor. The results of this study suggest that smokers with high nicotine 

dependence (that is, a high FTND score) are more likely to gain weight post-cessation than 

those with low nicotine dependence. Predictors of weight change in sedentary smokers 

following smoking cessation therapy have also been identified56. Overall, weight was found 

to increase during the first 3 months post-cessation, and to stabilize afterwards. On average, 

men gained 3.9 kg and women gained 3.3 kg 1 year after smoking cessation. High nicotine 

dependence was also associated with the greatest weight gain after cessation56. Furthermore, 

men experienced more weight gain during abstinence, which contradicts other studies46,53 in 

which women experience more weight gain following cessation of smoking. Older age 

(above the median age at entry of 43 years) was associated with continuing weight gain 

during relapse56. Overall, this study56 suggests that older smokers, those who are men, and 

those with high nicotine dependence probably gain most weight after quitting smoking.

Mechanisms—Several theories have been proposed to explain increased food intake after 

smoking cessation. One theory is that the ability of nicotine to suppress appetite is 

reversed57. Substitution reinforcement, which replaces the rewards of food with the rewards 

of cigarettes could occur58. Nicotine absence increases the rewarding value of food. Reward 

circuitries in the brain, similar to those activated by smoking, are activated by increased 

intake of food high in sugar and fat59. Furthermore, nicotine withdrawal leads to an elevated 

reward threshold, which might cause individuals to eat more snacks that are high in 

carbohydrates and sugars60. Additionally, nicotine and/or smoking help control compulsive 

eating and overeating; during post-cessation these activities are inhibited. Smokers with a 

history of binge eating during cessation exhibit lower quit rates and gain more weight than 

those without a history of binge eating61. Furthermore, smoking bans, both in public spaces 

and in the home, are associated with smoking cessation and, indirectly, with the 

development of obesity as a result of nicotine being replaced by food (a compensatory 

behaviour)62.

Glycaemic parameters following a 3 h oral glucose tolerance test were examined in 14 

individuals who achieved smoking abstinence63. Participants who stopped smoking had 

increased body mass (by 4 kg) and fat mass (by 22%), along with marked fasting 

hyperinsulinaemia and fasting insulin resistance; oral glucose insulin sensitivity was 

unchanged. β-cell secretion, as measured by the insulinogenic index I40, was increased by 

31%. In addition, carbohydrate intake levels and fasting serum levels of neuropeptide Y 

increased, which suggests that neuropeptide Y functions as a hormone that mediates post-

cessation weight gain. However, no change was found in oral glucose insulin sensitivity or 

levels of peptide YY, glucagon-like peptide 1, leptin, ghrelin or visfatin63. The authors of the 

study concluded that smoking cessation is associated with transient metabolic changes that 

include increased β-cell secretion.

Harris et al. Page 5

Nat Rev Endocrinol. Author manuscript; available in PMC 2016 September 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A contributing social factor to post-cessation weight gain might be socioeconomic status 

(SES). The majority of smokers are of lower SES than nonsmokers64. In general, lower SES 

correlates with diminished physical activity and consumption of high-calorie and high-fat 

diets that can contribute to post-cessation weight gain31.

An interesting study published in 2013 found that smoking cessation led to marked changes 

in the composition of the intestinal microbiota in humans65. The microbiota composition of 

smokers undergoing cessation was compared to that of control individuals (current smokers 

and nonsmokers) using terminal restriction fragment length polymorphism analysis and 

high-throughput sequencing. A shift in the composition of the intestinal microbiota was 

observed in smokers undergoing cessation compared with that in control individuals; this 

shift was characterized by a higher proportion of Firmicutes and Actinobacteria and a lower 

proportion of Bacteroidetes and Proteobacteria65. Overall, increased microbial diversity was 

evident. The investigators followed-up this study by conducting further microbial analyses 

using fluorescence in situ hybridization66. Again, microbiota composition was markedly 

altered by smoking cessation, with an increase in the number of Firmicutes and 

Actinobacteria and a decrease in the number of Bacteriodetes and Proteobacteria66. These 

results suggest that smoking is an environmental factor that affects the composition of the 

gut microbiota in humans. These observed changes are similar to differences in the gut 

microbiota composition of obese and lean humans and mice. Changes in the composition of 

the gut microbiota following smoking cessation could, thus, partially explain post-cessation 

weight gain.

Weight management programs

No substantial data exists showing that any smoking cessation approach is effective at 

limiting post-cessation weight gain33. In a Cochrane Database systematic review, education 

about weight management was insufficient to prevent post-cessation weight gain67. 

However, very modest positive results were found when personalized weight-management 

programs that provided feedback on individual weight-management goals and individualized 

energy prescriptions were utilized for individuals concerned about weight gain67. Pre-

smoking-cessation concerns about weight gain did not reduce overall post-cessation weight 

gain; less weight was gained initially (1–2 months post-cessation), but this gain disappeared 

12 months after cessation45.

A 2012 meta-analysis found that weight gain after smoking cessation decreased in a 

minority of individuals receiving weight management education and advice, without 

compromising cessation success49. Weight gain after cessation of smoking was 4–5 kg at 12 

months and most of this weight was gained in the first 3 months. Analysis of the data 

showed that up to 21% of those who had stopped smoking had lost weight at 1 year post-

cessation; over the same period, 48% of those who stopped smoking gained weight in excess 

of 5 kg49. Importantly, these results are only from studies that included individuals who 

were utilizing interventions to minimize post-cessation weight gain. One hypothesis about 

weight management during smoking cessation is that weight loss is achieved independently 

after patient confidence in cessation is secured. Many individuals might be unable or 

unwilling to focus on any other lifestyle changes beyond smoking cessation. Successful 
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weight management has been observed in smoking cessation programs that contain some 

form of dietary advice. Those undergoing smoking cessation often differ on which approach 

to use: cessation first and then weight management; or cessation and weight management 

simultaneously33.

In a pilot study that used multivariate logistic regression to control for covariates and/or 

factors such as age, sex, ethnicity, education level, level of nicotine dependence, BMI and 

weight gain concern level, attendance at the first scheduled contact increased when a weight 

management program was offered (88.1% versus 71.6%). Furthermore, 6-month abstinence 

increased (21.4% versus 10.1%)68. Individuals who were offered weight management advice 

were fivefold more likely to attend the first session and three times more likely to be 

abstinent 6 months after cessation treatment than those not offered weight management 

advice. Proactively informing weight-concerned smokers who are overweight or have 

obesity about weight management programs can incentivize them to start and complete 

nicotine-cessation programs.

A different approach is to address concerns about post-cessation weight gain and not weight 

gain itself, as concerns about weight gain are a stronger predictor of relapse than weight gain 

itself69. In one study, women who smoked were divided into three groups: a smoking-

cessation counselling group, a smoking-cessation counselling and weight-control group, and 

a smoking-cessation counselling and weight-control concern reduction group70. At the 1-

year follow-up, 21% of women in the weight-concern group compared with 13% in the 

weight-control group and 9% in the standard smoking-cessation group were abstinent from 

smoking70. Women in the weight-concern group also gained less weight post-cessation (2.48 

kg) than women in the weight-control group (5.36 kg) and the standard smoking-cessation 

group (7.60 kg)70. Hence, reducing concerns about weight gain is more important than 

reducing weight gain before and during cessation31.

Pharmacotherapy—Several pharmacotherapies including bupropion, nicotine-

replacement medications, fluoxetine and varenicline (a partial agonist of the α4β2 nicotinic 

acetylcholine receptor) have been investigated for preventing and reducing post-cessation 

weight gain71. However, these medications have been found to delay, rather than prevent, 

post-cessation weight gain71. On discontinuation of pharmacotherapies, individuals gain 

weight at the level they would have had they not taken the medication31. Nevertheless, 

temporary suppression of weight gain might increase smokers’ motivation to quit, thereby 

providing time for concerned smokers to focus first on stopping smoking and then to focus 

on weight management. Bupropion decreases the nicotine–reward threshold, reduces the 

effect of food reward and decreases weight gain72. In a 2010 study, bupropion therapy 

combined with a weight-gain-preventing–smoking-cessation intervention resulted in higher 

levels of smoking abstinence at 6 months than standard cessation counselling plus either 

bupropion or placebo (34%, 21% and 12%, respectively). However, no significant 

differences in weight gain were found in women at 3 months, 6 months or 12 months post-

cessation72.

In a randomized placebo-controlled clinical trial on extended (24 weeks) versus standard (8 

weeks + 16 weeks placebo) transdermal nicotine patch therapy, which was controlled for 
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sex, baseline smoking rate and previous smoking rate, individuals who quit smoking gained 

4.9–5.4 kg on average73. Compared to participants who received 8 weeks of therapy, 

participants in the 24-week treatment group gained less weight between pretreatment and 

week 24, and between week 8 and week 24; additionally, this group had greater adherence to 

transdermal nicotine patch therapies, which led to reduced weight gain73. Extending the 

duration of nicotine replacement therapy might, therefore, decrease post-cessation weight 

gain.

A study conducted in Japan has compared the effectiveness of varenicline and nicotine patch 

therapy in limiting weight gain after smoking cessation74. Participants receiving varenicline 

gained 0.9 kg of weight compared with 2.8 kg of weight gained by those using nicotine 

patch therapy. Multivariate linear regression analysis revealed that varenicline users 

experienced considerably less weight gain than those who used nicotine patches. These 

results suggest that varenicline might be more effective than nicotine patch therapy in 

limiting weight gain post-cessation, due to its selective activation of the α4β2 nicotinic 

acetylcholine receptor.

The effectiveness of osmotic-release oral system methylphenidate (known as OROS–MPH) 

in limiting post-cessation weight gain has been examined in adult individuals with attention-

deficit/hyperactivity disorder (ADHD)75. As adult individuals with ADHD are at a higher 

risk of smoking and overweightness or obesity, and OROS–MPH treatment often leads to 

weight loss, this treatment might help limit weight gain following smoking cessation. 

Individuals treated with OROS–MPH lost 1.6% of their body weight on average 11 weeks 

post-cessation, whereas control individuals given placebo gained 1.3% of their body weight 

on average75.

Fruit and vegetable intake—Including the consumption of more fruits and vegetables 

into a nutritional advice component of smoking cessation programs might assist smoking 

cessation and lead to less post-cessation weight gain. In one study focusing on the diet of 

373,803 participants from 10 European countries participating in the European Prospective 

Investigation into Cancer and Nutrition Study, after controlling for multiple covariates, an 

inverse relationship between baseline fruit and vegetable intake and weight change was 

found in individuals who ceased smoking76. A weak positive association between vegetable 

intake and weight change in former female smokers was found. Furthermore, a weak inverse 

association between fruit intake and weight change was found in women who had never 

smoked. Baseline fruit and vegetable intake can, therefore, help to reduce post-cessation 

weight gain. Fruit and vegetables might prevent weight gain due to their low-energy density 

and high dietary fibre content76. In the Greater Glasgow (UK) cluster randomized controlled 

study from January to August 2008, smokers in a nutritional intervention group gained more 

mean weight than a control group who received no nutritional guidance during cessation; 

weight gain at 8 months was 3.9 kg and 2.7 kg, respectively77. Notably, the intervention 

group consumed more fruits, vegetables and breakfast cereal than the control group. 

Furthermore, more individuals in the intervention group continued to abstain from smoking 

than in the control group. The nutritional intervention only improved dietary habits of 

participants, but did not change body weight. Improved quit rates in the intervention group 
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might be due to contact with counsellors who reduced participants’ anxiety about weight 

gain and encouraged them to stop smoking despite weight gain.

Post-cessation weight control summary—During smoking cessation, a decrease in 

metabolic expenditure occurs without an accompanying increase in physical activity31. A 

positive energy balance ensues that leads to weight gain. Behavioural interventions that 

manage post-cessation weight gain by focusing on reducing caloric intake, increasing 

physical activity or both, might be helpful. Weight-control interventions have only proven 

beneficial in terms of cessation and weight control during the initial first 6 months. Weight 

management programs along with cessation programs, thus, do not hinder cessation31.

Gestational weight

Smoking cessation is associated with excessive gestational weight gain78. Not only does 

smoking cessation lead to weight gain in smokers, but it can also lead to weight gain in the 

offspring of mothers undergoing smoking cessation. A Japanese prospective cohort study of 

2,663 mothers (data collected from 83.7% of participants) and their children born between 

1991 and 2006 assessed the relationship between smoking status of the mother and infant 

and childhood weight79. Mothers who smoked during pregnancy gave birth to infants who 

were ~120–150 g smaller than normal. Additionally, at age 3 years, the BMI of boys born to 

these mothers who smoked was substantially higher than that in boys born to mothers who 

did not smoke. Children of mothers who ceased smoking before or during early pregnancy 

showed no signs of being small for gestational age or having childhood obesity79.

Data from the National Institute of Child Health and Human Development Study of Early 

Child Care and Youth Development found that children whose mothers smoked within 1 

year before the birth of their child were more likely to have a higher than average BMI80. 

Mothers who smoked 1 year before birth were also more likely to have an overweight child 

with a greater BMI percentile average in grades 1–6 than mothers who never smoked. 

Mothers’ education and the birth weight of the child were also strongly associated with 

children being overweight. According to these findings, women need to cease smoking at 

least 3 months before becoming pregnant to decrease their and their offspring’s chance of 

being overweight80.

Additionally, an increase in cigarette taxes has been shown to correlate with decreased rates 

of smoking among white and black mothers with low education; however, their babies had 

larger than normal birth weights81. In this study, for every US$1 tax increase, the smoking 

level decreased by 2.4% for white mothers and 2.1% for black mothers; furthermore, the 

birth weight of their infants increased by 5.4 g and 4.0 g, respectively, which might have 

beneficial long-term results.

Metabolic diseases

Smoking status and BMI—In a 2008–2010 cross-sectional analysis of 4,656 men from 

South Korea, aged 19–70 years, both current and former smokers had more visceral adipose 

tissue (VAT) than those who had never smoked82. Increased mean VAT was associated with 

higher daily pre-cessation cigarette consumption, longer smoking duration and shorter 
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smoking abstinence. The highest mean VAT in former smokers occurred within 2 years of 

abstinence. No significant difference in mean VAT between individuals who had abstained 

from smoking for >20 years and individuals who had never smoked was found.

The Hitachi Health Study used abdominal CT to assess the prevalence of the metabolic 

syndrome in 5,697 male individuals from Korea83. This study used the diagnostic criteria set 

forth by the National Cholesterol Education Program Adult Treatment Panel III, which states 

that the metabolic syndrome is a combination of three of the following five conditions: 

insulin resistance, obesity, hyperglycaemia, atherogenic dyslipidaemia and elevated blood 

pressure84. After adjusting for age, alcohol intake and energy expenditure, a relationship 

between smoking status and the metabolic syndrome and some of its components was 

identified83 (TABLE 1). Ex-smokers, with the exception of individuals who abstained from 

smoking for ≥15 years, had more visceral adiposity, a larger ratio of visceral to subcutaneous 

adipose tissue and a higher incidence of elevated plasma triglyceride levels, hyperglycaemia 

and the metabolic syndrome than nonsmokers.

These findings might be explained by adiponectin, an adipocyte-specific protein that is 

involved in metabolic processes such as the regulation of serum glucose levels and fatty acid 

catabolism85–89. An inverse association exists between levels of adiponectin and an 

increased risk of developing the metabolic syndrome90. In a study of 28 male smokers who 

successfully abstained from smoking for 2 months with the aid of transdermal nicotine 

treatment, individuals were divided into two groups: weight maintainers (n = 10) and weight 

gainers (n = 18)91. In the weight-gaining group, serum levels of adiponectin increased 1 

week after initiation of transdermal nicotine therapy; at 9 weeks, levels of adiponectin were 

markedly decreased. Additionally, a significant increase in insulin resistance as defined by 

homeostatic model assessment (HOMA index; a method used to assess β-cell function and 

insulin resistance)92 was found in the weight-gaining group. However, no significant 

changes in adiponectin levels or HOMA index were found in the weight-maintaining group. 

Overall, the results of this study showed that post-cessation weight gain is associated with 

decreased adiponectin levels and increased risk of the metabolic syndrome91.

Smoking can lead to insulin resistance and T2DM, and can contribute to an atherogenic lipid 

profile93. Even though smokers probably weigh less than they would if they were not 

smokers, they still have a high ratio of visceral to subcutaneous adipose tissue82,94,95, which 

is a cardiovascular risk factor. Estimates suggest that 20% of smokers have obesity, although 

this estimate depends on the population studied. The idea of treating tobacco dependence 

and obesity together is a provocative one. Rimonabant, a cannabinoid receptor antagonist, 

has been used to treat obesity96 and nicotine dependence97, and is also effective against the 

metabolic syndrome98. However, rimonabant had adverse psychiatric effects and did not 

receive FDA approval96. The effectiveness of bupropion in smoking cessation and weight 

loss might be due to increased central levels of dopamine and noradrenaline99, similar to 

effects mediated by nicotine itself. Although nicotine controls food intake and ultimately 

body weight (FIG. 3), a greater understanding of how nicotine functions in the brain to 

control weight is required.
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Insulin secretion and resistance—Nicotine might influence β-cell function directly or 

indirectly via the parasympathetic ganglia63. The results from animal studies and in vitro 
experiments show that nicotine exposure results in β-cell toxicity100–102. In rabbits, high 

concentrations of nicotine inhibit glucose-induced insulin secretion, whereas low doses 

stimulate insulin secretion103. In mice, activation of the α2 subtype of 5´-AMP-activated 

protein kinase in adipocytes is essential for nicotine-induced insulin resistance104.

In 2015, we used hyperinsulinaemic–euglycaemic clamps coupled with stable isotope tracers 

to measure hepatic glucose output and indirect calorimetry to measure substrate utilization, 

as part of a study that enrolled healthy smokers who smoked between half a pack and two 

packs per-day in an 8-week smoking cessation program of behavioural counseling plus oral 

bupropion (phase I)105. This phase was followed by a 16-week maintenance period without 

counselling or bupropion, wherein participants either remained abstinent or naturally 

resumed and/or increased smoking (phase II)105. Cessation (phase I) reduced the number of 

cigarettes smoked per day and levels of carbon monoxide and nicotine metabolites; no 

further changes occurred during phase II. The ratio of central to peripheral adipose tissue 

trended higher during phase I (inversely correlated with carbon monoxide levels), but then 

fell markedly during phase II. Unadjusted basal hepatic glucose output decreased over 24 

weeks; changes in hepatic glucose output correlated directly with changes in carbon 

monoxide levels. Weight changes correlated directly with changes in levels of nicotine 

metabolites during phase II and overall. Over 24 weeks, changes in levels of carbon 

monoxide and nicotine metabolites inversely correlated with changes in several measures of 

glucose uptake, glucose oxidation and the respiratory quotient. This study showed that 

smoking cessation produces a transient worsening of central fat redistribution, which is 

followed by a more significant improvement in central fat redistribution, along with other 

net beneficial metabolic effects.

Insulin sensitivity has been shown to improve with smoking cessation that occurs in 

conjunction with normalization of phosphorylation of insulin receptor substrate 1 (IRS-1) at 

Ser636106. In cell culture studies, nicotine stimulates the two pathways known to stimulate 

IRS-1 (Ser636) phosphorylation (p44/42 mitogen-activated protein kinase (MAPK)) and 

mammalian target of rapamycin (mTOR). These findings indicate that nicotine induces 

insulin resistance in skeletal muscle by activating mTOR, which can be reversed by smoking 

cessation.

Smoking cessation can also lessen chronic damage caused by T2DM. The effect of smoking 

cessation on microalbuminuria (defined as a ratio of albumin to creatinine of 30–300 µg/mg) 

in patients with newly diagnosed T2DM has been evaluated in one study107. Of 500 

individuals with newly diagnosed T2DM and microalbuminuria, 196 participants were 

educated about smoking cessation and weight management. During the study, ~62% of 

participants quit smoking and at the 1 year follow-up, the prevalence of microalbuminuria 

was reduced by 72.6% in the cessation population and by 22.5% in those individuals that 

continued to smoke107. The investigators concluded that smoking cessation in patients with 

newly diagnosed T2DM is associated with amelioration of metabolic parameters, blood 

pressure and a reduction in microalbuminuria107.
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Conclusions

Smoking cessation can alleviate diseases caused by smoking and nicotine108, and can also 

lead to weight gain. Post-cessation weight gain is often underestimated in self-reports33. The 

1997–2004 National Health Interview Survey–National Death Index Linkage study showed 

that normal-weight smokers had a higher mortality risk from all smoking-related diseases 

combined than ex-smokers who were overweight or had obesity45. Post-cessation weight 

gain is, therefore, less harmful than smoking. Individuals with obesity who quit smoking 

have the highest need for interventions to ameliorate weight gain53. Smokers with obesity, 

especially women, need more effective weight management treatment in conjunction with a 

weight gain anxiety reduction component, along with smoking cessation treatment51. To 

maximize smoking cessation, approaches that account for overeating during the first 6 

months of cessation must be considered31.
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Key points

• In general, an inverse relationship between smoking and BMI exists

• Post-cessation-related obesity might contribute to insulin resistance

• The number one reason for not wanting to quit smoking or quitting and 

then relapsing is fear of post-cessation weight gain, especially in 

women and in individuals with obesity

• Future smoking cessation programs and therapies need to be designed 

with an emphasis on reducing post-cessation weight gain

• The benefits of smoking cessation outweigh the risks
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Box 1

Highlights of systematic review on post-smoking cessation weight gain46

• Before January 2015, five e-databases were searched to collect data. 

Population-based prospective cohort studies that included weight 

change from baseline (pre-cessation) to follow-up (≥3 months post-

cessation) were included, comprising 35 studies in total that assessed 

63,403 individuals who had quit smoking and 388,432 smokers.

• Individuals who stopped smoking had a significant association with 

absolute weight gain; among these individuals the mean weight gain 

was 4.10 kg (95% CI 2.69–5.51; P <0.001 compared to those who 

continued to smoke) whereas the mean increase in BMI was 1.14 

kg/m2 units over a 5-year period. (95% CI 0.50–1.79; P = 0.137 

compared to those who continued to smoke).

• Overall, these data showed that weight gain is a major adverse effect of 

smoking cessation.

• However, the adverse effect of weight gain does not offset the 

beneficial effects of smoking cessation. Physicians should, therefore, 

continue to encourage their patients to pursue smoking cessation in 

order to become healthier and avoid or reduce negative health 

consequences. In addition, clinicians and researchers should focus on 

designing and implementing successful weight management programs 

for individuals who are at every stage of trying to cease smoking.
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Review criteria

In 2012, we published a review article on the endocrine effects of nicotine and cigarette 

smoke that reviewed the endocrine and metabolic effects of nicotine and/or smoke 

published in 2010 and earlier110. This Review, thus, included articles published in 2010 

and later and focused on the metabolic effects of smoking and smoking cessation. 

PubMed was searched for relevant topics using the following pairs of search terms: 

“smoking cessation AND obesity”, “smoking cessation AND weight”, “smoking 

cessation AND insulin sensitivity”, “smoking cessation AND body composition”, 

“smoking cessation AND body mass index”, “nicotine withdrawal AND obesity” and 

“nicotine withdrawal AND insulin”. References cited in this Review included primarily 

English-language original research articles and some specific review articles. Searches 

were limited to articles published within the past 5 years. Articles were also included 

(including some older than 5 years) if they were cited by other articles and if they 

contributed to the topic of this Review.

Harris et al. Page 20

Nat Rev Endocrinol. Author manuscript; available in PMC 2016 September 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. Mechanisms by which cigarette smoking reduces body weight
Smoking reduces body weight by increasing energy expenditure and inhibiting the expected 

compensatory increase in caloric intake. Nicotine increases energy expenditure both by 

direct effects on peripheral tissues (largely mediated by catecholamines) and by effects on 

neuroendocrine circuits in the central nervous system. The effects of nicotine on the brain 

also lead to suppression of appetite; smoking per se can serve as a behavioural alternative to 

eating. AgRP, agouti-related protein; CART, cocaine- and amphetamine-regulated transcript 

protein; DA, dopamine; Epi, adrenaline; GABA, γ-aminobutyric acid; NEpi, noradrenaline; 

NPY, neuropeptide Y; POMC, proopiomelanocortin. Modified with permission from Wiley 

© Audrain-McGovern, J. & Benowitz, N. L. Clin. Pharmacol. Ther. 90, 164–168 (2011).
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Figure 2. Mechanisms by which nicotine leads to insulin resistance
Nicotine inhibits hypothalamic 5´-AMP-activated protein kinase (AMPK) activity, decreases 

food intake and increases thermogenesis. Nicotine also enhances lipolysis and increases the 

delivery of free fatty acids (FFA) to the liver and skeletal muscle. These effects of nicotine 

are associated with increased hepatic secretion of VLDL cholesterol and intramyocellular 

lipid saturation, as well as peripheral insulin resistance. Nicotine increases mammalian 

target of rapamycin (mTOR) and/or p70S6 kinase (p70S6K) activity in cultured L6 

myotubes in association with increased phosphorylation (P) of insulin receptor substrate 1 

(IRS-1) at Ser636 and reduced insulin-stimulated glucose uptake; the mTOR inhibitor 

rapamycin blocks these effects of nicotine. GLUT-4, glucose transporter type 4, insulin-

responsive; NACHR, nicotinic acetylcholine receptor; p85, PI3K regulatory subunit-α; 

p110, PI3K catalytic subunit polypeptide; PI3K, phosphoinositide 3-kinase. American 

Diabetes Association, Bajaj, M. et al. Nicotine and insulin resistance: when the smoke 

clears. Diabetes 61, 3078–3080 (2012). Copyright and all rights reserved. Material from this 

publication has been used with the permission of American Diabetes Association.
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Figure 3. Prevalence of smoking and obesity
Data shows the prevalence of smoking and obesity in individuals aged ≥18 years in 

California, USA, for the period 1989–2009. Modified with permission from the Legislative 

Analyst’s Office. 201 Cal Facts. California’s economy and budget in perspective [online], 

http://www.lao.ca.gov/reports/2011/calfacts/calfacts_010511.aspx (2011)109.
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Figure 4. Weight gain within the first year of attempting to quit smoking
Point prevalence abstinence group includes individuals who were not continuously abstinent 

but who were abstinent over the 7 days before testing. At baseline, the average age of 

participants (n = 196) was 44.5 years. Modified with permission of Wiley © Audrain-

McGovern, J. & Benowitz, N. L. Clin. Pharmacol. Ther. 90, 164–168 (2011).
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Figure 5. Changes in BMI over 10 years with smoking status
At baseline, female participants (n = 5,639) and male participants (n = 3,365) had an average 

age of 47.1 years and 43.8 years, respectively. Modified with permission of Wiley © 

Audrain-McGovern, J. & Benowitz, N. L. Clin. Pharmacol. Ther. 90, 164–168 (2011).
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