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Abstract: Cigarette smoking remains the leading preventable cause of death worldwide. Efforts 

to reduce smoking prevalence include changes to policies that are expected to have impacts on 

smoking behaviors. Plain packaging has been introduced as a method to reduce the appeal of 

smoking by removing such branding information as pack colors and brand logos from cigarette 

packages. Behavioral studies of plain packaging demonstrate reductions in the appeal of ciga-

rette packages, changes in smoking behaviors, and expected reductions in smoking initiation. 

Neuroimaging studies of branding demonstrate that the neural systems of rewards and cognitive 

control are associated with processing brand information (eg, logos). Neuroimaging studies in 

smokers demonstrate that the neural systems of reward respond to images of cigarettes and are 

associated with reductions in cognitive control responses. The current review discusses the 

state of research on plain packaging in terms of a biopsychosocial model of addiction in which 

behavioral studies of plain packaging can identify psychological and social changes related 

to packaging, whereas neuroimaging studies can identify biological changes underlying the 

 psychological and social impacts of packaging. Together, these studies show that plain packag-

ing may reduce positive perceptions of smoking by reducing related reward responses in the 

brain, thus increasing the likelihood that smokers will be able to resist the urge to smoke, and 

perhaps quit smoking altogether.

Keywords: smoking, plain packaging, neuroimaging, branding, reward

Introduction
The World Health Organization (WHO) estimates that about 6 million people die 

each year from tobacco-related disease (eg, cancer, cardiovascular disease), and that 

approximately 600,000 of these individuals are nonsmokers who have been exposed 

to tobacco smoke.1 Efforts to reduce cigarette smoking range from smoking-cessation 

programs focused on helping an individual quit smoking to public health campaigns 

focused on increasing awareness of the health implications of smoking. Policy changes 

have also been used to reduce smoking prevalence by increasing taxation,  implementing 

bans on advertising, and altering cigarette packaging.2 Although these efforts share 

the common goal of reducing smoking prevalence and preventing the initiation of 

smoking by nonsmokers, the focus of the current paper is on the effects of cigarette 

packaging on smoking perceptions and behaviors.

Despite the reluctance of tobacco companies to admit that packaging plays a key 

role in advertising cigarette brands,3 evidence from analyses of cigarette  advertisements 

tell a different story. Dewe et al4 evaluated cigarette advertisements (ads) in the UK 

from the 1950s to 2003, when print and billboard cigarette ads were banned. The 
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results suggest a decline from the 1950s to the 1990s in 

the use of imagery of cigarettes being smoked, as well as 

imagery of cigarettes not being smoked. The use of imagery 

of cigarette packages in ads began to increase in the 1980s. 

However, changes in cigarette imagery in ads have not been 

associated with a change in smoking prevalence.4 The lack 

of association between changes in cigarette imagery in ads 

and smoking prevalence suggests that changing the type 

of imagery in ads alone will not reduce smoking. On the 

other hand, the cigarette pack remains a prominent aspect 

in advertising cigarettes and is a primary vehicle to convey 

brand information.4 Therefore, an emerging field of research 

focuses on how the cigarette package impacts perceptions 

about smoking and what the interaction is between the ciga-

rette package and brand information.

Branding influences consumer decisions by modify-

ing perceptions about products and establishing emotional 

bonds to products.5 In the case of cigarettes, brands can 

portray information about the cigarette, such as taste 

(eg, mild), smoking experience (eg, smooth), and health 

risk (eg, low tar). Brands can also portray information about 

the smoker who smokes a certain brand of cigarette, such 

as sex, personality (eg, sophisticated), and social status 

(eg, wealthy).6–10 Moreover, branding influences both smok-

ers and  nonsmokers. For example, Gendall et al11 found that 

nonsmokers characterize cigarette brands with such adjec-

tives as “sophisticated”, “trendy”, “professional”, etc, and 

are more likely than smokers to associate positive attributes 

with familiar brands (ie, brands available for purchase). 

The authors suggest that this may be an artifact of smokers 

assigning less positive adjectives to cigarette brands, due to a 

smoker’s negative feelings about his/her smoking (eg, guilt). 

However, further research is needed to understand this seem-

ingly counterintuitive finding.

Given the power of the cigarette package to influence 

individuals’ perceptions of cigarettes, the WHO Framework 

Convention on Tobacco Control’s Article 11 addresses 

packaging and labeling of products, specifically stating 

that tobacco packaging should not be “misleading”, and 

 recommends plain packaging that “restricts the use of logos, 

brand images, and promotional information” from appearing 

on cigarette packages.1 The tobacco industry has been against 

the use of plain packaging, arguing that the effectiveness of 

plain packaging has not been proven,11 and that plain packag-

ing will have little effect on purchasing behaviors.3 Tobacco-

control activists have embraced plain packaging with the hope 

that it will reduce current smoking prevalence and prevent 

nonsmokers from becoming smokers.3 A study of tobacco-

control experts from the UK, Australia, and North America 

reported best-guess estimates of the impact of plain packag-

ing on smoking prevalence. Experts estimate an expected 1% 

reduction in prevalence rates of smoking in adults, and a 3% 

reduction in prevalence of smoking rates in children 2 years 

after implementing plain packaging.12 These expert opinions 

are in discord with reports from current smokers stating that 

smokers do not believe plain packaging will change their 

purchasing behavior, because purchases are driven by brand 

familiarity rather than packaging.13 However, this belief is 

not supported by behavioral studies of demand and purchas-

ing behavior.7,14,15

The current review discusses behavioral studies of 

plain packaging and neuroimaging studies of branding, 

smoking, and health messaging with the goal of applying 

a  biopsychosocial model to understand the connection 

between 1) the psychological aspects of plain packaging 

(eg, perceptions), 2) the social aspects of plain packaging 

(eg, social appeal), and 3) biological aspects of plain packag-

ing (eg, associated brain activations). The paper begins with 

a systematic review of behavioral studies examining plain 

packaging. Next, the paper reviews a handful of neuroim-

aging studies examining brain responses associated with 

branding. These neuroimaging results will be compared to 

results of neuroimaging studies in smokers to outline how 

the neural systems of reward respond in individuals who 

currently smoke cigarettes. The paper concludes by connect-

ing the existing behavioral research on plain packaging of 

cigarettes with the neuroimaging studies on branding, as well 

as smoking within the biopsychosocial framework. Finally, 

the paper concludes with a discussion of how behavioral and 

neuroimaging studies can perhaps inform policy decisions in 

an effort to reduce the prevalence of smoking and improve 

public health by understanding the neural underpinnings that 

contribute to decisions about smoking.

Plain packaging of cigarettes
Plain packaging of cigarettes has been studied from a behav-

ioral standpoint by examining individuals’ perceptions of 

plain-packaged cigarettes. Inclusion criteria for the literature 

review on plain packaging was limited to studies that met 

the following guidelines: 1) published (or electronic publica-

tion available) on or before January 2014; 2) experimental 

in nature (eg, surveys, forced choice, eye-tracking, etc); 

3) assessing plain packaging in relation to branded packs; 

and 4) participants were from a community sample, meaning 

studies in which participants were tobacco-control experts 

were excluded. PubMed was used to identify appropriate 
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literature using the search terms “plain packaging cigarettes” 

and “plain packaging tobacco”. These search terms resulted 

in 119 separate articles, of which 26 (Table 1) met the inclu-

sion criteria. The majority of excluded articles were commen-

tary and review articles. Although many studies examining 

the impact of plain packaging also examined the effects of 

health warnings,9,11 the focus of the current review is on the 

effects of plain packaging. Therefore, studies that examined 

only the effects of health warnings were outside the scope 

of the current review and were excluded.

Behavioral studies of plain packaging include focus 

groups and opinion polls, as well as rating, forced choice 

decision-making, eye-tracking, willingness-to-pay, and 

naturalistic studies. Focus groups and opinion polls are 

used to introduce participants to what plain packaging is 

and discuss how plain packaging might change perceptions 

about smoking and/or the impact plain packaging may have 

on smoking behaviors. Rating studies are conducted via 

web-based surveys or in-person interviews, during which 

participants are presented with individual cigarette packs with 

varying degrees of plain packaging and asked to rate each 

pack on items including characteristics about the cigarettes 

(eg, attractiveness, taste, health risk) and/or characteristics 

about the smoker who would smoke cigarettes from the 

presented pack (eg, glamorous, trendy, low class). Similar to 

rating studies, forced choice decision-making tasks ask par-

ticipants to assign characteristics to a cigarette pack; however, 

instead of rating packs individually, participants are asked 

to choose which cigarette pack from multiple packs best fits 

the presented characteristics. Eye-tracking studies assess 

what aspects of cigarette packs participants pay attention to 

most and how attention changes based on varying degrees of 

plain packaging. Willingness-to-pay studies assess how much 

participants are willing to pay for different cigarette packs. 

Finally, naturalistic studies examine how smoking behaviors 

and perceptions change when smokers are asked to smoke 

cigarettes from plain packages. Together, these studies are 

discussed in terms of how plain packaging influences per-

ceptions, attention to warnings, demand for cigarettes, and 

smoking behaviors.

Perceptions
In general, plain packaging reduces the appeal of cigarettes 

among adolescents and adults in terms of the attractiveness or 

Table 1 Behavioral studies of plain packing of cigarettes

Study Year Methods n Included  
nonsmokers

Country

Arora et al37,* 2013 Focus group/survey 124/346 Yes india
Bansal-Travers et al21 2011 Forced choice 397 Yes United States
Fix et al38 2011 Survey 678 No United States
Gallopel-Morvan et al25 2012 Forced choice 836 Yes France
Germain et al6 2010 Rate pack 1,087 Yes Australia
Goldberg et al31 1999 Recall 401 No Canada
Hammond et al7 2013 Rate pack 947 Yes United Kingdom
Hammond et al22,** 2009 Forced choice 806/516 Yes United Kingdom
Hammond et al23 2011 Rate pack 826 Yes United States
Hammond et al24 2013 Forced choice 712 Yes United Kingdom
Hoek et al18 2012 Focus group 86 Yes New Zealand
Hoek et al40 2011 Forced choice 292 No New Zealand
Lund and Scheffels8 2013 Rate pack 1,022 Yes Norway
Maynard et al33 2013 eye tracking 87 Yes United Kingdom
McCool et al9 2012 Focus group 80 Yes New Zealand
Moodie et al35 2012 Forced choice 658 Yes United Kingdom
Moodie et al20 2011 Naturalistic 140 No United Kingdom
Moodie and Mackintosh36 2013 Naturalistic 301 No United Kingdom
Munafò et al34 2011 eye tracker 43 Yes United Kingdom
Scheffels and Lund16 2013 Forced choice/rate pack 1,010 Yes Norway
Scheffels and Sæbø17 2013 Focus group 69 Yes Norway
Thrasher et al14 2011 Bidding 404 No United States
Wakefield et al15 2012 Rate pack 1,203 No Australia
Wakefield et al19 2008 Rate pack 813 No Australia
Wakefield et al39 2013 Naturalistic 536 No Australia
white et al10 2012 Rate pack 640 Yes Brazil

Notes: *included two studies – a focus group (n=124) and a survey (n=346); **included a sample of adults (n=806) and adolescents (n=516).
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appeal of the cigarette,6,7,9,10,16–20 and the taste of the cigarette 

compared to fully branded cigarettes.6,7,10 Plain packaging 

also alters individuals’ perceptions of smokers. For instance, 

adolescents describe smokers of plain-packaged cigarettes 

as less trendy and from lower social classes than smokers 

of branded cigarette packages.6–10,20 Similarly, smokers of 

plain-packaged cigarettes are also described as having an 

“addictive personality”, since they continue to smoke even 

when the appeal of smoking has been removed along with 

the branding.9 Therefore, changes in perceptions about the 

smokers of plain-packaged cigarettes appear to increase 

social stigma.

Plain packaging has also been associated with percep-

tions that plain-packaged cigarettes have different tar levels 

and health risks compared to branded packs, indicating 

that branding not only increases the appeal of smoking but 

also influences perceptions of health risks.6,7,9,10 In general, 

plain-packaged cigarettes are perceived as having higher 

tar levels and/or increased health risks.7,9,21–23 However, the 

color of the plain package can influence the perception of 

health risks among smokers.22 Specifically, plain packaging 

in white boxes is perceived as having fewer health risks 

than fully branded packaging, whereas plain packaging 

in brown boxes is perceived as having greater health 

risks.22 This is consistent with the tobacco  industry’s use 

of white backgrounds on fully branded cigarette packages, 

presumably due to the association of the color white with 

connotations of cleanliness and healthiness.22 In addition, 

the shape of the plain-packaged box can also influence 

perceptions of risk. For example, “lipstick” boxes are per-

ceived as having lower health risks, even when packaged 

without branding.23

Many studies examining plain packaging include both 

smokers and nonsmokers, and show differences in the 

influence of plain packaging on perceptions. For example, 

smokers rate cigarettes as less harmful than nonsmokers.24 

Motivation to quit smoking also influences smokers’ choices, 

in that smokers who are more motivated to quit are more 

likely to choose plain-packaged cigarettes,25 thus supporting 

the perception that plain packaging will help smokers quit 

smoking. Some studies show that smokers appear to assign 

more positive characteristics to branded and plain-packaged 

cigarettes compared to nonsmokers.6 This is inconsistent with 

studies that focus only on branded cigarettes, and indicates 

that nonsmokers compared to smokers assign more positive 

characteristics to familiar brands than unfamiliar brands.11 

The major difference between these studies is the  inclusion 

of plain-packaged cigarettes. How these differences in 

 perceptions may influence smoking initiation among non-

smokers will be discussed in more detail.

Similar to how smoking status can change perceptions 

about cigarettes, perceptions also vary by sex.7,10,20 This is an 

important aspect to discuss in terms of cigarette packaging, 

since advertising of cigarettes has targeted women in the past 

by focusing on ideals of thinness, sex appeal, and feelings of 

belonging.26,27 Studies examining the effects of plain packag-

ing among women point out that branding for women is asso-

ciated with lighter colors and fonts that convey femininity. 

Studies in female smokers are consistent with other studies 

of plain packaging showing reductions in positive attributes 

associated with smoking.7,10,20 Moreover, Lund and Scheffels8 

directly compared perceptions of cigarette packaging in male 

and female adolescents, and found that female adolescents 

associated fewer positive traits with plain packs compared to 

fully branded packs, whereas male adolescents showed little 

difference between plain and standard packs. Overall, these 

results indicate that women may be more sensitive than men 

to branding information displayed on packs.

Perceptions associated with plain packaging also vary by 

race and ethnicity. Specifically, Hammond et al7 found that 

nonwhite smokers rate branded packaging as better tasting 

and more appealing than white smokers. Racial differences 

also exist in perception of the health risks associated with 

cigarettes. Hammond et al7 found that nonwhite smokers 

rated branded packaging as healthier. Similarly, White et al10 

found that nonwhite adolescents rated branded packs as less 

harmful. Given the disproportionately greater  tobacco-related 

disease burden among nonwhite smokers28–30 and the seem-

ingly increased impact of branding on the perception of 

cigarettes, these results indicate that plain packaging could 

have an impact on reducing health disparities by decoupling 

positive rewards associated with branding from cigarettes.

Attention to health warnings
In addition to changing perceptions about smoking, plain 

packaging also changes what aspects of the package attract 

the most attention. Examining the effects of plain packaging 

on attention is not a new line of research. In fact, studies in the 

1990s examined the impact of plain packaging.31,32 The most 

consistent finding in terms of attention is that plain packag-

ing increases attention to health warnings. This is achieved 

by increasing recall of health messages.31,32 Similarly, eye-

tracking studies demonstrate that plain packaging increases 

the number of eye movements toward warning labels.33,34

As with perceptions associated with plain packaging, 

attention to warning labels also appears to be related to 
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smoking status. Specifically, occasional and weekly smok-

ers pay equal attention to branding and health-warning 

information on branded cigarette packs, but selectively 

pay more attention to health warnings on plain packs.33,34 

Furthermore, never-smokers typically pay more attention to 

health warnings regardless of pack type, and spend more time 

looking at branded packs compared to plain packs.33,34 Daily 

smokers, on the other hand, show no differences in attention 

for branding compared to health warnings on branded and 

plain packs.33,34

Demand for plain-packaged cigarettes
Another approach to examining the impact of plain packaging 

is to assess participants’ desire to obtain cigarettes from plain 

compared to branded cigarette packs (ie, demand). Thrasher 

et al14 found that plain packaging reduces demand for ciga-

rettes in terms of reducing the price smokers are  willing to 

pay to purchase cigarettes in plain packages. Moreover, plain 

packaging appears to reduce demand to a greater degree 

than increasing the size of graphic health warnings.14,15 The 

effect of plain packaging on cigarette demand could be due 

to perceptions that the combination of branding and graphic 

health warnings sends competing messages about smoking 

and is “confusing”, because the branding and health warnings 

convey opposite messages.9

Similarly, in forced choice decision-making studies where 

participants are offered a pack of cigarettes as part of the 

study, smokers and nonsmokers are less likely to say yes to 

receiving a pack of plain-packaged cigarettes compared to 

branded packages.7 Although nonsmokers will accept packs 

of cigarettes, smokers are more likely to accept a pack than 

non-smokers.10 Furthermore, nonsmokers tend to base their 

decisions on the pack with the lower perceived health risk, 

whereas smokers equally choose higher- and  lower-risk 

packs.21 This suggests that plain packages that increase percep-

tions of health risk may also impact initiation of smoking.

Change in smoking behaviors
As described earlier, plain packaging can alter perceptions 

about cigarette and smoker characteristics; however, the 

question remains as to whether or not these changes in 

perception lead to changes in behavior. Recent studies have 

begun to look at smoking behaviors associated with plain 

packaging in real-world settings. Studies examining the 

impact of plain packaging on smoking behaviors have asked 

participants to smoke cigarettes from plain packaging for 1–2 

weeks compared to 1–2 weeks of smoking their usual fully 

branded packs.35,36 The results across two separate studies 

showed decreases in positive perceptions of the cigarettes 

and increases in negative feelings (eg, embarrassment) when 

smoking plain-packaged cigarettes.35,36 In addition, smokers 

reported engaging in more avoidant behaviors around smok-

ing, and even reducing the number of cigarettes smoked.35,36 

These studies provide a real-world example of how plain 

packaging can help with smoking cessation and smoking 

reduction.  Furthermore, these studies also align with find-

ings that smokers support policies on plain packaging due 

to beliefs that plain packaging may help them change their 

smoking behaviors and/or quit smoking.25,37,38

Moreover, since Australia became the first country to 

implement a policy of plain packaging in 2012,39 studies 

have been able assess the impact of plain packaging on smok-

ing perceptions and behaviors away from an experimental 

setting. Wakefield et al39 performed a cross-sectional study 

during the first months of implementation of plain packaging 

in Australia in late 2012. The results were consistent with 

behavioral studies showing that smokers of plain-packaged 

cigarettes perceive their cigarettes to be lower in quality, 

and in turn experienced less satisfaction from smoking the 

plain-packaged cigarettes. Australian smokers also reported 

thinking about quitting and prioritizing quitting more than 

they did while smoking fully branded cigarettes.39 Overall, 

Australian smokers of plain-packaged cigarettes are more 

likely to support the use of plain packaging compared to 

Australian smokers who are still smoking cigarettes from 

branded packages.39

initiation of smoking
Although no data are currently available on the impact of 

plain packaging on smoking initiation, behavioral studies 

have asked participants to assess whether or not they think 

plain packaging would deter nonsmokers from smoking. 

These studies suggested that both smokers and nonsmokers 

thought plain packaging would prevent nonsmokers from 

initiating smoking.24,25,35 Expected reductions in initiation of 

smoking are supported by data indicating that plain packaging 

reduces the appeal of  smoking to youth.21,25,35,37,40

Limitations of plain-packaging research
Despite evidence supporting plain packaging, there are 

 limitations in the current literature. For instance, inconsis-

tencies exist in perceptions of health risks associated with 

cigarettes from plain packages. However, these inconsisten-

cies appear to be related to pack color and pack design, in that 

lighter colors and packs that move away from the standard 

pack design are associated with fewer health risks.  Therefore, 
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findings between different types of plain packaging com-

plicate the existing literature by introducing seemingly 

contradictory results and highlighting the need to pay close 

attention to pack design, even when branding information is 

removed. However, studies that include multiple versions of 

plain-packaged cigarettes (eg, Hammond et al22) strengthen 

the current research by indicating that removing branding 

alone may not be enough to reduce smoking prevalence and 

initiation.

Moreover, studies assessing perceptions of plain pack-

aging have included both smokers and nonsmokers, which 

could introduce bias for negative connotations of smoking 

among individuals who have struggled with smoking for 

years and are motivated to quit smoking. On the other hand, 

the inclusion of smokers and nonsmokers could introduce 

bias for neutral-to-positive connotations of smoking among 

individuals who are not motivated to quit or ambivalent 

about their smoking.

Furthermore, the majority of research to date has 

focused on experimental settings and focus groups to 

evaluate perceptions of plain packaging and expected 

purchasing behavior; therefore, further studies will need 

to be done in real-world settings. Computer-based tasks, 

such as surveys and forced choice decision-making tasks, 

remove the three-dimensionality of the cigarette pack 

and take away an individual’s ability to interact with the 

pack as they might outside the lab. Some studies have 

attempted to minimize this limitation by displaying the 

pack in multiple views or conducting naturalistic studies. 

Naturalistic studies remove this limitation completely by 

having participants smoke cigarettes out of a plain pack 

for 1–2 weeks, and results have been consistent with other 

lab- or survey-based studies.

Perhaps the biggest limitation of plain-packaging studies 

to date is that these studies include both plain and branded 

packs, thus imposing comparisons of the plain to the branded 

pack. Even if participants rate the packs independently of 

each other, there remains an inherent comparison to branded 

packs that are readily available outside the study. This is a 

limitation that can only be removed by removing branded 

packs from the study environment, as well as the market 

place. Therefore, until we can compare smoking prevalence 

in such countries as Australia between generations that have 

and have not been exposed to branded packs, we cannot fully 

remove the influence of the exposure of branded packs on 

perceptions of plain packs.

The first step in this direction has been examining the 

first months following the implementation of plain packag-

ing in Australia, which replicated behavioral studies showing 

decreases in positive perceptions of cigarettes from plain 

packaging, as well as increases in thoughts about quitting. 

Moreover, Australia has seen an increase in the number 

of Quitline phone calls since the implementation of plain 

packaging, suggesting that plain packaging is increasing quit 

attempts.41 In addition, an observational study of smoking in 

public places and smokers displaying their cigarette packs 

on tables in public shows a decline in exposure to smoking 

and smoking-related cues in public.42

Summary
Despite these limitations, strengths of the behavioral research 

on plain packaging of cigarettes include the overall consis-

tency across study designs, in that focus groups, opinion 

polls, forced choice decision-making studies, and naturalistic 

studies consistently demonstrate that plain packaging reduces 

the appeal of cigarettes. Moreover, these perceptions are car-

rying over to changes in smoking behaviors, quit attempts, 

and public smoking in Australia following the 2012 imple-

mentation of plain-packaged cigarettes.39,41,42

In terms of a biopsychosocial model, plain packaging 

appears to impact the psychological and social components 

of smoking by altering perceptions of not only the cigarette 

but also the smoker. Moreover, these alterations in percep-

tions appear to contribute to changes in smoking behaviors. 

In addition, a biological interaction between plain packaging 

and perceptions is emerging, given the sex and racial differ-

ences in perceptions about cigarettes from plain packages. 

Further research is needed to see if differences in plain pack-

aging are related to hormonal or genetic variations. Little has 

been done to assess the biological aspects of plain packag-

ing from a psychophysiological or neurological perspective 

to understand the neural mechanisms underlying smokers’ 

perceptions and behaviors associated with plain packaging 

of cigarettes. To date, no published neuroimaging studies 

have looked specifically at the effect of plain packaging of 

cigarettes; however, the growing fields of neuroeconomics 

and neuromarketing can offer insights about the association 

between branding and brain activations.

Neuroimaging studies of branding
Neuroimaging studies of advertising include studies exam-

ining differences in brain responses to types of brands 

(eg, luxury versus nonluxury) or types of products (eg, food 

versus nonfood). Overall, these studies indicate that reward-

processing regions, including the ventral striatum, inferior 

frontal gyrus, and ventromedial prefrontal cortex (VMPFC) 
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are involved in processing rewarding information about 

a brand.5,43 Self-referencing regions and cognitive control 

regions such as the dorsolateral PFC (DLPFC) and the ante-

rior cingulate cortex (ACC) are involved in evaluating the 

relationship of a product to an individual and determining 

what actions to take in response to the branding information 

(eg, buy the product).5,43

Brain regions activated by branding information vary 

based on the task. For instance, Schaefer et al44 show that 

the medial PFC (MPFC) selectively responds to brand 

familiarity.44 Cultural or social status associated with a 

brand is also differentiated by reward-related brain activ-

ity, as Schaefer and Rotte45 demonstrated in a study finding 

activation in cognitive control regions (ACC) to value-car 

brands and activation in reward regions (MPFC) to luxury 

brands.45 Furthermore, viewing commercials is associated 

with activations in reward-processing regions and changes 

based on how pleasurable the commercials are perceived to 

be.46 Activation in response to brand also varies based on 

mode of presentation. For example, increases in activation 

in the VMPFC have been found when participants evaluate 

the taste of a soft drink.43 However, when participants are 

also  presented with a visual cue of the soft drink logo, the 

DLPFC is activated, which is associated with self-referential 

behavior and cognitive control.43

Although the majority of neuroimaging studies examining 

branding have focused on adult consumers, similar results 

have been found in children. In a study examining food logos, 

healthy-weight children showed increases in responses to 

food logos in reward-processing regions.47,48 In addition, 

obese children showed reductions in activation in such cogni-

tive control regions as the DLPFC when viewing food logos, 

indicating that obese children may be more susceptible to 

branding of food than healthy-weight children.48

Limitations
Similar to other lab-based studies, neuroimaging studies 

are limited in the type of stimuli that can be presented. 

 Specifically, functional magnetic resonance imaging (fMRI) 

studies require that a subject is lying down in the scanner and 

holding very still. Moreover, the majority of neuroimaging 

studies examining brain activations while participants are 

exposed to brands have not examined how these brain acti-

vations relate to real-world purchasing behaviors. Finally, 

in the absence of neuroimaging studies on plain packaging, 

little is known about the translation of neuroimaging stud-

ies of branding from one commodity to another (eg, food 

to smoking).

Summary
Despite these limitations, neuroimaging studies examining 

brain responses associated with branding find activation 

increases in the neural systems of reward and cognitive 

control.5,43–45,47,48 Neuroimaging studies of branding indicate 

that the neural systems of reward and cognitive control are 

involved in processing the reward value of the branding, 

both in terms of the absolute reward value (VMPFC), and 

the value of the reward to an individual (DLPFC, ACC). 

These regions activate differently based on the mode of 

presentation, as well as the individual, social, and cultural 

value of the brand.

These neuroimaging results complement behavioral 

studies of plain packaging by emphasizing the intricacy 

of branding. Behavioral studies of plain packaging show 

that individuals’ perceptions of plain compared to branded 

packs are associated with changes in perceptions about the 

characteristics of the cigarette, as well as the social appeal 

of smoking (eg, how others will view a smoker of plain 

cigarettes). Not surprisingly, neuromarketing studies suggest 

that these differences in perception may be guided by dif-

ferences in brain activity in regions related to the evaluation 

of reward values. Therefore, plain packaging of cigarettes 

would be expected to result in decreased activation in such 

regions as the VMPFC when participants view cigarettes 

from plain compared to fully branded packs. In terms of the 

biopsychosocial model, neuroimaging studies offer a tool to 

assess the biological changes (eg, percentage signal change 

from baseline) associated with different stimuli. In the case 

of branding, the biological changes are indexed by brain 

activations when exposed to one brand condition compared 

to another brand condition.

Neuroimaging studies of smoking
In addition to neuroimaging research on branding, neuroim-

aging studies examining smokers can also provide insight 

into how plain packaging of cigarettes may impact brain 

activity. The majority of neuroimaging studies in smok-

ers focus on brain responses while viewing smoking cues; 
 however, there has been recent research examining responses 

to health messaging among smokers.

Cue reactivity
Smoking cues include images of cigarettes, people smoking, 

or behaviors leading up to smoking that can trigger cravings 

and ultimately lead to smoking. Given that smoking cues 

include packages of cigarettes, these studies can provide 

insight into the effect of branded cigarettes on the neural 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Neuroscience and Neuroeconomics 2014:3submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

70

Martin

systems of reward and cognitive control. Smoking cues are 

associated with increases in brain responses among smokers, 

but not nonsmokers.49 Many studies show increased activa-

tions in reward processing and cognitive control regions, 

including the ventral striatum, MPFC, orbitofrontal cortex 

(OFC), and ACC.50–53 In a recent meta-analysis of fMRI cue-

reactivity studies, Engelmann et al54 reported that smoking 

cues reliably activate regions related to reward processing, 

memory, cognitive control, and interoceptive awareness.

As with neuroimaging studies on branding, many factors 

influence brain responses to smoking cues. Brain regions 

that respond to smoking cues respond differently based 

on smokers’ expectations to smoke during the experiment, 

motivation to quit smoking,55,56 self-report levels of nicotine 

dependence,57–59 and smoking ambivalence.60 For example, 

among smokers who are not interested in quitting smoking, 

areas of the PFC associated with goal-directed behaviors and 

decision-making show increased functional connectivity to 

reward such evaluation areas as the OFC when smokers are 

expecting to smoke immediately following the neuroimaging 

scan.56 Moreover, smokers who slip (smoked any cigarettes 

during nicotine-replacement treatment) following a quit 

attempt show increased activation in areas associated with 

emotion, motor planning, and interoceptive awareness, and 

decreased functional connectivity between these areas and 

cognitive control areas prior to a quit attempt.61 Self-report 

measures of dependence are positively correlated with brain 

responses to smoking cues in reward-evaluation areas, but 

negatively correlated with brain responses in memory and 

attention areas.58 In addition, neuroimaging studies in smok-

ers have also examined the effects of smoking-cessation 

pharmacotherapy (eg, bupropion, varenicline) compared to 

placebo62,63 or compared to untreated smokers.64 Specifically, 

pharmacotherapy for smoking cessation is associated with 

reductions in brain responses in regions related to smoking 

reward.62–64

Health messaging
In addition to studies examining brain responses associated 

with cue reactivity, studies have also examined the brain 

responses associated with health messaging by having 

smokers view public health messages about smoking while 

in the MRI machine.65 Results demonstrate that activa-

tion in the dorsal MPFC is associated with reductions in 

smoking behaviors. These results are similar to previous 

studies demonstrating that activity in the MPFC while 

viewing persuasive messages is associated with behavioral 

changes.66,67  Moreover, in a recent electrophysiological study, 

the presentation of highly emotional graphic warning labels 

immediately before a smoking cue was associated with a 

reduction in the P300 event-related potential, an index of 

incentive value.68

Limitations
As with limitations of neuroimaging studies of branding, 

neuroimaging studies in smokers are limited by the testing 

environment. As described earlier, many factors influence 

brain responses among smokers, including such psycho-

logical factors as participants’ motivation to smoke and such 

physical factors as withdrawal, which is associated with 

time since last cigarette and dependence levels. Although 

neuroimaging studies of cue reactivity offer insight into how 

a smoker responds to images of smoking-related cues, these 

responses are influenced by prolonged exposure to these cues 

while smoking, ranging from merely experimenting with 

smoking to smoking more than a pack a day for 30+ years, 

depending on how frequently and how long an individual 

has smoked. Moreover, the majority of cue-reactivity stud-

ies focus on moderate-to-heavy smokers (eg, smoke more 

than ten cigarettes per day). Therefore, these studies do not 

offer much insight into smoking initiation, or exposure to 

plain-packaged cigarettes that are unfamiliar to the majority 

of smokers.

Summary
Despite these limitations, neuroimaging studies of smoking 

examining brain responses related to processing smoking 

cues, which often include cigarette packages, find increases 

in brain responses in reward-processing brain regions.50–53 

Neuroimaging studies of cue reactivity demonstrate that 

these activations vary based on the current state of the smoker 

(eg, motivated to quit, time since last cigarette, taking phar-

macotherapy for smoking cessation). However, neuroimaging 

studies have not examined brain responses associated with 

processing plain-packaged cigarettes.

Given the fact that a cigarette pack can serve as a 

smoking cue, we may expect branded packs to activate the 

same regions seen in other cue-reactivity studies, and can 

hypothesize that plain packs would activate these regions to 

a lesser degree. However, reduced activation to plain pack-

ages could result from less familiarity and less exposure 

(eg, cue–response conditioning) to plain packages. Future 

behavioral and neuroimaging studies in countries that have 

implemented plain packaging are needed to understand fully 

how plain packaging influences craving and/or cue-reactivity 

responses.
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On the other hand, brain activations associated with plain 

packaging of cigarettes could also influence regions associ-

ated with health messaging. Given that plain packaging has 

been shown to increase attention to warning labels and may 

lead to quit attempts, future neuroimaging studies could also 

examine whether or not there is an association between brain 

activations when viewing plain-packaged cigarettes and 

successful quit attempts. One goal of this line of research 

would be to identify individuals who may be more or less 

responsive to plain packaging.

Like neuroimaging studies of branding, neuroimaging 

studies of cue reactivity and health messaging in smokers 

contribute to the biopsychosocial model by providing a 

biological measure that can be assessed under different psy-

chological states. Future research specifically examining the 

brain responses associated with plain packaging of cigarettes 

is needed to understand how these biological, psychological, 

and social aspects of plain packaging interact and contribute 

to changes in smoking behaviors and prevent the initiation 

of smoking among nonsmokers.

Discussion and conclusion
Overall, plain packaging reduces positive perceptions associ-

ated with cigarettes and smokers. Plain packaging alters per-

ceptions of negative health risks. Furthermore, neuroimaging 

studies of branding show activation in brain regions that 

evaluate reward value associated with branding information, 

and these same regions are activated among smokers when 

viewing smoking cues. Neuroimaging studies of branding 

and cue reactivity also show activation of cognitive control 

regions, presumably when an individual is trying to control 

his/her behavior in response to branding information or 

smoking cues. This pattern of response is epitomized in the 

case of health messaging, where greater activation in dorsal 

regions of the MPFC is associated with behavior change in 

the form of smoking reduction.

Policies related to plain packaging could reduce smoking 

prevalence by acting at the individual, social, and behav-

ioral level to change smoking behaviors. Therefore, policy 

changes could act as the antecedent to a biopsychosocial 

behavioral change model,69 such as the biobehavioral model 

of nicotine addiction and tobacco-related cancers,70 which 

explains smoking as resulting from multifaceted relation-

ships between social, psychological, and biological factors. 

In this model, policy change could be related to social factors 

(eg, perceptions about smokers) and psychological factors 

(eg, feelings about smoking) that are associated with smok-

ing behaviors. Policy changes could also directly influence 

 smoking behaviors by reducing access to cigarettes. In the 

case of plain packaging, the biggest influence is most likely 

on the social and psychological factors associated with smok-

ing due to the shifts in perception about the cigarette itself, 

as well as social perceptions about the type of person who 

would smoke cigarettes from plain packaging.

In addition, policy changes could be incorporated into 

neurobiological models of addiction. For instance, Volkow 

et al71 proposed a model that describes the connectivity 

between reward areas and other brain regions associated 

with drug-taking and drug-seeking behaviors. This model 

 emphasizes four neural circuits: reward (limbic regions), 

memory (amygdala and hippocampus), drive (OFC), and 

control (PFC and ACC).72 Increased sensitivity to the 

anticipation of drug reward (eg, smoking) is accompanied 

by decreased sensitivity to natural rewards (eg, food, sex). 

The anticipation of drug reward is enhanced by memories 

of previous drug experiences, and overrides the control 

responses as motivational drive takes over in the form of 

drug-seeking behaviors. Policy changes in cigarette packag-

ing could indirectly act on this model by reducing branding 

information and therefore reducing the number of smoking 

cues in the environment, while at the same time reducing 

activations in the reward circuits.

Together, these behavioral and neurobiological models 

support a hypothesis that plain packaging could contribute 

not only to changes in perceptions about smoking but also 

changes in the neural systems involved in evaluating the 

rewarding value of cigarettes. Specifically, plain-packaged 

compared to branded-packaged cigarettes could reduce acti-

vation in reward regions and increase activation in cognitive 

control regions. These hypothesized changes are based on the 

behavioral literature of plain packaging and the neuroimaging 

literature described earlier. Although neuroimaging studies 

assessing brain responses to smoking cues show results remi-

niscent of neuroimaging studies in branding, further research 

is needed to see how smokers’ perceptions of plain-packaged 

cigarettes are associated with brain responses in the neural 

systems of reward and cognitive control.

Behavioral and neuroimaging studies show that plain 

packaging may reduce positive perceptions of smoking by 

reducing related reward responses in the brain, thus increas-

ing the likelihood that smokers will be able to resist the urge 

to smoke. Given the relationship between smoking cues, 

branding and cigarette packaging, future research should 

focus on relationships between policy and behavioral and 

neurobiological changes associated with reducing smoking 

prevalence and improving overall public health. This line of 
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research would add a neurobiological argument in support 

of plain packaging that could influence policy changes by 

demonstrating the relationships between biological, psycho-

logical, and social factors that connect plain packaging of 

cigarettes to changes in smoking behavior and the initiation 

of smoking.
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