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ABSTRACT
Objectives Develop and use a causal loop diagram 
(CLD) of smoking among racial/ethnic minority and 
lower- income groups to anticipate the intended and 
unintended effects of tobacco control policies.
Methods We developed a CLD to elucidate connections 
between individual, environmental and structural causes 
of racial/ethnic and socioeconomic disparities in smoking. 
The CLD was informed by a review of conceptual and 
empirical models of smoking, fundamental cause and 
social stress theories and 19 qualitative interviews with 
tobacco control stakeholders. The CLD was then used to 
examine the potential impacts of three tobacco control 
policies.
Results The CLD includes 24 constructs encompassing 
individual (eg, risk perceptions), environmental (eg, 
marketing) and structural (eg, systemic racism) factors 
associated with smoking. Evaluations of tobacco control 
policies using the CLD identified potential unintended 
consequences that may maintain smoking disparities. 
For example, the intent of a smoke- free policy for 
public housing is to reduce smoking among residents. 
Our CLD suggests that the policy may reduce smoking 
among residents by reducing smoking among family/
friends, which subsequently reduces pro- smoking norms 
and perceptions of tobacco use as low risk. On the 
other hand, some residents who smoke may violate the 
policy. Policy violations may result in financial strain 
and/or housing instability, which increases stress and 
reduces feelings of control, thus having the unintended 
consequence of increasing smoking.
Conclusions The CLD may be used to support 
stakeholder engagement in action planning and to 
identify non- traditional partners and approaches for 
tobacco control.

INTRODUCTION
Smoking prevalence has declined significantly 
in the USA, but disparities in smoking remain 
among demographic groups defined by socioeco-
nomic status and race/ethnicity.1 In 2018, cigarette 
smoking was higher among those with an annual 
household income of less than $35 000 (21.3%) 
compared to those with an annual household 
income of $100 000 or more (7.3%).1 Cigarette 
smoking is most prevalent among American Indian/
Alaska Native adults (22.6%), followed by Multi-
racial (19.1%), White (15.0%) and Black (14.6%) 
adults, and lowest among Hispanic (9.8%) and 
Asian (7.1%) adults.1 Furthermore, socioeconomic 
and racial/ethnic disparities have largely remained 
unchanged or become worse over time.2 3

Although there are evidence- based strategies for 
reducing smoking prevalence overall, it is less clear 
how to reduce racial/ethnic and socioeconomic 
disparities in smoking.3 4 Tobacco control efforts 
have evolved from high- risk approaches (targeting 
those identified at most risk) to an emphasis on 
population- level interventions (changing norms and 
environments that increase risk exposure).5 Popular 
tobacco control strategies like education and aware-
ness campaigns and smoke- free air laws may not 
impact all populations equally, however, possibly 
resulting in increased disparities.6

Several theories provide insight into why racial/
ethnic and socioeconomic disparities in smoking 
persist. Fundamental cause theory defines root, or 
‘fundamental’, causes of health disparities as factors 
that emerge or continue to be associated with poor 
health outcomes, even when proximal risk factors, 
like prevention and treatment interventions, are 
developed.7 8 Such associations remain over time 
because fundamental causes limit access to key 
resources (eg, money, health services) necessary 
for maintaining health. Examples of fundamental 
causes include socioeconomic status,7 racism,9 resi-
dential segregation10 and stigma.11

Social stress theory argues that social hierar-
chies produce higher exposure to stress, including 
both experiential (eg, job loss) and structural (eg, 
discrimination) stress, among socially disadvan-
taged groups.12–14 Both stress sources can negatively 
impact mental and physical health. Also, coping 
resources like social connections and personal 
resources, which can ameliorate the association 
of stress with health, are theorized to be socially 
distributed, such that people with lower social 
status may have less access to coping resources.12–14

Critical race theory (CRT) argues that race is 
a socially constructed concept used to maintain 
racial hierarchies that socially, economically and 
legally benefit individuals who are White.15 CRT 
scholars and practitioners identify and address 
the root causes of structural racism in systems and 
institutions in an effort to eliminate racism and its 
influence on health.15 Researchers have called for 
the incorporation of CRT into scholarship in areas 
that are closely tied to tobacco use, such as targeted 
marketing.16 17 Taken together, these theories 
suggest that underlying contributors to smoking 
disparities could include factors like financial 
strain, discrimination and social capital, which have 
not traditionally been the focus of tobacco control 
interventions.

Systems science may elucidate the complex factors 
that maintain racial/ethnic and socioeconomic 
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disparities in smoking. Systems science is an interdisciplinary field 
that aims to better understand the nature of an entire system that 
often cannot be achieved by studying the system’s component 
parts in isolation.18 Tobacco control is increasingly recognized 
as a complex system that includes biological, behavioral and 
environmental factors.5 As such, the National Cancer Institute 
has called for systems approaches to enhance tobacco control 
and prevention efforts.5 Causal loop diagramming is a qualita-
tive systems science method that involves visually depicting how 
variables within a system influence each other over time.19 In 
addition to illuminating key determinants of disparities, causal 
loop diagrams (CLDs) can be used to explicitly hypothesize both 
the intended and potential unintended consequences of inter-
ventions by examining the multiple pathways of impacts trig-
gered, sometimes reinforcing earlier changes and other times 
counteracting them.19

The purpose of this study is to create a CLD of cigarette 
smoking among racial/ethnic minority and lower- income adult 
smokers that encompasses individual, environmental and 
root cause or ‘fundamental’ factors. We used the above theo-
ries, a review of published theoretical and empirical models of 
smoking, and qualitative interviews with diverse stakeholders in 
tobacco control to develop the CLD. We then used the CLD to 
examine the intended and potential unintended consequences of 
three tobacco control policies: smoke- free air policies in public 
housing, menthol cigarette bans and minimum floor price laws 
(MFPLs).

METHODS
The causal loop diagram
A CLD is a tool used to visualize interconnected variables and 
feedback mechanisms within a system believed to underlie 
observed trends.19 These diagrams consist of the system’s 
component parts (ie, variables) and arrows representing relation-
ships between variables such that a change in the first variable 
triggers a change in the second variable over time, all else equal. 
In a CLD, a plus or minus sign is attached to each arrow to indi-
cate polarity; a plus sign means the variables in the CLD move 
in the same direction and a minus sign means the variables in 
the diagram move in opposite directions.20 Variables and arrows 
in a CLD can link together to create feedback loops, which are 
categorized as either reinforcing or balancing.19 In a reinforcing 
loop, change in a given variable (either an increase or decrease) 
in one direction results in more change in that same direction 
over time (systematic growth or decline among variables in 
the loop). In a balancing loop, change in one direction triggers 
consequences that counteract the initial change.

In this study, CLD development was informed by a literature 
review and the theoretical frameworks described above. First, 
three members of our team (MCO, PL, SDM) conducted a rapid 
review of PubMed to identify studies published since 2000 that 
used systems science approaches to develop theoretical models 
of smoking. See online supplemental file 1 for the search strategy. 
Additionally, one team member (SDG) reviewed theoretical 
frameworks of social determinants of health and social strati-
fication to identify potentially relevant constructs for the CLD. 
We then developed a CLD of smoking in Vensim software using 
constructs from established conceptual and empirical models of 
smoking informed by our rapid review. Based on our theoretical 
framework review, we added constructs to the CLD that were 
not traditionally included in conceptual models of smoking, 
but are critical for explaining racial/ethnic and socioeconomic 
disparities in smoking.

Iteration of the causal loop diagram
After developing a CLD rooted in evidence- based literature 
and theory, we refined the CLD by soliciting feedback from 
researchers, practitioners and advocates with backgrounds in 
public health, health disparities and/or tobacco control. First, we 
conducted a focus group (N=3) with researchers with exper-
tise in tobacco control and cancer- related health disparities to 
ensure the CLD was comprehensive and understood by experts 
in the field. The focus group was also used to refine our inter-
view guide.

Next, we solicited feedback on the CLD from a convenience 
sample of 19 traditional (eg, tobacco control researcher) and non- 
traditional (eg, smoker) stakeholders in tobacco control using a 
semi- structured interview conducted in person or virtually. The 
convenience sample was recruited using snowball sampling, 
whereby stakeholders interviewed were asked to name others 
who may be eligible to participate and could offer an informa-
tive assessment of the CLD.21 This method resulted in a diverse 
sample of stakeholders including members of social service and 
equity- focused organizations, a mental health professional and 
public health researchers from across the USA. The interview 
included questions such as: ‘Is there anything in the model you 
would change?’ and ‘Do you think this model would be useful for 
the field of tobacco control?’ Stakeholders provided feedback on 
the included constructs, relationships between constructs, how 
best to present the CLD and how the model could be used to 
advance tobacco control. Interviews were audio recorded. After 
the interviews, stakeholders’ feedback was discussed among 
research team members and recommended changes to the 
model were incorporated iteratively into the CLD. Interviews 
were conducted until saturation was reached, defined as no new 
substantive additions recommended for the CLD.

Tobacco control policies
The final version of the CLD was used to explore the intended 
and possible unintended consequences of three equity- focused 
tobacco control policies: smoke- free air policies in public 
housing, menthol cigarette bans and MFPLs. These policies 
were selected because they have been hypothesized to reduce 
racial/ethnic and/or socioeconomic disparities in smoking rates. 
For each policy, we used the CLD to consider the intended and 
potential unintended pathways through which the policy affects 
smoking. Reinforcing and balancing loops were also identified.

RESULTS
Causal loop diagram
Box 1 presents the 24 constructs, categorized into individual, 
environmental and root cause or ‘fundamental’ factors, in the 
final version of our CLD of cigarette smoking among racial/
ethnic minority and lower- income adults. Figure 1 includes 
individual and environmental factors associated with smoking 
based on existing literature; figure 2 adapts the CLD to account 
for fundamental factors affecting disparate smoking rates in 
racial/ethnic minority and lower- income populations identified 
through both empirical and theoretical literature.

Individual factors
Individual- level factors in the model include cravings and addic-
tion, perceptions of smoking, preference for menthol cigarettes, 
stress and anxiety and sense of control. Robust literature demon-
strates that cigarettes are an addictive product and that smoking 
results in cravings for more cigarettes.22 In addition, studies 
show that individuals’ beliefs about the harms of tobacco use are 
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associated with smoking.23 24 Lower perceived harm is associ-
ated with smoking initiation among non- smokers and continued 
tobacco use among current smokers. Studies also show that a 
preference for menthol cigarettes, a type of flavored cigarette 
commonly used in the focal population, is associated with 
greater addiction and more difficulty quitting.25 26 In addition, 
despite the well- known harm of cigarettes, menthol cigarettes 
were historically marketed as a healthier option for smokers. 
Some menthol cigarette smokers perceive lower harms from 
smoking mentholated cigarettes as compared with non- menthol 
cigarettes.25

The association between stress and smoking is also well docu-
mented.27 Smoking is a coping behavior for stress and individ-
uals report smoking provides stress relief.27 28 The literature 
also identifies sense of control, which we define as a feeling of 
control over one’s well- being, as an important factor associated 
with smoking.29 Greater feelings of control lower the likelihood 
of smoking.

Environmental factors
Environmental factors in the CLD include the tobacco industry, 
and more specifically the industry’s profit maximization efforts 
and tobacco marketing, including control over product and 
flavor availability and tobacco prices in the retail environment. 
Exposure to tobacco marketing and lower prices for tobacco 
products are positively associated with smoking.30 31 In addition, 
a growing literature finds that tobacco retailer density and prox-
imity is associated with greater smoking prevalence.32 33 Zoning 
laws determine, in part, where tobacco retailers can locate in 
a community. Other important environmental factors include 
social and environmental norms around smoking, tobacco use 
among family and friends and access to cessation services.34–36 
Individuals are more likely to smoke if they perceive that 
smoking is approved by friends and family members or society 
broadly. In addition, smokers without access to cessation services 
are less likely to quit.36

Box 1 Variables included in the causal loop diagram

Individual factors
 ► Sense of control
 ► Menthol preference
 ► Cravings/addiction
 ► Perceptions of tobacco use as low risk
 ► Stress/anxiety

Environmental factors
 ► Normalization of smoking
 ► Tobacco use among family/friends
 ► Smoke- free homes/workplaces
 ► Product and flavor availability
 ► Tobacco marketing
 ► Access to cessation services
 ► Tobacco retailer density/proximity
 ► Tobacco prices
 ► Tobacco companies’ profit maximization efforts
 ► Zoning laws

Root causes or fundamental factors
 ► Marginalization
 ► Discrimination
 ► Segregation
 ► Social capital
 ► Housing instability
 ► Structural racism
 ► Healthcare access
 ► Low- wage work
 ► Financial strain
 ► Targeted tobacco marketing*
 ► Tobacco retailer density/proximity*
 ► Access to culturally relevant cessation services*

*Constructs with an asterisk reflect those that are considered both 
environmental and fundamental factors.

    
 
 

     
 
 
 
 

   
  Green:     Individual factors 
  Blue:    Environmental factors 
  + sign   Variables move in the same direction 
  - sign   Variables move in the opposite direction 
 
 

Figure 1 Initial causal loop diagram of smoking with individual and environmental factors.
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Fundamental factors
Many models of smoking in the USA have been developed using 
a range of systems science approaches, yet models typically fail 
to incorporate root cause or ‘fundamental’ factors of smoking 
disparities. Compartmental simulation models (eg, SimSmoke), 
a quantitative systems science approach, have been used to fore-
cast smoking rates and explore the potential impacts of tobacco 
control polices.37 These simulation models vary in structure, 
but the underlying logic models of smoking are typically based 
on smoking initiation and cessation rates and do not explicitly 
incorporate other factors associated with smoking.37 Smoking 
models in network analysis studies and agent- based models typi-
cally go beyond smoking rates to incorporate other individual- 
level (eg, peer influence) as well as social and/or environmental 
(eg, tobacco retailers) factors.38–40 However, existing models 
are typically developed for the general US population and fail 
to include ‘fundamental’ causes of smoking disparities. Houle 
and Siegel, who used causal loop diagramming to examine the 
impact of workplace policies barring employment to smokers, 
did include ‘fundamental’ factors such as economic stress, unem-
ployment and uninsurance.41 However, no models in our review 
included factors such as racism and discrimination, despite their 
important role in smoking behavior.

Grounded in a priority population approach, to effectively 
reduce disparities in smoking it is critical to consider the root 
causes of the individual and environmental factors traditionally 
associated with smoking.6 Therefore, we include factors that are 
root causes of smoking among racial/ethnic minorities and lower 
socioeconomic groups in red in the updated CLD (figure 2). Low- 
wage work may represent a root cause of smoking. Smokers may 
not have access to healthcare and cessation services if employed 
in low- wage work that does not provide insurance that covers 
this service. Low- wage work may also increase financial strain 
that, in turn, increases stress and lowers feelings of control, 

which increases the likelihood of smoking. Similarly, housing 
instability may represent a root cause of smoking because it 
increases financial strain and stress.42

Marginalization may also be an important root cause of 
smoking among racial/ethnic minority and lower socioeconomic 
groups. Marginalization in the USA has resulted in neighbor-
hood segregation and discrimination, which allows for targeted 
marketing of tobacco products based on neighborhood demo-
graphic characteristics.43 Connections between marginalization, 
racism and targeted marketing have been increasingly iden-
tified in the marketing literature.16 17 Marketing researchers 
have noted that racism and racist power structures are drivers 
of targeted marketing of unhealthy products, such as cigarettes, 
to racial/ethnic minority communities.16 44 Segregated commu-
nities may also have lower social capital, or the effective func-
tioning of social groups through a sense of shared understanding 
and trust, and higher levels of stress, which again increases the 
likelihood of smoking.45 In addition to being an environmental 
factor, tobacco retailer density/proximity can also be considered 
a disparities factor because studies show that tobacco retailer 
density/proximity is disproportionately high in neighborhoods 
with a greater percentage of residents who are racial/ethnic 
minorities and have lower income.46–50 Finally, the CLD depicts 
structural racism as a critical component of the model, and is 
shown as a driver of several disparity constructs. See table 1 for 
a description of the reinforcing loops in the CLD. The figure 
provided in online supplemental file 2 incorporates the rein-
forcing loops into the CLD.

Stakeholder interviews
Nineteen traditional and non- traditional stakeholders in tobacco 
control provided feedback on iterations of our CLD through 
individual interviews. Excerpts from interviews are presented to 

 
 
 
 
 
 

   
  Green:    Individual factors 
  Blue:    Environmental factors 
  Red:   Root causes or fundamental factors 
  + sign   Variables move in the same direction 
  - sign   Variables move in the opposite direction 
 
 

Figure 2 Final causal loop diagram of smoking with individual, environmental and fundamental factors.
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highlight changes made to our smoking model based on their 
perspectives and experiences in this field.

Examples of changes to the causal loop diagram
Stakeholders recommended new constructs for the CLD and 
changes to relationships between constructs. For example, in 
response to feedback from an advocate in an equity organiza-
tion, the word ‘targeted’ was added to ‘tobacco marketing’. The 
advocate stated: ‘That should be predatory tobacco marketing 
rather than just tobacco marketing.’ In addition, the ‘tobacco 
industry’ was added to the CLD after an advocate asked: ‘Where 
is the tobacco industry?’ The ‘tobacco industry’ was subsequently 
changed to ‘tobacco companies’ profit maximization efforts’ after 
a member of an equity organization noted: ‘tobacco industry…
that is too general. What do you mean by tobacco industry?’ 
A public health researcher also stated, ‘Tobacco industry feels a 
little vague to me.’

In response to feedback from a public health consultant, 
‘culturally relevant’ was added to the term ‘access to cessation 
services’ when incorporating fundamental factors. The consul-
tant stated, ‘…you had … cessation, but I was thinking it should 
say culturally relevant cessation because sometimes you have 
access… but if they can’t relate to it…’

Tobacco retailer density/proximity is presented as a funda-
mental factor in the updated CLD in response to a recommenda-
tion made by a researcher:

In one case you went from a blue [environmental factor] to a red 
[root cause]. I wonder if there are other ones that need that…for 
example, you have … concentration of tobacco retailers…Poor 

little kids in urban areas go by a whole lot more [tobacco] ads as 
they walk to school than kids in suburban areas…That partially 
explains disparities…. It helps [you] understand why smoking is 
high in certain geographic areas.

Usefulness of the causal loop diagram
Interviews were also used to gather feedback on the model’s 
perceived utility. An advocate from an equity organization 
reflected on the model saying: ‘To me this is a commitment to 
the long- term…’ The advocate also discussed the importance of 
expanding stakeholders to include non- traditional partners:

… it also helps to identify who partners may be…you’re going 
to need to work with folks who are working on housing issues, 
you’re going to need to work with folks who are trying to increase 
access to healthcare, all these different partners are going to be 
involved.

A mental health practitioner stated: ‘me, as a psychologist, 
focuses on the green [individual- level factors] first. Being able to 
take a step back and think about all the other factors…it could 
broaden people’s perspectives in terms of thinking about where 
we can intervene.’

Overall, interviewees agreed that the root cause/funda-
mental constructs included in the CLD are important for 
smoking. They noted the importance of considering root 
causes of smoking to effectively reduce disparities in priority 
populations.

Table 1 Feedback loops impacting smoking among racial/ethnic minority and lower- income adults

Loop 
number Short loop story Variables in loop

Reinforcing feedback loops (reinforce earlier changes)

R1 Smoking increases stress/anxiety through financial strain Stress/anxiety →(+) smoking→(+) financial strain→(+) stress/anxiety

R2 R1, with the added impact of housing instability Stress/anxiety→(+) smoking→(+) financial strain→(+) housing instability→(+) stress/
anxiety

R3 Smoking fuels discrimination, which triggers stress (a trigger for 
smoking)

Stress/anxiety→(+) smoking→(+) discrimination→(+) stress/anxiety

R4 Smoking lowers sense of control through financial strain Sense of control→(−) smoking→(+) financial strain→(−) sense of control

R5 Interconnected demand and supply for menthol cigarettes Menthol preference→(+) product and flavor availability→(+) menthol preference

R6 Cycle of smoking and cravings/addiction Cravings/addiction→(+) smoking→(+) cravings/addiction

R7 Social norms are more (less) accepting of smoking when we smoke 
(abstain)

Normalization of smoking→(+) smoking→(+) normalization of smoking

R8 R7, but among our family and friends Normalization of smoking→(+) tobacco use among family and friends→(+) normalization 
of smoking

R9 R8, with the added impact of smoke- free homes/workplaces on smoking 
norms

Normalization of smoking→(+) tobacco use among family and friends→(−) smoke- free 
homes/workplaces→(−) normalization of smoking

R10 Integrating R7 and R8, and adding the impact of health- related 
perceptions of tobacco use

Perceptions of tobacco use as low risk→(+) smoking→(+) normalization of smoking→(+) 
tobacco use among family and friends→(+) perceptions of tobacco use as low risk

R11 Menthol in cigarettes can make smoking feel safer, counteracting the link 
between perceived risks of smoking and non- smoking

Perceptions of tobacco use as low risk→(+) smoking→(+) normalization of smoking→(+) 
tobacco use among family and friends→(+) product and flavor availability→(+) menthol 
preference→(+) perceptions of tobacco use as low risk

R12 Cycle of tobacco use (non- use) among family and friends and smoke- free 
homes/workplaces

Tobacco use among family and friends→(−) smoke- free homes/workplaces→(−) tobacco 
use among family and friends

R13 Product and flavor availability reinforces family and friends’ smoking and 
our own smoking

Normalization of smoking→(+) tobacco use among family and friends→(+) product and 
flavor availability→(+) smoking→(+) normalization of smoking

R14 Product and flavor availability increases preference for menthol 
cigarettes, which increases cravings/addiction, smoking and smoking 
norms, resulting in increased tobacco use among family and friends and 
more product and flavor availability to meet demands

Product and flavor availability→(+) menthol preference→(+) cravings/
addiction→smoking→(+) normalization of smoking→(+) tobacco use among family and 
friends→(+) product and flavor availability

Where the loops start and stop, as described here, is an arbitrary choice since the ripple effects circle around over time. (+) indicates that variables move in the same direction. 
(−) indicates that variables move in the opposite direction.
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Tobacco control policies
Using the CLD, the intended and potential unintended effects of 
three tobacco control policies were explored.

Smoke-free air in public housing
In July 2018 the Department of Housing and Urban Develop-
ment required that public housing units implement a smoke- 
free policy that prohibits the use of all lit tobacco products.51 
The CLD indicates the smoke- free air policy should reduce 
smoking among public housing residents by reducing tobacco 
use among family and friends, which subsequently reduces pro- 
smoking norms and perceptions of tobacco use as low risk. 
These processes are reinforcing, resulting in further reductions 
in tobacco use among family and friends and more smoke- free 
homes (figure 3A).

On the other hand, it is likely that some public housing resi-
dents who smoke may violate the smoke- free air policy, espe-
cially considering tobacco’s addictive properties. Violation of the 
policy may lead to threats of housing instability, which increases 
financial strain and stress and simultaneously reduces feelings of 
control, thus having the unintended consequence of increasing 
smoking, and leaving residents at further risk of housing insta-
bility. Relationships among these constructs are reinforcing, as 
indicated in figure 3B.

Menthol cigarette ban
The Food and Drug Administration has regulatory authority over 
cigarettes and is considering implementing a menthol cigarette 
ban.52 Menthol cigarettes are used by more than one- third (39%) 
of smokers in the USA.53 Due to a history of targeted marketing, 
menthol cigarettes are disproportionately used among racial/
ethnic minority and lower- income smokers.43 The CLD indicates 
that a menthol cigarette ban should reduce tobacco use because 
a portion of menthol cigarette smokers are expected to quit if 
they no longer have access to their preferred product. On the 
other hand, the CLD suggests that neighborhood segregation 
and discrimination allow for the tobacco industry to continue 
targeted marketing of other tobacco products, likely under-
mining impacts.

Minimum floor price laws
MFPLs, which set a floor price below which a tobacco product 
cannot be sold,54 have recently been implemented by several 
cities and counties.55 Different from other price policies like 
excise taxes, MFPLs raise prices on the cheapest products the 
most.54 If lower- income smokers pay less for their cigarettes 
and tobacco prices are cheaper in predominantly African Amer-
ican or lower- income neighborhoods, as research suggests,56–58 
lower- income and African American populations stand to gain 
the most health benefits from MFPLs through the price- focused 

Figure 3 (A) The expected impacts of the smoke- free air policy. (B) The unintended impacts of the smoke- free air policy. R = reinforcing loop.
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loop. The CLD suggests, however, that higher prices might also 
trigger the financial strain loop and increase smoking, particu-
larly in the absence of effective cessation supports.

DISCUSSION
This study presents a diagram of smoking that can be used to better 
understand factors associated with smoking among racial/ethnic 
minority and lower- income groups. Existing theoretical models of 
smoking fail to consider root causes (eg, segregation) of individual 
(eg, stress) and environmental (eg, tobacco marketing) variables that 
may disproportionately affect smoking for priority populations. This 
study extends current theoretical models of smoking to also include 
factors that are root causes of disparities in smoking facing popula-
tions at increased risk.

In the CLD, the two constructs that had the most arrows leaving 
from them were structural racism (n=7) and tobacco companies’ 
profit maximization efforts (n=6). These two constructs may play 
critical roles in shaping several factors that directly increase the like-
lihood of smoking. Stress/anxiety, normalization of smoking and 
product and flavor availability were the constructs with the most 
arrows pointing to them (each with five arrows). This suggests that 
these factors are critical to smoking prevalence and may be particu-
larly difficult to modify. Researchers and public health and medical 
organizations have called for explicit recognition of the role funda-
mental factors such as structural racism and discrimination play in 
health behaviors like smoking.59–61 Grier et al noted that discus-
sion of race makes many scholars uneasy and topics like racism go 
ignored.17 This CLD calls attention to the pervasiveness of structural 
racism, low- wage work and other fundamental factors of smoking 
disparities.

The CLD can be used to inform the development and eval-
uation of interventions focused on reducing racial/ethnic and 
socioeconomic disparities in smoking. Tobacco control inter-
ventions are often evaluated in isolation. The CLD may be 
particularly useful for considering the potential impacts of 
implementing multiple tobacco control interventions simultane-
ously or of adapting interventions to increase impact in a given 
context. The CLD may help elucidate how multilevel (eg, indi-
vidual and root cause levels) interventions work in potentially 
cumulative or synergistic ways to produce their effects.62 63 In 
addition, many researchers and organizations have called atten-
tion to the potential unintended consequences of several tobacco 
control interventions and have suggested approaches to counter 
such outcomes.64–66 For example, readily accessible cessation 
aids have been recommended for residents of smoke- free public 
housing.65 The CLD can be used to systematically examine 
modifications to existing interventions and to assess whether 
these changes strengthen desired change and dampen potential 
undesired consequences.

Although the CLD contains several factors important to 
smoking, the model should not be considered exhaustive. 
Instead, the diagram can be a starting point for those interested in 
using causal loop diagramming to better understand factors asso-
ciated with smoking in their own community. We designed the 
CLD to be appropriate for the general US context, but important 
next steps will include tailoring this model to be appropriate for 
specific contexts and populations through additional research 
and community engagement efforts. Through our interviews, 
we found that diverse stakeholders in this field found the CLD 
useful in initiating these discussions and considering the intersec-
tions between variables affecting smoking.

The CLD also provides insights into the stakeholders needed 
in tobacco control to effectively reduce demographic disparities 

in smoking. Traditional stakeholders in tobacco control, like 
government representatives, academic researchers/practi-
tioners and tobacco control advocacy groups, may be insuffi-
cient to comprehensively address disparities. Other stakeholder 
perspectives, like housing officials, social service agencies and 
mental health practitioners, could help ensure policies reduce 
demographic disparities in smoking and do not further burden 
priority populations.

This study has limitations. Use of convenience sampling 
restricted the group of stakeholders interviewed. Future efforts 
should include obtaining feedback from more smokers, commu-
nity members and cross- sector community- based organizations 
that work outside of tobacco control. In addition, the CLD 
was focused on racial/ethnic and socioeconomic disparities 
in smoking. There may be additional fundamental causes that 
should be considered when examining factors associated with 
smoking in other populations with high smoking rates. An 
assets- based approach may be useful for leveraging strengths of 
groups with high smoking rates.

This study provides a useful tool that can support continued 
research and related efforts to reduce smoking prevalence 
overall and in populations currently shouldering the burden of 
tobacco use and related disease. By tailoring the CLD developed 
in this study to specific goals, populations or contexts, there are 
opportunities to design, test and improve tobacco control inter-
ventions and policies. For example, interviews, focus groups and 
other types of community engagement can be used to obtain 
feedback from community members and stakeholders about the 
feasibility, acceptability and expected impact of tobacco control 
interventions using the CLD. Further research is needed to test 
and quantify the relationships hypothesized in our CLD; esti-
mating these associations may provide guidance into where to 
prioritize limited resources. Finally, our model of smoking can 
be used to inform quantitative system dynamics models and 
other systems approaches to tobacco control, providing addi-
tional insight into the complex relationships between individual, 
environmental and fundamental factors contributing to dispari-
ties in smoking.

What this paper adds

What is already known on this subject
 ► Although there are evidence- based strategies for reducing 
overall smoking prevalence rates, it is less clear how to 
reduce racial/ethnic and socioeconomic disparities in 
smoking.

What important gaps in knowledge exist on this topic
 ► Existing theoretical models of smoking fail to consider 
root causes (eg, segregation) of individual (eg, stress) and 
environmental (eg, tobacco marketing) variables that may 
disproportionately affect smoking for priority population 
groups.

What this paper adds
 ► This study extends current theoretical models of smoking 
to also include factors that are root causes of disparities 
in smoking facing racial/ethnic minority and lower- income 
adults. This study provides a useful tool that can support 
identification of non- traditional partners and approaches for 
tobacco control.
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Search Strategy 

The rapid review was conducted in PubMed. The following search strategy was used: 

 

("systems thinking"[All Fields] OR "systems science"[All Fields] OR "causal loop"[All Fields] 

OR "system dynamics"[All Fields] OR "network analysis"[All Fields] OR "systems 

dynamics"[All Fields] OR "models, organizational"[MeSH Terms]) AND (tobacco[tw] OR 

(("tobacco"[MeSH Terms] OR "tobacco"[All Fields] OR "tobacco products"[MeSH Terms] OR 

("tobacco"[All Fields] AND "products"[All Fields]) OR "tobacco products"[All Fields]) AND 

"control groups"[MeSH Terms]) OR smoking[ti] OR smoker[ti] OR smokers[ti]) AND 

("2000/01/01"[PDAT] : "3000/12/31"[PDAT] 
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Supplementary File 2 

 

Figure 1. Final Causal Loop Diagram of Smoking (Individual, Environmental, and Fundamental Factors) with Reinforcing Loops 

 
Note. The numbered reinforcing loops correspond to the descriptions of these loops in Table 2.  

 

 
   

  Green:    Individual factors 

  Blue:    Environmental factors 

  Red:   Root causes or fundamental factors 

  + sign   Variables move in the same direction 

  - sign   Variables move in the opposite direction 
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