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Abstract

Introduction:  The Family Smoking Prevention and Tobacco Control Act requires cigarette packages 
and advertisements to bear health warnings with “color graphics depicting the negative health 
consequences of smoking.”
Aims and Methods:  This study assessed whether new US Food and Drug Administration developed 
pictorial cigarette warnings (PCW) increased understanding of smoking-related risks relative to the 
current Surgeon General’s (SG) warnings. In March–May 2019, adolescent and adult smokers and 
nonsmokers participated in an online experiment with three sessions completed over approximately 
2 weeks. Participants viewed 1 of 16 PCW (treatment conditions) or an SG warning (control) on mock 
cigarette packages and advertisements. Measures assessed whether warnings provided new infor-
mation, induced thinking about risks, changed smoking-related health beliefs, and were accurately 
recalled, among other outcomes.
Results:  The majority of PCW (≥13 conditions) resulted in greater learning of new information, 
higher self-reported learning, and greater reports of thinking about smoking risks; they were viewed 
as more informative, understandable, and attention-drawing compared with the control condition. 
Most participants believed the warning were factual, although 8 PCW were perceived as less factual 
than the control. There were changes toward more agreement with health beliefs for 11 PCW be-
tween Sessions 1 and 2 and 7 PCW between Sessions 1 and 3. Participants in all treatment conditions 
were more likely than control condition participants to correctly recall the warning. Across outcomes, 
PCW related to addiction, death, and quitting did not perform as well as other PCW.
Conclusions:  Many of the PCW tested increased understanding of the risks associated with cigar-
ette smoking relative to current SG warnings.
Implications:  The Tobacco Control Act requires cigarette packages and advertisements to bear 
PCW depicting the negative health consequences of smoking. This study tested whether any of 
16 newly proposed PCW increased understanding of smoking-related risks relative to existing SG 
warnings. Results suggest that most PCW tested, particularly those related to less widely known 
health effects, resulted in greater learning of new information, higher self-reported learning, and 
greater reports of thinking about smoking risks compared with SG warnings. These results, along 
with other factors, informed the US Food and Drug Administration’s selection of proposed PCW.
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Introduction

Section 201 of the Family Smoking Prevention and Tobacco Control 
Act (TCA) (Pub. L. 111-31) requires cigarette packages and advert-
isements to bear health warnings with “color graphics depicting 
the negative health consequences of smoking” to promote greater 
public understanding of the risks associated with tobacco use. In 
2011, the US Food and Drug Administration (FDA) issued a rule 
with nine pictorial cigarette warnings (PCW; sometimes described 
as “graphic health warnings”), but those warnings were ruled to be 
unconstitutional.1 FDA then began developing and testing new PCW 
that would be consistent with the Tobacco Control Act and the First 
Amendment. A previous study2 assessed which of a set of revised 
text statements promoted greater public understanding of cigarette 
smoking when compared with the text statements from the Tobacco 
Control Act. FDA selected text statements based on study results and 
paired them with concordant images to create 16 PCW for testing 
in the present study.

PCW can educate the public about the effects of cigarette 
smoking and exposure to secondhand smoke.3–5 After implemen-
tation of new PCW, international longitudinal studies have shown 
increases in knowledge of smoking-related effects such as mouth 
cancer,6–8 bladder cancer,9 throat cancer,10 peripheral vascular dis-
eases,6,8,10 blindness,9–11 impotence,7,12 stroke,7,10 and harm to unborn 
babies.10 Experimental and cross-sectional survey research also dem-
onstrate the effectiveness of PCW for increasing knowledge13–15 and 
enhancing cognitive elaboration (thinking about smoking-related 
risks3,5,16–19).

This study compared 16 PCW to the current text-only Surgeon 
General’s (SG) warning statements (ie, the US status quo) displayed 
on mock cigarette packages and advertisements to assess whether 
these PCW increase understanding of the risks associated with cig-
arette smoking.

Materials and Methods

Stimuli Development
A previous study2 informed the selection of text statements for in-
clusion on the PCW. FDA  developed concordant color photoreal-
istic images to accompany the statements. Concept images were 
developed using source materials provided by FDA medical experts 
and underwent initial concept testing using 53 in-depth individual 
interviews with adolescents and adults (OMB control number 
0910-0796, “Qualitative Study of Perceptions and Knowledge of 
Visually Depicted Health Conditions”); findings informed concept 
refinement. Photorealistic images were then developed by a Certified 
Medical Illustrator and tested in 20 focus groups with 170 adoles-
cents and adults. Images were refined based on focus group findings 
and then paired with the concordant statements to create PCW.

Participants
Participants were recruited from a national online panel of adults 
managed by Lightspeed. This panel is a nonprobability convenience 
sample recruited via social media, online recruitment (eg, banner 
placements), and affiliate corporate networks. Participants received 
“LifePoints” valued at approximately $10.00 as compensation for 
each session completed.

Recruitment focused on adolescent (aged 13–17) current 
smokers and those susceptible to smoking, young adult (aged 18–24) 
smokers and nonsmokers, and older adult (aged ≥25) smokers and 
nonsmokers for a final sample of 9760 participants.

Study Procedures
In March 2019, potential participants received an email inviting 
them (or their child) to participate in a web-based study and com-
pleted an online screener survey. Those who met eligibility criteria 
provided consent/assent and were randomly assigned to a study 
condition. In the control condition (condition 0), participants saw 
a random selection of one of the four SG warnings. In the treat-
ment conditions (conditions 1–16), participants saw one PCW. All 
warnings were displayed on a mock cigarette package depicted in a 
three-dimensional, rotatable model and on a mock cigarette adver-
tisement; the package and advertisement stimuli were displayed in 
randomized order (Supplementary Figures S1–S4). We refer to the 
16 PCW conditions by the abbreviated names listed in the Warning 
column in Table  2. Two conditions used the same statement but 
different images (diseased lungs in chronic obstructive pulmonary 
disease [COPD] 1 and man with oxygen in COPD 2); because the 
images differed, these conditions were treated as distinct warnings. 
Supplementary Figure S5 includes all warnings. In all analyses, 
stimuli exposure is considered the joint exposure to both formats.

There were three online sessions. In Session 1 (~12 min), parti-
cipants completed a baseline assessment of beliefs about the nega-
tive health consequences of cigarette smoking (health beliefs); were 
then exposed to cigarette warning stimuli according to condition as-
signment; and subsequently completed assessments of new informa-
tion, self-reported learning, and other reactions to the stimuli. One 
to two days following completion of Session 1, participants were 
invited to complete Session 2.  In Session 2 (~8  min), participants 
were re-exposed to the warning stimuli they were shown in Session 1 
and completed the same set of health belief measures. Fourteen days 
after Session 2, participants were invited to complete Session 3. In 
Session 3 (~5 min), participants completed the same set of health 
belief measures and a measure of warning recall.

Measures
New Information (Session 1)
Participants responded to “Before today, had you heard about the 
specific smoking-related health effect described in the warning?” 
Responses were recoded as 1 (No or I’m not Sure) or 0 (Yes).20

Self-Reported Learning (Session 1)
Participants responded to “To what extent did you learn something 
new from this warning that you did not know before?” on a 7-point 
scale from 1 (Not at all) to 7 (Very much).21

Thinking About Risks (Session 1)
Participants responded to “How much does this warning make you 
think about the health risks of smoking?” Responses were recoded 
as 1 (Somewhat or A lot) or 0 (A little or Not at all).6,16

Attention (Session 1)
Participants responded to three items: “This warning grabbed my 
attention”; “I would notice this health warning if I saw it”; and “I 
would read or look closely at this health warning if I saw it on cigar-
ette packages or ads” each using a 5-point scale from 1 (Strongly dis-
agree) to 5 (Strongly agree).22,23 These items were scaled and treated 
as continuous in linear regressions.

Warning Perceptions (Session 1)
Participants rated warnings on informativeness on a 7-point scale 
from 1 (Not at all informative) to 7 (Very informative)24 and 
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understandability on a 7-point scale from 1 (Hard to understand) to 
7 (Easy to understand). Participants rated factualness by responding 
to “Would you say that this warning is an opinion or a fact?” recoded 
as 0 (Opinion) or 1 (Fact).25

Health Beliefs (Sessions 1, 2, and 3)
In the Session 1, 2, and 3 surveys, participants rated their level of 
agreement from 1 (Strongly disagree) to 5 (Strongly agree) with 
health belief items that corresponded with specific health conditions 
in a PCW.26 For example, level of agreement with “Smoking causes 
head cancer” and “Smoking causes neck cancer” indicated health be-
lief for the Head and neck cancer PCW. Ten warnings had multiple 
corresponding health belief items; the items for each of these warn-
ings were scaled and treated as continuous in linear regressions. Six 
warnings had only one corresponding health belief item; these items 
were not recoded and were analyzed using ordinal regression.

Recall (Session 3)
In Session 3, participants viewed four warnings in random order. 
Control participants were shown the four SG warnings (one of 
which they previously viewed). Treatment condition participants 
were shown the PCW they previously viewed along with three other 
randomly selected PCW. Participants were asked “You recently 
took a survey in which you were shown a cigarette pack and 
advertisement with a warning on it. Which label do you remember 
seeing?” Responses were coded as 1 (accurate) if participants correctly 
selected the warning they previously viewed and as 0 (inaccurate) if 
anything else was selected.

Smoking Status
To be considered susceptible to smoking, adolescents must have 
never tried a cigarette and respond anything other than “definitely 
not” to at least one of four items assessing smoking curiosity, poten-
tial future experimentation, expecting to smoke in the next year, and 
willingness to smoke if offered a cigarette by a friend.27

Current smoking status was defined as having smoked in the past 
30 days (for adolescents) or having smoked at least 100 lifetime cig-
arettes and now smoking every day or some days (for adults). Adults 
were considered nonsmokers if they now smoked “not at all.”

Sociodemographic Characteristics
Sociodemographic items assessed gender, age, and race/ethnicity. 
Among adults only, education, income, sexual orientation, and 
health literacy28 were also assessed. Participants were considered to 
have adequate health literacy if they correctly answered the question 
“If a person is at high risk for heart disease, which of the following 
levels of low-density lipoprotein cholesterol is best?” after reading 
facts about cholesterol. We included this measure because it provides 
context to how well the sample can interpret health-related informa-
tion such as that conveyed in the warnings.

Analyses
Responses to Warnings
We compared means (using linear regression) or proportions (using 
logistic regression) between each treatment group with a single con-
trol group (representing the average scores across the four SG warn-
ings) for a total of 16 separate analyses per dependent variable: new 
information, self-reported learning, thinking about risks, attention, 
and warning perceptions.

Changes in Health Beliefs
To determine the PCW’s impact on corresponding health beliefs, we 
examined how differences in health beliefs from Session 1 to 2 and 
Session 1 to 3 differed between those exposed to PCW and SG warn-
ings (ie, the difference in difference health belief score). For PCW 
with multiple, scaled health belief items, linear regression models 
examined whether the pre–post differences varied by condition; 
coefficients are the predicted difference in difference health belief 
scores. Significant, positive coefficients indicate that there is greater 
pre–post change in agreement for the health belief in the treatment 
relative to control condition. Significant, negative coefficients indi-
cate greater pre–post change in agreement in the control condition. 
For PCW with a single health belief item, we used ordinal logistic 
regressions. The sign of the coefficient indicates the direction of the 
relationship between study condition and changes in health beliefs. 
Significant, positive coefficients favor the PCW as described above; 
significant, negative coefficients favor the control condition.

Recall
We used logistic regression to examine the proportion of respond-
ents in the treatment and control conditions at Session 3 who accur-
ately recalled the warning that they were exposed to at Sessions 1 
and 2. Significant odds ratios (ORs) greater than 1 indicate greater 
recall among those exposed to a PCW than a control warning.

Regression models included indicator variables for age group 
(ie, adolescents, young adults, and older adults) and smoking status 
(ie, current smoker or nonsmoker [adults]/susceptible[adolescents]) 
as covariates to account for potential associations between age, 
smoking status, and outcomes of interest. In this manuscript, the 
term “significant” refers to statistical significance after adjustment 
of multiple comparisons using the Benjamini–Hochberg procedure, 
assuming a two-tailed test and false discovery rate of 0.05.29 All 
analyses were performed using Stata v.14.1 (using robust standard 
errors) and included all participants with valid data at each session. 
Supplementary Table S1 summarizes outcomes by condition.

Results

Participant Characteristics and Attrition
At Session 1 (n = 9760), 23.6% were adolescents, 21.2% were young 
adults, and 55.2% were older adults. Among all participants, 55.6% 
were female and 74.8% were non-Hispanic White (Table 1). Among 
adults, 35.8% had some college education and 34.4% had a college 
degree or more. Just over half of adults (51.9%) had incomes of less 
than $50 000 annually, and 71.4% of adults correctly answered the 
health literacy item. Per the study design, among adolescents, 17.8% 
were current smokers and 82.2% were nonsmokers susceptible to 
smoking. Among adults, nearly half (49.8%) were current smokers. 
Participant characteristics for Session 2 (n = 4913; median of 2 days 
following Session 1) and Session 3 (n = 3360; median of 15 days 
following Session 2) appear in Table 1.

Between Sessions 1 and 2, the attrition rate was 48.8% for the 
control condition and 48.1%–52.5% for the treatment conditions. 
Between Sessions 1 and 3, the attrition rate was 66.1% for the con-
trol condition and 61.7%–70.4% for the treatment conditions.

New Information
As shown in Table 2, 27.9% of control condition participants and 
22.8% (Addictive) to 88.7% (Cataracts) of participants in treatment 
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conditions described the warning they viewed as new information. 
Participants were significantly more likely to describe a PCW as 
providing new information relative to the control in 13 conditions: 
Harm children (OR: 1.37, 95% confidence interval [CI]: 1.11–1.69), 
Fatal lung disease in nonsmokers (OR: 1.55, 95% CI: 1.26–1.91), 
Head and neck cancer (OR: 8.09, 95% CI: 6.44–10.16), Bladder 
cancer (OR: 14.63, 95% CI: 11.19–19.14), Stunt fetal growth 
(OR: 1.73, 95% CI: 1.40–2.12), Clogged arteries (OR: 2.64, 95% 
CI: 2.15–3.23), COPD 1 (OR: 1.48, 95% CI: 1.20–1.83), COPD 
2 (OR: 1.48, 95% CI: 1.20–1.83), Erectile dysfunction (OR: 7.65, 
95% CI: 6.10–9.60), Amputation (OR: 7.26, 95% CI: 5.79–9.11), 
Diabetes (OR: 10.64, 95% CI: 8.34–13.58), Macular degeneration 
(OR: 11.81, 95% CI: 9.17–15.21), and Cataracts (OR: 14.45, 95% 

CI: 11.08–18.86). One warning (Addictive) was less likely to be con-
sidered new information than the control condition (OR: 0.61, 95% 
CI: 0.47–0.78).

Thinking About Risks
As shown in Table 2, 69.6% of control condition participants and 
69.5% (Quit now) to 87.5% (Amputation) of treatment condition 
participants thought about the health risks of smoking in response 
to the warning. PCW were significantly more likely to result in par-
ticipants thinking about the health risks of smoking in 14 conditions 
relative to the control condition: Harm children (OR: 2.38, 95% 
CI: 1.82–3.10), Kill you (OR: 1.70, 95% CI: 1.34–2.17), Fatal lung 
disease in nonsmokers (OR: 1.94, 95% CI: 1.52–2.49), Head and 

Table 1.  Participant Characteristics by Session (Combining Adolescent and Adult Samples Unless Otherwise Noted)

Session 1 (n = 9760) Session 2 (n = 4913) Session 3 (n = 3360)

Gender
  Male 4337 (44.4%) 2298 (46.8%) 1601 (47.6%)
  Female 5423 (55.6%) 2615 (53.2%) 1759 (52.4%)
Age: mean (SD) 36.2 (20.5) 43.0 (21.2) 45.9 (20.4)
Age group
  Adolescent (aged 13–17) 2301 (23.6%) 949 (19.3%) 561 (16.7%)
  Young adult (aged 18–24) 2071 (21.2%) 617 (12.6%) 273 (8.1%)
  Older adult (aged ≥25) 5388 (55.2%) 3346 (68.1%) 2526 (75.2%)
Race/ethnicity
  White, non-Hispanic 7301 (74.8%) 3842 (78.2%) 2666 (79.3%)
  Black, non-Hispanic 870 (8.9%) 404 (8.2%) 265 (7.9%)
  Other or multiracial, non-Hispanic 511 (5.2%) 217 (4.4%) 139 (4.1%)
  Hispanic 1078 (11.0%) 450 (9.2%) 290 (8.6%)
Educationa

  Less than HS 201 (2.7%) 91 (2.3%) 66 (2.4%)
  HS or GED 2015 (27.0%) 1060 (26.7%) 737 (26.3%)
  Some college 2674 (35.8%) 1391 (35.1%) 954 (34.1%)
  College or more 2569 (34.4%) 1422 (35.9%) 1042 (37.2%)
Annual household incomea

  $0–$19 999 1406 (18.8%) 687 (17.3%) 443 (15.8%)
  $20 000–$49 999 2467 (33.1%) 1354 (34.2%) 970 (34.7%)
  $50 000–$74 999 1538 (20.6%) 808 (20.4%) 576 (20.6%)
  $75 000 or more 2048 (27.5%) 1115 (28.1%) 810 (28.9%)
Region
  Northeast 2018 (20.7%) 1012 (20.6%) 696 (20.7%)
  Midwest 2351 (24.1%) 1255 (25.5%) 872 (26.0%)
  South 3444 (35.3%) 1675 (34.1%) 1137 (33.8%)
  West 1947 (19.9%) 971 (19.8%) 655 (19.5%)
Sexual orientationa

  Heterosexual 6635 (89.0%) 3630 (91.6%) 2583 (92.3%)
  LGB or otherb 824 (11.0%) 334 (8.4%) 216 (7.7%)
Health literacya,c (correct response) 5325 (71.4%) 2876 (72.6%) 2065 (73.8%)
Smoking status
  Adolescent susceptible to smokingd 1891 (19.4%) 737 (15.0%) 425 (12.6%)
  Adolescent current smokere 410 (4.2%) 212 (4.3%) 136 (4.0%)
  Adult nonsmokerf 3741 (38.3%) 2086 (42.5%) 1466 (43.6%)
  Adult current smokerg 3718 (38.1%) 1878 (38.2%) 1333 (39.7%)

GED = general education diploma; HS = high school; LGB = lesbian, gay, or bisexual; SD = standard deviation.
aItem only asked of young adult and older adult respondents (aged ≥18).
b“LGB or other” includes identifying as homosexual, gay, or lesbian; bisexual; or something else.
cParticipant correctly answers the question “If a person is at high risk for heart disease, which of the following levels of low density lipoprotein (LDL) cholesterol 
is best?” after reading facts about cholesterol.
dHas not smoked in past 30 days and responds anything other than “definitely not” to at least one of four items assessing susceptibility.
eSmoked in the past 30 days.
fCurrently smokes “not at all.”
gSmoked 100 cigarettes in lifetime and now smokes every day or some days.
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neck cancer (OR: 2.70, 95% CI: 2.05–3.55), Bladder cancer (OR: 
2.14, 95% CI: 1.66–2.77), Stunt fetal growth (OR: 2.00, 95% CI: 
1.55–2.57), Clogged arteries (OR: 2.05, 95% CI: 1.59–2.63), COPD 
1 (OR: 2.25, 95% CI: 1.73–2.91), COPD 2 (OR: 2.13, 95% CI: 
1.64–2.75), Erectile dysfunction (OR: 1.56, 95% CI: 1.23–1.98), 
Amputation (OR: 3.52, 95% CI: 2.60–4.75), Diabetes (OR: 2.11, 
95% CI: 1.63–2.72), Macular degeneration (OR: 2.64, 95% CI: 
2.01–3.46), and Cataracts (OR: 1.71, 95% CI: 1.34–2.17).

Self-Reported Learning
The mean rating of self-reported learning in the control condi-
tion was 3.02 (Table 2) and ranged from 2.66 (Addictive) to 5.70 
(Macular degeneration) in the treatment conditions. Participants’ 
self-reports of learning were significantly higher for 13 warnings 
compared with the control condition: Harm children (B: 0.31, 95% 
CI: 0.10–0.52), Fatal lung disease in nonsmokers (B: 0.64, 95% CI: 
0.43–0.84), Head and neck cancer (B: 1.96, 95% CI: 1.78–2.13), 
Bladder cancer (B: 2.37, 95% CI: 2.19–2.54), Stunt fetal growth 
(B: 0.74, 95% CI: 0.54–0.94), Clogged arteries (B: 1.20, 95% CI: 
1.00–1.40), COPD 1 (B: 0.70, 95% CI: 0.50–0.90), COPD 2 (B: 
0.78, 95% CI: 0.58–0.99), Erectile dysfunction (B: 2.21, 95% CI: 
2.04–2.39), Amputation (B: 2.28, 95% CI: 2.11–2.46), Diabetes 
(B: 2.43, 95% CI: 2.26–2.60), Macular degeneration (B: 2.58, 95% 
CI: 2.41–2.74), and Cataracts (B: 2.37, 95% CI: 2.20–2.54). Self-
reported learning was lower for Addictive (B: −0.44, 95% CI: −0.64 
to −0.24), Kill you (B: −0.30, 95% CI: −0.51 to −0.10), and Quit 
now (B: −0.44, 95% CI: −0.63 to −0.25) than for control condition.

Attention
The mean rating of attention (Table 2) in the control condition was 
3.39 and ranged from 3.68 (Quit now) to 4.18 (Amputation) in the 

treatment condition. Participants in all 16 treatment conditions indi-
cated greater attention to warnings than participants in the control 
condition. Effects ranged from B: 0.33 (95% CI: 0.24–0.41) for Quit 
now to B: 0.83 (95% CI: 0.75–0.91) for Amputation.

Warning Perceptions
The mean rating of informativeness (Table 3) in the control condition 
was 4.94 and ranged from 4.61 (Quit now) to 5.95 (Amputation) in 
the treatment conditions. Participants perceived the PCW as more 
informative than the control in 13 conditions: Harm children (B: 
0.54, 95% CI: 0.38–0.69), Fatal lung disease in nonsmokers (B: 
0.69, 95% CI: 0.54–0.84), Head and neck cancer (B: 0.78, 95% CI: 
0.63–0.92), Bladder cancer (B: 0.95, 95% CI: 0.81–1.09), Stunt fetal 
growth (B: 0.91, 95% CI: 0.77–1.05), Clogged arteries (B: 0.88, 
95% CI: 0.74–1.03), COPD 1 (B: 0.76, 95% CI: 0.62–0.90), COPD 
2 (B: 0.77, 95% CI: 0.63–0.92), Erectile dysfunction (B: 0.95, 95% 
CI: 0.81–1.09), Amputation (B: 1.13, 95% CI: 0.99–1.26), Diabetes 
(B: 0.90, 95% CI: 0.76–1.04), Macular degeneration (B: 1.12, 95% 
CI: 0.99–1.26), and Cataracts (B: 0.86, 95% CI: 0.72–1.00). One 
warning (Quit now) was perceived as less informative than the 
control condition (B: −0.33, 95% CI: −0.49–−0.17).

The mean rating of understandability (Table 3) was 5.83 in the 
control condition and 5.82 (Quit now) to 6.25 (Amputation) in the 
treatment conditions. Participants rated the warnings in 15 treat-
ment conditions as more understandable than did participants in the 
control condition: Addictive (B: 0.39, 95% CI: 0.25–0.53), Harm 
children (B: 0.52, 95% CI: 0.38–0.66), Kill you (B: 0.42, 95% CI: 
0.27–0.57), Fatal lung disease in nonsmokers (B: 0.41, 95% CI: 
0.27–0.56), Head and neck cancer (B: 0.44, 95% CI: 0.30–0.58), 
Bladder cancer (B: 0.46, 95% CI: 0.32–0.60), Stunt fetal growth 
(B: 0.58, 95% CI: 0.45–0.71), Clogged arteries (B: 0.55, 95% CI: 

Table 3.  Differences by Condition in Warning Reactions

Condition Description

Perceived informativeness Perceived understandability Perceived factualness

Mean (SD) Coeff. (95% CI) Mean (SD) Coeff. (95% CI) % endorsing OR (95% CI)

0 (Control) Average of the four SG 
warnings

4.94 (1.65) REF 5.83 (1.54) REF 86.1% REF

1 Addictive 4.90 (1.65) −0.05 (−0.22, 0.11) 6.06 (1.34) 0.39 (0.25, 0.53)a 86.4% 1.07 (0.78, 1.45)
2 Harm children 5.36 (1.52) 0.54 (0.38, 0.69)a 6.24 (1.19) 0.52 (0.38, 0.66)a 83.1% 0.94 (0.70, 1.27)
3 Kill you 4.95 (1.75) 0.17 (0.00, 0.34) 5.92 (1.57) 0.42 (0.27, 0.57)a 85.5% 0.99 (0.73, 1.34)
4 Fatal lung disease in 

nonsmokers
5.43 (1.54) 0.69 (0.54, 0.84)a 5.98 (1.47) 0.41 (0.27, 0.56)a 77.5% 0.70 (0.53, 0.92)a

5 Quit now 4.61 (1.59) −0.33 (−0.49, −0.17)a 5.82 (1.43) 0.12 (−0.04, 0.27) 87.9% 1.01 (0.75, 1.37)
6 Head and neck cancer 5.68 (1.40) 0.78 (0.63, 0.92)a 6.14 (1.27) 0.44 (0.30, 0.58)a 71.6% 0.53 (0.41, 0.68)a

7 Bladder cancer 5.81 (1.41) 0.95 (0.81, 1.09)a 6.13 (1.38) 0.46 (0.32, 0.60)a 66.0% 0.43 (0.33, 0.55)a

8 Stunt fetal growth 5.59 (1.38) 0.91 (0.77, 1.05)a 6.15 (1.33) 0.58 (0.45, 0.71)a 83.9% 0.93 (0.69, 1.25)
9 Clogged arteries 5.65 (1.41) 0.88 (0.74, 1.03)a 6.15 (1.29) 0.55 (0.41, 0.68)a 85.2% 1.14 (0.83, 1.57)
10 COPD 1b 5.55 (1.37) 0.76 (0.62, 0.90)a 6.14 (1.27) 0.47 (0.34, 0.61)a 85.4% 1.23 (0.89, 1.70)
11 COPD 2c 5.52 (1.39) 0.77 (0.63, 0.92)a 6.24 (1.17) 0.53 (0.40, 0.67)a 83.8% 1.26 (0.91, 1.73)
12 Erectile dysfunction 5.77 (1.35) 0.95 (0.81, 1.09)a 6.18 (1.19) 0.47 (0.33, 0.61)a 72.4% 0.53 (0.41, 0.69)a

13 Amputation 5.95 (1.25) 1.13 (0.99, 1.26)a 6.25 (1.39) 0.60 (0.46, 0.74)a 76.7% 0.66 (0.50, 0.86)a

14 Diabetes 5.68 (1.40) 0.90 (0.76, 1.04)a 6.21 (1.22) 0.54 (0.40, 0.67)a 64.0% 0.44 (0.34, 0.56)a

15 Macular degeneration 5.86 (1.37) 1.12 (0.99, 1.26)a 6.12 (1.40) 0.44 (0.29, 0.58)a 73.7% 0.59 (0.45, 0.77)a

16 Cataracts 5.67 (1.35) 0.86 (0.72, 1.00)a 6.17 (1.30) 0.47 (0.33, 0.61)a 65.5% 0.38 (0.30, 0.49)a

CI = confidence interval; COPD = chronic obstructive pulmonary disease; OR = odds ratio; SD = standard deviation; SG = Surgeon General’s warning. Percentages 
represent the proportion of participants within each condition who endorsed that the warning was factual. Regressions control for age group and smoking status.
aSignificant after adjustment for multiple comparisons.
bImage of diseased lungs.
cImage of man with oxygen.
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0.41–0.68), COPD 1 (B: 0.47, 95% CI: 0.34–0.61), COPD 2 (B: 
0.53, 95% CI: 0.40–0.67), Erectile dysfunction (B: 0.47, 95% CI: 
0.33–0.61), Amputation (B: 0.60, 95% CI: 0.46–0.74), Diabetes (B: 
0.54, 95% CI: 0.40–0.67), Macular degeneration (B: 0.44, 95% CI: 
0.29–0.58), and Cataracts (B: 0.47, 95% CI: 0.33–0.61).

As shown in Table 3, the majority of participants considered the 
warning they viewed to be factual. Specifically, 86.1% of control 
condition participants and 64.0% (Diabetes) to 87.9% (Quit now) 
of treatment condition participants reported that the warning they 
saw was factual. Participants were less likely to consider eight of 
the PCW as factual compared with the control condition: Fatal lung 
disease in nonsmokers (OR: 0.70, 95% CI: 0.53–0.92), Head and 
neck cancer (OR: 0.53, 95% CI: 0.41–0.68), Bladder cancer (OR: 
0.43, 95% CI: 0.33–0.55), Erectile dysfunction (OR: 0.53, 95% CI: 
0.41–0.69), Amputation (OR: 0.66, 95% CI: 0.50–0.86), Diabetes 
(OR: 0.44, 95% CI: 0.34–0.56), Macular degeneration (OR: 0.59, 
95% CI: 0.45–0.77), and Cataracts (OR: 0.38, 95% CI: 0.30–0.49).

Changes in Health Beliefs from Session 1 to 2
As seen in Table 4, coefficients were positive and significant for 9 
of the 10 warnings with health belief scores on a linear scale, rep-
resenting net positive increases in agreement with health beliefs for 
those PCW after accounting for changes in health beliefs in the con-
trol condition: Head and neck cancer (B: 0.50, 95% CI: 0.37–0.63), 
Bladder cancer (B: 0.60, 95% CI: 0.47–0.74), Clogged arteries (B: 
0.18, 95% CI: 0.07–0.29), COPD 1 (B: 0.12, 95% CI: 0.04–0.21), 
Erectile dysfunction (B: 0.41, 95% CI: 0.28–0.53), Amputation (B: 
0.56, 95% CI: 0.43–0.69), Diabetes (B: 0.74, 95% CI: 0.59–0.89), 

Macular degeneration (B: 0.58, 95% CI: 0.46–0.70), and Cataracts 
(B: 0.66, 95% CI: 0.52–0.80). The coefficients for ordinal regres-
sion models of nonscaled health beliefs were significant and posi-
tive (toward higher levels of agreement with the health belief in the 
PCW condition compared with the control condition) for two of 
the six PCW: Fatal lung disease in nonsmokers (B: 0.50, 95% CI: 
0.08–0.92) and Stunt fetal growth (B: 1.02, 95% CI: 0.54–1.49). 
The coefficients were significant and negative (toward lower levels 
of agreement with the health belief in the PCW condition com-
pared with the control condition) for Addictive (B: −1.03, 95% CI: 
−1.64 to −0.41). Means and proportions for these models appear in 
Supplementary Tables S2–S4.

Changes in Health Beliefs (Sessions 1–3)
As seen in Table 4, coefficients from the linear models (ie, the pre-
dicted difference in difference between treatment and control con-
ditions) were positive and significant for 6 of the 10 warnings with 
scaled health beliefs: Head and neck cancer (B: 0.25, 95% CI: 0.11–
0.40), Bladder cancer (B: 0.36, 95% CI: 0.19–0.52), Amputation (B: 
0.37, 95% CI: 0.23–0.51), Diabetes (B: 0.25, 95% CI: 0.08–0.42), 
Macular degeneration (B: 0.26, 95% CI: 0.13–0.40), and Cataracts 
(B: 0.33, 95% CI: 0.18–0.49). There was a net positive increase in 
agreement with health beliefs for those PCW after accounting for 
changes in health beliefs in the control condition. For nonscaled 
health beliefs, there was one significant difference between treat-
ment and control conditions (Fatal lung disease in nonsmokers, 
B: 0.59, 95% CI: 0.10–1.08) toward higher levels of agreement 
with the health belief in the PCW condition compared with the 

Table 4.  Regressions of Difference in Difference Health Belief Scores Between Sessions 2 and 1 and Between Sessions 3 and 1, by 
Condition

Condition vs. Control Sessions 1–2 (n = 4913) Sessions 1–3 (n = 3360)

 Coefficient (95% CI) Coefficient (95% CI)

Addictiveb −1.03 (−1.64, −0.41)a −0.39 (−1.08, 0.30)
Harm childrenb 0.32 (−0.15, 0.79) −0.21 (−0.79, 0.37)
Kill youb 0.09 (−0.42, 0.61) −0.26 (−0.82, 0.30)
Fatal lung disease in nonsmokersb 0.50 (0.08, 0.92)a 0.59 (0.10, 1.08)a 
Quit nowb 0.29 (−0.13, 0.72) −0.06 (−0.54, 0.42)
Head and neck cancerc 0.50 (0.37, 0.63)a 0.25 (0.11, 0.40)a

Bladder cancerc 0.60 (0.47, 0.74)a 0.36 (0.19, 0.52)a

Stunt fetal growthb 1.02 (0.54, 1.49)a −0.02 (−0.58, 0.54)
Clogged arteriesc 0.18 (0.07, 0.29)a −0.01 (−0.13, 0.12)
COPD 1c,d 0.12 (0.04, 0.21)a −0.08 (−0.19, 0.04)
COPD 2c,e 0.01 (−0.09, 0.11) −0.10 (−0.20, 0.00)
Erectile dysfunctionc 0.41 (0.28, 0.53)a 0.10 (−0.05, 0.24)
Amputationc 0.56 (0.43, 0.69)a 0.37 (0.23, 0.51)a

Diabetesc 0.74 (0.59, 0.89)a 0.25 (0.08, 0.42)a

Macular degenerationc 0.58 (0.46, 0.70)a 0.26 (0.13, 0.40)a

Cataractsc 0.66 (0.52, 0.80)a 0.33 (0.18, 0.49)a

Control = average of the four Surgeon General warnings for the relevant health belief. Regressions control for age group and smoking status. CI = confidence 
interval; COPD = chronic obstructive pulmonary disease; PCW = pictorial cigarette warning. Cronbach’s alpha for scaled items: Head and neck cancer (0.84), 
Bladder cancer (0.94), Clogged arteries (0.93), COPD 1 (0.85), COPD 2 (0.85), Erectile dysfunction (0.87), Amputation (0.89), Diabetes (0.94), Macular degen-
eration (0.90), and Cataracts (0.94).
aSignificant after adjustment for multiple comparisons.
bThere was only one health belief item relevant to this PCW, so the reported result is the coefficient from the ordinal regression.
cHealth belief items relevant to this PCW were scaled, and the reported result is the coefficient from the linear regression. The coefficient represents: (follow-up 
session mean for PCW − Session 1 mean for PCW) − (follow-up session mean for Control − Session 1 mean for Control) where follow-up is either Session 2 or 
Session 3.
dImage of diseased lungs.
eImage of man with oxygen.
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control condition. Means and proportions for these models appear 
in Supplementary Tables S2–S4.

Recall of Warnings
As seen in Table 5, 25.7% of control group participants accurately 
recalled the SG warning they were exposed to; between 49.4% 
(Clogged arteries) and 73.8% (Amputation) of the treatment group 
participants accurately recalled the PCW (Table 5). Participants in 
all 16 treatment conditions were more likely to accurately recall 
which warning they had seen than were participants in the control 
condition. Effects ranged from OR: 2.99 (95% CI: 2.07–4.32) for 
Clogged arteries to OR: 9.42 (95% CI: 6.33–14.02) for Kill you.

Discussion

The purpose of this study was to test whether any of the 16 PCW in-
creased understanding of the negative health consequences of cigar-
ette smoking relative to existing SG warnings. Relative to the control 
condition, respondents were more likely to state they learned new 
information for 13 of PCW and less likely to state they learned new 
information for one PCW. Self-reported learning was higher in 13 
PCW and lower in 3 PCW conditions relative to the control condi-
tion. Relative to the control, 14 PCW were more likely to make par-
ticipants think about the health risks of smoking, and 8 PCW were 
less likely to be seen as factual. Relative to the control, perceived 
informativeness was higher for 13 PCW and lower for 1 PCW, and 

perceived understandability was higher for 15 PCW. Participants re-
ported paying more attention to the warning for all PCW relative to 
the control.

Between Sessions 1 and 2, 11 PCW resulted in greater net posi-
tive changes in agreement with health beliefs. One PCW resulted in 
greater net negative changes in agreement with health beliefs. From 
Session 1 to 3, seven PCW resulted in greater net positive changes 
in agreement with health beliefs. Participants in all 16 PCW condi-
tions were more likely to correctly recall which PCW they had seen 
than participants in the control condition were to recall which SG 
warning they had seen.

Overall, relative to the average of the SG warnings, many of the 
PCW were reported to be new information; led to thinking about 
risks; resulted in greater self-reported learning, perceived inform-
ativeness, and perceived understandability; and increased agreement 
with accurate health beliefs over time. Nearly three-quarters or more 
of participants reported that the warning they viewed was a fact, 
although half of the PCW were seen as less likely to be factual than 
SG warnings. Participants who viewed SG warnings in the study 
were likely viewing something they had seen in real life, particu-
larly so if they were cigarette smokers. In contrast, participants who 
viewed PCW were inherently viewing something novel. Findings re-
garding “new information” support this explanation: for seven of 
the eight PCW seen as less factual than SG warnings, the proportion 
of respondents describing the content as new information was high 
(approximately 75%–90%). The novelty of the PCW could lead to 
skepticism.30,31 It is possible that more people would perceive the 
PCW as factual when viewing them repeatedly in a “real world” 
context as they currently see SG warnings.

Some of the PCW did not perform as well as others on some 
outcomes. In particular, the warnings for Addictive, Kill you, and 
Quit now were often not significantly different from the control 
condition or were less likely to result in a given outcome (eg, they 
produced lower levels of self-reported learning compared with the 
controls or did not lead to a net positive improvement in accurate 
health beliefs between sessions). Participants may have muted re-
sponses to these warnings because they viewed the content as ob-
vious; it is widely known that smoking is addictive and can kill you 
and that quitting has positive health effects, even if individuals do 
not fully understand the extent of these smoking risks and cessation 
benefits.32–38

Limitations
Study limitations include the use of digital stimuli, which may de-
crease external validity; however, we minimized the lack of realism 
by enabling participants to rotate and interact with the 3D cigar-
ette packages, which were displayed in the same size as real cigar-
ette packages. Although two sessions of stimuli exposure may not 
be enough to generate changes in some outcomes, we found effects 
for both short-term (Sessions 1–2) and longer-term (Sessions 1–3) 
changes in health beliefs.

Although the study included six subgroups (adolescents suscep-
tible to smoking, adolescent current smokers, young adult current 
smokers, young adult nonsmokers, older adult current smokers, and 
older adult nonsmokers), the study was not designed or powered to 
examine within-groups differences. Per general guidance from the 
Department of Education’s What Works Clearinghouse (WWC), at-
trition between Sessions 1 and 2 was high but acceptable due to low 
differential attrition.39 The WWC does not provide guidance about 
acceptable attrition for a second follow-up.

Table 5. Warning Recall by Condition

Condition Description
% 

Recall OR (95% CI)

0 (Control) Average of four SG 
warnings

25.7% REF

1 Addictive 64.9% 5.63 (3.85, 8.22)a

2 Harm children 61.6% 7.64 (5.17, 11.31)a

3 Kill you 63.7% 9.42 (6.33, 14.02)a

4 Fatal lung disease in 
nonsmokers

66.7% 5.20 (3.55, 7.61)a

5 Quit now 62.8% 5.15 (3.60, 7.37)a

6 Head and neck 
cancer

58.1% 4.89 (3.38, 7.06)a

7 Bladder cancer 57.8% 5.39 (3.70, 7.86)a

8 Stunt fetal growth 66.7% 6.13 (4.08, 9.20)a

9 Clogged arteries 49.4% 2.99 (2.07, 4.32)a

10 COPD 1b 58.1% 4.14 (2.86, 5.99)a

11 COPD 2c 57.8% 4.23 (2.92, 6.12)a

12 Erectile dysfunction 61.4% 4.69 (3.20, 6.88)a

13 Amputation 73.8% 8.73 (5.88, 12.98)a

14 Diabetes 62.3% 4.90 (3.39, 7.08)a

15 Macular 
degeneration

60.8% 4.87 (3.37, 7.05)a

16 Cataracts 53.0% 3.44 (2.41, 4.91)a

CI  =  confidence interval; COPD  =  chronic obstructive pulmonary disease; 
OR = odds ratio; SG = Surgeon General’s warning. Due to a technical error 
with the online survey platform, the question assessing accuracy of warning re-
call did not function properly for 197 Session 3 participants. These cases were 
removed from the analysis of recall. Thus, the analytic sample size in this table 
is 3163 (197 less than the overall Session 3 sample size of 3360). Regressions 
control for age group and smoking status.
aSignificant after adjustment for multiple comparisons.
bImage of diseased lungs.
cImage of man with oxygen.

D
ow

nloaded from
 https://academ

ic.oup.com
/ntr/advance-article-abstract/doi/10.1093/ntr/ntaa032/5810483 by guest on 31 M

arch 2020

http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntaa032#supplementary-data


9Nicotine & Tobacco Research, 2020, Vol. XX, No. XX

In addition, the survey used a convenience sample rather than 
a probability sample, and the results are not nationally representa-
tive. Generating a representative sample of the size necessary for this 
study would have been cost prohibitive. The large and diverse mem-
bership of the panel allows for targeting adequate numbers of those 
in the specified tobacco use status groups and to obtain a reasonable 
degree of demographic diversity in each of the targeted subgroups 
and the overall sample. Despite efforts to have the study population 
reflect the demographic makeup of the larger population, the nature 
of convenience samples still limits the generalizability of the results 
from this study. Because of the experimental design, these limitations 
in generalizability do not affect the internal validity, and thus the 
conclusions, of the study.

Conclusions and Future Directions

This study shows that most of the PCW tested can increase under-
standing of the negative health consequences of cigarette smoking 
compared with SG warnings. These results, along with results from a 
previous study2 and other factors, informed FDA’s selection of proposed 
PCW for cigarette packages and advertisements in the United States.
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academic.oup.com/ntr.

Funding
This work was supported by US Food and Drug Administration (Contract No. 
HHSF223201110005B).

Declaration of Interests
None declared.

Acknowledgments
The authors wish to thank Shireen Fotelargias, Emily Talbert, Courtney Smith, 
Maria Ashbaugh, Daniel Gittleson, and Jesse Thompson for their contribu-
tions to this project. The findings and conclusions in this report are those of 
the authors and do not necessarily represent the official position of the Food 
and Drug Administration.

References
	1.	 R. J.  Reynolds Tobacco Co. v.  Food & Drug Administration. 696 F.3d 

1205 (D.C. Cir. 2012), overruled on other grounds by Am. Meat Inst. 
v. U.S. Dep’t of Agric., 760 F.3d 18, 22–23 (D.C. Cir. 2014) (en banc).

	2.	 Pepper JK, Nguyen Zarndt A, Eggers ME, et al. Influence of warning state-
ments on understanding of the negative health consequences of smoking 
[published online ahead of print March 23, 2020]. Nicotine Tob Res. 

	3.	 Hammond D. Health warning messages on tobacco products: a review. 
Tob Control. 2011;20(5):327–337.

	4.	 Noar SM, Francis DB, Bridges C, Sontag JM, Ribisl KM, Brewer NT. The 
impact of strengthening cigarette pack warnings: systematic review of lon-
gitudinal observational studies. Soc Sci Med. 2016;164:118–129.

	5.	 Thrasher JF, Brewer NT, Niederdeppe J, et al. Advancing tobacco product 
warning labels research methods and theory: a summary of a grantee 
meeting held by the US National Cancer Institute. Nicotine Tob Res. 
2018;21(7):855–862.

	6.	 Fathelrahman  AI, Omar  M, Awang  R, Cummings  KM, Borland  R, 
Bin Mohd Samin AS. Impact of the new Malaysian cigarette pack warnings 
on smokers’ awareness of health risks and interest in quitting smoking. Int 
J Environ Res Public Health. 2010;7(11):4089–4099.

	7.	 Thrasher  JF, Hammond  D, Fong  GT, Arillo-Santillán  E. Smokers’ reac-
tions to cigarette package warnings with graphic imagery and with only 
text: a comparison between Mexico and Canada. Salud Publica Mex. 
2007;49(suppl 2):S233–S240.

	8.	 White  V, Webster  B, Wakefield  M. Do graphic health warning labels 
have an impact on adolescents’ smoking-related beliefs and behaviours? 
Addiction. 2008;103(9):1562–1571.

	9.	 Swayampakala  K, Thrasher  JF, Hammond  D, et  al. Pictorial health 
warning label content and smokers’ understanding of smoking-related 
risks—a cross-country comparison. Health Educ Res. 2015;30(1):35–45.

	10.	Miller CL, Quester PG, Hill DJ, Hiller JE. Smokers’ recall of Australian 
graphic cigarette packet warnings & awareness of associated health ef-
fects, 2005–2008. BMC Public Health. 2011;11:1–11.

	11.	Kennedy RD, Spafford MM, Behm I, Hammond D, Fong GT, Borland R. 
Positive impact of Australian ‘blindness’ tobacco warning labels: findings 
from the ITC four country survey. Clin Exp Optom. 2012;95(6):590–598.

	12.	Hammond D, Fong GT, McNeill A, et al. Effectiveness of cigarette warning 
labels in informing smokers about the risks of smoking: findings from the 
International Tobacco Control (ITC) Four Country Survey. Tob Control. 
2006;15(suppl 3):iii19– iii25.

	13.	Evans AT, Peters E, Strasser AA, Emery LF, Sheerin KM, Romer D. Graphic 
warning labels elicit affective and thoughtful responses from smokers: re-
sults of a randomized clinical trial. PLoS One. 2015;10(12):e0142879.

	14.	Mutti  S, Hammond  D, Reid  JL, Thrasher  JF. The efficacy of cigarette 
warning labels on health beliefs in the United States and Mexico. J Health 
Commun. 2013;18(10):1180–1192.

	15.	Reid  JL, Mutti-Packer  S, Gupta PC, et  al. Influence of health warnings 
on beliefs about the health effects of cigarette smoking, in the context of 
an experimental study in four Asian countries. Int J Environ Res Public 
Health. 2017;14(8):1–15.

	16.	Hammond D, Fong GT, Borland R, Cummings KM, McNeill A, Driezen P. 
Text and graphic warnings on cigarette packages: findings from the 
international tobacco control four country study. Am J Prev Med. 
2007;32(3):202–209.

	17.	McQueen A, Kreuter MW, Boyum S, et  al. Reactions to FDA-proposed 
graphic warning labels affixed to U.S. smokers’ cigarette packs. Nicotine 
Tob Res. 2015;17(7):784–795.

	18.	Noar  SM, Francis  DB, Bridges  C, Sontag  JM, Brewer  NT, Ribisl  KM. 
Effects of strengthening cigarette pack warnings on attention and message 
processing: a systematic review. J Mass Commun Q. 2017;94(2):416–442.

	19.	Swayampakala  K, Thrasher  JF, Yong  HH, et  al. Over-time impacts of 
pictorial health warning labels and their differences across smoker sub-
groups: results from adult smokers in Canada and Australia. Nicotine Tob 
Res. 2018;20(7):888–896.

	20.	Elango  JK, Sundaram  KR, Gangadharan  P, et  al. Factors affecting oral 
cancer awareness in a high-risk population in India. Asian Pac J Cancer 
Prev. 2009;10(4):627–630.

	21.	Magnan RE, Cameron LD. Do young adults perceive that cigarette graphic 
warnings provide new knowledge about the harms of smoking? Ann 
Behav Med. 2015;49(4):594–604.

	22.	Bansal-Travers M, Hammond D, Smith P, Cummings KM. The impact of 
cigarette pack design, descriptors, and warning labels on risk perception in 
the U.S. Am J Prev Med. 2011;40(6):674–682.

	23.	Borland R, Yong HH, Wilson N, et al. How reactions to cigarette packet 
health warnings influence quitting: findings from the ITC Four-Country 
survey. Addiction. 2009;104(4):669–675.

	24.	Davis KC, Nonnemaker  J, Duke  J, Farrelly MC. Perceived effectiveness 
of cessation advertisements: the importance of audience reactions and 
practical implications for media campaign planning. Health Commun. 
2013;28(5):461–472.

	25.	Herz-Roiphe DE. Stubborn things: an empirical approach to facts, opin-
ions, and the first amendment. Mich Law Rev. 2015;113(1):47–58.

D
ow

nloaded from
 https://academ

ic.oup.com
/ntr/advance-article-abstract/doi/10.1093/ntr/ntaa032/5810483 by guest on 31 M

arch 2020

https://academic.oup.com/ntr
https://academic.oup.com/ntr


10 Nicotine & Tobacco Research, 2020, Vol. XX, No. XX

	26.	Byrne S, Katz SJ, Mathios A, Niederdeppe J. Do the ends justify the means? 
A test of alternatives to the FDA proposed cigarette warning labels. Health 
Commun. 2015;30(7):680–693.

	27.	Pierce JP, Choi WS, Gilpin EA, Farkas AJ, Merritt RK. Validation of sus-
ceptibility as a predictor of which adolescents take up smoking in the 
United States. Health Psychol. 1996;15(5):355–361.

	28.	McCormack L, Bann C, Squiers L, et al. Measuring health literacy: a pilot 
study of a new skills-based instrument. J Health Commun. 2010;15(suppl 
2):51–71.

	29.	Benjamini  Y, Hochberg  Y. Controlling the false discovery rate: a prac-
tical and powerful approach to multiple testing. J R Stat Soc Series B Stat 
Methodol. 1995;57(1):289–300.

	30.	Petty RE, Caciopp JT. The elaboration likelihood model of persuasion. In: 
Berkowitz  L, ed. Advances in Experimental Social Psychology. Vol. 19. 
New York, NY: Academic Press 1986:123–205.

	31.	Wagner BC, Petty RE. The elaboration likelihood model of persuasion: 
thoughtful and non-thoughtful social influence. In: Chadee D, ed. Theories 
in Social Psychology. Oxford, England: Wiley-Blackwell; 2011:96–116.

	32.	Arnett JJ. Optimistic bias in adolescent and adult smokers and nonsmokers. 
Addict Behav. 2000;25(4):625–632.

	33.	Cummings  KM, Hyland  A, Giovino  GA, Hastrup  JL, Bauer  JE, 
Bansal  MA. Are smokers adequately informed about the health risks 
of smoking and medicinal nicotine? Nicotine Tob Res. 2004;6(suppl 
3):S333–S340.

	34.	Mantler T. A systematic review of smoking Youths’ perceptions of addic-
tion and health risks associated with smoking: utilizing the framework of 
the health belief model. Addict Res Theory. 2013;21(4):306–317.

	35.	Murphy-Hoefer R, Alder S, Higbee C. Perceptions about cigarette smoking 
and risks among college students. Nicotine Tob Res. 2004;6(suppl 
3):S371–S374.

	36.	Weinstein  N, Slovic  P, Waters  E, Gibson  G. Public understanding 
of the illnesses caused by cigarette smoking. Nicotine Tob Res. 
2004;6(2):349–355.

	37.	Weinstein ND. Accuracy of smokers’ risk perceptions. Ann Behav Med. 
1998;20(2):135–140.

	38.	Weinstein ND, Slovic P, Gibson G. Accuracy and optimism in smokers’ 
beliefs about quitting. Nicotine Tob Res. 2004;6(suppl 3):S375–S380.

	39.	Institute of Education Sciences (IES). What Works Clearinghouse: Assessing 
Attrition Bias—Addendum, v3. 2014. https://ies.ed.gov/ncee/wwc/Docs/
ReferenceResources/wwc_attrition_v3.0.pdf. Accessed May 3, 2019.

D
ow

nloaded from
 https://academ

ic.oup.com
/ntr/advance-article-abstract/doi/10.1093/ntr/ntaa032/5810483 by guest on 31 M

arch 2020

https://ies.ed.gov/ncee/wwc/Docs/ReferenceResources/wwc_attrition_v3.0.pdf
https://ies.ed.gov/ncee/wwc/Docs/ReferenceResources/wwc_attrition_v3.0.pdf

