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Abstract

Health warnings are a promising strategy for reducing consumption of sugar-sweetened beverages 

(SSBs), but uncertainty remains about how to design warnings to maximize their impact. Warnings 

already implemented in Latin America use nutrient disclosures, while proposed U.S. warnings 

would describe the health effects of consuming SSBs. We sought to determine whether warning 

characteristics influence consumers’ reactions to SSB health warnings. A national convenience 

sample of U.S. adults (n=1,360) completed an online survey in 2018. In a factorial design, we 

randomly assigned participants to view SSB health warnings that differed in: 1) inclusion of health 

effects (“Drinking beverages with added sugar contributes to obesity, diabetes, and tooth decay”); 

2) inclusion of a nutrient disclosure (“High in added sugar”); 3) inclusion of the marker word 

“WARNING;” and 4) shape (octagon vs. rectangle). The primary outcome was perceived message 

effectiveness (PME, range 1–5). PME was higher for warnings that included health effects 

(average differential effect [ADE]=0.63, p<0.001) or nutrient disclosures (ADE=0.32, p<0.001) 

compared to warnings without this information. However, adding a nutrient disclosure to a 

warning that already included health effects did not lead to higher PME compared to warnings 

with health effects alone. The marker “WARNING” (ADE=0.21) and the octagon shape 

(ADE=0.08) also led to higher PME compared to warnings without these characteristics 

(ps<0.001). The same pattern of results held for the secondary outcomes, fear and thinking about 

harms. SSB health warnings may have more impact if they describe health effects, use the marker 

“WARNING,” and are octagon-shaped.

*To whom correspondence should be addressed: Anna H. Grummon, MSPH, Department of Health Behavior, Gillings School of 
Global Public Health, University of North Carolina Chapel Hill, 302 Rosenau Hall, CB #7440, Chapel Hill NC 27599, 
agrummon@unc.edu. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Conflict of Interest Statement: The authors have no conflicts to declare.

HHS Public Access
Author manuscript
Prev Med. Author manuscript; available in PMC 2020 April 01.

Published in final edited form as:
Prev Med. 2019 April ; 121: 158–166. doi:10.1016/j.ypmed.2019.02.010.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

Health warnings; warnings labels; health communication; obesity prevention; nutrition; front of 
package labels; sugar-sweetened beverages

Introduction

Excess consumption of sugar-sweetened beverages (SSBs) remains a pressing public health 

issue in the United States. Half of adults consume SSBs on any given day,1 and average 

caloric intake from SSBs remains well above national dietary guidelines.2,3 Evidence 

indicates that SSB consumption increases risk of developing obesity,4,5 diabetes,6,7 and heart 

disease.8 To reduce consumption of SSBs, five states have proposed requiring front-of-

package (FOP) health warnings on SSB containers.9–13

Even as interest in SSB health warning policies has grown, questions remain about how to 

design warnings to maximize their effectiveness. For example, warnings proposed in the 

U.S. describe the health effects of consuming SSBs.9–13 In contrast, nutrition warning 

systems adopted in countries such as Chile do not describe health effects, but instead display 

a nutrient disclosure that signals when a product exceeds recommended levels of sugar, 

sodium, saturated fat, or calories. For example, SSBs in Chile display FOP warnings that 

read “Alto en azúcares” (“high in sugars”).14,15 Another difference is warning label shape: 

in Chile, warnings are displayed on octagonal labels, while SSB warnings in the U.S. would 

likely be displayed on rectangular labels. Additionally, the proposed SSB health warnings in 

the U.S.9–13 begin with a marker word (“WARNING” or “HEALTH WARNING”) that 

signals that the subsequent text is a warning message, while labels in other countries often 

do not use marker words.14,16,17

These four warning characteristics – health effects, nutrient disclosures, label shape, and 

marker words – could influence how effectively SSB health warnings discourage SSB 

consumption. For example, cigarette warnings that describe health effects elicit higher 

perceived effectiveness,18 and warnings with health effects statements or nutrient disclosures 

have been found to reduce consumers’ intentions to purchase SSBs.19–21 Others have found 

that consumers associate the octagon shape with unhealthfulness.22 Including marker words 

such as “CAUTION,” or “WARNING” (or similar marker symbols23) may draw attention to 

warnings,24–26 but makes messages longer, potentially reducing readability.

Limited research has examined these warning characteristics side-by-side or in combination 

with one another. The objective of this study was to examine the influence of health effects, 

nutrient disclosures, marker words, and label shape on perceptions of messages’ 

effectiveness at discouraging SSB consumption. Based on previous research, we predicted 

that warnings that included health effects18,19 or nutrient disclosures21,27 would elicit higher 

perceived message effectiveness than warnings without these characteristics, and that 

octagon-shaped labels would elicit higher perceived message effectiveness than rectangular 

labels.22,28 We did not make an a priori prediction regarding marker words because they 

might increase attention but reduce readability. We also examined whether these four 

warning characteristics elicit more fear or thinking about the harms of SSB consumption. 
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We focused on perceived message effectiveness,29–33 fear,33,34 and thinking about 

harms33,35,36 because these outcomes have been found to predict warnings’ actual 

effectiveness. We also assessed whether warning characteristics affect consumers’ 

knowledge of the health harms of SSB consumption and identified the warning color 

combinations perceived to be most effective.22

Methods

Participants

In April 2018, we recruited a convenience sample of 1,413 U.S. adults ≥18 years using 

Amazon Mechanical Turk (MTurk), an online platform commonly used by social and 

behavioral science researchers.37–39 Research indicates that experiments conducted on 

MTurk replicate findings from studies conducted both in the lab40 and via random-digit dial 

phone surveys.41 Participants earned $2.20 for completing the 10–15 minute survey.

Impact of Warning Characteristics on Consumer Reactions

Procedures.—The main experiment varied characteristics of SSB health warnings using a 

mixed between/within factorial design. First, we randomly assigned participants to one of 

four between-subjects conditions: 1) control (“Always read the Nutrition Facts Panel”), 2) 

health effects only (“Drinking beverages with added sugar contributes to obesity, diabetes, 

and tooth decay,” adapted from California’s proposed warnings9), 3) nutrient disclosure only 

(“High in added sugar,” adapted from Chile’s warnings14), and 4) health effects and nutrient 

disclosure. These four conditions represented the combination of two between-subjects 

factors, each with two levels: 1) whether the warning included health effects and 2) whether 

the warning included a nutrient disclosure.

Participants viewed their randomly assigned warning message four times, on four labels that 

differed on two within-subjects factors, each with two levels: whether the message began 

with the marker word “WARNING” and the shape of the warning label (rectangle vs. 

octagon). Thus, the experiment had four within-subjects conditions, each representing a 

different warning label design: 1) no marker and rectangle shape, 2) no marker and octagon 

shape, 3) “WARNING” marker and rectangle shape, and 4) “WARNING” marker and 

octagon shape. Participants viewed these four labels in a random order.

In total, we created 16 different warnings: one for each of the four between-subjects 

conditions, displayed on warnings that varied along each of the four within-subjects 

conditions (Figure 1). Participants viewed warnings presented mocked up on an unbranded 

bottle of soda (Figure 2). Presenting warnings on an unbranded soda bottle allowed us to 

focus participants’ attention on the warning characteristics of interest while also presenting a 

realistic image of what SSB warnings might look like if implemented. To mimic Chilean 

labels, we displayed warnings in white text on a black background.

Measures.—Participants viewed warnings one at a time. After viewing each warning, 

participants rated the warning on effectiveness at discouraging SSB consumption (primary 

outcome) and on thinking about the harms of SSB consumption and fear (secondary 

outcomes). The survey assessed perceived message effectiveness (PME) with an adapted 

Grummon et al. Page 3

Prev Med. Author manuscript; available in PMC 2020 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



version of the UNC Perceived Message Effectiveness Scale.42 PME is commonly used in 

message development studies43 and was found in a recent meta-analysis to predict 

messages’ actual behavioral efficacy.44 Our three PME items read: “This label makes me 

concerned about the health effects of drinking beverages with added sugar;” “This label 

makes drinking beverages with added sugar seem unpleasant to me;” and “This label 

discourages me from wanting to drink beverages with added sugar.” The 5-point response 

scale ranged from “strongly disagree” (coded as 1) to “strongly agree” (coded as 5). We 

averaged responses to these three items to create a composite score (Cronbach’s alpha=0.93, 

range across conditions: 2.52 to 3.80).

The survey assessed thinking about the harms of SSB consumption using a single item, 

adapted from studies of cigarette warnings.45–47 “How much does this label make you think 

about the health problems caused by drinking beverages with added sugar?” Finally, the 

survey assessed fear using one item also adapted from previous studies of cigarette 

warnings,45,48 “How much does this label make you feel scared?” Response options for 

these items ranged from “not at all” (coded as 1) to “very much” (coded as 5).

Knowledge of Consequences of SSB Consumption

As a secondary outcome, we also assessed the effect of the between-subjects factors, health 

effects and nutrient disclosure, on knowledge of the health harms of SSB consumption. After 

rating all four warnings and completing the two items about color described below, 

participants indicated whether SSB consumption contributes to: obesity, diabetes, tooth 

decay, and heart disease. Because SSB consumption may increase risk of these outcomes,
4,8,49,50 we coded responses as correct if participants reported awareness of each health 

consequence and incorrect otherwise.

Most Discouraging Color Combinations

In a separate task, we also examined the warning label color combination participants 

perceived as most discouraging. After rating all four warnings, participants viewed a set of 

six rectangular warnings with the same text (“WARNING: High in added sugar”) but 

different combinations of background, border, and text color (Supplemental Table 1) 

displayed in a random arrangement. Participants selected the color combination that “would 

discourage you most from wanting to drink beverages with added sugar.” Participants then 

completed an identical item for octagon-shaped warnings.

Attention Check and Demographics

Participants completed an attention check in which they were asked to intentionally not 

answer an item. Participants also provided information on their demographic characteristics 

and health behaviors.

The University of North Carolina, Chapel Hill Institutional Review Board approved this 

study. Prior to data collection, we pre-registered the study’s sample size, primary 

hypotheses, design, and analysis plan on AsPredicted.org (https://aspredicted.org/7iz2y.pdf).
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Analysis

We identified duplicate IP addresses and MTurk usernames and retained the record with the 

most complete data, or, when the amount of missing data was equivalent, the first record. 

This resulted in dropping 40 records. We also excluded 13 records for people who 

previously participated in pilot testing of the experiment, yielding a final analytic sample of 

n=1,360. These 1,360 participants each rated at least one warning and were included in 

analyses of the primary outcome see CONSORT flow diagram in (Supplemental Figure 1). 

We used intent-to-treat analyses, analyzing all participants in their assigned conditions 

including those who did not pass the attention check.51 We conducted analyses in Stata/SE 

version 15.1 (StataCorp LLC, College Station, TX).

We used mixed effects (i.e., multi-level) linear models to assess how the four manipulated 

warning characteristics (health effects, nutrient disclosure, marker word, and label shape) 

affected the primary outcome of perceived message effectiveness while accounting for the 

repeated measures design. We entered the within-subjects factors (marker word, label shape) 

as Level 1 variables and the between-subjects factors (health effects, nutrient disclosure) as 

Level 2 variables, treating the intercept as a random effect. Sample characteristics did not 

differ by experimental arm, so we conducted unadjusted analyses. The initial model included 

indicators for the four manipulated warning characteristics and all interactions between these 

four factors. The final model retained only significant interactions from the initial model. We 

used the same approach to examine the effects of warning characteristics on our secondary 

outcomes, thinking about harms and fear. We report raw means and average differential 

effects of each experimental factor on the outcomes as generated by the mixed models. We 

probed interactions by calculating means and average differential effects at different levels 

of the moderating factors.

In pre-specified analyses, we examined whether participant characteristics moderated the 

relationship between warning characteristics and PME. We examined six moderators: 

overweight/obese status (BMI ≥25 vs. <25 kg/m2), obese status (BMI ≥30 vs. <30 kg/m2), 

SSB consumption (≥ 4.5 vs. < 4.5 servings/week [sample median]), educational attainment 

(college degree or more vs. some college or less), income (>150% of the Federal Poverty 

Level [FPL] vs. ≤ 150% FPL), and race (white vs. non-white).

We assessed the impact of the two between-subjects factors (health effects and nutrient 

disclosure) on knowledge of SSB health consequences using general (i.e., not mixed) 

logistic regression, reflecting that participants responded to knowledge items only once, 

after seeing all of their assigned warnings. The initial models included both factors and their 

interaction; the interactions were not significant in any model so were removed from final 

models. To identify the color combinations perceived as most effective, we calculated the 

proportion of participants who selected each color combination as the “most discouraging” 

for each label shape (rectangular and octagonal).
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Results

Sample

Participants’ average age was 37.4 years (Table 1). About 17% of participants had a 

household income of 150% FPL or less. The sample was younger, more likely to identify as 

gay, lesbian, or bisexual, less likely to identify as Hispanic, more likely to smoke, and less 

likely to have a BMI in the obese category compared to nationally representative samples 

(Supplemental Table 2). Nearly all participants (98%) passed the attention check. Sample 

characteristics did not differ by experimental condition.

Perceived Message Effectiveness

Main effects of experimental factors.—Warnings that included health effects were 

perceived as more effective than warnings without health effects (average differential effect 

[ADE]=0.63, p<0.001) (Figure 3). Warnings with nutrient disclosures also led to higher 

PME compared to warnings without nutrient disclosures (ADE=0.32, p<0.001). Likewise, 

PME was higher for warnings that included the marker word “WARNING” (ADE=0.21, 

p<0.001) than warnings without a marker word and for warnings displayed on octagon-

shaped labels compared to rectangular labels (ADE=0.08, p<0.001).

Interactions between experimental factors.—Nutrient disclosure interacted with 

health effects (p for interaction <0.001, Supplemental Table 4). Adding a nutrient disclosure 

led to higher PME when the warning did not include health effects (Mean [M]=2.75 vs. 

M=3.41; ADE=0.66, p<0.001) (Figure 4). However, the addition of a nutrient disclosure had 

no benefit when a health effects statement was also included (M=3.71 vs. M=3.70; ADE=

−0.01, p=0.90).

Marker word interacted with health effects (p for interaction<0.001, Supplemental Table 4). 

For warnings that did not include health effects, adding a marker word led to higher PME 

compared to not having a marker word (M=2.91 vs. M=3.24; ADE = 0.32, p < 0.001, 

Supplemental Fig. 2). For warnings that included health effects, adding a marker word still 

increased PME, but the impact was smaller (M=3.66 vs. M=3.75; ADE=0.09, p<0.001).

Marker word also interacted with nutrient disclosure (p for interaction<0.001, Supplemental 

Table 2). For warnings that did not include a nutrient disclosure, adding the marker word led 

to higher PME compared to warnings without a marker word (M=3.10 vs. M=3.35; 

ADE=0.25, p<0.001) (Supplemental Figure 3). For warnings with a nutrient disclosure, 

adding the marker word again led to higher PME (M=3.47 vs. M=3.64; ADE=0.16, 

p<0.001), though the effect was smaller.

Interactions between experimental factors and participant characteristics.—
Only two of the twenty-four interactions between participant characteristics (income, 

education, race, overweight, obesity, or SSB consumption) and the experimental factors on 

PME were statistically significant, potentially indicating type I error. Nutrient disclosure had 

a smaller impact on PME for high SSB consumers compared to low-consumers (p for 

interaction=0.012). Octagon-shaped labels had a larger impact on PME for participants with 
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an overweight/obese BMI than those with BMI in the normal range (p for 

interaction=0.038).

Fear and Thinking about Harms

Main effects of experimental factors.—A similar pattern of results emerged for fear 

and thinking about harms, the secondary study outcomes. Of the warning characteristics, 

health effects had the largest impact on both thinking about harms (ADE=0.66, p<0.001) and 

fear (ADE=0.42, p<0.001) (Figure 3). Including a nutrient disclosure also increased thinking 

about harms (ADE=0.23, p<0.001) and fear (ADE=0.15, p=0.013). The marker word 

“WARNING” increased thinking about harms and fear (ADE=0.22 and 0.23, respectively, 

both p’s<0.001). Finally, compared to rectangular labels, octagon-shaped labels elicited 

more thinking about harms (ADE=0.08, p<0.001) and fear (ADE=0.09, p<0.001).

Interactions between experimental factors.—Nutrient disclosure again interacted 

with health effects, a finding replicated for both thinking about harms (p for interaction 

<0.001) and fear (p for interactions <0.05). Including both health effects and a nutrient 

disclosure again did not perform better than including health effects alone (Figure 4). 

Marker word again interacted with health effects, showing a similar pattern as for PME (ps 

for interactions <0.001) (Supplemental Table 4, Supplemental Figure 2). However, unlike for 

PME, marker word did not interact with nutrient disclosure for either secondary outcome (ps 

for interactions >0.30).

Knowledge of Consequences of SSB Consumption

Knowledge that SSB consumption contributes to tooth decay was 2.1 percentage points 

higher among participants exposed to warnings that included health effects (p=0.048) 

(Supplemental Table 5). Exposure to health effects messages did not affect knowledge that 

SSBs contribute to obesity or diabetes (ps > 0.25), but led to lower knowledge that SSBs 

contribute to heart disease, information not included in the warnings, by 9.4 percentage 

points (60.8% vs. 51.4% answered correctly, p < 0.001).

Color Combinations Selected as Most Discouraging

For octagon-shaped labels, the majority of participants (75%) said that a warning with red 

background and white text would most discourage them from consuming beverages with 

added sugar (Supplemental Table 1). Likewise, for rectangle-shaped labels, most (66%) 

participants indicated this color combination would most discourage them. The between-

subjects factors (health effects and nutrient disclosure) did not impact color combination 

selections (ps>0.19).

Discussion

SSB health warnings are a promising policy strategy for reducing SSB consumption. Yet 

little is known about how to best design such warnings to maximize their impact. In this 

experimental study of U.S. adults, we found that warning characteristics influence reactions 

to SSB health warnings. Specifically, warnings that described health effects, included a 

nutrient disclosure, began with the marker word “WARNING,” and were displayed on 
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octagon-shaped labels were perceived to be more effective than warnings without these 

characteristics. These characteristics also increased thinking about the harms of SSB 

consumption and feelings of fear. Participants selected the red background with white text as 

the most discouraging color combination for both octagonal and rectangular warnings. 

Because past research has shown that these reactions (perceived message effectiveness,
29–33,44 thinking about harms,33,35,36 and fear33,34) predict warnings’ actual effectiveness, 

our findings suggest design choices that could increase the impact of SSB health warnings.

SSB health warnings proposed in the U.S. have all included health effects.9–13 This is a wise 

choice, given that health effects had the largest impact of the warning characteristics we 

studied. This finding is consistent with cigarette warning research, which has found that 

health effects messages are generally more potent than “found in” statements identifying 

toxic products that contain cigarette smoke chemicals.52 Others have suggested health 

effects increase perceived message effectiveness by providing contextualizing information 

that increases motivation to think about the warning message and helps consumers 

understand the harms of a particular product.18,52 In contrast to the U.S., warning systems 

implemented in Latin American countries do not describe health effects, instead using 

nutrient disclosures.14–16,53 These nutrient disclosures accompany all foods and beverages 

that exceed thresholds for certain nutrients, not just SSBs. Future research should compare 

health effects warnings to nutrient disclosures on a larger variety of products in U.S. and 

non-U.S. samples.

Adding more text to warnings in our experiment had diminishing returns. Across outcomes, 

the textual warning characteristics we manipulated (health effects, nutrient disclosure, and 

marker word) interacted with one another, such that the additional impact of a textual 

characteristic (e.g., a marker word) was generally lower when a message already included 

another textual warning characteristic (e.g., health effect) than when it did not. The 

interaction between health effects and nutrient disclosures was particularly large: adding a 

nutrient disclosure to a warning that did not include health effects increased perceived 

message effectiveness, thinking about harms, and fear, but adding a nutrient disclosure to a 

warning that already included a health effects statement had no additional influence on these 

outcomes. These results suggest that SSB health warnings may perform best when they 

include only a nutrient disclosure or only health effects, but not both. These findings are 

consistent with other studies suggesting that “less is more” when showing consumers 

comparative quality information.54 Our findings also replicate studies from the tobacco 

warnings literature.18,52 For example, cigarette warnings studies have shown the same 

pattern of “less is more” interaction such that combining the two forms of risk information 

(health effects and “found in” statements) did little or no better than presenting either one 

alone.52

Consistent with previous research on SSB and tobacco warnings,19,20,55 warning 

characteristics had similar impact regardless of participants’ income, education level, and 

race/ethnicity. One exception was that nutrient disclosures had a slightly smaller influence 

on perceived message effectiveness for high SSB consumers compared to low consumers. 

This finding could be explained by the defensive processing literature, which suggests that 

resistance to messages is strongest among people engaging in the behavior targeted by the 
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message.56,57 The other exception was that the octagon shape had a larger influence on 

perceived message effectiveness for participants with an overweight/obese BMI.

Strengths of our experiment include the large sample from across the U.S. and that we 

randomly assigned participants to conditions using a fully factorial design. Limitations 

include using a convenience sample, which may limit the generalizability of the findings. 

However, recent research has found that experiments conducted on MTurk generally 

replicate findings of experiments conducted using probability-based samples.39,58,59 

Previous research has found that the impact of SSB health warnings on consumer 

perceptions varies by SSB type (e.g., fruit drinks vs. sodas).60 Because we only displayed 

warnings on sodas, we were unable to examine whether SSB type moderated the impact of 

the manipulated warning characteristics on our study outcomes. We also displayed warnings 

on non-branded SSBs on a computer screen, and warnings were likely more noticeable than 

they would be if implemented on actual SSBs in retail settings. Finally, study outcomes were 

all based on self-report after brief exposure to the warnings. A recent meta-analysis indicates 

that self-reported perceived message effectiveness (our primary outcome) predicts actual 

behavior change for tobacco messages,44 but future studies should examine whether 

warnings with these characteristics affect consumer behavior.

Conclusions

To maximize the impact of SSB health warnings, policymakers should consider adopting 

warnings that describe health effects, begin with the marker word “WARNING,” and are 

displayed on an octagon-shaped label, as warnings with these characteristics are perceived to 

be more effective, and elicit more thinking about harms and fear, than warnings without 

these characteristics. Warnings that include a nutrient disclosure also increase perceived 

effectiveness over warnings that do not, but to a lesser extent than warnings with health 

effects. Further, including both a nutrient disclosure and health effects is unlikely to improve 

effectiveness over health effects alone. Future work should assess whether these principles 

apply to other types of warnings (e.g., on alcohol or junk food) and in other countries, and 

should examine whether warnings with these characteristics influence behavioral outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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SSBs sugar-sweetened beverages

References

1. Bleich SN, Vercammen KA, Koma JW, Li Z. Trends in beverage consumption among children and 
adults, 2003–2014. Obesity. 2017. doi:10.1002/oby.22056

2. United States Department of Health and Human Services, United States Department of Agriculture. 
Dietary Guidelines for Americans 2015–2020. 8th Edition. 8th ed.; 2015 http://health.gov/
dietaryguidelines/2015/guidelines/. Accessed November 10, 2016.

3. Johnson RK, Appel LJ, Brands M, et al. Dietary sugars intake and cardiovascular health: A 
scientific statement from the American Heart Association. Circulation. 2009;120(11):1011–1020. 
[PubMed: 19704096] 

4. Malik V, Pan A, Willett WC, Hu FB. Sugar-sweetened beverages and weight gain in children and 
adults: A systematic review and meta-analysis. Am J Clin Nutr. 2013;98(4):1084–1102. doi:
10.3945/ajcn.113.058362 [PubMed: 23966427] 

5. Hu F Resolved: There is sufficient scientific evidence that decreasing sugar-sweetened beverage 
consumption will reduce the prevalence of obesity and obesity-related diseases. Obes Rev. 
2013;14(8):606–619. doi:10.1111/obr.12040 [PubMed: 23763695] 

6. Malik VS, Popkin BM, Bray GA, Després J-P, Willett WC, Hu FB. Sugar-sweetened beverages and 
risk of metabolic syndrome and type 2 diabetes: A meta-analysis. Diabetes Care. 2010;33(11):
2477–2483. doi:10.2337/dc10-1079 [PubMed: 20693348] 

7. Greenwood D, Threapleton D, Evans C, et al. Association between sugar-sweetened and artificially 
sweetened soft drinks and type 2 diabetes: systematic review and dose–response meta-analysis of 
prospective studies. Br J Nutr. 2014;112(5):725–734. [PubMed: 24932880] 

8. Malik VS, Popkin BM, Bray GA, Després J-P, Hu FB. Sugar-sweetened beverages, obesity, type 2 
diabetes mellitus, and cardiovascular disease risk. Circulation. 2010;121(11):1356–1364. doi:
10.1161/CIRCULATIONAHA.109.876185 [PubMed: 20308626] 

9. Monning B Sugar-Sweetened Beverages: Health Warnings.; 2017 https://leginfo.legislature.ca.gov/
faces/billTextClient.xhtml?bill_id=201720180SB300&search_keywords=soda+label.

10. Stevens T, Carr S. An Act Related to Health and Safety Warnings on Sugar-Sweetened Beverages.; 
2017 http://legislature.vermont.gov/assets/Documents/2018/Docs/BILLS/H-0433/H-0433%20As
%20Introduced.pdf.

11. Kobayashi B, Lopresti M, Morikawa D. Relating to Health.; 2017 http://www.capitol.hawaii.gov/
measure_indiv.aspx?billtype=HB&billnumber=1209&year=2017.

12. Robinson J Concerning Mitigation of the Adverse Impacts of Sugar-Sweetened Beverages.; 2016 
http://app.leg.wa.gov/billsummary?BillNumber=2798&Year=2016.

13. Rivera G Requires Sugar-Sweetened Beverages to Be Labeled with a Safety Warning.; 2017 
https://www.nysenate.gov/legislation/bills/2017/S162.

14. Corvalán C, Reyes M, Garmendia ML, Uauy R. Structural responses to the obesity and non-
communicable diseases epidemic: The Chilean Law of Food Labeling and Advertising. Obes Rev. 
2013;14:79–87. doi:10.1111/obr.12099 [PubMed: 24102671] 

15. Corvalán C, Reyes M, Garmendia ML, Uauy R. Structural responses to the obesity and non-
communicable diseases epidemic: Update on the Chilean law of food labelling and advertising. 
Obes Rev. 2018. doi:10.1111/obr.12802

16. United States Department of Agriculture Foreign Agriculture Service. Chile: Chile’s New 
Nutritional Labeling Law. https://www.fas.usda.gov/data/chile-chiles-new-nutritional-labeling-law. 
Published June 29, 2015. Accessed December 3, 2016.

17. State of Israel Ministry of Health. Food Label and Nutritional Labeling. https://www.health.gov.il/
English/News_and_Events/Spokespersons_Messages/Pages/20122017_1.aspx. Published 2018. 
Accessed June 23, 2018.

Grummon et al. Page 10

Prev Med. Author manuscript; available in PMC 2020 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://health.gov/dietaryguidelines/2015/guidelines/
http://health.gov/dietaryguidelines/2015/guidelines/
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201720180SB300&search_keywords=soda+label
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201720180SB300&search_keywords=soda+label
http://legislature.vermont.gov/assets/Documents/2018/Docs/BILLS/H-0433/H-0433%20As%20Introduced.pdf
http://legislature.vermont.gov/assets/Documents/2018/Docs/BILLS/H-0433/H-0433%20As%20Introduced.pdf
http://www.capitol.hawaii.gov/measure_indiv.aspx?billtype=HB&billnumber=1209&year=2017
http://www.capitol.hawaii.gov/measure_indiv.aspx?billtype=HB&billnumber=1209&year=2017
http://app.leg.wa.gov/billsummary?BillNumber=2798&Year=2016
https://www.nysenate.gov/legislation/bills/2017/S162
https://www.fas.usda.gov/data/chile-chiles-new-nutritional-labeling-law
https://www.health.gov.il/English/News_and_Events/Spokespersons_Messages/Pages/20122017_1.aspx
https://www.health.gov.il/English/News_and_Events/Spokespersons_Messages/Pages/20122017_1.aspx


18. Noar SM, Kelley DE, Boynton MH, et al. Identifying principles for effective messages about 
chemicals in cigarette smoke. Prev Med. 2018;106:31–37. [PubMed: 28890353] 

19. Roberto CA, Wong D, Musicus A, Hammond D. The influence of sugar-sweetened beverage health 
warning labels on parents’ choices. Pediatrics. 2016;137(2):e20153185. [PubMed: 26768346] 

20. VanEpps EM, Roberto CA. The influence of sugar-sweetened beverage warnings: A randomized 
trial of adolescents’ choices and beliefs. Am J Prev Med. 2016;51(5):664–672. doi:10.1016/
j.amepre.2016.07.010 [PubMed: 27617366] 

21. Bollard T, Maubach N, Walker N, Mhurchu CN. Effects of plain packaging, warning labels, and 
taxes on young people’s predicted sugar-sweetened beverage preferences: An experimental study. 
Int J Behav Nutr Phys Act. 2016;13(1):95. [PubMed: 27580589] 

22. Cabrera M, Machín L, Arrúa A, et al. Nutrition warnings as front-of-pack labels: Influence of 
design features on healthfulness perception and attentional capture. Public Health Nutr. 2017:1–12.

23. Acton RB, Vanderlee L, Roberto CA, Hammond D. Consumer perceptions of specific design 
characteristics for front-of-package nutrition labels. Health Educ Res. 2018;33(2):167–174. doi:
10.1093/her/cyy006 [PubMed: 29514225] 

24. Mahood G Canadian tobacco package warning system. Tob Control. 1995;4(1):10.

25. Mahood G Canada’s Tobacco Package Label or Warning System: “Telling the Truth” about 
Tobacco Product Risks. World Health Organization; 2003.

26. Sebrié EM, Blanco A, Glantz SA. Cigarette labeling policies in Latin America and the Caribbean: 
Progress and obstacles. Salud Pública México. 2010;52:S233–S243.

27. Khandpur N, Sato P, Mais L, et al. Are front-of-package warning labels more effective at 
communicating nutrition information than traffic-light labels? A randomized controlled 
experiment in a Brazilian sample. Nutrients. 2018;10(6). doi:10.3390/nu10060688

28. Williams DJ, Noyes JM. How does our perception of risk influence decision-making? Implications 
for the design of risk information. Theor Issues Ergon Sci. 2007;8(1):1–35. doi:
10.1080/14639220500484419

29. Davis KC, Duke J, Shafer P, Patel D, Rodes R, Beistle D. Perceived effectiveness of antismoking 
ads and association with quit attempts among smokers: evidence from the tips from former 
smokers campaign. Health Commun. 2017;32(8):931–938. [PubMed: 27435919] 

30. Brennan E, Durkin SJ, Wakefield MA, Kashima Y. Assessing the effectiveness of antismoking 
television advertisements: Do audience ratings of perceived effectiveness predict changes in 
quitting intentions and smoking behaviours? Tob Control. 2013:tobaccocontrol-2012.

31. 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. [PubMed: 22812702] 

32. Bigsby E, Cappella JN, Seitz HH. Efficiently and effectively evaluating public service 
announcements: Additional evidence for the utility of perceived effectiveness. Commun Monogr. 
2013;80(1):1–23. [PubMed: 25568588] 

33. Brewer NT, Parada Humberto Jr, Hall MG, Boynton MH, Noar SM, Ribisl KM. Understanding 
why pictorial cigarette pack warnings increase quit attempts. Ann Behav Med. 5 2018:kay032–
kay032. doi:10.1093/abm/kay032

34. Hammond D, Fong GT, McDonald PW, Brown KS, Cameron R. Graphic Canadian cigarette 
warning labels and adverse outcomes: Evidence from Canadian smokers. Am J Public Health. 
2004;94(8):1442–1445. [PubMed: 15284057] 

35. Fathelrahman AI, Li L, Borland R, et al. Stronger pack warnings predict quitting more than weaker 
ones: Finding from the ITC Malaysia and Thailand surveys. Tob Induc Dis. 2013;11(1):20–20. doi:
10.1186/1617-9625-11-20 [PubMed: 24330614] 

36. Borland R, Wilson N, Fong GT, et al. Impact of graphic and text warnings on cigarette packs: 
Findings from four countries over five years. Tob Control. 2009;18(5):358. doi:10.1136/tc.
2008.028043 [PubMed: 19561362] 

37. Buhrmester M, Kwang T, Gosling S. Amazon’s Mechanical Turk: A new source of inexpensive, 
yet high-quality, data? Perspect Psychol Sci. 2011;6(1):3–5. doi:10.1177/1745691610393980 
[PubMed: 26162106] 

Grummon et al. Page 11

Prev Med. Author manuscript; available in PMC 2020 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



38. Paolacci G, Chandler J. Inside the Turk: Understanding Mechanical Turk as a participant pool. 
Curr Dir Psychol Sci. 2014;23(3):184–188.

39. Berinsky AJ, Huber GA, Lenz GS. Evaluating online labor markets for experimental research: 
Amazon.com’s Mechanical Turk. Polit Anal. 2012;20(3):351–368.

40. Crump MJ, McDonnell JV, Gureckis TM. Evaluating Amazon’s Mechanical Turk as a tool for 
experimental behavioral research. PloS One. 2013;8(3):e57410. [PubMed: 23516406] 

41. Jeong M, Zhang D, Morgan JC, et al. Similarities and differences in tobacco control research 
findings from convenience and probability samples. Ann Behav Med. 7 2018:kay059–kay059. doi:
10.1093/abm/kay059

42. Baig SA, Noar SM, Gottfredson NC, Boynton MH, Ribisl KM, Brewer NT. UNC Perceived 
Message Effectiveness: Validation of a brief scale. Ann Behav Med. 10 2018:kay080–kay080. doi:
10.1093/abm/kay080

43. Noar SM, Bell T, Kelley D, Barker J, Yzer M. Perceived message effectiveness measures in 
tobacco education campaigns: A systematic review. Commun Methods Meas. 2018:1–19.

44. Noar SM, Barker J, Bell T, Yzer M. Does perceived message effectiveness predict the actual 
effectiveness of tobacco education messages? A systematic review and meta-analysis. Health 
Commun. 2018:1–10.

45. Brewer NT, Jeong M, Mendel JR, et al. Cigarette pack messages about toxic chemicals: A 
randomised clinical trial. Tob Control. 4 2018. doi:10.1136/tobaccocontrol-2017-054112

46. Fathelrahman AI, Omar M, Awang R, Cummings KM, Borland R, Samin ASBM. 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). doi:10.3390/ijerph7114089

47. Moodie C, MacKintosh AM, Hammond D. Adolescents’ response to text-only tobacco health 
warnings: Results from the 2008 UK Youth Tobacco Policy Survey. Eur J Public Health. 
2010;20(4):463–469. doi:10.1093/eurpub/ckp199 [PubMed: 19959613] 

48. Nonnemaker J, Farrelly M, Kamyab K, Busey A, Mann N. Experimental study of graphic cigarette 
warning labels. Final Results Rep RTI Proj. 2010;7.

49. Bernabé E, Vehkalahti MM, Sheiham A, Aromaa A, Suominen AL. Sugar-sweetened beverages 
and dental caries in adults: A 4-year prospective study. J Dent. 2014;42(8):952–958. doi:10.1016/
j.jdent.2014.04.011 [PubMed: 24813370] 

50. Marshall TA, Levy SM, Broffitt B, et al. Dental caries and beverage consumption in young 
children. Pediatrics. 2003;112(3 Pt 1):e184–91. doi:10.1542/peds.112.3.e184 [PubMed: 12949310] 

51. Berinsky AJ, Margolis MF, Sances MW. Separating the shirkers from the workers? Making sure 
respondents pay attention on self-administered surveys. Am J Polit Sci. 2014;58(3):739–753. doi:
10.1111/ajps.12081

52. Baig SA, Byron MJ, Boynton MH, Brewer NT, Ribisl KM. Communicating about cigarette smoke 
constituents: An experimental comparison of two messaging strategies. J Behav Med. 2017;40(2):
352–359. doi:10.1007/s10865-016-9795-x [PubMed: 27663553] 

53. United States Department of Agriculture Foreign Agriculture Service. Peru Publishes Warning 
Manual for Processed Product Food Labels. https://www.fas.usda.gov/data/peru-peru-publishes-
warning-manual-processed-product-food-labels. Published October 25, 2017. Accessed September 
3, 2018.

54. Peters E, Dieckmann N, Dixon A, Hibbard JH, Mertz CK. Less is more in presenting quality 
information to consumers. Med Care Res Rev MCRR. 2007;64(2):169–190. doi:
10.1177/10775587070640020301 [PubMed: 17406019] 

55. Brewer NT, Hall MG, Noar SM, et al. Effect of pictorial cigarette pack warnings on changes in 
smoking behavior: A randomized clinical trial. JAMA Intern Med. 2016;176(7):905–912. doi:
10.1001/jamainternmed.2016.2621 [PubMed: 27273839] 

56. Brehm SS, Brehm JW. Psychological Reactance: A Theory of Freedom and Control. Academic 
Press; 2013.

57. Hall MG, Sheeran P, Noar SM, Ribisl KM, Bach LE, Brewer NT. Reactance to Health Warnings 
Scale: Development and validation. Ann Behav Med. 2016;50(5):736–750. doi:10.1007/
s12160-016-9799-3 [PubMed: 27333895] 

Grummon et al. Page 12

Prev Med. Author manuscript; available in PMC 2020 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.fas.usda.gov/data/peru-peru-publishes-warning-manual-processed-product-food-labels
https://www.fas.usda.gov/data/peru-peru-publishes-warning-manual-processed-product-food-labels


58. Jeong M, Zhang D, Morgan J, et al. Similarities and differences in health behavior research 
findings from convenience and probability samples. Under review.

59. Weinberg JD, Freese J, McElhattan D. Comparing Data Characteristics and Results of an Online 
Factorial Survey between a Population-Based and a Crowdsource-Recruited Sample. Sociol Sci. 
2014;1.

60. Moran AJ, Roberto CA. Health warning labels correct parents’ misperceptions about sugary drink 
options. Am J Prev Med. 2018. 

Grummon et al. Page 13

Prev Med. Author manuscript; available in PMC 2020 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Highlights

• Uncertainty remains about how to design impactful health warnings for 

sugary drinks

• Describing health effects increases perceived effectiveness of sugary drink 

warnings

• Including a nutrient disclosure also increases perceived effectiveness

• But, including both of these elements reduces each’s impact on perceived 

effectiveness

• “Marker” words and octagon-shaped labels also increase perceived 

effectiveness
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Figure 1. 
Experimental conditions
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Figure 2. 
Example experimental stimulus showing a generic beverage with a sugar-sweetened 

beverage health warning label and call-out of the enlarged label. Dimensions of image on a 

desktop computer screen were ~5” × 6.4”.
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Figure 3. 
Impact of the four warning characteristics manipulated in the experiment on perceived 

message effectiveness (5,431 ratings), thinking about harms (5,430 ratings), and fear (5,431 

ratings) from 1,360 U.S. adults (April 2018).
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Figure 4. 
Interaction between health effects and nutrient disclosure on mean (A) perceived message 

effectiveness (5,431 ratings), (B) thinking about harms (5,430 ratings), and (C) fear (5,431 

ratings) among 1,360 U.S. adults (April 2018). Error bars show 95% confidence intervals.
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Table 1.

Participant characteristics, n=1,360 U.S. adults (April 2018)

Characteristic n %

Age

 18–29 years 361 27%

 30–39 years 547 40%

 40–54 years 295 22%

 55+ years 149 11%

 Mean (SD) 37.4 11.5

Gender

 Male 704 52%

 Female 639 47%

 Transgender or other 9 1%

Gay, lesbian, or bisexual 141 10%

Hispanic 122 9%

Race

 White 1,106 82%

 Black or African American 127 9%

 Asian 63 5%

 Other/multiracial 47 3%

 American Indian or Alaskan Native 8 1%

 Native Hawaiian or Pacific Islander 1 0.1%

Education

 High school diploma or less 170 13%

 Some college 313 23%

 College graduate or associates degree 699 52%

 Graduate degree 170 13%

Household income, annual

 $0-$24,999 234 17%

 $25,000-$49,999 425 31%

 $50,000-$74,999 322 24%

 $75,000+ 370 27%

Low income (≤ 150% of the Federal Poverty Level) 224 17%

Current smoker 298 22%

Sugar-sweetened beverage consumption

 <1 time per day 866 64%

 1 to <3 times per day 312 23%

 3 or more times per day 175 13%

Body mass index (BMI, kg/m2)

 Underweight 49 4%

 Healthy weight 519 38%

 Overweight 409 30%
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Characteristic n %

 Obese 301 22%

 Not reported 82 6%

 Mean (SD) 26.6 6.8

Passed attention check 1,338 98%

Note. Characteristics and outcomes did not differ by experimental arms. Missing demographic data ranged from 0.5% to 0.9%, except for BMI 
(6.0% missing) (see Supplemental Table 3).
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