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Abstract

Introduction: The National Academy of Medicine recommends the U.S. adopt an interpretative
front-of-package food labeling system, but uncertainty remains about how this system should

be designed. This study examined reactions to front-of-package food labeling systems that use
positive labels to identify healthier foods, negative labels to identify unhealthier foods, or both.

Methods: In August 2021, U.S. adults (7=3,051) completed an online randomized experiment.
Participants were randomly assigned to 1 of 4 labeling conditions: control (calorie), positive,
negative, or both positive and negative labels. Labels were adapted from designs for a “healthy”
label drafted by the Food and Drug Administration and displayed on the front of products’
packaging. Participants selected products to purchase, identified healthier products, and reported
reactions to the labels. Analyses, conducted in 2022, examined the healthfulness of participants’
selections using the Ofcom Nutrient Profiling Model score (0-100, higher scores are healthier).

Results: Participants exposed to only positive labels, only negative labels, or both positive

and negative labels had healthier selections than participants in the control arm (differences vs
control=1.13 [2%)], 2.34 [4%], and 3.19 [5%], respectively, all ps<0.01). The both-positive-and-
negative-labels arm outperformed the only-negative-labels (p=0.03) and only-positive-labels arms
(p<0.001). The only-negative-labels arm outperformed the only-positive-labels arm (p=0.005). All
3 interpretative labeling systems also led to improvements in identification of healthier products
and beneficial psychological reactions (e.g., attention, thinking about health effects; all p5<0.05).
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Conclusions: Front-of-package food labeling systems that use both positive and negative labels
could encourage healthier purchases and improve understanding more than systems using only
positive or only negative labels.

INTRODUCTION

Unhealthy diet remains a leading cause of death in the U.S.1 Providing easy-to-understand
nutrition information via labels is a core public health strategy for encouraging healthier
eating. Currently, the main nutrition label required in the U.S. is the Nutrition Facts Label.
This label is usually located on the back or side of product packaging and provides numeric
nutrition information (e.g., calories, grams of sugar). By contrast, the National Academy

of Medicine recommends adoption of a food labeling system that is displayed on the front
of product packaging and that interprets product healthfulness, rather than only providing
numeric information.? Research indicates that such interpretative, front-of-package food
labels could better inform consumers and encourage healthier food choices than the numeric,
back-of-package Nutrition Facts Label .24

What remains unknown is how to design interpretative front-of-package food labeling
systems to maximize these benefits. Existing and proposed labeling systems have taken
varying approaches. For example, in 2021, the U.S. Food and Drug Administration (FDA)
announced plans to develop a label to help consumers identify foods that meet FDA'’s
definition of “healthy.”® The FDA’s proposed “healthy” label is an example of a positive
(or endorsement) food labeling system in which positive labels are applied to products
meeting nutrition standards but no information is provided about unhealthier products.34
By contrast, several Latin American countries have adopted warning label systems that

use negative labels to discourage consumption of unhealthier foods,” but do not label
healthier products. Some voluntary labeling systems (e.g., NutriScore) use spectrum ratings
that include both positive and negative labels (although not all of these systems explicitly
reference healthfulness). Using both positive and negative labels could have additive effects,
as these labels are posited to influence behavior through different pathways: among other
differences, negative labels may elicit stronger emotional reactions, while positive labels
may generate larger improvements in self-efficacy.8-11

Prior experiments have evaluated different food labeling systems, with most finding benefits
from systems that explicitly identify unhealthier foods.12-20 Studies have not, however,
directly compared only-positive, only-negative, and both-positive-and-negative labeling
systems while also controlling for other influential aspects of label design such as size

and shape. To inform regulatory action, this study examined consumer reactions to front-of-
package food labeling systems that use only positive labels for healthier foods, only negative
labels for unhealthier foods, or both.

METHODS
Study Sample

A national convenience sample of 3,674 U.S. adults (aged =18 years) was recruited
in August 2021 through Cloud Research Prime Panels, a survey research firm. Online
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convenience samples can yield generalizable findings for experiments such as those

used in this study.2! The Harvard Longwood Campus IRB approved the study. The

study was pre-registered prior to data collection (https://aspredicted.org/XVVW_HCC, https://
aspredicted.org/TKL_JRQ).

Participants completed an online survey (median duration=13.1 minutes). After providing
informed consent, participants were randomly assigned using simple randomization to 1

of 4 labeling arms: (1) Control (only calorie labels were shown on products’ front of
package); (2) Only positive labels (positive labels were added to healthier products with

no additional labels on unhealthier products); (3) Only negative labels (hegative labels
were added to unhealthier products with no additional labels on healthier products); or

(4) Both positive and negative labels (positive labels were added to healthier products and
negative labels were added to unhealthier products). The control arm displayed calorie
labels because these labels appear on the front of most packaged beverages and snack foods
in the U.S.22 For the interpretative labeling arms, the interpretative labels were displayed
alongside calorie labels to mimic how new labels would likely appear on products. At the
time of the study, the FDA had not released its revised definition of “healthy,”23 so products
were classified as “healthier” and “unhealthier” using regulatory standards from the United
Kingdom (UK)24:25 (detailed below).

The study labels (Figure 1a) were modeled on labels proposed or adopted in the U.S. Calorie
labels displayed calories per serving, similar to “Facts Up Front” labels.?? Positive labels
were similar to labels drafted by FDA as part of their research on “healthy” symbols2® and
were shown in green because green labels are perceived as healthier than other colors.20
Negative labels matched the positive labels on size, shape, and format, but were shown in
red and used an “X” symbol to trigger automatic associations with “stop.”20:27

In the main experiment, participants completed 4 purchase tasks, 1 in each of 4 product
categories: beverages, cereals, soups, and snacks, shown in random order. These categories
are top contributors to calories, sugar, sodium, and saturated fat consumption in the U.S.28-31
and include a range of healthier and unhealthier options. For each purchase task, participants
were instructed to select the 1 item they would most like to purchase from a set of 6-10
products shown in random arrangement. A variety of flavors and product types were offered,
including equal numbers of healthier and unhealthier products (Appendix Table 1). The
survey displayed products with the participants’ assigned label(s) on the front of package
alongside enlarged label(s) shown next to the product (Figure 1b). No prices were shown.

To incentivize participants to select items they wanted to receive, the survey indicated that
25 participants would be randomly chosen to have one of their selections delivered to them
or receive an electronic gift card of equivalent value. After completing the purchase tasks,
participants responded to survey questions (detailed below).

The primary outcome was healthfulness of participants’ food and beverage selections,
measured using the UK Ofcom Nutrient Profiling Model (NPM) system.2425 Prospective
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studies demonstrate that healthier diets as identified by this model are associated with
lower risk of obesity32 and cardiovascular disease.33 Foods lower in calories, saturated

fat, sugar, and sodium and higher in fiber, protein, and fruit, vegetable, and nut content

are scored as healthier. Healthfulness scores were calculated on a 1-100 scale, with

higher scores indicating healthier selections.2>:34-36 Products were categorized as “healthier”
(score >62 for foods; >68 for beverages) or “unhealthier” (score <62 for foods; <68 for
beverages) based on UK regulatory cutoffs for determining foods eligible to be marketed

to children.24:25 One limitation of the Ofcom NPM is that beverages receive a narrower
range of scores than foods because sugar is often the primary nutrient present in beverages.
Therefore, analyses also assessed products’ calorie, saturated fat, sodium, total sugar, fiber,
and protein densities as secondary outcomes. Appendix Table 1 details products’ nutritional
content.

Next, the survey assessed participants’ ability to correctly identify healthier products.
Participants viewed 4 pairs of products: 1 pair from each product category, with categories
shown in random order. Each pair included 1 healthier and 1 unhealthier item shown in
random arrangement. Products were displayed with calorie labels and participants’ randomly
assigned label(s) (if any), similar to the purchase task. Participants selected the product they
thought was healthier or indicated the products were equally healthy.3” Responses were
coded as correct if participants selected the healthier item and incorrect otherwise.

Next, the survey assessed psychological reactions to the labels, outcomes that can shed

light on labels’ potential to generate longer-term behavior change.3:8:38-41 Selection of
psychological reactions was guided by the Warning Impact Model, which posits that
warnings affect behavior by increasing attention, thinking about harms, and emotions,8-39
and by prior research on food and tobacco labels.38:42-44 Participants viewed their randomly
assigned label and rated the label on perceived effectiveness, attention, thinking about health
effects, negative emotions, message reactance, and label avoidance.84%-49 Response options
ranged from 1 (low) to 5 (high). Finally, the survey assessed whether the label increased
perceived control over healthy eating decisions.>? Because reactions to positive and negative
labels were expected to differ, participants rated only 1 label; participants assigned to both
labels for the purchase tasks were re-allocated using simple randomization to view either the
positive or the negative label.

At the end of the survey, participants were debriefed and informed that those randomly
chosen in the lottery would receive a gift card of equivalent or greater value to their product
selection. Participants could then request their data be deleted. Survey items and response
options are shown in Appendix Table 2.

Statistical Analysis

Power analyses indicated that the target enrollment of ~3,100 would provide 80% power to
detect a small effect (¢=0.10) of each interpretative front-of-package label on healthfulness
of selections compared to control, based on a prior study of food labels!® and assuming
alpha=0.05 and correlation among repeated measures=0.6.1 Analyses excluded participants
who did not complete the survey, completed the survey in <3.88 minutes (one-third of
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median completion time in a soft launch), or requested their data be excluded in the debrief
(Appendix Figure 1). The analytic sample included 3,051 participants.

Analyses used mixed effects linear regression to examine the impact of labeling arm on

the primary outcome (healthfulness of food and beverage selections) while accounting

for repeated measures within participants. Models regressed healthfulness on indicator
variables for labeling arm (excluding the control as the referent) and indicator variables for
product category, treating the intercept as random. Analyses calculated average differential
effects (ADEs, i.e., treatment effects) for each interpretative labeling arm (i.e., only-positive-
labels, only-negative-labels, both-positive-and-negative-labels) compared to the control arm.
Analyses then used x? tests to assess whether these ADEs differed from one another
(indicating differential effectiveness of the interpretative labeling systems; the study was not
specifically powered for these comparisons, though they were pre-registered). Moderation
analyses added interactions between participant characteristics and labeling arms to primary
models, using separate models for each potential moderator (age, gender, education, race/
ethnicity, income, trust in the federal government, use of the Nutrition Facts Label, and
perceived diet quality, Appendix Methods).

Similar models were used to examine secondary outcomes (i.e., nutrient densities and
correct identification of healthier products). Analyses additionally used ordinary least
squares (OLS) regressions to conduct similar analyses stratified by product category. Finally,
analyses used OLS regression to examine psychological reactions to the labels. Continuous
psychological variables were standardized prior to analyses to facilitate comparisons across
outcomes assessed with different scales.

Analyses were conducted in Stata MP 17.1 in 2022. Analyses used 2-tailed tests and
adjusted for multiple comparisons within families (i.e., dependent variables) by controlling
the false discovery rate (FDR) at ¢=0.05 using the linear step-up method®2 (Appendix
Methods); adjusted p-values are reported.

Participants had an average age of 45.6 years (SD=18.7). About 59% identified as non-
Hispanic White, 17% as non-Hispanic Black, 13% as Latino(a), and 11% as non-Hispanic
other race or multi-racial (Table 1). The study sample had similar age, race, and education
distributions as the U.S. overall, but included more females and households with lower
income than the U.S. overall (Appendix Table 3).

Participants in the only-positive-labels arm selected healthier foods and beverages than
participants in the control arm (ADE=1.13 points on the 1-100 scale, 95% CI: 0.38, 1.88,
p=0.007, Figure 2, Appendix Tables 4 and 5), an approximate 2% improvement. Likewise,
participants in the only-negative-labels arm had healthier selections than participants

in the control arm (ADE=2.34, 95% CI: 1.59, 3.09, p<0.001, ~4% improvement), as

did participants in the both-positive-and-negative-labels arm (ADE=3.19, 95% ClI: 2.44,
3.94, p<0.001, ~5% improvement). The effects of the 3 interpretative labeling systems
differed from one another. The both-positive-and-negative-labels system outperformed the
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only-negative-labels system (p for comparison of ADEs=0.03) and the only-positive-labels
system (p<0.001). Additionally, the only-negative-labels system outperformed the only-
positive-labels system (p=0.005).

The interpretative labels also led to improvements in the nutritional profile of product
selections. These included reductions of 0.08-0.14 g/100g in saturated fat density, 9.47—
37.41 mg/100g in sodium density, and 0.45-1.16 g/100g in sugar density compared to

the control arm, as well as increases of 0.19-0.51 g/100g in fiber density and 0.24-0.59
g/100g in protein density (though improvements in sugar, sodium, and fiber density for the
only-positive-labels arm were not statistically significant). Labeling arms did not differ from
one another in calorie density. For most nutrient density outcomes, exposure to the both-
positive-and-negative-labels system led to significantly larger improvements than exposure
to the only-positive-labels system, while there were few significant differences between

the both-positive-and-negative-labels system and the only-negative-labels system (Appendix
Table 5).

The interpretative front-of-package labels also improved consumers’ ability to correctly
identify healthier items (range of ADEs=11-23 percentage points, all £5<0.001). The largest
improvements were observed among consumers exposed to the both-positive-and-negative-
labels system (Appendix Table 5).

The pattern of results for purchase outcomes and consumer understanding was similar in
analyses stratifying by product category (Appendix Tables 6-9). Exceptions included that in
the stratified analyses, the only-positive-labels system did not increase overall healthfulness
for cereal, soup, or snack selections compared to the control arm. Another exception

was that all 3 of the interpretative labeling systems reduced calorie density for beverage
selections.

In moderation analyses, the impact of the interpretative labeling systems on purchase
healthfulness did not differ by most participant characteristics, including by age, gender,
education level, race/ethnicity, income, trust in the government, or perceived diet quality

(all ps for joint significance of interaction terms >0.05). The only exception was that the

3 interpretative labeling systems led to larger increases in healthfulness (vs. control) for
participants who reported using the Nutrition Facts Label most of the time or always (range
of ADEs=2.1-4.4 points) compared to participants who reported using the label sometimes
(range of ADEs=0.4-2.8) or rarely or never (range of ADEs=1.1-2.7; pfor interaction=0.03;
Figure 3).

In survey questions assessing label reactions, both the positive and the negative labels
were rated as more effective at discouraging unhealthy food purchases and more effective
at encouraging healthy food purchases than the calorie label (range of ADEs=0.09-0.44,
p5<0.05, Appendix Table 10). Likewise, compared to the calorie label control, both
interpretative labels led to higher self-reported attention and more thinking about health
effects (range of ADEs=0.20-0.42) and increased participants’ likelihood of reporting the
label made them feel “more in control of making healthy eating decisions” (ADEs=8-

11 percentage points) (all ps<0.001). The positive label led to lower negative emotions
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than the calorie label (ADE= —0.15), while the negative label led to higher negative
emotions (ADE=0.55) (ps<0.001). The negative label led to more reactance (ADE=0.42)
and avoidance (ADE=0.43) than the calorie label (£5<0.001), while the positive label did
not affect reactance or avoidance. The 2 interpretative labels differed on several outcomes:
the negative label led to higher attention, negative emotions, perceived discouragement,
reactance, and avoidance ratings than the positive label (ps<0.01).

DISCUSSION

In this randomized experiment with a large sample of U.S. adults, exposure to any
interpretative front-of-package food label led to improvements in consumer understanding
and healthfulness of hypothetical food and beverage selections. The largest benefits were
observed among participants exposed to both positive and negative labels. The labeling
system that used only negative labels also outperformed the system that used only positive
labels, consistent with prior studies.12-14 These findings align with negative dominance
theory® and suggest that interpretative front-of-package labeling systems should explicitly
discourage less healthy products, rather than only encouraging healthier options.

The negative labels led to higher self-reported attention and negative emotions than the
positive labels, similar to prior research.12 These reactions may explain why the negative
labels led to healthier product selections than the positive labels, given that research on
cigarette® and sugary drink38:53 warnings has found that attention and negative emotions are
key pathways through which warnings affect consumer behavior. Participants also reported
stronger desire to avoid looking at the negative labels than the positive labels, but prior
research indicates that avoidance is a sign that consumers are processing messages more
deeply.#2 These results suggest that food labels should be designed to grab attention and
generate emotional responses, even if these designs also lead consumers to want to avoid
looking at the labels.

The effects of the interpretative front-of-package labeling systems on healthfulness of
selections did not differ by most participant characteristics tested. The one exception was
that the interpretative labeling systems led to larger improvements in healthfulness among
participants who reported using the Nutrition Facts Label more frequently. This suggests
that implementation of new front-of-package labels should be supported by educational
campaigns encouraging consumers to use food labels, similar to those that accompanied
implementation of Chile’s front-of-package warnings.>*

The effects of the interpretative labels on participants’ product selections were relatively
small, equivalent to improvements of 2%-5% in overall healthfulness and 3%—-14% in sugar,
sodium, saturated fat, fiber, and protein densities compared to the control arm. Although
new labeling systems could have additional benefits beyond their effects on consumer
behavior (e.g., by spurring product reformulation®55-69) additional policies beyond labels
will likely be needed to curb diet-related diseases. Moreover, front-of-package labeling
systems generally shift consumers toward healthier versions of ultra-processed foods, and
alternate approaches may be needed to encourage consumption of whole foods.3
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Although the interpretative labels led to substantial improvements in consumers’ ability to
identify healthier items, 20%-46% of participants exposed to these labels still failed to
identify healthier items, depending on product category. This may be because products in
the interpretative labeling arms showed the interpretative labels alongside calorie labels;
the inclusion of multiple labels may confuse consumers, particularly in instances when
lower-calorie products are not healthier than higher-calorie options. Additional research on
the independent and joint effects of different front-of-package labels is warranted.

Strengths of this study include the large sample, randomized design, and use of real products
as experimental stimuli. Limitations include that labels’ color, message, and symbol were
varied simultaneously, so analyses could not disentangle the individual effects of these
characteristics. Additionally, the experimental setting differed in several ways from the real
world. One difference was that labels were shown as enlarged callouts next to products,
likely making labels more salient®® and potentially drawing attention to the study’s purpose.
However, online retailers could choose to—or policymakers could require them to—display
front-of-package labels in a similar manner as in this study. Other differences between

the experimental design and the real-world included that a single threshold was applied

to differentiate healthier/unhealthier products, which may not be realistic; no prices were
shown; and participants viewed a small selection of products with an even ratio of healthier/
unhealthier foods. Additionally, selections were hypothetical and could be affected by social
desirability bias. To reduce this possibility, responses were anonymous®2 and participants
were incentivized to select items they wanted.

CONCLUSIONS

Interpretative front-of-package labeling systems hold promise for informing consumers and
promoting healthier diets. Labeling systems that use both positive and negative labels could
encourage healthier purchases and promote consumer understanding more than systems
using only positive or only negative labels.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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A. Labels tested in the experiment B. Example product stimulus

P2

HEALTHY

140

CALORIES
PER SERVING

160

CALORIES
PER SERVING

HEALTHY UNHEALTHY

Calorie label Positive label Negative label
(control)

Figur_e 1. Front-of-package labels (Panel A) and example product stimulus (Panel B) used in
experiment.

Note: Labels and products were shown in full color. Participants viewed 6-10 products in
each category. Products displayed participants’ assigned label(s) on the front of products’
packaging alongside enlarged label(s) shown next to the products, as depicted in Panel B.

All products displayed calorie labels, regardless of labeling arm.
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Figure 2. Impact of interpretative front-of-package food and beverage labeling systemsrelative
to the control arm (calorie labels only) on purchase task outcomes.

Note. Healthfulness and classification as a healthier item were assessed using the UK Ofcom

Nutrient Profiling Model?4:25 on a 1-100 scale, where higher scores indicate foods are

healthier.2® Figure shows impact of labeling systems that used only positive labels, only
negative labels, and both positive and negative labels, expressed as differences compared
to the control arm. Bold values indicate the outcome for participants in the interpretative
labeling arm was statistically different from the outcome for participants in the control arm,

<0.05.
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Control (calorie labels) Only positive labels Only negative labels m Both positive & negative labels
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[VALUE] 854
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|
58.0 57.8 |
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54.0 \

|
52.0

Never or rarely Sometimes Most of the time or always

63.2

Healthfulness of food and beverage selections

Self-reported frequency of use of the Nutrition Facts Label

Figure 3. Healthfulness of food and bever age selectionsin purchase tasks, by labeling arm and
self-reported use of the Nutrition Facts L abel.

Note: Product healthfulness was assessed using the UK Ofcom Nutrient Profiling Model?425
on a 1-100 scale, where higher scores are healthier.2> Figure shows predicted mean
healthfulness in the purchase task by labeling arm and self-reported frequency of use of

the Nutrition Facts Label. Bold values indicate that the predicted mean in the interpretative
labeling arm is statistically different from the predicted mean in the control arm, p<0.05.

Am J Prev Med. Author manuscript; available in PMC 2024 January 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Grummon et al.

Table 1.
Participant Characteristics, /7=3,051 U.S. Adults
Characteristic Control Only Only Both positive and
(calorie | positive | negative negative labels
labels) labels labels
n=766 n=760 n=762 n=763
N@) | N@) | N(@®) N (%)
Age
18-29 years 184 (24) | 186 (24) | 199 (26) 206 (27)
30-44 years 196 (26) | 217 (29) | 177 (23) 196 (26)
45-59 years 164 (21) | 147 (19) | 162 (21) 137 (18)
60 years or older 222 (29) | 210 (28) | 224 (29) 224 (29)
Gender
Female 461 (61) | 464 (61) | 448 (59) 455 (60)
Male 289 (38) | 282 (37) | 291 (38) 292 (39)
Non-binary or another gender 11(1) 12 (2) 19 (3) 10 (1)
Gay, leshian, or bisexual 90 (12) | 105 (14) 99 (13) 98 (13)
Latino(a) or Hispanic 95 (13) 92 (12) 106 (14) 93 (12)
Race
White 515 (68) | 504 (66) | 495 (65) 491 (65)
Black or African American 146 (19) | 144 (19) | 140(18) 144 (19)
American Indian or Alaska Native 8 (1) 16 (2) 14 (2) 21 (3)
Asian or Pacific Islander 43 (6) 42 (6) 32 (4) 49 (6)
Other or Multiracial 48 (6) 53(7) 77 (10) 52 (7)
Education
High school diploma or less 213 (28) | 241(32) | 226 (30) 227 (30)
Some college 211 (28) | 192 (25) | 190 (25) 201 (27)
College graduate or associates degree | 264 (35) | 250 (33) | 251 (33) 249 (33)
Graduate degree 73 (10) 76 (10) 91 (12) 80 (11)
Household income, annual
$0 to $24,999 244 (32) | 240 (32) | 213 (28) 238 (32)
$25,000 to $49,999 216 (28) | 204 (27) | 219 (29) 225 (30)
$50,000 to $74,999 125 (16) | 136 (18) | 138 (18) 118 (16)
$75,000 or more 175 (23) | 179 (24) | 183 (24) 168 (22)
Income <150% Federal Poverty Level 262 (35) | 251(33) | 249(33) 241 (32)
Use of Nutrition Facts panel
Never or rarely 242 (32) | 250(33) | 232(31) 228 (30)
Sometimes 299 (39) | 287(38) | 290 (38) 306 (41)
Most of the time or always 220 (29) | 220(29) | 233(31) 220 (29)

Self-rated diet quality
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Characteristic Control Only Only Both positive and
(calorie | positive | negative negative labels
labels) labels labels
n=766 n=760 n=762 n=763
N (%) N (%) N (%) N (%)
Poor or fair 235(31) | 229 (30) | 237 (31) 224 (30)
Good 333 (44) | 322 (42) | 316 (42) 337 (45)
Very good or excellent 193 (25) | 208 (27) | 204 (27) 193 (26)
Trust in federal government
Never 167 (22) | 159 (21) | 145 (19) 167 (22)
Only sometimes 370 (49) | 401(53) | 404 (54) 392 (52)
Most of the time or just about always | 223 (29) | 197 (26) | 205 (27) 191 (25)

Note: Proportions may not sum to 100% due to rounding. Missing data ranged from 0.0 to 1.4%.
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