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Objectives: This study systematically reviewed evidence from interventions on the effect of front-of-
package (FOP) nutrition labeling on food purchases.
Study design: The study design used in this study is a systematic review.
Methods: Keyword search was performed in PubMed, Web of Science, Scopus, and Cochrane Library.
Results: Fifteen studies (10 randomized controlled trials, four pre-post studies, and one case-control
study) met the eligibility criteria and were included in the review. Five studies were conducted in a
controlled setting through the establishment of an online virtual supermarket or physical laboratory food
store solely for the intervention. In contrast, the remaining ten studies were conducted in a naturalistic
setting where people commonly purchase foods (e.g., supermarket, grocery store, school/hospital cafe-
teria, or vending machine). FOP labels assessed included traffic lights, health star rating, daily intake
guides, health warnings, and high sugar symbol labels. Compared with the control, FOP labels were
effective for helping participants make healthier food purchase decisions in five of the 12 studies that
assessed traffic lights labels, in one of the two studies that assessed health warning labels, and in one
study that assessed high sugar symbol labels. Three assessed health star ratings and one assessed daily
intake guide labels, but none revealed an effect on food purchases compared with the control.
Conclusions: Findings on the effectiveness of FOP nutrition labels in ‘nudging’ consumers toward
healthier food purchases remain mixed and inconclusive. Future studies should examine other types of
FOP labels beside the traffic lights labels and explore the different effects by consumer affordability,
population subgroup, and shopping environment.

© 2020 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.
Introduction

The nutrition facts label is a crucial source for consumers to
obtain nutrition- and health-related information on food products.1

One objective of the nutrition facts label is to facilitate consumers'
identification and selection of healthier food items that are
nutrient-rich and low in energy density.2 However, nutrition facts
label has been criticized as being less visible, difficult to
h. Published by Elsevier Ltd. All ri
comprehend, and of limited effectiveness, in guiding consumers'
food choices.3 Front-of-package (FOP) nutrition labels use simple
symbols with highly visible logos and numbers to communicate the
healthiness of food to consumers.4 FOP labels seek to help con-
sumers understand and quantify the nutritional value of food items
regardless of age, education, and literacy level.5 A variety of FOP
labels have emerged to supply consumers with the information
needed to make healthy food choices. The traffic light food labeling
system involves labeling foods as red, amber, or green depending
on the levels (i.e., amounts) of fat, saturated fat, sugars, and salt.6

Food with fewer reds, fewer ambers, and more greens can
contribute to a healthier diet.6 By providing a color-coding process
ghts reserved.
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when selecting foods, consumers can easily detect whether their
food choices are healthy or not.7 Another FOP label is the Austral-
asian health star rating system.8 The health star rating system
presents a one-half (least healthy) to a five-star (most healthy)
rating of nutritional quality, with more stars indicating a higher
nutritional value of the food. The health star rating system con-
siders energy and contents of the food in terms of both positive
(e.g., protein, dietary fiber, fruit/vegetable, and nut/legume) and
negative (e.g., saturated fat, sugar, and sodium) components.8

Indeed, other FOP labels exist, such as the health warning labels,
high sugar labels, and daily intake guides. The health warning label
typically lists the nutritional information of the food. It then pro-
vides a recommendation as to whether the food is a healthy or
unhealthy choice, suggesting unhealthy choices be avoided.9 It is
thought that the health warning labels prevent misinterpretation
of the information presented through the use of highly explicit
messages.10,11 The daily intake guide is based upon the Guideline
Daily Amount system; it was first implemented by the Australian
food industry, in which the percentage of an individual's recom-
mended daily intake is provided for each of the primary nutrients
of the food item.9

Studies evaluating the effectiveness of FOP labels have started to
accumulate in recent years, including the examination of consumers’
perceptions of FOP labels,12,13 attention, and choices when faced with
different goals and time constraints,14 and food intake patterns as a
result of FOP labels.15 Themajority of the studies focused on the role of
FOP labels in helping consumers understand the nutrient composi-
tions and overall healthiness of food products, enhancing their
knowledge about adequate nutrition and healthy diet, and promoting
a positive health attitude.12e15 However, the ultimate effectiveness of
FOP labels in successfullypersuadingand ‘nudging’ consumers toward
healthier food purchases is less examined.

Thaler and Sunstein16 established the Nudge Theory, which
described a ‘choice architecture’ involving many contextual forces
that may subtly guide one's decisions in one direction or another.
Given the presence of the choice architecture, it is assumed that a
choice architect exists as well: those who design the environment
to make a specific option more likely to be chosen.16 For example,
food products placed at the eye-level in a supermarket may be
selectedmore often than those near the floor.16 A systematic review
found that nudges resulted in a 15.3% increase in healthier dietary
or nutritional choices, as measured by a change in the frequency of
healthy options or the overall energy consumption.17

Food purchase is a complicated behavior that responds to
various stimuli while being constrained by multiple sociodemo-
graphic (e.g., gender, race/ethnicity, age, and income level)18,19 and
contextual factors (e.g., nutrition knowledge, perceived healthi-
ness, taste preference, shopping environment, price, alternative
food products, food environment, industry marketing, and politi-
cal/policy factors).20,21 Therefore, a change in perception about the
nutritional value of a food item through reading FOP labels does not
necessarily translate to a modification of purchase decision.
Although the skills and capabilities for identifying healthier food
options are of importance, nutrient intakes and diet quality are
ultimately determined by the purchase and consumption of food
products. This review aimed to systematically identify and syn-
thesize interventions that assessed the effect of FOP nutrition la-
beling, as a nudge, on food purchases. Findings could shed light on
FOP label design as well as policy interventions that use FOP la-
beling to influence consumers’ food choices.

Methods

A systematic review was performed following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses.22
Study selection criteria

Studies that met all of the following criteriawere included in the
review: (1) Exposure: FOP nutrition labeling; (2) Outcome: food
purchases; (3) Study design: intervention; (4) Article type: peer-
reviewed publication; (5) Time window of search: from the
inception of an electronic bibliographic database to December 1,
2019; and (6) Language: article written in English.

Studies that met any of the following criteria were excluded
from the review: (1) An observational study without an interven-
tion component; (2) A mathematical or statistical simulation study;
(3) A study examining consumer perception of purchase or intent
to purchase rather than an actual purchase that involves monetary
transfer; and (4) A study examining other types of food labels
rather than FOP nutrition label.

Search strategy

A keyword search was performed on December 1, 2019, in four
electronic bibliographic databases e PubMed, Web of Science,
Scopus, and the Cochrane Library. The search algorithm included all
possible combinations of keywords from the following two groups:
(1) ‘front-of-pack,’ ‘pack,’ ‘packs,’ ‘package,’ ‘packages,’ ‘signpost,’
‘traffic light,’ ‘traffic-light,’ and ‘health star’; and (2) ‘label,’ ‘labels,’
‘labeling,’ ‘labeling,’ and ‘food labeling.’ The MeSH term ‘food la-
beling’ was included in the PubMed search.23 Appendix 1 docu-
ments the search algorithm in PubMed. Titles and abstracts of the
articles identified through the keyword search were screened
against the study selection criteria. Potentially relevant articles
were retrieved for evaluation of the full text. Two reviewers inde-
pendently conducted title and abstract screening and identified
potentially relevant articles. Inter-rater agreement was assessed
using Cohen's kappa (k ¼ 0.83).

Data extraction

A standardized data extraction form was used to collect the
following methodological and outcome variables from each
included study: authors, publication year, country, study design,
overall sample size, arm-specific sample size, age distribution, sex
distribution, attrition rate, intervention setting, intervention aims,
arm-specific intervention components, intervention duration,
control variables, measures of purchase behavior, statistical
methods, intervention effectiveness on food purchase, the arm-
specific direction of impact on purchases, and intervention effec-
tiveness on other secondary outcomes.

Owing to substantial heterogeneity in the outcomes (i.e., types
of foods/beverages purchased) and their corresponding measures
(e.g., supermarket scanner data, receipts, and self-reported pur-
chase behavior), no two studies included in the review shared the
same outcome and measure, which prevented us from conducting
meta-analysis. Therefore, this review was limited to a narrative
summary of scientific literature.

Study quality assessment

A study quality assessment tool rated each study based on the
following eight criteria: (1) Was the research question or study
objective clearly stated? (2) Were the study subjects a population-
based sample? (3) Did the study include a control group? (4) Were
study subjects randomly assigned to different arms (5) Was sample
size justification (e.g., power analysis) provided? (6) Was purchase
behavior objectively measured? (7) Was the intervention setting a
natural shopping environment with minimal interference from
researchers? (8) Were the statistical procedures appropriate to
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address the research question? For each criterion, a score of one
was assigned if ‘yes’ was the response, whereas a score of zero was
assigned otherwise. A study-specific global score, ranging from
zero to eight, was calculated by summing up scores across all
criteria.
Results

Study selection

Fig. 1 shows the study selection flow chart. We identified a total
of 6513 articles by the keyword search, including 1637 articles from
PubMed, 2312 articles from Web of Science, 1799 articles from
Scopus, and 765 articles from the Cochrane Library. After removing
duplicates, 5185 unique articles entered title and abstract
screening, in which 5150 articles were excluded. The full texts of
the remaining 35 articles were reviewed against the study selection
criteria. Of these, 21 articles were excluded. The reasons for
exclusion included the following: observational study design
without an intervention, outcomes about consumer perception of
purchase or intent to purchase rather than an actual purchase
behavior, and interventions focusing on other types of food labels
rather than FOP labels. A forward and backward reference search
was conducted based on the remaining 14 articles, and one new
article was identified that met the study selection criteria. There-
fore, a total of 15 articles consisted of the final pool of studies and
were included in the review.24e38
Fig. 1. Study selectio
Characteristics of the selected studies

Table 1 summarizes the basic characteristics of the 15 studies.
All of them were published between 2009 and 2019. They were
conducted in the U.S. (n ¼ 4), Australia (n ¼ 2), Canada (n ¼ 2),
France (n ¼ 1), Germany (n ¼ 1), New Zealand (n ¼ 1), Taiwan,
China (n¼ 1), U.K. (n¼ 1), Netherlands (n¼ 1) and Belgium (n¼ 1).
Study designs included randomized controlled trial (RCT) (n ¼ 10),
pre-post study (n ¼ 4), and case-control study (n ¼ 1). Ten studies
involved human subjects with a sample size ranging from 109 to
1578 participants. In contrast, the remaining five studies focused on
the quality of food or beverage items sold by a vendor (e.g., cafeteria
or supermarket). Eight studies recruited people aged 14 years and
older, whereas the other studies did not report age distribution. The
proportion of women accounted for over half (54%e100%) of the
study sample in the eight studies that reported sex distribution.
Among the ten studies that reported attrition rate, seven had an
attrition rate less than 20% (0%e12%), whereas the remaining three
had an attrition rate of 29%, 31%, and 57%. Five of the 15 studies
were conducted in a controlled intervention environment through
establishing a virtual supermarket online or a physical lab food
store solely for the intervention. The remaining studies were per-
formed in a naturalistic environment where people commonly go
grocery shopping, such as a supermarket, a small or midsize gro-
cery store, a college or hospital cafeteria, sports or recreational fa-
cility, and a vending machine. A variety of FOP labels were assessed
in the selected studies, including traffic lights (n ¼ 12), health star
rating (n ¼ 3), daily intake guide (n ¼ 1), health warning (n ¼ 2),
n flow diagram.



Table 1
Basic characteristics of front-of-pack nutrition label interventions.

Study ID First author (year) Country Study design Sample size Age (years) Women (%) Attrition rate (%)

1 Sacks (2009)37 UK Pre-post 18 types of products
2 Sacks (2011)24 Australia Case-control 53 types of foods
3 Waterlander (2013)38 Netherlands RCT 109 �18 85 29
4 Koenigstorfer (2014)25 Germany RCT Study 1: 184

Study 2: 152
Study 1: 29
Study 2: 30

Study 1: 79
Study 2: 81

Study 1: 0
Study 2: 0

5 Olstad (2015)26 Canada Pre-post 322 >14 49 3
6 Trudel (2015)27 US RCT 150 40 55 0
7 Julia (2016)28 France RCT 901 0
8 Seward (2016)29 US RCT 2,648,277 food portions served 20 67 9
9 Neal (2017)30 Australia RCT 1578 38 84 17
10 Ni Mhurchu (2017)31 New Zealand RCT 1357 33 ± 9 89 4
11 Chen (2017)32 Taiwan, China Pre-post 481 Baseline: 2

Intervention: 12
12 Acton (2017)33 Canada RCT 686 >16 54 4
13 Franckle (2018)34 US RCT 148 �18 99 31
14 Mazza (2018)35 US Pre-post Beverages and chips
15 Stamos (2019)36 Belgium RCT 19,238 beverages

Study
ID

Setting Controlled
setting

Arms Labels Duration
(week)

1 Supermarket No Arm1: Ready meals
Arm2: Sandwiches

Traffic light label 8

2 Online grocery store Yes Arm 1: online intervention store
Arm 2: online control store

Traffic light label 10

3 Web-based supermarket Yes Arm 1: Special offer labels
Arm 2: Healthy choice labels
Arm 3: Special offer & healthy choice

Special offer label, healthy
choice label

4 Study 1:Lab store
Study 2:Lab store

Study 1:Yes
Study 2:Yes

Study 1:Arm 1: pasta meals with traffic light colors
Arm 2: pasta meals without traffic light colors
Study 2:Arm 1: with traffic light, brand of Corny
Arm 2: without traffic light, brand of Corny
Arm 3: with traffic light, brand of Sirius
Arm 4: without traffic light, brand of Sirius

Traffic light label

5 Recreation and sports facility No 1 arm pre-post Traffic light label 2
6 Grocery store No Arm 1: red dominant label group

Arm 2: green dominant label group
Traffic light label

7 Lab store Supermarket Yes Arm 1: control group
Arm 2: 5-color nutrition label
Arm 3: 5-color nutrition label plus communication

5-color FOP nutrition label �16

8 College cafeteria No Arm1: control group
Arm2: choice architecture
Arm3: traffic light label and choice architecture with healthy-
eating plate (HEP)

Traffic light label 7

9 Retail outlet No Arm 1: health star rating
Arm 2: multiple traffic label
Arm 3: daily intake guides
Arm 4: health warning
Arm 5: control group

Health star rating, multiple
traffic label, daily intake
guides,
health warning

4

10 Supermarket No Arm 1: control group (nutrition information panels)
Arm 2: traffic light label
Arm 3: health star rating label

Traffic light label, health star
rating

5

11 Canteen and buffet No 1 arm pre-post Traffic light label �44
12 Intervention marketplace Yes Arm 1: control

Arm 2: high sugar symbol
Arm 3: health warning
Arm 4: health star rating

High sugar label, health
warning,
health star rating

�8

13 Community supermarket No Arm 1: traffic light label, information explanation and financial
incentives
Arm 2: control group

Traffic light label �28

14 Hospital cafeteria No Arm 1: Soda price
Arm 2: Soda price and traffic light labeling
Arm 3: Soda price, Traffic light labeling and water price (control
conditions)
Arm 4: Control conditions and emoticons, system 1
Arm 5: Control conditions and first health message, system 2
Arm 6: Control conditions and second health message, system 2
Arm 7: Control conditions and social norms, system 2
Arm 8: Control conditions and oppositional pairing, system 2
Arm 9: color grouping, system 1
Arm 10: soda price and water price

Traffic light label <92

15 High school vending machine and
cafeteria

No Arm 1: traffic light coding system in vending machines
Arm 2:traffic light coding system in cafeterias
Arm 3: control group

Traffic light coding 7

FOP, front-of-package; RCT, randomized controlled trial.
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and high sugar symbol (n ¼ 1). Intervention duration varied from
two weeks to 92 weeks in the 12 studies that reported duration.

Table 2 reports the measures and outcomes of FOP nutrition
label interventions. The majority of the studies (n ¼ 12) used
objective purchase measures, one study adopted a subjective pur-
chase measure, and the remaining two used both objective and
subjective purchase measures. For objective purchase measures,
two studies conducted in a controlled intervention environment
used a fictitious checkout to record purchase data. Study partici-
pants were asked to approach an online or physical cashier with the
food items they selected but without actually making the payment
with a credit/debit card or cash. Among the eight studies that
recorded actual purchases in a naturalistic setting, four used the
total number of sales within a specific time window to measure
purchase behavior, and two collected grocery shopping receipts
from study participants (through mailing a hard copy of receipts in
paid envelopes or submitting a digital copy of receipts). The
remaining two studies collected receipts from the cashier. The
study that adopted a subjective measure was based on self-
reported purchase behavior. The two studies that took both sub-
jective and objective purchase measures used self-reported con-
sumption of foods or beverages in combination with either
monthly purchases tracked in a store loyalty card or store sales
records. Besides food purchases, the other outcomes assessed in the
15 studies consisted of awareness and perceptions of FOP nutrition
label, self-control concerning food choices, and health knowledge
and attitudes towards healthy food consumption.

Table 3 summarizes the estimated effects of FOP nutrition labels
on food purchases. A total of 12 studies assessed the effectiveness of
traffic light labels on at least one subjective or objective food pur-
chase measure. Among them, five found that the traffic light labels
were effective in helping participants in the intervention group
make healthier food purchases in comparison with those in the
control group who were not provided with any FOP nutrition
labels.26,32,34e36 Three of the five studies adopted a pre-post
design,26,32,35 and the other two adopted a RCT design.34,36 A va-
riety of statistical models were applied across the five studies,
including the Chi-squared test,26,32,34 analysis of covariance
(ANCOVA),26 logistic regression,32,36 multivariate regression,35

generalized least squares model with subject-specific random ef-
fects,34 generalized estimating equations,34 and Fisher's exact
test.34 Types of populations examined included people aged 14
years and older,26 adults aged 18 years and older with at least one
child in the household,34 high school students,36 canteen cus-
tomers,32 and employees in a pediatric hospital.35 Two studies
were conducted in Canada,26,34 and one each in the US,35

Belgium,36 and Taiwan, China.32 One study found that the traffic
light labels improved food choices for low self-control consumers,
whereas the labels did not affect high self-control consumers.25

Another study found that frequent traffic light label users had
significantly healthier food purchases compared with regular
nutrition information panel users.31 However, the overall effect of
traffic light label use on food purchase was not significantly
different from the nutrition information panel group.31 The other
four studies did not identify a statistically significant influence on
food purchases through the provision of traffic light labels.24,29,30,37

Two of the four studies adopted an RCT design,29,30 one adopted a
case-control design,24 and the other adopted a pre-post design.37

Statistical models applied in the four studies included
ANOVA,24,30 interrupted time-series analysis,29 Chi-squared test,29

t-test,30 and mixed-effect model.30,37 Types of populations exam-
ined included supermarket shoppers,24,37 university students,29

and residents aged 18 years and older in Australia.30 Two studies
were conducted in Australia,24,30 and one each in the US29 and the
UK.37 A few limitationsmight lead to null findings, as noted in these
four studies. Students might be affected by the intervention and
change their eating behavior in cafeterias.29 The study time frame
was only a few weeks, and customers might need more time to
adjust their grocery shopping habits.24,37 Sample demographics
were non-representative of the population.24,30 Different labeling
formats on food packs might differentially impact consumers'
comprehension of traffic light labels.30 The food products examined
in the studies represented only a small fraction of total sales
volumes.24,37

Three studies assessed the effectiveness of health star rating
labels on food purchases, and all reported a null finding.30,31,33

Among the two studies that evaluated health warning labels on
food purchases,30,33 one identified a significant impact in the ex-
pected direction,30 whereas the other reported a null finding.33All
three studies adopted an RCT design.30,31,33 Statistical models
applied included t-test,30 Chi-squared test,33 ANOVA,30,31 and
mixed-effect model.30,33 Types of populations examined included
residents aged 18 years and older,30 and grocery shoppers 16 or 18
years and older.31,33 One each was conducted in Australia,30 New
Zealand,31 and Canada.33 A few limitations might lead to null
findings, as noted in these three studies. Sample demographics
were non-representative of the population.30,31 No training was
provided on how to use FOP labels, and the potential impact could
be more significant if there were concurrent community educa-
tion.30 The smartphone app as a medium of intervention delivery
may impede consumers’ label reading due to the cumbersome
process in scanning, observing, and product checking.31 The sample
size could be too small to achieve statistical significance.33

The intervention using daily intake guide labeling (n ¼ 1)
revealed no statistically significant impact on food purchases in
comparison with the control arm.30 This study was conducted in
Australia, adopted an RCT design, recruited residents aged 18 years
and older, and applied statistical models, including t-test, ANOVA,
and mixed-effect model.

High sugar symbol (n ¼ 1) was found to significantly reduce
sugar-sweetened beverage consumption and increase the con-
sumption of sugar-free beverages.33 The study was conducted in
Canada, adopted an RCT design, recruited grocery shoppers aged 16
years and older, and applied statistical models, including the Chi-
squared test and generalized linear mixed-effect model.

Table 4 reports criterion-specific and global ratings from the
study quality assessment. The included studies, on average, scored
five of eight, with a range from four to seven. All of the 15 studies
included in the review clearly stated the research question and
objective, employed appropriate statistical procedures to address
the research question and employed objective measures on food
purchases. Ten studies included a control group, 11 were conducted
in a naturalistic shopping environment with minimal interference
from researchers, and 10 had study subjects randomly assigned to
different arms. In contrast, only three of the 15 studies provided a
sample size justification using power analysis, and none of the
studies recruited a population-based sample.

Discussion

This study systematically reviewed scientific evidence from in-
terventions on the effect of FOP nutrition labeling on food pur-
chases. A total of 15 studies met the eligibility criteria and were
included in the review. A variety of FOP labels were assessed,
including traffic lights, health star ratings, daily intake guides,
health warnings, and high sugar symbols. Findings on the effec-
tiveness of FOP nutrition labels in ‘nudging’ consumers toward
healthier food and beverage purchases remain mixed and incon-
clusive. Compared with the control without provision of any FOP
label, FOP labels were effective for helping participants make



Table 2
Measures and outcomes of front-of-pack nutrition label interventions.

Study ID Purchase measure Purchase-related measures Statistical methods

1 Objective Total weekly product sales were examined across all of the Retailer's UK stores. Linear mixed model
2 Objective The total number of products sold, by category, during the pre-trial and trial periods

between the intervention and comparison stores.
ANOVA

3 Objective Food purchase data was measured and collected by software. ANCOVA
4 Study 1: subjective

Study 2: subjective and
objective

Study 1:
(1) Expert ratings assessed the healthfulness of the product choice.
(2) Measured self-control with four items adopted from Giner-Sorolla (2001).
Study 2:
(1) Calculated SSAg/1 score for each product. It considers specific cutoffs for products'

nutrient values reported on the labels and adds up to an overall rating (0: most
healthful; higher numbers indicate less healthful products).

(2) Measured self-control with four items adopted from Giner-Sorolla (2001).

Regression

5 Objective Measured by customer receipts collected by cashiers. Chi-square test, ANCOVA
6 Objective Research assistants recorded the total number of chocolates taken. ANOVA, generalized linear

regression, mediation
analysis

7 Objective (1) Video camera recorded customers' purchase behavior.
(2) Purchases being recorded as consumers went through a fictitious checkout.
(3) FSA score for foods and beverages was computed taking into account nutrient

content for 100 g, as mentioned in the nutritional declaration in the back of the
package. It allocates positive points (0e10) for content in energy, total sugar,
saturated fatty acids and sodium. Negative points (0e5) are allocated to content in
fruits, vegetables, legumes and nuts, fibers and proteins. Scores for foods and
beverages are therefore based on a scale from �15 (most healthy) to þ40 (less
healthy).

ANOVA, t-test adjusted for
multiple comparisons with
Bonferroni correction, Chi-
square test

8 Objective (1) Dining services staff tracked and reported most food items' number of serving and
provided overall cereals and beverages' volume of serving; the executive chef and
university health service dietitians set portion sizes; derived servings from severing
size on product packaging.

(2) Measured the primary outcome as the change in proportions of red, yellow, and
green items per week according to dining services records, overall and by
subgroups of food categories, including entrees and beverages.

(3) Survey of students to query questions on the perception of labeling at baseline and
follow-up.

Interrupted time-series
analysis, Chi-square test

9 Objective (1) Intervention and control group participants were asked to record all of the packaged
food purchases made by scanning barcodes and capturing images of receipts using
smartphone camera.

(2) Participants were asked to keep hard copies of all receipts that were mailed in using
paid envelopes.

Mixed-effect model,
ANOVA, t-test, meta-
analysis

10 Objective Participants recorded their household food and beverage purchases in 3 ways by
scanning all packaged food purchases brought into the home with the use of the
smartphone application, by photographing hard-copy cash-register receipts and
uploading the photos via the application, and by mailing hard-copy cash-register
receipts to the study center.

ANCOVA

11 Subjective Self-reported surveys Chi-square test, logistic
regression

12 Objective Participants were asked to purchase one beverage from a selection of 20 sugary and
non-sugary drinks. Beverages displayed the FOP label corresponding to the intervention
condition to which the participant was assigned. After participants viewed each of the
full-size beverage images in a randomized order, the beverages were then displayed
together on the screen to mimic the visual display of beverages on a retail store shelf,
including a “tag”with individual prices. Researchers tested the effects of labeling and tax
on three primary outcomes: (1) The proportion of participants who purchased a sugary
drink versus a non-sugary drink; (2) the number of grams of free sugar purchased per
task; and (3) the number of calories purchased per task.

Chi-square test, generalized
linear mixed-effect model

13 Objective Study participants were asked to use the store loyalty card to purchase in the store.
Outcomes were monthly in-store purchases tracked using a store loyalty card and self-
reported consumption of red-labeled beverages.

Generalized least squares
model, generalized
estimating equations, Chi-
square tests or Fisher's
exact test

14 Objective Cafeteria cash-register receipts were analyzed, focusing on healthy beverage and
healthy chip sales.

Multivariate regression

15 Objective For school 1 and school 3, data were obtained from the vending machines by the
company that refilled the machines. For school 2, sales data were obtained from the
school cafeteria.

Logistic regression

ANCOVA, analysis of covariance.
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healthier food purchase decisions in five of the 12 studies that
assessed traffic lights labels, in one of the two studies that assessed
health warning labels, and in one study that assessed high sugar
symbol labels. Three assessed health star rating labels and one
assessed daily intake guide labels, but none revealed an effect on
food purchases in comparison with the control.
Previous reviews documented that use of nutrition labels, in
general, was associated with a moderately improved health
perception and nutrition knowledge.1,12e15 Although those im-
provements are necessary for forming healthier grocery shopping
patterns and better diet quality, the translation is unlikely to be
automatic and unobstructed. Indeed, many competing factors are



Table 3
Key findings of front-of-pack nutrition label interventions.

Study
ID

Intervention effectiveness on food purchase

1 The introduction of traffic-light labels did not substantially influence supermarket sales of ready meals and sandwiches in stores. Difference in weekly sales (as a
percentage of category sales) after the introduction of traffic-light labels was significant (P ¼ 0.03), but no association between the ‘healthiness’ of the products
and the change in sales was identified.

2 There was no significant interaction between product sales and stores as sales from both stores changed at a similar rate between the pre-trial and the trial
periods over the three categories: milk, bread, and other products. For the intervention store, there was no interaction between the presence of a red label and the
change in mean weekly product sales between the pre-trial period and the trial period for bread and other products.

3 No significant effects of the labels were found on healthy food purchases. No effects of food labels were found on food purchases. No differences in food purchases
were found between the label conditions, indicating that promotion and health labels had similar effects.

4 Study 1:
The effects of nutrition labeling on healthfulness ratings of the product choices were non-significant. Among consumers with low self-control, the traffic light
colors on the labels led to more healthful choices (b¼�0.51, SE¼ 0.20, P < 0.05). Among consumers with high self-control, the traffic light colors on the labels did
not lead to more healthful choices.
Study 2:
Among consumers with low self-control, the traffic light colors on the labels led tomore healthful choices (b¼�0.65, SE¼ 0.18, P < 0.001). Among the consumers
with high self-control, the traffic light colors on the labels did not lead to more healthful choices.

5 A significant main effect of intervention period (P < 0.01) was identified, with an overall increase in sales of green (52.2%e55.5%, P < 0.05) and a reduction in sales
of red (30.4%e27.2%, P < 0.05) light items from baseline to intervention.

6 The effect of traffic light decision aid on the number of chocolates taken by participants was significant (P¼ 0.04), the effect of self-regulatory goal wasmarginally
significant (P ¼ 0.07), and the interaction effect was non-significant (P ¼ 0.67). A significant negative conditional indirect effect of decision aid on the number of
chocolates consumed by non-dieters was identified; for dieters, the effect was non-significant.

7 The overall nutritional quality of the shopping cart was not significantly higher in the interventions than in the control. Significant differences in the nutritional
quality of the purchased items were observed for sweet biscuits between the control and the intervention combining the label and communication. In the
breakfast cereal category, there was no significant difference between intervention groups. In the appetizers category, there was no significant difference in the
mean nutritional quality in the intervention groups compared to the control. When considering the nutrient content of purchases in the sweet biscuits category,
non-significant lower contents in sugar and sodium were observed, as well as non-significant higher fibers content.

8 There is no clear and significant evidence to show any changes in perception between pre-and post-intervention.
9 Effects of each type of FOP labeling compared to control on the healthiness of food purchases: (1) health star rating vs. nutrition information panel: b ¼ 0.37,

P ¼ 0.39; (2) multiple traffic label vs. nutrition information panel: b ¼ 0.74, P ¼ 0.09; (3) daily intake guides vs. nutrition information panel: b ¼ �0.31, P ¼ 0.46;
and (4) health warning vs. nutrition information panel: b ¼ 0.87, P ¼ 0.04.

10 Interpretive nutrition labels had no significant effect on food purchases. However, shoppers who used interpretive labels found them to be significantly more
useful and easy to understand, and compared with frequent nutrition information panel users, frequent traffic light labels and health star rating labels users had
significantly healthier food purchases.

11 Customers who applied the recommendations to help choose lunch increased from 38.2% to 50.2% (P ¼ 0.008). The proportion of customers taking whole-grain-
enriched rice increased from 29.0% to 30.7% but non-significant. Customers responding to the second survey were three timesmore likely to have chosen a green-
light entree on the same day of the survey than were those responding to the first survey.

12 As price increased, participants were significantly less likely to select a sugary drink, and selected drinks with fewer calories and less free sugar (P < 0.001). The
overall effect of labeling was non-significant, although there was a trend for the high sugar label to reduce the likelihood of selecting a sugary drink (P¼ 0.11) and
encouraging participants to select drinks with less free sugar (P ¼ 0.11).

13 The proportion of intervention subjects who purchased any red beverages decreased 9 percentage points more per month than control subjects. The trend over
the study period in the proportion of subjects who purchased any red beverages was significantly different between the intervention and control groups
(P ¼ 0.002). In the self-report survey, more intervention than control subjects reduced their consumption of red-labeled beverages (�23% vs. �2% for consuming
�1 red beverage/week, P ¼ 0.01). In the self-report survey, there were no significant differences between the intervention and control subjects in self-reported
consumption of yellow or green beverages.

14 Traffic light labeling was associated with a 2.9 percentage point increase in healthy beverage sales (P < 0.0001). Traffic light labeling was associated with a 5.4
percentage point increase in the percentage of healthy chips sold. (P ¼ 0.001).

15 Compared with baseline and to an untreated control school, the relative market share of red beverages dropped by over 30 percentage points. In one school, this
market share was taken by both green and amber drinks, whereas in the other school, only the consumption of amber drinks increased.

FOP, front-of-package.

Table 4
Study quality assessment.

Study ID

Criterion 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1. Was the research question or study objective clearly stated? 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2. Were the study subjects a population-based sample? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3. Did the study include a control group? 0 1 0 1 0 1 1 1 1 1 0 1 1 0 1
4. Were study subjects randomly assigned to different arms? 0 0 1 1 0 1 1 1 1 1 0 1 1 0 1
5. Was a sample size justification (e.g., power analysis) provided? 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0
6. Was purchase behavior objectively measured? 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
7. Was the intervention setting a natural shopping environment with minimal interference from researchers? 1 0 1 0 1 1 0 1 1 1 1 0 1 1 1
8. Were the statistical procedures appropriate to address the research question? 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Global score 4 4 6 5 4 6 6 6 7 6 4 5 6 4 6

R. An et al. / Public Health 191 (2021) 59e67 65
likely to impact consumers' food purchase decisions jointly.20,21

The most salient factor may be affordability as the majority of
consumers, especially those of lower socio-economic status, need
to balance between food quality and price under a tight budget.21

Despite that, there is evidence indicating a more substantial
impact of FOP labels on people with a lower socio-economic status.
Time is also a limiting factor in grocery shopping as consumers are
unlikely to do an exhaustive search and comparison between
different food products but need to make a quick purchase decision
based on incomplete information and knowledge.39 The lack of
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effectiveness of voluntary FOP labels may indicate that some forms
of mandatory FOP labeling such as health warning labels or nutri-
score are necessary to result in meaningful changes in people's
food purchase behavior.40 Finally, the use of nutrition labels varies
across population subgroups. Specifically, children, adolescents,
and older adults are less likely to use nutrition labels, and they are
also more vulnerable to the adverse health effects of nutritional
deficiency.12e15,41

Warning labels printed on tobacco packages as required by law
have been found effective to discourage consumption.42,43 Over the
past five years, multiple state legislative attempts across the US
have been made to apply what was learned from the tobacco
warning labels to developing and implementing FOP warning la-
bels for SSBs.44 However, to date no state in the US has passed
regulations mandating the adoption of SSB warning labels. In 2016,
Chile became the first country to implement an FOP warning la-
bel.45,46 A similar law was also passed in Mexico in January 2020,
but the exact timing for the new labeling requirements to take ef-
fect has not been declared.47 These policy changes provide a unique
opportunity (i.e., a natural experiment) to examine the causal
impact of FOP health warning labels on people's food purchase and
consumption.

Several limitations should be noted about the review and the
included studies. Despite a large body of literature about nutrition
labeling, the number of studies that focused on the impact of FOP
labels on food purchases remains limited. Except for the traffic
lights labels that were examined by 12 studies, all of the other FOP
labels were assessed by only one or a few studies, which deserve
more thorough investigations in future research. No study had
explored the potential differential responses to FOP labels by
gender, age group, race/ethnicity, or education level. The possible
interaction between affordability and the use of FOP labels in
jointly influencing purchase behaviors was not examined. No two
studies shared the same outcome and measure, which prevented a
meta-analysis. The backward and forward search was limited to the
14 studies identified by the title/abstract and full-text review. It
would be more comprehensive if we conducted the backward and
forward search for all studies harvested from the keyword search,
but it was practically infeasible due to the sheer number of studies
that would be included. Most studies included in the review were
based on developed countries. In contrast, studies focusing on
developing countries tend to be scarce. Nutri-score, also known as
the 5-Color Nutrition label, is a nutrition label that was selected by
the French government in 2017 to be displayed on food products.40

However, no study evaluating the effect of nutri-score on food
purchases was identified from the keyword and reference search.
Some studies adopted subjective rather than objectivemeasures for
food purchases, which may be prone to social desirability bias. This
study reviewed articles written in English only. Studies evaluating
the impact of FOP labels on food purchases that were written in
other languages were excluded due to our review team's capacity
limit. People's food purchase decisions may be partially determined
by the setting or purchase environment (e.g., supermarket, con-
venience store, cafeteria, or vending machine), and the influence of
FOP labels may differ across those settings. Finally, the dynamic
interplay between the food industry and government in jointly
determining the possible legislation on mandating FOP labels was
seldom studied. For instance, what are the preferences of the in-
dustry over different types of FOP labels? How likely will the in-
dustry support or deter specific legislative attempts through
lobbying and campaign? To what extent will the legislation effort
and public demand drive food reformulation? How could FOP la-
bels be used in combination with other policies such as a soda tax,
healthy food subsidy, and nutrition education, to achieve a higher
impact in nudging people toward a healthier diet?
For advancing research in this field, a few focal points should be
noted. First, large-scale, population-representative study samples
should be recruited to produce generalizable results and allow
subpopulation-specific estimates by gender, age group, race/
ethnicity, and other socio-economic dimensions. Second, studies
should adopt a randomized controlled study design and measure
purchases in real-world settings. Third, multi-arm factorial designs
are encouraged to compare the relative effectiveness of various FOP
label types. Fourth, studies should follow participants for an
extended period to access the mid-to-long-term efficacy of FOP
labels on purchase behavior modification. Finally, future research
may focus on the effectiveness of health warning labels and nutri-
score, which may hold some potential but are currently
understudied.

In conclusion, this study reviewed scientific evidence from in-
terventions that examined the effects of various FOP label types on
food purchases. FOP labels were found to be effective for partici-
pants to make healthier food purchase decisions in five of the 12
studies assessing traffic lights labels, in one of the two studies
evaluating health warning labels, and in one study evaluating high
sugar symbol labels. Three studies evaluating health star ratings
and one assessing daily intake guide labels revealed no effect.
Large-scale, population-representative RCTs with factorial designs
are warranted to examine the effect of FOP labels by population
subgroups and the mid-to-long-term efficacy on purchase behavior
modification.
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Appendix 1. Search Algorithm in PubMed.

(“front-of-pack” OR “pack” OR “packs” OR “package” OR “pack-
ages” OR “signpost” OR “traffic light” OR “traffic-light” OR “health
star”) AND (“label” OR “labels” OR “labeling” OR “labelling” OR
“food labeling”[MeSH]) AND ("humans"[MeSH Terms] AND English
[lang]).
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