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Influence of sugar label formats on consumer understanding
and amount of sugar in food choices: a systematic review and
meta-analyses

Tailane Scapin , Ana C. Fernandes, Cintia C. Curioni, Simone Pettigrew, Bruce Neal, Daisy H. Coyle,
Vanessa M. Rodrigues, Greyce L. Bernardo, Paula L. Uggioni, and Rossana P.C. Proença

Context: Reducing population intakes of sugar has become a focus of many na-
tional and international public health policies. Packaged foods and beverages are
key contributors to sugar intakes, and food labels can be an effective tool to reduce
sugar consumption. Objective: The aim of this systematic review was to examine
the influence of sugar label formats on 2 outcomes: consumers’ understanding of
sugar information, and the amount of sugar in consumers’ food choices. Data
Sources: Scopus, Web of Science, PubMed, CAB Abstracts, SciELO, and the
Cochrane Library databases were searched up until February 4, 2020. Study
Selection: Randomized experiments or quasi-experiments were included if they in-
vestigated the influence of sugar label formats on consumers’ understanding of
sugar information or on the amount of sugar in consumers’ food choices. Data
Extraction: Data were extracted independently by 2 authors. Mean differences
(MDs), standardized mean differences (SMDs), and odds ratios (ORs) plus 95%CIs
were used to describe between-group differences for intervention label formats us-
ing random-effects models. Results: Twenty-three studies, which examined 39
comparisons, were included. Label formats using “high in sugar” interpretative
texts (traffic light labels [MD 41.6; 95%CI 37.9–45.4] and warning signs [OR 1.33;
95%CI 1.0–1.78]) were most effective in increasing consumers’ understanding of
the sugar content in packaged foods. Health warning messages (SMD �0.32;
95%CI �0.43 to �0.22), graphical depictions of sugar content in teaspoons (SMD
�0.32; 95%CI �0.48 to �0.17), and warning signs (SMD �0.24; 95%CI �0.35 to
�0.13) were most effective for influencing consumers to choose products with
lower sugar content. Conclusions: Formats that provide an interpretation of sugar
information, particularly those indicating if a product is high in sugar, were more
helpful than only numerical information for improving consumer understanding
and promoting food choices with less sugar.
Systematic Review Registration: PROSPERO registration number
CRD42018081222.
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INTRODUCTION

Dietary sugars are monosaccharides and disaccharides

that can be classified as intrinsic sugar and added or

free sugar. Intrinsic sugars are found naturally within

whole fruits, vegetables, dairy products, and grains.

Added sugars are sugar and syrups added to foods and

beverages during processing or preparation. The term

total sugar includes both intrinsic and added sugars.1,2

Free sugar is similar to added sugar in meaning but can

also include sugars naturally present in unsweetened

fruit juices and other processed fruit and vegetable

products.3 Excessive consumption of added sugar4–6

has been associated with the development or worsening

of noncommunicable diseases.2,7,8 The World Health

Organization (WHO) recommends that adults and chil-

dren limit their intake of free sugar to less than 10% of

their total energy intake and suggests a further reduc-

tion to below 5% for additional health benefits.9

One strategy to reduce the intake of added sugars is

to limit the consumption of packaged foods and bever-

ages that are high in sugar,10–12 as these are key contrib-

utors to added sugar intakes. Food labeling can be a

useful tool to incentivize the reduced consumption of

these foods, particularly sugar-sweetened beverages.13

Previous research has also found a significant relation-

ship between the use of sugar information on the label

and reduced intake of foods and beverages rich in

added sugar, suggesting labeling effectiveness.14

The labeling of sugar on food and beverage packag-

ing has gained prominence on health agendas in the

United States,15 Canada,16 Chile,17 and Australia and

New Zealand.18 The issue of providing information

about sugar on labels is challenging because consumer

understanding is complicated by the numerous terms

for sugar on ingredients lists, the wide variability in

food label formats, and a general lack of knowledge

about dietary sugar recommendations.19–21 In some

countries, sugar information is found on the back of the

package as part of the Nutrition Facts Panel (NFP).

However, many shoppers find the NFP confusing and

difficult to understand.22,23 In an effort to overcome

this difficulty and to make the information salient, alter-

native food label formats using symbols, tick marks, rat-

ing systems, and health warning messages have been

developed.24–26

There is little consensus about which food label for-

mat is best understood by consumers and which is best

for encouraging consumers to select lower-sugar

options. As a result, countries adopt different formats

for presenting sugar information on the labels of pack-

aged foods. Although a handful of systematic reviews

have investigated the influence of food label formats on

consumers’ food choices,27–31 no review has focused

specifically on the presentation of sugar information.

The main objective of this study was to undertake a sys-

tematic review and meta-analyses of research assessing
the influence of food label formats containing sugar in-

formation (sugar label formats) on consumers’ under-

standing of the sugar content in foods and on the
amount of sugar in consumers’ food choices.

METHODS

This systematic review and the accompanying meta-
analyses were conducted in accordance with the

PRISMA (Preferred Reporting Items for Systematic

Reviews and Meta-analyses) guidelines32 (see Table S1
in the Supporting Information online) and the

Cochrane Handbook for Systematic Reviews of

Interventions.33 The guiding question was as follows:

“How do sugar label formats influence consumers’ un-
derstanding of both the content of sugar in packaged

foods and the amount of sugar in their food choices?”

Study protocol and registration

The systematic review protocol was registered with the
International Prospective Register of Systematic

Reviews (PROSPERO) under registration number

CRD42018081222.

Eligibility criteria

Study design and setting. Only randomized experiments
or quasi-experiments (before/after design or crossover

design) were included. Studies conducted in real-world,

controlled settings (laboratory or mock supermarkets)
or those that used surveys (online or paper-based) were

included. Studies were included if they evaluated infor-

mation about the presence or the amount of sugar in

mock or real packaged foods and if they reported out-
comes related to consumers’ understanding or food

choices.

Interventions and controls. This review examined stud-

ies published in peer-reviewed journals that investigated

the influence of label formats that specifically included
information about sugar (eg, Guideline Daily Amount

[GDA], warnings signs, traffic light label [TLL], and

others) on consumers’ understanding of the content of
sugar in packaged foods or the amount of sugar in their

food choices. To be included, studies must have com-

pared label formats against a control that was either a

standard NFP or no nutritional information. Studies fo-
cusing on interpretive labels (eg, healthy choice tick

mark, Nutri-Score) that presented only a general health

rating for the food product without sugar-specific

2 Nutrition ReviewsVR Vol. 00(0):1–14
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information were not included. Studies that did not fo-

cus on consumers (eg, sales in supermarkets) or that

measured only marketing or psychological outcomes

were also excluded (eg, investigation of the most appeal-

ing food label format).

Outcomes. Two outcomes were evaluated: (1) consum-

ers’ understanding of the sugar content of packaged

foods, which was defined as the correct answers regard-

ing the content of sugar in a product, and (2) the sugar

content of consumers’ food choices, which was defined

as the amount of sugar in foods and beverages selected

by study participants. The results of studies that evalu-

ated the influence of sugar label formats on the selection

of sugar-sweetened beverages were included in the food

choice analyses. In addition, studies that evaluated the

selection of foods classified as high in sugar and that

presented the results as the prevalence of people who se-

lected these products were also included. Eligibility cri-

teria were summarized using the PICOTS (population,

intervention, comparison, outcome, type of study, and

setting) format (Table 1).

Search strategy and selection of studies

The search was conducted in the following databases:

Scopus, Web of Science, PubMed, CAB Abstracts,

SciELO, and the Cochrane Library. The keywords from

3 search themes (sugar, food label, and understanding/

food choice) were combined using the Boolean operator

“AND.” A preliminary search in Scopus was performed

by one researcher to identify relevant keywords. A liter-

ature search was then conducted in the selected data-

bases to identify relevant articles published prior to

February 4, 2020. A description of the final search strat-

egy for one of the databases is shown in Table S2 in the

Supporting Information online.

Selected papers were exported to EndNote version

X7 (Thomson Reuters; New York, NY), and duplicates

were excluded. The reference lists of selected studies

were also screened for any potential studies not re-

trieved from the database search. Two researchers (T.S.

and A.C.F.) independently screened titles, abstracts,

and full-text articles for eligibility. All discrepancies be-

tween reviewers were resolved by joint evaluations with

other researchers.

Data extraction

One researcher (T.S.) extracted data using a spread-

sheet, which was pilot tested to ensure all required data

were obtained. A second researcher (A.C.F.) reviewed

the extracted data for accuracy and uniformity. Any dis-

agreements were discussed until consensus was reached.

The following characteristics were extracted: study in-

formation (author names, country of study, and year of

publication), study setting, sample characteristics (eg,

size, age, sex), methods (eg, study design, type of inter-

vention), and main results. When a study did not pre-

sent all results necessary to undertake the meta-analysis,

authors were contacted. This was the case for 2 studies;

in both cases, the corresponding authors promptly sent

all necessary data.

Data synthesis

Meta-analyses were performed in Review Manager 5.3

(RevMan; Nordic Cochrane Centre, The Cochrane

Collaboration), considering P < 0.05 as significant. The

primary outcomes were pooled across all sugar label

interventions. When the outcome of consumer under-

standing was reported as continuous data (score), a

random-effects inverse variance method was used to

obtain a pooled effect size, which was presented as a

mean difference (MD) with a 95%CI for each sugar la-

bel format. When the outcome of consumer under-

standing was reported as a dichotomous unit

(proportion of people who answered correctly), a

random-effects Mantel-Haenszel model was used to ob-

tain a pooled effect size, which was presented as an

odds ratio (OR) with a 95%CI for each sugar label

format.
The food choice outcome was reported in different

formats across the studies, with most presenting data as

a continuous measure but with different units (total

grams of sugar or total grams of sugar per 100 g of

Table 1 PICOTS criteria for inclusion and exclusion of studies
Parameter Criteria

Population Consumers over 16 years of age
Intervention Sugar label formats (eg, traffic light labels, warnings, and others) on packaged foods and beverages
Comparison Standard Nutrition Facts Panel or no nutritional information
Outcomes Consumers’ understanding of sugar content in food products

Sugar content of consumers’ food choices; selection of sugar-sweetened beverages; or selection of products high in
sugar

Type of study Original peer-reviewed papers: randomized experiments or quasi-experiments (before/after) were included. Reviews,
conference abstracts, dissertation abstracts, and qualitative studies were excluded

Setting Real-world, controlled settings or surveys (online or paper-based)

Nutrition ReviewsVR Vol. 00(0):1–14 3
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food). Accordingly, effect estimates were converted into

standardized mean differences (SMDs) using Cohen d,
following the equations defined in the Cochrane

Handbook for Systematic Reviews of Interventions.33 For
dichotomous data for the food choice outcome (per-

centage of people selecting high-in-sugar foods or

sugar-sweetened beverages), the odds ratio was calcu-
lated and then transformed into a standardized mean

difference Cohen d using the equations proposed by
Hasselblad and Hedges.34 By converting estimates into

standardized mean differences, it was possible to pool
the studies together and to obtain an overall estimate of

effect. The random-effects generic inverse variance

method was used to obtain a pooled effect size with a
95%CI for each sugar label format. Finally, subgroup

analyses were performed in which the type of control
(no label information/standard NFP) and the setting

(mock supermarket/real-world settings/survey) for the
outcome of food choice were considered.

Heterogeneity across studies in each group of sugar

label formats was tested with the I2 statistic.35 If consid-
erable heterogeneity (> 80%) was found in the I2 test,

the outlier studies were investigated and removed from
the analyses to examine their impact on the summary

effect measure. Where identification of outliers was not
possible, the meta-analysis findings were removed from

the figures for analyses with considerable heterogeneity

and presented only as text. Because of the limited num-
ber of studies in the subgroup analyses (< 10 studies), a

funnel plot was not used to assess potential publication
bias. For both outcomes, random-effects models were

used because of known heterogeneity in study charac-
teristics (ie, instructions on how to use the labels, and

participants’ characteristics) and the possibility of dif-

ferences in the magnitude of effects that would be
achieved with each type of label intervention. Statistical

power was calculated for all analyses.
Some studies tested more than one intervention for-

mat against a common control group (multi-arm stud-
ies). For these studies, where appropriate and possible,

combined groups were created to produce a single pair-
wise comparison (eg, TLL and GDA plus traffic light col-

ors) by applying the equations set out in the Cochrane

Handbook for Systematic Reviews of Interventions.33 If the
control group was shared by 2 or more study arms that

could not be combined, the sample size of the control
group was split over the number of relevant intervention

groups to avoid double counting the participants.33

Results were presented as forest plots.

Assessment of study quality

The quality of selected studies was assessed indepen-

dently by 2 researchers, using the Effective Public

Health Practice Project Quality Assessment Tool for

Quantitative Studies (EPHPP).36 Six domains, each con-

sisting of a series of questions, were used to rate the
studies: (1) selection bias, (2) study design, (3) con-

founders, (4) blinding, (5) data collection methods, and

(6) withdrawals and dropouts. Each domain was rated

as strong, moderate, or weak. The global rating was
computed as strong (no weak ratings), moderate (1

weak rating), or weak (2 or more weak ratings). As the

EPHPP domains are directed toward clinical trials, an

adapted version to suit the type of interventions carried

out in the selected studies was used.37

RESULTS

In total, 2766 records were retrieved from the Scopus

(n¼ 1705), Web of Science (n¼ 776), PubMed
(n¼ 221), Cochrane Library (n¼ 53), CAB Abstracts

(n¼ 7), and SciELO (n¼ 4) databases. After duplicates

were removed, 1916 articles were screened by title and

abstract, and 146 were selected for full-text screening.
Reference lists of these 146 studies were reviewed for

potential additional articles, resulting in the retrieval of

a further 12 papers. Of these 158 papers, 23 met the in-

clusion criteria (Figure 1).

Quality assessment of included studies

Of the 23 studies included, 4 obtained a strong rat-

ing,19,38–40 12 a moderate rating,40–52 and 7 a weak rat-

ing.53–59 All studies received high ratings in study

design, as all experiments were controlled (although not
all were randomized). High ratings were also obtained

for the confounder criterion because there were no sig-

nificant differences between groups prior to the inter-

vention and because all studies controlled for at least
80% of the main confounders.

The withdrawal and dropout criterion was not ap-

plicable to 8 of the 23 studies because data were col-

lected at only 1 time point, without any participant
screening or follow-up period. This criterion was not

considered in the calculation of the final rating for these

studies (Figure 219,38–59), as recommend by the EPHPP

tool.36

Study characteristics

Twenty of the assessed studies were conducted within

the last 5 years19,38–50,52,53,55–58 and 2 within the last 10

years,51,59 and 1 was conducted more than 10 years
ago.54 This pattern of publication timing indicates the

current relevance of the topic. The United States was

the country with the most studies

(n¼ 8),19,38,40,44,46,51,56,59 followed by Uruguay

4 Nutrition ReviewsVR Vol. 00(0):1–14
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(n¼ 4),47,48,53,57 Australia (n¼ 3),39,43,56 Canada

(n¼ 3),41,52,56 the United Kingdom (n¼ 3),49,56,58 and

Singapore (n¼ 2).42,45 France,55 Germany,54 and New

Zealand50 had 1 study each (see Table S3 in the

Supporting Information online). The study by

Goodman et al56 was conducted in 4 countries

(Australia, Canada, United Kingdom, and United

States).

Twenty-one studies were randomized controlled

trials with between-subject design, 1 was a randomized

controlled trial with within-subject design, and 1 was a

quasi-experiment with before/after design. Data were

collected through controlled settings in 21 studies, 11 of

them as online surveys,19,38,40,41,43,44,49,51,52,56,58 2 as

paper-based surveys,53,54 and 8 as mock virtual super-

markets.42,45–48,55,57,58 A further 2 studies were con-

ducted in real-world settings.39,50 There were no major

differences in study quality according to the type of set-

ting (real world vs laboratory/mock supermarket vs sur-

vey). However, there were differences in study quality

within the studies that used surveys. The 2 studies using

paper-based surveys both received a weak rating for

study quality, whereas the quality ratings of studies that

used online surveys were more variable, ranging from

weak (n¼ 2 studies), to moderate (n¼ 6), to strong

(n¼ 3). Sample sizes from the original studies ranged

Figure 1 Flow diagram of the literature search process.
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from 199 to 11 981 participants. The total number of
participants across all studies included in this review

was 36 462. All studies except Mantzari et al49 had a

sample comprised mostly of females, and the most prev-
alent age group of participants was 30 years or older. In

12 of the 19 studies that reported education level, most

Figure 2 Quality assessment of the included studies, ordered by overall quality rating.
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participants had achieved a higher-education qualifica-

tion (see Table S3 in the Supporting Information

online).

In general, studies tested outcomes with at least 10

different food and beverage products from various food

groups, except 6 studies that used only sugar-sweetened

beverages40,41,43,46,49,58 and 1 study that used only

breakfast cereals56. Seven studies assessed consumers’

understanding about sugar content on packaged

foods,19,38,44,51,52,56,59 and 16 studies evaluated the sugar

content of food choices.39–43,45–50,53–55,58,59

Sugar label formats

Twenty studies investigated sugar labels on the front of

packages and 3 studies investigated sugar labels on the

back of packages.19,38,52 All studies evaluating food

choice presented the sugar information on the front of

packages, and the 3 studies that evaluated the alternative

NFP format on consumers’ understanding presented

sugar information on the back of packages. Four studies

investigated the effects of labeling for added sugar

only,40,43,46,57 while other studies investigated informa-

tion related to total sugar (n¼ 14) or to both total sugar

and added sugar (n¼ 5).19,38,41,42,52

The sugar label formats used in the studies were

combined into 7 groups, according to the type of for-

mat: (1) TLL, (2) warning signs, (3) health warning

message, (4) GDA, (5) graphical depiction of sugar con-

tent in teaspoons, (6) alternative NFP, and (7) Health

Star Rating (Table 219,36–57). Since most studies had 2 or

more intervention arms (sugar label formats) versus a

control group, it was possible to identify 39

comparisons: 12 assessed effects on consumers’ under-

standing and 27 assessed effects on consumers’ food

choices.

These 39 comparisons evaluated the TLL format in

10 studies, warning signs in 8 studies, health warning

messages in 7 studies, alternative NFPs (eg, “high in

sugar” text on NFP) in 5 studies, GDA in 5 studies,

graphical depiction of sugar content in teaspoons on

the front of package in 2 studies, and the Health Star

Rating in 2 studies (see Table S3 in the Supporting

Information online).

Influence of sugar label formats

Figure 3,44,51,59 Figure 4,52,56 and Figure 539-43,45–50,53–

55,57 present the effects of the sugar label formats com-

pared with control on consumers’ understanding of

sugar content (Figures 3 and 4) and on the content of

sugar in consumers’ food choices (Figure 5). Given the

number of studies identified and the average within-

study sample size, the power to detect a small effect of

0.2 was estimated to be high (> 80%) for overall analy-

ses of consumers’ understanding and food choices, ex-

cept for the effect of the GDA format on consumers’

understanding, which had only moderate power (69%).

All subgroup analyses also had estimated statistical

power above 80%, except for 2 that had only moderate

power (health warning messages in mock supermarkets

[65%] and TLL plus “high in sugar” text plus no label

comparator [68%]).

Consumer understanding. A total of 12 comparisons re-

lating to consumer understanding were reported in 7

studies evaluating 4 label formats groups (TLL, GDA,

Table 2 Sugar label formats and their variations in the 23 included studies
Format Variations References

Traffic light label (TLL) With or without sugar content in grams;
text indicating high/medium/low con-
tent of sugar

37,42,43,45,46,48,49,52,53,57

Warning sign (circle,
triangle, octagon, or
magnifying glass)

Black or red in color, with or without ex-
clamation mark and “high in sugar”
text

40,45,46,51,54,55

Health warning
message

Yellow, black, or white box 38–41,44,47,56

Guideline Daily
Amount (GDA) label

With or without text indicating high/me-
dium/low content of sugar and %DV;
Facts Up Front

37,42,49,52,53

Graphical depiction of
sugar content in
teaspoons

– 19,41,47,50

Alternative Nutrition
Facts Panel (NFP)

With or without text indicating high/me-
dium/low content of sugar; %DV; infor-
mation on total and added sugar

19,36,50

Health Star Rating
(HSR)

– 37,48

Abbreviation: % DV, Percent Daily Value.
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alternative NFP, and warning signs). Ten of these pro-

duced a positive effect and 2 produced null effects. Of

the 7 studies, 6 evaluated consumers’ understanding of

the sugar content of packaged foods by asking partici-

pants to classify foods as being low, moderate, or high

in sugar. The other study asked participants to indicate

which of 2 products had a higher sugar content.59 An

analysis conducted after removing the results of this last

study did not show an appreciable change in results.

Therefore, all studies were included in the evaluation of

consumers’ understanding of sugar content of packaged

foods. Five studies19,38,44,51,59 (8 comparisons) scored

participants (0 to 100) on their ability to estimate the

correct sugar content of different products. Scores be-

tween the intervention and control arms were pooled

together for the meta-analysis. It was not necessary to

perform a subgroup analysis for these studies because

they all used no label information as the comparator

group. A further 2 studies52,56 (4 comparisons) evalu-

ated the proportion of participants who correctly esti-

mated the sugar content of packaged foods using

alternative NFP and warning sign formats and dis-

played the results as an odds ratio and 95%CI. These 2

studies were multi-arm studies, and their intervention

arms were compared against controls. Therefore, the

type of comparator (no label information/standard

NFP) was homogenous in the analysis. Since results for

the alternative NFP format presented a high I2 value

(98%; P< 0.001), this data was not presented in the

meta-analysis. This high heterogeneity for the NFP for-

mat may be attributed to the different effect sizes and

different methodological approaches of these studies.

Figure 3 shows the results of the meta-analysis for the

TLL and GDA formats, which do not show

Figure 3 Effects of sugar label formats vs control (no label information) on consumers’ understanding of sugar content in packaged
foods (score 1–100), by type of format. Abbreviations: IV, random-effects estimate, inverse variance method; SD, standard deviation.

Figure 4 Effects of sugar label formats vs control on consumers’ understanding of sugar content in packaged foods (percent correct
answers), by type of format. Abbreviations: M-H, Mantel-Haenszel method random-effects estimated; % DV, Percent Daily Value. *Standard
Nutrition Facts Panel as the control group. **No label as the control group.
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heterogeneity (I2 ¼ 61%, P¼ 0.08, and I2 ¼ 0%,

P¼ 0.84, respectively).
Although all of the sugar label formats tested in-

creased consumers�understanding about the content of

sugar in packaged foods compared with control, the

TLL with “high in sugar” text produced the largest over-

all effect (MD 41.6; 95%CI 37.9–45.4; n¼ 3, moderate/

weak quality; 1102 participants). The alternative NFP

format also increased consumers’ understanding about

the sugar content of packaged foods, even without the

meta-analysis results, with results more significant

when the “high in sugar” text was present. A further 2

studies52,56 (4 comparisons) evaluated the proportion of

participants who correctly estimated the sugar content

of packaged foods using alternative NFP and warning

sign formats and showed the results as an odds ratio

and 95%CI. Pooled estimates showed uncertain effects

of these label formats on increasing consumers�under-

standing of sugar content (Figure 4). When the results

of these 2 studies were isolated, positive effects were

Figure 5 Effects of sugar label formats vs control (no label information or standard Nutrition Facts Panel) on the sugar content of
consumers’ food choices, by type of format. Abbreviations: IV, random-effects estimate by generic inverse variance method; SE, standard
error; Std, standard. *No label as the control group. **Standard Nutrition Facts Panel as the control group.
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found for warning signs with�high in sugar� text56 (OR

1.54; 95%CI 1.18–2.02; n¼ 5808 participants) and for
an alternative NFP that contained information on

Percent Daily Value compared with no information on
Percent Daily Value (OR 1.51; 95%CI 1.09–2.09;

n¼ 1169 participants).52

Consumer food choices. In total, 27 comparisons of food
choices were reported in 16 studies39–43,45–50,53–55,57,58

evaluating 6 of the 7 label format groups (all except the
alternative NFP format). Analysis of 12 comparisons

found a significant effect of sugar label formats on the

content of sugar in consumers’ food choices (or on the
proportion of people selecting sugar-sweetened bever-

ages/high-in-sugar products). Analysis of the other 15
comparisons found no significant effects. For the

pooled analysis (Figure 5), the TLL format was sepa-
rated into 2 categories (with and without “high in sug-

ar” text), as the preliminary analysis identified different
results depending on whether this information was pro-

vided on labels. There was evidence of heterogeneity in
results for the label format containing a health warning

message (I2 ¼ 82%, P< 0.001). This was attributed to 1
outlier study58 (weak quality) with inconsistent results

that might indicate that the labels were less visible to
consumers than in other studies. This study was ex-

cluded from the meta-analyses, which reduced the het-
erogeneity of the results (I2 ¼ 54%, P¼ 0.05).

Labels containing a health warning message (SMD
�0.32; 95%CI �0.43 to �0.22; P ¼ <0.001; n¼ 6,

weak/moderate/strong quality; 4436 participants),
graphical depiction of sugar content in teaspoons (SMD

�0.32; 95%CI �0.48 to �0.17; P ¼ < 0.001; n¼ 2,
moderate quality; 1391 participants), and warning signs

(SMD �0.24; 95%CI �0.35 to �0.13; P < 0.001; n¼ 6,
moderate/weak quality; 2272 participants) were the

most effective formats for influencing consumers to re-
duce the sugar content of their food choices compared

with no label information or the standard NFP. The

TLL plus the �high in sugar� text format also showed a
significant result (SMD �0.18; 95%CI �0.29 to �0.07;

P¼ 0.001; n¼ 3, weak/moderate quality; 1296 partici-
pants), but just 1 study found a positive effect.48

Overall, there was no effect of the TLL alone, the GDA,
or the Health Star Rating label formats on the sugar

content of consumers� food choices (Figure 5). The
results from subgroup analyses that considered the type

of comparator (no label information/standard NFP)
and setting (mock supermarkets/real-world settings/on-

line or paper-based surveys) remained similar to the
overall findings (see Figures S1 through S5 in the

Supporting Information online). The only exception
was the result for TLL alone, which significantly re-

duced the sugar content of food choices when a

standard NFP was used as the comparator (SMD �0.12;

95%CI �0.21 to �0.02; P¼ 0.01; n¼ 3, moderate/

strong quality; 1851 participants) (see Figure S5 in the

Supporting Information online).

DISCUSSION

Summary of findings and recommendations

The results of this systematic review and meta-analyses

suggest that sugar label formats may influence both

consumers’ understanding of sugar content in food

products and the amount of sugar content in their food

choices, but the effectiveness of such information is de-

pendent on the format of the labeling. Overall, positive

effects were greater for consumer understanding than

for food choices, which is consistent with prior food la-

beling research30,31 and reflects the influence of other

factors, such as taste and price, on consumer choice.60

Results from the meta-analyses show that all the

food label formats except the GDA increased consum-

ers’ ability to correctly assess the content of sugar in

products. Results with more significant impact were

found in cases in which the “high in sugar” text was dis-

played on food labels, such as in the TLL, the alternative

NFP, and the warning sign formats. Consistent with a

previous systematic review on front-of-package and

shelf nutrition labeling systems,28 the analyses in this re-

view found consumer understanding to be enhanced

when text or color was used to indicate high, medium,

or low levels of nutrients, instead of just numerical in-

formation. In addition, the NFP label providing sugar

content in grams plus “high in sugar” text or with the

Percent Daily Value also was effective in increasing

consumer understanding about sugar content.

Understanding nutrition labels is directly associated

with the ability to use labels,60 and although the use of

nutrition labels does not necessarily lead to behavior

change, it can potentially influence consumers to think

about their food choices.61

Consumers in many settings have been found to

believe that sugar is the most important nutrient about

which information should be provided on the front of

packages.62,63 However, the use of this information by

consumers to influence their food choices is driven by

the type of sugar label format. The results show that

sugar label formats with warning signs, health warning

messages, the TLL with “high in sugar” text, and graphi-

cal depiction of sugar content in teaspoons had the

most positive effects on reducing the sugar content of

consumers’ food choices. The GDA and Health Star

Rating formats, which provide noninterpretive informa-

tion about sugar content, had no effect on decreasing
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the sugar content of consumers’ food choices. It thus

appears that sugar label formats providing some type of
interpretation (eg, colors, “high in sugar” text, or health

messages) are more effective than either the standard
NFP or the no-label condition in encouraging consum-

ers to choose foods with less sugar. This finding aligns
with previous studies showing that semi-interpretive
labels are more effective than noninterpretive labels in

helping consumers accurately assess the nutritional
quality of foods and make healthier food choices.64–66

In most of the included studies, information on to-
tal sugar, rather than added sugar, was presented on nu-

trition labels, despite the WHO’s recommendations to
limit intakes of free sugar.9 This is probably because

most studies were carried out before 2015,19,44,47,50–

52,54,55,59 the year the WHO published these recommen-

dations, and because data for added sugar were gener-
ally not available on packaged foods. While information

about total sugar is beneficial for individuals with diabe-
tes or disorders of carbohydrate metabolism or for

those who need to restrict their intake of monosacchar-
ides and disaccharides,67,68 research suggests that added

sugar, not total sugar, has a greater effect on diet qual-
ity.69 This is because foods and beverages that contain

high amounts of added sugar (eg, cakes and soft drinks)
tend to have lower levels of nutrients, while foods rich

in naturally occurring sugars (eg, milk and fruit) have
healthful nutrients, such as fiber and calcium, in their

composition.69 Hence, in terms of alignment with
WHO guidelines and relevance to consumers, added

sugar is potentially a more relevant metric for nutrition
labels. In this current systematic review, some formats

complied with this recommendation, including the
graphical depiction of sugar content in teaspoons, the

health warning message, and the alternative NFP that
provides information about added sugar. Several trends

in the assessment of nutrition labels over the years were
observed. The TLL was the most extensively assessed

format because it was developed prior to more recent
forms of interpretive labels. In more recent years, semi-
interpretive labels containing warning signs and health

warning messages have gained prominence in the scien-
tific literature. This is in response to a need for simpler

and more comprehensible labels that allow for faster
decision-making by consumers.70 These semi-

interpretive labels are mainly used with the aim of re-
ducing consumption of processed and ultraprocessed

foods,71 although they can also help reduce intakes of
sugar, as sugar is the most common ingredient in these

kinds of products.72–74

A core observation of this review is the large degree

of methodological heterogeneity within the included
studies. Studies varied in terms of both the tools used to

evaluate the impact of food label formats and the

measures employed to record outcomes. This was

expected, considering both the search strategy and the
inclusion criteria were broad, and it highlights the need

for future research in this field to improve the quality of
evidence through increased consistency of the method-

ological approach. Overall, the study populations com-

prised mostly females, people aged over 30, and
individuals with a high level of education. Previous

studies have shown that these characteristics are typical
of consumers who have a greater understanding of food

labels.30,63,75 Parallel to this, selection bias was the qual-
ity item with the worst rating in studies included in this

systematic review. Study samples were often from con-

venience samples or were not representative of the
wider population, and many studies did not report the

percentage of contacted individuals who agreed to par-
ticipate in the surveys. Another factor to be considered

in future research is the development and use of vali-
dated instruments for data collection, which could in-

crease the reliability of findings and the quality of

studies. Furthermore, most studies used online surveys
or were carried out in controlled settings. Little is

known about the extrapolation of these data to the real-
world settings where most food purchases take place

(eg, supermarkets). These weaknesses in study method-
ology were also found in a systematic review of front-

of-pack labeling published in 2012.76 In comparison

with the present review, the main methodological ad-
vance since 2012 is the inclusion of a control group in

the experimental trials.

Limitations and strengths

Although this systematic review provides new informa-

tion on the impact of sugar label formats on consumer
understanding and food choices, it also has some limita-

tions. First, consumers’ food choices are influenced not

only by nutrition information but also by personal pref-
erences, price, advertising, and other internal and exter-

nal factors,77,78 which were not reported in the primary
studies. However, since only controlled interventions

were included and most of them were randomized stud-
ies, possible interferences from these factors may have

been minimized.

In this review, the focus was solely on sugar label
formats. However, most studies that were assessed in-

cluded labels that also provided information on other
nutrients (eg, TLL with information on sodium and sat-

urated fat), which may have influenced consumers’
choices and confounded observations for sugar alone. It

was not possible to identify or measure the extent of

such influence, as information on the nutritional crite-
ria used for consumer choices was not available. To as-

sist in addressing this issue, future studies on the
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influence of label formats should include questions

about the importance of each nutrient at the time of
purchase or choice.

Systematic reviews are susceptible to the biases of
the original studies and are generally conducted without

the primary data sets. Therefore, reviews are limited to
the information made available in the articles analyzed.

To minimize the limitation for data availability in the
present review, the authors from the primary studies

were successfully contacted when necessary. Another
possible source of bias was the heterogeneity across

studies, which may result from a range of factors, such

as variability in the tools and procedures used to collect
data, the type of label evaluated, and the characteristics

of participants. Since meta-regression for this review
was precluded by the limited number of studies, several

strategies recommended by the Cochrane handbook to
address heterogeneity were followed, including the use

of a random-effects model, standardization of the effect
measures (using the SMD), quantification of the hetero-

geneity across effect estimates through I2, and the addi-
tion of subgroup analyses (for type of comparator and

setting). The included studies also did not stratify sub-
group analyses by participants’ characteristics (ie, age

and socioeconomic status). However, the sample exam-

ined in this review was generally homogenous, ie,
mostly women, aged 30 years or more, with a higher-

education qualification. Subgroup analysis of partici-
pants’ characteristics is an important approach for fu-

ture research as more evidence becomes available.
Finally, all the analyses were retrospective, and a formal

method to control for the risk of a significant finding
arising by chance was not used. However, this limita-

tion was moderated somewhat by the consistency of the
results observed in the analyses and by careful interpre-

tation of significant results.
The strengths of the current systematic review in-

clude adherence to the PRISMA guidelines and adop-

tion of a rigorous methodological process of data
collection and analysis. An additional strength was that

the meta-analyses enabled a quantitative estimate of the
impact of different label formats on the outcomes. The

findings also have policy implications. Many countries
are debating, developing, or implementing new food la-

bel regulations for sugar (eg, Canada, Australia, United
States, and Brazil). The results of this systematic review

support the implementation of labels that provide infor-
mation about sugar as a tool to inform consumers and

promote healthier food choices.

CONCLUSION

The results of this systematic review suggest that con-

sumer understanding of both the sugar content in

packaged foods and the amount of sugar in their food

choices was influenced by sugar label formats. The

results also show that the effectiveness of any informa-

tion about sugar provided on packaging labels is highly

dependent on the format. Sugar label formats that pre-

sent sugar content in grams, combined with interpretive

information such as colors and a “high in sugar” state-

ment or Percent Daily Value, were the most effective in

increasing consumer understanding. Semi-interpretive

labels, such as the TLL with “high in sugar” text, warn-

ings signs, health warning messages, and graphical de-

piction of sugar content in teaspoons, were more

effective than noninterpretative label formats (eg, NFP)

in promoting choices of foods with lower sugar content.

Most studies were conducted in experimental online

environments in which several factors identified as af-

fecting actual consumer choices were different or lack-

ing, such as price, time pressure, taste preferences, and

brand. Results from online surveys can provide impor-

tant preliminary insights on the influence of food label-

ing, but studies in real-world settings are needed.
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