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Introduction: Noncommunicable diseases (NCDs) are a leading global health
concern, linked to poor dietary choices and misperceptions about food
healthfulness. Front-of-pack labeling (FOPL) systems, such as Nutri-Score
(NS) and Warning Labels (WL), aim to guide healthier food choices, yet their
effectiveness in populations with chronic conditions remains underexplored.
Methods: We conducted a quasi-experimental online study among 5,140 adults
in Spain, including individuals with and without NCDs. Participants evaluated
the perceived nutritional quality of five commonly consumed foods under
three different FOPL in the following order: no label (control), NS, and WL. The
participants assessed each product in a randomized order within each label
conditions to minimize order and learning effects.

Results: Both labeling systems significantly influenced perceptions of nutritional
quality (p <0.001). NS tended to reduce the proportion of participants
identifying products as low nutritional quality, particularly for items with a health
halo such as yogurts and whole-wheat bread, while WL consistently increased
the identification of products as low nutritional quality across all food types,
including those traditionally perceived as healthy. This pattern was observed in
both NCD and non-NCD groups.

Discussion: While NS may inadvertently reinforce health halos for certain
products, WL appear more effective in correcting misperceptions and promoting
accurate assessments of nutritional quality in comparison to NS and no FOPL.
These findings support the use of WL as a more impactful FOPL strategy for
guiding informed food choices, particularly among individuals with chronic
health conditions.
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1 Introduction

Noncommunicable diseases (NCDs), including cardiovascular
disease, type 2 diabetes, and obesity, are among the leading causes of
global morbidity and mortality (1-3). A substantial share of their
development is linked to unhealthy dietary patterns and to consumers’
difficulty recognizing the true nutritional quality of the products they
choose (4, 5). In this context, front-of-pack labeling (FOPL) has been
promoted by international organizations as a tool to improve
understanding of nutrition information and support healthier
purchase decisions (6, 7).

FOPL systems are typically classified as non-interpretive, which
present numeric data without judging overall quality, and
interpretive, which synthesize information into easily understood
messages or symbols (6). Among the latter, Nutri-Score (NS) and
Warning Labels (WL) stand out. NS assigns a color-letter grade
from A (dark green) to E (red) based on the products overall
nutritional profile (8). WL, first implemented in Chile, use black
octagons with the statement “HIGH IN” to alert consumers when
thresholds for sugar, saturated fat, sodium, or calories are
exceeded (9).

FOPL effectiveness depends on several factors, including design,
comprehension, and the ability to shape perceptions (10). The latter is
especially relevant for foods that carry a “health halo,” a socially or
commercially constructed positive image that leads consumers to
overestimate nutritional value. Such halos may stem from ingredients,
nutrient or health claims, or brand prestige, and are used in marketing
to increase consumption of lower-quality products (11). This
phenomenon distorts perceived healthfulness and encourages
underestimation of energy content, reducing adherence to dietary
recommendations (12).

Within this context, evidence suggests that NS can prompt
consumers to purchase products graded A or B, visually associated
with green hues (13). Yet, in many cases, these products may still
exceed one or more critical nutrients, generating a health halo and
encouraging more favorable perceptions than their composition
warrants (14, 15). Research also shows that consumers often interpret
green as signaling wellness or naturalness, even when products are
high in sugar, fat, or sodium (16, 17). By contrast, WL operate through
a different mechanism: their high-contrast design and direct wording
trigger an immediate alert and shift perception, helping consumers
identify products as less healthy (10, 18, 19).

Most available studies, however, focus on the general population
(18, 20). There is limited evidence on how FOPL affects people living
with chronic disease, who may have different motivations and dietary
needs. Spain, marked by a strong Mediterranean food culture and the
coexistence of different labeling formats on the market, offers a
particularly relevant setting to examine how FOPL type can reshape
perceived nutritional quality. For that reason, we aimed to compare
changes in perceived nutritional quality of foods commonly viewed as
healthy under NS versus WL among adults in Spain with and without
chronic disease, to assess the potential of each system to correct health
halos and guide more informed food choices.
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2 Materials and methods

2.1 Study design

We conducted a quasi-experimental repeated-measures study
with a cross-sectional structure, administered online via a self-
completed questionnaire. All participants were sequentially
exposed to three FOPL conditions in the following order: (a) no
label (control), (b) NS, and (c¢) WL. Each participant served as
their own control, allowing direct comparison of changes in
perceived nutritional quality across systems. Image order was
randomized within each label conditions to minimize order and
learning effects. The STROBE guidelines for observational studies
were follow (21).

2.2 Population, sample recruitment and
ethics aspects

Eligible participants were adults of any sex residing in Spain with
internet access. We included respondents who self-reported either
living with diet-related NCDs or without such conditions, and who
provided their electronic informed consent. People with severe visual
impairments that could interfere with the visual task and incomplete
questionnaires were not included.

The minimum sample size was set at 385 participants with NCDs,
based on the Spanish European Health Survey (2020), which indicates
a prevalence of 54.3% of adults living with chronic diseases in Spain
(22, 23), with a confidence of 95, and 5% margin of error. The
non-NCD group was recruited through non-probability convenience
sampling with snowball distribution to reach a similar size.
Participants were recruited through the networks of national patient
associations, which helped disseminate the study to their members,
and via public calls on social media, email, and health- and nutrition-
related digital platforms. Participation was voluntary, anonymous, and
without compensation. Data collection occurred during the first
quarter of 2021.

The research was conducted in accordance with the Declaration
of Helsinki of 1975 and its subsequent amendments. The study was
approved by the Ethics Committee for Research Involving Human
Participants of the University of the Basque Country (CEISH, Ref.
M10/2020/053MR4) and classified as minimal risk.

2.3 Instrument design and validation

2.3.1 Foods selected and front-of-pack labeling
conditions

We selected five commonly consumed foods socially perceived
as healthy (Greek yogurt, fruit yogurt, corn-flake-type breakfast
cereal, sliced whole-wheat bread, and orange juice), given their
association with everyday eating, particularly breakfast (24).
Study images were custom-designed without brands or
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FIGURE 1

Graphic design and Warning Label (WL) adaptation for food products used in the study. (A) Technical and conceptual elements used in the design of
the study products. In this example, a yogurt product was used. (B) WL used in this study. In this example, only show the WL for sugar content
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promotional elements, using neutral packaging and uniform
backgrounds (Figure 1A). FOPL appeared at the lower-right
corner of the pack and was repeatedly enlarged beneath the image
to aid readability.

For the calculation of the NS, the original model, prior to the 2022
modification, was used, which employs a five-category A-E gradient
of overall nutritional quality (8). Also, all the products tested were
identified using online listings from Spanish supermarket chains with
broad assortments that had begun voluntary NS application to private-
label items (Carrefour Spain; Eroski), supplemented by the Carrefour
France catalogue, where NS was more widespread at that time. For the
WL condition, the recommendations and thresholds for sugar,
saturated fat, sodium, and calories from Chile’s Ministry of Health
(MINSAL) were followed, and a black octagon bearing “EXCESS OF”
was used instead of the “HIGH IN” descriptor. This change was made
to avoid potential confusion, since under European regulations the
term “HIGH IN” is considered a nutrition claim (25). In addition, to
improve label visibility and minimize distracting elements, the lower
section of the warning labels (signature or brand reference) indicating
the “Ministry of Health” was removed. Consequently, the final
descriptors used were “EXCESS” of “SUGARS,” “SATURATED FAT,
“SODIUM;” and “CALORIES;” when the corresponding nutrient
exceeded the threshold (9, 26). Per MINSAL limits, all selected foods
1B). In
Supplementary Table S1, the complete nutritional composition of the

exceeded at least one critical nutrient (Figure

selected products is listed.

2.3.2 Sociodemographic and health data

In the instrument designed, a section for sociodemographic and
health data was added to collect information on sex, age, place of
residency, educational level, employment status, economic income,
and the presence or diagnosis of non-communicable chronic
diseases (NCDs).

2.3.3 Instrument validation

The final version of the instrument was incorporated into a
questionnaire in Google Forms; it comprised two relevant sections: (a)
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sociodemographic and health data; (b) an experimental task on
perceived nutritional quality by the presence or absence of the
FOPL. The content validity of the instrument was assessed using the
Lawshe method with 21 experts in nutrition and health sciences
(Supplementary Table S2), who evaluated the adequacy of each item,
which integrates the complete questionnaire. The global Content
Validity Index (CVTI) of this instrument was 0.91, which indicates an
adequate instrument for research, and the specific CVI for the
dimension “Assessment of the ability to interpret nutritional quality,”
where the data in this manuscript come from, was 1.0.
(Supplementary Table S3). A pilot test with 30 participants confirmed
the clarity of instructions and the image rendering.

2.4 Procedure

After participants provided their electronic informed consent,
information on sociodemographic and health data was retrieved.
Details on “nutritional quality” and how to interpret FOPL (which you
can see at the Supplementary Table S4) were given in written and
graphic information. Each participant viewed all three FOPL
conditions in the following order: Control, NS, and WL; this order was
established to reduce potential order or familiarity bias and to prevent
the warning format, which directly alerts consumers when a product
exceeds critical nutrient thresholds, from influencing participants’
later perception of the products presented with NS (Figure 2). The five
food items were presented in a randomized way, and at the start of
each FOPL condition, participants were reminded about the presence
or absence of FOPL and the task flow. In each FOPL condition, the
participants must classify each product as “high” or “low nutritional
quality”

2.5 Statistical analysis

A descriptive statistical analysis was performed, and all the
variables were presented in a dichotomous or categorical way, with
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CONDITION 1
No front-of-pack labelling

“Classify the following [product name]

according to their nutritional quality”:

CONDITION 2
NUTRI-SCORE

“According to the Nutri-Score labelling system,
classify the following [product name] according
to their nutritional quality”:

CONDITION 3
WARNING LABEL

“According to the following Warning Labels,
classify the [product name] according to their
nutritional quality”:

What is frontﬂf—pack labelling?

What is nutritional quality? - > -

: — —- —-
Yogl Fh YOGl FR
TEST N f i
Perception of N\_xtritional Quality > @i >
v (Bl [}
“Below is a series of products with [ — I y— I e——
and without front-of-pack labelling T ) = e ) = Fp— = )

that you must classify according to
their nutritional quality”

\J//
2
S

High quality  Low quality High quality  Low quality High quality  Low quality

2 orekyot () [am] 2 Greskyot (] (=] 2 orekyot () [am]

High quality  Low quality High quality  Low quality High quality  Low quality

3. Com akes (] =] 3 Co flakes &) =) 3 Com akes =) [am)

High quality  Low quality High quality  Low quality High quality  Low quality

4 Whoeuneatoreas () O 4 Wnoewheattreas () O 4 vinoe-weatoress () O

High quality  Low quality High quality  Low quality High quality  Low quality
5. Orange juice ()] ()] 5. Orange juice ()] ()] 5. Orange juice [Em] [mm)
Order of pi ion of the three conditions

FIGURE 2
Elements and graphic representation of the five products based on three study conditions: without front-of-pack labeling (control), Nutri-Score, and
warning labels.

absolute frequency and proportion. For the inferential statistical — a False Discovery Rate (FDR) correction was performed on the
analysis, the Cochran’s Q test following by the McNemar and Pairwise ~ perceived nutritional quality of each product as “low nutritional
comparisons using the Wilcoxon sign test as a post hoc analysis with ~ quality” in each FOPL condition, this test was run separately for the
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NCD and non-NCD groups. All the analyses were conhducted in R
software version 4.4.3 and RStudio 2025.09.1 (R Foundation for
Statistical Computing, Vienna, Austria. https://www.r-project.org/
foundation/), considering as statistically significant a p value of <0.05.

3 Results
3.1 Participants’ characteristics

We analyzed 5,140 valid responses; 23 questionnaires were
excluded (incomplete or without consent). The sample was mainly
female (75.4%) and 18-39 years (66.7%). Nearly half (46.1%) reported
a university degree, and most (89.9%) reported being wholly or partly
responsible for household food shopping. Overall, 38.2% reported
living with an NCD, being the most common overweight/ or obesity,
cardiovascular disease, or type 2 diabetes. The interest in food and

TABLE 1 Participant characteristics: demographics, health status, and
nutrition-related behaviors.

Variable n =5,140
% (n)
Sex
Female 75.4 (3,878)
Male 24.6 (1,262)
Age (years)
18-29 34.7 (1,783)
30-39 32.0 (1,647)
40-49 22.1 (1,136)
50-59 8.2 (422)
> 60 3.0 (152)
Education
None 0.1(6)
Primary/Secondary 22.3(1,148)
Higher 46.1 (2,372)
Postgraduate 31.4(1,614)
Chronic disease (any) 38.2 (1,966)
Overweight/Obesity 78.3 (1,540)
Cardiovascular disease 15.3 (301)
Type 2 diabetes 6.4 (125)
Member of patient association 5.1 (261)
Interest in food/nutrition
None 0.3(17)
Low 7.1 (365)
Quite interested 56.1 (2,884)
Very interested 36.5(1,874)
Primary food shopper
Yes 49.8 (2,563)
No 9.1 (467)
Shared equally 41.1 (2,110)
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nutrition was high (92.6%), though only 59.6% felt they had sufficient
knowledge on food and nutrition (Table 1).

3.2 FOPL and perceived nutritional quality
in people living with chronic disease

Among respondents with NCDs, perceived nutritional quality
varied significantly across FOPL conditions (p < 0.001). For Greek
yogurt and fruit yogurt, 67.9% initially judged the products as low
quality. Under NS, that share fell to 62.1%, but under WL it rose
sharply to 96.3% (Table 2; Figure 3). Corn-flake-type cereal showed
increased low-quality identification with both labels, more
pronounced for WL (p < 0.001). For whole-wheat sliced bread,
ratings moved inversely: 76.3% low quality at baseline, 13.6% under
NS, and 92.4% under WL. For orange juice, 88.6% rated it low
quality without labels, 98.8% under NS, and 97.4% under WL
(p < 0.001).

3.3 FOPL and perceived nutritional quality
in people without chronic disease

Findings were similar in participants without NCDs (p < 0.001)
(Table 3; Figure 4). For Greek yogurt, 62.6% rated it low quality
without labels, 61.3% under NS, and 96.0% under WL. Fruit yogurt
showed a comparable pattern (slight decrease with NS to 61.3%,
increase to 96.0% with WL). For corn-flake cereal, low-quality
identification rose in both labeling conditions, more strongly for WL
(p <0.001). Whole-wheat bread saw a marked decline under NS
(14.3%) versus 78.5% no label and 92.7% under WL (p < 0.001). For
orange juice, low-quality perception was highest under NS, followed
by WL (p < 0.001).

4 Discussions

The increase in the prevalence of NCDs in recent years (2, 3) and
their impact on health systems worldwide have fostered the
development and implementation of public policies to improve the
quality of diets, such as the adoption of FOPL (7). Along with this,
research that will lead us to better FOPL systems is still needed. For
example, their effectiveness varies depending on the format and on
how each system influences consumers’ perception of nutritional
quality (13). Understanding these differences is crucial to assessing
real-world usefulness. For that reason, this study aimed to compare
changes in perceived nutritional quality of foods commonly viewed as
healthy under two different label conditions: NS and WL, in adults
living with and without chronic disease in Spain. To our knowledge,
this is one of the first studies aimed at identifying the role of FOPL in
the perception of nutritional quality of foods in people living
with NCDs.

The main results showed that WL consistently increased the
identification of products as low nutritional quality across all food
types studied, including those traditionally perceived as healthy.
Across both groups, a similar pattern emerged; the NS shows a
reduction of negative perceptions for some food products, whereas the
WL increases the perception of lower nutritional quality for the same
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TABLE 2 Change in identification of products as “unhealthy” across FOPL conditions (control, NS, WL) in participants with chronic disease (Cochran’s

Q; p-values).

Selected food

Population with chronic disease

products Without FOPL Nutri-Score Warning Labels p-value

% (n) % (n) % (n) Cochran’s Q test
Greek yogurt 67.9 (1,335) 62.1(1,221) 96.3 (1,893) <0.001
Fruit yogurt 87.6 (1,723) 62.1 (1,221) 96.3 (1,893) <0.001
Corn-flake cereal 62.8 (1,235) 94.8 (1,864) 98.3 (1,933) <0.001
Whole-wheat bread 76.3 (1,501) 13.6 (268) 92.4 (1,817) <0.001
Orange juice 88.6 (1,742) 98.8 (1,942) 97.4 (1,914) <0.001

set of products. These findings are similar to those reported by Ares et
al. (10), where FOPL, like NS and health-star rating, increased the
healthful perception of products, although these differences were
product-dependent. These results underscore the need to implement
a system that objectively enables consumers to select foods of higher
nutritional quality.

In the case of Greek yogurt, fruit yogurt, and whole-wheat
bread, we observed a reduction in the proportion of people with
and without NCDs who classified these products in the category of
low nutritional quality when they were shown with the NS label
condition. This observation could reflect their placement within the
A or B NS categories, displayed in green hues. According to Schuldt,
green has been shown to signal healthfulness, especially to
consumers engaged with healthy eating (17). Along with this,
previous works reported that NS labels only affect the perception of
nutritional quality of products in the red or green extremes
categories, just like happens in our research (16, 27). Moreover, the
impact of NS label colors could impact the purchase intentions,
increasing the purchase of products in green categories, without
affecting the purchase of those in the red category (27). This finding
is particularly relevant given reports indicating that approximately
40% of products classified in categories A and B correspond to
ultra-processed foods according to the NOVA classification, which
have been associated with poorer health outcomes (15, 28).
Additionally, in the case of fruit yogurt may also benefit from a
socially reinforced “healthy” image due to fruit content combined
with green labeling (29).

In contrast, when these products were shown with the WL
condition, the perception of low nutritional quality increased; this
observation aligns with the system’s threshold-based nature: labels
appear only when critical nutrients exceed cutoffs, creating a
“discovery effect” that clarifies which products are less healthy
(30). Qualitative studies in Chile have reported positive consumer
appraisals on the benefits of WL to clarify the lack of healthfulness
of certain food products that had traditionally been marketed as
healthy; this was observed across all the socioeconomic strata (30).

These findings are consistent with Centurién et al., and with
Arrua et al. (31, 32), who found that perceptions of product
healthfulness were only significantly affected by nutritional warnings,
which were associated with less healthy products compared to those
that did not display such warnings (31); and also, this effect is higher
in comparison to other FOPL such as Guideline Daily Amount
(GDA), and Multiple Traffic Light (MTL) (32). In addition, other
studies report that changes in the perception of the nutritional quality
of products with warning labels go beyond reducing purchase
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intention, as they also increase motivation to buy products with better
nutritional quality (33), that could impact in the reformulation of
products (34).

The case of corn-flake-type cereal reinforces this pattern: most
participants rated it as low quality when three WL were present
(“HIGH IN calories? “HIGH IN sugars,” “HIGH IN sodium”),
suggesting a possible cumulative effect. However, we could not analyze
the impact of the number or type of label on product perception in
this study. Prior work by Machin et al. (35) found that fat warnings
elicited more negative perceptions than sugar or sodium warnings,
highlighting the need to consider the nutrient signaled when
evaluating consumer response. In addition, Crovetto et al. have
reported that after 5 months of WL in Chile, more than 60% of the
consumers stopped choosing a food item because of the number of
labels on the packaging (36).

On the other hand, the orange juice, a product traditionally
perceived as healthy, had low-quality ratings that were slightly higher
under NS (category C) in comparison to WL. However, we did not
assess whether these slight differences corresponded to statistically
significant differences, although it is clear that both FOPL conditions
have an important influence on reducing the perceived nutritional
quality of this product (37, 38). The modest change here may reflect
the presence of a single warning (“HIGH IN sugars”), interpreted as a
moderate risk (35).

While NS may inadvertently reinforce health halos for certain
products, WL appear more effective in correcting misperceptions and
promoting accurate assessments of nutritional quality. These findings
support the use of WL as a more impactful FOPL strategy for guiding
informed food choices, particularly among individuals with chronic
health conditions. However, more studies are needed to confirm our
results and test other hypotheses, like the effect of the number of WL,
packaging, marketing, preferences, beliefs about food, income, and
other factors on the nutritional perception of food and the purchase
intention.

4.1 Limitations and strengths

This study presents some limitations, one of which is the
predominant participation of females and young, with a high
educational level and a strong interest in food and nutrition. This
pattern is consistent with previous research showing greater
participation of women, younger adults, and individuals with higher
education and income in online nutrition surveys (39) and could be
explained by the easier digital access in comparison to older adults
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Percentage change in the identification of unhealthy products according to the front-of-pack labeling displayed among participants with chronic

TABLE 3 Change in identification of products as “unhealthy” across FOPL conditions (control, NS, WL) in participants without chronic disease

(Cochran’s Q; p-values).

Selected food

Population without chronic disease

products Without FOPL Nutri-Score Warning Labels p-value

% (n) % (n) % (n) Cochran’s Q test
Greek yogurt 62.6 (1,988) 61.3 (1,946) 96.0 (3,047) <0.001
Fruit yogurt 92.0 (2,921) 61.3 (1,946) 96.0 (3,047) <0.001
Corn-flake cereal 63.5(2,017) 94.1 (2,988) 98.1(3,113) <0.001
Whole-wheat bread 78.5(2,493) 14.3 (453) 92.7 (2,943) <0.001
Orange juice 94.7 (3,007) 99.3 (3,151) 97.7 (3,102) <0.001

(40). On the other hand, in terms of research, the order in which the
FOPL conditions were presented was fixed and may have resulted in
order or carryover effects. However, the sequence was selected to
reduce the potential impact of warning labels on the assessment of
Nutri-Score; but these effects cannot be entirely ruled out and should
be considered when interpreting the results. Also, the results are
based on a virtual test after receiving educational information that
may increase nutrition awareness in comparison to the one observed
during the real purchase phenomenon, where the loyalty to brands,
nutrition/health claims and the full nutrition panel could influence
the nutritional quality perceived of the selected food (41), for that
reason, more studies addressing the influences of these factors is still

Frontiers in Nutrition

needing. However, along with the use of a properly validated
instrument, the main strength of this study was the large sample size
of participants with and without NCDs to perform the comparison
analysis. Finally, the statistical and methodological procedures ensure
the accuracy and validity of the results by providing convincing
evidence.

5 Conclusion

In conclusion, exposure to either NS or WL FOPL alters the
perceived nutritional quality in comparison to the control condition
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in the groups studied. NS showed a tendency to create a health halo
for products categorized as higher quality especially those signaled
in green (A/B) even when some exceeded critical nutrients (e.g., fruit
yogurt, Greek yogurt, whole-wheat bread). WL, in turn, increased
low-quality perceptions across all tested products, including those
with a socially healthy image, supporting their capacity to correct
misperceptions and promote more appropriate choices among adults
with and without NCDs.
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