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ABSTRACT
Objective  To our knowledge, the effect of front-of-pack 
nutrition labels such as the Nutri-Score on food purchases 
has never been assessed among individuals suffering 
from nutrition-related chronic diseases specifically, while 
dietary modifications are generally part of their care. 
This study aimed to investigate the effect of the Nutri-
Score on the nutritional quality of purchasing intentions 
among adults suffering from a cardiometabolic disease, 
compared with no label and the Reference Intakes (RIs), 
a label already implemented by some food manufacturers 
in France.
Setting  Secondary prevention—mainland France.
Participants  2431 eligible participants were randomly 
assigned and 1180 participants (65.5% women, mean age 
65.0±7.1 years) completed the shopping task and were 
included in the analyses.
Intervention  A three-arm randomised controlled trial 
using an experimental online supermarket was conducted 
in 2017. Participants with cardiometabolic diseases were 
invited to simulate food purchases with the Nutri-Score, 
the RIs or no label.
Primary and secondary outcome measures  The 
primary outcome was the nutritional quality of the 
shopping cart, estimated using the French-modified Food 
Standard Agency Nutrient Profiling System (FSAm-NPS), 
and secondary outcomes included the nutrient content of 
purchases.
Results  The mean (SD) FSAm-NPS score was significantly 
lower in the Nutri-Score arm (1.29 (3.61) points), reflecting 
a higher overall nutritional quality of purchasing intentions, 
compared with the RIs (1.86 (3.23) points) and no label 
(1.92 (2.90) points) arms (p=0.01). Moreover, the Nutri-
Score led to significantly lower content in calories and 
saturated fatty acids compared with the two other arms. 
These differences resulted from participants avoiding 
some packaged products (sweets, dairy and starches) and 
purchasing larger amounts of fresh fruit and meat.
Conclusions  The Nutri-Score exhibited a significant 
higher nutritional quality of purchasing intentions, 
encouraging healthier food choices among individuals 
suffering from cardiometabolic chronic diseases.
Trial registration number  NCT02769455.

INTRODUCTION
Non-communicable diseases (NCDs), such 
as obesity, type 2 diabetes, cardiovascular 
diseases and cancer have become a major 
burden for the current health systems.1 For 
these diseases, dietary factors have been 
recognised to be one of the major leading 
risk factors in developed countries, resulting 
in 11 million deaths worldwide in 2017, and 
represent modifiable determinants through 
primary prevention.2 In France, cardiovas-
cular diseases remain the second leading 
cause of deaths by NCDs, accounting for 
30% approximately of mortality.3 Regarding 
obesity, the prevalence was estimated at 17% 
within the French adult population in 2015,4 
and the prevalence of type 2 diabetes was 
around 5% in 2016.5

Hence, in the context of secondary or 
tertiary prevention, many treatment guide-
lines highlight the importance to modify 
dietary habits to improve the nutritional 
status of individuals and thus control these 
nutrition-related NCDs.1 For example, 
controlling for saturated satty acids (SFA), 
sugars and salt intakes and increasing fruits 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Inclusion of a rarely explored population in a ran-
domised controlled trial pertaining to the effective-
ness of front-of-package labelling on food choices.

	⇒ This controlled experimental environment allowed 
assessing the effect of the Nutri-Score in stan-
dardised conditions and optimising internal validity 
of the study.

	⇒ Limitation pertaining to a high rate of participants 
who did not complete the shopping task.

	⇒ The trial investigated purchasing intentions rather 
than actual food purchases.

M
etiers B

ibliotheque C
entrale. P

rotected by copyright.
 on N

ovem
ber 4, 2022 at C

onservatoire N
ational des A

rts et
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-058139 on 29 A

ugust 2022. D
ow

nloaded from
 

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-5012-3573
http://orcid.org/0000-0002-5277-4679
http://orcid.org/0000-0003-2006-5269
http://dx.doi.org/10.1136/bmjopen-2021-058139
http://dx.doi.org/10.1136/bmjopen-2021-058139
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2021-058139&domain=pdf&date_stamp=2022-08-29
NCT02769455
http://bmjopen.bmj.com/


2 Egnell M, et al. BMJ Open 2022;12:e058139. doi:10.1136/bmjopen-2021-058139

Open access�

and vegetables, pulses and fibres consumption are encour-
aged in the management of several NCDs or risk factors 
such as obesity, arterial hypertension and diabetes.1 Nutri-
tional labelling has been suggested to be an interesting 
tool in helping individuals suffering from NCDs achieve 
balanced nutritional intakes.6 However, it has been shown 
that nutritional information on the back of packages was 
poorly understood and used during food choices.7 While 
few studies have suggested that individuals suffering 
from nutrition-related NCDs would pay more attention 
to nutritional information and check for specific nutri-
ents,8 9 another study has observed no difference of nutri-
tional information use between patients and individuals 
with no chronic condition.6

In the last decade, Front-of-Pack nutrition Labels 
(FoPLs) have been identified to improve the nutritional 
quality of food choices at the point of purchase in the 
general population,10–19 and to encourage reformula-
tion and innovation of food products.20 21 In France, the 
summary FoPL Nutri-Score has been adopted in October 
2017 (and then in several European countries) to indi-
cate the nutritional quality of products in supermarkets.22 
By the end of 2019, the brands which adopted the Nutri-
Score represented approximately 25% of the volume of 
prepacked foods sales with more than 300 manufacturers 
engaged.23 The Nutri-Score has been demonstrated to be 
well perceived, understood and to have a positive effect on 
food purchases in the general French population14 18 24–27 
and students.28 However, as the measure is implemented 
on a voluntary basis, it coexists on the French market with 
the Reference Intakes label (RIs),29 used by multiple food 
manufacturers since 2006 in Europe, and the absence of 
any front-of-pack labelling.

To our knowledge, no study has specifically investi-
gated the effect of FoPLs, including the Nutri-Score, on 
food purchasing intentions of patients suffering from 
nutrition-related NCDs only. Thus, the study aimed to 
determine the effect of the Nutri-Score on purchasing 
intentions of individuals suffering from nutrition-related 
cardiometabolic chronic diseases, compared with the 
current French labelling situations, that is, the RIs or no 
FoPL, as a secondary or primary prevention tool.

METHODS
Trial design and participants
A three-arm parallel group randomised trial was 
conducted in 2017 targeting individuals suffering from 
cardiometabolic NCDs. Electronic consent was obtained 
from each participant. A methodology similar to a trial 
targeting students was used.28

Participants were recruited from the NutriNet-Santé 
cohort by a targeted emailing campaign in 2016, using 
the following criteria: age, body mass index and the 
declaration of one of the diseases included in the present 
study. Briefly, the NutriNet-Santé is an ongoing web-
based prospective observational cohort study launched in 
France in May 2009, including adult volunteers recruited 

by multimedia campaigns.30 Each individual who agreed 
to participate was asked to fulfil an inclusion questionnaire 
and provide information on gender, age, occupation, 
educational level, household composition and weekly 
budget for grocery shopping. They were also asked to 
self-estimate their nutrition knowledge level on a 4-point 
scale (between ‘I am very knowledgeable about nutrition’ 
and ‘I do not know anything about nutrition’), and to 
provide information on their grocery shopping frequency 
in general and online (‘Always’, ‘Often’, ‘Sometimes’ and 
‘Never’). Finally, they were invited to declare if they had 
been diagnosed or were currently under medical super-
vision for at least one of the following nutrition-related 
chronic diseases: obesity, type 2 diabetes, dyslipidaemia, 
arterial hypertension and cardiovascular disease. Thus, 
individuals involved in grocery shopping, over 50 years 
old, and with at least one of the chronic diseases from the 
list above, were eligible to participate.

Patient and public involvement
The research question underlying the study was driven 
by considerations regarding tools to improve patients’ 
empowerment concerning their diets. Patients were not 
directly involved in the development of the protocol 
or in recruitment of participants. Dissemination of the 
research results will be done through the NutriNet-Santé 
cohort platform, with an abstract in the French language, 
allowing for all participants to be informed.

Randomisation and blinding
Eligible participants were randomly allocated to one 
of the three arms using a random block method with 
permuted blocks of size 3, 6, 9 and 12, without stratifica-
tion. The randomisation list was only available to the inde-
pendent statistician who generated the randomisation 
sequence and the computer programmer who uploaded 
the list on the secured platform. Given the nature of the 
intervention, participants could not be blinded of the 
intervention; however, they were only informed about 
the main objectives of the experimental online super-
market, aiming to investigate determinants of purchasing 
behaviour. No information was given on the FoPLs or the 
explicit purpose of the trial.

Intervention and procedure
Experimental arm
The experimental arm consisted on the Nutri-Score 
applied on the front of package of all prepacked foods 
included in the online supermarket. The Nutri-Score is 
a summary FoPL characterising the overall nutritional 
quality of foods. The label is based on the Food Stan-
dards Agency Nutrient Profiling System, modified by the 
High Council of Public Health to better discriminate 
foods from specific categories (cheese, fats and bever-
ages) consistently with nutritional recommendations 
(FSAm-NPS).18 The FSAm-NPS is calculated for 100 g (or 
100 mL) of food, and allocates from 0 to 10 points for 
each nutrient which should be limited (energy (kJ), SFA 
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(g), sugars (g) and sodium (mg)) and from 0 to 5 points 
to each favourable nutrient which should be encour-
aged (proteins (g), fibres (g) and the content in fruits, 
vegetables, legumes and nuts (%)). A discrete score is 
finally obtained by subtracting the favourable points from 
the unfavourable points, ranging therefore between a 
minimum of −15, for food products with higher nutri-
tional quality, to a maximum of+40 points for food prod-
ucts with lower nutritional quality. Hence, the lower 
the FSAm-NPS score, the healthier the products. Then, 
the Nutri-Score is represented by a 5-colour scale with a 
corresponding letter, from dark green (A) indicating the 
highest nutritional quality to dark orange (E) for prod-
ucts with the lowest nutritional quality.

Control arms
Two control arms were also included: (1) the RIs FoPL 
was affixed on all prepacked food items and (2) no 
front-of-pack nutritional labelling at all. The RIs are 
a nutrient-specific monochromatic label endorsed by 
some manufacturers, indicating the kilocalories and 
the amount of fat, SFA, sugars and sodium in gram per 
serving, and their contribution in percentages to the 
guideline-based daily intakes.29 In the no label arm, no 
nutrition label was applied on the front of food packages 
on the experimental online supermarket.

The experimental online supermarket was composed 
of three sections. First, the upper section included the 
logo of the supermarket, a search bar, an access to the 
shopping cart and the tabs for the different food cate-
gories. Second, a central section displaying advertise-
ments and showing shoppers in a supermarket aisle was 
included. The rotating banner ad on the left side of the 
central section included one specific ad and four ads on 
non-dietary information such as information on national 
campaigns of health promotion. In the two arms with a 
FoPL, the specific ad drew awareness on the label with 
additional information on its computation and use. In 
the no label arm, additional information was provided 
on the proper conservation of fresh food products. On 
the central section, the participant could also view the 
different products depending on the food categories, and 
access the information (name, brand, price, nutritional 
information, etc) by clicking on the product. For the two 
label arms, the nutritional label was affixed on the front 
of the package and next to the product on a larger scale to 
improve its readability. Third, the lower section included 
links to the various food categories, links for information 
and links towards account information. An example of 
a food item included in the experimental online super-
market with its three versions depending on the trial arm 
is shown in figure  1 and a picture of the experimental 
online supermarket is presented in online supplemental 
figure S1.28

Procedure
For this specific purpose, an experimental online super-
market was developed, similar to previous trials.18 28 

Eligible participants were invited to simulate a shopping 
task as if they were in their usual supermarket, but 
without any payment required and no instruction on the 
amount, the duration or the number of participants they 
were asked to shop for. The experimental online super-
market resembled existing grocery shopping websites 
with a virtual shopping cart, a virtual payment procedure, 
a search tab and promotional banners. As in real shop-
ping websites, participants could choose products cate-
gorised in multiple food groups and subgroups, using a 
hierarchical structure and names of the categories similar 
to existing online supermarkets. The food offer was a 
representative sample of the products commonly sold on 
French online supermarkets and included 751 foods and 
beverages (prepacked products carrying a FoPL on the 
Nutri-Score and RIs arms, and raw products without any 
label in the three arms according to the European regu-
lation), divided into 20 food categories. For all products, 
name, brand, price (per unit and per kg or litre), a picture 
of the product (with or without a FoPL, depending on 
the arm) and the nutritional composition as well as the 
list of ingredients were provided. For each food item, at 
least two different products were proposed, including 
a national brand and a retailer’s brand. The number 
of brands proposed balanced the nutritional variability 
observed for a given type of food.

Outcomes
The primary outcome was the overall nutritional quality of 
the shopping cart, assessed by the mean of the FSAm-NPS 
score across all the items in the cart, computed for 100 
g. A lower overall FSAm-NPS score of the shopping cart 
reflects a higher nutritional quality of the entire selection 
of products within the cart. Minimal theoretical value is 
−15, maximal theoretical value is +40.

Secondary outcomes were, by order of importance, 
the content of the shopping cart in energy, SFA, sugars, 
sodium, fibres, fruits and vegetables, and proteins, for 
100 g of the shopping cart.

Statistical analyses
The final sample size was calculated for an effect size 
of 0.2 (for the main outcome, FSAm-NPS score, calcu-
lated by minimisation of estimates from previous studies 
showing a 0.62 point difference between Nutri-Score and 
control arm, with an SD of 2.55 of the average FSAm-NPS 

Figure 1  An example of a food product in the Nutri-Score 
(1), Reference Intakes (2) and no label (3) arms. Images 
developed by the coauthors.
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of the shopping cart26), a power of 90% and a p value of 
0.02 considering the three-arm design, resulting in 1956 
individuals, that is, 652 participants per arm. To reach this 
final sample size while considering non-respondents, 2431 
individuals were initially randomised and the number of 
individuals validating their shopping cart was monitored.

Per protocol analyses were carried out, given that only 
one measure was collected for the outcome. All partici-
pants meeting the inclusion criteria and who completed 
the shopping task were included in the analyses. The 
primary outcome was compared between the three trial 
arms using one-way analysis of variance (ANOVA) (p≤0.05 
significant). Pairwise comparisons among FoPLs were 
performed using Tukey tests to consider multiple compar-
isons (p≤0.05 significant). Then, secondary outcome vari-
ables were also compared between the three arms using 
a hierarchical gatekeeping strategy28 with the following 
order: (1) energy, (2) SFA, (3) sugars, (4) sodium, (5) 
fibres, (6) fruits and vegetables, (7) proteins. When the 
comparison across the three arms for a component was 
not significant, the comparison of following secondary 
outcomes was stopped. The gatekeeping strategy order was 
determined using the relative importance of the various 
nutrients to health (with the most unfavourable elements 
first) and the results of previous studies assessing FoPL 
effects on the nutritional quality of food purchases.18 
Analyses were performed considering the FSAm-NPS 
score of all products from the experimental supermarket, 
including also raw items that were not labelled in any trial 
arm (ie, fruits, vegetables, meat and poultry). Multiple 
sensitivity analyses were then performed. First, sensi-
tivity analyses were computed (1) including only labelled 
food products (ie, prepacked foods and beverages), 
(2) excluding participants whose spending amount was 
below the 5th percentile or over the 95th percentile of 
the distribution of the cost of the shopping carts in the 
sample and (3) using multiple imputations on missing 
outcomes (25 imputed sets) to consider the non-response 
rate and thus provide intention-to-treat estimates. Missing 
primary and secondary outcomes of non-respondents 
were imputed using the individual characteristics of the 
individuals, including sociodemographic and nutrition-
related lifestyle data collected in the inclusion ques-
tionnaire. The total quantities of calories, SFA, sugars, 
sodium, fibres and proteins in the shopping carts were 
also calculated and compared across the three arms using 
ANOVA. The composition of the shopping cart across the 
different food categories was calculated in percentage of 
the total number of products in the cart (mean and SE). 
The contributions of each food group to the nutrient 
amounts in the shopping carts were then calculated and 
expressed a mean percentage and SE. Finally, the distri-
bution of the products across the different Nutri-Score 
classes was also compared between the three arms, taking 
into account all food products including raw foods that 
were non-labelled.

All tests of significance were two sided, and analyses were 
carried out with the SAS software (V.9.4; SAS Institute).

RESULTS
Among 3728 individuals with chronic diseases assessed for 
eligibility, 1297 did not meet inclusion criteria, resulting 
in 2431 participants randomly assigned to one of the 
three arms (figure  2). Among them, 1180 individuals 
with a nutrition-related chronic disease fully completed 
the shopping task and were finally included in the anal-
yses. The other subjects who did not complete their 
shopping cart were excluded from the analyses, as their 
purchasing behaviour may not be representative of their 
habits. Overall, participants of the trial included 65.5% 
of women, 27.8% of subjects with primary educational 
level and their mean age was 65.0±7.1 years (table  1). 
Regarding purchasing behaviour, 61.2% declared doing 
always their grocery shopping and 29.7% reported having 
purchased foods online at least once. Among them, 
16.2% reported purchasing online at least one time per 
week. 57.2% of the included participants declared having 
an intermediate self-estimated nutrition knowledge level, 
and 51.4% often reading the nutrition facts. The two 
main chronic diseases represented in the trial were arte-
rial hypertension (65.7%) and dyslipidaemia (33.9%), 
then followed by cardiovascular diseases (15.2%), type 
2 diabetes (14.7%) and obesity (13.8%). Approximately 
30% of participants reported having more than one of 
the diseases included in the trial. Individual characteris-
tics of participants were globally similar between the three 
arms. The mean cost of the shopping cart was €75.0±51.5 
overall, €80.0±57.8 in the Nutri-Score arm, €73.9±48.3 
in the RIs arm and €71.2±47.3 in the no label arm. The 
mean weight of the shopping carts was 16.6±14.3 kg in 
the Nutri-Score arm with 22.9±21.9 products on average, 
24.2±14.7 kg in the RIs arm with 33.6±22.0 products 
on average, and 22.7±14.2 kg in the no label arm with 
31.1±21.3 products on average.

According to the flow diagram, approximately 50% of 
participants did not complete the virtual shopping task. 
Individual characteristics between respondents and non-
respondents were compared for intention-to-treat anal-
yses and results are displayed in online supplemental 

Figure 2  Flow diagram of the randomised controlled trial. 
*Subjects who validated their online shopping cart and did 
not encounter technical issues. RI, Reference Intakes.
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Table 1  Individual characteristics of included participants, NutriNet-Santé cohort (n=1180)

Nutri-Score Reference Intakes No label Total

Total (n) 394 392 394 1180

Gender, n (%)

 � Men 131 (33.3) 124 (31.6) 152 (38.6) 407 (34.5)

 � Women 263 (66.7) 268 (68.4) 242 (61.4) 773 (65.5)

Age, years 64.8±6.9 64.8±7.3 65.4±7.1 65.0±7.1

Educational level, n (%)

 � Primary 122 (31.0) 102 (26.0) 104 (26.4) 328 (27.8)

 � Secondary 53 (13.4) 51 (13.0) 74 (18.8) 178 (15.1)

 � University, undergraduate degree 103 (26.1) 122 (31.2) 99 (25.1) 324 (27.4)

 � University, postgraduate degree 98 (24.9) 102 (26.0) 103 (26.1) 303 (25.7)

 � Other 18 (4.6) 15 (3.8) 14 (3.6) 47 (4.0)

Grocery shopping frequency, n (%)

 � Always 231 (58.6) 252 (64.3) 239 (60.6) 722 (61.2)

 � Often 122 (31.0) 107 (27.3) 113 (28.7) 342 (29.0)

 � Sometimes 41 (10.4) 33 (8.4) 42 (10.7) 116 (9.8)

Online grocery shopping, yes n (%) 119 (30.2) 129 (32.9) 103 (26.1) 351 (29.7)

Online grocery shopping frequency, n (%)

 � At least one time per week 16 (13.4) 20 (15.5) 21 (20.4) 57 (16.2)

 � One or two times per month 22 (18.5) 26 (20.1) 15 (14.5) 63 (18.0)

 � One time every 2 or 3 months 29 (24.4) 33 (25.6) 17 (16.5) 79 (22.5)

 � One or two times per year 23 (19.3) 21 (16.3) 29 (28.2) 73 (20.8)

 � Less than one time per year 29 (24.4) 29 (22.5) 21 (20.4) 79 (22.5)

Weekly budget for grocery shopping (€), n (%)

 � <€30 13 (3.3) 17 (4.3) 16 (4.1) 46 (3.9)

 � €30–50 76 (19.3) 74 (18.9) 63 (16.0) 213 (18.0)

 � €50–100 151 (38.3) 168 (42.9) 160 (40.6) 479 (40.6)

 � >€100 151 (38.3) 130 (33.1) 147 (37.3) 428 (36.3)

 � Missing 3 (0.8) 3 (0.8) 8 (2.0) 14 (1.2)

Perceived nutritional knowledge, n (%)

 � High 38 (9.6) 38 (9.7) 22 (5.6) 98 (8.3)

 � Intermediate 222 (56.4) 220 (56.1) 233 (59.1) 675 (57.2)

 � Low 125 (31.7) 125 (31.9) 124 (31.5) 374 (31.7)

 � No 9 (2.3) 7 (1.8) 9 (2.3) 25 (2.1)

 � Missing data 0 2 (0.5) 6 (1.5) 8 (0.7)

Nutrition facts reading frequency, n (%)

 � Always 63 (16.0) 55 (14.0) 54 (13.7) 172 (14.6)

 � Often 202 (51.3) 199 (50.8) 206 (52.3) 607 (51.4)

 � Sometimes 117 (29.7) 122 (31.1) 119 (30.2) 358 (30.3)

 � Never 12 (3.0) 14 (3.6) 9 (2.3) 35 (3.0)

 � Missing data 0 2 (0.5) 6 (1.5) 8 (0.7)

Chronic disease diagnosed, n (%)

 � Arterial hypertension 265 (67.3) 256 (65.3) 254 (64.5) 775 (65.7)

 � Diabetes mellitus 51 (12.9) 55 (14.0) 67 (17.0) 173 (14.7)

 � Cardiovascular disease 65 (16.5) 48 (12.2) 66 (16.8) 179 (15.2)

 � Dyslipidaemia 141 (35.8) 127 (32.4) 132 (33.5) 400 (33.9)

Continued
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table S1. Even if non-respondents had some small dispar-
ities on their sociodemographic and lifestyle characteris-
tics compared with respondents, this potential bias was 
similar in the three arms. Indeed, the interaction term 
between each individual characteristic and the arm to 
model the probability of no response was not statistically 
significant (p≥0.1).

Outcomes
The FSAm-NPS score was lower in the Nutri-Score arm 
(1.29±3.61 points), reflecting a higher overall nutri-
tional quality of the shopping carts, followed by the RIs 
arm (1.86±3.23 points) and no label (1.92±2.9 points) 
(table 2). The difference of FSAm-NPS scores were statis-
tically significant between the Nutri-Score and the RIs 
groups (mean difference=−0.57 (−1.11; −0.02); p=0.04), 
and between the Nutri-Score and no label (−0.63 (−1.17; 
−0.08); p=0.02). No significant difference was observed 
between the RIs and no label (−0.06 (−0.61; 0.48); p=1.0). 
Furthermore, the Nutri-Score label led to a significantly 
lower content of the shopping carts in calories and SFA, 
compared with the RIs and no label (p≤0.0001 for compar-
isons of calories between the Nutri-Score and both RIs 
and no label; p=0.01 for comparisons of SFA between the 
Nutri-Score and both RIs and no label). The differences 
between the RIs and no label arms were not significant. 
The differences of sugars content between the three arms 
were not significant; then comparisons of subsequent 
secondary outcomes were stopped.

When analyses considered prepacked products only, 
the overall difference of shopping carts’ FSAm-NPS 
score between the three arms was no longer significant 
suggesting inter- food group substitutions (online supple-
mental table S2). However, results for the secondary 
outcomes remained consistent with the main analyses. 
In sensitivity analyses excluding outliers on the spending 
amount, similar results were observed for primary and 
secondary outcomes (online supplemental table S3). 
Results of the sensitivity analyses using multiple impu-
tations and providing intention-to-treat estimates are 
presented in online supplemental table S4 for analyses 
considering all food products and online supplemental 
table S5 for analyses considering only labelled food items. 
Results using multiple imputations were consistent with 
the main analyses; however, the amplitude of differences 
between arms was lower and comparisons were no longer 
significant, except for calories for which the Nutri-Score 

also led to lower contents compared with the two other 
arms (online supplemental tables S4 and S5). The partici-
pants in the Nutri-Score arm purchased less calories, SFA, 
sugars, sodium, fibres and proteins compared with the 
two other arms (online supplemental table S6).

Online supplemental table S7 describes the shopping 
carts composition in terms of the mean number of prod-
ucts per food category in each of the three arms. In the 
Nutri-Score arm, participants tended to purchase more 
products from the fruits (especially fresh fruit), meat 
and water categories (compared with the RIs), and fewer 
products from vegetables, dairy products, cheeses, sweets 
and starchy foods such as pasta, rice, rush potatoes and 
semolina. The average percentages of raw products (ie, 
not labelled in the label arms) purchased by participants 
were 32.9%±18.4% in the no label arm, 33.2%±18.2% in 
the RIs arm and 42.0%±28.1% in the Nutri-Score arm. 
The percentage contributions of food groups to nutrient 
intakes in the overall shopping carts are presented in 
online supplemental table S8 (only for nutrients where 
a difference between arm was observed in the main 
analyses). Thus, the lower calorie and SFA contents of 
the shopping carts in the Nutri-Score arm compared 
with the RIs arms could be explained by fewer products 
purchased in the dairy products, cheese, but also sweets 
and starchy foods. Finally, the proportion of healthier 
food products in the shopping carts classified as A was 
significantly higher in the Nutri-Score arm compared 
with the two other arms (difference=5.63 (2.02; 9.24), 
p=0.0008 compared with no label; difference=4.85 (1.24; 
8.47), p=0.005 compared with the RIs), which can be 
partly explained by the higher proportion of raw fruits 
and meats in the shopping carts of participants from 
the Nutri-Score group—corresponding to products with 
higher nutritional quality (online supplemental table S9). 
On the contrary, the proportion of unhealthier products 
classified as D or E was significantly lower in the Nutri-
Score arm compared with the two other arms or the RIs 
only. No significant difference was observed between the 
RIs and no label.

DISCUSSION
Results of the present study showed that the Nutri-Score 
label significantly led to an improvement of the overall 
nutritional quality of food purchasing intentions in 

Nutri-Score Reference Intakes No label Total

 � Obesity 43 (10.9) 58 (14.8) 62 (15.7) 163 (13.8)

 � Total cost of the shopping cart (€) 80.0±57.8 73.9±48.3 71.2±47.3 75.0±51.5

 � Number of products in the shopping cart 22.9±21.9 33.6±22.0 31.1±21.3 29.2±22.2

 � Weight of the shopping cart (kg) 16.6±14.3 24.2±14.7 22.7±14.2 21.2±14.8

Values are mean±SD deviation or n (%) as appropriate.

Table 1  Continued
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individuals with cardiometabolic chronic disease. More-
over, the Nutri-Score led to lower contents of the shop-
ping carts in energy and SFA compared with the two 
other arms. Similar trends were observed with multiple 
imputations; nevertheless, differences were no longer 
statistically significant. No significant difference was 
observed between the RIs and no label. Moreover, in 
both FoPLs arms, and particularly in the Nutri-Score arm, 
substitutions between food groups were observed, with 
more raw products purchased—corresponding mainly to 
fruits and butcher’s meats from higher nutritional quality. 
It appeared that the participants exposed to the Nutri-
Score purchased less products and from higher overall 
nutritional quality (ie, lower FSAm-NPS score).

The present findings are consistent with studies which 
observed a positive effect of interpretive FoPLs and espe-
cially the Nutri-Score on the nutritional quality of inten-
tional or real food purchases, while the RIs demonstrated 
a limited or non-significant effect in the general popu-
lation14 18 or students.28 This could be partly explained 
by the features of the schemes. Indeed, the summary 
indicator of the Nutri-Score, combining colours and text, 
would be easier to read and understand.16 18 19 31–37 On the 
contrary, the RIs with its nutrient-specific and monochro-
matic format have been shown to be more complicated to 
identify and understand in the general population,18 36 37 
creating notably potential decisional conflicts and prior-
itisation of nutrients.38 Nevertheless, to our knowledge, 
this is the first study to assess the effect of FoPLs on 
purchasing intentions among individuals suffering from 
nutrition-related NCDs. Only one study investigated the 
effect of the Traffic Lights nutrient-specific label and the 
three-stars summary label on food purchases in vending 
machine among patients in an Australian hospital and 
observed a positive effect of the labels to identify healthier 
products. However, the experiment was performed in 
a specific context and no focus was made on patients 
suffering specifically from nutrition-related NCDs.12

Interestingly, while previous studies among patients 
with hypertension, hypercholesterolaemia, type 2 
diabetes or hyperlipidaemia found that they were more 
likely to read information on salt and SFA respectively,39 
and have lower intakes in energy and SFA,9 in the present 
study, the RIs did not help consumers to select products 
with significantly less SFA compared with no label. On 
the contrary, the Nutri-Score which does not provide 
numerical data but rather summarised information led to 
significantly lower contents of the shopping carts in SFA 
compared with no label and the RIs. These results on the 
Nutri-Score effect are particularly important, given that 
a decrease of the intakes in energy, SFA and salt with an 
increase of fruits and vegetables consumption are recom-
mended among patients suffering from nutrition-related 
NCDs.1 Moreover, despite these recommendations, it 
has been observed in a study within the NutriNet-Santé 
cohort that adults with a cardiometabolic disease tended 
to have unhealthier dietary habits overall (eg, lower 
intakes of fruits, higher intakes of meat, processed meat 

and added fats) compared with healthy controls,40 which 
supports the interest of public health measures encour-
aging healthier food choices among these individuals.

When analyses were restricted to labelled items only, 
no significant difference of the overall nutritional quality 
between the Nutri-Score and the other arms was found. 
These results reflect that the use of the Nutri-Score may 
encourage also substitutions between food categories. 
Indeed, participants who were exposed to the Nutri-
Score tended to purchase more non-labelled raw prod-
ucts, in particular fruits, meat and poultry, characterised 
by healthier nutritional quality. This substitution between 
food categories has been observed in other populations 
under the same or similar experimental conditions.28 41 42 
Some hypotheses could explain these results. In general, 
the impact of front-of-pack labelling has been found to 
vary according the food category,43 partly in relation to 
consumer motivation.44 More specifically, the Nutri-Score 
provides an explicit comparative scale of the nutritional 
quality of prepacked foods and may have raised aware-
ness as to the lower nutritional value of some prepacked 
products. By comparison, this may have heightened 
the perceived healthiness fruit or meat products, even 
in the absence of any labelling. As to beverages, water 
being the only beverage receiving a ‘A’ Nutri-Score, its 
promotion is particularly straightforward in the system. 
Another hypothesis relates to the overall awareness to 
the importance of food choices that the presence of 
the Nutri-Score may have spurred, acting as a global 
reminder of previously received nutritional education 
in patients. In doing so, the Nutri-Score scheme may 
cue concerns/motivations about eating healthier prod-
ucts overall.45 Finally, the choice to purchase more fresh 
fruits, meats, and water (perceived as A-grade products) 
may also suggest compensatory behaviours designed to 
offset choosing some less healthy products. It may also 
be worth noting that in choosing more fresh fruits, meats 
and water (rather than increasing the purchase of vegeta-
bles), consumers may also seek to balance the perceived 
healthiness of their choices with perceived taste/palat-
ability. These speculations as to the motivations and goals 
underlying specific food choices patterns following the 
introduction of a front-of-pack labelling scheme should 
be further explored in future studies, to devise efficient 
strategies to reinforce the observed trends.

The present study provides insights regarding the effect 
of the Nutri-Score on purchasing intentions of individ-
uals with nutrition-related NCDs compared with the 
current labelling situation in France and other European 
countries. First, strength of the study pertained in the 
inclusion of a specific population rarely explored in the 
nutritional labelling field, and its randomised controlled 
design, which resulted in comparable groups allowing 
accurate estimations of the labels’ effect. Furthermore, 
the experiment was conducted on an experimental 
online supermarket, closed to real online grocery shop-
ping conditions, with a range of different products with 
distinct nutritional profiles, brands and the use of real 
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packaging. This controlled experimental environment 
allowed assessing the effect of the Nutri-Score in stan-
dardised conditions and optimising internal validity of 
the study. Finally, we provided intention-to-treat analyses 
of the participants (online supplemental table S1) and 
intention-to-treat estimates through multiple imputa-
tion methods. Nevertheless, some limitations should be 
acknowledged. First, a high rate of participants did not 
complete the shopping task. Hence, respondents may 
have different individual characteristics, leading however 
to a potential non-differential bias which could limit the 
generalisability of the results. In addition, the reduced 
sample size could have led to a decreased statistical power 
preventing us from detecting some potential small differ-
ences. Moreover, it is important to notice that analyses 
with multiple imputations led to similar trends but with 
non-significant differences given the wide variance in the 
sample. Second, the trial involved voluntary participants, 
who may have greater interest and knowledge in nutri-
tion than the French population of patients. Thus, partic-
ipants in the no label arm might have made healthier 
food choices than the general population and the effects 
of FoPLs in comparison could have been underestimated. 
Third, despite the diversity of the food offer proposed, 
the number of products was somewhat limited, and some 
participants may not have found their usual product and 
chose foods they would not buy in real shopping situa-
tion. In addition, the representativity of the experimental 
food offer was not carefully assessed. These elements 
would limit the extern validity of the study and the gener-
alisability of the results to a real online supermarket. 
Moreover, compared with the French average, the higher 
proportion of subjects who declared doing often their 
grocery shopping online may have led to a sample with 
sociodemographic differences compared with the French 
population of patients. Fourth, the trial investigated 
purchasing intentions rather than actual food purchases 
that may have led the participants to take the experiment 
less seriously or to spend more money than they would 
actually do. Complementary studies should be conducted 
in real-life settings to provide additional elements on the 
Nutri-Score effectiveness. Nevertheless, virtual purchasing 
behaviours of individuals have been suggested to be good 
predictors of real behaviours.46 Finally, the study included 
cases of self-reported cardiometabolic chronic conditions 
with no validation required. Therefore, we were not able 
to ascertain whether the participants were following 
specific diets or nutritional recommendations during 
the period of the trial, which could have modified their 
purchasing behaviours. The present study focused on 
the Nutri-Score effect as a secondary or tertiary preven-
tion tool of NCDs, and complement previous studies 
which have been conducted on the general population 
including individual without any chronic conditions, or 
on specific subgroups such as students. Furthermore, 
it could have been interesting to also include individ-
uals having someone in the household with a chronic 
condition.

These results support that the Nutri-Score may improve 
the nutritional quality of food choices of consumers 
suffering from nutrition-related chronic diseases. This 
is particularly important given that an improvement of 
the dietary habits and the nutritional status of these indi-
viduals is a major element in the secondary prevention 
and the management of these NCDs. These findings 
are complementary to studies having observed a favour-
able effect of the Nutri-Score or its underlying nutrient 
profiling system on chronic diseases risk, in a context of 
primary prevention, through an improvement of food 
purchases and nutrient intakes.18 47
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