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Abstract

Objective: The Canadian Ultra-Processed Product Screener (CUPS) was developed to rapidly
assess ultra-processed food (UPF) and drink product intake among Canadian adults. The CUPS
is an online self-administered screener that includes twenty-eight questions and assesses the
intake of a variety of UPF available in Canada, both in French and English. This study aimed to
assess the construct validity and reliability of the CUPS among a sample of adults in Canada.
Design: Cross-sectional study (between July and November 2023). Settings: Participants
completed the online CUPS screener in three versions (1-d (twice), 7-d and 30-d CUPS) and
three 24-h dietary recalls (24HR) (the reference measure) over the course of 26-28 d.
Participants: 354 Canadians aged 18-60 years Results: The CUPS had an acceptable construct
validity, with moderate correlation coefficients between the CUPS score and UPF consumption
level measured using multiple 24HR (from 0-33 to 0-44). Reproducibility was also acceptable
(intraclass correlation =0-61) and internal consistency ranged from good to excellent
(Cronbach’s a = 0-72 for the 1-d and 0-86 for the 30-d CUPS). CUPS scores were also associated
with higher intake of added sugars, saturated fats and Na. Conclusions: This study provides
evidence supporting the construct validity and reliability of the CUPS among Canadian adults.
The CUPS is useful for identifying low and high consumers of UPF and could serve as a proxy
measure for one key dimension of diet quality, which is the type of food processing.

Ultra-processed food (UPF) and drink products are formulations of ingredients, mostly of
exclusive industrial use, that result from a series of industrial processes'). Examples include
carbonated drinks, fruit juices and drinks, candies, snacks, reconstituted meats, sauces and salad
dressings"). High intake of UPF is associated with poor diet quality and increased risk of obesity
and various non-communicable diseases, including diabetes, hypertension and certain types of
cancers?. To evaluate UPF intake, the NOVA classification is used to classify food and drink
products based on their level and purpose of processing®* and then the caloric contribution of
UPF to total energy is quantified. However, dietary assessments using extensive questionnaires
and 24-h dietary recalls (24HR) are generally time- and resource-consuming and, as such,
infrequently conducted. For example, in Canada, the last nationally representative dietary intake
survey was conducted in 2015. Dietary screeners, which are typically brief to implement, are
known to reduce participant burden and research costs and tend to simplify analyses>®. A brief
screener measuring UPF intake specifically and rapidly among individuals and populations
could facilitate research on UPF in Canada. Current food screeners in Canada such as the
Canadian Food Intake Screener”® and the Canadian Eating Practices Screener® tend to focus
on key nutrients to limit and do not fully incorporate food processing into the survey items or
analysis”). To address this gap, the Canadian Ultra-Processed Products Screener (CUPS) was
developed to rapidly assess UPF intake among adults aged 18-60 years in Canada. The CUPS is
an online self-administered screener and includes twenty-eight questions. Two versions were
developed, examining intake according to different time frames: a simplified 1-d recall version
and a frequency-based version assessing usual intake that can be applied to different time
periods; both versions were available in English and French. Face and content validity
assessment was conducted with a panel of fifteen experts, and cognitive testing with sixty
potential users across Canada resulted in the final version of the CUPS (REF - Paper 1). Results
from this study suggest that the CUPS is well understood in both languages (French and
English), and that both versions (1-d and frequency-based) have similar face validity for
users. The screener covers an extensive range of UPF that can be recognised by Canadians
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Figure 1. Summary of data collection steps and timeline. T, time; CUPS, Canadian
Ultra-Processed Product Screener.

from different provinces with various levels of education (REF —
Paper 1). The CUPS was developed to estimate UPF intake in
settings where an assessment of the total diet (e.g. through a 24HR)
is not feasible. It was also developed for use in settings that seek to
assess levels of UPF consumption in cohort and intervention
studies and evaluate the impact of food policies of Health Canada’s
Healthy Eating Strategy (such as front-of-pack labelling) on UPF
consumption®!?). The aim of this study was to assess the construct
validity and reliability of the CUPS among a sample of Canadian
adults.

Methodology
Design and overview

A cross-sectional study was conducted between July and
November 2023 with a sample of Canadian adults. Participants
completed eight questionnaires online in four steps during a
month period (see Figure 1), including a sociodemographic
questionnaire, four CUPS (1-d twice, 7-d and 30-d CUPS) and
three 24HR using the Automated Self-Administered Dietary
Assessment Tool (ASA24-Canada) adapted to the Canadian food
supply). The ASA24 is an adaptation of the Automated
Multiple-Pass Method, which was developed for US national
dietary surveillance and has been shown to support accurate
recall of foods and beverages consumed'>!?), Dietary data col-
lected using a 24HR are known to be less affected by bias than
other self-report methods (such as FFQ) while capturing the total
diet!*1%, For this study, the proportion of energy from UPF (%
kcal from UPF on total kcal) was measured by the research team
as described below, using ASA24, the reference measure of UPF
intake, based on previous nutritional and epidemiological
research on UPF(310),

Canadian Ultra-Processed Products Screener scoring system

The CUPS was tested in three versions: 1 d, 7 d and 30 d. The 1-d
version asked about the consumption of twenty-eight UPF sub-
categories on the previous day of the survey (‘Yesterday, did you
have (...)?") using ‘yes’ or ‘no’ response options. For each sub-
category, a score of 1 was assigned for ‘yes’ and 0 for ‘no’, for a total
score ranging from 0 to 28, with a higher score indicating higher
intake of UPF. For the 7-d and 30-d versions, the questions were
formulated as ‘Over the past week/month, how often did you have
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(...)? for the same twenty-eight UPF sub-categories. Table 1
presents the scoring systems of the three CUPS versions. The total
score ranges from 0 to 112 for the 7-d CUPS and from 0 to 140 for
the 30-d CUPS, with higher scores representing a higher frequency
of UPF intake.

Sample size calculation

To determine the sample size, the effect size of our main analysis
(correlation between the CUPS and our reference measure, i.e. %
kcal from UPF) was estimated to be of a medium order (0-5), based
on studies reporting a medium/strong negative correlation (-0-47
and -0-74) between similar diet quality indices and proportion of
calories from UPF(7!®), Based on a hypothesised correlation of at
least 0-4 (null hypothesis of 0-2, with an a of 0-05 and power of
90 %), a correlation of 0-375 can be detected (or an effect size of
0-355). This number was inflated by a factor of 2 to account for
validity assessment in both languages and a further 20 % for poor
quality data and attrition following recommendations!), resulting
in a total sample of 398.

Sampling and data collection

Inclusion criteria were (a) being an adult aged between 18 and 60
years and (b) living in Canada for at least 1 year to avoid bias
caused by unfamiliarity with food products available in Canada.
Children, adolescents and older adults were excluded due to
different cognitive demands and memory biases that would
require specific validation®”, Participants were recruited
through Léger Opinion®? in four consecutive rounds between
July and November 2023 using quotas for sociodemographic
characteristics, including age, sex, province of residence, level of
educational attainment and language. Quota sampling was
employed to recruit an equivalent proportion of males and
females, along with a balanced representation of age groups and
provinces representing the Canadian population’s socio-
demographic characteristics®*?®. Individuals from the terri-
tories were not included because the CUPS was based on national
data surveys that did not include these territories®”. Quota
sampling was also used to select about 20-25 % of the sample
who completed the study in French (to ensure our sample did not
over-represent individuals from Quebec, the main French-
speaking province) and about 20-25 % whose highest level of
education was high school. Sociodemographic characteristics
were collected through Léger Opinion’s eligibility questionnaire.
Eligible and interested participants were sent information about
the study and deadlines for completing each questionnaire
by email.

The CUPS were hosted on a platform developed by Polygon, a
company that specialises in data collection and analysis tools and
complies to research requirements (i.e. anonymity, user func-
tionality and datasets)). At TO (Figure 1), participants received a
link to complete the first 24HR through the ASA24-Canada
platform. Three to seven days later, at T1, participants were asked
to complete the 1-d and 7-d CUPS on Polygon and a second 24HR
through the ASA24-Canada platform. At T2, 13-16 d after TO, they
were prompted to complete the 1-d CUPS and a third 24HR on
ASA24. Finally, at T3, 26-28 d after the first step, participants
completed the 30-d CUPS. Participants were compensated by
Léger Opinion with 50 000 LEO points (equivalent to 50 Canadian
dollars) for completing the four steps.

A reminder email was sent 2 d after the first mailing and a
second 4 d later. Emails were also sent if participants partially
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Table 1. The 1-d, 7-d and 30-d CUPS scoring system

1-d CUPS 7-d CUPS

30-d CUPS

Question from the
questionnaire

Yesterday, did you have any
[UPF sub-category]?

UPF and drink products
sub-categories . Coffee or tea drinks
. Sports or energy drinks
. Soft drinks or flavoured sparkling water
. Chocolate milk
. Plant-based drinks
. Breakfast cereals
. Commercial baked goods
9. Fast-food products
10. Commercial breads
11. Processed meat or seafood

o ~NoOUlh WNKE

12. Plant-based meat and seafood alternatives

13. Cheese products

Over the past week, how often did you
have any [UPF sub-category]?

. Fruit or vegetable juice drinks or iced tea

Over the past month, how often did you
have any [UPF sub-category]?

14. Instant, canned or packaged soups and noodles

15. Frozen or fast-food pizzas

16. Ready-to-cook or frozen meals

17. Snack bars

18. Flavoured yogurts or puddings

19. Chips, crackers or other salty snacks
20. Chocolates or candies

21. Ice cream, popsicles or frozen desserts
22. Spreads or jams

23. Margarine or shortening

24. Sauces or condiments

25. Salad dressings

26. Broths or seasonings

27. Sugar substitutes or coffee whiteners
28. Protein powder or meal replacements

Potential responses [0] - No [0] - Never

[associated score] [1] - Yes [1] - 1-2 times
[2] - 3-4 times
[3] - 5-6 times
(4] -

Score range 0-28 points 0-112 points

Once a day or more

0] - Never

1] - 1-3 times over the past month
2] - 1-2 times a week

3] - 3-4 times a week

4] - 5-6 times a week

5] - Once a day or more

0-140 points

CUPS, Canadian Ultra-Processed Product Screener; UPF, ultra-processed food.

completed a step (such as completing one out of three ques-
tionnaires at T1 by the deadline). Participants received a username
and a password for each questionnaire, which allowed us to match
their data from the CUPS and ASA24 platforms. This also enabled
the anonymisation of participant data for analysis. A total of 1507
potential participants completed the eligibility questionnaire, and
406 completed all four study steps (Figure 2). Participants were
excluded if they did not complete all required questionnaires
within the designated time at each step (n 1083). Following the
National Cancer Institute guidance for reviewing and cleaning
ASA24 data, forty-one participants with estimated energy intake
below 600 and 650 kcal a day or above 4400 and 5700 kcal for
women and men, respectively, were excluded®. Data for three
participants were excluded due to a mismatch between 24HR and
CUPS completion times. A small number of participants were
excluded (n 7) due to inconsistent data at T3, indicative of fatigue
(i.e. when the difference between the 30-d and the 7-d CUPS scores
was negative; for example, a score of 5 at the 7-d CUPS but zero at
the 30-d CUPS). Data from participants who started but did not
complete all time points were excluded for most analyses, except
for internal consistency analyses, where all completed 1-d, 7-d and
30-d CUPS data were used (Table 2).

Food classification of the ASA24 data according to the NOVA
classification

All foods and drinks (hereafter referred to as ‘foods’) reported in
the three 24HR using ASA24 were classified according to the
NOVA classification®”, which groups foods according to the
extent and purpose of industrial processing'®. Foods were classi-
fied into four distinct groups: (1) unprocessed and minimally
processed foods, such as frozen fruits and vegetables, plain milk,
pasta and flour; (2) processed culinary ingredients, including oils,
butter, sugar and salt; (3) processed foods, such as canned vege-
tables, canned fish, fruits in syrup, cheese and freshly made arti-
sanal bread; and (4) UPF, including mass-produced industrial
breads and buns, reconstituted meat products, commercial fruit
juices and fruit drinks and confectionary (e.g. chocolate, candies
and desserts). Further details on the NOVA classification methods
have been previously published®?®.

Statistical analyses

Statistical analyses were conducted using SPSS, version 29.0.1.0%).
Descriptive analyses were generated to assess participants’
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Figure 2. Flow chart describing the partici-
pation in the study. CUPS, Canadian Ultra-
Processed Product Screener.

Table 2. Internal consistency of the 1-d, 7-d and 30-d CUPS scores

CUPS version Cronbach a n I P value
1-d CUPS at T1 0-72 565 42-4 < 0:001
1-d CUPS at T2 0-63 .441 343 < 0-001
7-d CUPS 0-80 536 63-9 < 0:001
30-d CUPS 0-86 410 70-2 < 0-001

CUPS, Canadian Ultra-Processed Product Screener.

characteristics, CUPS mean scores and completion time. Construct
validity and reliability assessment analysis are described below.

Construct validity assessment

Construct validity was assessed to determine whether the CUPS
performs as expected based on the theory underlying its devel-
opment, that is, can the tool accurately estimate the consumption
level of UPF and distinguish between low and high consumers®”,
Three analyses were conducted for this purpose. First, the per-
formance of the three versions of the CUPS in estimating UPF
intake was compared against the reference UPF intake method
(% kcal from UPF from 24HR). Spearman’s correlations were used
to assess the correlation between scores obtained from the CUPS
and the corresponding 24HR from ASA24 (completed at the same
time (T), see Figure 1). The 1-d CUPS at T1 was matched with the
24HR at T1, the 1-d CUPS at T2 was matched with the 24HR at T2,
the 7-d CUPS was compared to the two 24HR at T0 and T1 and the
30-d CUPS was compared to the three 24HR at T0, T1 and T2. We
also evaluated the correlation coefficients between the mean scores

V Hamel et al.

Received an invite
(n 1,507)

Excluded (n 19)

* Not interested
® Invalid email

Started the study

Excluded (n 1,083)
(n 1,488)

* Did not complete TO (n 768)
* Did not complete T1 (n 255)
(
(

* Did not complete T2 (n 52)
* Did not complete T3 (n 4)
* Missing data (n 4)

Completed the
study (n 406)

Excluded (n 51)

® 24HR questionnaires with
<600/650kcal and
>4400/5700kcal (n 41)

® Timing of completion
inadequate (i.e. corresponding
24HR and CUPS not completed
on the same day) (n 3)

* Recall error (difference
between 30-d and 7-d
CUPS scores <5) (n7)

Included for data
analysis (n 354)

of the 1-d CUPS at T1 and T2 and the mean % of kcal estimated
from the corresponding 24HR at T1 and T2. We conducted
analyses for the whole sample and stratified analyses by sex, age,
educational attainment, language and province to assess if the
scores could detect differences across sociodemographic groups
using the screeners and the 24HR. For this, ANOVA tests were
used to compare the mean CUPS scores and mean % kcal calcu-
lated from the 24HR across these groups (Table 3). Where evidence
indicated a difference, a Bonferroni post hoc test was conducted.
Pearson’s correlations, stratified by sociodemographic groups,
were used to assess the correlation between the CUPS and the
reference measure scores to examine its performance across
sociodemographic groups.

Whether the CUPS scores captured enough variation to dis-
tinguish between low and high consumers of UPF was estimated
with cross-classification; that is, whether the CUPS scores and the
reference method data placed observations in the same quintiles of
the CUPS scores and UPF intake. We compared agreement in
categorising individuals as low or high consumers based on CUPS
scores and the estimated energy from UPF as a reference indicator
using the Kappa statistic. We used average values from the CUPS
and the corresponding 24HR categorised into quintiles. We used
quadratic weighted Kappa, considering that variables were ordinal
(quintiles) and to penalise more heavily a larger disagreement®?).

Reliability assessment

First, the internal consistency of each CUPS version was examined
by calculating inter-item correlations of UPF scores from each
screen using Cronbach’s a. Second, Pearson’s correlations were
used to determine which sub-scores had the greatest influence on



Table 3. Mean proportion of daily energy from ultra-processed food and (UPF) drink products and mean 30-d CUPS scores at TO, T1 and T2 according to sociodemographic characteristics (n 354)

Energy contribution from UPF (% kcal/d), Mean (sb) CUPS score, Mean (sp)
Mean for TO,
Distribution T1 and T2
of partici- based on 1-d CUPS at 1-d CUPS at
pants % (n) 24HR at TO 24HR at T1 24HR at T2 24HR P value§ T1t T2t 7-d CUPSt 30-d CUPSt P valuel
% n Mean SD Mean SD Mean SD Mean SD Mean SD Mean sb Mean SD Mean SD
Sex at birth
Male 43.5 154 46-0 238 50-0 240 50-0 235 492 17-8 0-669 54 33 54 31 187 91 295 14-8 0-285
Female 56-5 200 47-5 229 47-8 235 50-2 22.5 48-4 163 5.5 36 4.7 27 179 8:5 27-9 129
Age (years)
18-29 218 7 43.9 232 456 25.7 48.7 232 46-4 19-8 0-425 53 4.4 4.4 26 175 79 26-6 121 0-221
30-39 220 78 48-5 26-1 52.7 253 496 24-6 50-2 169 57 29 57 35 19-1 87 3114 142
40-49 28-8 102 492 233 48-1 22-8 511 233 50-0 157 5.5 33 5.0 32 182 8:5 283 131
50-59 27-4 97 45-4 20-7 48-8 215 50-6 209 48-0 15-6 54 33 4.9 3-0 181 9-8 285 150
Educational attainment 7
High school or less 22:6 80 46-9 220 50-6 26-4 531 24-4 50-2 179 0-182 54 3-8 4-9 31 18-6 10-3 288 149 0-741
Some post-secondary* 26-8 95 523 218 49-1 216 50-2 226 50-6 159 56 36 4.7 3-0 185 91 294 147
University degree or above 50-6 179 439 242 47-8 236 48-7 223 47-1 169 55 33 52 32 179 78 281 126
Language
English 17-4 274 46-8 23-2 48-4 24-3 50-6 232 48-7 17-0 0-960 53 2:6 4.9 3.5 182 8:0 289 13.7 0-501
French 22:6 80 46-9 237 50-0 216 48-5 216 48-8 16-8 55 37 51 3-0 182 9:0 277 13.7
Provincet
Atlantic provinces 11-3 40 52.7 23.0 56-4 23-8 56-2 211 54-8 15-6 0-006 56 2.7 5-4 29 19-1 81 336 135 0-070
Quebec 20-3 72 47-1 226 47-4 219 47-3 21.7 477 17-3 51 2:4 4.8 33 180 79 27-3 13-0
Ontario 209 74 47-1 22-4 477 251 54-4 23-8 50-1 183 55 43 50 32 18-8 10-4 296 151
Prairie provinces 282 100 48-2 252 493 24.8 523 230 50-0 16-8 59 37 51 2.7 189 82 28-8 121
British Columbia 192 68 41-0 215 46-2 221 41.5 21.7 42-9 14-3 51 36 4.9 35 16-4 9-0 258 14-.8
Total sample 100 354 487 286 13.7

CUPS, Canadian Ultra-Processed Product Screener.

*Post-secondary includes trade certificate or diploma, college, CEGEP (College of general and professional education unique to Quebec province) or other non-university certificate or diploma, and university certificate or diploma below bachelor level.
TAtlantic provinces include New Brunswick, Prince Edward Island, Nova Scotia, and Newfoundland and Labrador. Prairie provinces include Alberta, Saskatchewan and Manitoba.

1P value for ANOVA test for differences in the mean % kcal from UPF across sociodemographic subgroups.

$The score ranged from 0 to 28 for the 1-d CUPS, 0 to 112 for the 7-d CUPS and 0 to 140 for the 30-d CUPS.

llp value for ANOVA test for differences in the mean 30-d CUPS scores across sociodemographic subgroups.
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Table 4. Descriptive characteristics for the 1-d, 7-d and 30-d CUPS score

V Hamel et al.

CUPS score Completion time*
Mean SD Min Median Max Mean in minutes sD Min Median Max
CUPS (possible score range)
1-d CUPS at T1 (0-28) 55 35 0 5) 25 05:45 05:50 01:17 04:28 56:56
1-d CUPS at T2 (0-28) 5-0 31 0 4 22 04:40 03:45 01:27 03:39 43:49
7-d CUPS (0-112) 182 8-8 0 18 71 05:10 03:33 01:25 04:10 29:39
30-d CUPS (0-140) 286 13.7 0 27 99 06:22 05:30 01:43 04:53 45:52

CUPS, Canadian Ultra-Processed Product Screener.

*Number of participants excluded due to extreme values (completed in more than 1 h): 1-d CUPS at T1: n 4/1-d CUPS at T2: n 4/7-d CUPS: n 5/30-d CUPS: n 4.

the overall score. Third, we assessed the screeners’ reproducibility
by calculating the intraclass correlation between scores obtained
using the 1-d CUPS 2 weeks apart at T1 and T2. Fourth, to verify
the unidimensionality of the CUPS, we conducted a factor analysis
on the 30-d CUPS using the twenty-eight sub-categories. Finally, to
estimate the extent to which the CUPS produces consistent data
across multiple time points, Spearman’s correlations were used to
compare the 1-d CUPS score at T1 with the 1-d CUPS score at T2
and the 7-d CUPS with the 30-d CUPS. Spearman’s correlations
were also performed between the 7-d CUPS score and the 1-d
CUPS scores at T1 and T2, as well as between the 30-d CUPS score
and the 1-d CUPS scores at T1 and T2.

Associations between Canadian Ultra-Processed Product
Screener scores and critical nutrient intake

Spearman’s correlation was used to assess the association between
each of the four CUPS scores and intake of critical nutrients (added
sugars, Na and saturated fats); high intake of these nutrients has been
shown to increase the risk of non-communicable diseases®V. We
compared the proportion of individuals in each quintile of the 30-d
CUPS scores who exceeded the WHO-recommended intake for free
sugars (10 % of energy)®? and saturated fat (10 % of energy)©?, as
well as the Canadian recommendations for Na (2300 mg)<34’35).

Reporting and interpretation of results

P values were presented for all statistical analyses, and the strength of
evidence was interpreted on a scale from no evidence (P = 1-0), weak
(P=1-0-0-1), moderate (P =0-05-0-01), strong (P =0-01-0-001),
to very strong evidence (P < 0-001)°%. Correlations were inter-
preted following Shober et al. guidance, with 0-0-10 considered as
negligible correlation, 0-10-0-39 as weak, 0-40-0-69 as moderate,
0-70-0-89 as strong and 0-90-1-00 as very strong®”). For the level of
agreement between the CUPS score and the reference measurement
method (24HR), we followed guidance offered by McHugh to
interpret the Kappa statistic (no agreement from 0 to 0-20, fair from
0-21 to 0-39, moderate from 0-40 to 0-59, substantial from 0-60 to
0-79, strong from 0-80 to 0-90 and almost perfect agreement above
0-90)®%. For internal consistency, a Cronbach’s @ between 0-70 and
0-90 is generally considered an acceptable value®®*).

Results
Participant characteristics and ultra-processed food intake

Among the 354 participants, 57 % identified their sex at birth as
female and 56 % were aged 40 years or older (Table 3). About
three-quarters (77 %) had an education above high school level and
were English speakers. Participants primarily resided in Ontario

(21 %) and Quebec (20 %). The sociodemographic profile of
participants who started but did not complete the study (online
Supplementary File 1, Table 1) was similar in terms of sex and age,
with slightly more individuals with some post-secondary education
and living in Ontario.

On average, for the three 24HR, 48-7 % of the daily energy
consumed by the participants came from UPF (Table 3). There was
no evidence that the mean energy contribution from UPF (aver-
aged from the three recalls) differed by sex, age, education and
language, but there was strong evidence for differences by province
of residence (P =0-006). The energy contribution from UPF was
higher from west to east of the country, with strong evidence that
intake was lower in British Columbia (43 %) compared to the
Atlantic provinces (55%) (P=0-004 from a Bonferroni post
hoc test).

Canadian Ultra-Processed Product Screener scores and
completion time

Table 4 presents the mean and median scores, as well as the
minimum and maximum scores for the four CUPS completed by
participants. The wide distribution of scores supports the tool’s
capacity to distinguish between low and high UPF consumers. For
example, the mean score of the 1-d CUPS at T2 was 5/28 and
ranged from 0 to 22, while the mean score of the 30-d CUPS was
28:6/140 and ranged from 0 to 99. We found no evidence that the
CUPS scores (1-d CUPS at T1 and T2, 7-d and 30-d CUPS) varied
according to sex, age, education or language (data not shown). For
the 30-d CUPS only, there was weak evidence that the mean scores
differed across provinces of residence (P = 0-070), with the lowest
mean score observed in British Columbia (25-8) and the highest in
the Atlantic provinces (33-6) (P =0-069) (Table 3). Table 4 also
provides the mean, sD, median, minimum and maximum com-
pletion times for the CUPS. Participants with extreme values (who
completed the CUPS in more than 1 h) were excluded from the
measures presented in Table 4. Mean completion times ranged
from 4 min 40 s for the 1-d CUPS at T2 to 6 min 22 s for the
30-d CUPS.

Construct validity

Strong evidence of moderate correlations was observed between
the CUPS scores and the reference measure (i.e. total energy (kcal)
from UPF and proportion of energy (% total kcal) from UPF
estimated from corresponding 24HR), ranging from 0-33 to 0-44
(P < 0-001) (Table 5). Correlations were slightly stronger for longer
periods of measurement (i.e. stronger for the 7-d and the 30-d
CUPS, compared to the 1-d CUPS at T1 and T2).
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Table 5. Spearman’s correlation coefficients (r) between 1-d, 7-d and 30-d CUPS scores with energy intake from ultra-processed food and (UPF) drink products from

the corresponding 24-h recalls

CUPS (correlated with corresponding 24HR) Total kcal from UPF P value % of total kcal from UPF P value
1d (T1) 0-40 < 0-001 0-33 < 0-001
1d(T2) 0-42 < 0-001 0-35 < 0-001
Mean score of the 1 d at T1 and T2 (mean of T1 + T2) 0-42 < 0-001 0-37 < 0-001
7 d (mean of T1+ T2) 0-44 < 0-001 0-36 < 0-001
30 d (mean of TO+ T1 + T2) 0-44 < 0-001 0-40 < 0-001

CUPS, Canadian Ultra-Processed Product Screener.

Table 6. Distribution of study participants according to quintiles of total energy from ultra-processed food (UPF) and drink products and 30-d CUPS score

Quintiles of the 30-d CUPS score

Quintile of total energy intake from UPF (kcal)* Q1-lowest (< 17) Q2 (18-24) Q3 (25-31) Q4 (32-38) Q5-highest (> 38) Total
Q1-lowest (< 1648-3) 34 19 8 7 3 70
Q2 (1648-3-2258-8) 16 15 16 13 10 71
Q3 (2258-8-3007-8) 11 16 19 13 12 71
Q4 (3007-8-3956-3) 8 16 20 12 16 72
Q5-highest (> 3956-3) 3 10 12 16 29 70
Total 72 76 75 61 70 354

CUPS, Canadian Ultra-Processed Product Screener.
Kappa index: 0-41.
*Total energy (kcal) measured from UPF and drink products averaged across three 24HR.

Pearson’s correlation analyses were next conducted to assess
whether the CUPS scores correlated with their corresponding
reference measure and performed better among certain socio-
demographic groups (online Supplementary File 1, Table 2). We
found that such correlations were stronger for older individuals
(30-59 years), individuals with lower educational attainment,
English-speaking individuals and residents of Ontario.
Correlations for proportion of energy (% kcal) from UPF were
slightly lower than the correlations for total energy from UPF for
most sociodemographic groups. There were some exceptions
where correlation coefficients for proportion of energy from
UPF were higher than for total energy from UPF (e.g. French-
speaking individuals (r=0-51, P<0-001) and residents of
Quebec (r=0-45, P < 0-001)).

Agreement between the Canadian Ultra-Processed Product
Screener score and 24HR

The distribution of participants classified into quintiles from low
(quintile 1) to high consumers (quintile 5) based on their total
energy intake (kcal) from UPF (averaged across three 24HR) and
the CUPS scores has fair, but close to moderate agreement for both
the 1-d CUPS at T1 (Kappa of 0-39) and T2 (Kappa of 0-39).
Moderate agreement was observed for the 7-d CUPS (Kappa of
0-41) and the 30-d CUPS (Kappa of 0-41) (results for the 30-d
CUPS are shown in Table 6). Agreement was slightly lower for the
proportion of energy (% kcal) from UPF (Kappa of 0-29 for the 1-d
CUPS at T1, 0-39 for the 1-d CUPS at T2, 0-35 for the 7-d CUPS
and 0-37 for the 30-d CUPS). For the 30-d CUPS, 31 % of indi-
viduals were perfectly categorised using the two methods (% UPF
or total kcal from UPF), and 68 % of individuals were either

perfectly categorised (within the same quintile) or nearly perfectly
categorised (within one quintile).

Reliability

All versions of the CUPS had a relatively high internal consistency,
ranging from 0-63 to 0-86 (Table 2). Internal consistency was
higher for the 30-d CUPS (0-86) and the 7-d CUPS (0-80) com-
pared to the 1-d CUPS (0-63 and 0-72).

Next, we assessed how UPF sub-categories’ scores influenced
the total scores of the 1-d CUPS at T1 and T2 and the 7-d and 30-d
CUPS (online Supplementary File 1, Table 3).

Overall, UPF sub-category scores consistently showed low to
moderate correlation with the total score from their respective
screener. For instance, for the 1-d CUPS at T1, all sub-categories
showed low to moderate levels of correlation with the total score,
ranging from 0-21 (P<0-001) for protein powder to 0-43
(P < 0-001) for fruit and vegetable juices and drinks or iced tea.
Lower correlations were found between UPF sub-category scores
and the percentage of kcal from UPF compared to correlations
with the total score.

To verify the unidimensionality of the CUPS, we conducted a
factor analysis on the 30-d CUPS using the twenty-eight-item sub-
categories. We obtained a six-factor solution, with a dominant first
factor explaining 22 % of the variance (eigenvalues of 5-9). The
other factors explained between 4 % and 6 % of the total variance
(eigenvalues of 1-3 to 1-7). The second factor included three items
with high loadings: plant-based drinks, plant-based meats and
protein powders. Similar results were obtained with factor analyses
of the 1-d and 7-d CUPS, with the dominant first factor explaining
11 % and 14 % of the variance, respectively (data not shown).
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Table 7. Spearman’s correlation coefficient (r) between mean CUPS scores and intakes of added sugars, saturated fats and sodium

% kcal from UPF
based on 24HR at

1-d CUPS at T1 1-d CUPS at T2 7-d CUPS 30-d CUPS TO, T1, T2

r P value r P value r P value r P value r P value
Added sugars (kcal) 0-29 < 0:001 0-40 < 0-001 0-32 < 0-001 0-38 < 0:001 0-51 < 0-001
Added sugars (% kcal) 0-21 < 0-001 0-35 < 0:001 0-24 < 0-001 0-31 < 0:001 0-54 < 0-001
Na (mg) 0-24 < 0:001 70-25 < 0-001 0-24 < 0-001 0-27 < 0-001 0-16 0-003
Saturated fats (kcal) 0-24 < 0-001 0-28 < 0-001 0-19 < 0-001 0-31 < 0-001 0-21 < 0-001
Saturated fats (% kcal) 0-04 0-477 0-11 0-038 0-07 0-901 0-12 0-019 0-11 0-047

CUPS, Canadian Ultra-Processed Product Screener; UPF, ultra-processed food.

Table 8. Quintile distribution of the 30-d CUPS scores and intakes of critical nutrients estimated using three 24HR

Quintiles of 30-d CUPS score Total daily energy Added sugars Added sugars Saturated fats Saturated fats Sodium
(mean; min-max) intake (kcal)* (kcal per d) (% kcal) (kcal per d) (%kcal) (mg/d)
Q1 (11-9; 0-17) 1624-2 446-0 7-8 570-5 11-6 28359
Q2 (21-2; 18-24) 18694 569-1 86 714-8 12:4 32123
Q3 (28-0; 25-31) 1915.0 628-1 9-6 701-5 12:2 3358-1
Q4 (34-7; 32-38) 19319 840-8 12:2 7304 12:5 3419-0
Q5 (49-2; 39-99) 2150-7 905-8 12:1 780-6 12:1 37292

CUPS, Canadian Ultra-Processed Product Screener.

*Total energy (kcal) measured from ultra-processed food (UPF) and drink products averaged across three 24HR.

We found strong evidence that the CUPS was reproducible over
time (2 weeks) with an intraclass correlation of 0-62 (0-55 to 0-68)
and an F test of 4-20 (< 0-001). Spearman’s correlation coefficients
were 0-64 (P < 0-001) between the 1-d CUPS score at T1 and 1-d
CUPS score at T2, and 0-83 (< 0-001) between the 30-d and 7-d
CUPS scores. Coefficient correlations were 0-73 and 0-63
(P < 0-001) between the 7-d CUPS score and the 1-d CUPS scores
at T1 and T2, respectively, and 0-67 and 0-65 (P < 0-001) between
the 30-d CUPS score and the 1-d CUPS scores at T1 and T2,
respectively.

Associations with critical nutrients

Table 7 presents results from Spearman’s correlation analysis
between intakes of critical nutrients (i.e. added sugars, Na and
saturated fats) and CUPS scores. The CUPS mean scores were
weakly to moderately correlated with energy (kcal) and relative
energy (% kcal) from added sugars and saturated fats, as well as Na
intake (mg). The CUPS mean scores showed weaker correlations
than when intakes from these nutrients are compared with the
reference method (% kcal reported in the 24HR at T0-T1-T2).

To illustrate the association between the CUPS score and intake
of critical nutrients, we compared individuals in the highest v. the
lowest quintile of the 30-d CUPS score (Table 8). Compared with
participants in the lowest CUPS score quintile, participants in the
highest quintile consumed nearly 1000 mg more Na per d (2836 mg
in Q1 v. 3729 mg in Q5), twice as much energy from added sugars
(Q1: 446 v. Q5: 906 kcal) and 210 more kcal from saturated fats
(Q1: 571 v. Q5: 781 kcal).

Globally, we observed that intake of critical nutrients increased
along with increasing intake of UPF measured by the 30-d CUPS
score, as shown in Figure 3. For instance, about a quarter (28 %) of
individuals in the lowest quintile (Q1) of the 30-d CUPS score had

diets high in added sugars (i.e.> 10 % kcal from added sugars)
compared with 66 % of individuals in quintiles 4 and 5. It should be
noted that the WHO recommendations include both added sugars
and free sugars, which means that these results are likely
conservative.

Discussion

This study suggests that the CUPS has acceptable validity and
reliability for its intended use in the Canadian context, which is to
quickly distinguish between high and low consumers of UPF
among adults. The CUPS has an acceptable construct validity for a
screener, with moderate correlations between the CUPS score and
the consumption level of UPF (for total energy from UPF and
proportion of energy from UPF) measured using multiple 24HR.
Moderate agreement was also found between categorising indi-
viduals in quintiles from low to high consumers based on their
CUPS scores and the estimated consumption of total energy from
UPF and proportion of energy from UPF as a reference indicator.

Differences in UPF intake across provinces of residence were
found when using the reference measure (24HR), especially
between individuals from the Atlantic provinces and British
Columbia. Similar but weaker evidence of differences was observed
with the CUPS, mainly at 7-d and 30-d, possibly due to a lack of
statistical power, given that only forty individuals were from the
Atlantic provinces. There was little to no evidence of differences in
CUPS scores according to other sociodemographic variables, and
the findings were similar when using the 24HR measure. These
results are unsurprising, considering UPF intake in Canada is high
across all sociodemographic groups, with minor differences by sex,
income and educational attainment®*?”, This study’s failure to
observe evidence of differences across these groups could be
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explained by our sample size and its sociodemographic dis-
tribution, as our sample was more educated than the general
population and included few younger adults (18-21 years).

The CUPS had an acceptable level of reproducibility with a
moderately strong intraclass correlation and a very good internal
consistency. As shown, the 30-d CUPS was the version that per-
formed best in all validity and reliability assessments and may be
more appropriate to gather more precise and reliable data over a
longer time frame. Our factor analyses indicate that the CUPS lean
towards unidimensionality while suggesting the existence of spe-
cific patterns of UPF intake, such as individuals consuming plant-
based alternatives or UPF perceived as ‘healthy’ (e.g. protein
powders). The internal consistency was also higher with a more
extended reference period (7-d or 30-d CUPS).

The level of correlation between the scores and the reference
measure observed in this study aligns with other screeners. For
example, the Behavioral Risk Factor Surveillance System in the
USA, which includes a six-item brief dietary assessment of fruit
and vegetable intake, has correlation coefficients ranging from 0-29
to 0-54 when compared with multiple diet records and 24HR*,
Overall, the reliability assessment of the CUPS is also comparable
to other tools that measure diet quality in Canada, namely, the
Healthy Eating Food Index (HEFI) 2019 and the Canadian Food
Intake Screener, which assess the alignment of adults’ dietary
intakes with the 2019 Canada Food Guide’s healthy food
choices”*?). At present, the CUPS internal consistency is similar to
or higher than the HEFI 2019 (Cronbach « of 0-63 to 0-80 com-
pared to 0-66). This is not surprising considering that UPF is
thought of as a unidimensional construct that can be used as an

Figure 3. Proportion of participants with diets high
in added sugars, saturated fats and sodium assessed
by 24-h recalls at TO, T1 and T2 according to quintiles
of the 30-d CUPS score. Q# (X ; X-X) = Quintile# (Mean
score; Minimum-Maximum score). CUPS, Canadian
Ultra-Processed Product Screener.

overall measure of one key dimension of diet quality, while the
HEFI is a multicomponent measure*?),

Based on our results, the CUPS allows to identify diets higher in
added sugars, saturated fats and Na, as well as individuals who
exceed the recommended limits®> of these critical nutrients
associated with obesity and non-communicable diseases®V.
However, our results also indicate the need to complement the
CUPS with assessments of culinary ingredient use (such as salt and
sugar) and the intake of plant- v. animal-based products to identify
diets that are low in UPF but high in essential nutrients, consid-
ering salt use in meals preparation with fresh and minimally
processed foods and consumption of non-UPF high in saturated
fats like meats and dairy products.

Another screener estimating UPF intake, the NOVA score, was
developed in Brazil and adapted in countries such as Senegal and
Ecuador®?). The NOVA score was identified and assessed by the
Healthy Diets Monitoring Initiative (HDMI) as a valid, useful and
fit-for-purpose healthy diet metric to use as a national indicator*?.
In Brazil, Costa et al. found substantial agreement (Pabak index of
0-67) between the UPF score and the estimated consumption level
of UPF using assisted 24HR recalls*?. In Senegal, Kébé et al. also
found a high agreement between their UPF score and the assisted
24HR (Pabak index of 0-84)“Y. Neither study reported an
assessment of internal consistency. In addition, our results cannot
be directly compared to these assessments because the CUPS was
not administered using dietitian assistance as in the Kébé et al. and
Costa et al. studies, meaning that 24HR completed by participants
in the current study may be of lower precision. In Canada, as in
other high-income countries, there is also more diversity of
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processed foods and UPF in the market, thus making the dis-
tinction between non-UPF and UPF less obvious for consumers
compared with Senegal and Brazil, where UPF markets are still
emerging (e.g. in Senegal, 17 % of kcal consumed comes from
UPF)(45’46).

The CUPS can be self-administered in about 2-4 min (1-d
CUPS) and 5-6 min (7-d or 30-d CUPS) and was designed to be
simple and easy to understand. Given that level of UPF con-
sumption has been recognised as an indicator of diet quality, the
CUPS score can be used in surveillance, cohort studies and
interventions aimed at the prevention and reversal of obesity and
other diet-related conditions in Canada**”). Finally, this study
contributes to global efforts to develop tools for assessing UPF
intake, alongside countries such as Brazil, Senegal, India and
Ecuador®?,

Strengths and limitations

First, we conducted several validity and reliability assessment tests
that provide a complete overview of the validity of the screener for
its use and purpose. We were also able to compare the psycho-
metric properties of the CUPS over different periods of time and in
both official languages of Canada. Our sample included Canadian
adults from all provinces and all age groups. However, our sample
is skewed towards higher education and thus potentially higher
food literacy. Our results suggest that the CUPS performs better
among people with lower levels of education compared with higher
education, suggesting potential differences in the identification or
health perceptions of UPF (some UPF are targeted to higher lit-
eracy consumers and may be perceived as healthy and not ultra-
processed).

An important limitation that affected our results is that 24HR
were completed by participants without assistance by a trained
dietitian, contrary to Kébé et al. and Costa et al. studies. This may
have created more recall bias“®). Survey fatigue due to having
numerous questionnaires over a long period of time may have also
affected motivation and responses, which may explain the high
level of attrition over the study period and could also increase the
likelihood of sample bias (more motivated or educated participants
completed the study). Future research should aim to further
evaluate the CUPS in more socially and culturally diverse pop-
ulations and use different reference methods of dietary assessment
to improve the quality of data collected.

Conclusion

The CUPS has an acceptable construct validity and level of
reproducibility to estimate UPF consumption among adults in
Canada. The score is useful for identifying low and high consumers
of these products and dietary patterns higher in critical nutrients
(added sugars, saturated fats and Na). The CUPS could serve as a
proxy measure for one key dimension of diet quality, which is the
type of food processing, and contribute to global efforts to develop
tools for assessing UPF intake.
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