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Abstract

Objective To assess the association between consumption of ultra-processed foods and obesity, diabetes, hypertension and heart
disease in a nationally representative sample of Canadian adults.

Methods This study used cross-sectional data from 13,608 adults (aged 19+ years) from the 2015 Canadian Community Health
Survey—Nutrition. The survey provided data on food consumption (from 24-h recall) and prevalent obesity (BMI > 30 kg/m?) and self-
reported diabetes, hypertension and heart disease. All foods and drinks consumed were classified according to the extent and purpose of
industrial processing using the NOVA classification. Ultra-processed food consumption was estimated as proportion of total daily
energy intake. Multivariable logistic regression models assessed the association between ultra-processed food consumption and
obesity, diabetes, hypertension and heart disease, adjusting for a range of socio-demographic and lifestyle factors.

Results In 2015, ultra-processed food contributed, on average, to 24% of total daily energy intake in the lowest tertile of ultra-
processed food consumption and 73% in the highest tertile. Compared with those in the lowest tertile, adults in the highest tertile
of ultra-processed food consumption had 31% higher odds of obesity (OR =1.31, 95% CI: 1.06-1.60), 37% higher odds of
diabetes (OR =1.37, 95% CI: 1.01-1.85) and 60% higher odds of hypertension (OR = 1.60, 95% CI: 1.26-2.03), adjusting for a
range of covariates.

Conclusion Higher consumption of ultra-processed foods is associated with higher prevalence of obesity, diabetes and hyper-
tension among Canadian adults. A comprehensive set of strategies and policies is needed to discourage consumption of ultra-
processed foods in Canada and to make unprocessed or minimally processed foods more affordable, available and appealing.

Résumé

Objectif Evaluer 1’association entre la consommation d’aliments ultra-transformés et I’obésité, le diabéte, I’hypertension et les
maladies cardiaques dans un échantillon nationalement représentatif d’adultes canadiens.

Méthodes Cette étude a utilisé des données transversales provenant de 13 608 participants adultes (agés de 19+ ans) dans le cadre
de I’Enquéte sur la santé dans les collectivités canadiennes 2015—nutrition. L’enquéte a fourni des données sur la consommation
alimentaire (rappel de 24h) et la prévalence de 1’obésité mesurée (IMC > 30 kg/m?), et le diabéte, I’hypertension et les maladies
cardiaques auto-rapportés. Tous les aliments et boissons consommeés ont été classés selon la classification NOVA. La
consommation d’aliments ultra-transformés a été estimée en utilisant ’apport énergétique relatif des aliments ultra-
transformés. Des modeéles de régression logistique multiple ont été utilisés pour vérifier I’association entre la consommation
d’aliments ultra-transformés et ’obésité, le diabéte, I’hypertension et les maladies cardiaques, en ajustant pour plusieurs facteurs
sociodémographiques et comportementaux.
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Résultats En 2015, les aliments ultra-transformés ont contribué, en moyenne, a 24 % de I’apport énergétique quotidien total dans le
tertile le plus bas de la consommation d’aliments ultra-transformés et 73 % dans le tertile le plus élevé. Comparativement au premier
tertile, les adultes du tertile supérieur de la consommation d’aliments ultra-transformés avaient de chance 31 % plus élevée d’avoir
Pobésité (RC = 1,31, IC 95% : 1,06-1,60), 37 % plus élevée d’avoir le diabéte (RC = 1,37, IC 95% : 1,01-1,85), et 60 % plus élevée
d’avoir I’hypertension (RC = 1,60, IC 95% : 1,26-2,03), en ajustant pour une gamme de variables.

Conclusion Une consommation plus élevée d’aliments ultra-transformés est associée a une prévalence plus élevée d’obésité, de
diabéte et d’hypertension chez les adultes canadiens. Des stratégies et des politiques sont nécessaires pour décourager la
consommation d’aliments ultra-transformés au Canada, ainsi que des stratégies qui rendent les aliments non transformés ou

peu transformés plus abordables, disponibles et attrayants.

Keywords Ultra-processed foods - Chronic diseases - Obesity - Diet quality

Mots-clés Aliments ultra-transformés - maladies chroniques - obésité - qualité de I’alimentation

Introduction

Unhealthy diets are a major modifiable risk factor of cardio-
metabolic disorders, including obesity, diabetes, hypertension
and heart disease (Branca et al. 2019; Swinburn et al.
2019). After tobacco, excess weight and dietary risk
factors are the second and third largest contributors to
disease burden and premature death in Canada (Institute
for Health Metrics and Evaluation 2018). Nearly one in
three (28%) Canadian adults has obesity, one in four
(25%) has hypertension, one in ten has diabetes (9%)
and 6% have diagnosed cardiovascular disease (Diabetes
Canada 2019; Public Health Agency of Canada 2017b).

A growing and compelling body of evidence suggests that
the quality of diets is determined not only by specific foods or
nutrients but also by dietary patterns and types of food pro-
cessing (Hall et al. 2019; Monteiro et al. 2017). While many
types of food processing are beneficial, ultra-processing often
results in low-quality, energy-dense food products (Monteiro
et al. 2019; Moubarac et al. 2017). The NOVA food classifi-
cation system was developed in order to classify all foods
according to the extent and purpose of industrial processing
and classifies foods into four groups: (1) unprocessed and
minimally processed foods, including fresh, frozen or dry
fruits, vegetables, nuts, legumes and plain meats and milk;
(2) processed culinary ingredients like salt, sugar, oils and
butter; (3) processed foods, including canned fruits and vege-
tables; and (4) ultra-processed foods (Monteiro et al.
2017). Ultra-processed foods are industrial formulations
made mostly from refined food substances and additives
(Monteiro et al. 2017). Examples include carbonated
drinks; packaged sweetened juices and drinks; mass-
produced packaged breads, cakes, confectionary and
ice cream; sweetened breakfast cereals; sweetened and
flavoured yogurts and other milk-based drinks; packaged
soups and noodles; margarine; and many ready-to-eat or
ready-to-heat meals and “fast” foods and dishes
(Monteiro et al. 2017).
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The industrialization of food systems has facilitated the
displacement of freshly prepared dishes and meals by ultra-
processed foods and has profoundly changed the nature and
quality of human diets worldwide (Monteiro et al. 2019;
Moubarac et al. 2014). In high-income nations, the sales and
consumption of ultra-processed foods remain very high de-
spite having reached a plateau in the past one to two decades
(PAHO 2015; Vandevijvere et al. 2019). In Canada, just under
half of all daily energy intake, on average, comes from ultra-
processed foods (Moubarac et al. 2017). Analyses of national
dietary surveys from Canada and other high-income countries
show dose-response associations between the dietary share of
ultra-processed foods (i.e., % of total daily energy) and exces-
sive intakes of free sugars, saturated fats and sodium, and
lower intake of fibre (Monteiro et al. 2019). Also, the more
ultra-processed foods consumed, the less fresh and minimally
processed foods are eaten (including fruits, vegetables and
legumes) (Moubarac et al. 2017).

A recent randomized controlled trial showed that diets
based on ultra-processed foods cause excess energy intake
and weight gain (Hall et al. 2019). However, the impact of
ultra-processed foods goes beyond weight gain: a number of
prospective studies show that consuming a diet high in ultra-
processed foods increases the risk of developing a number of
chronic conditions, including hypertension, cardiovascular
disease, cancer, gastrointestinal disorders, and depression,
and increases the risk of all-cause mortality (Monteiro et al.
2019). Collectively, this evidence suggests that consumption
of ultra-processed food is a potent marker for diet quality and
risk of non-communicable chronic disease. The 2019
Canada’s Food Guide now explicitly recommends limiting
consumption of “highly processed foods,” defined as those
contributing to excessive intake of sugars, sodium and satu-
rated fats (Health Canada 2019).

To date, very few studies have explored the association
between ultra-processed food intake and chronic disease in
Canada. Using the most recent nationally representative data
on dietary intakes of Canadian adults in 2015, this study
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assessed whether consumption of ultra-processed foods is as-
sociated with multiple cardiometabolic outcomes, namely,
obesity, diabetes, hypertension and heart disease.

Methods
Data source

This study was based on data from the 2015 Canadian
Community Health Survey (CCHS)Nutrition, a survey with
a total sample size of 20,487 participants (Health Canada
2017; Statistics Canada 2017). The survey’s target population
were Canadian household residents aged 1+ living in the ten
Canadian provinces. Excluded were full-time members of the
Canadian Forces and individuals who lived on reserves or in
other Indigenous settlements, in some remote areas, or in in-
stitutions. The survey contained two components: (1) general
health and (2) 24-h dietary recalls of all food and beverages
consumed in the previous 24 h of the interview day. All re-
spondents completed one 24-h recall (data mainly collected in
person) and a subset completed a second recall, 3—10 days
later. The Automated Multiple Pass Method adapted for
Canada was used to maximize participants’ recall of foods
and drinks consumed. Data access was granted by Statistics
Canada (under contract no. 18-SSH-MTL-5282-S001) and
was analyzed at the Quebec Inter-University Centre for
Social Statistics in Montreal, Quebec.

Study sample

The study sample were adult participants in the 2015
CCHS—Nutrition aged 19 years or older. We excluded
pregnant and breastfeeding women (n=303), partici-
pants who did not consume any calories in the previous
day, and those with an invalid 24-h recall (n=28). The
final analytic sample was 13,608 adults.

Ultra-processed food consumption

Data from the first 24-h recall were used to estimate mean
intakes at the population level (Thompson et al. 2015).
All food and drinks (excluding alcohol drinks) were
classified into the four NOVA groups as unprocessed
and minimally processed foods; processed culinary in-
gredients; processed foods; or ultra-processed foods.
Details of the classification procedures have been
published previously (Moubarac et al. 2017).
Consumption of ultra-processed food was defined as
their relative energy contribution (% of total daily ener-
gy intake).

Cardiometabolic outcomes

We investigated four cardiometabolic outcomes: obesity, dia-
betes, hypertension and heart disease. Obesity (BMI>30 kg/
m?) was estimated using measured height and weight values;
however, for several reasons (refusal, problems with equip-
ment, physical inability), heights and weights were not mea-
sured for about 30% of the survey participants. However, the
majority of these individuals (85%) agreed to self-report their
weight and height (Health Canada 2017). In the absence of
data on measured height and weight, we corrected self-
reported values using equations created based on 2004
CCHS—Nutrition data (Nardocci et al. 2018), following
Gorber et al.’s (2008) methods. Diabetes, hypertension and
heart disease were self-reported in the context of asking par-
ticipants about long-term health conditions diagnosed by a
health professional (i.e., “Do you have diabetes / high blood
pressure / heart disease?”).

Covariates

Socio-demographic covariates included age (grouped as
19-30, 31-50, 51-64, 65+ years); sex; smoking status
(non-smoker or smoker); leisure-time physical activity (min/
week, continuous); alcohol consumption (% of energy intake,
continuous); individual-level educational attainment (less than
high school; high school; trade, college or CEGEP; or univer-
sity diploma or above); household income adequacy (grouped
into quintiles); residential zone (urban or rural); immigrant
status (Canadian-born or immigrant); self-reported
Indigenous identity (Indigenous or non-Indigenous); and en-
ergy reporting group (plausible energy reporter; under-
reporter; over-reporter; described below). For obesity, we ad-
ditionally controlled for measurement type (both height and
weight measured; both height and weight reported; or one
measured and the other reported).

Energy misreporting

Self-reported food intake data are subject to systematic
misreporting: for instance, under-reporting is more frequent
among adults with obesity and for foods perceived as less health-
ful (Health Canada 2017). To correct for energy misreporting, we
compared participants’ reported energy intake (EI) with the esti-
mated energy requirement (EER) to identify plausible and im-
plausible energy reporters (under- or over-reporters), based on
previously described methods (Garriguet 2008). A ratio of
EL:EER below 0.70 classified energy under-reporters and a ratio
above 1.49 classified energy over-reporters. Because these equa-
tions are not available for underweight individuals, this variable
was not calculated for those with BMI< 18.5 kg/m2 (n=249)
and for those with missing values for weight and height (mea-
sured or self-reported, n = 685) and physical activity (n=31).
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Statistical analyses

Descriptive characteristics of participants and the prevalence
of cardiometabolic outcomes were generated overall and by
tertiles of ultra-processed food consumption. Differences
across tertiles were tested using x? tests (for categorical vari-
ables) and ANOVA (for continuous variables).

To assess the association between consumption of ultra-
processed foods and self-reported cardiometabolic outcomes,
we generated a series of logistic regression models for each
health outcome separately. We modelled ultra-processed food
consumption as a continuous variable (per 10% increase in
relative intake) and divided into tertiles. Covariates were in-
formed by previous literature and selected for each health
outcome separately. Model 1 was unadjusted for any covari-
ates, model 2 was adjusted for age and sex and model 3 was
adjusted for age, sex, smoking status, physical activity, edu-
cational attainment, income, residential zone, immigrant sta-
tus, and self-reported Indigenous identity. For hypertension
and heart disease, model 3 was additionally adjusted for alco-
hol consumption. For obesity, model 3 was additionally ad-
justed for alcohol consumption, measurement type and energy
reporting group. Because previous reports showed that the
effect of ultra-processed food intake on health may vary across
socio-demographic characteristics (Juul et al. 2018; Louzada
et al. 2015), we tested for interactions between the energy
contribution of ultra-processed foods and age, sex and educa-
tion by adding multiplicative interactions terms to each model
3, one at a time (alpha set at 0.10). Where significant interac-
tions were found, stratified models were generated in addition
to the main effect models.

Two sensitivity analyses were performed to test the robust-
ness of findings to alternative variable and model specifica-
tions. These were (i) adjusting the final models for diabetes,
hypertension and heart disease for energy reporting group and
(ii) modelling weight status as BMI (kg/m?, continuous),
using linear regression.

All analyses were conducted in SAS 9.4 and applied survey
sampling weights provided by Statistics Canada to account for
the complex sampling design and unequal probability of se-
lection. Bootstrap weights were used to calculate robust stan-
dard errors using the Balanced Repeated Replication method.
Alpha level was set at 0.05, unless otherwise specified.

Results

Canadian adults consumed, on average, 1819 kcal per day,
47% of which came from ultra-processed foods (Table 1).
The energy contribution of ultra-processed foods in the diet
ranged from an average of 24% of total energy intake among
Canadians with the lowest levels of ultra-processed food con-
sumption (tertile 1), to 48% in the second tertile and 73% in
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the highest consumption group (tertile 3). Compared with par-
ticipants in the lowest tertile, individuals in the highest con-
sumption tertile were less likely to have a university diploma,
to be an immigrant, and to live in rural areas, and more likely
to be younger, to self-identify as Indigenous, to smoke, and to
be more physically active. The prevalence of obesity and of
self-reported diabetes, hypertension and heart disease in the
study sample was 26%, 7%, 20% and 5%, respectively.

Consumption of ultra-processed foods was significantly
associated with increased odds of obesity, diabetes and hyper-
tension (Table 2). In models adjusted for the full range of
covariates, a 10-percentage-point increase in the relative ener-
gy intake of ultra-processed foods was associated with 6%
higher odds of obesity and diabetes and 9% higher odds of
hypertension. Likewise, adults in the highest tertile of ultra-
processed food consumption had 31%, 37% and 60% higher
odds of obesity, diabetes and hypertension, respectively, com-
pared with the lowest consumers. For heart disease, the asso-
ciation was positive but not statistically significant in
the fully adjusted model. Similar results were obtained
when the final models for diabetes, hypertension and
heart disease were additionally adjusted for energy
reporting group (data not shown), and when weight sta-
tus was modelled as BMI (Table S1).

Significant interactions were found between the energy
contribution of ultra-processed food with education level in
the obesity model (p value for interaction =0.01), and with
age in the hypertension model (p = 0.09). As a result, stratified
models were also generated (Table 3). The odds of obesity
related to high levels of ultra-processed food intake was most
pronounced among adults with a university diploma (OR =
2.17, 95% CI: 1.45-3.24, for tertile 3 vs. tertile 1), while no
association was observed among adults with a high school
degree or less. For hypertension, the effects of greater levels
of ultra-processed food consumption showed some variation
by age group: associations were strongest among adults aged
19 to 50, followed by older adults aged 65 or older, and ele-
vated but not significant among those aged 51-64.

Discussion

This study provides the first Canadian evidence that consum-
ing high levels of ultra-processed foods is associated with
elevated prevalence of multiple cardiometabolic outcomes,
namely, obesity and self-reported diabetes and hypertension.
These results are not surprising considering that Canadians
consume, on average, almost half of their daily energy intake
from ultra-processed foods (Moubarac et al. 2017) and that
diets high in ultra-processed foods tend to be energy dense and
high in nutrients associated with an elevated risk of cardio-
metabolic disorders (e.g., sodium, saturated fat, free sugar)
and low in fibre and foods beneficial to cardiometabolic
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Table1 Sample characteristics overall and by level of ultra-processed food (UPF) consumption (% of total energy intake) among Canadian adults aged
>19 years, 2015 CCHS—Nutrition

Variable Full sample (N=13,608)  UPF consumption®

Tertile 1 (lowest)  Tertile 2 Tertile 3 (highest) p value®

Dietary intake

Total energy intake (kcal/day), mean 1818.8 (13.75) 1708.8 (23.80) 1871.0 (25.06)  1900.4 (24.65) <0.0001
UPF consumption (% kcal/day), mean 46.8 (0.41) 24.4 (0.28) 48.5(0.17) 72.8 (0.31) <0.0001
Energy reporting group, % 0.0721
Plausible energy reporter 55.9 (0.87) 54.1 (1.52) 57.0 (1.61) 57.1 (1.51)
Under-reporter 39.8 (0.89) 42.5 (1.54) 38.5(1.59) 37.8 (1.45)
Over-reporter 4.3 (0.32) 3.4 (0.49) 4.5 (0.63) 5.2 (0.72)
Socio-demographic characteristics
Age (years), % 0.0004
19-30 16.2 (0.65) 14.3 (1.09) 17.4 (1.30) 17.4 (1.10)
31-50 38.1 (0.66) 42.1 (1.47) 33.6 (1.36) 37.9 (1.37)
51-64 24.0 (0.40) 24.4 (0.98) 24.6 (1.15) 22.8 (1.11)
65+ 21.7 (0.40) 19.2 (0.85) 24.4 (1.01) 22.0(0.97)
Women, % 50.0 (0.10) 54.0 (0.01) 50.0 (0.01) 45.0 (0.01) 0.0006
Income adequacy, % 0.0143
Quintile 1-lowest 19.7 (0.70) 22.6 (1.35) 16.3 (1.02) 19.7 (1.22)
Quintile 2 20.2 (0.70) 19.7 (1.12) 21.0 (1.16) 19.9 (1.21)
Quintile 3 19.4 (0.63) 18.8 (1.09) 21.5(1.22) 17.9 (1.01)
Quintile 4 19.5 (0.74) 18.8 (1.20) 19.9 (1.31) 20.1 (1.15)
Quintile 5-highest 21.2 (0.83) 20.0 (1.29) 21.3 (1.18) 22.5(1.42)
Educational attainment, % <0.0001
< High school 11.8 (0.49) 9.1 (0.71) 11.0 (0.70) 15.9 (1.04)
High school 26.2 (0.77) 234 (1.19) 26.9 (1.23) 28.8 (1.36)
Trade/college/CEGEP 29.9 (0.81) 28.1 (1.39) 32.3 (1.38) 29.5(1.39)
University diploma 32.2 (0.90) 39.4 (1.46) 29.8 (1.35) 25.8 (1.52)
Rural area, % 17.4 (0.78) 13.3 (1.03) 1.2 (6.73) 1.4 (6.34) <0.0001
Immigrant, % 27.5 (0.95) 41.4 (1.59) 23.3 (1.28) 14.6 (1.04) <0.0001
Indigenous identity, % 2.8 (0.23) 1.8 (0.37) 2.8 (0.39) 4.0 (0.43) 0.0009
Lifestyle factors
Smoker, % 18.8 (0.71) 13.8 (1.09) 17.8 (1.07) 25.8 (1.38) <0.0001
Alcohol consumption (% kcal/day), mean 3.1(0.13) 3.1(0.22) 2.9 (0.20) 3.3(0.20) 0.5318
Physical activity (min/week), mean 212.7 (4.63) 191.3 (6.74) 231.5 (8.05) 219.6 (8.26) 0.0057
Health outcomes
Obesity, % 26.5 (0.76) 22.7(1.21) 26.6 (1.28) 31.4 (1.46) <0.0001
Diabetes, % 7.0 (0.35) 6.0 (0.54) 7.1 (0.64) 8.1 (0.70) 0.0553
Hypertension, % 20.1 (0.56) 16.4 (0.88) 21.8 (1.06) 23.0 (1.24) <0.0001
Heart disease, % 5.0 (0.32) 3.8 (0.44) 5.8 (0.63) 5.7 (0.59) 0.0134
Type of height and weight measurement, % 0.1148
Both measured 68.6 (1.06) 67.0 (1.74) 69.4 (1.62) 69.8 (1.45)
Both reported 24.3 (1.00) 25.7 (1.68) 224 (1.32) 24.5 (1.35)
One measured and other reported 7.1 (0.53) 7.4 (0.77) 8.2 (1.04) 5.7 (0.74)

All estimates presented in the table are weighted estimates; values in parentheses are standard errors (SE)

# Threshold values for tertiles of ultra-processed food intake were as follows: tertile 1: < 38.5% kcal/day; tertile 2: 38.6-58.6% kcal/day; tertile 3: > 58.7%
kcal/day

® p values generated from x? test (for categorical variables) and ANOVA (for continuous variables)
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Table 2 Relative contribution of

UPF consumption
(continuous)t
OR (95% CI)

UPF consumption (tertiles)}

Tertile 2, OR
(95% CI)

Tertile 3, OR
(95% CI)

1.10 (1.06-1.14)%#*
1.10 (1.06-1.14)%#*
1.06 (1.02—1.11)**
1.05 (1.00-1.10)*
1.05 (1.00-1.11)*
1.06 (1.01-1.12)*
1.07 (1.03—1.1 1)+
1.08 (1.03-1.13)%#*
1.09 (1.04—1.14y##*
1.07 (1.01-1.13)*
1.07 (1.01-1.15)*
1.04 (0.97-1.12)

1.24 (1.03-1.49)*
1.21 (1.00-1.46)*
1.09 (0.90-1.33)
1.19 (0.91-1.54)
1.05 (0.81-1.37)
1.12 (0.84-1.49)
1.42 (1.19-1.70)%*
1.31 (1.08-1.59)%*
1.37 (1.12-1.67y%*
1.54 (1.13-2.10)**
1.35 (0.97-1.88)
1.27 (0.90-1.78)

1.56 (1.29-1.88)%#*
1.53 (1.27-1.85)%+*
1.31 (1.06-1.60)*
1.38 (1.06-1.81)*
1.33 (1.02-1.74)*
1.37 (1.01-1.85)*
1.52 (1.25-1.86)%+*
1.57 (1.25-1.96)%#*
1.60 (1.26-2.03)%#*
1.51 (1.10-2.07)*
1.43 (1.03-1.98)*
1.22 (0.87-1.71)

ultra-processed foods (UPF, % of Outcome Model n
total energy intake) and preva-
lence of cardiometabolic out-
comes among Canadian adults
aged > 19 years, 2015 CCHS-
Nutrition Obesity 1? 12,923
2° 12,923
3¢ 12,454
Diabetes 1 13,568
2° 13,568
34 13,426
Hypertension 12 13,556
2° 13,556
3¢ 13,415
Heart disease 1? 13,551
2b 13,551
3¢ 13,410
*p <0.05
##p<0.01
##%p <0.001

TOdds ratios per 10% increase in relative intake of ultra-processed foods (% of total energy intake)

Tertile 1 (lowest) is the reference. Threshold values for tertiles of ultra-processed food intake were as follows:
tertile 1: <38.5% kcal/days; tertile 2: 38.6-58.6% kcal/day; tertile 3: > 58.7% kcal/day

Estimates presented in the table are odds ratios derived from logistic regression models generated separately for

each health outcome:
#Unadjusted model
> Model adjusted for age and sex

©Model adjusted for age, sex, smoking status, physical activity, alcohol consumption, education, income, resi-
dential area, immigrant status, Indigenous identity, reporting group, measurement type

9Model adjusted for age, sex, smoking status, physical activity, education, income, residential area, immigrant

status, Indigenous identity

®Model adjusted for age, sex, smoking status, physical activity, alcohol consumption, education, income, resi-
dential area, immigrant status, Indigenous identity

health, like fruits and vegetables (Monteiro et al. 2019;
Moubarac et al. 2017). A growing number of studies from
multiple countries document the detrimental effects of ultra-
processed food consumption on a range of health outcomes
(Monteiro et al. 2019).

This study’s findings related to obesity prevalence are con-
sistent with results of a previous cross-sectional study based
on the 2004 CCHS—Nutrition data which similarly showed
that consumption of high levels of ultra-processed foods was
associated with 32% higher odds of obesity among Canadian
adults (Nardocci et al. 2018). In the United States, another
cross-sectional study based on national-level dietary intake
data found positive associations between consumption of
ultra-processed foods with overweight, obesity and abdominal
obesity (Juul et al. 2018). A prospective study of Spanish
middle-aged adults found that those in the highest quartile of
ultra-processed food intake had a 26% higher risk of develop-
ing overweight or obesity compared with individuals in the
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first quartile (Mendonga et al. 2016a). A recent 1-month ran-
domized controlled trial compared ultra-processed vs. non-
ultra-processed diets (i.e., based on fresh or minimally proc-
essed foods, processed ingredients and processed foods) and
found that the former led to increased energy intake and
weight gain. According to the authors, the observed gain in
body weight cannot be solely explained by nutrient composi-
tion, since both the ultra-processed and non-ultra-processed
diets were matched to offer the same amounts of calories,
sugar, fat, sodium, fibre and macronutrients (Hall et al.
2019). Additional evidence from longitudinal and experimen-
tal studies would help to elucidate the relative influence of
various aspects of ultra-processed foods (e.g., nutrient content,
food additives, energy density) on weight gain and health
(Lawrence and Baker 2019).

This study also documented a positive association between
high levels of ultra-processed food intake and prevalence of
diabetes. Our findings are in line with those from a large
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Table 3

Relative contribution of ultra-processed foods (UPF, % of total energy intake) in relation to obesity and hypertension, stratified by education or
age group, among Canadian adults aged > 19 years, 2015 CCHS—Nutrition

Outcome Stratified Models n UPF consumption UPF consumption (tertiles)}
(continuous)t
OR (95% CI) Tertile 2, OR Tertile 3, OR
(95% CI) (95% CI)
Obesity® High school or less 5327 1.01 (0.96-1.07) 0.93 (0.70-1.22) 0.95 (0.70-1.28)
Trade/college/CEGEP 3667 1.05 (0.98-1.12) 1.23 (0.85-1.78) 1.35(0.94-1.94)
University diploma 3551 1.18 (1.09—1.28)*** 1.17 (0.81-1.70) 2.17 (1.45-3.24)%%*
Hypertension” 19-50 years 6080 1.16 (1.07—1.26)%** 1.45 (0.87-2.41) 2.69 (1.68—4.31)***
51-64 years 3317 1.04 (0.96-1.12) 1.09 (0.75-1.58) 1.25 (0.84-1.87)
65+ years 4018 1.09 (1.03-1.16)** 1.54 (1.20-1.99)%** 1.45 (1.07-1.96)*
*p<0.05
*#p<0.01
iy < 0.001

TOdds ratios per 10% increase in relative intake of ultra-processed foods (% of total energy intake)

Tertile 1 (lowest) is the reference. Threshold values for tertiles of ultra-processed food intake were as follows: tertile 1: <38.5% kcal/day; tertile

2: 38.6-58.6% kcal/day; tertile 3: >58.7% kcal/day

Estimates presented in the table are odds ratios derived from logistic regression models generated separately for each health outcome and stratified by

education level or age group

 Obesity models, stratified by education level, are adjusted for age, sex, physical activity, smoking, alcohol consumption, income, residential area,

immigration status, Indigenous identity, reporting group, measurement type

® Hypertension models, stratified by age group, are adjusted for sex, physical activity, smoking, alcohol consumption, income, educational attainment,

residential area, immigration status, Indigenous identity

prospective study of over 100,000 French adults which, to our
knowledge, is the only other study to examine the association
of ultra-processed food intake with diabetes (Srour et al.
2019a). Over a median follow-up of 6 years, every additional
10% in the proportion (in weight) of ultra-processed foods in
the diet increased the risk of developing type 2 diabetes by
15% (Srour et al. 2019a). The results remained statistically
significant even after adjustment for several markers of dietary
quality, other metabolic comorbidities, and weight change.

This study’s finding of a positive association between the
relative share of ultra-processed foods in the diet and hyper-
tension is in line with those from a prospective cohort study of
over 14,000 adult university graduates from Spain (Mendonga
et al. 2016b). Participants in the highest tertile of ultra-
processed food consumption at baseline had a 21% higher risk
of developing hypertension than those in the lowest
tertile over a median 9-year follow-up after adjusting
for a number of potential confounders, including total
energy intake and family history of hypertension. High
intakes of specific ultra-processed foods and drinks
(e.g., processed meats and sugar-sweetened beverages)
have also been directly linked to higher risk of hyper-
tension (Lajous et al. 2014; Xi et al. 2015).

Our study found a positive but non-significant association
between a greater relative share of ultra-processed food in the
diet and heart disease after adjusting for a range of con-
founders. Because of the cross-sectional nature of our study,

it is possible that adults diagnosed with heart disease or other
cardiometabolic outcomes may have adopted healthier diets as
a means of controlling their condition, which would have
obscured or attenuated any association. A recent prospective
cohort study from France showed that a 10% increase in usual
intake of ultra-processed foods (as % of total food and drink
weight consumed) was associated with 12% increased risk of
cardiovascular disease and 13% increased risk for coronary
heart disease (Srour et al. 2019b). Another recent study based
on national-level dietary recall data of US adults found a grad-
ed inverse association between the proportion of energy from
ultra-processed foods consumed in a typical day and an over-
all measure of cardiovascular health (Zhang et al. 2020).
This study assessed whether the association between ultra-
processed food intake and health varies by sex, age and edu-
cation. For obesity prevalence, we did not observe heteroge-
neous effects by age or sex, consistent with a previous
Canadian study but contrary to analyses from the USA and
Brazil (Juul et al. 2018; Louzada et al. 2015; Nardocci et al.
2018). However, the odds of obesity were highest among
adults with a university diploma and no association was ob-
served among those with high school or less. While reasons
for this finding are unclear, a partial explanation may be
higher levels of physical activity reported by adults with lower
levels of education in our sample (data not shown), which may
relate to higher levels of occupational physical activity or
higher proportion of physically active younger adults who
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have yet to complete their post-secondary education. For hy-
pertension prevalence, the effect of higher levels of ultra-
processed food consumption was more pronounced among
adults aged 1950 than among those aged 51 or older. These
results are difficult to explain and merit confirmation in other
populations and settings.

This study’s findings should be interpreted in light of a num-
ber of caveats. First, because of the cross-sectional nature of this
study, our findings cannot be used to draw causal inferences
and are subject to reverse causality: that is, the health status of
the participants could have influenced their consumption of
ultra-processed foods. The likely effect of this would be a dilu-
tion of the true association between ultra-processed foods intake
and chronic disease. Second, this study used data from a single
dietary recall to estimate mean intake at the population level,
which may not represent usual intake (due to day-to-day vari-
ation in a person’s diet, a type of random measurement error).
Random error can bias the results toward the null, attenuating
the association between ultra-processed food consumption and
cardiometabolic outcomes. However, because ultra-processed
foods are ubiquitously consumed in the Canadian diet, the im-
pact of day-to-day variation is expected to be minor
(Kirkpatrick et al. 2019). Third, diabetes, hypertension and
heart disease were self-reported by survey respondents and
could not be verified against clinical records; medication use
was also not assessed in this survey. This study could not dis-
tinguish between type 1 and type 2 diabetes; however, 90% of
Canadian adults with diabetes have type 2 diabetes (Public
Health Agency of Canada 2017a). Fourth, misclassification of
foods and drinks according to the NOVA system cannot be
ruled out. However, this misclassification would be non-
differential between cases and non-cases, with the potential to
bias results towards the null. Fifth, all self-reported food intake
data are subject to misreporting. To address this, models were
adjusted for energy reporting group. Additionally, if systematic
misreporting were present (e.g., higher rates of energy under-
reporting among persons with obesity or under-reporting of
certain ultra-processed foods) (Health Canada 2017), then this
would result in an underestimation of observed associations.
Finally, although these analyses were adjusted for a slate of
potential confounders, as with any observational study, the re-
sults may be subject to some degree of residual confounding,
which can bias results in any direction.

Strengths of this study include the use of a large,
nationally representative sample of Canadian adults,
which makes results highly generalizable. Dietary intake
assessment was based on 24-h food recalls collected
using the Automated Multiple Pass Method adapted for
Canada, which represents the most robust self-reported
dietary data available. Additionally, the availability of
socio-demographic and lifestyle information on the sur-
vey allowed for adjustment for a range of important
covariates, as well as subgroup analyses.

@ Springer

Conclusion

This study provides the first Canadian evidence that diets
based on ultra-processed foods are associated with higher
prevalence of multiple cardiometabolic outcomes, namely,
obesity, diabetes and hypertension. This evidence is consistent
with a growing body of research, including from prospective
and controlled studies, which documents that diets high in
ultra-processed foods are associated with poorer overall diet
quality, weight gain and increased risk of a range of cardio-
metabolic disorders (Hall et al. 2019; Monteiro et al. 2019).
While further evidence from longitudinal and experimental
studies would help to establish causality and elucidate the
relative influence of various aspects of ultra-processed foods
(e.g., nutrient content, additives, energy density) on health
(Lawrence and Baker 2019), the accumulating evidence calls
for urgent action to limit consumption of ultra-processed
foods, consistent with the precautionary principle. The 2019
Canada’s Food Guide recommendations to “cook more often”
and to choose fresh or minimally processed food on a daily
basis over “highly processed foods” (Health Canada 2019) are
a step in the right direction. A coordinated and comprehensive
set of strategies and policies is needed to discourage consump-
tion of ultra-processed foods in Canada and to make unpro-
cessed or minimally processed foods more affordable, avail-
able and appealing. These can include advertising restrictions
and taxation of ultra-processed foods, the reintroduction of
cooking classes in school curricula, and support for industry
actions to produce less processed foods.
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