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Abstract

Objective The aim of this study was to investigate the association between the consumption of foods and drinks from dif-
ferent food processing categories using the NOVA classification and CRC risk among Moroccan adults.

Methods 1453 cases and 1453 matched controls aged at least 18 years and recruited from the 5 greater Moroccan regions
were interviewed by trained investigators about their habitual diet using a standardized food frequency questionnaire (FFQ).
Foods were categorized according to their degree of processing by the NOVA classification. Intakes of each food processing
group were categorized into tertiles based on the distribution of controls with the lowest tertile considered as the reference
category. Multivariable conditional logistic regression models were used to assess the association between each group and
CRC risk (Odds Ratio (OR) and 95% Confidence Intervals (CI)), taking relevant confounders into account.

Results High consumption of unprocessed or minimally processed foods (NOVA group 1) was significantly inversely
(OR=0.82, 95%CI=0.72-0.93), while high consumption of ultra-processed foods and drink products (NOVA group 4)
was significantly positively (OR=1.40, 95% CI=1.22-1.61) associated with CRC risk as compared to the lowest intake
group. These results were similar for colon and rectum sub-sites.

Conclusion This is the first study to evaluate the association between the NOVA classification groups and CRC risk in an
African country. Our results suggest that the consumption of ultra-processed foods and drink products may be associated
with an increased risk of developing CRC, but longitudinal studies are needed to confirm these results.

Keywords NOVA classification - Colorectal cancer - Morocco

Abbreviations CRC Colorectal cancer
BMI Body mass index FCT Food composition table
CI Confidence interval FFQ Food frequency questionnaire
CIQUAL French Food Composition Table IARC International Agency for Research on Cancer
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IGFs Insulin-like growth factors

LMIC Low- and middle-income countries

NCDs Non-communicable diseases

SD Standard deviation

SSB Sugar-sweetened beverages

UPF Ultra-processed foods

USDA United States Department of Agriculture
Nutrient Database

Introduction

The incidence of colorectal cancer (CRC) is strongly related
with economic growth and human development in countries
undergoing an epidemiological transition [1]. According to
the global cancer observatory, the age-standardized inci-
dence rate in North African countries was about 9.2 per 100
000 in 2018 [2]. Major risk factors for CRC are dietary and
lifestyle behaviors [3], especially red and processed meat
consumption, obesity and sedentary behavior [3, 4].

During the last decades, dietary habits have changed con-
siderably in North African countries [5, 6]. The traditional
diet has been replaced by a modern dietary pattern [7, 8].
This shift coincided with increased rates of non-communi-
cable diseases (NCDs), including CRC [9].

Morocco is a North African low—middle-income coun-
try, passing through the third phase of its epidemiological
transition [10] that was linked to rapid urbanization, and
demographic growth. Dietary habits have changed consid-
erably during the last decade, typically characterized by an
increase in industrial processing of foods to make them more
convenient and palatable. Recently, a new food classification
system called NOVA was developed [11] with the aim to
categorize all foods depending on the extent and purpose
of food processing [11]. NOVA defines the following four
food processing groups: unprocessed or minimally processed
foods, processed culinary ingredients, processed foods, and
ultra-processed foods (UPF) and drink products [12].

This nutrition transition with a steady increase in UPF
consumption was accompanied by increased rates of NCDs
[7]. Accumulating evidence suggests ultra-processed food
intake is associated with obesity [13—17] and other adverse
health outcomes [18, 19]. Several recent studies have
examined the link between UPF consumption and obesity
[20-22]. A high consumption of UPF is potentially related
to gain in BMI and higher risks of overweight and obesity
[17], and its indicators (abdominal obesity) [14]. Accord-
ing to a systematic review of prospective studies, higher
BMI and WC levels were positively associated with CRC
risk [23]. Analyses stratified by anatomical site revealed
that higher BMI and WC levels increased the risk of colon
(proximal colon and distal colon) and rectal cancer [23].
The main mechanisms that could explain the potential
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effect of obesity on the risk of cancer are higher levels of
circulating insulin [24] and Insulin-like Growth Factors
(IGFs) which promote cellular proliferation [25].

A recent study confirmed the association between a diet
rich in processed meat and CRC risk in Morocco [26]. In
the last years, processed foods have dominated the food
supply in high-income countries and their consumption
steadily increases in middle and low-income countries
(LMICs) [12]. The industrial food processing procedures
that use food additives, and often generate food process-
ing compounds such as trans-fatty acids or acrylamide,
together with the high energy content of these products
are expected to affect human health [27]. In fact, a recent
prospective study has indicated that UPF consumption is
associated with higher overall cancer risk [28].

Little information is currently available about UPF and
non-communicable diseases including lifestyle-related
cancers, such as CRC in LMICs. To our knowledge, this
study is the first to evaluate the association between the
NOVA classification and CRC risk in Africa, based on a
large Moroccan case—control study.

Methods
Study population

The detailed protocol of our case—control study was pub-
lished before [29]. In summary, we invited 1555 newly
diagnosed cases and 2000 matched controls. CRC cases
and controls were individually matched on age (+ 5 years),
sex, and center. The ratio of CRC cases to controls was
1:1. All cases were recruited from five Moroccan univer-
sity hospitals located at Rabat, Casablanca, Oujda, Fez,
and Marrakech. Controls were recruited among healthy
subjects accompanying other patients especially outpa-
tients and visitors, from the same local population and in
the same hospitals as the cases. Of those who were invited,
97.5% (1516/1555) of the cases and 75.8% (1516/2000)
of the controls were willing to participate. Exclusion cri-
teria prior to starting statistical analysis included: par-
ticipants with unspecified primary cancer (n=7), cases
with old biopsies (six cases), participants with missing
dietary data, because the FFQ was not completed (n = 10),
duplicate records (n=2), unmatched records (n=8) and
participants with the lowest and highest 1% of the dis-
tribution of the ratio between energy intake and energy
requirement (n=30), according to the exclusion criteria
used in the EPIC study. We finally included 1453 newly
diagnosed cases and 1453 matched controls for statistical
analyses. The ethical committee of Fez has approved the
study protocol.
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Data collection

Socio-demographic characteristics (age, sex, marital status,
area of residency, educational level, and monthly family
income), and lifestyle indicators (such as tobacco consump-
tion, and physical activity that included usual daily physi-
cal activity, and leisure-time) were collected by trained
interviewers.

To assess usual dietary habits of the past year, in cases
before complaints occurred, participants were questioned
during a face-to-face interview using a validated semi-quan-
titative food frequency questionnaire, taking into account
seasonal variations [30]. Participants’ answers were con-
verted into average daily intake per day according to the
frequency and portion size of each food item. Energy and
nutrient intakes were calculated by matching the foods con-
sumed with a recently compiled food composition table
(FCT) for the Moroccan population [31]. The Moroccan
FCT was completed using an indirect approach based on
existing FCTs, in particular Moroccan and Tunisian FCTs
for traditional foods. Additional information on modern
foods was gathered from other databases, such as the Food
Composition Table for African countries, the French Food
Composition Table (CIQUAL) and the United States Depart-
ment of Agriculture Nutrient Database (USDA).

NOVA classification

We classified all food items derived from our Moroccan FFQ
into one of the four food groups according to the NOVA
classification [11].

Group 1 includes unprocessed or minimally processed
foods namely, grains, legumes, starchy roots and tubers,
poultry, fish and seafood, eggs, milk and traditional dairy
products (natural fermented milk such as raib, lben, and
jben), meat prepared without additives or synthetic com-
pounds (beef, lamb, rabbit, pork, camel, kebab), traditionally
prepared meat (kaddid, khlii), fresh fruits and vegetables.

Group 2 includes processed culinary ingredients namely
salted butter, sugar, syrup, honey, and vegetables oils.

Group 3 includes processed foods namely freshly made
breads, canned fish, fruits in syrup, cheeses, dried and salted
meats, and alcoholic drinks.

Group 4 includes UPF namely carbonated drinks, sweets,
packaged snacks, ice-cream, chocolate, candies (confection-
ery), cookies (biscuits), pastries, cakes, and cake mixes,
industrially processed fruit drinks, processed meat, and
pre-prepared pizza.

We classified each food into one of the four cited groups,
and calculated the total consumption of each NOVA group as
the sum of all foods within each group in grams per day. In
addition, the energy intake derived from each NOVA group
was then calculated for each participant by summing energy

intake from each classified food in each NOVA group. In
addition, the sum of NOVA group 1 +2 was also analyzed as
foods of NOVA group 2 are typically consumed with foods
from NOVA group 1.

Each NOVA group was categorized into tertiles based
on the distribution of controls (daily consumption by gram
and kcal) with the lowest tertile considered as the reference
category.

As a matter of sensitivity analyses, the (ultra-) processed
NOVA categories (NOVA groups 3 and 4) have also been
calculated without considering alcoholic drinks.

Statistical analysis

For descriptive statistics, mean + standard deviation (SD)
and percentages were used. To compare cases and controls,
we used 7 test for paired samples for continuous variables
and chi-squared (Xz) for categorical variables.

The normality of the distribution of NOVA food groups
was evaluated by computing the Kolmogorov—Smirnov test.
Log-transformations have been used to improve normality;
however, all nutritional variables were not normally distrib-
uted, even after log-transformation. Thus, the analyses were
performed without log-transformation using the Wilcoxon
signed-rank test.

Conditional logistic regression analyses were used to
compute odds ratios and associated 95% confidence intervals
(CI) and to estimate the association between each NOVA
group (daily consumption in grams and kilocalories) and
CRC risk overall and by anatomic location (colon, rectum
separately). A brut model (unadjusted odds ratio) was used
as well as a multivariable model adjusted for potential con-
founders, which included age (years), education level (illit-
erate, primary, secondary, higher), smoking status (never
smoker, ex-smoker and current smoker), family history of
CRC (yes, no), energy intake (except for consumption calcu-
lated in gram), and physical activity (based on 10% change
in the OR). Each NOVA class was mutually adjusted for the
other classes.

Statistical analyses were performed with SPSS software
(Statistic Package for Social Sciences) version 20.

Results

Characteristics of the study population, including intake of
NOVA classified food groups are shown in Table 1. Cases
were more likely to be smokers and to have a higher occur-
rence of family history of CRC compared to controls. No sta-
tistical differences were observed between cases and controls
for marital status and energy intake. Concerning the NOVA
classification, means of unprocessed foods and processed
culinary ingredients and of fiber intake were higher among
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controls than among cases. In addition, cases show a higher
daily intake of processed and UPF and drink products com-
pared to controls.

As shown in Table 2, compared with the lowest tertile,
controls in the highest tertile of UPF intake tended to be
more frequently male, younger, with more family history of
cancer and a moderate physical activity level. Additionally,
they had higher intakes of energy, carbohydrates and lipids.

Table 3 presents the unadjusted and adjusted OR and
confidence intervals for colon, rectal and overall CRC for
each NOVA classification group (g/day). An increase in
the consumption of unprocessed or minimally processed
foods (NOVA group 1) decreased the risk of colon can-
cer (ORp3 11 =0.82, 95%CI=0.69-0.99), rectal cancer
(ORp3 s 71=0.81, 95%CI =0.68-0.99) and CRC overall
(ORp3 s 71 =0.82, 95%CI =0.72-0.93) when comparing

high intakes (third tertile) versus low intakes (first ter-
tile). A significant inverse association was also observed
between the high category of group 1 and group 2 (sum)
and rectal cancer and overall CRC risk (see Table S1).
A positive association was observed between a high
consumption of UPF and drink products (NOVA group
4) and risk of colon cancer, rectal cancer, and CRC
overall, (OR=1.36, 95%CI=1.12-1.66; OR =1.44,
95%CIl=1.18-1.76; OR=1.40, 95% Cl=1.22-1.61,
respectively) when comparing high intakes (third tertile)
versus low intakes (first tertile).

As shown in Table S2, a positive association was also
observed between total energy intake of ultra-processed
foods and overall CRC risk after adjustment for confound-
ing factors (OR T3 vs. T1=1.16, 95%CI=1.01-1.33)
when comparing high versus low intakes.

Table 2 Characteristics of the

control population according to Controls
consumption of ultra-processed Tl T2 T3
foods (g/day)
<95 9.5-37.2 >372
Sex*
Female n (%) 266 (55.0) 252 (52.0) 219 (45.2)
Residency*
Urban n (%) etc 338 (69.8) 371 (76.5) 391 (80.8)
Educational level*
Illiterate 302 (62.4) 248 (51.1) 179 (37.0)
Primary 72 (14.9) 98 (20.2) 102 (21.1)
Secondary 68 (14.0) 77 (15.9) 122 (25.2)
Higher 42 (8.7) 62 (12.8) 81 (16.7)
Monthly income*
<2000 395 (81.6) 345 (71.1) 304 (62.8)
2000-5000 56 (11.6) 107 (22.1) 126 (26.0)
> 5000 33 (6.8) 33 (6.8) 54 (11.2)
Smoking status*
Never smokers 420 (86.8) 417 (86.0) 379 (78.3)
Ex-smokers 42 (8.7) 35(7.2) 56 (11.6)
Smokers 22 (4.5) 33 (6.8) 49 (10.1)
Physical activity intensity*
Low 61 (12.6) 77 (15.9) 66 (13.6)
Moderate 311 (64.3) 277 (57.1) 260 (53.7)
High 112 (23.1) 131 (27.0) 158 (32.6)
Family history of CRC*
No 482 (99.6) 483 (99.6) 476 (98.3)
Age (years)* 59.6+12.9 554+134 51.4+13.6
BMI (kg/m?) 252+3.3 25.4+3.8 25.1+3.3
Energy intake (kcal/day)* 3150.7 +885.8 3428.1£805.3 3547.4 £866.1
Lipid intake (g/day) 181.6+124.5 177.5+100.1 184.0+112.1
Carbohydrate intake (g/day)* 494.1£174.7 525.3+1484 548.3+158.9
Fiber intake (g/day) 43.5+19.5 4494173 44.1+£18.1
*P<0.05
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Table 3 Unadjusted and adjusted odds ratio and 95% confidence intervals for colon, rectal and colorectal cancer according to the tertile con-

sumption of NOVA groups (g/day) in CRC cases and controls

Unadjusted odds ratio

g/day

Colon cancer* N=729 Rectal cancer* N=724 CRC overall* N=1453

ORy (95% CI)

ORy (95% CI)

ORy (95% CI)

Group 1 unprocessed or minimally processed <1610.14
foods [1610.14-2100.59]

>2100.59

<153.72

[153.72-242.61[

>242.61

<266.78

[266.78-416.12[

>416.12

Group 4 ultra-processed food and drink products <9.51
[9.51-37.28[
>37.28

Adjusted odds ratio* g/day

Group 1 unprocessed or minimally processed <1610.14

foods [1610.14-2100.59[

>2100.59

<153.72

[153.72-242.61(

>242.61

<266.78

[266.78-416.12[

>416.12

Group 4 ultra-processed food and drink products <9.51
[9.51-37.28[
>37.28

Group 2 processed culinary ingredients

Group 3 processed foods (including alcohol)

Group 2 processed culinary ingredients

Group 3 processed foods (including alcohol)

1 (reference)
0.81 (0.63-1.04)
0.71 (0.55-0.92)
1 (reference)
1.04 (0.88-1.23)
0.83 (0.69-1.00)
1 (reference)
1.14 (0.88-1.46)
1.14 (0.89-1.47)
1 (reference)
0.98 (0.80-1.20)
1.26 (1.06-1.51)
OR,*(95% CI)
1 (reference)
0.87 (0.71-1.06)
0.82 (0.69-0.99)
1 (reference)
1.04 (0.87-1.24)
0.82 (0.65-1.03)
1 (reference)
1.08 (0.87-1.35)
1.05 (0.87-1.27)
1 (reference)
1.01 (0.83-1.24)
1.36 (1.12-1.66)

1 (reference)
0.74 (0.58-0.95)
0.59 (0.45-0.76)
1 (reference)
1.09 (0.92-1.30)
0.88 (0.72-1.06)
1 (reference)
1.07 (0.83-1.38)
0.80 (0.62-1.04)
1 (reference)
1.13 (0.93-1.36)
1.31 (1.09-1.57)
OR,*(95% CI)

1 (reference)
0.89 (0.73-1.08)
0.81 (0.68-0.99)
1 (reference)
1.14 (0.95-1.38)
0.90 (0.71-1.14)
1 (reference)
1.10 (0.88-1.36)
0.94 (0.77-1.15)
1 (reference)
1.15 (0.95-1.40)
1.44 (1.18-1.76)

1 (reference)
0.77 (0.65-0.92)
0.65 (0.54-0.78)
1 (reference)
1.06 (0.94-1.20)
0.85 (0.75-0.98)
1 (reference)
1.11 (0.93-1.33)
0.96 (0.81-1.15)
1 (reference)
1.05 (0.92-1.21)
1.28 (1.13-1.46)
OR,*(95% CI)
1 (reference)
0.87 (0.76-1.00)
0.82 (0.72-0.93)
1 (reference)
1.08 (0.95-1.23)
0.85 (0.73-1.01)
1 (reference)
1.09 (0.94-1.27)
0.99 (0.87-1.14)
1 (reference)
1.08 (0.94-1.25)
1.40 (1.22-1.61)

Crude Odds Ratio (ORB); Basic model

*Adjusted Odds Ratio (ORA); Multivariable model: Conditional logistic regression adjusted for age, education level, family history of CRC,
smoking status, physical activity, BMI and total energy intake. Each NOVA class was adjusted to the other classes unless the variable as part of

the class under evaluation (group 1 and group 2)

Discussion

The present case—control study investigated associations
between food processing categories, presented as the four
NOVA classification groups, and CRC risk. Our results
indicated that after adjustment for potential confounding
factors, a high consumption of unprocessed and minimally
processed foods (NOVA group 1) may play a protective role
against risk of colon cancer, rectal cancer and CRC overall.
Conversely, a statistically significant increase in overall CRC
risk and the different subtypes was seen for higher consump-
tion of UPF and drink products (NOVA group 4). To our
knowledge, this is the first case—control study performed in
a LMIC that evaluated the association between the NOVA
classification groups and overall and anatomic subtypes of
CRC.

@ Springer

Except for one French cohort study [28], no other stud-
ies to date have evaluated associations between the NOVA
classification groups and CRC risk. This prospective French
study concluded that high consumption of UPF (highest
versus lowest quartile) tended to increase the risk of CRC,
although the association was not statistically significant [28].

Ultra-processing is a complex set of industrial processes
and added ingredients and additives, where the types and
extent of processing and the types and amounts of added
compounds vary greatly from product to product. In addi-
tion, food processing increases the palatability of foods by
several biological and chemical mechanisms, stimulating
overconsumption [32]. Several hypotheses could explain
negative health effects of UPF. According to the literature,
UPF is rich in energy, sodium, added fat, and sugar while
often poor in all beneficial and nutritious components such
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as dietary fiber, calcium, vitamin D and magnesium [33, 34].
The detrimental components including added fat, sodium
and sugar could induce alterations to the intestinal micro-
biota [34-36]. The intestinal microbiota has been identified
as a key player in several diseases such as CRC, inflamma-
tory bowel disease, and obesity [37]. There is some evidence
that perturbations in microbiota composition and activity
contribute to the development of CRC in inflammatory
bowel disease patients by triggering and maintaining colonic
mucosal inflammation [37]. Inflammation in the large intes-
tine can be triggered by abnormal bacterial microflora or
homeostasis, resulting in mucosal damage and, eventually,
the development of neoplastic lesions [38, 39]. In addition,
UPF may be rich in additives; while for some additives,
carcinogenic properties have been suggested [40, 41], other
additives such as emulsifiers, saccharin, and maltodextrin
are frequently non-absorbed and thus will likely directly
interact with the microbiota in ways that promoted chronic
intestinal inflammation or increased bacterial translocation
[42, 43]. Also, food processing components like trans-fatty
acids and acrylamide, typically generated during industrial
processing may play a mutagenic role [44].

Recent evidences have highlighted effect of UPF on the
telomere length and DNA damage. A Spanish study con-
cluded that higher consumption of UPF was associated
with the risk of having shorter telomeres, which are mark-
ers of biological age that may be affected by dietary fac-
tors through oxidation and inflammation mechanisms [45].
Another study showed that higher consumption of UPF is
associated with greater DNA damage, which was calculated
using urinary levels of 8-hydroxy-2'-deoxyguanosine, as bio-
marker of oxidative DNA damage [46].

In our study, CRC cases (15.8%) were more obese than
controls (8.7%). A large body of evidence from meta-anal-
yses, systematic review, and prospective studies has shown
that CRC risk is associated with overweight and obesity [23,
47, 48]. In the NutriNet-Santé cohort study, including 110
260 adults followed in France for 10 years (2009-2019),
authors concluded that UPF consumption is positively asso-
ciated with the risk of overweight (HR for 10% absolute
increase: 1.11, (95% CI: 1.08-1.14) and obesity (HR for 10%
absolute increase: 1.09, (95% CI: 1.05-1.13) after adjust-
ing for all confounding factors [17]. The mechanisms that
underpin the link between obesity and CRC are unknown.
The most studied factors are the insulin/insulin-like growth
factor (IGF) axis and adipokines (adiponectin and leptin)
[23]. A new study assessed global sales trends for UPF and
sweetened sugar beverages (SSB) and their associations with
the prevalence of overweight and obesity found that sales
of UPF and SSB have a significant impact on BMI changes,
namely predicted obesity [49]. Sales were highest in high-
income countries but they were increasing more rapidly in
low- and lower—middle-income countries [49].

Our study results, reported in this publication, demon-
strate that a high consumption of unprocessed or minimally
processed foods may have a protective effect against CRC
risk. This finding could potentially be explained by the high
fiber intake observed in controls and by the composition
of unprocessed foods that are typically rich in folic acid,
selenium, magnesium and with higher omega-3 PUFA to
omega-6 PUFA ratio and with a lower energy content [50].
In addition, the absence of chemicals (such as additives and
processing contaminants) in the unprocessed foods may
potentially also explain this inverse relationship with CRC
risk. Although the mechanisms by which unprocessed foods
may exert a protective effect against CRC risk are suggested
to be due to the anti-carcinogenic or antioxidant effects of
dietary fibers and phenolic compounds, respectively [51,
52]. Hypothetically, also unprocessed dairy products, such
as raw milk, may be decreasing cancer risk as these contain
higher levels of multifunctional cytokines such as TGF-2
and TGF-B1 isoforms which play a principal role in the
development of the mucosal human immune system [53,
54]. In addition, an inverse association for traditionally
processed meat products (a component of the unprocessed
food group) was reported recently in relation to CRC risk
[26]. An experimental study tried to explain the mechanisms
behind the protective effect of traditionally processed meat
and how these may reduce polyps related to CRC risk [55].
They concluded that traditionally processed meat products
could potentially be redesigned towards functional prebiotic
foods for preventing CRC risk in humans [55].

Major strengths in the present study are our large sample
size, the high participation rate and the spread over the five
different greater university hospitals that receive a signifi-
cant proportion of the Moroccan population. Therefore, we
consider our results representative of both, CRC patients
and the general population. Furthermore, some potential
limitations of this study should be mentioned. Our FFQ
specially adapted to the Moroccan diet captures the usual
intake of foods over a longer period of time. Differential
recall bias, may be expected when the diet is influenced by
gastro-intestinal complaints of the cases. To overtake this
limitation, trained interviewers were recruited to ensure the
proficient completion of FFQ administration and probing for
more details whenever needed.

Conclusion

In conclusion, our study shows that higher consumption of
unprocessed or minimally processed foods may have protec-
tive effects against CRC risk. In contrast, UPF and drinks
are showing a positive association with overall CRC risk and
with its different subtypes. Further research should exam-
ine the mechanisms involved to allow targeted prevention

@ Springer



2514

European Journal of Nutrition (2022) 61:2507-2515

strategies (e.g. reformulation of industrial foods). Nutritional
education programs are urgently needed to prevent CRC risk
in LMICs.
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