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Abstract: Smoking and ultra-processed foods (UPFs), a substantial part of the western diet, have been
suggested to have a potential carcinogenic effect, though epidemiologic data are lacking. We aimed to
examine the association between high UPF intake and colorectal adenomas, and to test the interaction
with smoking. In a case-control study among consecutive subjects undergoing colonoscopy in a
tertiary center during 2010–2015, UPF intake and smoking were compared between cases with
colorectal adenomas and controls. Within 652 participants (cases, n = 294 and controls, n = 358),
high UPF intake (defined as percent of kcal from UPF above the study sample upper tertile) was
positively associated with adenomas (Odds ratio (OR) = 1.75, 95% Confidence interval (CI) 1.14–2.68),
advanced and proximal adenomas (OR = 2.17, 1.29–3.65 and OR = 2.38, 1.37–4.11) among the whole
study sample; and with adenomas (OR = 3.54, 1.90–6.61), non-advanced adenomas (OR = 2.60,
1.20–5.63), advanced adenomas (OR = 4.76, 2.20–10.30), proximal adenomas (OR = 6.23, 2.67–14.52),
and distal adenomas (OR = 2.49, 1.21–5.13) among smokers. Additionally, a dose-dependent
association was observed between tertiles of UPF intake and adenomas only among smokers (p for
trend < 0.001). A significant interaction between smoking and high UPF intake was detected (p for
interaction = 0.004). High intake of UPFs is strongly and independently associated with colorectal
adenomas, especially advanced and proximal adenoma, and interacts with smoking. Results highlight
smokers as more susceptible to the negative health effects of UPF consumption on colorectal neoplasia.
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1. Introduction

Colorectal cancer (CRC) is the world’s third most common cancer and the fourth most deadly
cancer, with almost 900,000 deaths annually [1,2]. In addition to a genetic background, it has been
shown that metabolic profile [3], lifestyle [4], dietary habits [5,6], and smoking [4,7] are strongly and
independently associated with colorectal polyps, the direct precursors of CRC. Moreover, smoking and
dietary factors have been reported to interact in their association with colorectal neoplasia [8–10].

A major component of the western diet is processed and ultra-processed food (UPF), contributing
up to 79% of the mean daily calories [11]. According to the Food and Agriculture Organization of
the United Nations, food processing includes physical, biological, and chemical techniques, used to
prepare ready to eat, drink, or heat foods and beverages. UPF is energy dense; high in unhealthy
types of fat, refined starches, sugar, salt, and artificial additives; as well as a poor source of protein,
fiber, and micronutrients [12]. The most common UPFs are snacks, drinks, and ready-to-eat meals.
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Epidemiological studies indicate that high intake of UPFs is associated with increased risk for
obesity [13], insulin resistance and metabolic syndrome (Mets) [14], dyslipidemia, hypertension,
and cardiovascular disease [15]. Furthermore, UPF intake has been linked to overall cancer, particularly
post-menopausal breast, prostate, and colorectal cancers [16,17], although that association has not been
conclusively established. Therefore, we aimed to examine the association between UPF intake and
several types of colorectal adenomas, and to test the interaction between UPF intake and smoking.

2. Materials and Methods

A case-control study, among consecutive subjects aged 40–70 years, undergoing colonoscopy at
the Department of Gastroenterology and Hepatology at the Tel-Aviv Medical center (TLVMC) during
2010–2015 was conducted. We selected a population with minimal risk of genetic predisposition for
colorectal neoplasia in order to assess the impact of environmental risk factors for CRC. Exclusion
criteria for both cases and controls included: hereditary CRC syndromes (such as Lynch and Familial
polyposis syndromes), a personal history of CRC, first-degree family history of CRC below the age of
70 years, inflammatory bowel disease, and celiac disease. Additionally excluded were those who had a
history of solid malignancy, hyperthyroidism, or colectomy, as well as recent hospitalization or surgery,
pregnancy, chronic liver disease, grade 4–5 chronic kidney disease, and type 2 diabetes. Cases with a
personal history of colorectal polyps before the age of 40, or diagnosis of > 5 colorectal polyps (ever)
were excluded, as well as controls with any past colonic polyps. Participants with excessive alcohol
intake (≥30 g/day in men or ≥20 g/day in women), positive hepatitis serology, or an unreasonable food
frequency questionnaire (FFQ) (total calorie intake of less than 500 or 800 kcal or more than 3500 or
4000 kcal for women and men, respectively) were also excluded.

The study protocol was approved by the Institutional Review Board of the TLVMC (Project
identification code 0101-08-TLV, approved on 21.09.2009), and was therefore preformed in accordance
with the ethics standards laid down in the 1964 Declaration of Helsinki and its later amendments.
All participants provided informed consent prior to study enrollment.

2.1. Definition of Cases and Controls

Indication for colonoscopy was defined as screening (due to age), colonoscopy for alarming
symptoms (such as rectal bleeding, unintentional weight loss etc.), or surveillance (due to a personal or
family history of colorectal polyps or a family history of CRC past the age of 70 years).

Polyp histology was reviewed by a gastro-intestinal (GI) pathologist. Adenomas were classified
as advanced or non-advanced according to the guidelines of the United States (US) Multi-Society Task
Force on CRC, the American Cancer Society CRC Advisory Group, the US Multi-Society Task Force,
and the American College of Radiology CRC Committee [18,19]. Advanced adenomas were defined as
large adenomas (>10 mm), with features of high-grade dysplasia (HGD) or villous histology, multiple
(≥3) non-advanced adenomas. Non-advanced adenomas were defined as adenomas <10 mm, without
features of HGD or villous histology. Cases with more than one polyp were defined according to the
polyp of highest neoplastic potential. Controls were patients with no colorectal polyps detected in
their current or past colonoscopies.

Polyp location was defined as proximal adenomas (cecum, appendix, ascending colon, hepatic
flexure, transverse colon, and splenic flexure) and distal adenomas (descending colon, sigmoid colon,
and rectum) based on International Statistical Classification of Diseases 10th edition for CRC [20].

2.2. Data Collection

Within 2 months after undergoing a colonoscopy, all participants were requested to undergo
a medical interview, anthropometric measurements, and blood tests and answer questionnaires on
lifestyle and diet. Participants were face-to-face interviewed for their medical history, demographic
characteristics, lifestyle, and dietary intake. Blood pressure, weight, height, and hip and waist
circumference were measured using a uniform protocol. Body mass index (BMI) was calculated as
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weight (kilograms)/height2 (meters). Participants’ blood tests were obtained following a 12-h fast, and
were analyzed at a single lab.

Smoking was defined as ever (past/present) smoking vs. never smoking.Mets was defined according
to the American Heart Association (AHA) criteria [21] if patients were diagnosed with ≥3 of the
following criteria: impaired fasting glucose (fasting glucose>100 mg/dl), hypertension (systolic blood
pressure/diastolic blood pressure >130/85 mmHg and/or medication), low high-density-lipoprotein (HDL)
(HDL <40/50 mg/dL among men and women, respectively), high triglycerides (triglycerides >150 mg/dL
or medications), and abdominal obesity (waist circumference >88/102 cm among women and men,
respectively). A healthy dietary index was defined according to the AHA healthy diet components [22,23].

2.3. Evaluation of UPF Intake

Evaluation of dietary intake was performed using a structured detailed semi-quantitative FFQ,
assembled by the Food and Nutrition Administration, the Israeli Ministry of Health, that has been
validated for the Israeli population [24], and comprised of 117 food items with specified serving sizes.
All participants were asked to refer to the past year when filling in the FFQ, and were kept blinded to
the study hypothesis.

The classification of the processing level of foods was determined based on the NOVA
classification [25]. UPFs were classified as foods that are industrial formulations that are typically
comprised of many ingredients, particularly substances not commonly found in natural food products,
such as hydrolyzed protein, modified starch, hydrogenated or inter-esterified oils, and additives,
such as colorants, flavoring, non-sugar sweeteners, emulsifiers, humectants, sequestrants, firming,
bulking, de-foaming, anti-caking, and glazing agents [25] (Table S1).

Total calories from UPF items were summed, and the proportional caloric intake of UPFs from total
caloric intake, and separately for 6 food groups was calculated: (1) bread, pastries, and starch; (2) snacks;
(3) beverages; (4) oils and spreads; (5) dairy; and (6) meat, poultry, and fish [13]. The proportional
caloric intake of UPFs from total calories, and from each food group were categorized into tertiles
according to the consumption of the study sample. High UPF intake was defined as percent of kcal
from UPF above the study sample upper tertile (≥ 44.8% of total kcal).

2.4. Statistical Analysis

All statistical analyses were performed using SPSS version 25.0 for Windows (SPSS Inc., Chicago,
IL, USA). Continuous variables are presented as means ± SD and nominal variables as proportions.
Pearson Chi-Square test was used to test the association between nominal variables. The independent
samples t-test was used to compare between cases and controls. One-way Anova was used to test
the difference between three groups of proportional UPF intake. Multivariate logistic regression
analysis was used to test the association between high UPF intake and colorectal adenomas, controlling
for potential confounders as demographics and variables that distributed differently between cases
and controls and may be related with dietary characteristics: age, gender, aspirin use, indication for
colonoscopy, BMI, total kcal, and the Mets. The proportional caloric intake of UPFs from total calories,
and from each food group was categorized as tertiles. For all UPF in the diet, the 2nd tertile (30.4–44.7%
of total kcal) and the 3rd tertile (≥44.8% of total kcal) were compared to the 1st tertile (≤30.4% of total
kcal). An interaction between high UPF intake and smoking status was assessed by the interaction
term in binary logistic regression, adjusting for potential confounders, smoking status, and high UPF
intake. p < 0.05 was considered statistically significant for all analyses.
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3. Results

3.1. Characteristics of the Study Population and Comparison between Cases and Controls

We included 652 participants in this analysis, 294 cases with colorectal adenomas and 358 controls
with no past/present polyps (mean age ± standard deviation (SD) 58.5 ± 6.6 years, 50.8% men, mean
BMI 28.2 ± 5.4 kg/m2). Mean daily caloric intake was 2043.7 ± 692.1, of which the mean proportional
caloric intake from UPFs was 38.2± 16.2%. Intake of UPF was mostly derived from ‘snacks’, ‘beverages’,
‘oils and spreads’ and ‘dairy products’ (Figure S1). High UPF intake (third tertile vs. first tertile) was
significantly associated with male gender. Unhealthy lifestyles, including smoking, physical inactivity,
and obesity, tended to be higher, and the consumption of a healthy diet tended to be lower among
participants consuming high UPF, but these differences were not statistically significant. As expected,
participants with high UPF intake had a higher caloric intake, higher proportional carbohydrates and
SFA intake, and lower protein intake (Table S2).

3.2. The Association between UPF Intake and Colorectal Adenomas

Cases with adenomas were older, had a higher mean BMI, and included a higher proportion of
males, smokers, aspirin users, participants with the Mets, and participants undergoing surveillance
colonoscopy (Table 1).

Cases and controls did not differ in dietary intake of total calories, calories from different food
groups, proportion of calories from macronutrients, and major nutrients, as saturated fatty acids (SFA),
fiber, and sodium, but cases had lower intake of mono-unsaturated/SFA ratio. Cases had a higher
proportional caloric intake of UPFs, mainly contributed by the following food groups: oils and spreads,
dairy products, snacks, and beverages. These differences were also seen for subgroups of cases with
advanced adenomas and proximal adenomas (Table 2).

The proportional caloric intake of UPFs was significantly associated with adenoma stage, with a
significant positive trend, among the total population and among smokers but not among never-smokers
(Figure 1).
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Table 1. Characteristics of the study population, and comparison between cases with adenomas and controls.

Controls
(n = 358)

Cases with
Adenoma
(n = 294)

p

Cases with
Non-Advanced

Adenoma
(n = 147)

p

Cases with
Advanced
Adenoma
(n = 147)

p

Cases with
Proximal
Adenoma
(n = 143)

p

Cases with
Distal

Adenoma
(n = 151)

p

Age (years) 57.9 ± 6.8 59.4 ± 9.6 0.004 59.3 ± 6.5 0.037 59.7 ± 6.2 0.006 60.5 ± 5.8 <0.001 58.5 ± 6.7 0.337
Gender (% male) 46.2 56.3 0.012 54.5 0.100 57.6 0.023 49.3 0.558 62.4 0.001

Low socio-economic
status a (%) 5.6 8.1 0.220 8.5 0.245 7.7 0.384 8.0 0.332 8.1 0.306

Never smoked (%) 54.2 41.2
0.002

42.2
0.077

40.4
0.002

44.8
0.052

38.2
0.003Past smoker (%) 33.2 37.8 40.1 35.6 35.0 40.1

Current smoker (%) 12.6 21.1 17.7 24.0 20.3 20.8
BMI (kg/m2) 27.3 ± 4.8 29.0 ± 5.8 <0.001 29.0 ± 5.0 0.001 28.9 ± 6.5 0.010 28.3 ± 4.9 0.043 29.5 ± 6.5 <0.001

Aspirin use (%) 23.5 32.6 0.011 35.0 0.010 31.3 0.079 31.4 0.075 33.6 0.022
Physical inactivity b (%) 40.5 47.2 0.094 46.1 0.245 47.9 0.127 51.1 0.031 43.8 0.474
Metabolic syndrome (%) 42.9 66.1 <0.001 66.9 <0.001 64.3 <0.001 65.4 <0.001 66.2 <0.001

Indication for colonoscopy
Screening (%) 60.5 39.9

<0.001
39.9

<0.001
39.6

<0.001
40.7

<0.001
38.9

<0.001Alarming symptoms (%) 34.0 35.4 30.8 40.3 30.7 39.6
Surveillance (%) 5.5 24.7 29.4 20.1 28.6 21.5

a Low socio-economic status–A combination of low education (<12 years of school education) and low income (< the group 1st Q of monthly household income) b Physical inactivity–Reported
no intentional exercise or less than 20 min/week of exercise, which leads to increased heart rate and/or sweating. Abbreviations: BMI-Body Mass Index
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Table 2. Comparison of dietary intake and Ultra-Processed Food (UPF) intake between cases and controls.

Controls
(n = 358)

Cases with
Adenoma
(n = 294)

p

Cases with
Non-Advanced

Adenoma
(n = 147)

p

Cases with
Advanced
Adenoma
(n = 147)

p

Cases with
Proximal
Adenoma
(n = 143)

p

Cases with
Distal

Adenoma
(n = 151)

p

Dietary intake
Caloric intake (Kcal/day) 2031 ± 687 2027 ± 705 0.944 2058 ± 683 0.687 1994 ± 723 0.596 2020 ± 651 0.874 2036 ± 753 0.932
Protein (% of total kcal) 18.2 ± 4.4 18.3 ± 4.6 0.753 18.5 ± 4.5 0.527 18.1 ± 4.8 0.838 17.3 ± 4.2 0.023 19.4 ± 4.8 0.012

Fat (% of total kcal) 36.4 ± 6.6 35.8 ± 6.4 0.215 35.8 ± 6.6 0.399 36.0 ± 6.3 0.498 36.0 ± 6.2 0.563 35.7 ± 6.7 0.274
SFA (% of total kcal) 12.3 ± 3.7 12.2 ± 3.7 0.795 12.0 ± 3.4 0.381 12.5 ± 4.1 0.473 12.2 ± 3.4 0.754 12.3 ± 4.0 0.868

MUFA/SFA ratio 1.06 ± 0.45 1.00 ± 0.33 0.041 1.03 ± 0.36 0.322 0.99 ± 0.32 0.037 1.02 ± 0.34 0.233 0.99 ± 0.33 0.041
Carbohydrates (% of total kcal) 41.6 ± 8.7 42.2 ± 8.6 0.354 42.0 ± 8.1 0.702 42.3 ± 9.0 0.432 43.4 ± 8.2 0.046 41.1 ± 8.9 0.536

Fiber (gr/day) 23.6 ± 11.5 27.4 ± 12.8 0.547 24.5 ± 10.7 0.417 21.5 ± 12.8 0.076 23.1 ± 12.0 0.672 23.0 ± 12.0 0.611
Sodium (mg/day) 2774 ± 1048 2773 ± 1037 0.975 2876 ± 1056 0.321 2669 ± 1011 0.299 2665 ± 1014 0.284 2876 ± 1048 0.313

Total caloric intake from food groups
Bread, pastries and starch (kcal) 403.1 ± 230.4 420.2 ± 239.6 0.360 450.8 ± 251.7 0.044 391.9 ± 223.9 0.621 414.7 ± 237.3 0.622 425.1 ± 251.74 0.340

Snacks (kcal) 208.5 ± 218.7 207.8 ± 202.3 0.966 182.4 ± 175.9 0.206 233.8 ± 224.4 0.249 233.1 ± 201.5 0.252 184.2 ± 200.3 0.246
Beverages (kcal) 150.2 ± 175.1 174.0 ± 206.8 0.118 161.3 ± 211.0 0.567 181.3 ± 195.8 0.089 180.3 ± 217.1 0.117 166.9 ± 196.9 0.363

Oils and spreads (kcal) 188.1 ± 143.9 184.5 ± 176.8 0.779 203.3 ± 192.5 0.329 167.9 ± 160.3 0.179 194.5 ± 205.2 0.686 175.7 ± 144.7 0.392
Dairy (kcal) 245.0 ± 200.4 242.0 ± 203.2 0.894 237.9 ± 177.5 0.760 250.8 ± 228.8 0.736 231.0 ± 184.0 0.514 256.6 ± 221.5 0.528

Meat, poultry and fish (kcal) 288.8 ± 191.9 304.0 ± 231.0 0.368 314.7 ± 257.3 0.224 292.1 ± 203.2 0.869 258.3 ± 169.3 0.102 346.8 ± 269.6 0.007

The proportional caloric intake of UPFs by food group
Total UPF kcal/total kcal (%) 36.9 ± 16.4 39.2 ± 16.4 0.043 38.2 ± 15.6 0.251 40.3 ± 16.9 0.019 40.4 ± 16.2 0.016 38.0 ± 16.4 0.422

Bread, pastries and starch UPF
kcal/group kcal (%) 19.2 ± 24.3 17.4 ± 22.2 0.327 19.0 ± 22.8 0.936 15.7 ± 22.2 0.129 18.3 ± 22.0 0.686 16.4 ± 22.4 0.229

Snacks UPF kcal/group kcal (%) 71.1 ± 31.2 77.3 ± 27.5 0.010 76.2 ± 28.5 0.102 78.3 ± 26.4 0.020 76.5 ± 27.8 0.084 77.9 ± 7.4 0.030
Beverages UPF kcal/group

kcal (%) 59.8 ± 37.9 66.8 ± 37.9 0.026 64.7 ± 39.0 0.210 69.1 ± 36.9 0.016 68.6 ± 36.2 0.022 64.9 ± 37.7 0.187

Oils and spreads UPF
kcal/group kcal (%) 56.2 ± 33.3 66.1 ± 32.5 <0.001 66.9 ± 33.4 0.001 64.9 ± 32.2 0.009 64.1 ± 32.9 0.018 67.8 ± 32.2 <0.001

Dairy UPF kcal/group kcal (%) 35.5 ± 31.2 43.5 ± 32.6 0.002 42.5 ± 31.1 0.025 44.9 ± 34.1 0.005 43.5 ± 30.9 0.011 43.5 ± 34.1 0.021
Meat, poultry and fish UPF

kcal/group kcal (%) 8.8 ± 14.2 8.8 ± 13.0 0.327 9.7 ± 12.9 0.283 7.7 ± 12.9 0.399 18.3 ± 22.0 0.883 9.5 ± 14.2 0.370

Abbreviations: Kcal–Kilocalorie, MUFA-Mono-Unsaturated Fatty Acid, SFA-Saturated Fatty Acids, UPFs-Ultra-Processed Foods.
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Figure 1. Univariate association between the proportional caloric intake of Ultra-Processed Foods (UPFs) and colorectal adenomas among (A) the total population 
(n = 652), (B) never smokers (n = 315), (C) smokers (n = 337). Abbreviations: Kcal–Kilocalorie;SE- Standard error 

Figure 1. Univariate association between the proportional caloric intake of Ultra-Processed Foods (UPFs) and colorectal adenomas among (A) the total population
(n = 652), (B) never smokers (n = 315), (C) smokers (n = 337). Abbreviations: Kcal–Kilocalorie;SE- Standard error
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In addition, only among smokers, there was a positive trend in the association between tertiles of
proportional caloric intake of UPFs and adenomas, particularly advanced adenomas (Figure 2).
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Figure 2. The univariate association between tertiles of proportional caloric intake of Ultra-Processed
Foods (UPFs) and (A) Adenoma (B) Non-advanced adenoma (C) Advanced adenoma, stratified by
smoking status.

3.3. Association between UPF Intake and Colorectal Adenomas and Its Interaction with Smoking

In multivariate analysis, a high UPF intake (third tertile vs. first tertile) was positively associated
with adenomas (odds ratio (OR) = 1.75, 95% confidence interval (CI) 1.14–2.68), advanced adenomas
(OR = 2.17, 95%CI 1.29–3.65), and proximal adenomas (OR = 2.38, 95%CI 1.37–4.11) among the total
study population. A positive dose–response association was detected for adenomas, advanced
adenomas, and proximal adenomas. Stratified by smoking status, significant positive dose–response
associations between high UPF intake (third tertile vs. first tertile) and colorectal adenomas,
non-advanced, advanced, proximal, and distal adenomas were observed only among smokers,
and not among never-smokers. There was a significant interaction between smoking and high UPF
intake (third tertile vs. first tertile) in relation with adenomas (p for interaction = 0.004), non-advanced
adenomas (p for interaction = 0.019), advanced adenomas (p for interaction = 0.007), proximal adenomas
(p for interaction = 0.026), and distal adenomas (p = 0.004) (Table 3).
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Table 3. The adjusted association between high Ultra-Processed Foods (UPFs)intake, and colorectal adenomas as compared to controls, stratified by smoking status.

Cases with Adenoma
OR (95%CI)

p

Cases with
Non-Advanced

Adenoma
OR (95%CI)

p

Cases with
Advanced Adenoma

OR (95%CI)
p

Cases with Proximal
Adenoma

OR (95%CI)
p

Cases with Distal
Adenoma

OR (95%CI)
p

Total study population
(n = 652)

Cases/controls
294/358

1st tertile of UPF intake
Cases/controls 83/131 44/131 39/131 36/131 47/131

Ref. Ref. Ref. Ref. Ref.

2nd tertile of UPF intake b

Cases/controls 103/122 58/122 45/122 52/122 51/122
1.58 (1.04–2.40)

0.030
1.67 (1.00–2.78)

0.048
1.39 (0.81–2.38)

0.219
1.99 (1.15–3.44)

0.013
1.32 (0.79–2.19)

0.278

3rd tertile of UPF intake b

Cases/controls 108/105 45/105 63/105 55/105 53/105
1.75 (1.14–2.68)

0.009
1.31 (0.76–2.25)

0.325
2.17 (1.29–3.65)

0.003
2.38 (1.37–4.11)

0.002
1.39 (0.82–2.34)

0.212

Never smokers (n = 315)
Cases/controls

121/194

1st tertile of UPF intake
Cases/controls 45/67 22/67 23/67 22/67 23/67

Ref. Ref. Ref. Ref. Ref.

2nd tertile of UPF intake b

Cases/controls 43/67 28/67 15/67 25/67 18/67
1.10 (0.62–1.97)

0.730
1.44 (0.71–2.95)

0.309
0.67 (0.31–1.47)

0.326
1.32 (0.63–2.74)

0.453
0.88 (0.41–1.87)

0.748

3rd tertile of UPF intake b

Cases/controls 33/60 13/60 20/60 17/60 16/60
0.84 (0.45–1.55)

0.589
0.56 (0.24–1.29)

0.176
1.02 (0.48–2.15)

0.947
0.90 (0.41–1.98)

0.808
0.72 (0.33–1.60)

0.432
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Table 3. Cont.

Cases with Adenoma
OR (95%CI)

p

Cases with
Non-Advanced

Adenoma
OR (95%CI)

p

Cases with
Advanced Adenoma

OR (95%CI)
p

Cases with Proximal
Adenoma

OR (95%CI)
p

Cases with Distal
Adenoma

OR (95%CI)
p

Smokers a (n = 337)
Cases/controls

173/164

1st tertile of UPF intake
Cases/controls 38/64 22/64 16/64 14/64 24/64

Ref. Ref. Ref. Ref. Ref.

2nd tertile of UPF intake b

Cases/controls 60/55 30/55 30/55 27/55 33/55
2.43 (1.31–4.52)

0.005
2.06 (0.96–4.39)

0.060
2.86 (1.30–6.26)

0.009
3.40 (1.43–8.05)

0.005
1.97 (0.96–4.02)

0.061

3rd tertile of UPF intake b

Cases/controls 75/45 32/45 43/45 38/45 37/45
3.54 (1.90–6.61)

< 0.001
2.60 (1.20–5.63)

0.015
4.76 (2.20–10.30)

< 0.001
6.23 (2.67–14.52)

< 0.001
2.49 (1.21–5.13)

0.013

P for
interactionbetween

UPF intake and
smoking status c

2nd tertile of UPF
intake 0.100 0.533 0.017 0.137 0.159

3rd tertile of UPF
intake 0.004 0.019 0.007 0.026 0.004

ORs are adjusted for age, gender, BMI, total kcal, aspirin use and indication for colonoscopy. a Smoking is defined as ever (past/present) smoking. b Ultra-Processed Foods (UPFs) intake
was defined as the proportional caloric intake of UPFs from total caloric intake. The 2nd tertile of UPF (30.4–44.7% of total kcal) and the 3rd tertile (≥44.8% of total kcal) were compared to
the 1st tertile (≤30.4% of total kcal). c The interaction between UPF intake and smoking status, adjusted for all parameters of the model, smoking and high UPF intake. Abbreviations: OR-
Odds ratio, CI- Confidence interval, UPF- Ultra-Processed Food
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Among all food groups, high UPF intake (third tertile vs. first tertile) from ‘dairy products’
and ‘snacks’ among smokers and high UPF intake from ‘oils and spreads’ in both smokers and
never-smokers were independently associated with colorectal adenomas in multivariate analysis
(Table S3).

3.4. The Association between UPF Intake and Colonic Adenomas as Compared with Other Major Risk Factors

The association between high intake of UPF and colorectal adenomas, advanced, and proximal
adenomas was as strong as that of established risk factors for colorectal cancer, such as smoking and
the Mets, in a multivariate model with all risk factors adjusted for confounding factors and for one
another (Figure 3).

Figure 3. Adjusted association between metabolic and lifestyle-related risk factors and colorectal
adenomas. (A) All adenoma (B) Advanced adenoma (C) Proximal adenoma. a Smoking (ever vs.
never).b Metabolic syndrome (yes vs. no). c UPF intake was defined as tertiles of the proportional caloric
intake of UPFs from total caloric intake. The 2nd tertile of UPF (30.4–44.7% of total kcal) and the 3rd
tertile (≥44.8% of total kcal) were compared to the 1st tertile (≤30.4% of total kcal). All ORs are adjusted
for age, gender, BMI, total kcal, aspirin, indication for colonoscopy, smoking, metabolic syndrome, and
high UPF intake. Abbreviations: OR- Odds ratio, CI- Confidence interval, UPF- Ultra-Processed Foods

4. Discussion

Processed food, a key component of the western diet, is prevalent among various food groups [13],
and has been shown to contribute up to 60% of the daily kcal intake of adults [26], 40% of children [27],
and 20% of infants [28]. UPF intake has been studied in association with various health outcomes,
including cancer, and specifically, CRC [16], but evidence regarding its association with pre-malignant
colorectal polyps is lacking. Our study findings show a positive independent association between UPF
intake and colorectal adenomas.

We observed strong positive dose–response associations between high UPF intake and colorectal
adenomas of both types and of both colorectal locations. These associations were observed only among
smokers, and a significant interaction was detected between smoking and high UPF intake in relation to
all colorectal adenoma categories. The association between high UPF intake and colorectal adenomas
was as strong as the association between smoking or the Mets and adenomas, well-established risk
factors for colorectal carcinogenesis, which have been previously suggested as CRC screening referral
factors [29].

As expected, participants who consumed higher proportions of UPF also consumed significantly
more calories, SFA, and carbohydrates. Western lifestyle characteristics, such as smoking, physical
inactivity, obesity, and the consumption of a healthy diet, were different between participants
characterized by different intake levels of UPF, but these differences were not significant. Cases and
controls differed in UPF intake but not in intake of other dietary components of the western diet, such as
fiber, sodium, and fat. Additionally, the associations between UPF intake and adenomas were consistent
across types and locations of adenomas, independent of total caloric intake and BMI, which were
adjusted for in multivariate analysis. Therefore, it is reasonable to assume that the association of UPF
with adenomas is not just a reflection of an association with an unhealthy western diet. These results
strengthen the independent association between UPF intake and colorectal neoplasia.
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This association is supported by biological mechanisms linking CRC development and growth,
with various synthetic components of processed food. These include nitrates and nitrites [30] in
processed meats, and other less studied food additives, such as monosodium glutamate, titanium
dioxide [31], high-fructose corn syrup [32], and synthetic dyes [33]. Indeed, the major sources of UPFs
that were found to be related with colorectal adenomas were ‘snacks’, ‘oils and spreads’, and ‘dairy
products’; all contain significant amounts of the above-mentioned components and food additives.
Surprisingly, the ‘dairy products’ food group, which is considered an important part of the Dietary
Approach to Stop Hypertension (DASH) diet and the Mediterranean diet [34], included 40% of the kcal
from ultra-processed dairy products. Cases with colorectal adenomas consumed higher proportions
of ultra-processed dairy products, and dairy products were positively associated with colorectal
adenomas among smokers in multivariate analysis. Previous reports have shown dairy products
to be protective of colorectal neoplasia, but results have been inconclusive [34,35]. Given that none
of these previous reports had differentiated between processed and non-processed dairy products,
these inconsistencies may be attributed to this potentially important distinction. Among our study
population, the intake of ultra-processed ‘meat, poultry, and fish’ was about 10% of the total kcal,
nearly a third of the intake reported in other cohorts of the western world [36]. This may explain the
finding that high intake of processed ‘meat, poultry, and fish’ was not significantly associated with
colorectal adenomas in this cohort, unlike the findings of others [37]. Another explanation may be that
the intake of UPF as a whole is the exposure of importance, regardless of the food group the UPF is
oriented from.

The positive association between UPF intake and adenomas was stronger with advanced adenomas,
and may reflect a potential role of UPFs in colorectal neoplasia progression. The association with
proximal adenomas differs from previous reports that link diet and smoking with distal adenomas [7,8].
Interestingly, the associations persisted following adjustments for various potential confounding
factors among smokers but not among non-smokers, yielding a significant interaction. Importantly,
in our study, smoking and other unhealthy lifestyle characteristics were not associated with UPF
intake, therefore potential confounding by these factors is unlikely. Additionally, a dose-dependent
association was detected between UPF intake and colorectal adenomas, with a significant positive
trend seen only among smokers. Previous studies have demonstrated interactions between diet and
smoking in their association with colorectal neoplasia, but these have mainly been attributed to meat
intake [38,39] and plant-based diets [40]. To our knowledge, none of these studies have addressed
UPFs. Therefore, we believe that this is the first report of an association between UPF intake and
colorectal adenomas, and of its interaction with smoking. One potential mechanism to explain this
interaction is the joint effects of smoking and diet on the gut microbiome [41], which can in turn
influence CRC risk. The main proposed mechanisms linking the microbiome with colorectal neoplasia
include secretion of oncogenic microbial metabolites, such as secondary bile acids, and activation and
promotion of an inflammatory response in the gut mucosa, which further promote the growth of tumor
cells, and inhibit apoptosis [42–44]

The limitations of this study include the lack of temporal sequence, which does not permit a
causal inference. Cases and controls were recruited from the same population and had comparable
socioeconomic characteristics, thus minimizing a potential selection bias. In terms of external validity,
this study population was intentionally selected to represent a population with low to medium risk for
colorectal polyp; thus, our findings cannot be generalized to high-risk populations. We attempted to
minimize a potential confounding effect and elaborate on effect modification by stratification across
smoking status, which is strongly associated with CRC, and adjustment in multivariate analysis.
Still, residual confounding may still exist. Nutritional data were collected within a single country,
which may impact on the generalizability across populations with different diets. Information bias,
and particularly recall bias, on lifestyle characteristics may exist, due to the retrospective nature of the
study. This was minimized by a uniform structured lifestyle and dietary questionnaire, which was
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assessed in the same manner among cases and controls, all blinded to the study hypothesis to prevent
differential bias.

5. Conclusions

Among smokers, high UPF intake is strongly and independently associated with colorectal
adenomas, especially for advanced and proximal adenoma. The results highlight the need to further
investigate the role of UPF as an independent risk factor for colorectal neoplasia, and its interaction with
smoking, in larger prospective studies, incorporating microbiome analysis. As UPF intake increases
worldwide, especially among children and young adults, its negative implications should be targeted
for CRC prevention.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/11/3507/s1,
Table S1. Un-processed and Processed vs. Ultra-processed Food groups, Figure S1. The proportional caloric intake
of UPFs in the total diet and within food groups; Table S2. The association between high UPF intake (≥44.8% of
total kcal) and lifestyle characteristics; Table S3. The adjusted association between high UPF intake from food
groups, and colorectal adenoma as compared to controls, stratified by smoking status.

Author Contributions: Conceptualization, N.F.-I., S.Z.-S. and R.K.; data curation, N.F.-I. and D.I.-W.; formal
analysis, N.F.-I., S.Z.-S. and R.K.; funding acquisition, S.Z.-S.; investigation, N.F.-I., S.Z.-S. and R.K.; methodology,
N.F.-I., S.Z.-S. and R.K.; project administration, N.F.-I. and D.I.-W.; resources, S.Z.-S, O.S. and R.K.; supervision,
S.Z.-S. and R.K.; writing–original draft, N.F.-I. and S.Z.-S.; writing–review and editing, S.Z.-S., O.S. and R.K.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Dekker, E.; Tanis, P.J.; A Vleugels, J.L.; Kasi, P.M.; Wallace, M.B. Colorectal cancer. Lancet 2019, 394, 1467–1480.
[CrossRef]

2. Thanikachalam, K.; Khan, G. Colorectal Cancer and Nutrition. Nutrients 2019, 11, 164. [CrossRef] [PubMed]
3. Feakins, R.M. Obesity and metabolic syndrome: Pathological effects on the gastrointestinal tract.

Histopathology 2016, 68, 630–640. [CrossRef] [PubMed]
4. Davenport, J.R.; Su, T.; Zhao, Z.; Coleman, H.G.; Smalley, W.E.; Ness, R.M.; Zheng, W.; Shrubsole, M.J.

Modifiable lifestyle factors associated with risk of sessile serrated polyps, conventional adenomas and
hyperplastic polyps. Gut 2016, 67, 456–465. [CrossRef] [PubMed]

5. Fliss-Isakov, N.; Kariv, R.; Webb, M.; Ivancovsky, D.; Margalit, D.; Zelber-Sagi, S. Mediterranean
dietary components are inversely associated with advanced colorectal polyps: A case-control study.
World J. Gastroenterol. 2018, 24, 2617–2627. [CrossRef] [PubMed]

6. De Jáuregui, D.R.-F.; Evans, C.E.L.; Jones, P.; Greenwood, D.C.; Hancock, N.; Cade, J.E. Common dietary
patterns and risk of cancers of the colon and rectum: Analysis from the United Kingdom Women’s Cohort
Study (UKWCS). Int. J. Cancer 2018, 143, 773–781. [CrossRef] [PubMed]

7. Fliss-Isakov, N.; Zelber-Sagi, S.; Webb, M.; Halpern, Z.; Kariv, R. Smoking Habits are Strongly Associated
with Colorectal Polyps in a Population-based Case-control Study. J. Clin. Gastroenterol. 2018, 52, 805–811.
[CrossRef] [PubMed]

8. Fliss-Isakov, N.; Grosso, G.; Salomone, F.; Godos, J.; Gavalno, F.; Ivancovsky-Wajcman, D.; Shibolet, O.;
Kariv, R.; Zelber-Sagi, S. High Intake of Phenolic Acids Is Associated With Reduced Risk of Colorectal
Adenomas Among Smokers. Clin. Gastroenterol. Hepatol. 2020, 18, 1893–1895.e3. [CrossRef]

9. Le Marchand, L.; Hankin, J.H.; Wilkens, L.R.; Pierce, L.M.; Franke, A.; Kolonel, L.N.; Seifried, A.;
Custer, L.J.; Chang, W.; Lum-Jones, A.; et al. Combined effects of well-done red meat, smoking, and
rapid N-acetyltransferase 2 and CYP1A2 phenotypes in increasing colorectal cancer risk. Cancer Epidemiol.
Biomark. Prev. 2001, 10, 1259–1266.

10. Lilla, C.; Verla-Tebit, E.; Risch, A.; Jäger, B.; Hoffmeister, M.; Brenner, H.; Chang-Claude, J. Effect of NAT1
and NAT2 Genetic Polymorphisms on Colorectal Cancer Risk Associated with Exposure to Tobacco Smoke
and Meat Consumption. Cancer Epidemiol. Biomark. Prev. 2006, 15, 99–107. [CrossRef]

http://www.mdpi.com/2072-6643/12/11/3507/s1
http://dx.doi.org/10.1016/S0140-6736(19)32319-0
http://dx.doi.org/10.3390/nu11010164
http://www.ncbi.nlm.nih.gov/pubmed/30646512
http://dx.doi.org/10.1111/his.12907
http://www.ncbi.nlm.nih.gov/pubmed/26599607
http://dx.doi.org/10.1136/gutjnl-2016-312893
http://www.ncbi.nlm.nih.gov/pubmed/27852795
http://dx.doi.org/10.3748/wjg.v24.i24.2617
http://www.ncbi.nlm.nih.gov/pubmed/29962818
http://dx.doi.org/10.1002/ijc.31362
http://www.ncbi.nlm.nih.gov/pubmed/29516512
http://dx.doi.org/10.1097/MCG.0000000000000935
http://www.ncbi.nlm.nih.gov/pubmed/29210901
http://dx.doi.org/10.1016/j.cgh.2019.08.038
http://dx.doi.org/10.1158/1055-9965.EPI-05-0618


Nutrients 2020, 12, 3507 14 of 15

11. Steele, E.M.; Popkin, B.M.; Swinburn, B.; A Monteiro, C. The share of ultra-processed foods and the overall
nutritional quality of diets in the US: Evidence from a nationally representative cross-sectional study.
Popul. Health Metr. 2017, 15, 1–11.

12. A Monteiro, C.; Cannon, G.; Moubarac, J.-C.; Levy, R.B.; Louzada, M.L.C.; Jaime, P.C. The UN Decade of
Nutrition, the NOVA food classification and the trouble with ultra-processing. Public Health Nutr. 2018, 21,
5–17. [CrossRef] [PubMed]

13. Hall, K.D.; Ayuketah, A.; Brychta, R.; Cai, H.; Cassimatis, T.; Chen, K.Y.; Chung, S.T.; Costa, E.; Courville, A.;
Darcey, V.; et al. Ultra-Processed Diets Cause Excess Calorie Intake and Weight Gain: An Inpatient
Randomized Controlled Trial of Ad Libitum Food Intake. Cell Metab. 2019, 30, 67–77.e3. [CrossRef] [PubMed]

14. Steele, E.M.; Juul, F.; Neri, D.; Rauber, F.; Monteiro, C.A. Dietary share of ultra-processed foods and metabolic
syndrome in the US adult population. Prev. Med. 2019, 125, 40–48. [CrossRef]

15. Srour, B.; Fezeu, L.K.; Kesse-Guyot, E.; Allès, B.; Méjean, C.; Andrianasolo, R.M.; Chazelas, E.; Deschasaux, M.;
Hercberg, S.; Galan, P.; et al. Ultra-processed food intake and risk of cardiovascular disease: Prospective
cohort study (NutriNet-Santé). BMJ 2019, 365, l1451. [CrossRef]

16. Fiolet, T.; Srour, B.; Sellem, L.; Kesse-Guyot, E.; Allès, B.; Méjean, C.; Deschasaux, M.; Fassier, P.;
Latino-Martel, P.; Beslay, M.; et al. Consumption of ultra-processed foods and cancer risk: Results
from NutriNet-Santé prospective cohort. BMJ 2018, 360, k322. [CrossRef]

17. Trudeau, K.; Rousseau, M.; Parent, M. Élise Extent of Food Processing and Risk of Prostate Cancer:
The PROtEuS Study in Montreal, Canada. Nutrients 2020, 12, 637. [CrossRef]

18. Lieberman, D.A.; Rex, D.K.; Winawer, S.J.; Giardiello, F.M.; Johnson, D.A.; Levin, T.R. Guidelines for
Colonoscopy Surveillance After Screening and Polypectomy: A Consensus Update by the US Multi-Society
Task Force on Colorectal Cancer. Gastroenterology 2012, 143, 844–857. [CrossRef]

19. Levin, B.; Lieberman, D.A.; McFarland, B.; Smith, R.A.; Brooks, D.; Andrews, M.K.S.; Dash, C.; Giardiello, F.M.;
Glick, S.; Levin, T.R.; et al. Screening and Surveillance for the Early Detection of Colorectal Cancer and
Adenomatous Polyps, 2008: A Joint Guideline from the American Cancer Society, the US Multi-Society Task
Force on Colorectal Cancer, and the American College of Radiology. CA: A Cancer J. Clin. 2008, 58, 130–160.
[CrossRef]

20. ICD-10-CM Chapters List. Available online: https://icd.codes/icd10cm (accessed on 11 April 2018).
21. Kassi, E.; Pervanidou, P.; Kaltsas, G.; Chrousos, G.P. Metabolic syndrome: Definitions and controversies.

BMC Med. 2011, 9, 48. [CrossRef]
22. Khera, A.V.; Emdin, C.A.; Drake, I.; Natarajan, P.; Bick, A.G.; Cook, N.R.; Chasman, D.I.; Baber, U.; Mehran, R.;

Rader, D.J.; et al. Genetic Risk, Adherence to a Healthy Lifestyle, and Coronary Disease. N. Engl. J. Med.
2016, 375, 2349–2358. [CrossRef] [PubMed]

23. Lloyd-Jones, D.M.; Hong, Y.; Labarthe, D.; Mozaffarian, D.; Appel, L.J.; Van Horn, L.; Greenlund, K.;
Daniels, S.; Nichol, G.; Tomaselli, G.F.; et al. Defining and Setting National Goals for Cardiovascular Health
Promotion and Disease Reduction. Circulation 2010, 121, 586–613. [CrossRef] [PubMed]

24. Kaluski, D.N.; Goldsmith, R.; Arie, O.M.; Mayer, C.; Green, M. The first Israeli national health and nutrition
survey (MABAT) as a policy maker. Public Health Rev. 2000, 28, 23–26. [PubMed]

25. Gibney, M.J. Ultra-Processed Foods: Definitions and Policy Issues. Curr. Dev. Nutr. 2019, 3, nzy077.
[CrossRef]

26. Cediel, G.; J, M.R.; Corvalán, C.; Levy, R.B.; Uauy, R.; A Monteiro, C. Ultra-processed foods drive to unhealthy
diets: Evidence from Chile. Public Health Nutr. 2020, 1–10. [CrossRef]

27. Bleiweiss-Sande, R.; Sacheck, J.M.; Chui, K.; Goldberg, J.P.; Bailey, C.; Evans, E.W. Processed food consumption
is associated with diet quality, but not weight status, in a sample of low-income and ethnically diverse
elementary school children. Appetite 2020, 151, 104696. [CrossRef]

28. Karnopp, E.V.N.; Vaz, J.D.S.; Schäfer, A.A.; Muniz, L.C.; Souza, R.D.L.V.D.; Dos Santos, I.; Gigante, D.P.;
Assunção, M.C.F. Food consumption of children younger than 6 years according to the degree of food
processing. J. Pediatr. 2017, 93, 70–78. [CrossRef]

29. Frampton, M.; Houlston, R.S. Modeling the prevention of colorectal cancer from the combined impact of
host and behavioral risk factors. Genet. Med. 2016, 19, 314–321. [CrossRef]

30. Espejo-Herrera, N.; Gràcia-Lavedan, E.; Boldo, E.; Aragonés, N.; Pérez-Gómez, B.; Pollán, M.; Molina, A.J.;
Fernández, T.; Martín, V.; La Vecchia, C.; et al. Colorectal cancer risk and nitrate exposure through drinking
water and diet. Int. J. Cancer 2016, 139, 334–346. [CrossRef]

http://dx.doi.org/10.1017/S1368980017000234
http://www.ncbi.nlm.nih.gov/pubmed/28322183
http://dx.doi.org/10.1016/j.cmet.2019.05.008
http://www.ncbi.nlm.nih.gov/pubmed/31105044
http://dx.doi.org/10.1016/j.ypmed.2019.05.004
http://dx.doi.org/10.1136/bmj.l1451
http://dx.doi.org/10.1136/bmj.k322
http://dx.doi.org/10.3390/nu12030637
http://dx.doi.org/10.1053/j.gastro.2012.06.001
http://dx.doi.org/10.3322/ca.2007.0018
https://icd.codes/icd10cm
http://dx.doi.org/10.1186/1741-7015-9-48
http://dx.doi.org/10.1056/NEJMoa1605086
http://www.ncbi.nlm.nih.gov/pubmed/27959714
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.192703
http://www.ncbi.nlm.nih.gov/pubmed/20089546
http://www.ncbi.nlm.nih.gov/pubmed/11411274
http://dx.doi.org/10.1093/cdn/nzy077
http://dx.doi.org/10.1017/S1368980019004737
http://dx.doi.org/10.1016/j.appet.2020.104696
http://dx.doi.org/10.1016/j.jped.2016.04.007
http://dx.doi.org/10.1038/gim.2016.101
http://dx.doi.org/10.1002/ijc.30083


Nutrients 2020, 12, 3507 15 of 15

31. Urrutia-Ortega, I.M.; Garduño-Balderas, L.G.; Delgado-Buenrostro, N.L.; Freyre-Fonseca, V.;
Flores-Flores, J.O.; González-Robles, A.; Pedraza-Chaverri, J.; Hernández-Pando, R.; Rodriguez-Sosa, M.;
León-Cabrera, S.; et al. Food-grade titanium dioxide exposure exacerbates tumor formation in colitis
associated cancer model. Food Chem. Toxicol. 2016, 93, 20–31. [CrossRef]

32. Goncalves, M.D.; Lu, C.; Tutnauer, J.; Hartman, T.E.; Hwang, S.-K.; Murphy, C.J.; Pauli, C.; Morris, R.;
Taylor, S.; Bosch, K.; et al. High-fructose corn syrup enhances intestinal tumor growth in mice. Science 2019,
363, 1345–1349. [CrossRef] [PubMed]

33. Oplatowska-Stachowiak, M.; Elliott, C.T. Food colors: Existing and emerging food safety concerns. Crit. Rev.
Food Sci. Nutr. 2017, 57, 524–548. [CrossRef] [PubMed]

34. Barrubés, L.; Babio, N.; Becerra-Tomás, N.; Toledo, E.; Ramírez-Sabio, J.B.; Estruch, R.; Ros, E.; Fitó, M.;
Arós, F.; Fiol, M.; et al. Dairy product consumption and risk of colorectal cancer in an older mediterranean
population at high cardiovascular risk. Int. J. Cancer 2018, 143, 1356–1366. [CrossRef] [PubMed]

35. Barrubés, L.; Babio, N.; Becerra-Tomás, N.; Rosique-Esteban, N.; Salas-Salvadó, J. Association Between Dairy
Product Consumption and Colorectal Cancer Risk in Adults: A Systematic Review and Meta-Analysis of
Epidemiologic Studies. Adv. Nutr. 2019, 10, S190–S211. [CrossRef] [PubMed]

36. Zeng, L.; Ruan, M.; Liu, J.; Wilde, P.; Naumova, E.N.; Mozaffarian, D.; Zhang, F.F. Trends in Processed Meat,
Unprocessed Red Meat, Poultry, and Fish Consumption in the United States, 1999-2016. J. Acad. Nutr. Diet.
2019, 119, 1085–1098.e12. [CrossRef]

37. Demeyer, D.; Mertens, B.; De Smet, S.; Ulens, M. Mechanisms Linking Colorectal Cancer to the Consumption
of (Processed) Red Meat: A Review. Crit. Rev. Food Sci. Nutr. 2016, 56, 2747–2766. [CrossRef]

38. Nöthlings, U.; Yamamoto, J.F.; Wilkens, L.R.; Murphy, S.P.; Park, S.-Y.; Henderson, B.E.; Kolonel, L.N.;
Le Marchand, L. Meat and heterocyclic amine intake, smoking, NAT1 and NAT2 polymorphisms, and
colorectal cancer risk in the multiethnic cohort study. Cancer Epidemiol. Biomark. Prev. 2009, 18, 2098–2106.
[CrossRef]

39. Lin, S.; Wang, X.; Huang, C.; Liu, X.; Zhao, J.; Yu, I.T.; Christiani, D.C. Consumption of salted meat
and its interactions with alcohol drinking and tobacco smoking on esophageal squamous-cell carcinoma.
Int. J. Cancer 2015, 137, 582–589. [CrossRef]

40. Hansen, R.D.; Albieri, V.; Tjønneland, A.; Overvad, K.; Andersen, K.K.; Raaschou–Nielsen, O. Effects of
Smoking and Antioxidant Micronutrients on Risk of Colorectal Cancer. Clin. Gastroenterol. Hepatol. 2013, 11,
406–415.e3. [CrossRef]

41. Kato, I.; Boleij, A.; Kortman, G.A.M.; Roelofs, R.; Djuric, Z.; Severson, R.K.; Tjalsma, H. Partial Associations
of Dietary Iron, Smoking and Intestinal Bacteria with Colorectal Cancer Risk. Nutr. Cancer 2013, 65, 169–177.
[CrossRef]

42. Rastogi, Y.R.; Saini, A.K.; Thakur, V.K.; Saini, A.K. New Insights into Molecular Links Between Microbiota
and Gastrointestinal Cancers: A Literature Review. Int. J. Mol. Sci. 2020, 21, 3212. [CrossRef] [PubMed]

43. Chen, J.; Pitmon, E.; Wang, K. Microbiome, inflammation and colorectal cancer. Semin. Immunol. 2017, 32,
43–53. [CrossRef] [PubMed]

44. Watson, K.M.; Gaulke, C.A.; Tsikitis, V.L. Understanding the microbiome: A primer on the role of the
microbiome in colorectal neoplasia. Ann. Gastroenterol. 2020, 33, 223–236. [CrossRef] [PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.fct.2016.04.014
http://dx.doi.org/10.1126/science.aat8515
http://www.ncbi.nlm.nih.gov/pubmed/30898933
http://dx.doi.org/10.1080/10408398.2014.889652
http://www.ncbi.nlm.nih.gov/pubmed/25849411
http://dx.doi.org/10.1002/ijc.31540
http://www.ncbi.nlm.nih.gov/pubmed/29663376
http://dx.doi.org/10.1093/advances/nmy114
http://www.ncbi.nlm.nih.gov/pubmed/31089733
http://dx.doi.org/10.1016/j.jand.2019.04.004
http://dx.doi.org/10.1080/10408398.2013.873886
http://dx.doi.org/10.1158/1055-9965.EPI-08-1218
http://dx.doi.org/10.1002/ijc.29406
http://dx.doi.org/10.1016/j.cgh.2012.10.039
http://dx.doi.org/10.1080/01635581.2013.748922
http://dx.doi.org/10.3390/ijms21093212
http://www.ncbi.nlm.nih.gov/pubmed/32370077
http://dx.doi.org/10.1016/j.smim.2017.09.006
http://www.ncbi.nlm.nih.gov/pubmed/28982615
http://dx.doi.org/10.20524/aog.2020.0467
http://www.ncbi.nlm.nih.gov/pubmed/32382225
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Definition of Cases and Controls 
	Data Collection 
	Evaluation of UPF Intake 
	Statistical Analysis 

	Results 
	Characteristics of the Study Population and Comparison between Cases and Controls 
	The Association between UPF Intake and Colorectal Adenomas 
	Association between UPF Intake and Colorectal Adenomas and Its Interaction with Smoking 
	The Association between UPF Intake and Colonic Adenomas as Compared with Other Major Risk Factors 

	Discussion 
	Conclusions 
	References

