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Abstract

Diet is an important modifiable lifestyle factor, but epidemiological studies evaluating the association between dietary patterns Q
pancreatic cancer (PC) have reported inconsistent findings. This study aimed to evaluate the impact of several dietary choices
on the risk of PC among newly diagnosed Jordanian patients. A case-control study was conducted at major teaching and
general hospitals, including a Jordanian oncology center. The study included 101 patients with incident pancreatic cancer and
314 controls. Data was collected using interview-based questionnaires. Dietary intake was estimated using a validated Arabic
and reproducible food-frequency questionnaire. Dietary patterns were derived using Principal Component Analysis. Multinomial
logistic regression was used to estimate the association between dietary patterns and PC. Four dietary patterns were identified.
The “Traditional” dietary pattern, which presented a diet rich in fresh fruits, vegetables, milk, yogurt, and lentils, was associated
with a significant decrease in the odds of PC (OR =0.42, 95% Cl = 0.21-0.84) for the third quartile compared to first one. The
“High-fruit” dietary pattern, which was loaded with strawberry, melon, watermelon, and other fruits, significantly reduced the odds
of PC (OR =0.38, 95% CI = 0.19-0.75) for the second quartile compared to the first one. The “Soup” dietary pattern was mainly
composed of vermicelli soup, vegetable soup, lentil soup, and mushroom soup, which decreased the odds of PC (OR =0.18,
95% Cl = 0.07-0.38). There was no relation between PC and the “Western” dietary pattern, loaded with beer, wine, roasted lamb,
meat, chicken sandwich, beefsteak, and fried fish. The “Traditional,” “High-fruit,” and “Soup” dietary patterns were associated with
reduced risk of PC among Jordanians.

Abbreviations: BMI| = body mass index, Cl = confidence interval, FFQ = food frequency questionnaire, KHCC = King Hussein
Cancer Center’s, KMO = Kaiser—-Meyer—Olkin, MET = metabolic equivalents, OR = odds ratios, PAR = seven-day physical activity

Keywords: Dietary patterns, pancreatic cancer, retrospective

recall, PC = pancreatic cancer, PCA = Principal Component Analysis.

1. Introduction

Although the incidence rate of pancreatic cancer (PC) is consid-
erably low, its mortality rate is the highest among all major can-
cers.['?I 'This could be attributed to the inferior prognosis of PC,
which is usually diagnosed at developed stages, and the ineffec-
tiveness of treatment; thus poor survival rate,’-5) which neces-
sitates assessing and controlling its risk factors and enhancing
the prevention measures. Even though genetics affect the risk of
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PC, the exact etiology of PC is poorly understood.!" However,
modifiable factors, including obesity, cigarette smoking, alcohol
consumption, and dietary factors, among others, play a detri-
mental role in shaping its risk.!!! Dietary factors may contribute
to up to 50% of PC.B!

The available evidence concerning the association between a sin-
gle dietary component and risk of PC shows inconsistent results,>*
which hinders our ability to control the influence of diet, one of the
most important risk factors on the occurrence of PC. For instance,
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high carbohydrate consumption was found to have a protective
effect against the risk of PC in a cohort study in Finland,”! never-
theless, the elevated consumption of fructose and sucrose (except
soda drinks) was significantly and positively associated with the
risk.l! Data derived from 2 population-based prospective cohorts
on added sugar from all dietary sources, including soft drinks,
showed a significant deleterious impact on the risk of PC.I"!

Conversely, studying dietary patterns is believed to provide
a clearer idea.® Dietary pattern analysis is a method of dietary
analysis that reflects the cumulative and interactive effects
among dietary components to show the complexity of the
human diet. It is a comprehensive and conclusive approach that
can assess the combined effect of food and nutrient interaction
to explore the association of dietary patterns and disease.!®!

A systematic review of the relationship between dietary pat-
terns and risk of PC in 2017 revealed a significant inverse asso-
ciation, with a stronger association in men than in women.!
Generally, diets rich in fresh fruits, vegetables, nuts, and whole
grains might help to reduce the risk of PC; on the other hand, an
increased intake of saturated fat, fried foods, and animal prod-
ucts may induce its occurrence.®! PC risk was found to be lower
among individuals who highly adhered to the Mediterranean diet,
while the opposite association was detected for the Western diet.”!

Given the complexity and the interaction of different dietary
components and the narrow picture provided by studying a
single dietary component, studying the overall dietary pat-
tern offers an inclusive view of the relationship between a diet
and disease risk. The current evidence in this regard is limited;
therefore, this study was conducted to assess the influence of
dietary patterns on the risk of PC risk among newly diagnosed
Jordanian patients in a case-control design.

2. Methods
2.1. Study design and participants

This case-control study was conducted in Jordan between
March 2015 and August 2018. One hundred and fourteen
PC patients with a medical report confirming the diagnosis of
PC were invited to participate in this study. However, 101 PC
patients accepted to participate in this study. The control group
consisted of 314 individuals who were not diagnosed with any
cancer and were conveniently selected from the community. The
population-based controls were frequency-matched to the cases
based on age, occupation, and marital status. The ratio of cases
to controls in this study was 1:3.

The inclusion criteria included Jordanian nationality, being
aged 18 years or older at enrollment, being able to communi-
cate verbally and being free of any chronic diseases that require
dietary modifications such as kidney disease, liver disease, and
celiac disease. Patients diagnosed with gastric or pancreatic can-
cer within the last 6 months were enrolled. The exclusion crite-
ria included individuals who were critically ill, hospitalized, and
unable to communicate verbally. Informed consent was obtained
from all participants before their enrollment in the study.

Cases were enrolled from 4 hospitals that include an oncology
center. These hospitals were King Hussein Cancer Center, King
Abdullah University Hospital, Jordan University Hospital, and
Al-Bashir Hospital. The study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki. It was approved
by the King Hussein Cancer Center’s Institutional Review Board
Ethics Committee (IRB No. 15 KHCC 03, Amman, Jordan),
King Abdullah University Hospital, Jordan University Hospital,
and Al-Bashir Hospital.

2.2. Data collection

The data were obtained by completing personal and physical
activity questionnaires and a food frequency questionnaire
(FFQ). The questionnaires were completed using a face-to-face
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interview technique, and trained nutritionists filled out the
questionnaires.

The personal questionnaire included questions related to
age, gender, marital status, educational level, employment sta-
tus, family income/month, smoking status, previous and current
health problems, family history of cancer, and presence and
absence of stomach aches and stomach ulcers.

2.3. Dietary assessment

Data on diet were collected using a validated Arabic FFQ for
dietary assessment, which had been previously validated.!"® The
modified FFQ has a reasonable relative validity and reliabil-
ity for energy, carbohydrate, fiber, fat, saturated fat, calcium,
and iron intakes in Jordanian adults over 1 year. Standardized
food models (NASCO, Saugerties, NY) and standard measur-
ing tools were used (NASCO) to estimate the portion size. Data
were collected through face-to-face interviews. Food lists in the
FFQ were categorized based on the type of food: 21 items of
fresh and dried fruits and juices; 21 items of fresh and cooked
vegetables; 8 items of the most common consumed cereals; 9
items of milk and dairy products; 4 items of legumes; 16 items
of all types of meat; 4 items of soups and sauces; 5 items of
drinks; 4 items of snacks and sweets; and 14 items of herbs and
spices. Total energy intakes were analyzed using dietary analysis
software (Food Processor SQL version 10.1.129; ESHA, Salem,
OR) with additional data on foods consumed in Jordan!'!l to
estimate daily intake of energy.

2.4. Anthropometric measurements

Participants’ body weights and heights were measured using
standardized techniques and calibrated tools by trained research
assistants using a calibrated scale (Omron, Japan). Height was
measured to the nearest cm when participants were in the full
standing position without shoes using a calibrated measur-
ing rod."?! Body mass index (BMI) was calculated by dividing
weight (kilograms) by height squared (meters) and was catego-
rized as normal body weight, 18.5 to 24.9; overweight, 25.0 to
29.9; and obese, >30.0."2 A trained dietitian performed all the
anthropometric measurements.

2.5. Seven-day physical activity recall (PAR)

The validated PAR questionnaire was used to measure phys-
ical activity levels.['! Seven-Day PAR is a questionnaire that
focuses on a participant’s recall of the usual time spent doing a
physical activity over 7 days.!"3 The number of hours expended
in sleeping and different physical activity levels was taken and
converted into metabolic equivalents (MET). According to the
scoring instructions, sleeping was allocated a value of 1.0 MET,
light activity a value of 1.5 METs, moderate activity a value
of 4.0 METs, and very hard activity a value of 7.0 METs or
greater.!¥l

2.6. Statistical analysis

SPSS version 22.0 (IBM SPSS Statistics for Windows, Version
22.0, IBM Corp., Armonk, NY) was used to perform statistical
analyses. For descriptive statistics, mean = standard deviation
(SD) and percentages were used. ¢ test was used to evaluate the
differences between cases and controls in continuous variables,
and Chi-square was used to detect differences among categori-
cal variables. The significance level was set at P <.035.

Dietary patterns were derived using Principal Component
Analysis (PCA) and Factor Analysis (FA). Principal components
are linear combinations of the input variables and explain as
much of the variation in the data as possible. PCA allows the
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investigation of diet as a whole, by combining the foods or food
groups that are commonly eaten together as part of an under-
lying dimension of food consumption.!'s! With the use of this
approach, a number of associations could be detected between
dietary patterns and the risk of several chronic diseases.!'®! PCA
might deal with the complexity of diet and tackle confounding
issues better than single food or nutrient analysis. Each com-
ponent describes a dietary pattern and the linear combination
allows the calculation of a component score for each partici-
pant; the higher the score, the more likely this pattern is present
in an individual’s diet. The patterns described by each compo-
nent may be interpreted by its factor loadings, which are the
correlations between the component and each input variable.
Consumption frequency was used to identify dietary patterns.
The foods in the FFQ were separated into 51 food items based
on their similarity of nutrient content and culinary usage or
their reported relationship with PCA (Table 1). These factors
explained 30.34 of the total variance in the original data set.
Only the magnitude of each loading was used to name the
factors. A Kaiser—Meyer—Olkin (KMO) test and Bartlett’s test
of sphericity were used to assess suitability for using factor
analysis for this exercise. Sampling adequacy and inter-cor-
relation of factors were supported by KMO value > 0.667 and
Bartlett’s test of sphericity < 0.001, respectively. Factors were
retained based on an eigenvalue of > 1.25 for the screen plot.
Further, Varimax rotation was applied to review the correlations
between variables and factors. Food items with absolute factor
loadings > 0.25 were considered to have contributed signifi-
cantly to the pattern. Cases and controls received an individual
factor score for each identified pattern. Potential confounders
(adjusted for age, gender, BMI, smoking, marital status, total
energy intake, education level, and physical activity) were cho-
sen based on reported risk factors for PC.I'">!81 Odds ratios (OR)
and 95% confidence interval (CI) were calculated using a multi-
nomial logistic regression model.

3. Results

Table 1 shows that the first factor, the “Western” dietary pat-
tern, has the greatest loading in beer, wine, roasted lamb, meat,
chicken sandwich, beefsteak, and fried fish. The second factor is
the “Traditional” dietary pattern, loaded with fresh fruits, veg-
etables, milk, yogurt, lentils. While the third factor represents a
“High-Fruit” dietary pattern (strawberry, melon, watermelon,
other fruit), the fourth is loaded with vermicelli soup, vegetable
soup, lentils soup, and mushroom soup.

Table 2 shows the characteristics of participants with GC
(n=172) and PC (n = 101) and controls (n = 314) as have been
described by Al-Awwad et al!*® study. Participants with PC had
similar age, height, and in-come as controls. The pre-diagno-
sis BMI for participants with PC were higher than controls.
However, current body weight and BMI for patients with PC
were lower than for controls. The number of cigarettes smoked
per day was 10.8 = 1.6 for participants with PC and 9.0 = 0.9
for controls. The duration of smoking was 13.1 = 26.7 years for
PC cases and it was higher than for controls (8.8 + 14.7years).
Total physical activity METs (MET-min/wk) were 952.9 = 47.2
and 1314.7 +45.6 for PC cases and controls, respectively.
However, all participants were considered minimally active.
Most PC cases (52.6%) showed normal BMI. However, most
were previously considered overweight (PC, 41.1%) or obese
(PC, 41.1%). The Majority of PC (73.9%) cases were consid-
ered stage 4. Participants with PC reported family histories
of the lung (5.9%), breast (6.9%), prostate (5.9%), and other
(13.9%) cancers.

The detected 4 dietary patterns and their corresponding ORs
of PC cases and controls, represented by quartiles of factor
scores and continuous factor scores, are shown in Table 3. There
was a significant reduction in the risk of PC with following the
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“Traditional” dietary pattern at the third and fourth quartiles
after adjusting for age, gender, BMI, smoking, marital status,
total energy intake, education level, and physical activity (OR,
95% CI: 0.417 (0.206-0.843); 0.215 (0.095-0.486), respec-
tively). Additionally, the third dietary pattern, “High-Fruit”
showed a significant protective association for PC on the first,
second, and third quartiles (OR, 95% CI: 0.381 (0.194-0.749);
0.246 (0.120-0.504); 0.181 (0.083-0.394), respectively) the
“Soup” dietary pattern showed this protective effect on the third
quartile only (OR, 95% CI: 0.159 (0.066-0.379) (Table 3).
Although the “Western” dietary pattern showed a risk of devel-
oping PC, this risk was not significant at any level.

4. Discussion

This study assessed the cumulative effects of overall dietary
components, which account for the interaction of various foods
and nutrients and their bioavailability, on the risk of PC. Here,
we demonstrated that higher intakes of “Traditional,” “High-
Fruit,” and “Soup” dietary patterns were associated with lower
risks of PC in a case-control study of Jordanian adults.

A higher commitment to the “Traditional diet,” identified in
this study, included fresh fruits, vegetables, milk, yogurt, and
lentils, which had significant 58 to 79 protective effects against
having PC. The “Traditional” Jordanian diet shared some hall-
marks with the Mediterranean dietary pattern, such as high
content of vegetables, olive oil, and legumes which might help
reduce cancer risk by the synergistic effect of its anti-carcino-
genic components. The current evidence lacks consistent sup-
port regarding the relationship between the Mediterranean diet
and PC risk despite being characterized as a healthy diet.[*2
Data from 2 large prospective populations found that adher-
ence to the Mediterranean diet components, except alcohol,
was associated with a lower risk of developing PC.12%?2 The
largest factor was loading on the “Traditional” pattern iden-
tified in this study delivered by the consumption of fruits and
vegetables (i.e., >0.3 KMO for each item), which may indicate
an overall healthy and anti-carcinogenic eating pattern.

Overall, this study detected a significant inverse association
between the consumption of patterns that were rich in fruits
and vegetables (“Traditional” and “High-Fruit”) and PC risk.
In support of our findings, a protective effect of the habitual
consumption of fresh fruits and vegetables on PC risk was
detected in a Japanese case-control study.”?’! Case-control stud-
ies detected an inverse association between PC risk and dietary
patterns containing ample amounts of fruits and vegetables.!*?*!
The risk reduction associated with the consumption of raw fruits
and vegetables could be attributed to their considerable content
of vitamin C, carotenoids, and phytochemicals. Several poten-
tial mechanisms have been suggested to elucidate the potential
power to prevent cancer in foods containing those nutrients/
chemicals, mainly fresh fruits and cruciferous vegetables.25:2!

On the other hand, previous studies documented that meat
and saturated fat intakes were associated with an increased risk
of PC.13%17241 Here, we detected a nonsignificant positive asso-
ciation. Evidence concerning the positive association between
PC and high intake of meat, dairy products, fat, and choles-
terol is not confirmative.?>?”! This could be explained by ques-
tionnaire-based variation; positive associations mainly were
detected for specific types of meat such as grilled, fried, and
smoked meat, while no association was observed for the meat
group as a whole.””? Some cooking, preparation, and processing
techniques may produce harmful substances that impact can-
cer risk if consumed habitually; however, their effects may be
diluted as only a minor part of a whole pattern. Additionally, the
Western dietary pattern identified in this study also contained
fruits and cruciferous vegetables, which could attenuate the pos-
sible carcinogenic stimuli of fried food, meat cooked at high
temperatures, and fat in the meat.
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Factor loading matrix for the two major dietary patterns identified in a representative sample.

Dietary patterns in PC patients

Food groups Western

Traditional High-fruit Soups

Beer 0.864
Wine 0.861
Roasted lamb meat 0.673
Cauliflower 0.59
Broccoli 0.587
Grape fruit 0.483
Carrot 0.454
Chicken sandwich 0.441
Boiled potato 0.395
Mixed vegetables 0.373
Vegetable salad

Butter milk

Tomato

Grape

Cooked vegetables

Mansaf (cooked yogurt)

Apple

Yogurt

Banana

Cabbage leaves

Pepper

Stuffed vegetables

Pickles

Fresh vegetables

QOlives pickles

Lettuce

Green beans

Fried potato

Corn flakes

Beef steak

Peas

Strawberry

Melon

Chips

Watermelon

Other fruit

Corn

Fried fish

Marconi with cheese

Yellow cheese

Chocolate

Vermicelli soup

Vegetable soup

Lentil soup

Mushroom soup

Free fat white cheese

Mayonnaise

Falafel

Hummus

Ketchup

Candies

Variance of intake explained (%)

0.374

0.318

0.266

11.51

0.269

0.267
0.343
0.295

0.589
0.516
0.483
0.482
0.475
0.472
0.468
0.456
0.44

0.423
0.418
0.412
0.409
0.406
0.384
0.342
0.328
0.264

0.325

0.675
0.544
0.538
0.523
0.504
0.488
0.442
0.434
0.374
0.368
0.331
0.328
0.326

0.258

0.788
0.714
0.28 0.603
0.598
0.576
0.493
0.389
0.387
0.332 0.372
0.298 0.304

7.29 6.14 5.40

0.259

PC = pancreatic cancer.

The identified “High-Fruit” pattern demonstrated up to 81 signifi-
cant protective effects against PC. It consisted of mixed components,
including beefsteak, chicken, mayonnaise, candies, yellow cheeses,
broccoli, fresh vegetables, and fruits, which share some features of
Western and healthy patterns. This could reflect the complexity of
the diet and the importance of incorporating nutritious foods to
ameliorate disease risks. For instance, the carcinogenic influence of
N-nitroso compounds and heterocyclic amines could be attenuated
by the presence of adequate amounts of nutrients and phytochem-
icals.?> The latter might also debilitate the oxidative damage of
DNA and inflammatory processes and improve DNA methylation
and insulin metabolism initiated by potential dietary triggers.”*!

The highest consumption of the “Soup” dietary pattern was
found to have about 84 protective effects against developing PC.
This pattern contained Falafel (a low-cost traditional Jordanian
fried food) as well as Ketchup Mayonnaise (frequently used
condiments with junk foods); however, the largest factor load-
ings (>0.6) were for soups which may indicate a home-prepared
eating pattern and possibly low economic status. It has been
distinguished that the risk factors of PC are highly associated
with a higher economic and development index.?’! Therefore,
the detected protective effect of the “Soup” pattern might be
linked to low economic status and possibly limited choices of
processed and unhealthy food choices.
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Characteristics of the study participants (n = 415).0'8 (Continued)

Variables PC cases (n=101) Controls (n=314)  Variables PC cases (n =101)  Controls (n = 314)

Mean = SEM Pancreatic 3(3.0 1(0.3)

Age (v 56.97 + 1.2 540+ 07 Bone cancer 330 6(1.9

Height (cm) 166.2 + 0.9 168.0 + 0.5 Lung 6(5.9) 11(3.9)

Pre-diagnosis body weight (kg) 83.4+2.0 79.4+12 Leukaemia 1(1.0 1032

Current weight (kg) 69.4 + 1.4 80.9 + 0.9 Breast 7(6.9 13(4.7)

Pre-diagnosis BMI (kg/m?) 302+07 28.3+04 Liver 4(4.0) 5(1.6)

Current BMI (kg/m?) 251+05 28.7+03 Prostate 6(5.9) 4(1.3)

Income (JD) 700.1 £ 747 575.9 + 36 Other 14(13.9) 27(8.6)

Number of cigarettes/day 108+ 1.6 9.0+09 Physical activity levels

Duration of smoking (y1) 131+ 267 8.8 +14.7 Inactive® 26(26.0) 46 (14.6)

Total physical activity (VET-min/wk)t 952.9 + 47.2 1314.7 = 45.6 Minimally activet 73(73.0) 251(79.9)

n (%) HEPA activet 1(1.0) 17 (5.4)

Ger,\]/?;; 59 (58.4) 191 (60.8) BMI = body mass index, HEPA = health-enhancing physical activity, MET = metabolic equivalents,

' ' PC = pancreatic cancer.
Female . . 42(41.) 123(39.2) *Inactize: not fitting in “Minimally Active” or “HEPA Active”.

Pre-diagnosis BMI categories Minimally active: at least 600 MET-min/wk.
1<; %-524 . 123 861)8) 72 g; )9) HEPA active: more than 3000 MET-min/ik.
25-29.9 39 (41.1) 97 (34.4)
>30 39 (41.1) 106 (37.6)

Current BMI categories
<18.5 ’ 6(6.2) 0(0.0)
18.5-24.9 51 (52.6) 85 (27.8) Risk of PC across quartiles of the dietary patterns among study
25-29.9 21(21.6) 108 (35.3) participants.
>30 19(19.6) 113(36.9)

Cancer stages _ 02 0R 03 0R 04 0R
No Gancer 000) 314 (1000) Dietary pattern Q1 (95% Cl) (95% Cl) (95% CI)
g'erigﬁgagfage 1 8 1; 8 588; Western 1 0954(0.462— 1.259(0.608-  1.309 (0.644—
Third stage 21(239) 0(0.0 1.969) 2.605) 2.664)
Fourth stage 65 (73.9) 0(0.0) Cg;es/controls 21172 22/75 25/72 25/73

Marital status Traditional 1 0.711(0.373—  0.417(0.206—  0.215(0.095—
Married 87 (86.1) 273 (86.9) 1.356) 0.843) 0.486)
Single 5(5.0) 20 (6.4) Cases/controls  38/59 29/70 19/78 12/85
Divorced 33.0) 7.2 High-fruit 1 0.381(0.194-  0.246 (0.120—  0.181(0.083—
Widow 6 (5.9) 14.(4.5) 0.749) 0.504) 0.394)

Education level Cases/controls 45/53 24/74 17/81 14/85
lliterate 769 18(59) Soups 1 1351 (0.697- 0.569 (0.277—  0.159 (0.066—
Less than high school 24 (23.8) 80 (25.6) 2.620) 1.170) 0.379)
High school 14 (13.9) 72 (23.0) Cases/controls ~ 33/65 34/64 22/75 11/88
B(ﬂﬁg}; ;g E;g% ?? ?2;% The control group was considered the reference group for dietary pattern analysis.

Master's degree 5 (5(5) 13 4.I2) ORand Cl rgpresem qdd ratio and cgnfidencg intervelxl.VOR was adjusted for age, marital status,
Doctorate degree 3(3.0) 3(1.0) BMI, education, smokmg, breastfeedlng,. physical activity, and energy (Kcal).
Employment status BMI = body mass index, PC = pancreatic cancer.
Yes 45 (45.0) 153 (49.0)
No 55 (55.0) 159 (51.0)

Smoking status A large cohort study revealed that having a higher healthy
Total number of the smokers 47 (46.5) 124 (39.5) lifestyle score characterized by nonsmoking, adherence to
Current smoker 38 (37.6) 99 (31.5) the Mediterranean dietary pattern, regular physical activity,
Previous smoker 3(3.0) 13(4.7) normal BMI, and limited alcohol consumption was associ-
Passive smoker 669 12.(3.8) ated with a better prevention rate of PC.2! Such evidence
Nonsmoker 54(63.9) 190 (60.5) supports the importance of assessing the overall influence

He?\}th problem 45 (446 151 (48.1 of modifiable factors to establish comprehensive measures
Yeos 56 555:4; 163 251:9; to prevent or reduce PC risk. The findings of this study were

Type of health problem adjusted for several confounders suggested to affecting the
No 45 (44.6) 151 (48.1) risk of PC. o o o
Diabetes mellitus 36 (35.6) 81 (25.8) Despite its strength, it is worth mentioning the limitations
Heart 10 (9.9) 19 (6.1) of this research. Possible recall bias and estimation errors are
Hypertension 9(8.9 40 (12.7) questionnaire-inherited limitations that cannot be excluded;
Other 1(1.0) 23(7.3) nevertheless, they were limited by using validated FFQ and food

Family history of cancer model measuring tools. On the other hand, a major strength
ves 49 (48.9) 100 (31.8) of the current study was examining the cumulative influence of
No . 52519 214(68.2) dietary patterns, rather than the effect of specific nutrients and

Cancer type for patients family foods. Compliance with the questionnaire was high, with an
ggst fic 5 810;5 ) 213 2?82)2 ) eminent response rate of >95%. The statistical adjust.ment for
Colon and/or rectal 1 1:0) 13 (4:1) several substantial lifestyle determinants of PC risk, including

(Continued)

smoking, obesity, and physical activity, would have strengthened
the detected associations.
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6. Conclusion

Our findings support the notion that consuming dietary pat-
terns rich in plant sources, including fruits, vegetables, and
legumes, is a wise choice that would contribute to a lower risk
of PC associated with higher nutrient density and better diet
quality.

Acknowledgments

The authors would like to thank The Hashemite University
for funding the research project. We would like to express our
thanks and gratitude to Dr Narmeen Al-Awwad for her help in
the administrative work at The Hashemite University.

Author contributions

Conceptualization: Reema Tayyem, Shatha Hammad.

Data curation: Sabika Allehdan, Tareq Al-Jaberi, Ahmad
Hushki, Yaser Rayyan, Israa Al-Natsheh.

Formal analysis: Reema Tayyem, Sabika Allehdan, Hiba Bawadi.

Methodology: Reema Tayyem, Tareq Al-Jaberi.

Supervision: Reema Tayyem, Tareq Al-Jaberi, Ahmad Hushki,
Yaser Rayyan.

Validation: Reema Tayyem.

Writing — original draft: Reema Tayyem, Shatha Hammad.

Writing — review & editing: Reema Tayyem, Shatha Hammad,
Sabika Allehdan, Tareq Al-Jaberi, Ahmad Hushki, Yaser
Rayyan, Israa Al-Natsheh, Hiba Bawadi.

References

[1] Zheng ], Guinter MA, Merchant AT, et al. Dietary patterns and risk of
pancreatic cancer: a systematic review. Nutr Rev. 2017;75:883-908.

[2] Bosetti C, Bertuccio P, Negri E, et al. Pancreatic cancer: overview of
descriptive epidemiology. Mol Carcinog. 2012;51:3-13.

[3] Stolzenberg-Solomon RZ, Pietinen P, Taylor PR, et al. Prospective
study of diet and pancreatic cancer in male smokers. Am J Epidemiol.
2002;155:783-92.

[4] Bosetti C, Bravi F, Turati F, et al. Nutrient-based dietary patterns and
pancreatic cancer risk. Ann Epidemiol. 2013;23:124-8.

[5] Casari I, Falasca M. Diet and pancreatic cancer prevention. Cancers
(Basels). 2015;7:2309-17.

[6] Nothlings U, Murphy SP, Wilkens LR, et al. Dietary glycemic load,
added sugars, and carbohydrates as risk factors for pancreatic cancer:
the multiethnic cohort study. Am J Clin Nutr. 2007;86:1495-501.

[7] Larsson SC, Bergkvist L, Wolk A. Consumption of sugar and sug-
ar-sweetened foods and the risk of pancreatic cancer in a prospective
study. Am J Clin Nutr. 2006;84:1171-6.

[8] Salem AA, Mackenzie GG. Pancreatic cancer: a critical review of
dietary risk. Nutr Res. 2018;52:1-13.

Medicine

[9] Bosetti C, Turati F, Dal Pont A, et al. The role of Mediterranean diet on
the risk of pancreatic cancer. Br J Cancer. 2013;109:1360-6.

[10] Tayyem RE, Abu-Mweis SS, Bawadi HA, et al. Validation of a food fre-
quency questionnaire to assess macronutrient and micronutrient intake
among Jordanians. ] Acad Nutr Diet. 2014;114:1046-52.

[11] Takruri H, Al-Ismail K, Tayyem R, et al. Composition of Local
Jordanian Food Dishes. Amman, Jordan: Dar Zuhdi; 2020.

[12] Lee R, Nieman D. Nutritional Assessment. McGraw-Hill Education; 2012.

[13] Sallis JE, Haskell WL, Wood PD, et al. Physical activity assessment meth-
odology in the Five-City Project. Am J Epidemiol. 1985;121:91-106.

[14] Thompson JK, Jarvie GJ, Lahey BB, et al. Exercise and obesity: etiology,
physiology, and intervention. Psychol Bull. 1982;91:55-79.

[15] Hu FB. Dietary pattern analysis: a new direction in nutritional epidemi-
ology. Curr Opin Lipidol. 2002;13:3-9.

[16] Newby PK, Tucker KL. Empirically derived eating patterns using factor
or cluster analysis: a review. Nutr Rev. 2004;62:177-203.

[17] Chan JM, Gong Z, Holly EA, et al. Dietary patterns and risk of pan-
creatic cancer in a large population-based case-control study in the San
Francisco Bay Area. Nutr Cancer. 2013;65:157-64.

[18] Al-Awwad N, Allehdan S, Al-Jaberi T, et al. Dietary and lifestyle factors
associated with gastric and pancreatic cancers: a case-control study.
Prev Nutr Food Sci. 2021;26:30-9.

[19] Schulpen M, Peeters PH, van den Brandt PA. Mediterranean diet adher-
ence and risk of pancreatic cancer: a pooled analysis of two Dutch
cohorts. Int ] Cancer. 2019;144:1550-60.

[20] Molina-Montes E, Sanchez M-]J, Buckland G, et al. Mediterranean diet
and risk of pancreatic cancer in the European prospective investigation
into cancer and nutrition cohort. Br J Cancer. 2017;116:811-20.

[21] Jiao L, Mitrou PN, Reedy ], et al. A combined healthy lifestyle score
and risk of pancreatic cancer in a large cohort study. Arch Intern Med.
2009;169:764-70.

[22] Tognon G, Nilsson LM, Lissner L, et al. The Mediterranean diet score
and mortality are inversely associated in adults living in the subarctic
region. ] Nutr. 2012;142:1547-53.

[23] Inoue M, Tajima K, Takezaki T, et al. Epidemiology of pancreatic can-
cer in Japan: a nested case-control study from the hospital-based epide-
miologic research program at Aichi Cancer Center (HERPACC). Int ]
Epidemiol. 2003;32:257-62.

[24] Polesel J, Talamini R, Negri E, et al. Dietary habits and risk of pan-
creatic cancer: an Italian case—control study. Cancer Causes Control.
2010;21:493-500.

[25] Nkondjock A, Krewski D, Johnson KC, et al. Group CCRER. Dietary
patterns and risk of pancreatic cancer. Int ] Cancer. 2005;114:817-23.

[26] Néthlings U, Murphy SP, Wilkens LR, et al. A food pattern that is pre-
dictive of flavonol intake and risk of pancreatic cancer. Am J Clin Nutr.
2008;88:1653-62.

[27] Michaud DS, Giovannucci E, Willett WC, et al. Dietary meat, dairy
products, fat, and cholesterol and pancreatic cancer risk in a prospec-
tive study. Am ] Epidemiol. 2003;157:1115-25.

[28] Lu P-Y, Shu L, Shen S-S, et al. Dietary patterns and pancreatic cancer
risk: a meta-analysis. Nutrients. 2017;9:38.

[29] Are C, Chowdhury S, Ahmad H, et al. Predictive global trends in the
incidence and mortality of pancreatic cancer based on geographic
location, socio-economic status, and demographic shift. ] Surg Oncol.
2016;114:736-42.



