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Abstract

Gastric cancer (GC) is a leading cause of cancer-related mortality worldwide, with
dietary factors significantly influencing GC risk. However, research on the dietary
influences of GC in Middle Eastern populations, particularly in Jordan, remains limited.
This study aimed to assess the association between the consumption of grains and
legumes and GC risk in a Jordanian population, hypothesizing that refined grains
may increase GC risk, while whole grains and legumes may offer protective effects.
A case-control study was conducted involving 173 newly diagnosed GC cases and
314 cancer-free controls recruited from major hospitals in Jordan. Data were collected
through interview-based questionnaires. Consumption of grains and legumes was
assessed using a validated Arabic food frequency questionnaire tailored to Jordanian
dietary habits. Statistical analyses were adjusted for key confounders to isolate the
impact of dietary intake on GCrisk. The findings indicate that a higher intake of refined
grains, particularly white bread, is positively associated with an increased risk of GC,
as shown by an odds ratio (OR) of 3.13 (confidence interval [Cl]: 1.57 - 6.21, p = 0.001).
In contrast, moderate rice consumption is linked to a reduced risk of GC (OR = 0.38,
Cl: 0.18 — 0.81). Legumes, including hummus (OR = 0.48, Cl: 0.26 — 0.97) and cooked
dried beans (OR = 0.40, Cl: 0.20 - 0.81), were found to have protective associations
with GC risk. However, the consumption of green peas was unexpectedly associated
with an increased GC risk (OR = 2.19, ClI: 1.24 - 3.88, p = 0.004), potentially due to
preparation methods or consumption patterns. This study provides evidence linking
specific grains and legumes to GC risk in Jordan. Refined grains appear to increase
GC risk, while legumes may offer protective benefits. These findings underscore the
importance of public health interventions that encourage increased consumption of
legumes and discourage refined grain intake to mitigate GC risk in similar populations.
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1. Introduction

According to the World Health Organization (WHO)
2022 estimates, gastric cancer (GC) ranks as the fifth most
prevalent cancer worldwide, with more than 960,000 new
cases for both sexes. In the WHO East Mediterranean
Region, over 37,000 new cases were documented,
accounting for nearly 3.9% of all new cancer cases in 2022.!

GC originates in the stomach’s inner lining and
encompasses various subtypes classified by tumor cell
histopathology, with adenocarcinoma being the most
commonly diagnosed type.> Approximately 90 - 95% of
GC cases develop from the stomach’s mucosal lining and
are classified as adenocarcinomas, while the remaining
5 - 10% are categorized as malignant stromal tumors,
gastric lymphomas, or other rarer forms when arising from
different gastric cell types.** Most GC forms are resistant to
chemotherapy and radiotherapy, making surgery the most
effective treatment option. However, despite improvements
in diagnosis and treatment, GC remains the leading cause
of cancer-related fatalities globally.®

GC is a complex disease influenced by genetic,
behavioral, and environmental variables that contribute
to the development of clinical symptoms. Established
risk factors include family history, advanced age, male
sex, and Helicobacter pylori infection. In addition,
lifestyle factors such as smoking, alcohol consumption,
and unhealthy dietary habits - like high intake of red
meat and salt alongside poor intake of whole grains,
fruits, and vegetables — are reported to be associated
with approximately 50% of GC cases.®’ In contrast, high
consumption of fresh fruits and vegetables, whole grains,
and healthy fats has been shown to reduce the risk of GC,
positioning these dietary factors as potential targets for
preventive interventions.”” Whole grains and legumes
have demonstrated a protective role in reducing GC risk.
A meta-analysis indicated that increased consumption
of whole grains lowers the likelihood of developing
GC, while refined grains, particularly rice, elevate this
risk.'” Legumes such as lentils, chickpeas, and beans also
contribute to reducing GC risk due to their antioxidant
properties and fiber content.''?

Emerging evidence highlights several mechanisms
through which dietary components may influence GC
risk. High-glycemic foods, such as refined grains, may
contribute to glycemic overload, leading to elevated plasma
insulin and insulin-like growth factor-I (IGF-I) levels -
both implicated in tumor growth."*'* In contrast, dietary
fiber from whole grains and legumes can reduce GC risk
by accelerating intestinal transit, reducing carcinogen
exposure, and inhibiting the formation of nitrosamines.'>"*
Antioxidants found abundantly in legumes, such as

chickpeas and beans, protect against oxidative stress
and inflammation - two processes central to cancer
development.'®

Understanding the relationship between dietary
components and GC risk is crucial for developing
effective prevention strategies. Accordingly, this study
aims to explore the association between grain and legume
consumption and the GC risk. This research seeks to
contribute to the expanding body of evidence supporting
dietary interventions as modifiable factors in reducing
GC incidence, with a particular emphasis on the potential
protective effects of grains and legumes.

2. Methods
2.1. Study design and participants

The current case-control study was conducted at the
four largest hospitals with oncology units in Jordan: King
Hussein Cancer Center (KHCC), King Abdullah University
Hospital, Jordan University Hospital, and Al-Bashir
Hospital, from March 2015 to August 2017. The study
protocol received approval from the Institutional Review
Board (IRB) Ethics Committee of KHCC (IRB No. 15
KHCC 03, Amman, Jordan) and the other participating
hospitals, adhering to the ethical standards outlined in the
1975 Declaration of Helsinki.

Participants enrolled in the study were Jordanians
aged 18 and older who were verbally competent and did
not have chronic food-related disorders. Those in the case
group were required to have a confirmed diagnosis of GC,
while the control group included individuals without GC.
A total of 487 participants were involved in the study,
consisting of 173 GC cases and 314 controls selected from
the community. The controls were matched to the cases
based on age, sex, and marital status.

2.2. Data collection

Data on sociodemographic and health factors, physical
activity, and dietary intake were collected using structured
questionnaires. Trained nutritionists administered these
questionnaires to both cases and controls through face-to-
face interviews.

2.3. Anthropometric assessment

Trained nutritionists were also responsible for obtaining
anthropometric  measurements.  Participants  were
instructed to wear minimal clothing and no shoes, and
their weight was measured to the nearest 0.1 kg using a Seca
scale (Seca GmbH and Co. KG, Germany). In addition,
participants stood straight and barefoot while their height
was recorded to the nearest 0.1 cm with a Seca stadiometer
(Seca GmbH and Co. KG, Germany). Body mass index
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(BMI) was subsequently calculated by dividing the weight
in kilograms by the square of the height in meters."”

2.4. Physical activity questionnaire

Data on participants’ physical activity levels were gathered
using a validated 7-day physical activity recall (PAR).'®*
The 7-day PAR is a structured questionnaire that prompts
participants to recall the amount of time spent exercising
each day over a week. It includes questions about the
frequency, intensity, and duration of physical activities.
Opverall, physical activity was quantified by calculating the
total hours spent at different intensity levels and converting
that into metabolic equivalents (METs) per minute per
week.

2.5. Dietary intake assessment

To estimate the intake of grains and legumes, a validated
Arabic quantitative food frequency questionnaire (FFQ)
was utilized.”® Participants were asked about their
consumption of specific grains and legumes (white bread,
whole wheat bread, refined rice, stuffed vegetables with
rice, macaroni and pasta, bulgur and cracked wheat, green
beans, green peas, cooked dried beans [fava beans and navy
beans], falafel, Hummus [mashed chickpeas], and lentil
soup) over the past 12 months. The study participants were
asked to recall how often, on average, they consumed one
standard serving of each food item within 11 frequency
categories: never, 1 — 6 times/year, 7 — 11 times/year, 1 time/
month, 2 - 3 times/month, 1 time/week, 2 times/week, 3 -
4 times/week, 5 - 6 times/week, 1 time/day, and 2 or more
times/day. Portion sizes for each food item were classified
into three categories (small, medium, or large) based on
commonly used measuring standards. These portion
sizes were standardized using a combination of life-size
food models and standard measuring tools, such as cups,
tablespoons, teaspoons, and glasses, which were shown to
participants during the interviews to help in accurately
estimating the portion sizes of the grains and legumes
consumed. These visual aids were carefully selected to
accurately represent local foods and typical portion sizes.
Participants’ responses were converted into average daily
intake in grams for grains and legumes.

2.6. Statistical analysis

Statistical analyses were conducted using the Statistical
Package for the Social Sciences version 29 (IBM
Corporation, USA), with a significance threshold set at p
< 0.05. Descriptive analyses were performed to identify
variations among participants based on their daily grain
consumption (<3 servings per day, 3 — 5 servings per day,
6 - 7 servings per day, and more than seven servings).
Continuous data were summarized using mean and

standard deviation (SD), while frequency and percentage
were used for normally distributed categorical variables.
One-way ANOVA and independent-sample t-test were
applied to compare means of continuous variables, and the
Pearson Chi-square test was utilized to assess differences
in categorical variables. Fisher’s least significant difference
post hoc tests were employed to determine the differences
in continuous variables among participants according to
their daily grain consumption.

Participants’ consumption of grains and legumes was
categorized into quartiles based on their intake levels, with
the first quartile representing the lowest intake and the
fourth quartile indicating the highest intake. Odds ratios
(ORs) and corresponding 95% confidence intervals (CIs)
for different quartiles of grains and legumes intake were
derived using multinomial logistic regression with the
first quartile as the reference group. Potential confounding
factors associated with GC risk, include age, sex, marital
status, education level, previous BMI, smoking status and
duration, family history of cancer, history of stomach ulcer
and stomachache, physical activity (MET-min/week), and
daily caloric intake were controlled for.?"** The p-values for
trends were calculated using linear logistic regression.

3. Results

Table 1 presents the sociodemographic and health
characteristics of the case group (n = 173) based on daily
grain servings. The mean previous weight was significantly
higher in the group consuming more than seven servings
per day (91.9 + 17.3 kg) compared to those consuming
less than three servings (74.6 + 18.7 kg) and 3 - 5 servings
per day (77.5 + 23.3 kg; p < 0.001). There was a significant
difference in current weight among the GC group, with the
highest average weight found in the group of participants
consuming more than seven servings per day (74.4 + 14.5kg,
p = 0.050). Total caloric intake significantly increases with
higher grain servings (p < 0.001). Cases consuming 6 - 7
servings (3,832.2 + 1,046.6 kcal/day) and more than seven
servings per day (3815.4 + 1287.4 kcal/day) showed greater
caloric intake compared to those consuming less than
three servings (2569.3 + 593.5 kcal/day) and 3 - 5 servings
per day (2,646.9 + 699.1 kcal/day; p < 0.001). In addition,
cases consuming more than seven servings per day had
significantly longer smoking durations (17.0 * 18.2 years)
compared to those consuming 3 - 5 servings (8.3 *
14.7 years) and 6 — 7 servings (6.3 + 12.2 years; p = 0.005).
In addition, sex distribution (p < 0.001) and employment
status (p = 0.006) varied significantly among the groups,
with a higher proportion observed among males.

The sociodemographic and health characteristics of
the control group (n = 314) based on daily grain servings
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Table 1. Sociodemographic and health characteristics of the gastric cancer case group (n=173) categorized by daily grain servings

Characteristic <3 servings 3 - 5 servings 6 - 7 servings >7 servings p-value
(n=9) (n=50) (n=33) (n=81)

Health variables (Mean+SD)
Age (years) 52.4+19.7 56.5+12.8 54.7+13.4 52.7+11.1 0.393
Height (cm) 164.9+9.5° 164.1+8.6" 167.7£9.0® 170.3+8.8* <0.001*
Previous weight (kg) 74.6+18.7° 77.5£23.3 82.9+15.7* 91.9£17.3* <0.001*
Current weight (kg) 64.3+13.8 67.3£22.0 67.6+12.8 74.4£14.5 0.050
Previous BMI (kg/m?) 27.2+4.1 28.9£8.5 28.9+5.1 30.1£5.89 0.068
Current BMI (kg/m?) 23.6£3.6 25.0+8.2 24.3+6.0 25.5+4.7 0.754
Total caloric intake (kcal/day) 2,569.3+593.5" 2,646.9+699.1° 3,832.2+1,046.6 3,815.4+1,287.4° <0.001*
Physical activity (MET-min/week) 4,141.2+1,586.6 3,657.8+1,067.1 3,701.6+106.6 3,701.6+106.6 0.691
Duration of smoking (years) 13.3+23.0" 8.3114.7° 6.3£12.2° 17.0+18.2° 0.005

Sociodemographic variables (1 [%])

Sex
Male 4(44.4) 19 (38.0) 22 (66.7) 62 (76.5) <0.001*
Female 5(55.6) 31 (62.0) 11(33.3) 19 (23.5)

Marital Status
Married 6 (66.7) 40 (80.0) 27 (81.8) 75 (92.6) 0.258
Single 1(11.1) 2 (4.0) 3(9.1) 2(2.5)
Divorced 0(0) 1(2.0) 1(3.0) 1(1.2)
Widowed 2(22.2) 7 (14.0) 2(6.1) 3(3.7)

Educational level
Less than a high school diploma 2(22.2) 19 (38.0) 10 (30.3) 33 (30.7) 0.602
High school diploma and above 7 (77.8) 31 (62.0) 23 (69.7) 48 (59.3)

Working status
Yes 2(22.2) 16 (32) 14 (42.4) 50 (61.7) 0.006*
No 7(77.8) 34 (68) 19 (57.6) 31(38.3)

Smoking status
Yes 2(22.2) 12 (24.0) 10 (30.3) 32 (39.5) 0.213
No 7(77.8) 38 (76.0) 23 (69.7) 49 (60.5)

Family history of cancer
Yes 2(222) 23 (46.0) 14 (42.4) 40 (49.4) 0.692
No 7 (77.8) 27 (54.0) 19 (57.6) 41 (50.6)

History of gastric ache
Yes 2(22.2) 16 (38.0) 9(27.3) 21 (25.9) 0.829
No 7(77.8) 34 (68.0) 24 (72.7) 60 (74.1)

History of gastric ulcer
Yes 3(33.3) 21 (42) 13 (39.4) 39 (48.1) 0.935
No 6 (66.7) 29 (58) 20 (60.6) 42 (51.6)

Note: *p-values calculated using one-way ANOVA for continuous variables and Pearson y? for categorical variables, and p<0.05 was considered
statistically significant.

Different letters indicate significant differences between categories. * and " indicate significant differences between categories, with different letters
representing distinct groups.

Abbreviations: BMI: Body mass index; MET: Metabolic equivalent task; SD: Standard deviation.
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are presented in Table 2. Significant differences were working status. Specifically, participants of the control
observed in total caloric intake, physical activity, sex, and group consuming more than seven servings of grains per

Table 2. Sociodemographic and health characteristics of the control group (n=314) categorized by daily grain servings

Characteristic <3 servings 3 - 5 servings 6 - 7 servings >7 servings p-value
(n=9) (n=50) (n=33) (n=81)

Health variables (Mean+SD)
Age (years) 54.1+13.7 55.7+12.3 50.6+11.8 53.5+12.5 0.062
Height (cm) 164.6+6.9° 167.2+9.0° 166.8+8.1° 171.2+8.3* 0.004*
Previous weight (kg) 81.4+18.5 80.3£20.8 78.1£17.9 78.3£19.8 0.799
Current weight (kg) 81.8+18.2 81.0+17.3 80.2+15.6 80.9+16.5 0.978
Previous BMI (kg/m?) 30.0+6.5 28.8+7.2 28.1+6.0 26.9+6.7 0.100
Current BMI (kg/m?) 30.2+6.4 29.0+6.1 28.8+5.1 27.7+5.3 0.144
Total caloric intake (kcal/day) 1,968.0+806.5" 2,209.8+694.9° 2,697.9+765.1® 3,387.1£1,266.1° 0.006*
Physical activity (MET-min/week) 4,140.8+1,694.6" 3,959.5+1,545.4° 4,608.3+2,116.8° 4,895.6+2,296.5 0.003*
Duration of smoking (years) 8.0+15.9 7.2+14.0 10.4+15.0 10.7+15.5 0.286

Sociodemographic variables (1 [%])

Sex
Male 12 (37.5) 74 (54.8) 37 (59.7) 68 (80.0) <0.001*
Female 20 (62.5) 61 (45.2) 25 (40.3) 17 (20.0)

Marital status
Married 24 (75.0) 121 (89.6) 50 (80.6) 273 (86.9) 0.090
Single 4(12.5) 6(4.4) 6(9.7) 20 (6.4)
Divorced 1(3.1) 1(0.7) 4(6.5) 7(2.2)
Widowed 3(9.4) 7(5.2) 2(3.2) 14 (4.5)

Educational level
Less than a high school diploma 9(28.1) 39 (28.9) 19 (30.6) 31 (36.5) 0.924
High school diploma and above 23 (71.9) 96 (71.1) 43 (69.4) 54 (63.5)

Working status
Yes 15 (46.9) 50 (37.0) 35(56.5) 53 (62.4) 0.004*
No 17 (53.1) 85 (63.0) 27 (43.5) 32 (37.6)

Smoking status
Yes 7(21.9) 33 (24.4) 28 (45.2) 31 (36.5) 0.065
No 25(78.1) 102 (75.6) 34 (54.8) 54 (63.5)

Family history of cancer
Yes 12 (37.5) 49 (36.3) 20 (16.1) 23 (27.1) 0.518
No 20 (62.5) 86 (63.7) 52 (83.9) 62 (72.9)

History of gastric ache
Yes 1(3.1) 7(5.2) 3(4.8) 3(3.5) 0.920
No 31(96.9) 128 (94.8) 59 (95.2) 82 (94.5)

History of gastric ulcer
Yes 1(3.1) 2(1.5) 1(1.6) 1(1.2) 0.900
No 31 (96.9) 133 (98.5) 61 (98.4) 84 (98.8)

Note: *p-values calculated using one-way ANOVA for continuous variables and Pearson y? for categorical variables, and p<0.05 was considered
statistically significant.

Different letters indicate significant differences between categories. *and “indicate significant differences between categories, with different letters
representing distinct groups.

Abbreviations: BMI: Body mass index; MET: Metabolic equivalent task; SD: Standard deviation.
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day had significantly higher total caloric intake (3,387.1 +
1,266.1 kcal/day) compared to those consuming less than
three servings (1968.0 + 806.5 kcal/day) and 3 - 5 servings
per day (2209.8 + 694.9 kcal/day; p = 0.006). In addition,
physical activity levels (MET-min/week) were significantly
higher among participants consuming more than seven
servings per day (4895.6 + 2296.5 MET-min/week) and 6
- 7 servings per day (4,608.3 + 2,116.8 MET-min/week)
compared to those consuming less than three or 3 - 5
servings per day (4140.8 + 1694.6 MET-min/week, 3959.5
* 1,545.4 MET-min/week, respectively; p = 0.003). Similar
to Table 1, sex distribution (p < 0.001) and employment
status (P = 0.004) varied significantly among the groups.

The mean intake of grains and legumes among study
participants, comparing controls and GC cases, is shown
in Table 3. GC cases had significantly higher mean daily
intakes of white bread (112.6 + 67.0 g/day, p < 0.001) and
refined rice (130.4 = 80.9 g/day, p < 0.001) compared to
controls. In addition, cases consumed significantly more
cooked dried beans (46.2 + 42.7 g/day, p < 0.001), hummus
(14.5 + 14.6 g/day, p < 0.001), falafel (25.2 + 30.2 g/day,
p = 0.044), and lentil soup (31.9 + 26.0 g/day, p < 0.001).
No statistically significant differences were observed
between the two groups for other food items, including
whole wheat bread, bulgur, stuffed vegetables, macaroni,
green beans, and peas.

Table 4 shows the association between the intake
of the most commonly consumed grains and legumes

among participants and the risk of GC, using adjusted
ORs categorized into quartiles based on intake levels.
A significant trend was observed for white bread
consumption, with the highest quartile showing an
increased risk of GC (OR =3.13, CL: 1.57 - 6.21, p = 0.001).
Conversely, moderate white rice consumption was linked
to a reduced risk of GC in the second quartile (OR = 0.38,
CL 0.18 - 0.81), with a significant p = 0.045; however,
higher consumption in the third and fourth quartiles was
associated with increased but non-significant risk.

Regarding legumes, green peas showed an increased
risk in the third quartile (OR = 2.19, CL: 1.24 - 3.88,
p = 0.004). In addition, cooked dried beans (fava beans,
navy beans) demonstrated a decreased risk in quartile
2 (OR = 0.40, CI: 0.20 - 0.81), and hummus (mashed
chickpeas) also showed decreased risk against GC in Q3
(OR: 0.48, CI: 0.264 - 0.97), though their p-values for trend
were not significant (p = 0.733 and p = 0.871, respectively).
All results were adjusted for caloric intake, age, sex, marital
status, education level, body weight status, smoking, period
of smoking, family history of cancer, history of stomach
ulcer and stomachache, and physical activity level, with the
control group serving as the reference.

4, Discussion

Our study investigated the association between the intake
of commonly consumed grains and legumes in Jordan and
the risk of GC. The findings reveal significant associations

Table 3. Mean intake of grains and legumes of the study participants (n=487)

Food item Control group GC group
(n=314) (n=173) p-value
Mean+SD

Grains
White bread (g/day) 90.6+63.4 112.6+67.0 <0.001*
Whole wheat bread (g/day) 17.9+41.1 15.5+35.3 0.510
Refined rice (g/day) 103.0£63.0 130.4+80.9 <0.001*
Stuffed vegetables with rice (grape leaves, cabbage leaves, zucchini, eggplant, bell pepper) (g/week) 9.6+7.7 11.2+10.9 0.054
Macaroni and pasta (g/week) 6.0+14.3 7.8+23.0 0.276
Bulgur and cracked wheat (Freekeh) (g/week) 11.2+18.8 11.3+13.1 0.976

Legumes
Green beans (g/day) 9.4+9.6 10.7%9.1 0.134
Green peas (g/day) 3.845.6 4.0£3.9 0.803
Cooked dried beans (Fava beans and navy beans) (g/day) 31.0+31.8 46.2+42.7 <0.001*
Falafel (g/day) 20.2+23.6 25.2+30.2 0.044
Hummus (Mashed chickpeas) (g/day) 9.2+10.1 14.5+14.6 <0.001*
Lentil soup (g/day) 24.1+24.0 31.9+26.0 <0.001*

Note: *p-values calculated using an independent ¢-test, and p<0.05 was considered statistically significant.

Abbreviations: GC: Gastric cancer; SD: Standard deviation.
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Table 4. Adjusted odds ratios and corresponding 95% confidence intervals of consumption of selected grains and legumes among

173 gastric cancer cases

Food item OR (95% CI) * *p-trend
Quartile 1** Quartile 2 Quartile 3 Quartile 4

Grains
White bread 1 0.89 (0.07 - 11.69) 1.66 (0.83 - 3.31) 3.13 (157 - 6.21) 0.001
No. of cases/controls 41/114 1/3 54/109 77187
Whole wheat bread 1 - 0.93 (0.54 - 1.63) - 0.802
No. of cases/controls 115/203 0/0 55/111 3/0
Rice 1 0.38 (0.18 - 0.81) 1.63 (0.79 - 3.39) 1.73 (0.81 - 3.68) 0.045
No. of cases/controls 52/88 24/107 54/64 43/55
Stuffed vegetables with rice (grape 1 1.72 (0.83 - 3.59) 0.58 (0.29 - 1.17) 0.97 (0.48 - 1.98) 0.347
leaves, cabbage leaves, zucchini,
eggplant, bell pepper)
No. of cases/controls 49/78 34/77 49/97 41/61
Macaroni and pasta 1 1.23 (0.60 - 2.54) 0.78 (0.37 - 1.63) 0.98 (0.46 - 2.06) 0.487
No. of cases/controls 43/83 43/78 44/83 43/70
Bulgur and cracked wheat (Freekeh) 1 0.66 (0.32 - 1.36) 0.80 (0.41 - 1.56) 0.67 (0.31 - 1.45) 0.334
No. of cases/control 49/79 34/77 49/97 41/61

Legumes
Green beans 1 1.64 (0.78 - 3.43) 1.28 (0.61 - 2.70) 1.34 (0.57 - 3.14) 0.638
No. of cases/controls 32/76 58/83 56/99 27156
Green peas 1 B, 2.19 (1.24 - 3.88) 1.28 (0.24 - 6.92) 0.004
No. of cases/control 114/240 0/0 56/68 3/6
Cooked dried beans (Fava beans and 1 0.40 (0.20 - 0.81) 1.28 (0.59 - 2.74) 0.96 (0.58 - 1.59) 0.733
navy beans)
No. of cases/control 54/90 36/110 40/40 45/74
Falafel 1 0.42 (0.18 - 1.009) 0.78 (0.38 - 1.60) 0.98 (0.50 — 1.90) 0.679
No. of cases/control 51/82 21/65 39/79 62/88
Hummus (Mashed chickpeas) 1 0.60 (0.26 - 1.38) 0.48 (0.264 - 0.97) 1.27 (0.57 - 2.84) 0.871
No. of cases/control 48/61 31/56 53/53 41/44
Lentil soup 1 1.20 (0.56 — 2.59) 1.42 (0.69 - 2.93) 1.55 (0.74 - 3.22) 0.224
No. of cases/control 51/77 45/84 34/74 42/79

Note: *Adjusted for caloric intake, age, sex, marital status, education level, previous body mass index, smoking, period of smoking, family history of
cancer, history of stomach ulcer and stomachache, and physical activity level. The control group was considered the reference group for analysis.

**Reference group. ***p-trend < 0.05 was considered statistically significant.
Abbreviations: CI: Confidence interval; OR: Odds ratio.

between several dietary components - including white
bread, rice, and various legumes such as green peas, dried
beans, and chickpeas (hummus) - and the likelihood of
developing GC. While most of these findings align with
existing research on dietary risk factors for GC, some
unexpected differences were noted.

The present study showed a significant positive
association between white bread consumption and the
risk of GC. Participants in the highest quartile of white
bread consumption (Q4) had a 3.13-fold increased risk

of GC (p = 0.001). This finding underscores the potential
contribution of refined grains to GC risk, consistent with
research from Uruguay that found refined carbohydrate
intake strongly linked to increased GC risk.”® Similarly,
a Polish study reported a significant association between
refined grains, like white bread and GC risk.” A
comprehensive meta-analysis, examining populations
across the United States, Italy, China, Spain, Poland,
Mexico, and Uruguay with 527,256 individuals and 2,920
GC cases also supports this association.' These studies
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collectively suggest mechanisms by which refined grains,
such as white bread, may increase GC risk. One key
mechanism involves the rapid glycemic response triggered
by refined grains, leading to increased plasma insulin
levels and compensatory elevations in IGF-1.'*** IGF-],
a mitogenic stimulant, promotes tumor cell growth and
has been linked to cancer development. Refined grains
are also more easily digestible than whole grains, leading
to glycemic overload that can exacerbate these effects.'*
Furthermore, refined grain consumption is associated
with deficiencies in protective micronutrients, including B
vitamins and dietary fiber, which may reduce the stomach’s
buffering capacity and increase vulnerability to mechanical
damage and acid-catalyzed nitrosation, further elevating
GC risk.>*

In contrast to white bread, our study found an inverse
association between moderate rice consumption and GC
risk in the second quartile of intake (OR = 0.38, p = 0.045),
although this protective effect was not observed in higher
quartiles where rice intake showed a non-significant risk
increase. This finding differs from a case-control study
in Korea (440 cases and 485 controls), which reported a
positive link between rice consumption and GC risk.*> Our
findings may reflect the impact of balanced carbohydrate
intake, where moderate rice consumption avoids the
glycemic overload and insulin spikes associated with cancer
development. In addition, rice is often consumed in Jordan
with other dietary components such as vegetables and
vegetable stews, which may help buffer carcinogenic effects
at moderate levels but could elevate risk when consumed
in larger amounts.?* In higher rice consumption quartiles
(Q3 and Q4), the increased but non-significant risk may
relate to practices in Jordan, such as reheating rice, which
may increase exposure to bacterial contamination and
reduce nutrient quality.® In contrast, studies from Asian
populations, particularly in Korea and China, showed
mixed findings regarding rice consumption. While some
studies associate white rice with increased GC risk due to its
high glycemic index, others highlight the protective effects
of rice consumed alongside vegetables and legumes.***

Research from countries such as Mexico® and Turkey?
suggests that refined grain consumption may increase
GC risk, while other studies highlight the protective
effects of whole grains. Whole grains, rich in dietary fiber,
vitamins, and minerals, may lower GC risk compared to
refined grains, which lack nutrient-dense bran and germ
components.'”'** A meta-analysis involving over 2.6
million participants in the United States indicated that
higher whole-grain intake is associated with reduced
GC risk.® Whole grains are linked to reduced systemic
inflammation and lower energy intake, without the rapid

glycemic effects seen with refined grains. In contrast,
refined grains digest more quickly, causing glycemic
overload, increased plasma insulin, and elevated IGF-I, all
of which can promote tumor cell growth."* However, our
data did not show a protective effect from whole grains,
likely due to the low overall consumption of whole-
grain foods in Jordan. This aligns with findings from
other studies where whole grains were protective only in
populations with consistent intake."

Although bulgur was unexpectedly insignificant in our
study, it is important to note its potential role in cancer
prevention based on other studies. For instance, a study
by Tayyem et al® examined the relationship between
bulgur and the risk of colorectal cancer. The study found
that while refined grains were associated with a higher
risk of colorectal cancer, whole grains, including bulgur,
demonstrated a protective trend. Although the protective
effect of bulgur itself was not statistically significant, the
findings suggest that bulgur, as part of a whole-grain diet,
may contribute to reduced cancer risk, particularly when
compared to the elevated risks linked to refined cereals.”

The association between grain type and GC risk has
been widely explored in epidemiological studies, with
notable regional variations. In Mediterranean populations,
adherence to the Mediterranean diet — characterized
by high consumption of whole grains, legumes, and
vegetables — has been consistently associated with reduced
GC risk. This protective effect is attributed to the high
fiber and antioxidant content of these foods, which reduce
inflammation and oxidative stress. For example, a meta-
analysis of Mediterranean diet adherence reported a
30% reduction in GC risk among high-adherence groups
compared to low-adherence groups.” Moreover, the
Mediterranean dietary pattern demonstrated a significant
reduction in the risk of GC in the third and fourth quartiles
of participants in our study.*® After adjusting for factors
such as age, sex, BMI, smoking, marital status, total energy
intake, education level, and physical activity, the ORs of
the third and fourth quartiles were 0.394 (95% CI: 0.211
-0.736) and 0.212 (95% CI: 0.107 - 0.419), respectively.”

Regarding green peas, our study found a significant
association between green pea consumption and an
increased risk of GC, particularly in the third quartile,
with an OR of 2.19 (CIL, p = 0.004). This finding contradicts
previous studies that suggest a protective role of green peas
against cancer. This result may be better understood when
considering the typical dietary patterns in Jordan, where
green peas are often consumed in dishes such as “Ouzi”
and “beef peas stew” These meals typically combine
green peas with rice, which results in a high-starch, low-
fiber diet. High-starch diets can lead to increased gastric
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acid production and acid reflux, both recognized risk
factors for GC.** In addition, the high consumption of
starchy foods, like rice, promotes nitrosation reactions
in the stomach, where nitrites and nitrates can form
carcinogenic compounds.” The combination of rice and
green peas in common Jordanian meals may intensify this
effect, explaining the observed increase in GC risk. While
green peas themselves contain beneficial nutrients,* their
consumption in such a dietary context may contribute to
an elevated GC risk.

Our findings reveal significant protective associations
between the consumption of hummus and cooked dried
beans and the risk of GC. Specifically, hummus intake was
associated with decreased GC risk, with an OR of 0.48 (CI:
0.264 - 0.97) in the third quartile. Similarly, cooked dried
beans, including fava and navy beans, were associated with
protective effects, with an OR of 0.40 (CI: 0.20 - 0.81) in
the second quartile. These findings align with existing
studies highlighting the health benefits of legumes in GC
prevention. For instance, a hospital-based multi-case—
control study in Spain involving 1,233 participants (778
confirmed cancer cases) reported that higher adherence
to pro-vegetarian diets, which emphasize legumes such
as lentils and chickpeas, was associated with a reduced
GC risk."” Likewise, a case-control study in Italy (230 GC
cases, 547 controls) found that dietary isoflavones from
non-soy legumes, such as fava beans, lentils, and chickpeas,
were associated with a decreased GC risk, showing an OR
of 0.66 (CI: 0.45 - 0.99) in the third quartile, indicating
that higher total isoflavone intake is protective against
GC.* Supporting this, a multi-site case-control study in
Uruguay (3,539 cancer cases, 2,032 controls) found that the
highest tertile (T3) of legume intake was associated with a
significant decrease in the risk of stomach cancer, with an
OR of 0.69 (CI: 0.49 - 0.97), suggesting that higher legume
intake is protective against GC."”” Collectively, these studies
underscore the protective role of legumes in reducing GC
risk across diverse populations.

The  protective association between legume
consumption and a reduced risk of GC can be attributed to
dietary fiber and its mechanisms. Dietary fiber in legumes
may reduce nitrite levels in the stomach, which is crucial
because these compounds can be converted into N-nitroso
compounds that, when combined with amines, can form
nitrosamines classified as carcinogenic.'? Furthermore,
dietary fiber increases stool bulk, reduces transit time
through the colon, and dilutes potential carcinogens
present in the diet.”® Together, these mechanisms
underscore the vital role of dietary fiber from legumes
in reducing the risk of GC. Pulses, including chickpeas
and dried beans, contain various bioactive proteins such

as albumins, globulins, lectins, and protease inhibitors,
all of which can contribute to GC prevention. Lectins
are carbohydrate-binding proteins found in pulses that
can bind to tumor cell membranes, inhibiting cancer cell
proliferation while enhancing immune responses and
inducing apoptosis in cancer cells.*® They also trigger other
processes, such as changes in the cell’s outer layer, loss of
mitochondrial function, and cessation of the cell cycle.**
Protease inhibitors, such as Bowman-Birk inhibitors
(BBI), play a crucial role in cancer prevention by targeting
pathways involved in cancer development. They work by
reducing the generation of reactive oxygen species that can
damage cells and promote cancer.** For example, soybean
BBI suppressed the growth of AGS cells (GC cell line)
by inhibiting the activity of matrix metalloproteinases
(MMP-2 and MMP-9), enzymes involved in tumor
invasion. BBI also reduces the secretion of vascular
endothelial growth factor, which is crucial for tumor
angiogenesis.*** These functions indicate the potential
role of BBI in reducing GC progression.”® In addition,
gamma-aminobutyric acid (GABA), a non-protein amino
acid found in legumes, demonstrates anti-inflammatory
activity.** Research has shown that diets rich in GABA
can lead to anti-inflammatory effects, contributing
to cancer protection by supporting overall immune
function.” Furthermore, albumin and globulin proteins
from legumes can inhibit cancer cell growth and spread
by blocking enzymes that facilitate cancer cell movement
and proliferation.** Collectively, these protein components
highlight the mechanisms through which legumes can
contribute to GC prevention.

In addition to bioactive proteins, legumes contain a
range of compounds, notably polyphenols and phytosterols,
two significant compounds that play crucial roles in
reducing GC risk through multifaceted mechanisms. The
polyphenols in legumes, primarily phenolic acids and
flavonoids, exhibit significant anti-inflammatory and
anticancer effects that may help reduce GC risk. Recent
studies highlight that these polyphenols can reduce the
secretion of pro-inflammatory mediators such as nitric
oxide, interleukin-6, and tumor necrosis factor-o.. By
downregulating key pro-inflammatory cytokines and
enzymes, these polyphenols offer therapeutic benefits for
managing inflammation-related conditions and lowering
GC risk.'* Among the flavonoids, both isoflavones and
flavanols play significant roles in reducing GC risk.
Isoflavones such as genistein and daidzein exhibit strong
antioxidant and antiproliferative properties. These
compounds inhibit GC cell proliferation by inducing cell
cycle arrest, promoting apoptosis, and reducing oxidative
stress by scavenging free radicals.”? Genistein also plays
a crucial role in inhibiting H. pylori growth, a bacterium
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associated with increased GC risk, making its inhibition
an important dietary intervention for GC prevention.*
Moreover, flavanols in legumes, specifically quercetin,
act as antiproliferative agents that inhibit cell growth and
induce cell cycle cessation in GC cells.*® Phenolic acids,
including hydroxybenzoic and hydroxycinnamic acid
derivatives, serve as antioxidants through mechanisms
such as hydrogen atom transfer and single electron
transfer. These actions help neutralize free radicals,
thereby protecting essential biomolecules, such as DNA,
lipids, and proteins, from oxidative stress. In addition,
phenolic acids stimulate natural antioxidant defenses by
enhancing the production of enzymes such as superoxide
dismutase and catalase, helping to maintain a balance
between prooxidants and antioxidants.'® Collectively,
these polyphenols provide a protective effect against GC
through their combined anti-inflammatory, antioxidant,
and antiproliferative activities. Phytosterols are plant-
derived compounds structurally similar to cholesterol and
are recognized for their anticancer properties against GC.
Their primary mechanism involves inducing apoptosis
in GC cells by triggering intrinsic apoptosis pathways,
significantly reducing cell viability and contributing
to overall anticancer effects. The combined action of
polyphenols and phytosterols underscores legumes’
potential to reduce GC risk through anti-inflammatory,
antioxidant, and apoptosis-inducing mechanisms.

In the context of falafel consumption, we observed
a potential trend of increased odds of GC in the fourth
quartile (OR: 1.90, p = 0.679), although this finding is not
statistically significant. This observation may align with
the biological rationale of acrylamide as a carcinogen
formed during the thermal processing of falafel.” Falafel is
a staple food in the Middle East and is increasingly popular
worldwide; for example, it is typically prepared through
frying at high temperatures in Tehran, Iran.*” This cooking
process is known to produce acrylamide, a compound
classified as a potential human carcinogen by the
International Agency for Research on Cancer.”” Acrylamide
forms during the thermal processing of carbohydrate-rich
foods and undergoes metabolic conversion to glycidamide,
a mutagenic and carcinogenic compound, through the
cytochrome P450 2E1 pathway.”” These metabolites have
been implicated in mutagenic and carcinogenic effects
in laboratory studies, providing a rational biological
mechanism for the observed association, even if statistical
significance was not achieved.” The variability in falafel
recipes across different regions may also contribute to
the inconsistency in results. Common variations include
chickpea-based, bean-based, and chickpea-potato-based
falafel, with differences in preparation methods, frying
oils, and serving practices.” In addition, dietary patterns,

genetic susceptibility, and environmental exposures may
influence individual vulnerability to acrylamide-related
carcinogenesis. Our findings are consistent with previous
research highlighting the potential risks associated with
thermally processed foods. Several studies have linked
acrylamide exposure to an increased risk of GC and other
cancers; however, the evidence remains inconclusive.”” The
observed trend in our study reinforces the need to consider
falafel consumption as a potential dietary factor in GC risk,
particularly in populations where it is a dietary staple.

In Jordan, food preparation methods can significantly
impact the nutritional content and potential health
benefits of meals. Traditional cooking methods for grains
and legumes, such as boiling, frying, or stewing, might
alter the nutrient profiles of these foods, thereby affecting
their impact on GC risk. The use of added fats like olive
oil, which is common in Jordanian cuisine, can influence
the health benefits of otherwise nutrient-rich foods. While
olive oil is a staple of the Mediterranean diet, excessive
consumption or high-fat cooking methods may counteract
some protective effects associated with whole grains and
vegetables. In addition, certain regions in Jordan may rely
more heavily on refined grains or processed foods, which
could reduce the beneficial effects of whole grains and
legumes in those populations.

5. Study limitations and strengths

While the FFQ is a suitable tool for assessing food intake
in this study, it has inherent limitations, particularly the
potential for recall bias in dietary reporting. This bias arises
when participants do not accurately recall or report their
past dietary habits, potentially affecting the reliability of
the findings. To address this issue, we used an ethnically
validated FFQ, incorporated food models, and ensured that
trained dietitians conducted the assessments. The FFQ was
specifically tailored to the Jordanian population, including
local foods, common portion sizes, and seasonal variations
in food availability. These measures facilitated a more
accurate estimation of participants’ long-term dietary habits
and ensured a culturally relevant and precise approach to
dietary assessment. We matched cases with controls based
on age, sex, and marital status to reduce confounding from
these factors. In addition, we adjusted for other potential
confounders, including caloric intake, education level, body
weight status, smoking status and duration, family history
of cancer, history of stomach ulcers and stomachaches, as
well as physical activity levels. These adjustments accounted
for the impact of these variables on the outcomes and
helped ensure the validity of our findings.

Despite these limitations, our study has several
important strengths. One of the main strengths is the
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adjustment for key confounding factors, especially
smoking, which is closely linked to GC and could influence
the relationship between diet and cancer risk. By controlling
for these factors, we provided more reliable estimates of
the link between grain and legume consumption and GC
risk. The study also included newly diagnosed GC cases
and cancer-free controls from major hospitals in Jordan,
enhancing the representation of our sample relative to the
general population. The high response rate of over 95%
further strengthens the reliability of our data. Moreover,
focusing on the consumption of grains and legumes
enabled us to explore how these specific foods may affect
GCrisk, providing insights into how certain dietary factors
might help prevent or promote GC.

6. Conclusion

Our study highlights the significant associations between
the consumption of various grains and legumes and the
risk of GC in the Jordanian population. We found that a
higher intake of refined grains, particularly white bread,
was positively associated with an increased GC risk, while
moderate rice consumption appeared to offer a protective
effect. In addition, legumes such as hummus and cooked
dried beans demonstrated a protective role against GC,
reinforcing the potential health benefits of these foods. In
contrast, the consumption of green peas was unexpectedly
linked to an increased GC risk, possibly due to their
inclusion in high-starch dishes.

While further research is needed to explore the
underlying mechanisms and confirm these associations
across diverse populations, our study provides valuable
insights into how specific food items may influence GC
risk. Our findings highlight the importance of integrating
whole grains into national dietary guidelines as a cost-
effective strategy for GC prevention. Public health
initiatives could promote a balanced, nutrient-rich diet
and encourage replacing refined grains with whole grains
such as barley, wheat, and rice, which are rich in dietary
fiber, antioxidants, and essential nutrients. Public health
campaigns should focus on educating the population about
the health benefits of a Mediterranean-inspired dietary
pattern while considering local food preferences and
availability. Furthermore, healthcare providers should be
involved in counseling patients on the role of diet in cancer
prevention, offering tailored advice based on individual
medical history.
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