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ABSTRACT 
Background: Colorectal cancer (CRC) is the third most commonly diagnosed malignancy worldwide, and its burden is rising in Indonesia. Red and 
processed meat are established risk factors in Western cohorts, but evidence from Indonesian populations, whose dietary practices differ substantially, 
remains scarce. 
Objective: To determine the association between the frequency of red meat and processed food consumption and CRC occurrence in East Java, Indonesia. 
Methods: A multicentre retrospective case–control study was conducted between March and June 2024 at eight sites in East Java. Cases were adults 
aged 40–70 years with histopathologically confirmed colorectal adenocarcinoma (n = 172); controls were East Java-born adults of the same age range 
without CRC (n = 175). Consumption frequency (<1, 1 or >1 time/week) was assessed with a culturally adapted food-frequency questionnaire (23 
exposure items; Cronbach's α = 0.907). Associations were analysed using Pearson's χ², the Mann–Whitney U test and crude odds ratios (ORs) with 95% 
confidence intervals (CIs). 
Results: Red meat consumption frequency was not associated with CRC (χ² = 2.235, p = 0.327; Mann–Whitney p = 0.936). Compared with <1 time/week, 
ORs were 1.27 (95% CI 0.80–2.04) for once weekly and 0.81 (0.39–1.67) for more than once weekly. Processed food consumption frequency was 
significantly associated with CRC (χ² = 8.270, p = 0.016): once-weekly consumption carried an OR of 2.27 (1.26–4.08), whereas consumption more than 
once weekly yielded an OR of 1.54 (0.70–3.36). No linear trend was observed (linear-by-linear p = 0.181). Monthly income differed significantly between 
groups (p < 0.001). 
Conclusion: Processed food consumption, but not red meat consumption, was associated with CRC in East Java, although without a consistent dose–
response gradient. These crude estimates support dietary counselling to limit processed foods and warrant confirmation in larger studies with quantitative 
exposure assessment and multivariable adjustment. 
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I.  INTRODUCTION 

A.  Background 
Colorectal cancer (CRC) is a malignant neoplasm of the colon or 
rectum that arises predominantly through a stepwise 
transformation of normal mucosa into adenoma and subsequently 
invasive carcinoma. In 2020 it was the third most frequently 
diagnosed cancer and the second leading cause of cancer death 
worldwide, with an estimated 1.9 million new cases and 935,000 
deaths; the global burden has increased steadily from earlier 
GLOBOCAN estimates and is projected to rise further by 2035.1–

3 

Colorectal cancer predominantly affects adults aged 60 years or 
older and is more frequent in men than in women. Nevertheless, 
the incidence and mortality of early-onset disease diagnosed 
before 50 years of age are rising across many regions, including 
the Asia-Pacific, where mortality from early-onset CRC is 
disproportionately high among women in Southeast Asia.4–10 

In Indonesia, CRC is among the most common malignancies, 
ranking second in men after lung cancer and fourth in women. 
Although the age-standardised incidence in Indonesia is lower 
than in high-income East Asian countries, the country's large 
population translates into a substantial absolute number of cases, 
and a considerable proportion of patients present with advanced-
stage disease. In East Java, the rising incidence of CRC and 
ethnically distinct patterns of health-seeking behaviour among the 
Arek, Mataraman and Pendalungan groups underscore the need 
for region-specific evidence.1,11,12 

Colorectal carcinogenesis results from the accumulation of 
genetic and epigenetic alterations, including chromosomal 
instability, microsatellite instability and the CpG island 
methylator phenotype, that activate oncogenes (e.g., via aberrant 
Wnt/β-catenin signalling) and inactivate tumour suppressor genes 
within a pro-inflammatory tissue microenvironment.13–16 

Risk factors for CRC are conventionally classified as non-
modifiable—age, sex, hereditary syndromes such as Lynch 
syndrome and familial adenomatous polyposis, family history and 
inflammatory bowel disease—and modifiable, including diet, 
obesity, physical inactivity, smoking and alcohol consumption. 
Anthropometric factors such as adult height have also been 
associated with CRC risk. Among modifiable exposures, diets 
rich in red and processed meat and low in dietary fibre have 
consistently been linked with an increased risk.17–21 

In 2015, the International Agency for Research on Cancer (IARC) 
classified processed meat as carcinogenic to humans (Group 1) 
and red meat as probably carcinogenic to humans (Group 2A), 
largely on the basis of evidence for CRC. The World Cancer 
Research Fund/American Institute for Cancer Research 
(WCRF/AICR) likewise judged the evidence linking processed 
meat to CRC as convincing. In the European Prospective 
Investigation into Cancer and Nutrition (EPIC), which followed 
478,040 participants, 1,329 incident CRC cases were identified 
and higher intakes of red and processed meat were associated with 
increased risk.22–25 

Quantitative syntheses have repeatedly confirmed a dose-
dependent association. A meta-analysis of prospective studies 
reported a relative risk of 1.17 per 100 g/day of fresh red meat and 
1.18 per 50 g/day of processed meat, and Smolińska and 
Paluszkiewicz showed that intake of red meat more frequently 
than once a day or exceeding 50 g/day increased colon cancer risk 
by approximately 21–37%. More recent pooled analyses of 
prospective cohorts have reproduced these findings.26–30 

Biologically, red and processed meat contain or generate haem 
iron, N-nitroso compounds, heterocyclic aromatic amines and 
polycyclic aromatic hydrocarbons, which can induce DNA 
damage, lipid peroxidation, epithelial hyperproliferation and gut 
dysbiosis. The magnitude of exposure is determined not only by 
the amount consumed but also by frequency of consumption, 
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preservation methods (salting, curing, addition of nitrates or 
nitrites) and high-temperature cooking.18,19,21,31 

B.  Research gap 
Most of the evidence underpinning current recommendations 
derives from Western populations. Meta-analyses restricted to 
East Asian populations have not consistently demonstrated a 
significant association between red meat intake and CRC, and 
critical appraisals from an Asian perspective have highlighted that 
processed meat products, typical portion sizes and cooking 
methods in Asia differ substantially from those in Europe and 
North America. Indonesian cuisine is characterised by distinctive 
red meat preparations (e.g., satay, rawon, rendang, tongseng, gulai 
and tengkleng) and by a wide range of locally processed foods 
(e.g., salted fish and instant noodles) in addition to Western-style 
products. To the best of our knowledge, no study has examined 
the frequency of red meat and processed food consumption in 
relation to CRC in the East Java population.32–35 

C.  Novelty 
This study provides the first multicentre case–control evidence 
from East Java on the association between consumption frequency 
of red meat and processed foods and CRC. It employed a 
culturally adapted food-frequency instrument that captures local 
red meat dishes and a broad, context-specific spectrum of 
processed foods—Western-style, Middle Eastern-style, locally 
preserved and canned foods, and processed snacks—rather than 
relying solely on Western processed meat categories.12,33 

D.  Objectives 
The general objective of this study was to determine the 
association between the frequency of red meat and processed food 
dietary patterns and the occurrence of CRC in East Java. The 
specific objectives were (i) to analyse the association between the 
frequency of red meat consumption and CRC occurrence, and (ii) 
to analyse the association between the frequency of processed 
food consumption and CRC occurrence in East Java.36 

E.  Hypotheses 
The general hypothesis was that the frequency of red meat and 
processed food dietary patterns is associated with the occurrence 
of CRC in East Java. The specific hypotheses were: H₁, there is a 
significant association between the frequency of red meat 
consumption and CRC occurrence; and H₂, there is a significant 
association between the frequency of processed food consumption 
and CRC occurrence in East Java.37 

F.  Significance of the study 
Academically, this study contributes region-specific 
epidemiological evidence to the fields of nutritional epidemiology 
and surgical oncology and provides a validated, culturally adapted 
exposure instrument that may be used in future Indonesian 
studies. Practically, the findings may inform public-health policy 
and community education aimed at reducing diet-related CRC 
risk, support dietary counselling by clinicians, and guide the 
design of targeted prevention and early-detection programmes in 
East Java.38,39 

II.  METHODOLOGY 

A.  Study design 
This was an analytical observational study with a retrospective 
case–control design, in which patients with CRC (cases) were 
compared with individuals without CRC (controls) to evaluate the 
association between prior dietary exposure and disease 
occurrence. The study was reported in accordance with the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) recommendations for case–control 
studies. The conceptual framework is shown in Figure 1.36,37 

 
Figure 1. Conceptual framework of the study. 

B.  Setting and study period 
The study was conducted at Dr. Saiful Anwar Regional General 
Hospital (Malang), Dr. Iskak Regional General Hospital 
(Tulungagung), DKT Hospital (Jember), the Surabaya Stoma 
Community, and the private surgical practices of general surgeons 
in Ngawi, Ponorogo, Bojonegoro and Banyuwangi, East Java, 
Indonesia. These sites were selected because they are strategically 
located referral centres with established digestive surgery services 
delivered by consultant digestive surgeons and receive referrals 
from surrounding peripheral hospitals, thereby managing a 
substantial proportion of CRC patients from across the province. 
Data were collected between March and June 2024.12 

C.  Participants and eligibility criteria 
Cases were patients with a histopathologically confirmed 
diagnosis of colorectal adenocarcinoma, born in East Java and 
aged 40–70 years. Controls were individuals without a diagnosis 
of CRC, born in East Java and aged 40–70 years, recruited from 
the same catchment population as the cases. Exclusion criteria for 
both groups were a diagnosis of any malignancy other than CRC 
(e.g., breast, prostate, cervical or ovarian cancer), a history of 
dementia, and refusal to participate. The exclusion of other 
malignancies was intended to avoid misattribution of exposure–
outcome relationships in patients with synchronous or 
metachronous cancers.37,40 

D.  Sampling technique and sample size 
A non-probability consecutive sampling technique was used, in 
which every eligible individual meeting the selection criteria 
during the study period was recruited until the target sample was 
reached. In total, 347 participants were enrolled (172 cases and 
175 controls), yielding an approximately 1:1 case-to-control 
ratio.36,37 

E.  Variables and operational definitions 
The independent variables were the frequency of red meat 
consumption and the frequency of processed food consumption; 
the dependent variable was CRC status. Red meat was defined as 
meat that is red in colour and rich in myoglobin and iron (beef, 
goat, lamb and other meats from four-legged animals), including 
local preparations. Processed foods were defined as foods or 
meats that had undergone salting, preservation, canning, 
fermentation, smoking or industrial preparation. Each exposure 
was categorised on an ordinal scale as <1 time/week (score 1; 
reference), 1 time/week (score 2) or >1 time/week (score 3). 
Operational definitions are summarised in Table 1.22,23 

Table 1. Operational definitions of study variables 
Variable Operational definition Indicator Categories Coding Scale 
Red meat Meat that is red in colour, 

rich in myoglobin and iron 
(beef, goat, lamb; other 
four-legged animals), 
including satay, empal, 
rawon, krengsengan, 
tongseng, rendang, se'i, soto, 
gulai and tengkleng 

Frequency 
of 

consumption 
<1 
time/week; 1 
time/week; 
>1 time/week 

1 / 2 / 3 Ordinal 
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Variable Operational definition Indicator Categories Coding Scale 
Processed 
foods Foods or meats processed 

by salting, preservation, 
canning, fermentation, 
smoking or industrial 
preparation 

Frequency 
of 

consumption 
<1 
time/week; 1 
time/week; 
>1 time/week 

1 / 2 / 3 Ordinal 

Colorectal 
cancer Cancer of the colon or 

rectum confirmed by 
clinical, histopathological 
and/or medical-record data 

CRC status Case; control CRC / 
non-
CRC 

Nominal 

 

F.  Research instrument 
The instruments were a structured food-frequency questionnaire 
(FFQ) administered electronically via Google Forms and the 
medical records of patients with CRC. The FFQ captured usual 
dietary habits over the preceding three months and contained 
open- and closed-ended items. The red meat domain comprised 
14 items (beef satay, beef empal, beef rawon, beef krengsengan, 
beef tongseng, beef rendang, beef se'i, beef soto, goat satay, goat 
curry, goat krengsengan, goat tengkleng, meatballs, and other 
meats from four-legged animals) and the processed food domain 
comprised nine items (Western-style foods, Middle Eastern-style 
foods, local processed foods such as salted fish and instant 
noodles, canned foods, sweet traditional processed foods, wafers, 
biscuits, crackers and cookies). The FFQ additionally recorded 
demographic characteristics (sex, educational attainment and 
monthly income) and other potential risk factors.36,41 

G.  Questionnaire development and validation 
The questionnaire was developed on the basis of the principles of 
digestive surgery and current knowledge of CRC risk factors, and 
content validity was established through review by the research 
supervisors. A preliminary version was pre-tested among 
individuals not participating in the main study to identify 
ambiguous or misleading items; the revised version was then 
reviewed by a language expert for clarity. Finally, the instrument 
was pilot-tested in a smaller group with characteristics 
comparable to those of the target population. Item validity was 
assessed with Pearson's item–total correlation and internal-
consistency reliability with Cronbach's α.36,37,41 

H.  Data collection procedures 
Primary data were obtained through structured interviews and 
questionnaire completion after written informed consent had been 
obtained. Secondary data were extracted from the medical records 
of cases to verify the diagnosis and to obtain tumour location, 
treatment history and relevant clinical and laboratory findings; 
histopathological and radiological reports were reviewed to 
confirm CRC status. The overall study flow is presented in Figure 
2.42,43 

 
Figure 2. Study flow diagram. 

I.  Statistical analysis 
Univariate analysis described the distribution of participant 
characteristics and exposure categories. Normality was assessed 
with the Kolmogorov–Smirnov test (n > 30), supplemented by the 
Shapiro–Wilk test and normal Q–Q plots; because all variables 
were non-normally distributed (p < 0.001), non-parametric 
methods were applied. Between-group differences in baseline 
characteristics were compared with Pearson's χ² test. Associations 
between exposure frequency and CRC status were evaluated with 
Pearson's χ² test (df = 2), supported by the likelihood-ratio χ² and 
the linear-by-linear association test for trend; the χ² assumption 
was considered satisfied when no more than 20% of cells had an 
expected count <5. The Mann–Whitney U test compared the 
ordinal distribution of consumption frequency between cases and 
controls.36,37 

The magnitude of association was expressed as crude odds ratios 
(ORs) with 95% confidence intervals (CIs) calculated by the 
Woolf (logit) method, using <1 time/week as the reference 
category; Wald p-values were derived from the log-OR and its 
standard error. A supplementary contrast of any consumption of 
≥1 time/week versus <1 time/week was computed from the same 
cross-tabulations. Statistical significance was set at a two-sided α 
of 0.05. Analyses were performed with IBM SPSS Statistics 
version 25 (IBM Corp., Armonk, NY, USA).41 

J.  Ethical considerations 
The study protocol was submitted to and approved by the Health 
Research Ethics Committee [committee name and approval 
number to be inserted] prior to data collection, and the study 
adhered to the principles of the Declaration of Helsinki. All 
participants provided written informed consent, and data were 
anonymised before analysis.36 

III.  RESULTS 

A.  Characteristics of the study participants 
A total of 347 participants were analysed, comprising 175 controls 
(50.4%) and 172 CRC cases (49.6%). The sex distribution was 
balanced overall (175 men and 172 women), with a slightly higher 
proportion of men among cases (54.1%) than among controls 
(46.9%); this difference was not significant (p = 0.216). Senior 
high school was the most frequent educational attainment 
(32.3%), followed by elementary school or lower (28.2%), 
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university (23.1%) and junior high school (16.1%), with no 
significant difference between groups (p = 0.459). The largest 
income category was ≤ IDR 1,900,000 per month (34.0%). 
Monthly income differed significantly between groups (χ² = 
16.48, df = 3, p < 0.001): cases were over-represented in the two 
lowest income strata (71.5% vs. 52.0% of controls) and under-
represented in the highest stratum (9.3% vs. 22.3%) (Table 2). 

Table 2. Characteristics of study participants by sex, educational 
attainment and monthly income (N = 347) 

Characteristic Controls (n = 
175), n (%) 

CRC cases (n 
= 172), n (%) 

Total (N = 
347), n (%) 

p-
value 

Sex    0.216 
   Male 82 (46.9) 93 (54.1) 175 (50.4)  
   Female 93 (53.1) 79 (45.9) 172 (49.6)  
Educational attainment    0.459 
   University 43 (24.6) 37 (21.5) 80 (23.1)  
   Senior high school 57 (32.6) 55 (32.0) 112 (32.3)  
   Junior high school 23 (13.1) 33 (19.2) 56 (16.1)  
   Elementary school or 
lower 

52 (29.7) 46 (26.7) 98 (28.2)  
Monthly income (IDR)    <0.001 
   >5,000,000 39 (22.3) 16 (9.3) 55 (15.9)  
   3,000,001–4,900,000 45 (25.7) 33 (19.2) 78 (22.5)  
   2,000,000–2,900,000 39 (22.3) 57 (33.1) 96 (27.7)  
   ≤1,900,000 52 (29.7) 66 (38.4) 118 (34.0)  

Percentages are column percentages. p-values from Pearson's χ² test (sex: χ² 
= 1.528, df = 1; education: χ² = 2.593, df = 3; income: χ² = 16.476, df = 3). 
CRC, colorectal cancer; IDR, Indonesian rupiah. 

B.  Validity and reliability of the questionnaire 
All 23 exposure items showed positive item–total correlations (r 
= 0.295–0.737). Twenty-two items were significant at p < 0.01; 
the local processed food item (salted fish, instant noodles) showed 
a weaker correlation (r = 0.295, p = 0.097) but was retained as 
reported by the item analysis. Internal-consistency reliability of 
the 24-item instrument was high (Cronbach's α = 0.907) (Table 3). 

Table 3. Item validity (Pearson item–total correlation) and reliability of 
the food-frequency questionnaire 

Domain Item Food item r p-
value Interpretation 

X1 Red 
meat X1.1 Beef satay 0.642 <0.001 Valid 

 X1.2 Beef empal 0.658 <0.001 Valid 
 X1.3 Beef rawon 0.701 <0.001 Valid 
 X1.4 Beef krengsengan 0.711 <0.001 Valid 
 X1.5 Beef tongseng 0.719 <0.001 Valid 
 X1.6 Beef rendang 0.710 <0.001 Valid 
 X1.7 Beef se'i 0.676 <0.001 Valid 
 X1.8 Beef soto 0.698 <0.001 Valid 
 X1.9 Goat satay 0.703 <0.001 Valid 
 X1.10 Goat curry (gulai) 0.737 <0.001 Valid 
 X1.11 Goat krengsengan 0.723 <0.001 Valid 
 X1.12 Goat tengkleng 0.714 <0.001 Valid 
 X1.13 Meatballs 0.491 0.003 Valid 
 X1.14 Other meats (buffalo, pork, other 

four-legged animals) 0.565 <0.001 Valid 

X2 
Processed 
foods 

X2.1 Western-style foods (pizza, 
breaded fried chicken, hot dog) 0.556 <0.001 Valid 

 X2.2 Middle Eastern-style foods 
(kebab, roti maryam) 0.584 <0.001 Valid 

 X2.3 Local processed foods (salted 
fish, instant noodles) 0.295 0.097 Retained† 

 X2.4 Canned foods (sardines, tuna, 
canned gudeg) 0.533 <0.001 Valid 

 X2.5 Sweet traditional processed foods 
(tape, layered cakes) 0.461 0.002 Valid 

 X2.6 Wafers 0.552 <0.001 Valid 
 X2.7 Biscuits 0.532 <0.001 Valid 
 X2.8 Crackers 0.540 <0.001 Valid 
 X2.9 Cookies 0.544 <0.001 Valid 

Domain Item Food item r p-
value Interpretation 

Reliability — Cronbach's α (24 items) 0.907 — Reliable 
†Classified as valid in the original item analysis; the correlation did not reach 
conventional significance and the item was retained for content reasons. r, 
Pearson correlation coefficient. 

C.  Normality testing 
The Kolmogorov–Smirnov and Shapiro–Wilk tests yielded p < 
0.001 for CRC status, the red meat items (X1.1–X1.14) and the 
processed food items (X2.1–X2.9), indicating non-normal 
distributions; non-parametric analyses were therefore applied 
(Supplementary Table S1 and Supplementary Figure S1). 

D.  Association between red meat consumption and colorectal 
cancer 
Once-weekly red meat consumption was the most frequent 
category in both groups (53.7% of controls and 61.0% of cases), 
whereas consumption more than once weekly was reported by 
13.7% of controls and 9.9% of cases (Table 4; Figure 3A). No cell 
had an expected count <5 (minimum expected count 20.32). 
Pearson's χ² test showed no significant association between red 
meat consumption frequency and CRC (χ² = 2.235, df = 2, p = 
0.327), and there was no evidence of a linear trend (linear-by-
linear association p = 0.961) (Table 5). Hypothesis H₁ was 
therefore rejected. 

Table 4. Cross-tabulation of red meat consumption frequency by study 
group 

Group Statistic <1 
time/week 1 time/week >1 

time/week Total 
Controls Count 57 94 24 175 
 Expected count 54.0 100.4 20.7 175.0 
 % within group 32.6% 53.7% 13.7% 100.0% 
 % within 

frequency 53.3% 47.2% 58.5% 50.4% 
CRC cases Count 50 105 17 172 
 Expected count 53.0 98.6 20.3 172.0 
 % within group 29.1% 61.0% 9.9% 100.0% 
 % within 

frequency 46.7% 52.8% 41.5% 49.6% 
Total Count 107 199 41 347 
 % of total 30.8% 57.3% 11.8% 100.0% 

 

Table 5. Chi-square tests for red meat consumption frequency and 
colorectal cancer 
Test Value df Asymptotic significance 

(two-sided) 
Pearson χ² 2.235 2 0.327 
Likelihood ratio 2.242 2 0.326 
Linear-by-linear association 0.002 1 0.961 
N of valid cases 347   

0 cells (0.0%) had an expected count <5; the minimum expected count was 
20.32. 

The Mann–Whitney U test likewise showed nearly identical rank 
distributions (mean rank 173.62 in controls vs. 174.38 in cases; U 
= 14,984.0; Z = −0.080; p = 0.936), indicating no difference in red 
meat consumption patterns between groups (Table 6). 

Table 6. Mann–Whitney U test for red meat consumption frequency 
between controls and CRC cases 
Group n Mean rank Sum of ranks 
Controls 175 173.62 30,384.0 
CRC cases 172 174.38 29,994.0 
Total 347   
Mann–Whitney U  14,984.0  
Z  −0.080  
Asymptotic significance (two-
tailed)  0.936  

Grouping variable: CRC status. Mean ranks and rank sums were reconciled 
with the reported test statistics and verified against the cross-tabulated 
frequencies (Table 4). 
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E.  Association between processed food consumption and 
colorectal cancer 
Once-weekly processed food consumption was reported by 75.6% 
of cases compared with 62.3% of controls, whereas consumption 
<1 time/week was reported by 12.2% of cases and 22.9% of 
controls (Table 7; Figure 3B). Within the <1 time/week stratum, 
65.6% of participants were controls, whereas within the once-
weekly stratum 54.4% were cases. No cell had an expected count 
<5 (minimum expected count 23.30). Pearson's χ² test 
demonstrated a significant association between processed food 
consumption frequency and CRC (χ² = 8.270, df = 2, p = 0.016; 
likelihood ratio p = 0.015), but the linear-by-linear association 
was not significant (p = 0.181) (Table 8). Hypothesis H₂ was 
therefore accepted. 

Table 7. Cross-tabulation of processed food consumption frequency by 
study group 

Group Statistic <1 
time/week 1 time/week >1 

time/week Total 
Controls Count 40 109 26 175 
 Expected count 30.8 120.5 23.7 175.0 
 % within group 22.9% 62.3% 14.9% 100.0% 
 % within 

frequency 65.6% 45.6% 55.3% 50.4% 
CRC cases Count 21 130 21 172 
 Expected count 30.2 118.5 23.3 172.0 
 % within group 12.2% 75.6% 12.2% 100.0% 
 % within 

frequency 34.4% 54.4% 44.7% 49.6% 
Total Count 61 239 47 347 
 % of total 17.6% 68.9% 13.5% 100.0% 

 

Table 8. Chi-square tests for processed food consumption frequency and 
colorectal cancer 

Test Value df Asymptotic significance 
(two-sided) 

Pearson χ² 8.270 2 0.016 
Likelihood ratio 8.372 2 0.015 
Linear-by-linear association 1.788 1 0.181 
N of valid cases 347   

0 cells (0.0%) had an expected count <5; the minimum expected count was 
23.30. 

The Mann–Whitney U test showed a higher mean rank among 
cases (180.15) than among controls (167.96), consistent with 
more frequent processed food consumption in cases; however, the 
difference in the overall ordinal distribution did not reach 
statistical significance (U = 13,993.0; Z = −1.387; p = 0.165) 
(Table 9). 

Table 9. Mann–Whitney U test for processed food consumption 
frequency between controls and CRC cases 

Group n Mean rank Sum of ranks 
Controls 175 167.96 29,393.0 
CRC cases 172 180.15 30,985.0 
Total 347   
Mann–Whitney U  13,993.0  
Z  −1.387  
Asymptotic significance (two-
tailed)  0.165  

Grouping variable: CRC status. Group assignment of mean ranks verified 
against the cross-tabulated frequencies (Table 7). 

 
Figure 3. Distribution of consumption frequency among controls and 
colorectal cancer cases. (A) Red meat; (B) processed foods. Values are 
percentages within each study group, with absolute counts in 
parentheses. 

F.  Odds ratios for consumption frequency 
Compared with red meat consumption <1 time/week, the crude 
OR for CRC was 1.27 (95% CI 0.80–2.04; p = 0.314) for once-
weekly consumption and 0.81 (95% CI 0.39–1.67; p = 0.565) for 
consumption more than once weekly; all CIs crossed unity (Table 
10). For processed foods, once-weekly consumption was 
associated with 2.27-fold higher odds of CRC (95% CI 1.26–4.08; 
p = 0.006) relative to <1 time/week, with a lower confidence limit 
above unity. Consumption more than once weekly yielded an OR 
of 1.54 (95% CI 0.70–3.36; p = 0.280), which was not significant. 
When both higher-frequency categories were combined, any 
processed food consumption ≥1 time/week remained associated 
with CRC (OR 2.13; 95% CI 1.20–3.79; p = 0.010), whereas the 
corresponding estimate for red meat was null (OR 1.18; 95% CI 
0.75–1.86; p = 0.480) (Table 11; Figure 4). 

Table 10. Crude odds ratios for the association between red meat 
consumption frequency and colorectal cancer 

Consumption 
frequency CRC cases 

(n) Controls 
(n) Crude 

OR 95% CI p-value 

<1 time/week 50 57 1.00 Reference — 
1 time/week 105 94 1.27 0.80–2.04 0.314 
>1 time/week 17 24 0.81 0.39–1.67 0.565 
≥1 time/week (any)* 122 118 1.18 0.75–1.86 0.480 

OR, odds ratio; CI, confidence interval (Woolf method); p-values from the 
Wald test. *Supplementary pooled contrast (1 and >1 time/week combined vs. 
<1 time/week). 

Table 11. Crude odds ratios for the association between processed food 
consumption frequency and colorectal cancer 

Consumption 
frequency CRC cases 

(n) Controls 
(n) Crude 

OR 95% CI p-value 

<1 time/week 21 40 1.00 Reference — 
1 time/week 130 109 2.27 1.26–4.08 0.006 
>1 time/week 21 26 1.54 0.70–3.36 0.280 
≥1 time/week (any)* 151 135 2.13 1.20–3.79 0.010 

OR, odds ratio; CI, confidence interval (Woolf method); p-values from the 
Wald test. *Supplementary pooled contrast (1 and >1 time/week combined vs. 
<1 time/week). 
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Figure 4. Forest plot of crude odds ratios (95% confidence intervals) for 
colorectal cancer according to consumption frequency, with <1 
time/week as reference. Red markers indicate estimates whose 
confidence interval excludes unity. 

IV.  DISCUSSION 

A.  Principal findings 
In this multicentre case–control study of 347 adults in East Java, 
the frequency of red meat consumption was not associated with 
CRC, whereas processed food consumption was significantly 
associated with CRC, with once-weekly consumption conferring 
2.27-fold higher crude odds than consumption less than once 
weekly. The association did not follow a monotonic dose–
response gradient, as the highest-frequency category (>1 
time/week) yielded an attenuated and non-significant estimate. 
These findings are broadly consistent with the international 
consensus that processed meat is the more robust dietary 
carcinogen, while illustrating the heterogeneity of the red meat–
CRC relationship in Asian populations.22,23,33 

B.  Participant characteristics 
The sex distribution was balanced, and although men were 
slightly over-represented among cases, the difference was not 
significant. International data consistently show a higher CRC 
risk in men, a pattern attributed to hormonal influences, genetic 
susceptibility and a higher prevalence of adverse lifestyle 
behaviours such as frequent meat intake, smoking and alcohol 
consumption. In an Indonesian hospital-based study at Dr. 
Pirngadi Regional General Hospital, Medan, both age and male 
sex were significantly associated with CRC occurrence.1,3,44 

Educational attainment did not differ significantly between 
groups, although junior-high-school education was somewhat 
more common among cases. By contrast, income differed 
markedly, with cases concentrated in the lowest income strata. 
Socioeconomic position is closely linked to dietary quality, access 
to health information and screening, and health-seeking 
behaviour; in East Java, cultural values and self-health awareness 
have been identified as important predictors of health-seeking 
behaviour among CRC patients. Because income may relate both 
to dietary patterns (including reliance on inexpensive processed 
foods) and to CRC diagnosis, it represents a potential confounder 
that could not be adjusted for in the present crude analysis.12,38,45 

C.  Red meat consumption and colorectal cancer 
The absence of an association between red meat frequency and 
CRC contrasts with several large prospective cohorts and meta-
analyses, including EPIC and pooled analyses reporting 14–22% 
increases in risk with high intake, and with IARC's classification 
of red meat as probably carcinogenic. However, our finding is 
concordant with a meta-analysis of East-Asian observational 
studies from China, Japan and South Korea that found no 

significant association (pooled OR 1.38; 95% CI 0.98–1.93) and 
with an Asian-perspective review noting that most studies 
conducted in Asia do not support a clear association. Moreover, 
in patients with stage III colon cancer, red meat intake was not 
associated with recurrence or mortality.24,26,28,29,32,33,46 

Several explanations are plausible. First, cumulative exposure in 
this population may be relatively low: more than 88% of 
participants consumed red meat once weekly or less, well below 
the intakes (e.g., >50–100 g/day or more than once daily) at which 
risk increments were observed in Western studies. Second, the 
exposure metric captured frequency but not portion size, 
cumulative lifetime intake or doneness, all of which influence the 
formation of heterocyclic amines and polycyclic aromatic 
hydrocarbons. Third, local preparations such as rawon, soto and 
gulai are predominantly boiled or simmered, whereas grilling (as 
in satay) represents a smaller share of intake; cooking temperature 
strongly modulates carcinogen formation.26,27,47,48 

Population heterogeneity may also have contributed. East Java 
comprises culturally distinct groups with diverse socioeconomic 
conditions, lifestyles and access to health services. Genetic 
susceptibility further modifies the effect of meat-derived 
carcinogens: polymorphisms in metabolic genes such as CYP2E1 
and PPARγ and genome-wide gene–environment interactions 
have been shown to modify the association between red or 
processed meat intake and CRC, and host genetic variants shape 
tumour biology and treatment response. Finally, the modest 
sample size limited the power to detect small effects of the 
magnitude reported in meta-analyses (relative risks of 
approximately 1.1–1.2).12,28,49–51 

D.  Processed food consumption and colorectal cancer 
The significant association between processed food consumption 
and CRC in East Java aligns with the IARC Group 1 classification 
of processed meat and with meta-analyses reporting an 
approximately 18% higher CRC risk per 50 g/day of processed 
meat. Processing techniques such as curing, smoking and the 
addition of nitrates or nitrites promote the formation of N-nitroso 
compounds and polycyclic aromatic hydrocarbons, and nitrosyl-
haem in processed meat enhances endogenous N-
nitrosation.22,26,28,52,53 

Notably, the processed food exposure in this study extended 
beyond processed meat to include Western-style fast foods, 
Middle Eastern-style foods, locally preserved foods such as salted 
fish and instant noodles, canned foods and processed snacks, 
many of which fall within the ultra-processed food category. 
Meta-analyses and large prospective cohorts have associated 
higher ultra-processed food intake with increased CRC risk—
particularly among men—through mechanisms including nutrient 
displacement, obesity-related pathways, food additives and neo-
formed contaminants. Our findings therefore extend evidence on 
processed and ultra-processed foods to an Indonesian setting 
where such products are increasingly consumed.54–56 

The lack of a monotonic dose–response gradient warrants 
cautious interpretation. The >1 time/week category contained 
only 47 participants, producing wide confidence intervals and 
unstable estimates; in addition, the three-level frequency scale 
may have compressed heterogeneous intakes into a single 
category. Reverse causation is also possible, as patients with 
advanced CRC may have reduced their intake of certain foods 
because of gastrointestinal symptoms, and differential recall 
between cases and controls may have biased the upper category. 
Similar absence of a dose–response relationship has been reported 
in meta-analyses of ultra-processed foods despite significant high-
versus-low associations.54,56 

E.  Biological plausibility 
Several mechanisms support a causal role of red and processed 
meat in colorectal carcinogenesis. Haem iron catalyses 
endogenous formation of N-nitroso compounds and lipid 
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peroxidation, producing cytotoxic and genotoxic aldehydes; 
experimental studies show that dietary haem induces oxidative 
stress, cytotoxicity and compensatory epithelial 
hyperproliferation, and that Apc-mutated colonocytes resist 
haem-induced lipoperoxide apoptosis, conferring a selective 
advantage to premalignant cells. A meta-analysis of prospective 
cohorts reported a relative risk of 1.18 for colon cancer in the 
highest category of haem intake.57–60 

Additional pathways include heterocyclic amines such as MeIQx 
and DiMeIQx formed during high-temperature cooking, 
secondary bile acid production and dysbiosis promoted by high-
fat red meat, and metabolic incorporation of the non-human sialic 
acid N-glycolylneuraminic acid (Neu5Gc), which may trigger 
chronic xenosialitis. Changes in the nutrient composition of meat, 
including its fat content, may further influence these pathways. 
These mechanisms converge on DNA damage, inflammation and 
Wnt pathway activation, consistent with the molecular 
pathogenesis of CRC.14,16,31,47,61,62 

F.  Other contributing factors 
CRC is a multifactorial disease. Smoking, physical inactivity, 
alcohol consumption, obesity, low fibre intake and family history 
are established contributors, and adherence to multiple healthy 
lifestyle factors is associated with substantially lower CRC risk in 
a dose-dependent manner. Dietary and nutritional status also 
influence outcomes in patients with established CRC. The 
unmeasured distribution of these factors in the present sample 
may have confounded or modified the observed 
associations.7,18,35,45 

G.  Comparison with previous studies 
Our results mirror the pattern described in reports from 
WCRF/AICR and in meta-analyses of prospective studies, in 
which processed meat shows a more consistent association with 
CRC than unprocessed red meat. Conversely, the red meat 
findings are more closely aligned with Asian than Western 
evidence: a 2025 meta-analysis of Asian case–control studies 
reported a significant pooled association for red meat but not for 
processed meat, while an East-Asian meta-analysis found no 
significant association for red meat, emphasising heterogeneity by 
region, study design and exposure definition. Differences in meat 
subtypes further contribute, as beef, pork, lamb and processed 
products appear to carry different magnitudes of risk.23,25,26,30,32,34 

H.  Strengths and limitations 
The strengths of this study include its multicentre recruitment 
across several East Java regencies, histopathological confirmation 
of all cases, and the use of a culturally adapted FFQ with local 
dishes and a broad processed food spectrum that demonstrated 
excellent internal consistency (α = 0.907).12,41 

Several limitations should be acknowledged. First, the 
retrospective case–control design precludes causal inference and 
is vulnerable to recall and selection bias; controls were not 
individually matched and the control source was not formally 
characterised. Second, exposure was assessed by frequency only, 
without portion size, cumulative duration, cooking method or 
energy adjustment, which may have led to non-differential 
misclassification biasing estimates towards the null. Third, the 
ORs were crude and were not adjusted for age, sex, income, body 
mass index, smoking, alcohol, physical activity, fibre intake or 
family history through multivariable logistic regression; the 
significant income imbalance is particularly relevant. Fourth, the 
upper exposure categories contained few participants, resulting in 
imprecise estimates. Fifth, one processed food item showed weak 
item–total correlation during pilot validation. Finally, as data were 
collected in referral centres and a stoma community within a 
single province, generalisability to other Indonesian populations 
may be limited.36,37,54 

I.  Implications 

Despite these limitations, the findings support current 
recommendations to limit processed food consumption as part of 
CRC prevention and provide a basis for context-specific public-
health interventions in East Java, including community nutrition 
education, clearer health-risk labelling of processed products, and 
integration of CRC risk counselling and screening into routine 
services at regional hospitals and community health centres 
(Puskesmas). From a clinical perspective, surgeons and primary-
care physicians should incorporate dietary counselling—limiting 
processed foods and encouraging fibre-rich plant foods—into 
CRC prevention and survivorship care.23,35,38,39 

V.  CONCLUSION AND RECOMMENDATIONS 

A.  Conclusion 
In this multicentre case–control study in East Java, the frequency 
of red meat consumption was not significantly associated with 
CRC, and no dose–response relationship was observed. Processed 
food consumption was significantly associated with CRC, with 
once-weekly consumption conferring approximately 2.3-fold 
higher crude odds, although the association was not consistent 
across higher consumption frequencies. Processed food 
consumption may therefore represent a relevant modifiable 
dietary risk factor for CRC in this population, but the findings 
should be interpreted with caution given the crude nature of the 
estimates and the absence of adjustment for key confounders.22,23 

B.  Recommendations 
For the community. Limit the consumption of processed foods 
and processed meats containing nitrates or nitrites, adopt a 
balanced diet rich in vegetables, fruits and dietary fibre, and 
reduce intake of foods high in fat and preservatives.23,45 
For healthcare professionals. Provide education on healthy 
dietary habits that emphasises limiting processed food intake 
alongside moderation of red meat, deliver nutritional and lifestyle 
counselling, and actively implement CRC screening for 
individuals at increased risk.38,39 
For future research. Employ prospective cohort or matched 
case–control designs with multivariable logistic regression; assess 
portion size, cumulative intake, food type, and cooking and 
processing methods; and measure physical activity, body mass 
index, smoking, alcohol, family history and fibre intake to enable 
adjustment and effect-modification analyses.28,50 
For healthcare institutions and policymakers. Develop CRC 
prevention programmes focused on healthy diets, strengthen 
regulation and monitoring of food additives in processed 
products, mandate clear nutritional and health-risk labelling, and 
encourage the food industry to develop products with lower 
concentrations of potentially carcinogenic compounds.22,52 
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SUPPLEMENTARY MATERIAL 

Supplementary Table S1. Tests of normality for colorectal cancer status 
and questionnaire items (n = 347) 

Variable Kolmogorov–
Smirnov statistic df p Shapiro–Wilk 

statistic df p 
CRC status 0.343 347 <0.001 0.636 347 <0.001 
X1.1 0.502 347 <0.001 0.437 347 <0.001 
X1.2 0.460 347 <0.001 0.554 347 <0.001 
X1.3 0.456 347 <0.001 0.563 347 <0.001 
X1.4 0.500 347 <0.001 0.442 347 <0.001 
X1.5 0.512 347 <0.001 0.402 347 <0.001 
X1.6 0.486 347 <0.001 0.489 347 <0.001 
X1.7 0.532 347 <0.001 0.285 347 <0.001 
X1.8 0.474 347 <0.001 0.522 347 <0.001 
X1.9 0.506 347 <0.001 0.423 347 <0.001 
X1.10 0.516 347 <0.001 0.387 347 <0.001 
X1.11 0.522 347 <0.001 0.354 347 <0.001 
X1.12 0.532 347 <0.001 0.293 347 <0.001 
X1.13 0.310 347 <0.001 0.752 347 <0.001 
X1.14 0.535 347 <0.001 0.257 347 <0.001 
X2.1 0.511 347 <0.001 0.408 347 <0.001 
X2.2 0.530 347 <0.001 0.292 347 <0.001 
X2.3 0.262 347 <0.001 0.766 347 <0.001 
X2.4 0.510 347 <0.001 0.412 347 <0.001 
X2.5 0.343 347 <0.001 0.723 347 <0.001 
X2.6 0.399 347 <0.001 0.658 347 <0.001 
X2.7 0.364 347 <0.001 0.697 347 <0.001 
X2.8 0.449 347 <0.001 0.577 347 <0.001 
X2.9 0.453 347 <0.001 0.569 347 <0.001 

Lilliefors significance correction applied to the Kolmogorov–Smirnov test. 

 


