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Association of Low Educational Attainment and Higher
Colorectal Cancer Risk: Mediatory Effect of Lifestyle-
Associated Factors Within Local Context
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Abstract

Background: Educational attainment may influence colorectal can-
cer (CRC) risks, though the association remains inconclusive. The as-
sociation might be mediated by health behaviors. This study aimed to
explore the association of education on risks of CRC and to elucidate
the mediatory effects of lifestyle-associated factors.

Methods: This case-control study included 174 cases and 296 healthy
controls. We used a semi-structured questionnaire to collect infor-
mation on participants’ sociodemographic factors (age, sex, marital
status, monthly income, and family history of CRC) and lifestyle-
associated behaviors (smoking status, physical activity, and frequen-
cy of red meat, legumes, and vegetables intake). Body mass index
(BMI) was calculated using body mass measured at first contact. Par-
ticipants’ education was categorized into those who completed basic
education (> 12 years) and those who did not complete basic educa-
tion (< 12 years). Logistic and multiple logistic regression analyses
were employed to test the correlation between education and risk of
CRC, adjusted by sociodemographic and lifestyle-associated factors.
Path analysis was performed to test the mediatory effect of lifestyle-
associated behaviors on the correlation.

Results: Participants with lower educational attainment had higher

Manuscript submitted April 24, 2025, accepted June 11, 2025
Published online July 8, 2025

aDoctorate Program of Health and Medical Science, Faculty of Medicine, Pub-
lic Health and Nursing, Universitas Gadjah Mada, Yogyakarta, Indonesia
bAcademic Hospital, Universitas Gadjah Mada, Yogyakarta, Indonesia
“Department of Biostatistics, Epidemiology, and Population Health, Faculty of
Medicine, Public Health, and Nursing, Universitas Gadjah Mada, Yogyakarta,
Indonesia

dDepartment of Histology and Cell Biology, Faculty of Medicine, Public
Health and Nursing, Universitas Gadjah Mada, Yogyakarta, Indonesia
Division of Hematology and Medical Oncology, Department of Internal Med-
icine, Faculty of Medicine, Public Health and Nursing, Universitas Gadjah
Mada/Dr. Sardjito General Hospital, Yogyakarta, Indonesia

fCorresponding Author: Susanna Hilda Hutajulu, Division of Hematology and
Medical Oncology, Department of Internal Medicine, Faculty of Medicine,
Public Health and Nursing, Universitas Gadjah Mada/Dr. Sardjito General
Hospital, Yogyakarta 55284, Indonesia. Email: susanna.hutajulu@ugm.ac.id

doi: https://doi.org/10.14740/wjon2599

odds of CRC (odds ratio (OR) = 4.76, 95% confidence interval (CI)
=3.07 - 7.38), and the association remained consistent when adjusted
by sociodemographic factors (adjusted OR (aOR) = 3.06, 95% CI =
1.86 - 5.03) and combined with lifestyle-associated behaviors (aOR =
2.73, 95% CI = 1.43 - 5.22). The association were consistent among
men (OR = 6.14, 95% CI = 3.12 - 12.06; aOR = 4.65, 95% CI =2.19
- 9.87; aOR = 1.05, 95% CI = 1.02 - 1.09), yet no longer significant
among women when adjusted with sociodemographic and lifestyle-
associated factors (OR = 3.91, 95% CI = 2.19 - 6.97; aOR = 2.02,
95% CI=1.02 - 4.00; aOR = 1.56, 95% CI = 0.61 - 3.95). Path analy-
sis showed that the association between educational attainment and
risk of CRC was mediated by physical activity, BMI, and intake of
red meat, legumes, and vegetables.

Conclusion: In our study, educational attainment was inversely cor-
related with the odds of CRC and might be mediated by physical ac-
tivity, BMI, and intake of red meat, legumes, and vegetables. Taking
other sociodemographic and lifestyle-associated factors into account,
the association between lower educational attainment and higher odds
of CRC was more substantial among men. These findings highlight
the importance of promoting education and healthy lifestyle behav-
iors, particularly among men, as an essential part of targeted public
health strategies in reducing burden of CRC.

Keywords: CRC; Risk factors; Educational attainment; Lifestyle;
Physical activity; Dietary; Path analysis

Introduction

Colorectal cancer (CRC) ranks as the fourth most common
cancer globally and the third leading cause of cancer-related
deaths in both sexes. In Indonesia, it ranked fourth in terms
of incidence [1]. In Yogyakarta, the province with the highest
cancer prevalence in the country [2], the reported incidence of
CRC was 7.4 per 100,000 population [3]. Data from the hospi-
tal-based cancer registries (HBCR) at the top referral hospital
in the region show that CRC is the second most frequently
encountered cancer among patients, only second to breast can-
cer, with the majority of cases diagnosed at stages 11l to IV [4].

Risk for cancer may differ among socioeconomic status
(SES) groups, with educational attainment being one of the
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most basic yet important components. Previous studies have
shown that people with higher levels of education tend to have
more accurate cancer-related knowledge [5] and generally face
a lower risk for CRC [6-8]. The lower risk of cancer may be
influenced by a range of demographic, behavioral, and bio-
logical factors related to higher education attainment (such as
more health-conscious dietary behaviors, smoking avoidance,
cancer screening participation, and use of hormonal contracep-
tion) [9, 10]. Nevertheless, other studies suggest that individu-
als with higher educational attainment may have an increased
risk of CRC. This might be attributed to associated factors
such as the consumption of diets linked to CRC risk (e.g., high
intake of red meat) and lower occupational levels of physical
activity [11-15].

Geographical and sociocultural contexts can further com-
plicate the relationship between educational background and
the risk of CRC. In some Asian regions, higher education may
be associated with Westernized diets which increase the risk of
CRC [16, 17]. Additionally, the food environment, availability
and affordability of various foods, which are strongly influ-
enced by geographical location, may outweigh an individual’s
nutritional knowledge which was gained through education
[18-20]. Regarding physical activity, people with higher edu-
cation in urban areas may have more sedentary occupations
and lifestyles, while those with lower education levels may
engage in more physically demanding work [21, 22]. In some
urban settings, higher education may also have better access
to recreational facilities and greater awareness of the benefits
of physical activity. Conversely, access to structured exercise
opportunities may be limited in rural areas regardless of edu-
cational level [23].

Currently, there is a lack of studies in Indonesia examin-
ing the relationship between educational attainment and CRC.
Given the complex relationship between educational attain-
ment and the risk of CRC and the importance of sociocultural
and geographical context, this study aimed to explore the as-
sociation between educational attainment and CRC within the
Indonesian context.

Materials and Methods

Ethical considerations

This study was conducted under ethical approval from the joint
ethics committee of the Faculty of Medicine, Public Health,
and Nursing of Universitas Gadjah Mada/Dr. Sardjito General
Hospital (reference number: KE/FK/0953/EC/2022 and KE/
FK/1474/EC/2023). Written informed consent was obtained
from all the subjects enrolled in the study. The study was con-
ducted in compliance with the ethical standards of the respon-
sible institution on human subjects as well as with the Helsinki
Declaration.

Study participant

We performed a hospital-based case-control study evaluating

lifestyle and sociodemographic factors among CRC patients
and healthy controls. Recruitments for both cases and con-
trols were performed at the Tulip Integrated Cancer Center,
Dr. Sardjito General Hospital, Yogyakarta. Cases were 18 - 75
years old CRC patients, as evidenced by histopathological
examination of primary or metastatic tumor tissue following
colonoscopy or surgery, with no prior systemic therapy or ra-
diation treatment. All cases were with good performance sta-
tus (Eastern Cooperative Oncology Group performance status
(ECOG PS) < 1). Controls were healthy 18 - 75 years old in-
dividuals with no prior history of any malignancy, who visited
the clinic as family or guardians of a patient who was not di-
agnosed with CRC. Subjects were excluded if they were not
cooperative, unable to give proper history, or presented with
severe comorbidities or terminal illness. Cases with poor per-
formance status were excluded due to possible limitations dur-
ing interviews and body measurements.

Study variables and measurement

The study used a semi-structured questionnaire to collect so-
ciodemographic and clinical data and assess lifestyle patterns
and exposure to CRC risk factors in both case and control
groups. Subjects in the case group were asked to recall their
history of risk factor exposure for 1 year before diagnosis,
while in controls, exposure history was recalled for 1 year
before the interview. The questionnaire was divided into sub-
sections, which included exploring dietary patterns, smoking
history, physical activity, and obesity history of the subjects.
The questionnaire was adapted from several sources and stud-
ies that included risk factors in the local population.

Sociodemographic information of the subjects included
sex, date of birth for age calculation at the time of diagnosis
or interview, marital status, education attainment, occupation,
and monthly income (in Indonesian Rupiah (IDR)). Educa-
tional attainment was categorized into two groups: subjects
who had completed mandatory basic education (until senior
high school; 12 years) and those who did not finish basic edu-
cation (< 12 years). Monthly income was categorized into >
IDR 3,000,000 and < IDR 3,000,000 based on the National
Happiness Index survey in 2021 [24]. Body mass index (BMI)
was calculated using body weight as measured using a bioim-
pedance analysis (BIA) scale at first contact in both groups.
Physical activity was stratified into four categories based on
mean metabolic equivalent (MET)-hours conversion of sub-
jects” average activities during 1 week, subjects’ occupation,
and sex. Dietary pattern was recorded as subjects’ average con-
sumption of certain food groups within 1 week, categorized
into never, less than once a month, 1 - 3 times a month, 1 - 2
times a week, > 3 times a week, and every day. More frequent
consumption of red meat and a low intake of vegetables have
been largely reported to be associated with a higher risk of
CRC. Consumption of nuts and legumes which is one of the
common dietary items of the local population has also been
correlated with a lower risk of CRC. Taking this into account,
we specifically included them in the analysis to reflect the di-
etary habits of the local population.
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Statistical analysis

Descriptive analysis was performed to observe the distribution
of subjects’ characteristics. Subject characteristics were sum-
marized using mean and standard deviation (SD), or frequen-
cies, as appropriate. Differences in distribution among groups
were confirmed using a #-test and Chi-squared test. Bivariate
analysis using logistic regression was then conducted to test
the association of educational attainment with CRC. Analysis
was followed by multivariate analysis using multiple logistic
regression to adjust for sociodemographic and lifestyle-asso-
ciated factors on the association between education and CRC.
Model 2 was adjusted for subjects’ sociodemographic charac-
teristics including age, sex, marital status, monthly income,
and family history of CRC. Model 3 was further adjusted for
lifestyle-associated factors including physical activity, BMI,
smoking status, as well as consumption of red meat, legumes,
and vegetables. All categorizations of lifestyle-associated fac-
tors were kept in the multivariate analysis.

Path analysis was performed to confirm the mediatory ef-
fects of lifestyle-associated factors on the association between
education and CRC risk. The correlation of variables in the
path diagram with CRC risk was assumed to be linear. Paths
with P-value > 0.05 were deleted to correct the model. The
bootstrapping confidence interval was performed to check
whether the direct, indirect, and total effects, the overall sum-
mation of the direct and indirect effects, were statistically sig-
nificant. Goodness-of-fit of the model was confirmed using
root mean square error of approximation (RMSEA), compara-
tive fit index (CFI), and standardized root mean-square resid-
ual (SRMR), and the model with the best fit was selected. A
P-value of < 0.05 (two-tailed) was considered statistically sig-
nificant. All statistical analyses were carried out using STATA
software version 17 (StataCorp, College Station, TX).

Results
Subjects’ characteristics

A total of 470 participants comprising 174 cases and 296 con-
trols were recruited between November 2022 and August 2024.
Characteristics of participants are presented in Table 1. Among
cases, tumors were detected in the colon in 53 (30.46%) sub-
jects, in the rectosigmoid in 38 (21.84%) subjects, and in the
rectum in 83 (47.70%) subjects. Fifty (30.12%) subjects pre-
sented with metastasis at diagnosis.

Subjects in the case group were older than controls (mean,
55.33+£12.99 vs. 43.07 = 13.89 years, respectively, P < 0.001).
The distribution of males and females was not different among
the two groups (P = 0.458). In both groups, more subjects were
married (P = 0.115). Controls had higher levels of education (P
<0.001) and income (P = 0.014). Controls had higher average
BMI (mean, cases 19.83 + 3.89 vs. controls 25.02 + 4.86 kg/
m?2, P < 0.001) and were more physically active compared to
cases (P = 0.009). Subjects in the control group had a higher
proportion of family history of CRC (P < 0.001). The status of

smoking did not differ, with more subjects being non-smokers
both in cases and controls (61.49% and 65.54%, respectively,
P=0.377).

Association of educational attainment with CRC

The association of educational attainment with the likelihood
of CRC is presented in Table 2. Multiple logistic regression
showed that lower education attainment positively correlat-
ed with a higher likelihood of CRC, both in the unadjusted
model (P <0.001) and after adjusting for sociodemographic (P
< 0.001) and combined with lifestyle-associated factors (P =
0.002). Adjusting for age, sex, marital status, monthly income,
and family history of CRC, people who did not complete ba-
sic education demonstrated more than three times the odds
of CRC compared to those who finished (adjusted odds ratio
(aOR) = 3.06, 95% confidence interval (CI) = 1.86 - 5.03).
Further adjustments for physical activity, BMI, smoking sta-
tus, and consumption of red meat, legumes, and vegetables
consistently showed that people who did not complete basic
education possessed higher odds of CRC compared to those
with higher education (aOR = 2.73, 95% CI = 1.43 - 5.22).

Stratification by sex showed that the association between
lower educational attainment and higher odds of CRC was
consistent. People who did not complete basic education were
correlated with a higher likelihood of CRC, both in males (OR
=6.14, 95% CI = 3.12 - 12.06) and females (OR =3.91, 95%
CI=2.19 - 6.97). However, upon adjustment for sociodemo-
graphic and lifestyle-associated factors, a significant associa-
tion persisted only among males (P < 0.001 and P = 0.002,
respectively).

Men with low educational attainment had more than four
times the odds of CRC compared with those with higher edu-
cational attainment, after adjusting for age, marital status,
monthly income, and family history of CRC (aOR =4.65, 95%
CI = 2.19 - 9.87). Further adjustment was done with physi-
cal activity, BMI, smoking status, and intake of red meat, leg-
umes, and vegetables. Men who did not complete basic educa-
tion consistently demonstrated higher odds of CRC compared
to those with higher education (aOR = 1.05, 95% CI = 1.02 -
1.09). Similarly, women who did not complete basic education
also showed higher odds of CRC compared to those who com-
pleted higher education after adjustment for sociodemographic
factors (aOR = 2.02, 95% CI = 1.02 - 4.00). Despite not being
statistically significant, this association was consistent after
further adjustment for lifestyle-associated factors (aOR = 1.56,
95% CI=10.61 -3.95).

Mediating effects of lifestyle-associated factors

The hypothesized pathway through which low educational at-
tainment increases the odds of CRC is illustrated in the path
diagram presented in Figure 1. The overall goodness-of-fit
of the model was acceptable (RMSEA = 0.08, CFI = 0.78,
SRMR = 0.07). In the model, low education was associated
with physical activity, BMI, and intake of red meat, legumes,
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Table 1. Subjects’ Characteristics of CRC Cases and Controls in the Study Population

Characteristics Cases (N =174, %) Controls (N =296, %) P value®
Age (years, mean + SD) 55.33+£12.99 43.07 +13.89 <0.001
Sex 0.458
Female 95 (54.60) 172 (58.11)
Male 79 (45.40) 124 (41.89)
Marital status 0.115
Married 142 (81.61) 223 (75.34)
Not married/divorced/widowed 32 (18.39) 73 (24.66)
Monthly income 0.014
>IDR 3,000,000 85 (48.85) 179 (60.47)
<IDR 3,000,000 89 (51.15) 117 (39.53)
Family history of CRC 0.001
No CRC history 137 (78.74) 189 (63.85)
Have family history of CRC 37 (21.26) 107 (36.15)
Physical activity 0.009
Active 21 (12.07) 41 (13.85)
Moderately active 73 (41.95) 158 (53.38)
Moderately inactive 51(29.31) 49 (16.55)
Inactive 29 (16.67) 48 (16.22)
BMI (kg/m?, mean + SD) 19.83 £3.89 25.02 +4.86 <0.001
Smoking status 0.377
Non-smoker 107 (61.49) 194 (65.54)
Smoker 67 (38.51) 102 (34.46)
Education attainment <0.001
Completed basic education 95 (54.60) 252 (85.14)
Did not complete basic education 79 (45.40) 44 (14.86)

2Analysis was performed using t-test for continuous variable and Chi-square test for categorical variable. BMI: body mass index; CRC: colorectal
cancer; IDR: Indonesian Rupiah; SD: standard deviation.

Table 2. Association of Education Attainment and Colorectal Cancer Among Group of Men and Women

No. of Model 1 Model 22 Model 3P
Predictors cases/ 95% CI 95% CI 95% CI
controls aOR aOR
Lower Upper Lower Upper Lower Upper
All participants
Completed basic education 95/252  Ref. Ref. Ref.

Did not complete basic education (< 12 years) 79/44 4.76 3.07 7.38 3.06 1.86 5.03 2.73 143 5.22
Men*¢

Completed basic education 40/107  Ref. Ref. Ref.

Did not complete basic education 39/17 6.14 3.12 12.06 4.65 2.19 9.87 1.05 1.02 1.09
Women

Completed basic education 55/145  Ref. Ref. Ref.

Did not complete basic education 40/27 391 219 6.97 202 1.02 4.00 1.56 0.61 3.95

aModel 2 was adjusted with age, sex, marital status, monthly income, and family history of CRC. PModel 3 was adjusted with age, sex, marital status,
monthly income, family history of CRC, physical activity, BMI, smoking status, red meat, legumes, and vegetables. ¢Variable sex was not entered into
the multivariable models. aOR: adjusted odds ratio; BMI: body mass index; 95% Cl: 95% confidence interval; OR: odds ratio.
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Figure 1. Path analysis diagram of association between low educational attainment and risk of colorectal cancer (RMSEA =
0.08, CFl = 0.78, SRMR = 0.07). Values are reported as standardized estimates. *P-value < 0.05. BMI: body mass index; CFI:
comparative fit index; CRC: colorectal cancer; RMSEA: root mean square error of approximation; SRMR: standardized root

mean-square residual.

and vegetables, which mediated the likelihood of CRC. Low
education attainment was also significantly associated with
smoking, although it was not dominant in mediating the odds
of CRC. In addition to education and its mediating factors, the
odds of CRC were influenced by age. As shown in Table 3,
low educational attainment had a significant direct effect on
the likelihood of CRC (B = 0.175, P < 0.001), as well as an
indirect effect via the observed lifestyle-associated risk factors
(B=0.104, P <0.001), for a total standardized effect of 0.280
(P<0.001).

Discussion

Summary of key findings

This study examined the association between educational at-
tainment and the odds of CRC and explored the mediating

effect of lifestyle-associated risk factors on it. In the present
study, people with lower education had higher odds of CRC
(OR = 4.40, 95% CI = 1.43 - 5.22). Consistent association
was demonstrated after adjusting for sociodemographic (aOR
= 3.06, 95% CI = 1.86 - 5.03) and combined with lifestyle-
associated factors (aOR = 2.73, 95% CI = 1.43 - 5.22). Path
analysis results demonstrated that the association between
lower education and higher odds of CRC might be mediated by
physical activity, BMI, and intake of red meat and vegetables.

Comparison to previous studies

Our findings are consistent with prior studies reporting higher
CRC incidence among those with lower educational levels,
both in higher- and lower-income countries [8, 25-27]. A study
in India reported that the risk of CRC was more than four times
higher in people who did not receive 12 years of basic educa-
tion (OR = 4.47, 95% CI = 1.78 - 11.26) [27]. Another study

Table 3. Effect of Low Educational Attainment in Path Analysis of Colorectal Cancer Risk

Bootstrapping confidence interval

Low educational attainment Point estimates Percentile BC percentile
P value P value

Lower Upper Lower Upper
Direct effect 0.175 0.092 0.259 <0.001 0.085 0.262 <0.001
Indirect effect 0.104 0.052 0.158 <0.001 0.053 0.162 <0.001
Total effect 0.280 0.190 0.369 <0.001 0.182 0.379 <0.001

Values are reported as standardized estimates. BC: bias-corrected.
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in the USA also reported that people with less than 12 years
of education were associated with a 42% higher risk of CRC
[25]. We also showed higher odds of CRC among men who
did not complete basic education. The association, however,
were no longer significant among women when adjusting for
lifestyle-associated factors. A cohort study in the USA report-
ed similar results among men, while the increase in risk was
only significant for colon and not rectal cancer among women
[7]. Interestingly, a previous study in China showed that lower
education was associated with a higher risk of CRC both in
men and women [8]. The difference in risk of CRC was influ-
enced both by the biological difference in hormones and genes
among men and women, as well as differences in societal at-
titudes and behaviors [28]. Studies evaluating the association
between proinflammatory profile with the risk of CRC were
only significant in men, possibly attributed to the healthier
lifestyles among women [28, 29].

In our study, low educational attainment was associated
with a higher level of physical activity, lower BMI, and lower
intake of red meat, legumes, and vegetables. While several
studies associated lower educational attainment with a low
level of physical activity [30, 31], the inverse correlation ob-
served in this study might be attributable to the subjects’ occu-
pation. People with lower education levels tend to participate
in more physically demanding jobs with more time spent at
work, which in turn results in a higher level of physical activ-
ity [32].

The association between education and BMI has been var-
iedly described in previous studies and was shown to be influ-
enced by other factors such as sex, age, ethnicity, and indices
used in the measurements [33-35]. The association observed
in our study is in agreement with a recent study using a nation-
wide longitudinal survey in Indonesia, observing the associa-
tion between higher educational attainment and higher BMI in
the older generation. This study also observed a shift towards a
higher risk of obesity among people with lower education due
to nutritional transition and diminishing inequality in educa-
tion among the younger generation [36].

People with lower educational attainment in our study
demonstrated lower intake of red meat, legumes, and vegeta-
bles. People with higher education generally have better health
literacy and have more tendency to practice a healthy diet,
attributable to higher socioeconomic status [25, 37-39]. Low
education attainment is associated with high carbohydrate and
low fiber diets [40]. It is, however, also usually associated with
higher consumption of red meats [40].

In this study, being physically inactive and consuming
red meat were positively associated with CRC while BMI and
consumption of legumes and vegetables were inversely associ-
ated with CRC. Previous studies have linked higher levels of
physical activity with 25-27% lower risk of CRC, with up to
35% lower risk among people with high BMI [41-43]. Physi-
cal activity was known to lower cancer risks through several
mechanisms, including decreasing circulating glucose and
insulin levels which mitigates hyperinsulinemia, reducing
pro-inflammatory cytokines, and improving the immunosur-
veillance system [44]. Consumption of red meat has been asso-
ciated with an increased risk of CRC due to the production of
carcinogenic substances such as heterocyclic amines (HCAs),

polycyclic aromatic hydrocarbons (PAHs), and N-nitroso
compounds (NOCs) during its processing at high temperatures
[45]. Meanwhile, the consumption of non-starchy vegetables
might be protective against CRC due to its potent antioxidative
properties which inhibit cell damage and exposure to reactive
oxygen species (ROS) [46].

The association between direct effects observed in the path
analysis suggests that lower educational attainment may influ-
ence the odds of CRC through several interrelated mechanisms
beyond lifestyle-associated factors. People with lower educa-
tion are less likely to participate in CRC screening awareness
and to perceive the necessity of preventive health behaviors.
Higher education was significantly associated with increased
screening uptake [47, 48]. Additionally, lower education was
associated with lower health literacy, including awareness of
cancer risk factors and symptoms [49]. This serves as a signifi-
cant barrier to CRC screening, even in the context of acces-
sible services [50].

Strength and limitation

Our study provides additional evidence from the Southeast
Asian population, highlighting the importance of educational
attainment which not only serves as a socioeconomic indica-
tor but also due to its tangible correlation to risk of CRC. This
study combines both multivariable regression and path anal-
ysis to confirm the direct and indirect effects of educational
attainment on CRC. The inclusion of lifestyle-associated fac-
tors provides more insight into the potential mechanism. The
study findings may provide a locally relevant perspective on
this relationship which may help researchers identify vulnera-
ble populations. Further, policymakers may develop effective,
targeted interventions to reduce CRC incidence and improve
health outcomes.

Limitations of this study include its case-control design
which limits the ability to infer causality. While not as meth-
odologically strong as a cohort study, case-control allows for
the identification of associations between exposures and the
likelihood of the outcome of interest [51, 52]. Despite this
limitation, rigorous data collection and analysis performed en-
sures the reliability of our findings. These results add to the
existing body of evidence and may serve as a basis for further
longitudinal or experimental study.

Although hospital-based case-control studies are com-
monly used in studies on lifestyle-associated risk factors
of CRC [53-57], it has inherent limitations in representing
the general population. Additionally, our control group may
share overlapping risk factors, considering that the majority
might have shared genetics and lifestyle with cancer patients.
We tried to mitigate this by controlling for family history and
known factors associated with CRC risks, including physical
activity and dietary patterns, in the multivariate analysis. We
also ensured data quality by using an adequate sample size in
the study. Notably, the selection of controls in this study re-
duces the non-response rate and potential differences in data
quality with cases, due to the shared experience with cancer
patients. This likely results in a higher willingness to provide
complete and accurate information [52].
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Another limitation of this study is the method of data col-
lection which subjects to recall bias. To reduce this, we in-
cluded only newly diagnosed cases and minimized the interval
between diagnosis, recruitment, and interview to reduce be-
havioral changes and bias associated with the more distant di-
agnosis. We limit the recall period to 1 year before diagnosis to
allow recollection as objectively as possible and to ensure that
the observed results represent the actual pattern of behavior.
However, recall bias remains inevitable and should be taken
into account when interpreting this result.

Finally, to reduce the risk of confounding factors, we ad-
justed the multivariate models for known and potential risk
factors for CRC, including age, sex, marital status, monthly
income, family history of CRC, physical activity, BMI, smok-
ing status, and dietary intake of food groups such as dietary
fibers and meats. Nonetheless, the existence of other potential
confounders which might influence the observed association
was not controlled for.

Conclusions

People who did not finish basic education are three times more
likely to have CRC compared to those with higher education.
Lower educational attainment was associated with a higher
risk of CRC, both directly and indirectly through the media-
tory effect of physical activity, BMI, and intake of red meat,
legumes and vegetables.
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