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Abstract
Previous studies have shown certain exposure factors (such as lifestyle and metabolism) are associated with colorectal cancer (CRC) events. However, the
application of the exposome theoretical frame and the extent to which the exposome domain can modulate the risk of CRC remain unknown. Our study aimed
to construct valid exposome measurements and examine the relationship between exposome counts and the risk of CRC. This study included 273,342
individuals in the UK Biobank. We used exploratory factor analysis to identify a valid construct of exposome factors. We then summed the exposome counts
within each domain. Cox proportional hazard models were used to estimate the hazard ratios (HRs) and 95% con�dence intervals (CIs) of CRC risk related to
the exposome factors and counts. During an 8.69 year median follow-up, 8642 CRC cases were identi�ed. Seven domains were extracted from 18 variables,
including air pollution, noise pollution, ecosystem, lifestyle, tobacco and alcohol use, social economics, and social support. The Cox model results showed that
the ecosystem was positively related to the reduced CRC risk (HR=0.97; 95% CI: 0.949–0.991). Similar results were also found among the domains of healthy
lifestyles (HR=0. 873; 95% CI: 0.854–0.893), and no tobacco and alcohol use (HR=0.880; 95% CI: 0.862–0.899). The disadvantageous social economic
(HR=1.068; 95% CI: 1.046–1.090) and insu�cient social support domains (HR=1.067; 95% CI: 1.042–1.094) were associated with an increased risk of CRC.
Similar risk trends were also observed across the exposome count groups with CRC incidence. Our �ndings suggest that certain exposure domains are related
to the incidence of CRC. Ecosystem, lifestyle, and social factors can be incorporated into prediction models to identify individuals at high risk of CRC.

1. Introduction
Colorectal cancer (CRC) is the third most commonly diagnosed malignancy and the second leading cause of cancer-related deaths worldwide (World Health
Organization, 2021). In the UK, more than 42,000 new diagnosed cases are reported, accounting for 11% of all new annual cancer cases (Cancer Research UK,
2017). The lack of apparent symptoms in the early stages of CRC causes a heavy disease burden for people (Bray et al., 2018). The majority of patients are
diagnosed at the late stage, leading to a poor �ve-year net survival of 10% in the UK (Cancer Research UK, 2016; O�ce for National Statistics, 2019).

CRC is a multifactorial disease with pathogenesis related to internal and external factors. Common internal risk factors include in�ammation, dynamics of gut
microbiota (Brennan & Garrett, 2016; Lucas et al., 2017), genetics (Huyghe et al., 2019), age (Steele et al., 2014), sex (Ramai et al., 2021), and race/ethnicity
(Ramai et al., 2021). Various external exposures such as diet, smoking, drinking (Carr et al., 2020; Cho et al., 2019; Choi et al., 2021; Huang & Liu, 2019), cancer
screening (Wilkins et al., 2018), socioeconomic status (SES; Egeberg et al., 2008; Brooke et al., 2016), social support (Sarma et al., 2018), industrial pollution
(García-Pérez et al., 2020; Jenwitheesuk et al., 2020), and other factors are associated with CRC events.

Environmental factors have been increasingly recognised to play an important role in diseases (Wild, 2005; Vermeulen et al., 2020). Resultingly, a new
approach is necessary to elucidate carcinogenesis to inform early detection strategies to modulate the risks of CRC. The exposome approach aims to capture
the diversity and range of complete environmental exposures in epidemiological studies, providing a comprehensive description of various exposures (Wild,
2005). However, the in�uence of all exposome factors on health outcomes is poorly understood (Ivey et al., 2021). This means that few studies explored the
whole set of exposome factors from a macro perspective to reveal the whole mechanism of modi�able factors in CRC development. To bridge this knowledge
gap, we used UK Biobank (UKB) data to explore the relationship between exposome factors and CRC.

2. Theoretical Framework And Literature Review

2.1 Theoretical Framework
The exposome approach was �rst promoted by Dr Christopher Paul Wild. The exposome approach refers to the lifelong environmental (non-genetic) exposure
that may impact an individual during their lifespan (Wild, 2011). Three broad categories of non-genetic exposures have been de�ned: internal, speci�c external,
and general external (Wild, 2011). However, how to incorporate the hierarchical structure into a putative exposome analysis is one complexity of the exposome
framework. This complexity remains to be addressed (Robinson & Vrijheid, 2015).

Based on Wild’s research, Vermeulen et al. (2020) developed an exposome model (see Fig. 1). They categorised the exposures into four parts: ecosystem, and
lifestyle, social, and physical-chemical domains. The ecosystem domain includes food outlets, alcohol outlets, built environment, and green/blue space. The
lifestyle domain includes physical activity, diet, and smoking. The social domain includes income, social networks, and psychological and mental stress. The
physical-chemical domain includes air pollution, odour and noise, pesticides, water, and contaminants (Vermeulen et al., 2020). Compared with the original
model, the Vermeulen model mapped a more detailed approach to utilising the exposome concept.

2.2 Exposome Factors and CRC
Previous studies have found that certain exposure factors are associated with CRC events. In this section, we divide the literature review into four parts to
demonstrate the relationship between exposome factors and CRC.

First, in terms of lifestyle domain, numerous studies have suggested lifestyle factors to be associated with the risk of CRC (Carr et al., 2020; Cho et al., 2019;
Choi et al., 2021; Huang & Liu, 2019). A case-control study in Germany derived �ve modi�able lifestyle factors, namely smoking, alcohol consumption, diet,
physical activity, and body fat (Carr et al., 2020). This study found that adherence to a healthy lifestyle was associated with a reduced risk of CRC. A study
using the UKB cohort also indicated that a healthier lifestyle (including body mass index [BMI], waist-hip ratio, physical activity, sedentary time, lower
processed and red meat consumption, higher vegetable and fruit intake, lower alcohol consumption, and reduced tobacco smoking) contributed to a reduced
risk of CRC (Choi et al., 2021). A similar trend can also be seen in a study by Wang et al. (2021). The study used data from the Nurses' Health Study (1988 to
2014) and the Health Professionals Follow-up Study (1988 to 2014), and suggested that a healthy lifestyle was associated with a lower incidence of CRC.
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Second, in terms of social domain, few studies have focused on the in�uence of social determinants on the risk of CRC. Hastert et al. (2019) used data from
the Vitamins and Lifestyle Study to examine the relationship between socioeconomic status and CRC incidence. Living in the lowest SES areas was
associated with a higher CRC incidence than those living in the highest SES areas. One study also indicated that a disadvantaged socioeconomic position in
childhood was related to an increased risk of CRC (Nicolau, B. et al., 2019). Social support was another social factor that affected CRC events, however, the
�ndings of the studies differed. One study in Copenhagen, Denmark found no signi�cant association between social networks and CRC incidence (Bergelt et
al., 2009), while Ikeda et al. (2013) found that lower social support was associated with a higher incidence of CRC among men.

Third, in terms of the ecosystem domain, few studies have evaluated the effect of ecosystems on CRC incidence. However, increasing studies have suggested
that ecosystems play a role in cancer incidence (Datzmann et al., 2018; Porcherie et al., 2021). A study from the United States suggested that higher
neighbourhood walkability was correlated with lower incidence of multiple myeloma incidence (Kamath et al., 2020). Green space is a signi�cant factor in
cancer research. It has been regarded as a protective factor against mouth and throat (Datazmann et al., 2018), skin (Astell-Burt et al., 2014) and breast
cancers (O'Callaghan-Gordo et al., 2018).

Fourth, in terms of the physical-chemical domain, pollution was signi�cantly correlated with CRC incidence. Polychlorinated biphenyls and dioxins lead to
food contamination and may increase the risk of bowel tumours (El-Tawil, 2010). An increased risk of CRC was also associated with living near industries.
Pollutants such as nonylphenol, antimony, naphthalene, organotin compounds, and manganese increased the risk of CRC (García-Pérez et al., 2020). A study
based on Canadian population found that exposure to chlorination by-products in public water supplies was associated with an increased risk of CRC in men
(King et al., 2000).

2.3 The Application of Exposome Framework in Cancer
The application of the exposome framework can be seen in cancer studies (Wild, 2005; Gracia-Cazaña et al., 2020; Monroy-Iglesias et al., 2021; Monroy-
Iglesias et al., 2021) and other non-communicable diseases, such as acne (Dréno et al., 2018), cardiovascular diseases (Daiber, A., 2019; Juarez, P. D., et al.,
2020), and respiratory diseases (Cecchi, L., et al., 2018). Juarez et al. (2017) analysed lung cancer mortality disparities. They used an exposome database
containing > 2000 environmental exposures from natural, built, and social environment domains, and found that exposure to cigarette consumption, ethyl
dichloride and ethylene oxide, and PM2.5, were more closely associated with lung cancer. A literature review by Gracia-Cazaña et al. (2020) suggested that
physical-chemical substances, living entities (such as polyomavirus and human papillomavirus), and lifestyle factors made up the exposome of skin cancer,
and this set of environmental exposures could determine the incidence of skin cancer. One study on pancreatic cancer (PCa) used the exposome approach to
extract variables from general external, internal external, and speci�c external domains (Monroy-Iglesias et al., 2021). This study identi�ed that several
exposome factors were related to PCa alone and in combination with other exposures. Resultingly, the practical application of the exposome approach has
been widely used in various epidemiological �elds, however, the exposome-CRC studies are lacking.

Previous studies have demonstrated that certain exposome factors (e.g. lifestyle) are related to CRC, however, the application of the exposome theoretical
framework, and the extent to which the exposome domain can modulate the risks of CRC, remains unknown. Therefore, based on the model of Vermeulen et
al. (2020) and following the exposome approach, our study aimed to construct valid exposome measurements and examine the relationship between
exposome counts and the risk of CRC, which will inform future strategies for the prevention and early detection of CRC.

3. Methodology

3.1 Data Source
The UKB is a population-based cohort study on > 500,000 people in the UK. Participants aged 40–69 years were recruited from 22 assessment centres across
England, Scotland, and Wales between 2006 and 2010 (Allen et al., 2014). Participants’ socioeconomic information, lifestyle (e.g. diet, alcohol, and sleep), and
other health factors were obtained via a self-completed touchscreen questionnaire and an interview at enrolment (Sudlow et al., 2015).

3.2 Measurement

3.2.1 Outcome
The CRC cases were coded using the International Classi�cation of Diseases, 9th (ICD-9), or 10th Revision (ICD-10). The codes included ICD-9 153–1541,
2113, 2114, 2303, 2004, 1975, and 2352, or ICD-10 C180, C182-C189, C19, C20, D12-D129, D10, C785, and D374.

3.2.2 Exposome Variables
Based on the conceptual framework, we initially identi�ed 18 items related to exposome factors. These factors were physical activities, diet, drinking, smoking,
obesity, low income, unemployment, high school, less con�de, feel isolation, depression, garden percentage (1000 m buffer), natural environment percentage
(1000 m buffer), noise pollution, and air pollution. The de�nitions of the variables can be seen in Appendix Table A.

Healthy physical activity was coded as 1 if residents had < 150 min/week moderate, < 75 min/week vigorous, or < 150 min/week mixed (moderate + vigorous)
activity. A healthy diet was coded as 1 if the respondents ate ≥ 4 ideal food groups. The ideal food groups included: fruits, ≥ 3 servings/day; vegetables, ≥ 3
servings/day; �sh, ≥ 2 servings/week (counted by oily and non-oily �sh); processed meat, ≤ 1 serving/week; and unprocessed meat, ≤ 1.5 serving/week.
Smoking status was coded as 1 for those who had never smoked or had previously smoked. Drinking status was coded as 1 if participants drank moderately.
Normal weight and waist circumference were coded as 1 if an individual’s BMI was ≤ 25 kg/m2 and they had what were regarded as low-risk lifestyle factors.
Low income was coded as 1 if an individual’s household income was <€30,999. Unemployment was coded as 1 if respondents were not in paid employment
or self-employed. High school was coded as 1 if people had a high school degree or lower. Less con�de was coded as 1 if people were unable to con�de in
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someone close to them less than once a month or less than once every few months. Feel isolation and depression were coded as 1 if they felt isolated and
depressed for more than 50% of days or nearly every day in a week. In the UKB database, garden percentage (1000 m buffer) was de�ned as the percentage of
the home location buffer classed as 'Domestic garden' with home location data buffered at 1000 m. Natural environment percentage (1000 m buffer) was
de�ned as the percentage of the home location buffer classed as 'Natural Environment' in the Land Cover Map (LCM) 2007 with home location data buffered
at 1000 m. Daytime noise pollution was calculated using the average sound pressure level (SPL) LAeq over a 12-hour period from 07:00 to 19:00. Evening
noise pollution was calculated using the average SPL LAeq between 19:00 and 23:00. The 16-hour noise pollution was calculated using the average SPL LAeq
between 07:00 to 23:00. Air pollution included PM10 (particulate matter with diameter less than or equal to 10 micrometres) estimated for the annual average
of 2010, and PM2.5 estimated for the annual average of 2010.

3.2.3 Covariant
Sociodemographic characteristics included age at baseline and sex. Family history (including parents and siblings) of cancer events, cancer screening, and
Townsend deprivation index were also controlled in our study.

3.2.4 Factor Analysis
We used factor analysis to determine whether these items could be combined into separate components re�ecting different aspects of environmental
exposure. In the present analysis, the Kaiser-Meyer-Olkin index was 0.680, and Bartlett’s test was also conducted (p < 0.001). The factors were rotated using
the varimax method to achieve a simpler structure with greater interpretability. An eigenvalue > 1.0 was detained. Finally, only exposome factors with loading ± 
0.4 were regarded as important in this study (Tomita et al., 2018). Seven domains were extracted from the exposome items, according to the rule that
eigenvalues were > 1.0, and promax rotation was performed to minimise loading complexity for each component.

Component 1 represented three items pertaining to lifestyle (namely healthy physical activity, healthy diet, and normal weight and waist circumference).
Component 2 represented two items pertaining to less tobacco and alcohol use (namely smoking and drinking status). Component 3 represented three items
pertaining to concern about social economics (namely low income, unemployment, and high school). Component 4 represented three items pertaining to
social support (namely less con�de, feel isolation, and depression). Component 5 represented two items pertaining to air pollution (namely PM10 and PM2.5
in 2010). Component 6 represented three items pertaining to noise pollution (namely daytime noise, evening noise, and 16-hour noise pollution). Component 7
represented two items pertaining to ecosystem (namely garden and natural environment percentage). The coe�cients for the items are displayed in Table 1.

Table 1
Matrix of factors.

Variables Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7

Healthy physical activity 0.5494            

Healthy diet 0.5605            

Normal weight and normal waist circumference 0.6291            

Smoking status   0.7404          

Drinking status   0.6634          

Low income     0.8152        

Unemployment     0.7641        

High school     0.4744        

Less con�de       0.5494      

Feel isolation       0.7607      

Depression       0.6726      

air pollution pm10 (2010)         0.9042    

air pollution pm 2.5 (2010)         0.9437    

Daytime noise pollution           0.9919  

Evening noise pollution           0.9919  

16-hour noise pollution           0.9919  

Garden percentage (1000m)             0.9175

Natural environment percentage (1000m)             0.9136

3.3 Statistical Analysis
The 18 exposome items were aggregated into 7 components based on factor analysis (principal components method). First, we described the
sociodemographic and exposome-related characteristics of the respondents. Next, factors were employed in multivariable regression models called principal
component regression analyses (Jolliffe, 2002; Tran et al., 2018; Mu et al., 2020; Tomita et al., 2015). Cox proportional hazard models were used to estimate
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the CRC risk hazard ratios (HRs) and 95% con�dence intervals (CIs) related to the exposome factors. We also summed the exposome counts within each
domain and examined the cumulative effect of exposome domains on CRC risk. All analyses were conducted using STATA software (version 15.0; StataCorp,
TX, USA), and two-tailed p-values ≤ 0.05 were considered statistically signi�cant.

3.4 Ethics Approval
The UKB study was approved by the National Information Governance Board for Health and Social Care in England and Wales, and the Community Health
Index Advisory Group in Scotland and the North West Multicenter Research Ethics Committee. All participants provided written informed consent. This study
was approved by the Ethical Committee of Peking University (Beijing, China). In addition, all methods were performed in accordance with the relevant
guidelines and regulations.

4. Results

4.1 Descriptive Statistics
Acquired data from the UKB participants with outcome data was 502,528. After excluding 229,186 samples with missing values, the �nal sample size was
273,342, and 8,642 cases of CRC were identi�ed. As shown in Table 2, the mean age of participants who developed CRC was 59.87. Among the CRC cases,
58.02% and 41.98% were male and female, respectively. Moreover, 88.53% of these cases reported a family history of CRC events.
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Table 2
A statistical description of respondents’ characteristics (n = 273,342)

Characteristic   All Participants
(n = 273, 342)

Participants who developed
colorectal cancer(n = 8,642)

Participants who did not developed
colorectal cancer (n = 264,700)

Control variables  

Age, years

  Mean age at
baseline, mean
(SD)

56.081 (8.085) 59.87 (6.67) 55.957 (8.097)

  ≤ 55, N (%) 121,183
(44.33%)

2,039 (23.59%) 119,144 (45.01%)

  55–65, N (%) 104,993
(38.41%)

4,157 (48.10%) 100,836 (38.09%)

  ≥ 65, N (%) 47,166 (17.26%) 2,446 (28.30%) 44,720 (16.89%)

Gender

  Female, N (%) 145,993
(53.41%)

3,628 (41.98%) 142,365 (53.78%)

  Male, N (%) 127,349
(46.59%)

5,014 (58.02%) 122,335 (46.22%)

Family History of CRC events

  Yes, N (%) 18,560 (6.79%) 991 (11.47%) 17,569 (6.64%)

  No, N (%) 254,782
(93.21%)

7,651 (88.53%) 247,131 (93.36%)

Screening

  Yes, N (%) 85,362 (31.23%) 3,771 (43.64%) 81,591 (30.82%)

  No, N (%) 187,980
(68.77%)

4,871 (56.36%) 183,109 (69.18%)

Deprivation Mean (SD) -1.509 (2.940) -1.454 (3.008) -1.511 (2.938)

Exposome variables  

Healthy diet Yes, N (%) 35,336 (12.93%) 1,049 (12.14%) 34,287 (12.95%)

Healthy physical activity Yes, N (%) 197,421
(72.22%)

5,923 (68.54%) 191,498 (72.35%)

No, N (%) 75,921 (27.78%) 2,719 (31.46%) 73,202 (27.65%)

No, N (%) 238,006
(87.07%)

7,593 (87.86%) 230,413 (87.05%)

Smoking status Yes, N (%) 246,203
(90.07%)

7,621 (88.19%) 238,582 (90.13%)

No, N (%) 27, 139 (9.93%) 1,021 (11.81%) 26,118 (9.87%)

Drinking status Yes, N (%) 138,741
(50.76%)

4,031(46.64%) 134,710 (50.89%)

No, N (%) 134,601
(49.24%)

4,611 (53.36%) 129,990 (49.11%)

Normal weight and normal
waist circumference

Yes, N (%) 76,544 (28.00%) 1,798 (20.81%) 74,746 (28.24%)

No, N (%) 196,798
(72.00%)

6,844 (79.19%) 189,954 (71.76%)

Low income Yes, N (%) 150,350
(55.00%)

4,815 (55.72%) 118,177 (44.65%)

No, N (%) 122,992
(45.00%)

3,827 (44.28%) 146,523 (55.35%)

Unemployment Yes, N (%) 104,073
(38.07%)

4,468 (51.70%) 99,605 (37.63%)

No, N (%) 169,269
(61.93%)

4,174 (48.30%) 165,095 (62.37%)

High school Yes, N (%) 162,457
(59.43%)

5,577 (64.53%) 156,880 (59.27%)
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Characteristic   All Participants
(n = 273, 342)

Participants who developed
colorectal cancer(n = 8,642)

Participants who did not developed
colorectal cancer (n = 264,700)

No, N (%) 110,885
(40.57%)

3,065 (35.47%) 107,820 (40.73%)

Less con�de Yes, N (%) 65,267 (23.88%) 2,240 (25.92%) 63,027 (23.81%)

No, N (%) 208,075
(76.12%)

6,402 (74.08%) 201,673 (76.19%)

Feel isolation Yes, N (%) 45, 563 (16.67%) 1,498 (17.33%) 44,065 (16.65%)

No, N (%) 227,779
(83.33%)

7,144 (82.67%) 220,635 (83.35%)

Depression Yes, N (%) 11,873 (95.66%) 410 (4.74%) 11,463 (4.33%)

No, N (%) 261,469 (4.34%) 8,232 (95.26%) 253,237 (95.67%)

Garden percentage (1000m) Mean (SD) 24.20 (22.38) 23.502 (10.999) 24.23 (11.39)

Natural environment
percentage (1000m)

Mean (SD) 41.95 (25.92) 42.76 (25.70) 41.93 (25.93)

Daytime noise pollution mean(SD) 55.372 (4.250) 55.34 (4.17) 55.37 (4.25)

Evening noise pollution mean(SD) 51.628 (4.250) 51.60 (4.17) 51.63 (4.25)

16-hour noise pollution mean(SD) 54.434 (4.250) 54.41 (4.17) 54.43 (4.25)

air pollution pm10 (2010) mean(SD) 16.179 (1.885) 16.15(1.88) 16.18 (1.88)

air pollution pm 2.5 (2010) mean(SD) 6.409 (0.888) 6.40 (0.88) 6.41 (0.88)

4.2 Full Sample Analysis
Table 3 shows the multivariable-adjusted HRs (95% CI) of CRC events by exposome factors among the 273,342 participants. The results from the Cox models
showed that a healthy lifestyle (HR = 0. 894, 95% CI: 0.875–0.915; p < 0.001), and less tobacco and alcohol use (HR = 0.884, 95% CI: 0.866–0.902; p < 0.001)
were positively associated with a reduced risk of CRC. Adverse results were identi�ed among the socioeconomic and social support domains.
Disadvantageous socioeconomic status (HR = 1.064, 95% CI: 1.042–1.087; p < 0.001) and insu�cient social support (HR = 1.071, 95% CI: 1.045–1.097; p < 
0.001) were associated with an increased risk of CRC. The ecosystem was positively correlated with a reduced risk of CRC (HR = 0.97, 95% CI: 0.949–0.978; p 
< 0.01). However, we did not identify signi�cant associations between the air and noise pollution domains and CRC events.
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Table 3
Multivariable-adjusted hazard ratio (95% CI) of CRC events by exposome

factors among 273,342 participants
Variables Hazzard Ratio

(95% CI)

P value A

Factor 1 Lifestyle 0.894***

(0.875, 0.915)

0.000

Factor 2 Less tobacco and alcohol use 0.884***

(0.866, 0.902)

0.000

Factor 3 Social economic 1.064***

(1.042, 1.087)

0.000

Factor 4 Social support 1.071***

(1.045, 1.097)

0.000

Factor 5 Air pollution 0.999

(0.978, 1.021)

0.949

Factor 6 Noise pollution 1.000

(0.979, 1.022)

0.983

Factor 7 Ecosystem 0.970**

(0.949, 0.978)

0.005

Age 1.060***

(1.056, 1.064)

0.000

Gender 1.503***

(1.439, 1.569)

0.000

Deprivation 1.068*

(1.016, 1.123)

0.014

No screening 0.825***

(0.788, 0.863)

0.000

Family history of CRC events 1.552***

(1.453, 1.659)

0.000

A: p < 0.05 *; p < 0.01 **; p < 0.001***

4.3 Exposome Counts and CRC
Based on the model of Vermeulen et al. (2020), seven exposure factors could be integrated into four domains. Based on a study by Safford et al. (2021), we
decided to use exposome factor counts to examine the cumulative effects of different exposome domains on CRC events. Among lifestyle, social, ecosystem,
and physical-chemical domains, we found that only three domains(lifestyle, social, and ecosystem) were related to CRC events. Therefore, we used these three
signi�cant dimensions to construct the exposome counts. Notably, exposome counts were categorised into three parts: lifestyle, social, and ecosystem counts.
Lifestyle counts were developed by combining physical activities, diet, drinking, smoking, and obesity. The counts range was 0–5. A higher count indicated a
healthier lifestyle. Social counts were developed by combining low income, unemployment, high school, less con�de, feel isolation, and depression. The
counts range was 0–5, where a higher count indicated a lower social status. Ecosystem counts were developed by combining the median garden percentage
(1000 m; above the median coded as 1) and the median natural environment percentage (1000 m; above the median coded as 1). This count range was 0–2,
with a higher score indicating a better ecosystem. Table 4 shows the exposome scores of the respondents.

We divided participants into four lifestyle dimension categories: ≤1count group (12,643 of 273,342 participants [46.33%]), 2 counts group (71,736 participants
[26.24%]), 3 counts group (56,409 participants [20.64%]), and ≥ 4 counts group (18,554 participants [6.79%]). As shown in Fig. 2a, the cumulative incidence of
CRC decreased with increasing lifestyle counts. Compared with the ≤ 1 lifestyle count, the relative risk of CRC incidence was lower in participants with ≥ 4
lifestyle counts (HR = 0.584, 95% CI: 0.539–0.632; p < 0.001; Fig. 2b).
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The social dimension was categorised into four groups: ≤1 count group (39,053 of 273,342 participants [14.29%]), 2 counts group (92,877 participants
[33.98%]), 3 counts (97,203 participants [35.56%]), and ≥ 4 counts group (44,209 participants [16.17%]). We observed an increased cumulative incidence of
CRC with increasing social counts (Fig. 3a). The relative risk of CRC incidence was higher in participants with ≥ 4 social domain counts (HR = 1.225, 95% CI:
1.131–1.327; p < 0.001) than in those with a social domain count of ≤ 1 (Fig. 3b).

We divided participants into three ecosystem dimension participants: 0 count group (31,817 of 273,342 participants [11.64%]), 1 count group (204,329
participants [74.75%]), and 2 counts group (37,196 participants [13.61%]). A decreased cumulative incidence of CRC was observed when ecosystem counts
were added (Fig. 4a). The relative risk of CRC incidence was lower in participants in the 2 counts group (HR = 0.863, 95% CI: 0.789–0.943; p < 0.001) than in
those in the 0 count group (Fig. 4b).

5. Discussion
Numerous studies have focused on the effects of certain exposure factors on CRC events, however, few of these studies have applied the exposome
theoretical framework to explore the synergy between these factors in relation to CRC development. To bridge this knowledge gap, this study used UKB data to
explore the relationship between exposome factors and the risk of CRC by using evaluation measures with strong construct validity. This study has three
noteworthy �ndings, based on the exposome theoretical framework. These results suggest that lifestyle, social, and ecosystem domains are related to the risk
of CRC.

First, in terms of lifestyle domain, we found that a healthy lifestyle and less tobacco and alcohol use were associated with a reduced risk of CRC. These results
are in agreement with those of previous studies (Carr et al., 2020; Cho et al., 2019; Choi et al., 2021; Huang & Liu, 2019). A healthy diet is considered to contain
rich �sh, fruits, vegetables, and less processed and red meat (Choi et al., 2021). This diet pattern included su�cient nutrition, and less fatty and carcinogenic
substances, which could reduce the risk of CRC (Baena & Salinas, 2015). Obesity has a direct effect on certain hormone levels, such as insulin, oestrogen, and
insulin-like growth factor-1, which produce a favourable environment for carcinogenesis (Perera et al., 2012). Physical activity can reduce CRC risk by
motivating gut motility, bene�ting the immune system, and elevating metabolic e�ciency (Ruiz-Casado et al., 2017; Baena & Salinas, 2015). Alcohol
metabolites, such as acetaldehyde, increased the risk of CRC, because acetaldehyde was evaluated as a carcinogen (Keum & Giovannucci, 2019). Smoking
induces angiogenesis and suppresses cell-mediated immunity to facilitate tumour growth (Liang et al., 2019).

Second, in terms of social domain, this study suggested that lower SES and less social support were associated with an increased risk of CRC. The �nding of
a relationship between SES and CRC risk was consistent with that of previous studies. Higher incidences of CRC are related to greater social disadvantage
(Efberg et al., 2008; Savijärvi et al., 2019; Haster et al., 2015). One possible reason is that low-SES people may have less rational health behaviour, know less
about their symptoms, and communicate more poorly than high-SES people with health care staff (Frederiksen et al., 2008). In contrast, high-SES people have
better access to health information (Frederiksen et al., 2008) and seek health services (Doubeni et al., 2012); they are more likely to have behavioural changes
to a healthy lifestyle (Geyer et al., 2006) and thus reduce the risk of CRC. However, �ndings regarding the association between social support and the incidence
of CRC have been inconsistent. One study found no signi�cant relationships between social networks and CRC incidence (Bergelt et al., 2009), while Ikeda et
al. (2013) found that lower social support was associated with a higher incidence of CRC among men. This study supports the �nding that lower support was
related to an increased risk of CRC. One possibility is that social support raises the esteem of individuals and makes them feel valued, therefore, they may take
better care of themselves and be more receptive to preventative services (Ikeda et al., 2013; Coughlin, 2020). Additionally, social support reduces stress and
depression. Fewer stress hormones reduce the risk of immune dysregulation caused by (Godbout & Glaser, 2006), thereby suppressing the environment for
tumour initiation.

Third, in terms of the ecosystem domain, a better ecosystem was associated with a reduced risk of CRC. However, limited studies have evaluated the
ecosystem and CRC incidence. Increasing studies have suggested that ecosystems play a role in the incidence of cancer (Datzmann et al., 2018; Porcherie et
al., 2021). It is unclear how ecosystems in�uence the risk of CRC. One possibility was that a better ecosystem was related to a more covered natural
environment, with less pollution and radiation (Safe and Healthy Life Expert, 2017). Pollutants in water (El-Tawil, 2010), poisonous heavy metals (García-Pérez
et al., 2020) and radiation (Sun et al., 2016) are associated with an increased risk of CRC. Furthermore, a better ecosystem may provide a greener environment,
which provides a venue for physical activity (Shanahan et al., 2016). Engaging in more physical activity can help reduce the risk of CRC (Keum & Giovannucci,
2019).

This study has several strengths. First, the results highlight the effects of the physical (ecosystem) and social environments (SES and social support) on CRC
events. The majority of previous studies have focused on the in�uence of biological factors on CRC events while ignoring environmental effects. Second,
because of the increased acceptance that non-genetic factors play a role in diseases, this study included the entire set of exposome factors from a holistic
perspective. It also showed the whole mechanism of exposome factors on the risk of CRC at a macro level. Under the exposome framework, a broad approach
for CRC prevention can be considered. Apart from promoting a healthy lifestyle among the population to prevent CRC, it is also important to take care of
people with lower SES and less social support.

However, this study has several limitations. First, this study did not capture temporal changes in exposome factor changes (e.g. lifestyle and SES changes)
due to the nature of the dataset. Future studies should use panel data to trace the impact of dynamic changes in exposome factors on CRC events. Second,
there may be complex interactions between the four domains, which were not observed in detail in this study. Future studies should include mediation or
pathway analysis to explore the interaction of lifestyle, social, ecosystem, and physical-chemical effects on the risk of CRC. Third, although our analyses
controlled for various confounding factors, we may have overlooked other factors related to CRC due to the limitation of using secondary datasets. Future
studies should use a combination of qualitative and quantitative methods to improve the robustness of the results.
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6. Conclusion
To the best of our knowledge, this is the �rst study to focus on the exposome framework and CRC in social epidemiology studies. Our study included the
whole set of exposome factors from a holistic perspective and employed factor analysis to improve the understanding of the relationship between exposome
domains and CRC events. These �ndings suggest that lifestyle, social, and ecosystem domains are related to CRC events. Similar risk trends were also
observed across the exposome count group with CRC incidence. This study con�rmed the relationship between exposome factors and CRC events from an
empirical perspective, which would provide policy implications for future CRC prevention.
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Figure 1

Exposome theoretical framework
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Figure 2

Effects of healthy lifestyle counts on the risk of incident CRC in the UKB cohort
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Figure 3

Effects of disadvantageous social determinants counts on the risk of incident CRC in the UKB cohort
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Figure 4

Effects of ecosystem counts on the risk of incident CRC in the UKB cohort
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