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Background: The EAT-Lancet diet (ELD) is a recommended dietary pattern for achieving simultaneous improvements in both individual health and environmental sustainability. While research on the association between ELD and colorectal cancer (CRC) remains scarce, the potential impact of nutrition on CRC prevention and progression is a topic of growing interest. This study aims to investigate the relationship between adherence to the ELD and the risk of CRC, shedding light on the role of nutrition in CRC prevention.

Methods: A total of 98,415 participants were included. A Diet History Questionnaire (DHQ) was used to collect dietary information, and an ELD score was used to assess adherence to ELD. Higher scores indicated greater adherence. Cox hazard regression analyses were conducted to examine whether there were associations between the ELD score and CRC risk. The restricted cubic spline (RCS) model was used to further explore the dose-response association between the ELD score and CRC incidence. Subgroup analyses were conducted to identify potential modifiers that interacted with ELD on CRC incidence, and sensitivity analyses were performed to evaluate the robustness of the established association.

Results: During a mean follow-up of 8.82 years, a total of 1,054 CRC cases were documented. We found a statistically significant correlation between the ELD score and CRC risk (Q4 vs. Q1: HR 0.81, 95% CI 0.67–0.98; P for trend = 0.034) after adjusting for potential confounders. No statistically significant associations were discovered between ELD adherence and CRC by anatomical site. Subgroup analyses found no interactional factor, sensitivity analyses, and the RCS model showed a robustness and linearity association (P-linearity >0.05).

Conclusion: We concluded that adherence to ELD contributes to the prevention of CRC.
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1. Introduction

In the United States, colorectal cancer (CRC) is an important cause of cancer burden. It is reported to be the third most commonly diagnosed cancer and the third cause of cancer-associated death in both men and women (1). In 2023, it is estimated to have 153,020 new cases of CRC and 52,550 CRC deaths in the United States (1). The occurrence and development of CRC is a slow and long-term process, which provides opportunities for some preventive measures (2). In Western countries, diet is one of the most important risk factors for CRC, making it a possible preventive target (1).

Epidemiological research suggests that many foods can reduce the risk of CRC (3–6). In a prospective study of UK Biobank, participants eating more red and processed meat had a higher risk of CRC (3), while a meta-analysis by Schwingshackl et al. (4) found an inverse association between vegetables, fruit, and whole grains and CRC. A systematic review showed a protective effect of fish on CRC (5), while a study in two prospective US cohorts found an adverse effect of added sugars (6). These studies focused on specific foods and thus may not offer a comprehensive understanding of an ideal diet for overall health. Dietary patterns, which characterize a variety of foods, nutrients, and beverages, may serve as useful tools to represent the overall effects of diet on the risk of health outcomes.

Recently, the EAT-Lancet diet (ELD) was introduced as a scientifically optimized diet for nutrition and certain environmental indicators (7). In 2019, the EAT–Lancet Commission, made up of experts from diverse fields such as human health, agriculture, political science, and environmental sustainability, proposed for the first time the ELD, which is universally applicable to all food cultures and production systems in the world with high potential for local adaptation and scalability (7). Further research showed that ELD is affordable in most countries, including the United States (8). The ELD encourages the intake of vegetables, fruits, whole grains, legumes, nuts, unsaturated oils, and fish while limiting the intake of beef, lamb, pork, poultry, eggs, dairy products, potatoes, and added sugars. The dietary components of ELD are similar to those of the Mediterranean diet (MD) (high intakes of vegetables (excluding potatoes), fruits, whole grains, legumes, nuts, and fish, while a low intake of red and processed meats) (9), which has been widely recognized for its health benefits (10–12). Compared to MD, ELD is more environmentally friendly and requires less water (13). Adherence to ELD may greatly benefit human health. For example, adherence to ELD could reduce annual mortality by 19.0–23.6% (14) and could also reduce the risk of cardiovascular disease and diabetes (15–17). However, Berthy et al. (18) comprehensively analyzed the association between ELD, cardiovascular disease (CVD), and cancer risk. They concluded that adherence to the ELD could decrease the risk of cancer only in some subgroups but found no association with CVD risk.

To date, research focused on the ELD and CRC risks is scarce. Therefore, we conducted this analysis to explore the relationship between ELD adherence and CRC risk in 98,415 subjects aged 55 to 74 years from the Prostate, Lung, Colorectal, and Ovarian (PLCO) cohort.



2. Methods


2.1. Study population

The PLCO Cancer Screening Trial is a large multicenter randomized controlled trial designed to evaluate the effectiveness of screening methods for prostate, lung, colorectal, and ovarian cancer. More information about the PLCO Cancer Screening Trial has been described elsewhere (19). In 10 selected screening centers nationwide in the United States, 154,887 men and women aged 55 to 74 years were enrolled in the PLCO cancer screening trial between 1993 and 2001 and then randomized to control or intervention arms in a 1:1 ratio (control arm received usual care, while intervention arm received additional screening care) (20). At baseline, participants were administered some self-reported questionnaires, such as the Baseline Questionnaire (BQ), Supplementary Questionnaire (SQX), and Diet History Questionnaire (DHQ), to collect individual characteristics, including diet and other cancer risk factors. All screening procedures and individual medical record abstracting were performed by trained and certified specialists, and the cause of death was certified by the Death Review Committee (DRC) (19, 21). The PLCO Cancer Screening Trial was approved by the National Cancer Institute (NCI), one of the components of the National Institutes of Health (NIH) (20), and each of the 10 screening centers involved in the study, all participants provided explicit, informed, and written consent. Our research was carried out with the approval of the NCI (project number: PLCO-1231).

In consideration of the objective of our study, we further excluded subjects as follows: (1) did not complete the BQ (n = 4,918); (2) did not complete a valid DHQ (valid DHQ refers to DHQ with date of completion, <8 missing frequency responses, still alive when completed DHQ, and participants with no extreme calorie intake, which means participants in the first or last percentile by gender) (n = 38,462); (3) had a history of any cancer (except non-melanoma skin cancer) (n = 9,684); (4) exited before accomplishing the DHQ (n = 114); (5) had unbelievable energy intake unbelievable energy intake refers to food energy intake from a diet <800 kcal or >4200 kcal for men and <600 kcal or >3500 kcal for women (22) (n = 3,294). Finally, 98,415 participants were included in our analyses (Figure 1).
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FIGURE 1
 The flowchart for identifying eligible subjects. PLCO, Prostate, Lung, Colorectal, and Ovarian.




2.2. EAT-lancet diet compliance

Dietary information was collected by the above-mentioned DHQ, a food frequency questionnaire (FFQ) developed by members of the Risk Factor Monitoring and Methods Branch (RFMMB). The DHQ consists of 124 food items, includes portion size and dietary supplement questions, and provides reliable estimates of nutrient intake. The validity and reliability of DHQ have been tested elsewhere (23).

Compliance with ELD was assessed using the ELD scores, which are derived from the study of Stubbendorff et al. (24), who established ELD scores based on the recommendation of the EAT-Lancet Commission. In their research, a total of 14 food components were described as “emphasized foods” or “limited foods.” Emphasized food components included whole grains, vegetables (except starch vegetables), fruits, legumes, nuts, unsaturated oils, and fish, while limited food components consisted of potatoes, dairy, eggs, poultry, pork, beef, lamb, and added sugar. Food components were described in grams per day and were dealt with based on an energy intake of 2500 kcal, consistent with the dietary target intake recommended by the EAT-Lancet Commission (7). According to the quantity of individual food intake, each component ranged from 0 to 3 points, with a possible total score of 0 to 42 (Supplementary Table 1). Specifically, emphasized food groups were given positive scores, while limited food groups were given negative scores. In other words, 3 points indicated high compliance, and 0 points indicated low compliance. Higher scores indicated greater adherence to ELD.



2.3. Assessment of covariates

The BQ, DHQ, and SQX were used to collect information involving demographic and lifestyle factors, such as age, sex, race, body mass index (BMI), smoking status, pack-year of smoking, drinking status, physical activity level, aspirin or ibuprofen consumption, family history of CRC, history of diverticulitis, history of colorectal polyps, history of colon comorbidities (including ulcerative colitis, Crohn's disease, Gardner's syndrome, or familial polyposis), energy intake from diet, protein intake from diet, carbohydrate intake from diet, and fat intake from diet. Diet-associated covariates, such as energy intake from diet, protein intake from diet, carbohydrate intake from diet, and fat intake from diet, were collected by DHQ, physical activity level was derived from SQX, and all the other covariates were taken from BQ. Race was classified as white or non-white. BMI was calculated as weight in kilograms divided by height in meters squared. Smoking status was described as non-smokers and previous/current smokers. Physical activity level was calculated as the sum of self-reported minutes of moderate to vigorous activity in a week.



2.4. Ascertainment of outcomes

In this study, the primary outcome was the diagnosis of CRC. CRC was defined based on the definitions by the International Classification of Diseases for Oncology (ICD-O-2; codes: proximal colon cancer: C180-C185, distal colon cancer: C186-C187, and rectal cancer: C19-C20) (25). Proximal colon cancer includes cecum, appendix, ascending colon, hepatic flexure, transverse colon, and splenic flexure colon cancer. Distal colon cancer includes descending and sigmoid colon cancer (26). Participants were sent a self-reporting annual study update form to report any new CRC diagnoses they received, including the date and type of cancer diagnoses. If the annual study update form did not return, a repeated one or telephone would be conducted to contact the participant. Medical records were used as Supplementary material to certify the diagnoses. Family reports were collected if participants died, and death certificates, available autopsy reports, pathology slides, and pathology and other medical forms were used to ascertain the underlying cause of death (27), thus providing Supplementary material to certify the diagnoses.



2.5. Statistics analyses

For variables with <5% missing values, we used the modal value to impute the missing values for categorical covariates, including family history of any cancer, smoking status, aspirin consumption, ibuprofen consumption, history of diverticulitis, history of colorectal polyps, history of colon comorbidities, and family history of CRC. The median value was used to impute the continuous covariates, namely BMI and pack-years of smoking. For variables with more than 25% missing values, that is, physical activity level, we used the multiple imputation method to impute (Supplementary Table 2).

Cox proportional hazards regression analyses were utilized to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) for the associations between ELD adherence and subsite-specific CRC risk (colorectum, proximal colon, distal colon, and rectum). The follow-up period lasted from the completion of DHQ to the date of CRC diagnosis, death, loss to follow-up, and the end of follow-up (December 31, 2009), whichever came first (Figure 2) and was used as the time variable.
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FIGURE 2
 The timeline and follow-up scheme of our study.


Based on ELD scores, we divided participants into quartiles and considered the first quartile to be the control group. The median scores of each quartile were assigned to each participant in the quartile to conduct Cox regression analyses and acquire P for trend. Some predefined confounders were included in the Cox regression models: Model 1 was adjusted for age, sex, and race. Model 2 was further adjusted for BMI, smoking status, pack-year of smoking, drinking status, physical activity level, regular consumption of aspirin, regular consumption of ibuprofen, family history of CRC, history of diverticulitis, history of colorectal polyps, history of colon comorbidities, energy intake from diet, protein intake from diet, carbohydrate intake from diet, and fat intake from diet. To further explore whether there was a linear dose-response association of ELD with CRC risk, we constructed a restricted cubic spline (RCS) model. Of note, we conducted the dose–response analysis in Model 2. Prespecified subgroup analyses were conducted to identify potential modifiers interacting with ELD, including age (≤65 vs. >65 years), sex (male vs. female), BMI (≤30 vs. >30 kg/m2), physical activity level (≤medium vs. >medium), smoking status (never vs. current/former), current alcohol drinking (yes vs. no), regular consumption of aspirin (yes vs. no), family history of colorectal cancer (yes vs. no), history of colorectal polyps (yes vs. no), history of colorectal comorbidities (yes vs. no), and energy intake from diet (≤medium vs. >medium). The following sensitivity analyses were conducted to testify to the robustness of our study: (1) First, we excluded participants with a history of diabetes, which is one of the risk factors for CRC (28); (2) Second, subjects with a history of heart attack were excluded; (3) third, the participants who had a colonoscopy or test for blood in stool in the past 3 years were excluded; (4) Finally, participants diagnosed in 2 years of follow-up were excluded.




3. Results


3.1. Baseline characteristics

A total of 98,415 participants aged 55–74 years were divided into quartiles according to their ELD scores [Q1 (ELD score ≤ 18), n = 25,468; Q2 (ELD score: 19–21), n = 26,969; Q3 (ELD score: 22-24), n = 25,611; Q4 (ELD score ≥ 25), n = 20,367]. As shown in Table 1, the mean age (SD) was 65.52 (5.73), and the mean ELD score (SD) was 21.19 (4.10). Higher ELD scores indicated greater adherence to the ELD. Among all included participants, we found that those who adhered more closely to ELD tended to be women (Q4, 62.05%; Q1, 38.69%) and non-white (Q4, 15.00%; Q1, 3.84%), have lower BMI (Q4, 26.21 ± 4.65 kg/m2; Q1, 27.84 ± 4.74 kg/m2), were more likely to be a non-smoker (never smoke: Q4, 52.95% vs. Q1, 41.60%), nondrinker (never drink: Q4, 30.83% vs. Q1, 25.13%), were less likely to use aspirin or ibuprofen regularly, and exercised more (Q4, 145.45 min/week vs. Q1, 104.30 min/week; Table 1). Consistent with expectation, mean daily intakes of emphasized components increased with higher adherence to ELD, while the opposite was observed for the intake of limited components. Furthermore, subjects in Q4 had a higher dietary intake of carbohydrates but a lower dietary intake of energy, protein, and total fat than in Q1 (Table 1).


TABLE 1 The baseline information of participants included in the study according to their EAT-Lancet diet scores*.
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3.2. ELD scores and CRC incidence

During a mean follow-up of 8.82 years, we documented 1054 CRC cases, which consisted of 626 proximal colon cancers, 214 distal colon cancers, and 194 rectal cancers. Compared with those in the lowest quartile (Q1), participants in the highest quartile of ELD scores (Q4) had a decreased CRC risk after adjusting for potential CRC risk factors (HRQ4vs.Q1: 0.81; 95% CI: 0.67, 0.98; P-trend = 0.034; Table 2). We did not record any significant association between the ELD scores and anatomic CRC (proximal colon cancer: HRQ4vs.Q1: 0.85; 95% CI: 0.67, 1.09; P-trend = 0.160; distal colon cancer: HRQ4vs.Q1: 0.73; 95% CI: 0.47, 1.12; P-trend = 0.258; rectal cancer: 0.69; 95% CI: 0.43, 1.11; P-trend = 0.205; Supplementary Table 3).


TABLE 2 Hazard ratios of the association of the EAT-Lancet diet score with the risk of colorectal cancer.
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3.3. Additional analyses

In the RCS model, we found a linear association between the ELD score and CRC incidence (P-nonlinearity = 0.920) (Figure 3). Subgroup analyses showed no significant modifiers interacting with ELD, including age, sex, BMI, physical activity level, smoking status, drinking status, regular consumption of aspirin, family history of CRC, history of colorectal polyps, history of colorectal comorbidities, and energy intake from diet (all P-interaction > 0.05; Table 3).


[image: Figure 3]
FIGURE 3
 Dose-response analysis of the association of the EAT-Lancet diet score with the risk of colorectal cancer. The hazard ratio was adjusted for age (years), sex (male and female), race (white and non-white), body mass index (kg/m2), smoking status (never, current or former), pack-year of smoking, drinking status (no, yes), physical activity level (min/week), aspirin and ibuprofen consumption (no, yes), family history of colorectal cancer (no, yes), history of diverticulitis (no, yes), colorectal polyps (no, yes), colon comorbidities (including ulcerative colitis, Crohn's disease, Gardner's syndrome, or familial polyposis) (no, yes), energy intake from the diet (kcal/day), protein intake from the diet (g/day), carbohydrate intake from the diet (g/day), and fat intake from the diet (g/day).



TABLE 3 Subgroup analyses on the association of the EAT-Lancet diet scores with the risk of colorectal cancer.

[image: Table 3]

After excluding participants with a history of diabetes, a history of heart attack, those who had colonoscopy or test for blood in stool in the past 3 years, and those diagnosed with CRC in 2 years, the inverse association between the ELD score and CRC incidence still existed (all P-trend < 0.05), which demonstrated the robustness of our finding (Table 4).


TABLE 4 Sensitivity analyses on the association of the EAT-Lancet diet scores with the risk of overall colorectal cancera.
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4. Discussion

In the cohort of the PLCO Cancer Screening Trial, we used a priori-defined ELD score to assess adherence to ELD and evaluated its relationship with CRC risk. During a mean follow-up of 8.82 years, we found that greater adherence to the ELD was associated with a lower risk of CRC in a linear dose–response manner in American adults. Subgroup analyses showed no significant effect modifiers interacting with ELD on CRC, and our result was robust. We did not observe any significant association between ELD adherence and the risk of specific subsites of CRC.

In the realm of dietary approaches promoting health and sustainability, the ELD and the MD stand as two distinct paradigms marked by notable disparities in their historical origins and core principles. The ELD, guided by a global perspective and a resolute commitment to environmental sustainability, places a pronounced emphasis on the consumption of plant-based foods while advocating for a reduction in meat intake (7). In stark contrast, the MD remains region-specific, deeply entrenched in the rich culinary traditions of Mediterranean nations, and underscores a well-balanced dietary pattern characterized by the incorporation of olive oil, whole grains, fruits, vegetables, and moderate portions of fish and poultry (28). The ELD's accentuation of plant-based foods, restricted consumption of meat and animal products, integration of sustainable agricultural practices, and adaptability to diverse cultural contexts collectively position it as a dietary choice with enhanced environmental sustainability. While both diets share commonalities in their promotion of healthful and sustainable eating habits, the fundamental principles of the ELD take precedence in prioritizing the reduction of the environmental impact associated with dietary choices. Thus, the ELD emerges as an appealing option for individuals seeking a dietary approach that promotes health and demonstrates a steadfast commitment to sustainable practices on a global scale.

With improved living standards, residents' income, and urbanization, eating behavior of humans is gradually shifting to unhealthy diets that are high-energy, high-animal-origin, and ultra-processed (7). This dietary habit is threatening human health and environmental sustainability, and an unhealthy diet has become the largest burden to diseases and premature death, surpassing smoking and drinking (7). Therefore, in 2019, the EAT–Lancet Commission proposed a plant-based diet that was good for human health and environmental sustainability (7). The effectiveness of ELD has been confirmed by many studies. In terms of environmental sustainability, a meta-analysis by Springmann et al. (14) showed that compliance with the ELD was associated with a 42% reduction in greenhouse gas emissions and a 10% reduction in freshwater consumption. These advantages were further confirmed by the study of Cambeses-Franco et al. (29). In terms of human health, ELD has been believed to decrease the incidence and mortality from non-communicable diseases (NCDs) (7, 16, 18, 24, 29–31). In the Malmö Diet and Cancer study cohort, adherence to ELD can reduce the risk of type 2 diabetes by 18% (30). In the Swedish population, adherence to ELD can reduce the risk of coronary events by 20% (31) and can reduce the risk of all-cause mortality by 25%, cardiovascular disease death by 32%, and cancer-related death by 24% (24).

In previous research on ELD, only two studies involved the incidence of cancer (18, 32). Research by Laine et al. (32) showed that adherence to ELD over a 20-year period could effectively decrease 10%-39% of cancer risk in a large prospective cohort of the European Prospective Investigation into Cancer and Nutrition (EPIC). A prospective cohort study of the French population focused for the first time on ELD adherence and the risk of specific types of cancer. They found that adherence to ELD was associated with a decreased risk of lung cancer while not associated with the risk of breast cancer, prostate cancer, and CRC (18). In our study, we found a statistically significant association between adherence to ELD and the risk of CRC. The possible reason may be that the study populations were different: the study of Berthy et al. (18) was conducted in France, while our study was conducted in America. There was a difference in their dietary habits. Compared to the French, Americans are less likely to eat fruits and vegetables, which are determined by their respective cultural background (33).

ELD emphasizes the intake of vegetables, whole grains, fruits, unsaturated oils, legumes, nuts, and fish and limits the intake of beef and lamb, pork, poultry, eggs, potatoes, dairy, and added sugar. All the emphasized food components have been proven to reduce the CRC risk (34–38), and most of the restricted components, such as beef and lamb, pork, eggs, potatoes, and added sugar (6, 39–43), were reported to increase the CRC incidence. As for dairy, there are many types. Certain types, such as cheese and low-fat dairy, contribute to the prevention of CRC, while whole-fat dairy, which is the component we used to construct the ELD score, may increase the risk of CRC (44). The impact of an individual diet on disease is limited, but the synergies and interactions between multiple diets, combined with long-term accumulation, may eventually contribute to the onset, delay, or prevention of NCDs (45–47).

The occurrence of CRC is a heterogeneous process that is influenced by the environment, microbial exposure, diet, and host immunity. Evidence suggests that CRC is caused by gradual interference with changes in gut microbiota composition attributed to food composition or diet and changes in oncogenes and tumor suppressor genes (48). Intestinal microorganisms can promote CRC development by metabolizing food to produce different substances and causing chronic inflammation, affecting host immunity and genetic susceptibility of the body (48). These may help explain the impact of food on CRC.

Our study has some limitations. First, our study had fully adjusted covariates available in the PLCO Cancer Screening Trial. However, we could not rule out the possibility that our finding was biased by unmeasured or unrecognized confounders. Second, all diet-associated information used to calculate the ELD score was assessed using a questionnaire that was only collected once at baseline, without considering the change of dietary habits over time. However, a study has suggested that compared to assessing a dietary pattern using the cumulative averages, baseline diet data can help acquire a similar statistical association for disease risk analysis (49). Third, we found no significant interaction in the incidence of CRC between the ELD score and potential effect modifiers in subgroup analyses, so we cannot provide guidance for specific subgroups based on our results. Fourth, in the Cox regression analyses of subsite CRC, there was no statistically significant association between the ELD score and proximal colon cancer, distal colon cancer, or distal cancer. The reason may be attributed to the limited number of cancer cases in the proximal colon, distal colon, and rectum, leading to insufficient statistical power for these analyses. Finally, this study was conducted on Americans aged 55–74 years. It is unknown whether the result can be extended to populations of other ages or countries with different physical characteristics, dietary cultures, and genetic backgrounds, so more studies need to be conducted.



5. Conclusion

In conclusion, in American adults, great adherence to ELD is associated with decreased CRC risk in a linear dose-response manner. Our result supports the role of ELD in preventing CRC, which provides new evidence for ELD in cancer prevention. Therefore, it is crucial to publicize the ELD.
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Quartiles of ELD scores No. No. of cases Person-years Hazard ratio (95% confidence interval)
of participants

Unadjusted Model 12 Model 2>

Quartile 1 (<18) 25468 314 221736.80 100 (reference) | 100 (reference) | 1.0 (reference)
Quartile 2 (19-21) 26969 273 238353.80 0.81(069,0.95) | 0.79(0.67,093) | 0.81 (0.69,0.95)
Quartile 3 (22-24) 25611 266 22723070 083 (0.70,0.97) | 0.80(0.68,0.94) | 0.84 (0.70,0.99)
Quartile 4 (>25) 20367 201 180807.70 079 (0.66,0.94) | 0.74(0.62,0.89) | 0.81 (0.67,0.98)
P for trend 0.009 0.001 0034

* Adjusted for age (years), sex (male, femalc), and race (white, non-white). ® Adjusted for model 1 plus body mass index (kg/m?), smoking status (never, current or former), pack-year of smoking,
drinking status (no, yes), physical activity level (min/week), aspirin and ibuprofen consumption (o, yes), family history of colorectal cancer (no, yes), history of diverticulitis (no, yes), colorectal
polyps (no, yes), colon comorbidities (including ulcerative colitis, Crohn’s disease, Gardner’s syndrome, or familial polyposis) (no, yes), energy intake from diet (keal/day), protein intake from
dict (g/day), carbohydrate intake from diet (g/day), and fat intake from diet (g/day).
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Subgroup variable Hazard ratio (95% confidence interval) P for P for

EAT-lancet diet scores trend interaction
Person- Quartile1 Quartile2 Quartile 3 Quartile 4
years (<18) (19-21) (22-24) (=25)
Age (years) 0.528
<65 384 454117.86 | 1.00 (reference) | 0.70 (0.54,0.92) | 0.82 (0.63,1.09) | 0.74 (0.54, 1.02) 0.068
>65 670 41401115 | 1.00 (reference) | 0.89 (0.72,1.10) | 0.87 (0.70, 1.08) | 0.87 (0.68, 1.10) 0214
Sex 0270
Male 571 41149340 | 1.00 (reference) | 0.88 (0.72,1.09) | 0.88 (0.70, 1.10) | 0.74 (0.56,0.97) 0.037
Female 483 456635.61 | 1.00 (reference) | 0.70 (0.54,0.92) | 0.77 (0.60, 1.00) | 0.83 (0.63, 1.09) 0344
Body mass index (kg/m?) 0.582
<30 799 675555.72 | 1.00 (reference) | 0.80 (0.66,0.97) | 0.84 (0.69,1.03) | 0.76 (0.61,0.95) 0.027
>30 255 192573.28 | 1.00 (reference) | 0.84 (0.61,1.15) | 0.80 (0.57, 1.13) | 0.96 (0.65, 1.42) 0523
Physical activity (min/week) 0299
<medium® 651 430488.15 | 1.00 (reference) | 0.84 (0.69, 1.03) | 0.77 (0.62,0.96) | 0.82 (0.64, 1.06) 0.035
>medium® 403 437640.85 | 1.00 (reference) | 0.77 (0.57,1.03) | 0.95 (0.72,1.26) | 0.81 (0.59, 1.10) 0439
Smoking status 0.876
Never 470 422690.59 | 1.00 (reference) | 0.75 (0.59, 0.97) | 0.82 (0.64, 1.06) | 0.79 (0.60, 1.05) 0.182
Current/Former 584 44543842 | 1.00 (reference) | 0.85 (0.69,1.06) | 0.84 (0.67,1.06) | 0.81 (0.62, 1.05) 0.082
Drinker 0425
No 279 233353.73 | 1.00 (reference) | 0.70 (0.50,0.99) | 0.87 (0.62,1.23) | 0.87 (0.58, 1.30) 0744
Yes 775 63477527 | 1.00 (reference) | 0.86 (0.71,1.03) | 0.83 (0.68,1.02) | 0.81 (0.64, 1.01) 0.052
Regular consumption of aspirin 0.524
No 578 464200.11 | 1.00 (reference) | 0.76 (0.60,0.95) | 0.85 (0.68,1.07) | 0.78 (0.60, 1.01) 0.119
Yes 476 403928.90 | 1.00 (reference) | 0.87 (0.68, 1.10) | 0.81 (0.62,1.04) | 0.83 (0.62, 1.10) 0.124
Family history of colorectal cancer 0611
No 895 758790.68 | 1.00 (reference) | 0.83 (0.69,0.99) | 0.82 (0.68,0.98) | 0.81(0.66,1.00) 0.044
Yes/possible 159 109338.33 | 1.00 (reference) | 0.69 (0.45,1.06) | 0.92 (0.61, 1.41) | 0.74 (045, 1.22) 0.440
History of colorectal polyps 0.694
No 963 810317.57 | 1.00 (reference) | 0.81 (0.68,0.96) | 0.83 (0.69,0.99) | 0.79 (0.65,0.97) 0.026
Yes 91 5781144 | 1.00 (reference) | 0.78 (0.43,1.41) | 0.91 (0.51,1.63) | 1.00 (0.53, 1.88) 0.893
History of colorectal comorbidities 0455
No 1038 | 856685.97 | 1.00 (reference) | 0.80 (0.68,0.95) | 0.82 (0.69,0.98) | 0.81 (0.67,0.98) 0.033
Yes 16 11443.03 | 1.00 (reference) | 1.84 (0.41,8.17) | 2.20 (0.50,9.71) | 0.71 (0.10, 5.00) 0991
Energy intake from the diet (kcal/day) 0517
<Medium® 535 43454158 | 1.00 (reference) | 0.82 (0.64,1.04) | 0.92 (0.72,1.17) | 0.84 (0.64, 1.09) 0379
>Medium® 519 433587.42 | 1.00 (reference) | 0.82 (0.65, 1.02) | 0.75 (0.59,0.96) | 0.79 (0.60, 1.04) 0.029

The hazard ratio was adjusted for age (years), sex (male, female), race (white, non-twhite), body mass index (kg/m?), smoking status (never, current or former), pack-year of smoking, drinking
status (no, yes), physical activity level (min/week), aspirin and ibuprofen consumption (o, yes), family history of colorectal cancer (no, yes), history of diverticulitis (no, yes), colorectal
polyps (1o, yes), colon comorbidities (including ulcerative colitis, Crohn’s disease, Gardner's syndrome, or familial polyposis) (no, yes), energy intake from diet (kcal/day), protein intake from
dict (g/day), carbohydrate intake from dict (g/day), and fat intake from diet (g/day). *The median of physical activity is 104 min/weck. ®The median dictary energy intake in this study is
1615 keal/day.
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Quartiles of EAT-lancet diet scores

Q1 (<18) Q2 (19-21) Q3 (22-24) Q4 (=25)

N = 25,468 N = 26,969 N = 25,611 N = 20,367
ELD score 21.1944.10 16.07 £ 1.93 20.05 % 0.81 22924081 26914 2.02
Age 65.52£573 64.75 £ 5.64 65.50 £ 5.74 65.88 +5.73 66.05£5.73
Sex
Male 47,183 (47.94%) 15,615 (61.31%) 13,219 (49.02%) 10,620 (41.47%) 7,729 (37.95%)
Female 51,232 (52.06%) 9,853 (38.69%) 13,750 (50.98%) 14,991 (58.53%) 12,638 (62.05%)
Race
White 91,179 (92.65%) 24,491 (96.16%) 25,600 (94.92%) 23,777 (92.84%) 17,311 (85.00%)
Non-white 7,236 (7.35%) 977 (3.84%) 1,369 (5.08%) 1,834 (7.16%) 3,056 (15.00%)
BMI (kg/m?) 27.20 £ 4.79 27.84 474 27.46 £ 4.79 27.07 £4.80 2621 £4.65

Smoke status

Never 47,216 (47.98%) 10,595 (41.60%) 12,851 (47.65%) 12,986 (50.70%) 10,784 (52.95%)
Current/former 51,199 (52.02%) 14,873 (58.40%) 14,118 (52.35%) 12,625 (49.30%) 9,583 (47.05%)
Pack years of smoking 17.49 £ 2639 23.07 4+ 3044 17.68 £ 2632 15.28 £ 2429 13.03 £21.98
Drinking

No 26,666 (27.10%) 6,399 (25.13%) 6,962 (25.81%) 7,026 (27.43%) 6,279 (30.83%)
Yes 71,749 (72.90%) 19,069 (74.87%) 20,007 (74.19%) 18,585 (72.57%) 14,088 (69.17%)

Use aspirin regularly

No 52,218 (53.06%) 13,373 (52.51%) 14,323 (53.11%) 13,487 (52.66%) 11,035 (54.18%)

Yes 46,197 (46.94%) 12,095 (47.49%) 12,646 (46.89%) 12,124 (47.34%) 9,332 (45.82%)

Use ibuprofen Regularly

No 70,843 (71.98%) 18,171 (71.35%) 19,209 (71.23%) 18,414 (71.90%) 15,049 (73.89%)
Yes 27,572 (28.02%) 7,297 (28.65%) 7,760 (28.77%) 7,197 (28.10%) 5,318 (26.11%)
Physical activity (min/week) 122.03 £ 108.98 104.30 £ 101.93 116.51 £ 105.53 126.85 £ 109.28 145.45 £ 116.69
Arm

Intervention 50,113 (50.92%) 12,701 (49.87%) 13,715 (50.85%) 13,086 (51.10%) 10,611 (52.10%)
Control 48,302 (49.08%) 12,767 (50.13%) 13,254 (49.15%) 12,525 (48.90%) 9,756 (47.90%)

Family history of colorectal cancer

No 86,008 (87.39%) 22,207 (87.20%) 23,481 (87.07%) 22,467 (87.72%) 17,853 (87.66%)

Yes/possibly 12,407 (12.61%) 3,261 (12.80%) 3,488 (12.93%) 3,144 (12.28%) 2,514 (12.34%)

Had colonoscopy or test for blood in stool in past 3 years.

No 55,017 (55.909%) 15,606 (61.28%) 15,089 (55.95%) 13,842 (54.05%) 10,480 (51.46%)

Yes 43,398 (44.10%) 9,862 (38.72%) 11,880 (44.05%) 11,769 (45.95%) 9,887 (48.54%)

History of diverticulitis

No 91,783 (93.26%) 23,915 (93.90%) 25,082 (93.00%) 23,832 (93.05%) 18,954 (93.06%)

Yes 6,632 (6.74%) 1,553 (6.10%) 1,887 (7.00%) 1,779 (6.95%) 1,413 (6.94%)

History of colon-related comorbidity

No 97,109 (98.67%) 25,113 (98.61%) 26,634 (98.76%) 25,272 (98.68%) 20,090 (98.64%)

Yes 1,306 (1.33%) 355 (1.39%) 335 (1.24%) 339 (1.32%) 277 (1.36%)

History of colorectal polyps

No 91,874 (93.35%) 23,791 (93.42%) 25,166 (93.31%) 23,926 (93.42%) 18,991 (93.24%)

Yes 6,541 (6.65%) 1,677 (6.58%) 1,803 (6.69%) 1,685 (6.58%) 1,376 (6.76%)

History of hypertension

No 66,613 (67.69%) 17,388 (68.27%) 18,078 (67.03%) 17,181 (67.08%) 13,966 (68.57%)

Yes 31,802 (32.31%) 8,080 (31.73%) 8,891 (32.97%) 8,430 (32.92%) 6,401 (31.43%)

History of heart attack

No 90,356 (91.81%) 23,332 (91.61%) 24,820 (92.03%) 23,537 (91.90%) 18,667 (91.65%)
Yes 8,059 (8.19%) 2,136 (8.39%) 2,149 (7.97%) 2,074 (8.10%) 1,700 (8.35%)
Food energy from diet (keal/day) 1728.59 % 658.00 1874.06 % 694.00 1749.03 % 660.54 1652.40 % 625.11 161541 % 611.27
Protein from diet (g/day) 96.48 £ 18.29 97.25 £ 19.08 96.84 £ 18.39 96.60 + 17.86 94.90 + 17.56
Carbohydrate from diet (g/day) 324.96 %+ 58.52 30229+ 5343 318.98 4+ 55.64 33299+ 5597 35111+ 50.04
Total fat from diet (g/day) 88.28 2088 95.44 % 19.19 89.67+19.95 85.58 £ 20.44 80.88 2153
Fiber intake from diet (g/day) 11.86 £ 5.45 9.46 % 4.06 1124 £ 469 1254 £528 1482+ 6.44

Components of ELD score (g/day)

Vegetables 315.39 +221.43 183.93 £ 123.41 274.36 % 167.06 361.36 +213.12 476.29 + 267.26
Fruits 276.34 % 218.69 149.09 + 135.33 247.30 & 183.02 322.80 +210.57 415.46 + 254.27
Unsaturated oils 2394472 1.79+3.34 2024375 2.36 + 4.50 3.64 £6.88
Legumes 52.92 +61.84 27.64+25.81 42.57 +37.82 58.36 +53.21 91.40 £ 98.65
Nuts 13.45£19.04 8.60 & 11.61 1148 £ 1578 14.18 £19.50 21.21 £26.09
‘Whole grains 94.15 £ 91.02 55.37 & 51.28 79.95 £ 71.12 103.95 £ 89.74 149.13 £ 120.96
Fish 22.84+24.71 14.74 £ 1593 20.09 +19.77 2518 £25.29 33.66 = 33.08
Beef and lamb 53.58 +33.15 65.23 £ 35.35 57.56 £ 32.23 50.56 £ 29.95 37.53 £28.01
Pork 8.59 £ 10.88 1226 £13.63 9.35410.75 7.22£8.93 472717
Poultry 52.45+53.91 51.76 & 51.48 54.08 & 53.67 53.96 + 55.19 49.27 £ 55.39
Eggs 20.98 £25.39 29.71 %+ 30.09 22.04 £25.40 17.77 £22.36 12.68 £17.91
Dairy 399.51£373.77 471.35 £ 423.48 421.29 £ 382.57 381.42 £ 348.62 303.59 £ 295.80
Potatoes 87.49 +65.32 106.49 £ 73.75 92.51 % 65.60 81.36 £ 59.05 64.81 £51.87
Added sugar 71.16 £ 37.21 84.34 £ 45.15 73.33 £36.51 66.58 £ 31.42 57.59 £ 26.50

*Values are mean = standard deviation or counts (percentage) as indicated.
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Categories

No. of
participants

No. of
cases

Hazard ratio (95% confidence interval) of the
EAT-lancet diet Scores?

Quartile 1
(=18)

Quartile 2
(19-21)

Quartile 3
(22-24)

Quartile 4
(=25)

P for
trend

participants with unfilled data

Excluded participants with a 91,950 952 1.00 (reference) 079 (0.67,0.94) | 0.82(0.69,0.98) | 0.81(0.66,0.99) 0.044
history of diabetes®

Excluded participants with a 90,356 953 1.00 (reference) 0.79 (0.66, 0.94) 0.83 (0.69, 0.99) 0.80 (065, 0.97) 0.035
history of heart attack®

Excluded participants had 55,017 594 1.00 (reference) 090 (0.73,1.11) | 0.83(0.66,1.04) | 0.64(0.48,0.84) 0.001
colonoscopy or test for blood

in stool in the past 3 years®

Excluded participants 98,180 819 1.00 (reference) 0.84 (0.69, 1.01) 0.85 (0.70, 1.03) 0.79 (0.63, 0.98) 0.040
diagnosed in 2 years

Repeated analysis of 98,415 1,054 1.00 (reference) 0.84 (0.69,1.04) | 0.79(0.63,0.98) | 0.77 (0.60,0.99) 0.024

SHR was adjusted for age, sex (male and female), race (white, non-white), body mass index (kg/m?2), smoking status (never, current or former), pack-year of smoking, drinking status (no, yes),
physical activity level (min/week), aspirin and ibuprofen consumption (no, yes), family history of colorectal cancer (no, yes), history of diverticulitis (no, yes), colorectal polyps (no, yes), colon
comorbidities (o, yes), energy intake from diet (keal/day), protein intake from dict (g/day), carbohydrate intake from dict (g/day), and fat intake from dict (g/day). The hazard ratio was not
adjusted for a history of diabetes. “The hazard ratio was not adjusted for a history of heart attack. ¢ Hazard ratio did not exclude participants who had colonoscopies or tests for blood in stool in

the past 3 years.
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