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Background: The association between dietary intake of foods of animal origin and follicular lymphoma (FL) risk and survival is uncertain. In this study, we examined the relationship between dietary intake of dairy foods and fats, meat, fish and seafoods, and the likelihood of FL and survival.

Methods: We conducted a population-based family case-control study in Australia between 2011 and 2016 and included 710 cases, 303 siblings and 186 spouse/partner controls. We assessed dietary intake of animal products prior to diagnosis (the year before last) using a structured food frequency questionnaire and followed-up cases over a median of 6.9 years using record linkage to national death data. We examined associations with the likelihood of FL using logistic regression and used Cox regression to assess association with all-cause and FL-specific mortality among cases.

Results: We observed an increased likelihood of FL with increasing daily quantity of oily fish consumption in the year before last (highest category OR = 1.96, CI = 1.02–3.77; p-trend 0.06) among cases and sibling controls, but no associations with spouse/partner controls. We found no association between the likelihood of FL and the consumption of other types of fish or seafood, meats or dairy foods and fats. In FL cases, we found no association between meat or oily fish intake and all-cause or FL-specific mortality.

Conclusion: Our study showed suggestive evidence of a positive association between oily fish intake and the likelihood of FL, but findings varied by control type. Further investigation of the potential role of environmental contaminants in oily fish on FL etiology is warranted.
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Introduction

Follicular lymphoma (FL) is an indolent type of non-Hodgkin lymphoma (NHL), accounting for 20–25% of incident NHLs diagnosed in Western countries (1). FL is most common in middle-aged and elderly individuals, with a median age at diagnosis of 61 years (2). The etiology of FL is not fully understood but risk increases with age, family history, smoking and pesticide exposure (3–5).

Food consumption represents a major route for exposure to chemical environmental contaminants, including pesticides. Findings from studies examining representative food samples have found high levels of organochlorine pesticides in foods of animal origin (6–10). The association between the consumption of animal-based products and FL risk has been examined in cohort (11–15) and case-control (16–20) studies with inconsistent findings. Most of the studies were limited by small sample size, variation in dietary assessment, changes in dietary habits and food composition over time, and recall bias. Whilst meta-analyses reported no association between FL risk and intake of red meat, white meat or processed meat, fish and seafoods, total dietary fat, poultry and eggs, or dairy products (21–27), some individual studies have observed dose-response trends and excess risk with the highest category of intake of poultry (13), red meat (18), “fat and meat” (14), and “meat, fat, and sweets” (17), whilst one study reported an inverse association with processed meat intake (13). The only prior study to examine the relationship between consumption of animal-based products and FL-specific mortality found an inverse association with the highest category of fish intake, but no association with the consumption of red meat, processed meat or dairy products (28).

To further investigate these associations, we carried out a population-based, family case-control study to examine the relationship between the dietary intake of dairy foods and fats, meat, fish, and seafoods, and the likelihood of FL and survival after FL diagnosis in an Australian cohort. We hypothesized the likelihood of FL may be associated with the consumption of animal products, and to a greater extent with fish than other food types given higher levels of organochlorine pesticide contamination in fish and seafoods compared to other foods of animal origin (6–8).



Materials and methods


Study sample

Eligible cases were aged between 20 and 74 years, resident in New South Wales (NSW) or Victoria, diagnosed with FL between 2011 and 2016, and ascertained following notification to the NSW or Victoria population-based cancer registry. Notification of new cancer cases to these registries are required by statute. Cases were eligible if they had histologically confirmed FL, no history of prior haematopoietic malignancy and provided informed consent. A total of 1,791 cases were identified. Of these, 213 cases with low confidence in the diagnosis based on pathology report review, underwent diagnostic slide review by an expert histopathologist (JT) (29), identifying 13 ineligible cases where the pathological diagnosis could not be confirmed. Of the remaining 1,778 eligible and contactable cases, 733 (41.2%) declined and 1,045 (58.8%) consented to be approached by the study coordinating center. Of those approached by the study, 77 cases could not be reached, 770 (79.5%) were enrolled and 198 (20.5%) declined. Of those enrolled, 710 cases (92.2%) completed the diet questionnaire (Supplementary Figure 1).

During recruitment, case participants were asked for consent to invite their family members to participate as controls in the study. Eligible controls were related (siblings) or unrelated (spouse/partner) family members of cases, aged between 20 and 74 years with no history of haematopoietic malignancy who were able to give informed consent. When a case had multiple siblings, those of the same sex and closest in the age were approached first. Where cases had no siblings or consenting siblings, they nominated their spouse/partner. Of those approached, 65 controls were unreachable for a response. A total of 517 (80.0%) controls were enrolled and 130 (20.0%) declined. The participation rate for sibling and spouse controls were 80.0 and 79.8%, respectively. Of those enrolled, 489 (94.6%) controls completed the diet questionnaire (Supplementary Figure 1).

Ethics approval for this study was obtained from the NSW Population and Health Services Research Ethics Committee (2011/07/337) and the Cancer Council Victoria Human Research Ethics Committee (HREC approval number 1114).


Dietary assessment

Participants completed a structured food frequency questionnaire adapted from a validated FFQ (30) focused on their usual dietary intake of animal products in the year before last (i.e., in the 2 years before enrolment for controls or FL diagnosis for cases) including: the type of margarine (none, butter blends, canola, olive oil, polyunsaturated, soy, sterol margarine), the type of milk [none, full milk, reduced fat milk (1–3% fat), skim milk (<1% fat)], the quantity of milk/day (none, <125 ml, about 125 ml, about 250 ml, about 500 ml, ≥750 ml), the frequency of intake of dairy foods and fats, meat, fish and seafood (none, <once/month, 1–3 times/month, 1 time/week, 2 times/week, 3–4 times/week, 5–6 times/week, 1 time a day, 2 times a day, ≥3 times a day). Types of dairy food included ricotta or cottage cheese, all other cheeses, cream or sour cream, ice cream and yogurt, while fat intake included oil, butter or margarine on cooked vegetables or salad dressing.

Participants recorded the type of meat consumed, including beef or veal, chicken, lamb, pork, sausages, processed meat and bacon, while fish and seafood intake included oily fish (fresh, smoked or tinned salmon, trout, herring, sardines, mackerel, eel), tuna, white fish (whiting, flathead, blue eye, ling, dory, flake), crustaceans (shrimp, prawns, crayfish, bugs, crabs), shellfish (oysters, mussels, scallops, clams, abalone), and other seafood (squid, cuttlefish, octopus). Participants reported the quantity (per serving) of fish and seafood usually consumed (none, <60 g, about 60 g, about 90 g, about 120 g, about 150 g, about 180 g, >180 g), with detailed information about the usual serving size for each type of fish and seafood. For meat, photographs of three different portion sizes were included in the questionnaire (Appendix 1). The portion sizes of meat were obtained from the Dietary Calibration Study, a sub sample of the Melbourne Collaborative Cohort Study (30).

We collected data on participants height, weight, and history of personal smoking at enrolment using a structured questionnaire. We calculated BMI (kg/m2) using the standard formula and categorized individuals as underweight (<18.5), normal weight (18.5–24.9), overweight (25.0–29.9), or obese (≥30) (31).



Case clinical and outcome data

We collected case clinical data from the treating clinicians including stage of disease (Ann Arbor criteria; I–IV), serum levels of lactate dehydrogenase ( ≤ or >institutional normal range), hemoglobin (<12 or ≥12 g/dL), number of areas of lymph node involvement (<5 or ≥5), β2-microglobulin ( ≤ or >normal range), largest nodal diameter ( ≤6 or >6 cm), and bone marrow involvement by lymphoma (no, yes, unknown) to allow the calculation of the Follicular Lymphoma International Prognostic Index (FLIPI/FLIPI-2) (32). Clinicians also provided the date and type of first-line treatment (none, radiotherapy, and/or chemotherapy). We extracted histologic grade (1-3B) from pathology reports.

We ascertained deaths to 05/11/2020 through probabilistic record linkage with the National Death Index by the Australian Institute of Health and Welfare.




Statistical analysis
 
Likelihood of FL

We categorized the type of margarine as animal-based only, plant-based only, or animal- and plant-based. We classified the type of milk as full cream or low-fat milk. We then converted the volume (ml) of milk consumed into grams per day. We categorized the grams per day intake of all food types into tertiles using the distribution among exposed controls in each model. We used the never category (in the year before last) as the reference group in most analyses, while we used the highest category of meat intake as the reference group in the meat intake models.

We calculated the average grams of each type of meat consumed per day for each participant by multiplying the standard serving size (grams) (30) of each meat type (Appendix 2) by the scaled average portion size (Appendix 3) (30). We then multiplied the average weight of meat by the daily equivalent frequency (Appendix 4) to obtain the grams per day intake of each meat type. These values were summed to obtain the total daily quantity of meat consumed (grams per day). For fish and seafood, we calculated the grams per day intake of each type of fish or seafood by multiplying the quantity (grams) by the daily equivalent frequency (Appendix 4). We summed these values to obtain the total daily quantity of any fish or seafood intake (grams per day).

We estimated the odds ratios (ORs) and 95% confidence intervals (CI) for the association between dietary intake and FL risk among cases and matched sibling controls using conditional logistic regression models (33). We used the robust estimate of variance to allow for clustering within sibships. We also used unconditional logistic regression to estimate the association between dietary intake and FL risk using all cases and all spouse controls (33). We reviewed the literature and generated directed acyclic graphs (DAGs) (34) to guide the inclusion of confounders (Supplementary Figure 2). Our DAG suggested adjusting for smoking status (never, former, current), and we additionally adjusted for age (years), sex (male, female), ethnicity (Caucasian, others), and state (NSW, Victoria) in our multivariable models, based on our study design. We did not adjust for BMI because it is on the causal pathway between dietary intake and FL.



All-cause or FL-specific mortality

Follow-up of the cases began at the date of FL diagnosis and ended at death or end of follow-up (05/11/2020), whichever came first. We estimated hazard ratios (HRs) with 95% CI for all-cause and FL-specific mortality using Cox proportional hazard regression models. We used DAGs (Supplementary Figure 3) to guide inclusion of confounders, and adjusted for age, sex, ethnicity, and state in the basic models. We further adjusted for smoking status (never, former, current) in the fully adjusted model. We assessed the Cox proportional hazard assumption for all exposures and covariates using Schoenfeld residuals and observed no violation.

We performed multiple imputation (range 2–20) by chained equations under the assumption that missing values were missing at random (35). We performed two sensitivity analyses: restriction to cases and controls with no missing data in all models; cases matched to their spouse controls using conditional logistic regression. We tested the level of statistical significance for the categories of exposures (p-value). Where appropriate, we tested the linear trend of the associations with categorical variables by fitting the median value corresponding to each category and modeling this as a continuous variable. All statistical analyses were performed using STATA software, version 15.0 (STATA Corp., College Station, TX). All statistical tests analyses were two-sided and P < 0.05 was considered statistically significant.





Results

Table 1 shows the characteristics of study participants. The median age was 60.8 [interquartile range (IQR) 52.5–67.1] years for cases, 59.3 (IQR 51.4–65.0) years for sibling controls, and 62.6 (53.9–68.3) years for spouse controls. A total of 468 cases had no sibling controls. Approximately 48% of cases and 59% of controls were female, and most (93%) were Caucasian. Data on types of margarine and cow milk, dairy foods and fats, meat and fish intake were missing for 1.7, 0.4, 4.4, 3.8 and 5.4% of participants, respectively.


TABLE 1 Characteristics of follicular lymphoma cases and controls.
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Likelihood of FL
 
Dairy foods and fats

In all models we observed no association between the likelihood of FL and the type of margarine, the daily quantity of cow milk intake, or the frequency of dairy foods and fats consumed in the year before last (Supplementary Tables 1, 2).



Meat consumption

We found no relationship between the likelihood of FL and the daily quantity of any type of meat consumed (Tables 2, 3).


TABLE 2 Odds ratios and 95% confidence intervals for the likelihood of FL in relation to meat consumed in the year before last among cases and sibling controls.
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TABLE 3 Odds ratios and 95% confidence intervals for the likelihood of FL in relation to meat consumed in the year before last among cases and spouse controls.
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Fish and seafood consumption

We observed an elevated likelihood of FL with increasing daily quantity of oily fish consumed [highest category (>12.9 g/day) OR = 1.96, CI = 1.02–3.77 relative to never consumers; p-trend 0.06] among cases and sibling controls (Table 4), but no association in the analysis using spouse controls (Table 5). We found no association between the likelihood of FL and the intake of other fish or seafood types (Tables 4, 5).


TABLE 4 Odds ratios and 95% confidence intervals for the likelihood of FL in relation to fish and seafood consumed in the year before last among cases and sibling controls.
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TABLE 5 Odds ratios and 95% confidence intervals for the likelihood of FL in relation to fish and seafood consumed in the year before last among cases and spouse controls.
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Case all-cause and FL-specific mortality

The median follow-up period was 6.9 (IQR = 5.8–8.2) years. During follow-up, a total of 48 (6.8%) cases died, and of these 22 (45.8%) were FL-related deaths. We found no association between the meat or oily fish intake and all-cause or FL-specific mortality (Table 6).


TABLE 6 Hazard ratios and 95% confidence intervals for all-cause and FL-specific mortality in relation to dietary pattern 2 years prior to enrolment.
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Sensitivity analyses

Results from imputed analyses were consistent with findings without imputations (Supplementary Tables 3a–f). Findings from matched case-spouse control pairs using conditional regression showed similar ORs with the unconditional logistic regression models with all cases and all spouse controls (Supplementary Tables 4a–c).




Discussion

In this population-based family case-control study, we observed an elevated likelihood of FL with increasing daily quantity of oily fish intake for cases compared to matched sibling controls. We found no association between the likelihood of FL and the consumption of other types of fish or seafood, meats or dairy foods and fats. Overall, the odds ratios for cases and spouse controls appeared attenuated toward the null for most exposures compared to the case-sibling pairs. We found no association between meat intake and case all-cause or FL-specific mortality.

Our findings of a positive association with the intake of oily fish and likelihood of FL contrasts with results from the only similar prior study (19). Chang et al. (19) in a Swedish case-control study, observed no association between FL risk and the highest category of fatty fish intake (≥3 servings/day of salmon, mackerel, herring; n = 4 exposed cases) or any fish intake (≥3 servings/day; n = 11 exposed cases) 2 years before enrolment. The null finding with oily fish intake (and other types of animal-based food products) among cases and spouse controls in our study may be due to the strong concordance of dietary patterns between spouses compared to between adult siblings (36). Spouses tend to influence each other's diet and eating behavior (37–39). Results from a cohort study examining the association between FL risk and any fish intake was also null (11). Meanwhile, Daniel et al. (12) in the US National Institutes of Health and the American Association of Retired Persons (NIH-AARP) Diet and Health Study observed that any fish intake above the first quintile (Q1) appeared to be associated with an increased risk of FL (e.g., HR = 1.41, CI = 1.10–1.82; Q2 vs. Q1) but risk was attenuated across the upper categories of intake (HR = 1.27, CI = 0.97–1.65; p-trend = 0.19; Q5 vs. Q1).

Given that fish is considered part of a healthy diet, definitive evidence would be required to recommend reduction of consumption. Fish oil contains omega−3 polyunsaturated fatty acids which have been shown to have a beneficial effect in reducing inflammatory and cardiovascular diseases (40, 41). However, fat-soluble environmental contaminants may concentrate in fatty tissues of fish through bioaccumulation and biomagnification processes (42). Organochlorine pesticides (OCPs) were produced and used in Australia until the early 1990s when their use was largely phased out (43). Even though OCPs have been banned for 30 years, their lipophilic properties and long half-lives allows them to bioaccumulate and persist in the environment, providing opportunities for continued exposure through dietary, environmental and occupational sources (44). Several studies have documented a higher level of OCP contamination in fish and seafoods compared to other foods of animal origin (6–8). Results from a Swedish study that measured OCP concentrations in six food groups (fish, meat, dairy products, egg, fats/oils, and pastries) showed higher levels of dichlorodiphenyldichloroethylene (DDE) and dichlorodiphenyltrichloroethane (DDT) in fish compared to the other food groups (7), similar to findings from Australian (6) and US (8) studies that examined OCPs in nine food groups and 31 food types, respectively. Furthermore, findings from occupational studies showed an elevated FL risk with organochlorine pesticide exposure (45–47), while meta-analyses of observational studies showed a positive association between plasma organochlorine DDE (5) and self-reported DDT (48) exposure, and FL risk.

We found no association between the likelihood of FL and intake of dairy foods and fats or meat, consistent with some cohort (12, 15) and case-control (16, 19, 20) studies. In contrast, Rohrmann et al. (13) in the European Prospective Investigation into Cancer and Nutrition Study found an increased risk of FL with the highest category of poultry intake (n = 29; HR = 1.80, CI = 1.07–3.04, ≥40 g/day vs. <10 g/day), and an inverse association with the highest category of processed meat consumption (HR = 0.31, CI = 0.10–0.94, ≥80 g/day vs. <20 g/day), based on four exposed cases; the trends in risk for increasing poultry and processed meat intake were statistically significant. Erber et al. (14) in the US multiethnic cohort study reported a significant trend and elevated FL risk the highest category of “fat and meat” intake (HR = 5.16, CI = 1.33–20.00) in men based on a small number of exposed cases (n = 12) but no association for women. Similarly, two small US case-control studies (17, 18) reported a dose-response and increased risk with high intakes of meat and fat.

We found no association between meat or oily fish intake and all-cause or FL-specific mortality, partly consistent with the only prior study (28). Leo et al. (28) in the US multiethnic cohort study reported no association between FL-specific mortality and red meat, processed meat or dairy product intake, and an inverse association with the highest category of fish intake (HR = 0.29, CI = 0.13–0.64; ≥9.2 g/4,184 KJ/day).

To our knowledge, no previous studies have used a population-based family design to investigate the relationship between dietary exposures and likelihood of FL. Family members are usually more willing to participate as controls compared with traditional case-control studies, thus reducing potential bias that may arise from non-participation (49). All cases were histologically confirmed and linked to the NSW and Victoria population-based cancer registries for affirmation. In addition, we used a validated food frequency questionnaire (FFQ) for the assessment of diet (30).

Our study has several limitations. There is possible correlation of exposure between cases and spouse/partner controls as they are more likely to live together and share similar diets, causing the odds ratios for these case/control pairs to be biased toward the null (37, 39). There is also possible correlation of exposures among cases and sibling controls as they likely grew up in the same childhood environment, thus may share similar dietary or eating habits (50). Whilst we accounted for clustering within sibships in our analyses, the concordance as expected was stronger among cases and spouse controls because we assessed recent diet and not total lifetime exposure. We acknowledge that not all those who were eligible agreed to participate and the non-participation may have biased our results. As typical of studies using FFQ to assess dietary intake, reliance on the participants' memory to recall history of food consumed may have resulted in measurement error and biased our odds ratios toward the null. This is particularly the case for fish and seafood where text descriptions of serving sizes were given, while pictures were provided for meat serving sizes. In addition, it is possible cooking procedures may reduce contaminants in foods (51), and we did not collect data on cooking methods. We also acknowledge the multiplicity of our analyses may have resulted in chance findings, despite our a priori focus on animal products rather than a full dietary assessment. Lastly, we could not assess associations with FL-specific mortality due to the small number of cases.

In conclusion, our findings are consistent with most previous observational studies in showing no association with the intake of meat, dairy foods and fats, and likelihood of FL and survival. Our study showed suggestive evidence of an association between oily fish intake and increased likelihood of FL. Further prospective studies or pooled analyses are needed to comprehensively evaluate the role of environmental contaminants in oily fish on the etiology FL.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by NSW Population and Health Services Research Ethics Committee (2011/07/337) and Cancer Council Victoria Human Research Ethics Committee (HREC approval number 1114). The patients/participants provided their written informed consent to participate in this study.



Author contributions

ML, JTu, FB, JS, HP, SM, MHe, JTr, SO, RL, FR, EV, MHa, CT, CU, GB, GG, and CV: conceptualization. ML, MO, JB, JTu, FB, JS, HP, SM, MHe, JTr, SO, RL, FR, EV, MHa, CT, CU, GB, GG, and CV: methodology and writing—review and editing. MO: formal analysis and writing—original draft preparation. ML and CV: supervision. CV: project administration and funding acquisition. All authors have read and agreed to the published version of the manuscript.



Funding

This study was supported by the National Health and Medical Research Council of Australia (ID 1006707). The National Health and Medical Research Council also supported ML (ID 1012141). MO was supported by a University of New South Wales International Postgraduate Award Scholarship through the Australian Government Research Training Program, and a Cancer Institute New South Wales Translational Cancer Research Network PhD Scholarship Top-up award.



Acknowledgments

The authors thank the study participants and the participating clinical sites and clinicians including Dr. Duncan Carradice, Dr. Cecily Forsyth, Dr. Pauline Warburton, and Dr. William Stevenson. We acknowledge the Victorian Cancer Registry and NSW Cancer Registry for supporting patient recruitment. We also acknowledge the assistance of the AIHW Data Linkage Unit for undertaking the data linkage to the National Death Index.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2022.1048301/full#supplementary-material



References

 1. Carbone A, Roulland S, Gloghini A, Younes A, von Keudell G, López-Guillermo A, et al. Follicular lymphoma. Nat Rev Dis Prim. (2019) 5:83. doi: 10.1038/s41572-019-0132-x

 2. Jayasekara H, Karahalios A, Juneja S, Thursfield V, Farrugia H, English DR, et al. Incidence and survival of lymphohematopoietic neoplasms according to the World Health Organization classification: a population-based study from the Victorian Cancer Registry in Australia. Leuk Lymphoma. (2010) 51:456–68. doi: 10.3109/10428190903552104

 3. Linet MS, Vajdic CM, Morton LM, de Roos AJ, Skibola CF, Boffetta P, et al. Medical history, lifestyle, family history, and occupational risk factors for follicular lymphoma: the InterLymph Non-Hodgkin Lymphoma Subtypes Project. J Natl Cancer Inst Monogr. (2014) 2014:26–40. doi: 10.1093/jncimonographs/lgu006

 4. Odutola MK, van Leeuwen MT, Turner J, Bruinsma F, Seymour JF, Prince HM, et al. Associations between smoking and alcohol and follicular lymphoma incidence and survival: a family-based case-control study in Australia. Cancers. (2022) 14:2710. doi: 10.3390/cancers14112710

 5. Odutola MK, Benke G, Fritschi L, Giles GG, van Leeuwen MT, Vajdic CM. A systematic review and meta-analysis of occupational exposures and risk of follicular lymphoma. Environ Res. (2021) 197:110887. doi: 10.1016/j.envres.2021.110887

 6. Kannan K, Tanabe S, Williams RJ, Tatsukawa R. Persistent organochlorine residues in foodstuffs from Australia, Papua New Guinea and the Solomon Islands: contamination levels and human dietary exposure. Sci Total Environ. (1994) 153:29–49. doi: 10.1016/0048-9697(94)90099-X

 7. Darnerud PO, Atuma S, Aune M, Bjerselius R, Glynn A, Grawé KP, et al. Dietary intake estimations of organohalogen contaminants (dioxins, PCB, PBDE and chlorinated pesticides, e.g. DDT) based on Swedish market basket data. Food Chem Toxicol. (2006) 44:1597–606. doi: 10.1016/j.fct.2006.03.011

 8. Schecter A, Colacino J, Haffner D, Patel K, Opel M, Päpke O, et al. Perfluorinated compounds, polychlorinated biphenyls, and organochlorine pesticide contamination in composite food samples from Dallas, Texas, USA. Environ Health Perspect. (2010) 118:796–802. doi: 10.1289/ehp.0901347

 9. Hong Kong Centre for Food Safety Food and Environmental Hygiene. The First Hong Kong Total Diet Study: Organochlorine Pesticide Residues. Report 8. Hong Kong (2014).

 10. Food Standards Australia New Zealand. Food Standards - the 20th Australian Total Diet Survey. Canberra: FSANZ (2003). Available from: http://www.foodstandards.gov.au/_srcfiles/Final_20th_Total_Diet_Survey.pdf (accessed May 12, 2022).

 11. Shimomura Y, Sobue T, Zha L, Kitamura T, Iwasaki M, Inoue M, et al. Association between meat, fish, and fatty acid intake and non-Hodgkin lymphoma incidence: the Japan Public Health Center-Based Prospective Study. J Nutr. (2022) 152:1895–906. doi: 10.1093/jn/nxac122

 12. Daniel CR, Sinha R, Park Y, Graubard BI, Hollenbeck AR, Morton LM, et al. Meat intake is not associated with risk of non-Hodgkin lymphoma in a large prospective cohort of U.S. men and women. J Nutr. (2012) 142:1074–80. doi: 10.3945/jn.112.158113

 13. Rohrmann S, Linseisen J, Jakobsen MU, Overvad K, Raaschou-Nielsen O, Tjonneland A, et al. Consumption of meat and dairy and lymphoma risk in the European Prospective Investigation into Cancer and Nutrition. Int J Cancer. (2011) 128:623–34. doi: 10.1002/ijc.25387

 14. Erber E, Maskarinec G, Gill JK, Park SY, Kolonel LN. Dietary patterns and the risk of non-Hodgkin lymphoma: the multiethnic cohort. Leuk Lymphoma. (2009) 50:1269–75. doi: 10.1080/10428190903030841

 15. Bertrand KA, Giovannucci E, Rosner BA, Zhang SM, Laden F, Birmann BM. Dietary fat intake and risk of non-Hodgkin lymphoma in 2 large prospective cohorts. Am J Clin Nutr. (2017) 106:650–56. doi: 10.3945/ajcn.117.155010

 16. Charbonneau B, O'Connor HM, Wang AH, Liebow M, Thompson CA, Fredericksen ZS, et al. Trans fatty acid intake is associated with increased risk and n3 fatty acid intake with reduced risk of non-hodgkin lymphoma. J Nutr. (2013) 143:672–81. doi: 10.3945/jn.112.168658

 17. Ollberding NJ, Aschebrook-Kilfoy B, Caces DB, Smith SM, Weisenburger DD, Chiu BC. Dietary patterns and the risk of non-Hodgkin lymphoma. Public Health Nutr. (2014) 17:1531–7. doi: 10.1017/S1368980013001249

 18. Aschebrook-Kilfoy B, Ollberding NJ, Kolar C, Lawson TA, Smith SM, Weisenburger DD, et al. Meat intake and risk of non-Hodgkin lymphoma. Cancer Causes Control. (2012) 23:1681–92. doi: 10.1007/s10552-012-0047-2

 19. Chang ET, Bälter KM, Torrång A, Smedby KE, Melbye M, Sundström C, et al. Nutrient intake and risk of non-Hodgkin's lymphoma. Am J Epidemiol. (2006) 164:1222–32. doi: 10.1093/aje/kwj330

 20. Chang ET, Smedby KE, Zhang SM, Hjalgrim H, Melbye M, Ost A, et al. Dietary factors and risk of non-hodgkin lymphoma in men and women. Cancer Epidemiol Biomarkers Prev. (2005) 14:512–20. doi: 10.1158/1055-9965.EPI-04-0451

 21. Caini S, Masala G, Gnagnarella P, Ermini I, Russell-Edu W, Palli D, et al. Food of animal origin and risk of non-Hodgkin lymphoma and multiple myeloma: a review of the literature and meta-analysis. Crit Rev Oncol Hematol. (2016) 100:16–24. doi: 10.1016/j.critrevonc.2016.02.011

 22. Han TJ, Li JS, Luan XT, Wang L, Xu HZ. Dietary fat consumption and non-Hodgkin's lymphoma risk: a meta-analysis. Nutr Cancer. (2017) 69:221–8. doi: 10.1080/01635581.2017.1263753

 23. Solimini AG, Lombardi AM, Palazzo C, De Giusti M. Meat intake and non-Hodgkin lymphoma: a meta-analysis of observational studies. Cancer Causes Control. (2016) 27:595–606. doi: 10.1007/s10552-016-0745-2

 24. Yang L, Shi WY, Xu XH, Wang XF, Zhou L, Wu DP. Fish consumption and risk of non-Hodgkin lymphoma: a meta-analysis of observational studies. Hematology. (2020) 25:194–202. doi: 10.1179/1607845414Y.0000000215

 25. Yang L, Dong J, Jiang S, Shi W, Xu X, Huang H, et al. Red and processed meat consumption increases risk for non-Hodgkin lymphoma: a PRISMA-compliant meta-analysis of observational studies. Medicine. (2015) 94:e1729. doi: 10.1097/MD.0000000000001729

 26. Dong Y, Wu G. Lack of association of poultry and eggs intake with risk of non-Hodgkin lymphoma: a meta-analysis of observational studies. Eur J Cancer Care. (2017) 26. doi: 10.1111/ecc.12546

 27. Wang J, Li X, Zhang D. Dairy product consumption and risk of non-Hodgkin lymphoma: a meta-analysis. Nutrients. (2016) 8:120. doi: 10.3390/nu8030120

 28. Leo QJ, Ollberding NJ, Wilkens LR, Kolonel LN, Henderson BE, Le Marchand L, et al. Nutritional factors and non-Hodgkin lymphoma survival in an ethnically diverse population: the multiethnic cohort. Eur J Clin Nutr. (2016) 70:41–6. doi: 10.1038/ejcn.2015.139

 29. Turner JJ, Hughes AM, Kricker A, Milliken S, Grulich A, Kaldor J, et al. WHO non-Hodgkin's lymphoma classification by criterion-based report review followed by targeted pathology review: an effective strategy for epidemiology studies. Cancer Epidemiol Biomark Prev. (2005) 14:2213–9. doi: 10.1158/1055-9965.EPI-05-0358

 30. Bassett JK, English DR, Fahey MT, Forbes AB, Gurrin LC, Simpson JA, et al. Validity and calibration of the FFQ used in the Melbourne Collaborative Cohort Study. Public Health Nutr. (2016) 19:2357–68. doi: 10.1017/S1368980016000690

 31. World Health Organization. Cut-Off for BMI According to WHO Standards. Available online at: https://gateway.euro.who.int/en/indicators/mn_survey_19-cut-off-for-bmi-according-to-who-standards/ (accessed March 22, 2022).

 32. Solal-Céligny P, Cahu X, Cartron G. Follicular lymphoma prognostic factors in the modern era: what is clinically meaningful? Int J Hematol. (2010) 92:246–54. doi: 10.1007/s12185-010-0674-x

 33. Pfeiffer RM, Pee D, Landi MT. On combining family and case-control studies. Genet Epidemiol. (2008) 32:638–46. doi: 10.1002/gepi.20338

 34. Textor J, Hardt J, Knüppel S. DAGitty: a graphical tool for analyzing causal diagrams. Epidemiology. (2011) 22:745. doi: 10.1097/EDE.0b013e318225c2be

 35. White IR, Royston P, Wood AM. Multiple imputation using chained equations: issues and guidance for practice. Stat Med. (2011) 30:377–99. doi: 10.1002/sim.4067

 36. Pachucki MA, Jacques PF, Christakis NA. Social network concordance in food choice among spouses, friends, and siblings. Am J Public Health. (2011) 101:2170–7. doi: 10.2105/AJPH.2011.300282

 37. Schafer RB, Schafer E, Dunbar M, Keith PM. Marital food interaction and dietary behavior. Soc Sci Med. (1999) 48:787–96. doi: 10.1016/S0277-9536(98)00377-3

 38. Perry B, Ciciurkaite G, Brady CF, Garcia J. Partner influence in diet and exercise behaviors: testing behavior modeling, social control, and normative body size. PLoS ONE. (2016) 11:e0169193. doi: 10.1371/journal.pone.0169193

 39. Markey CN, Gomel JN, Markey PM. Romantic relationships and eating regulation: an investigation of partners' attempts to control each others' eating behaviors. J Health Psychol. (2008) 13:422–32. doi: 10.1177/1359105307088145

 40. Kris-Etherton PM, Harris WS, Appel LJ. Fish consumption, fish oil, omega-3 fatty acids, and cardiovascular disease. Circulation. (2002) 106:2747–57. doi: 10.1161/01.CIR.0000038493.65177.94

 41. Calder PC. n-3 polyunsaturated fatty acids, inflammation, and inflammatory diseases. Am J Clin Nutr. (2006) 83(6 Suppl.):1505s−19s. doi: 10.1093/ajcn/83.6.1505S

 42. Sidhu KS. Health benefits and potential risks related to consumption of fish or fish oil. Regul Toxicol Pharmacol. (2003) 38:336–44. doi: 10.1016/j.yrtph.2003.07.002

 43. Thompson GB, Chapman JC, Richardson BJ. Disposal of hazardous wastes in Australia: implications for marine pollution. Mar Pollut Bull. (1992) 25:155–62. doi: 10.1016/0025-326X(92)90219-V

 44. International Agency for Research on Cancer (IARC). DDT, Lindane, 2,4-D. In: IARC Monographs on the Evaluation of Carcinogenic Risks to Humans. Vol. 113. Lyon: IARC (2015).

 45. Eriksson M, Hardell L, Carlberg M, Akerman M. Pesticide exposure as risk factor for non-Hodgkin lymphoma including histopathological subgroup analysis. Int J Cancer. (2008) 123:1657–63. doi: 10.1002/ijc.23589

 46. Fritschi L, Benke G, Hughes AM, Kricker A, Turner J, Vajdic CM, et al. Occupational exposure to pesticides and risk of non-Hodgkin's lymphoma. Am J Epidemiol. (2005) 162:849–57. doi: 10.1093/aje/kwi292

 47. Orsi L, Delabre L, Monnereau A, Delval P, Berthou C, Fenaux P, et al. Occupational exposure to pesticides and lymphoid neoplasms among men: results of a French case-control study. Occup Environ Med. (2009) 66:291–8. doi: 10.1136/oem.2008.040972

 48. Schinasi L, Leon ME. Non-Hodgkin lymphoma and occupational exposure to agricultural pesticide chemical groups and active ingredients: a systematic review and meta-analysis. Int J Environ Res Public Health. (2014) 11:4449–527. doi: 10.3390/ijerph110404449

 49. Schnell AH, Witte JS. Family-based study designs. In:Rebbeck TR, Ambrosone CB, Shields PG, , editors. Molecular Epidemiology: Applications in Cancer and Other Human Diseases. New York, NY: Informa Healthcare (2008). p. 19–28.

 50. Gauderman WJ, Witte JS, Thomas DC. Family-based association studies. J Natl Cancer Inst Monogr. (1999) 26:31–7.

 51. Domingo JL. Influence of cooking processes on the concentrations of toxic metals and various organic environmental pollutants in food: a review of the published literature. Crit Rev Food Sci Nutr. (2011) 51:29–37. doi: 10.1080/10408390903044511



OPS/images/fnut-09-1048301-t004.jpg
Exposures Cases? Sibling controls? OR (9 C[)b P-value

Daily quantity of fish and seafood intake (grams/day)®

Oily fish

Never 45 83 Ref. 0.02 0.06
<86 80 72 2.14 (1.25-3.65)

8.6-12.9 57 72 1.75 (0.93-3.30)

>12.9 55 61 1.96 (1.02-3.77)

Tuna

Never 54 63 Ref. 035 028
<6.0 59 85 0.88 (0.48-1.61)

6.1-12.0 49 60 1.34 (0.70-2.54)

>12.0 72 80 1.33 (0.70-2.52)

White fish

Never 14 27 Ref. 0.16 0.08
<184 70 98 1.80 (0.74-4.33)

18.4-39.3 81 97 1.81 (0.75-4.37)

>39.3 72 71 255 (0.96-6.42)

Crustaceans

Never 68 85 Ref. 0.96 0.97
<45 51 75 0.9 (0.54-1.82)

4.5-9.0 59 69 1.04 (0.59-1.86)

>9.0 47 50 0.95 (0.48-1.90)

Shellfish

Never 103 120 Ref. 0.11 0.26
<30 59 56 1.39 (0.78-2.48)

3.0-6.0 41 51 1.15 (0.62-2.14)

>6.0 27 52 0.60 (0.30-1.20)

Other seafood

Never 84 110 Ref. 033 030
<6.0 49 53 1.43 (0.79-2.57)

6.0-17.1 39 49 1.26 (0.66-2.40)

>17.1 39 40 1.40 (0.74-2.68)

Total daily quantity of fish or seafood intake (grams/day)‘:"’1

<262 60 98 Ref. 0.46 0.18
262-515 95 96 1.24 (0.28-5.44)

>515 82 96 246 (0.58-10.44)

Never 4 11 244 (0.57-10.48)

2Cases and their matched related controls using conditional logistic regression models.

Multivariable model: adjusted for age, sex, ethnicity, state and smoking status.
“Number of participants with missing data: daily quantity of fish or seafood intake (41), total daily quantity of any fish or seafood intake (3).

4Total daily quantity of fish or seafood intake was obtained by summing the daily grams per day of each type of fish or seafood.






OPS/images/fnut-09-1048301-t005.jpg
Exposures Cases? P-value

Daily quantity of fish and seafood intake (grams/day)®

Oily fish

Never 132 33 Ref. 0.89 0.49
<7.5 193 51 0.96 (0.59-1.57)

75-12.9 192 51 0.91 (0.57-1.47)

>12.9 166 47 0.86 (0.52-1.40)

Tuna

Never 157 34 Ref. 0.43 0.25
<8.6 193 51 0.72 (0.46-1.15)

8.6-12.0 116 46 0.49 (0.30-1.18)

>12.0 211 48 0.89 (0.75-1.43)

White fish

Never 42 12 Ref. 023 0.89
<9.0 200 58 1.08 (0.49-2.37)

9.0-15.0 228 62 1.00 (0.46-2.13)

>15.0 214 52 1.09 (0.51-2.38)

Crustaceans

Never 180 43 Ref. 0.81 0.45
<45 138 47 0.67 (0.40-1.12)

4.5-9.0 185 46 077 (0.46-1.27)

>9.0 154 38 0.83 (0.52-1.34)

Shellfish

Never 286 75 Ref. 0.49 0.27
<3.0 144 40 0.86 (0.56-1.31)

3.0-6.0 123 31 0.83 (0.52-1.33)

>6.0 109 32 079 (0.49-1.27)

Other seafood

Never 273 75 Ref. 051 0.43
<4.5 119 33 0.94 (0.60-1.44)

4.5-6.0 100 31 0.72 (0.43-1.18)

>6.0 129 31 0.93 (0.58-1.49)

Total daily quantity of fish or seafood intake (grams/day)>d

<322 235 60 Ref. 0.92 0.98
322-532 216 60 1.15 (0.37-3.62)

>532 238 59 1.02 (0.32-3.20)

Never 18 72 1.14 (0.36-3.57)

Al cases and all spouse controls using unconditional logistic regression models.
®Multivariable model: adjusted for age, sex, ethnicity, state and smoking status.

Number of participants with missing data: daily quantity of fish or seafood intake (83), total daily quantity of any fish or seafood intake (3).

4Total daily quantity of fish or seafood intake was obtained by summing the daily grams per day of each type of fish or seafood.
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Exposures Cases?

Daily quantity of meat intake (grams/day)®

Beef or veal (not corned)

>91.4 70 77 Ref. 0.61 0.52
91.4-3.10 69 98 071 (0.43-1.17)

<310 88 107 0.87 (0.51-1.47)

Never 11 17 074 (0.27-2.02)

Chicken

>69.9 69 94 Ref. 0.87 055
69.9-32.6 90 101 1.14 (0.70-1.86)

<326 70 89 1.13 (0.67-1.88)

Never 9 10 1.51 (0.46-4.95)

Lamb

>39.3 71 99 Ref. 0.64 034
39.3-18.4 61 74 1.19(0.70-2.04)

<184 83 96 1.35 (0.78-2.35)

Never 21 23 1.28 (0.58-2.84)

Pork (not corned or pickled)

>27.2 13 62 Ref. 023 0.77
27.2-123 61 76 1.42 (0.72-2.80)

<123 86 84 1.03 (0.72-2.04)

Never 41 60 1.37 (0.64-2.93)

Sausages

>155 48 67 Ref. 057 0.24
155-7.8 69 92 1.45 (0.80-2.63)

<78 80 92 1.46 (0.76-2.79)

Never 39 44 1.64 (0.77-3.47)

Processed meat (e.g., ham, corned beef, prosciutto, salami)

>17.1 48 75 Ref. 0.32 0.87
17.1-6.0 93 95 1.93 (0.81-3.39)

<60 77 97 1.54 (0.86-2.74)

Never 17 32 083 (0.35-1.99)

Bacon

>69 63 84 Ref. 034 0.30
6.9-34 64 84 1.71(0.94-3.10)

<34 81 96 1.48 (0.83-2.65)

Never 31 35 1.45 (0.65-3.24)

Total daily quantity of any meat intake (grams/day)‘*d

>248.0 74 % Ref. 092 0.60
248.0-120.0 82 98 119 (0.72-1.96)
<1200 78 97 117 (0.67-2.03)
Never 6 5 115 (0.31-4.29)

*Cases and their matched related controls using conditional logistic regression models.

®Multivariable model: adjusted for age, sex, ethnicity, state and smoking status.

Number of participants with missing data: daily quantity of meat intake (17), daily quantity of any meat intake (6).
4Total daily quantity of any meat intake was obtained by summing the daily grams per day of each type of meat.
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Exposures Cases? Spouse controls® P-value ren
Daily quantity of meat intake (grams/day)®

Beef or veal (not corned)

>61.0 222 49 Ref. 0.18 0.59
61.0-30.5 187 64 1.63 (0.40-1.99)

<305 249 58 1.03 (0.66-1.61)

Never 38 10 1.06 (0.47-2.37)

Chicken

>58.4 227 60 Ref. 0.64 0.31
58.4-32.7 224 58 1.12 (0.74-1.70)

<32.7 220 56 1.30 (0.84-2.02)

Never 19 6 1.02 (0.37-2.79)

Lamb

>39.3 208 51 Ref. 0.59 0.28
39.3-18.4 181 56 0.84 (0.53-1.33)

<18.4 236 62 1.08 (0.71-1.64)

Never 57 11 1.48 (0.71-3.06)

Pork (not corned or pickled)

>27.2 142 46 Ref. 0.17 0.15
27.2-123 187 50 1.40 (0.86-2.30)

<123 210 53 1.64 (0.90-2.68)

Never 134 31 1.61 (0.91-2.67)

Sausages

>15.5 175 53 Ref. 0.74 0.44
155-7.8 200 48 1.58 (0.86-2.59)

<78 220 58 1.59 (0.81-2.51)

Never 94 23 1.78 (0.71-3.17)

Processed meat (e.g., ham, corned beef, prosciutto, salami)

>17.1 173 47 Ref. 020 030
17.1-6.0 208 61 1.05 (0.65-1.71)

<60 238 61 1.28 (0.82-1.98)

Never 69 12 050 (0.39-1.04)

Bacon

>69 198 56 Ref. 0.17 0.60
6.9-34 188 19 1.24 (0.77-1.98)

<34 227 63 1.35 (0.88-2.06)

Never 84 12 0.70 (0.34-1.45)

Total daily quantity of any meat intake (grams/day)d

>230.0 257 58 Ref. 0.16 0.55
230.0-127.6 194 64 0.74 (0.47-1.15)

<1276 234 56 1.15 (0.74-1.79)

Never 14 s 0.80 (0.26-2.43)

*All cases and all spouse controls using unconditional logistic regression models.
®Multivariable model: adjusted for age, sex, ethnicity, state and smoking status.

“Number of participants with missing data: daily quantity of meat intake (34), daily quantity of any meat intake (12).
Total daily quantity of any meat intake was obtained by summing the daily grams per day of each type of meat.
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Exposure All-cause mortality FL-specific mortality

No. of HR (95% No. of HR (95% P-value
deaths Cl)? deaths Cl)?

Meat intake (grams/day)

>185.2 27,384 26 Ref. 0.84 12 Ref. 0.75
<1852 29,730 2 0.94 (0.51-1.72) 10 0.86 (0.34-2.16)
None - - - - -

Oily fish intake (grams/day)

>9.0 22,480 14 Ref. 032 6 Ref. 0.50
<90 23272 4 1.64 (0.84-3.20) 11 1.63 (0.58-4.51)
None 11,016 10 160 (0.70-3.63) 5 1.06 (0.59-6.60)

P-trend 0.20 P-trend 0.16

*Multivariable model—adjusted for age, sex, ethnicity, state and smoking status.
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Characteristics Cases n (%) Controls

Sibling n (%) Spouse n (%)
Total 710 (59.2) 303 (25.3) 186 (15.5)
Sex
Male 369 (52.0) 123 (40.6) 76 (40.9)
Female 341 (48.0) 180 (59.4) 110 (59.1)
Ethnicity
Caucasian/white 665 (93.7) 288 (95.1) 170 (91.4)
Other 192.7) 8(2.6) 6(3.2)
Missing 26 (3.6) 7(2.3) 10 (5.4)
Smoking
Never 369 (52.0) 176 (58.1) 117 (62.9)
Current 66(9.3) 21(69) 13(7.0)
Former 274 (38.6) 106 (35.0) 56 (30.1)
Missing 1(0.1) - -

Body mass index

<185 3(0.4) 2(07) -

18.5-24.9 201(28.3) 81(26.7) 57 (30.7)
25.0-29.9 227 (32.0) 94 (31.0) 60 (31.7)
>30 140 (19.7) 55 (18.2) 32(172)
Missing 139 (19.6) 71(23.4) 38 (20.4)

Stage at diagnosis®

I-1I 181(25.5)
-1v 349 (49.2)
Missing 180 (25.3)

Histologic grade®

1-2 488 (68.7)
3A-3B" 150 (21.1)
Missing 27(3.8)
Composite FL/DLBCLS 45(6.3)
FLIPI score®
Low (0-1) 179 (25.2)
Intermediate (2) 123(17.3)
High (3,4) 140 (19.7)
Missing 268 (37.8)
Treatment?®
None 166 (23.4)
Chemotherapy 290 (40.8)
Radiotherapy 46 (6.5)
Chemotherapy/radiotherapy 31 (4.4)
Missing 177 (24.9)
aCases only.

Grade 3B = 45 cases.
FL/DLBCL, follicular lymphoma and diffuse large B-cell lymphoma; FLIPI, follicular lymphoma international prognostic index.
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