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Dairy product consumption and risk of cancer: a short report from the NutriNet-Santé prospective cohort study
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The impact of dairy product consumption for long-term health remains unclear, in particular regarding their involvement in cancer etiology for frequent locations like breast or prostate.

Besides, little is known about potentially different effects of dairy producto subtypes. Our objective was therefore to evaluate the associations between dairy product consumption (total and subtypes) and cancer risk. A total of 101,279 participants from the French NutriNet-Santé cohort study were included (78.7% women; mean (SD) age=42.2 (14.5) years). Dairy product consumption was assessed using validated web-based 24-hour dietary records. Multi-adjusted Cox models were computed. After a median [interquartile range] follow-up time of 5.9 [2.7-8.3] years, we documented 2,503 incident cancer cases (783 breast, 323 prostate, and 182 colorectal cancers). Total dairy product consumption was not significantly associated with cancer. However, the consumption of "fromage blanc" (a French type of quark/cottage cheese) was associated with an increased risk of cancer overall [HR for 1 serving increment (95% CI)=1.11 (1.01-1.21); P-trend=0.03] and of colorectal cancer [HR=1.39 (1.09-1.77); P-trend<0.01]. Besides, sugary dairy dessert consumption was directly associated with colorectal cancer risk [HR for 1 serving increment=1.58 (1.01-2.46); P-trend=0.046]. No association was observed between the consumption of dairy products or sugary dairy desserts and the risk of prostate and breast cancers. In our study, the consumption of dairy products was not associated with the risk of overall, colorectal, breast or prostate cancers. The consumption of "fromage blanc" and sugary dairy desserts were associated to an increased risk of colorectal cancer, but this warrants further investigations.

Introduction

Cancer incidence is rapidly increasing and has become a leading cause of death in many countries. The Global Cancer Observatory (GLOBOCAN) estimated that 18.1 million new cancer cases occurred worldwide in 2018 [START_REF] Bray | Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries[END_REF] . There is accumulating evidence that diet and lifestyle factors play an important role on cancer development [START_REF]Physical Activity and Cancer: a global perspective[END_REF] . In particular, dairy product consumption may be involved in cancer prevention through their content in calcium, vitamin D, lactic acid-producing bacteria (fermented dairy products), conjugated linoleic acid but also lactoferrin or butyrate [START_REF]Physical Activity and Cancer: a global perspective[END_REF] . In 2018, the Third Expert Report from the World Cancer Research Fund/American Institute of Cancer Research (WCRF/AICR) concluded that consuming dairy products probably decreases the risk of colorectal cancer [START_REF]Physical Activity and Cancer: a global perspective[END_REF] . Associations with a decreased breast cancer risk (pre-menopause) and an increased prostate cancer risk (potentially through elevated levels of insulin-like growth factor 1) were less clear, with only limited-suggestive evidence [START_REF]Physical Activity and Cancer: a global perspective[END_REF] , thus requiring additional studies. Evidence for other cancer locations is more limited [START_REF]Physical Activity and Cancer: a global perspective[END_REF] . Besides, more evidence is needed regarding potential specific associations between dairy product subtypes and cancer risk.

We therefore analyzed the associations between the consumption of total dairy products and specific dairy product subtypes and the risk of developing overall, breast, prostate and colon cancers in the NutriNet-Santé Cohort Study.

Material and methods

Study population

The NutriNet-Santé study is a French, ongoing, web-based prospective cohort launched in 2009 aiming to evaluate the relationship between nutrition, mortality and health outcomes, and examine determinants of dietary behaviors and nutritional status. Detailed information on this cohort can be found elsewhere [START_REF] Hercberg | The Nutrinet-Santé Study: a web-based prospective study on the relationship between nutrition and health and determinants of dietary patterns and nutritional status[END_REF] . Participants (aged >18 years old) with access to the Internet have been continuously recruited since May 2009 from the general population by vast multimedia campaigns, and followed through questionnaires using a dedicated and secured online platform (http://www.etude-nutrinet-sante.fr). Electronic informed consent was obtained from each participant. The NutriNet-Santé Study (registered at ClinicalTrials.gov as 

Data collection

At baseline, participants completed a set of five validated questionnaires related to sociodemographic and lifestyle characteristics 4 , anthropometry [START_REF] Lassale | Validity of web-based self-reported weight and height: results of the Nutrinet-Santé study[END_REF][START_REF] Touvier | Comparison between web-based and paper versions of a self-administered anthropometric questionnaire[END_REF] , dietary intakes [START_REF] Touvier | Comparison between an interactive web-based self-administered 24 h dietary record and an interview by a dietitian for large-scale epidemiological studies[END_REF][START_REF] Lassale | Validation of a Web-based, self-administered, non-consecutive-day dietary record tool against urinary biomarkers[END_REF][START_REF] Lassale | Correlations between Fruit, Vegetables, Fish, Vitamins, and Fatty Acids Estimated by Web-Based Nonconsecutive Dietary Records and Respective Biomarkers of Nutritional Status[END_REF] , physical activity (validated short version of the International Physical Activity Questionnaire [IPAQ]) [START_REF] Craig | International physical activity questionnaire: 12-Country reliability and validity[END_REF] and health status. Dietary data were collected at baseline and every six months through series of three non-consecutive validated web-based 24-hour dietary records (2 weekdays and 1 weekend day), randomly assigned over a two-week period. Portion sizes were estimated using validated photographs [START_REF] Le Moullec | Validation du Manuel-photos utilisé pour l'enquête alimentaire de l'étude SU.VI.MAX[END_REF] , standard containers or directly in g or mL. Mean daily energy, alcohol and macro-and micro-nutrient intakes were estimated using a French food composition database [START_REF] Arnault | Table de composition des aliments, étude Nutrinet-Santé [Food composition table[END_REF] . Amounts consumed from composite dishes were estimated considering French recipes validated by food and nutrition professionals. Dietary underreporters were detected on the basis of the method proposed by Black [START_REF] Black | Critical evaluation of energy intake using the Goldberg cut-off for energy intake:basal metabolic rate. A practical guide to its calculation, use and limitations[END_REF] . The present study focused on the consumption of dairy products, which include milk and cheese, as well as yogurt, "fromage blanc" and "petit-Suisse" (French specialties, similar to cottage cheese or quark) with a sugar content < 12%). Fermented dairy products included yogurt, cheese, "fromage blanc" and "petit-Suisse". Sugary dairy desserts, milk-based products not classified as dairy products according to French recommendations due to their high sugar content (e.g., cream dessert, pudding, custard, "crème brûlée", milkshake, as well as sweetened or fruit yogurt, "fromage blanc" and "petit-Suisse" with a sugar content ≥12%) were also considered.

The consumption of dairy products and sugary dairy desserts was assessed as the mean intake over all dietary records that were completed during the first two years of each participant's follow-up.

Case ascertainment

Participants were asked to report their health status at baseline and every six months through a health check-up questionnaire. A dedicated and secured web-interface is also available at any time for the participants to report health events, new treatments, or medical exams. Reported cancer cases were validated by an expert medical committee, based on medical and anatomopathological reports collected from the participants, their physicians and/or hospitals.

The NutriNet-Santé study is also linked to the national medical databases of the health insurance (SNIIRAM) and to the French cause-specific mortality registry (CépiDC) enabling to complete death and health data thereby limiting potential bias due to unreported cancer cases. Cancer cases were classified using the International Chronic Diseases Classification, 10 th Revision, Clinical Modification (ICD-10) [START_REF]ICD-10, International classification of diseases and related health problems. 10th revision[END_REF] . All primary cancers diagnosed between the inclusion and January 7 th , 2019 were considered as cases, except for basal cell skin carcinoma.

Statistical analysis

A total of 129,787 individuals provided at least 2 24h dietary records during their first two years of follow-up, of which were excluded n=21,804 energy under-reporters and n=6,704 participants with prevalent cancer at baseline. Dairy product consumption was considered using standard servings: 150 g of milk; 125 g of yogurt; 30 g of cheese; 100 g of "fromage blanc"; 120 g of "petit-Suisse" and 125 g of sugary dairy dessert. Servings for total dairy products were calculated as the sum of the servings of milk, cheese, yogurt, "fromage blanc", and "petit-Suisse". Dairy desserts were considered separately. Hazards ratios and 95% confidence intervals were computed from Cox proportional hazard models. Main outcomes were overall, breast, prostate and colorectal cancers (the most common cancer locations in the cohort). Participants contributed person-time from their inclusion until their date of diagnosis, last completed questionnaire, death, or January 7 th , 2019, whichever occurred first.

Stratifications by menopausal status for breast cancer were also carried out. In these analyses, women contributed person-time to the premenopausal model until their age at menopause, and to the postmenopausal model from their age at menopause.

The main model included the following potential confounders: sociodemographic characteristicsage (timescale), sex, educational level (less than high-school degree, highschool degree, undergraduate and graduate degree); anthropometric characteristicsheight (cm), BMI (kg/m 2 ); lifestylesmoking status (never, former, current smokers), physical activity (high, moderate, low, missing); personal and family history of diseases (yes/no)personal history of type 2 diabetes, hypertriglyceridemia, hypercholesterolemia and family history of cancer; study design (number of 24-hour dietary records); dietary intakes of nutrients or food groups associated with cancer risk or reflecting overall diet quality: nonalcohol energy (kcal/d), sugar (g/d), sodium (g/d), alcohol (g/d), fruit and vegetables (g/d), whole grain products (g/d), red and processed meat (g/d) as well as saturated fatty acids (SFAs) (g/d, continuous) and calcium (mg/d) brought by other sources than dairy products.

For analyses on dairy product subtypes, models were also adjusted for the consumption of each other dairy products than the one studied. Breast cancer models were additionally adjusted for covariates linked to reproductive history: menopausal status at baseline (yes/no), use of hormonal treatment for menopause (yes/no), oral contraception use (yes/no), number of children (continuous), age at menarche (never, <12y, ≥12y), and age at first birth (never, <30y, ≥30y).

For all covariates except physical activity, ≤5% of values were missing and imputed to the modal (categorical variables) or median (continuous variables) values. A missing class was created for physical activity (14% missing). We conducted secondary analyses to examine the associations between sex-specific quartiles of intake of SFAs and calcium from dairy products and the risk of cancer. Sensitivity analyses were performed excluding participants with less than two years of follow-up and repeating the main analyses with a model not adjusted for dietary variables or personal health history.

All tests were two-sided, with P<0.05 considered to be statistically significant. We used SAS version 9.4 for the analyses.

Results

A total of 101,279 participants (78.7% women) with a median [interquartile range] follow-up time of 5.9 [2.7-8.3] years were included in the analyses. During follow-up, we documented the incidence of 2,503 overall cancers, 783 breast cancers (324 premenopausal and 459 postmenopausal), 323 prostate cancers and 182 colorectal cancers. Participants consumed on average 198.4 g/day of dairy products, with 83.3g/day of milk, 58.1g/day of yogurt, 36.9g/day of cheese and 17.7g/day of "fromage blanc". Table 1 contains the baseline characteristics of all participants according to sex-specific quartiles of total dairy product consumption. At baseline, mean (SD) age was 42.2 (14.5) years and mean (SD) BMI was 23.7 (4.5) kg/m 2 . Individuals with a higher consumption of total dairy products were more likely to have higher BMI and family history of cancer, to be current smokers and physically active. They also showed significantly higher intakes of energy (without alcohol), total lipids, carbohydrates and sodium and lower intakes of alcohol and sugary dairy desserts.

No association was observed between the consumption of total dairy products and the risk of overall cancer, and neither with the risk of breast cancer (with similar results pre and postmenopause), colorectal cancer and prostate cancer (Table 2). Likewise, no association was observed for the consumption of milk, yogurt or cheese.

However, an increase of 1 serving in the consumption of "fromage blanc" was associated with an increased risk of overall cancer [HR (95% CI)=1.11 (1.01-1.21); P for trend=0.03] and colorectal cancer [HR=1.39 (1.09-1.77); P for trend<0.01] but not with breast or prostate cancer risk (Table 2). Similarly, 1-serving increment in sugary dairy dessert consumption was positively associated with the risk of colorectal cancer [HR=1.58 (1.01-2.46); P for trend=0.046] (Table 2).

In line, no association was observed between intakes of SFAs and calcium from dairy product sources and cancer risk (Table 3).

The results of the sensitivity analyses (Supplementary Table S1) for overall, colorectal and prostate cancer were similar to the main results.

Discussion

In the present study, no association was observed between the consumption of dairy products and the risk of overall, colorectal, breast or prostate cancers. The consumption of "fromage blanc" and sugary dairy desserts were however associated with higher risk of colorectal cancer.

Our results were in line with a recent meta-analysis showing that there were no strong associations between the intake of milk or yogurt and breast cancer risk [START_REF] Chen | Milk and yogurt intake and breast cancer risk: A meta-analysis[END_REF] . Additionally, although some studies indicated that the consumption of milk and dairy products may increase the risk of prostate cancer, the evidence remains inconsistent [START_REF] López-Plaza | Milk and Dairy Product Consumption and Prostate Cancer Risk and Mortality: An Overview of Systematic Reviews and Meta-analyses[END_REF] . However, unlike our findings, previous studies have shown a significant decreased colorectal cancer risk associated with the consumption of total dairy products [START_REF] Barrubés | Association between Dairy Product Consumption and Colorectal Cancer Risk in Adults: A Systematic Review and Meta-Analysis of Epidemiologic Studies[END_REF] , supporting the conclusions of the WCRF/AICR (although the association with cheese consumption was less clear) [START_REF]Physical Activity and Cancer: a global perspective[END_REF] , as well as an overall decrease in cancer risk related to fermented dairy food intake [START_REF] Zhang | Fermented dairy foods intake and risk of cancer[END_REF] . Differences between these studies and ours could pertained to differences in the amount and types of dairy products consumed but also differences in overall lifestyle between the population studied.

No clear mechanisms seem to explain the observed increased risk of colorectal cancer associated with the consumption of "fromage blanc", a dairy specialty resulting from lactic coagulation and draining, without further processing or additives. Thus, we suggest interpreting this result with caution, as it could result from an artefact of the study sample.

The consumption of "fromage blanc" in France is often encouraged as part of dieting. Hence, individuals consuming higher amounts of "fromage blanc" (more likely to have a higher BMI, family history of cancer and higher prevalence of type 2 diabetes in our sample) may be those already at higher risk of cancer, thus introducing a bias in the observed association, even though we adjusted for personal history of diseases and family history of cancer in our main model and excluded cases occurring during the first years of follow-up in sensitivity analyses.

In turn, sugary dairy desserts often contain elevated amounts of sugar as well as additives (for instance emulsifiers or texturizers) 19,[START_REF] Chazelas | Food additives: distribution and co-occurrence in 126,000 food products of the French market[END_REF] , which could contribute to explain the observed association with an increased colorectal cancer risk, notably through body weight gain and subsequent increase in insulin resistance [START_REF]Physical Activity and Cancer: a global perspective[END_REF] .

This study has some limitations that should be acknowledged. First, since this is a volunteerbased cohort, participants in the NutriNet-Santé cohort were more often women, with healthconscious behaviors and with higher educational and socioeconomical status in comparison to the general French population [START_REF] Andreeva | Comparison of the sociodemographic characteristics of the large NutriNet-Santé e-cohort with French Census data: The issue of volunteer bias revisited[END_REF] . This could limit the generalization of our results as it may have resulted in a lower number of incident cancer cases and a lower consumption of sugary dairy desserts, which could have led to underestimate the strength of the associations observed. Secondly, the number of incident colorectal cancer cases was relatively limited, which may have prevented us from observing an association for total dairy consumption 2 .

Statistical power was also limited by the fact that there was a substantial proportion of nonconsumers for several dairy subtypes. Next, despite the multiple adjustments in our analyses, residual confounding or bias cannot be ruled out. Finally, dietary assessment tools are subject to some measurement error. Yet, to limit this bias, dietary intakes in this study were assessed using repeated 24h dietary records (mean number of dietary records per participant of 5.7 (SD: 3.1)) that have been validated against biomarkers and interviews by a trained dietitian 7- 9 .

Overall, our analyses did not show evidence of a statistically significant association between dairy product intake and cancer risk. The results suggest a positive modest association between the consumption of "fromage blanc" and sugary dairy desserts and colorectal cancer risk. However, this requires additional investigation in further prospective studies and more mechanistic insights. a P-values were obtained using Chi-square tests (categorical variables) or Fisher tests from unadjusted analysis of variance models (continuous variables). b Among first-degree relatives. c Among women. d includes milk, cheese, yogurt, "fromage blanc" and "petit-Suisse". e includes all mammalian milks including flavored milks (≤12% of the content in simple sugars).

f includes all yogurts made with mammalian milk (≤12% of the content in simple sugars). g also comprises low-fat cheeses. h French dairy specialty, similar to cottage cheese/quark (≤12% of the content in simple sugars). i includes cheese, yogurt, "fromage blanc", "petit-Suisse" and fermented milk. j includes cream dessert, pudding, custard, milk shakes, flavored milks, as well as fruit or sweetened yogurt, "fromage blanc" and "petit-Suisse" with ≥12% of the content in simple sugars.

  NCT03335644) is conducted according to the Declaration of Helsinki guidelines. It was approved by the Institutional Review Board of the French Institute for Health and Medical Research and the 'Commission Nationale de l'Informatique et des Libertés' (CNIL n°908450/n°909216).

Table 1 .

 1 Baseline characteristics of study population according to quartiles of dairy products consumption (n=101,279). NutriNet-Santé cohort, France, 2009-19 a

		All		Quartiles of total dairy product consumption
	Characteristics	participants	1	2
		(n=101,279)	(n=25,319)	(n=25,320)

Abbreviations: BMI, body mass index; IPAQ, International Physical Activity Questionnaire; SFA, saturated fatty acids.
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