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Background: Epidemiological studies provide limited information on the relationship between dairy consumption and the incidence of esophagus cancer (EC). We examined whether eating dairy foods is associated with a lower risk of EC in an American population.

Methods: In our study, we analyzed data from the Prostate, Lung, Colorectal, and Ovarian (PLCO) cancer screening trial, which included 101,723 subjects. Dairy product consumption was assessed using a dietary history questionnaire. We used Cox regression and restricted cubic splines to assess whether dairy consumption is associated with EC incidence.

Results: A total of 154 EC cases were identified after a median follow-up of 12.2 years. After adjusting for confounders, we discovered no statistically significant correlation between total dairy product consumption and EC risk (HR with 95% CI for ≥1.79 servings/day vs. ≤0.6 servings/day: 0.83, 0.50–1.38; p for trend = 0.465). Additionally, no associations were found between EC risk and other dairy foods such as milk, yogurt, and cheese.

Conclusion: We concluded that the findings of the PLCO cohort do not suggest dairy consumption reduces the risk of EC.
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Introduction

Esophagus cancer (EC) is the seventh most prevalent and sixth most deadly cancer type. In 2018, the estimated number of cases worldwide was 572,000 (1). The common histological types of EC are esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (EAC). ESCC, which develops in the upper part of the esophagus, is prevalent worldwide. EAC, which occurs at the esophageal-stomach junction, is more common in developed countries such as the United States and England (2). EC has disproportionately high mortality rates because by the time it is identified, the cancer has advanced or metastasized. In the American population, only 18% of EC patients have cancer at the primary site, while 40% of cases have distant metastasis, which is associated with a terrible prognosis (3). Consequently, exploration of the etiological factors and prevention methods is crucial in EC. Risk factors include obesity in EAC (4, 5), alcohol drinking, and maté consumption (a kind of piping hot tea drank in South America) in ESCC (6, 7). There is limited evidence that lack of physical activity, low vegetable and fruit consumption, and high processed meat consumption may increase the risk of EC (2).

Milk products are consumed all over the world in a variety of forms, including milk, yogurt, cheese, and butter. Milk has been extensively researched in relation to the causes of colon, prostate, and breast cancers (8–10). However, there is limited evidence on the correlation between dairy foods and EC risk. Previous epidemiological researches have demonstrated a negative correlation between dairy foods and EC risk (11, 12). Li et al. pointed out that yogurt intake may offer a protective effect for EC (13). However, two cohort studies indicated that there was no relationship between different dairy products and EC risk (14, 15). In this study, we explored whether consuming dairy foods is linked to a lower risk of EC in an American population.



Materials and methods


Study population

The PLCO trial, which involves a sizable population for cancer screening, provided the data for our study. The trial evaluated whether screening exams could lower the mortality risk for prostate, lung, colorectal, and ovarian cancers (16). Between 1993 and 2001, the study involved 154,887 individuals recruited from ten centers in the US. The inclusion criteria were the following: (a) individuals aged 55–74 years; (b) who completed the basic questionnaire, (c) and also provided informed consent. And the exclusion criteria were those who (a) had a history of prostate, lung, colorectal, or ovarian cancers; (b) were joining other trials, (c) were undergoing treatment for cancer, (d) received a recent screening examination for colorectal or prostate cancer.

In our study, participants were further excluded if they (a) failed to finish the diet history questionnaire (DHQ), (b) were given a cancer diagnosis before completing the DHQ, (c) did not finish the baseline questionnaire, or (d) were diagnosed with EC or died from EC between the baseline questionnaire completion and the DHQ completion. The Institutional Review Board at the National Cancer Institute approved the research after receiving signed informed permission from each participant.



Data collection

A self-reported baseline questionnaire was used to gather baseline data, which included demographics (e.g., gender, race, and education), cigarette smoking, and marital status. The DHQ was used to gather the remaining baseline data, which included the participant’s age at the completion of the questionnaire, alcohol consumption, and calorie intake. Through the DHQ, participants reported consuming 124 different foods, including dairy products, throughout the previous year (17). Participants needed to answer “How frequently did you drink milk as a beverage?”. There were ten predefined answers: never, once per month or less, twice or three times per month, once or twice per week, three or four times per week, five or six times per week, once per day, twice or three times per day, four or five times per day, and six or more times per day. Milk consumers further needed to answer the question of how much to drink each time. The predefined answers were less than one cup, one to one and a half cups, and more than one and a half cups. Participants also needed to provide the frequency and intake of yogurt and cheese. The daily dairy consumption was calculated by DietCalc software according to the pyramid servings of the US Department of Agriculture, which were based on national dietary data from 1994 to 1996 (18).



Ascertainment of esophagus cancer

Subjects were followed up through an annual questionnaire to screen for cancer cases. They needed to provide information on method of diagnosis such as histology, cytology, radiology, or others. Participants also needed to answer the question about the ICD-O-2 cancer classification of primary cancer. End points for cancer incidence were confirmed invasive tumors, cancers in situ, and borderline malignancies. The medical records were reviewed in order to assess the EC cases. In this study, EC was diagnosed using codes C15.0–C15.9 based on the International Classification of Disease for Oncology, Second Edition [ICD-O-2].



Statistical analysis

We used the packages R,1 Stata MP software version 17.0, and SPSS software version 24.0 for our statistical study. According to participants’ dairy intake, baseline characteristics were presented by quartile (Q), with cutoff values chosen based on the distribution of the total cohort. To assess differences in variables among four groups, we used the ANOVA and Chi-square tests, respectively. Under two-tailed analysis, we considered p < 0.05 to be statistically significant.

We used Cox proportional hazards models to assess whether dairy consumption could reduce the risk of EC. In both non-adjusted and multivariate-adjusted models, the hazard ratios (HR) and 95% confidence intervals (95% CI) were presented. We used Schoenfeld residuals to examine the proportional hazards assumption before modeling Cox regression. We constructed sex stratification for Cox proportional hazards models because it violated the proportional hazards assumption in multivariable analyses. Confounders were assessed by either adding variables to a basic Cox regression model or by removing each covariate from the whole model, respectively. Then, we compared the regression coefficients and chose the factors that modified the original regression coefficients by more than 10% (19). We obtained confounders from the literature and clinical judgment. Specifically, model 1 was stratified by gender and adjusted for age, while model 2 was stratified by gender and adjusted for age, alcohol drinking status, cigarette smoking status, body mass index (BMI), occupation, and total calorie intake. The missing data was less than 6%; therefore no imputation was performed. In order to provide a more comprehensive elaboration, we applied multiple linear (Cox regression) and non-linear (restricted cubic spline, RCS) statistical methods to evaluate the intricate exposure-response relationship between dairy consumption and EC risk. Dairy consumption was treated with four knots at the 5th, 35th, 65th, and 95th percentiles in the restricted cubic spline model (20). To minimize potential effects on the findings, we excluded extreme values of dairy consumption (less than 1% or more than 99%) before the dose-response analysis. We investigated the null hypothesis that the regression coefficients of the second and third splines were equal to zero in order to obtain p for non-linearity (21).

We evaluated the stability of the findings using sensitivity analyses. We repeated Cox regression model 2 with the following modifications: (a) excluding male participants with extreme calorie intakes of less than 800 kcal per day or more than 4,000 kcal per day and female participants with calorie intakes of less than 500 kcal per day or more than 3,500 kcal per day (22); and (b) excluding patients diagnosed with EC within the first two years.




Results

We diagnosed a total of 154 EC cases from 101,723 participants after a median follow-up of 12.2 years. The number of EC cases in each grade was as follows: 39 cases were undetermined or unstated; 5 cases were undifferentiated in Grade IV; 61 cases were poorly differentiated in Grade III; 43 cases were moderately differentiated in Grade II; and 6 cases were highly differentiated in Grade I. Among them, 3 cases were in situ cancers, and 151 cases were malignant, primary site cancers. Table 1 shows the characteristics of subjects according to quartiles of dairy product consumption. The subjects in the highest quartile (1.79 servings/day) were more likely to be older, male, white, non-smokers, have a higher level of education (college graduate and postgraduate), and a high total calorie intake compared with subjects in the other three quartiles.


TABLE 1    Baseline characteristics of study population according to total dairy consumption in 101,723 participants.
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The findings of dairy consumption and EC incidence using univariable and multivariable Cox regression are presented in Table 2. The HR with 95% CI of EC in the fourth quartiles of total dairy consumption (1.79 servings/day) compared to those in the first quartiles (0.6 servings/day) in the multivariate-adjusted model was 0.83, 0.50–1.38 (p for trend = 0.465). We also found no statistically significant associations between EC risk and different dairy products such as milk, yogurt, and cheese.


TABLE 2    Association between dairy consumption and esophagus cancer risk in the PLCO trial.
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The RCS regression plots evaluating the non-linear association between dairy consumption and EC risk are shown in Figure 1. However, there was no evidence of a non-linear correlation between consumption of total or individual dairy products and EC risk.


[image: image]

FIGURE 1
Non-linear dose-response analysis on total dairy products (A), milk (B), yogurt (C), and cheese (D) consumption and incidence of EC. Hazard ratios were calculated by restricted cubic spline regression with four knots (i.e., the 5th, 35th, 65th, and 95th percentiles) after adjusting for age (years), alcohol drinking status (never, current, former), smoking status (never, current, former), occupation (not working, working, retired, others), body mass index (<25 kg/m2, ≥25 kg/m2), total calorie intake (kcal/day). The solid line represents a non-linear trend, and dashed lines represent 95% confidence intervals.


Sensitivity analyses confirmed that our findings were stable. Dairy consumption and EC incidence did not change when we eliminated the 27 cases reported within the first two years. Furthermore, the results remained unchanged after excluding 2889 participants with extreme calorie intake (Supplementary Table 1).



Discussion

In multivariable adjusted models, we did not find any statistically significant correlations between dairy product consumption and EC risk in this large prospective population. These findings persisted in sensitivity analysis, demonstrating the validity of our conclusion.

Protein, fat, and minerals are abundant in dairy products. Researchers have investigated the role of milk in the etiology of colon, breast, and prostate cancers (23–25); however, there is no information on its association with EC risk in the US. According to a 2016 report from the World Cancer Research Fund and the American Institute for Cancer Research, there is “limited-no conclusion” regarding the link between dairy consumption and EC. To date, it has been unknown whether dairy product consumption could decrease the risk of EC. The meta-analyses has reported that fermented dairy food consumption, including cheese and yogurt, have a protective effect on EC (26); however, there is no association between drinking milk and the incidence of EC (13). Yogurt consumption is inversely associated with the risk of ESCC in a Japanese population (27). A case-control study from Ireland showed no significant associations between dairy product consumption and EAC risk (28). However, another case-control study from a Chinese population found that milk or dairy products were positively associated with an increased the risk of EC (29). These studies were retrospective; prospective studies provided limited and inconsistent evidence. Milk had a protective role against the development of EC in a Shanghai population cohort (30). The results of our study were consistent with the Japanese cohort study, which prospectively showed that milk intake was not significantly correlated to EC risk (15).

The evidence for dairy products either preventing cancer or increasing cancer incidence is inconclusive. Dairy products may be positively or negatively associated with cancer through their constituents or metabolites, including protein, calcium, vitamin D, saturated fatty acids, and butyrate (31–33). Fermented milk products such as yogurt and cheese may be responsible for dairy products’ protective effect on EC risk (26). Lactobacilli and Bifidobacteria, probiotic microbes found in fermented dairy, have been linked to a variety of healthy benefits, including cancer prevention (34). Both probiotics have been found to have multiple mechanisms against cancer. They have been shown to inhibit pernicious bacterial growth in order to reduce carcinogenic enzymes such as β-glycosidase and azoreductase (35). They have been discovered to exert anti-mutagenicity against mutagenic substances in vitro (36). They could also inhibit proliferation or induce apoptosis in cancer cells (37, 38).

Furthermore, dietary components such as protein in milk may have a significant impact on cancer by targeting gut microbiota (39). Recent research has shown a high protein diet increases gut Bifidobacteria composition in rats (40). Protein can also be fermented by microbes that colonize the intestinal tract. Short chain fatty acids (SCFAs), which are protein metabolites, can alter gut microbiota and show anticancer activity, thus enhancing host defense and immunity (41, 42). SCFAs have been found to inhibit the activity of the enzyme histone deacetylase, which may increase the number of regulatory T cells and the production of interleukin-10 and transforming growth factor-β, promoting cancer cell apoptosis (43).

Although cheese is a fermented milk product, it has a higher fat content than whole milk. It has been observed that high dietary fat intake, especially high-fat dairy product consumption, is significantly related to a higher incidence of EC (44, 45). Indeed, a high-fat diet may cause changes in the esophageal microbiota, particularly affecting the synthesis of SCFAs and bile acids (46). Since 1970, the proportion of Americans drinking whole milk has decreased, while the consumption of cheese has increased by twofold (47), which indicates high-fat dairy consumption may be positively associated with EC risk.

Dairy consumption may have detrimental effects on cancer risk due to the presence of contaminants, including carcinogenic environmental contaminants, pesticides, and mycotoxins (48). In 1997, Schecter et al. discovered that polychlorinated biphenyls (PCBs) and organochlorine pesticides such as DDT, which is now banned in the United States, significantly contribute to dioxin toxic equivalents (TEQs) in butter and cheese (49). According to a US national report on toxic pollutants in milk, the levels of TEQs in milk and dairy products had decreased in 2003 (50). Moreover, dairy contamination with mycotoxins is a risk factor for EC. The mycotoxins, like aflatoxins B1 and M1, that have been found in milk are produced by the molds in the contaminated cattle feed. Aflatoxin B1 is categorized as a powerful human carcinogen. Despite exposure to very low levels of aflatoxin B1, it may have a negative effect on human health (51). In Turkey, another mycotoxin was reported, indicating EC is caused by consumption of moldy cheese in Eastern Anatolia (52).

Dairy products may have both positive and negative connections with the development of different cancers. However, the majority of negative effects for people can result from excessive or indiscriminate consumption. The Cancer Council and the United States Department of Agriculture have recommended three servings of low-fat or fat-free dairy products daily as an important part of a nutritious diet in our lives.

Our study used a prospective cohort design and long follow-up periods to minimize the selection bias. Additionally, dairy product consumption was assessed using a DHQ, which evaluated different dairy products, including non-fermented and fermented milk products. However, there were some limitations in our study. First, the DHQ may lead to recall bias, affect HR, and confounder estimations (53). Second, dairy consumption was evaluated only once at baseline. It was not possible to assess subsequent changes in diet. Third, there may be residual confounders in observational studies. Although potential confounders were adjusted in the PLCO trial, we cannot exclude the possibility that our results were distorted by unrecognized confounders. The last was the low incidence of EC; thus, the insignificant association may be partly due to the reduced statistical power.

In conclusion, we concluded that the findings of the PLCO cohort do not suggest dairy consumption reduces the risk of EC. In addition, further research on different populations is also required to verify our findings.
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