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Abstract
Aim: To quantitatively assess the relationship between energy intake and the incidence of digestive cancers in a meta-analysis of cohort studies.

Methods: We searched MEDLINE, EMBASE, Science Citation Index Expanded, and the bibliographies of retrieved articles. Studies were included if they reported relative risks (RRs) and corresponding 95% confidence intervals (CIs) of digestive cancers with respect to total energy intake. When RRs were not available in the published article, they were computed from the exposure distributions. Data were extracted independently by two investigators and discrepancies were resolved by discussion with a third investigator. We performed fixed-effects meta-analyses and meta-regressions to compute the summary RR for highest versus lowest category of energy intake and for per unit energy intake and digestive cancer incidence by giving each study-specific RR a weight that was proportional to its precision.
Results: Nineteen studies consisting of 13 independent cohorts met the inclusion criteria. The studies included 995 577 participants and 5 620 incident cases of digestive cancer with an average follow-up of 11.1 years. A significant inverse association was observed between energy intake and the incidence of digestive cancers. The RR of digestive cancers for the highest compared to the lowest caloric intake category was 0.90 (95% CI, 0.81–0.98, P <0.05). The RR for an increment of 239 kcal/d energy intake was 0.97 (95% CI, 0.95–0.99, P <0.05) in the fixed model. In subgroup analyses, we noted that energy intake was associated with a reduced risk of colorectal cancer [RR 0.90, (95% CI, 0.81–0.99), P <0.05] and an increased risk of gastric cancer [RR 1.19, (95% CI, 1.08–1.31), P <0.01]. There appeared to be no association with esophageal [RR 0.96, (95% CI, 0.86–1.07), P >0.05] or pancreatic [RR 0.79, (95% CI, 0.49–1.09), P >0.05] cancer. Associations were also similar in studies from North America and Europe. The RR was 1.02 (95% CI, 0.79–1.25, P >0.05) when considering the six studies conducted in North America and 0.87 (95% CI, 0.77–0.98, P <0.05) for the five studies from Europe.
Conclusion: Our findings suggest that high energy intake may reduce the total digestive cancer incidence and has a preventive effect on colorectal cancer.
© 2012 Baishideng. All rights reserved.  
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INTRODUCTION
An important discovery in recent years is that lifestyle and environmental factors affect cancer initiation, promotion, and progression. Epidemiological studies strongly suggest that the majority of cancer deaths can be attributed to factors such as unhealthy diets, tobacco, alcoholism, infections, and occupational exposure. In particular, data from several observational studies support the theory that diet plays an important role in the initiation of many common cancers[1]. Calorie restriction (CR) is an experimental mode in which test animals receive a lower-calorie diet than ad libitum–fed controls. It has emerged as the most potent, broadly acting dietary intervention for preventing carcinogenesis in rodent models of cancer[2]. Recent reports of extended life span and delayed cancer development in response to CR in rhesus monkeys[3] and observations that CR during the premenopausal years decreases postmenopausal breast cancer risk in women[4] suggest that the anticancer effects of CR reported in rodent models extend to primates, including humans.

Although animal models have clearly demonstrated a protective effect of CR on cancer risk, it is less clear and there is little direct evidence that such a protective effect exists in humans. A study of normal-weight humans found that a 20% energy restriction for 10 wk did not reduce oxidative DNA damage[5]. In free-living populations, it is difficult to answer the important question of whether such an effect exists within the range of energy intake by humans. In human populations, energy intake is determined by physical activity, body size, and metabolic efficiency, and all these factors may be related to cancer risk, which makes the relationship between energy intake and cancer in humans complex. 

Very few studies have assessed the relationship between CR and the risk of various cancer sites because of ethical issues. One study of the 1944–1945 Dutch famine and subsequent overall cancer incidence[6] found no evidence that the short famine affected overall cancer risk. However, higher energy intake in childhood may increase the risk of developing cancer in adulthood[7]. Data from case-control studies may be subject to recall bias with respect to energy intake and to selection bias with respect to the control group. Additional prospective cohort studies excluding those biases would be more useful for observing energy-cancer associations. We therefore systematically reviewed and performed a meta-analysis of prospective cohort studies to quantitatively assess the association between energy intake and digestive cancer risk in free-living human populations. 
MATERIALS AND METHODS

Literature search

We searched the electronic databases MEDLINE (1966 to May, 2012), EMBASE (1985 to May, 2012), and Science Citation Index Expanded (1945 to May, 2012), using the Medical Subject Heading term energy intake combined with digestive system neoplasms. Furthermore, we reviewed reference lists of retrieved articles to search for additional studies. Only studies published as full-length articles in English were considered.

Inclusion and exclusion criteria

For inclusion, studies had to fulfill the following criteria: have a prospective cohort design, report relative risks (RR) or hazard ratios and their corresponding 95% confidence intervals (CIs) (or data to calculate them) of digestive cancers relating to every category of energy intake, and provide the categories or total intake of calories. Studies were excluded if a case-control design was used, the experimental participants were children or adolescents, energy intake from special food was reported in which the total intake of calories could not be calculated, or adequate classification of intake could not be determined because categories of energy intake were not reported. If multiple published reports from the same study cohort were available, we included only the one with the most detailed information for both outcome and energy intake. If there were multiple articles on different types of digestive cancers in the same cohort, we combined the outcomes to calculate the summary RR and its corresponding 95% CIs.

Data extraction

Data were extracted independently by two investigators (Yu XF and Dong J) according to the meta-analysis of observation studies in epidemiology guidelines[8], and discrepancies were resolved by discussion with a third investigator (Zou J). For each study, the following information was extracted: first author’s last name, year of publication, country of origin, follow-up period, number of patients and cases, digestive cancer sites, category amounts of energy intake, outcome assessment, RR or hazard ratios of cancer and the corresponding 95% CIs for every category of energy intake, and covariates adjusted for in the statistical analysis.

Statistical analysis

The measures of interest were the RR and the corresponding 95% CIs for included cohort studies. When RRs were not available in the published article, they were computed from the exposure distributions. We computed the summary RR for highest versus lowest category of energy intake and for per unit energy intake and digestive cancer incidence by giving each study-specific RR a weight that was proportional to its precision (i.e., the inverse of the variance was derived, when necessary, from the reported 95% CIs). 

Statistical heterogeneity among studies was estimated using Q and I2 statistics. For the Q statistic, heterogeneity was considered present for P < 0.1. We pooled the study-specific estimates using both the fixed-effect model and the random-effect model proposed by DerSimonian and Laird; when a significant heterogeneity was found, the random-effect model results were presented. A sensitivity analysis was also conducted, in which one study at a time was removed and the rest were analyzed to estimate whether the results could have been markedly affected by a single study.

Finally, publication bias was evaluated with funnel plot visual analysis and with the Begg’s and Egger’s tests. P < 0.05 was considered statistically significant. All statistical analyses were performed with STATA (version 9.0; Stata Corp., College Station, TX).

RESULTS
Using the predefined search strategy, we identified 19 publications and 13 prospective cohort studies (Figure 1), including 995 577 participants and 5 620 incident cases of digestive cancer with an average follow-up of 11.1 years, which were eligible for inclusion in the meta-analysis[9-27]. The characteristics of the included cohorts are summarized in Table 1. Initial agreement between the two reviewers on whether a study was eligible for inclusion occurred for 108/113 manuscripts (95.6%; κ = 0.912). Of the 13 cohorts included in the meta-analysis, 6 were conducted in Europe, 6 in North America (United States), and 1 in Asia (Singapore).

From the 13 cohorts reporting energy intake, 11 cohorts could be used for the qualitative meta-analyses for the highest versus the lowest category of exposure and digestive cancer incidence. Figure 2A shows the estimated RRs for the highest versus lowest category of energy intake from cohort studies. The summary RR of digestive cancers from all combined studies was 0.90 (95% CI, 0.81–0.98). There was no significant heterogeneity across the studies (Q = 14.6, P = 0.148, I2 = 31.4%).

From the included cohorts, nine studies could be used in the per unit energy intake meta-analyses. The summary RR of digestive cancers for an increment of 239 kcal/d energy intake was 0.97 (95% CI, 0.95–0.99), and no significant heterogeneity between studies was present (Q = 11.7, P = 0.167, I2 = 31.4%) (Figure 2B).

When stratified by the site of digestive cancer, we noted that energy intake was associated with a reduced risk of colorectal cancer (RR 0.90, 95% CI, 0.81–0.99) and an increased risk of gastric cancer (RR 1.19, 95% CI, 1.08–1.31). There appeared to be no association with esophageal (RR 0.96, 95% CI, 0.86–1.07) or pancreatic (RR 0.79, 95% CI, 0.49–1.09) cancer. Associations were also similar in studies from North America and Europe. The RR was 1.02 (95% CI, 0.79–1.25) when considering the six studies conducted in North America and 0.87 (95% CI, 0.77–0.98) for the five studies from Europe.
There was no indication of publication bias from either visualization of the funnel plot or Egger’s (P = 0.661) and Begg’s (P = 0.533) (Figure 3) tests. A sensitivity analysis, in which one study was removed at a time, was performed to evaluate the stability of the results. This analysis confirmed the stability of our results.

Discussion
Over the past 30 years, CR has emerged as the most potent, broadly acting dietary intervention for preventing carcinogenesis in rodent models of cancer. Some observational studies further support the hypothesis that CR has beneficial effects on longevity and cancer risk in humans[28]. However, physical activity and body size are highly related to total energy intake, and it is difficult to assess the independent effect of energy intake on cancer risk. In addition, energy intake is also difficult to assess in large-scale epidemiologic studies. Animal experimental studies have suggested the importance of energy balance as a determinant for cancer risk[28,29]. Although very few studies have assessed the relationship between CR and the risk of various cancer sites in humans because of ethical issues, we quantitatively assessed the relationship between energy intake and the incidence of digestive cancers in a meta-analysis of cohort studies. Our meta-analysis yielded an inconsistent result in former studies and showed that energy intake was inversely associated with the risk of digestive cancers. The summary RR of digestive cancers was 0.97 (95% CI, 0.95–0.99) for an increment of 239 kcal calorie intake per day.

Data from countries that experienced varying degrees of energy restriction during World War II may support our results. For example, a cohort of Norwegians showed reduced breast cancer risk when exposed to acute (<1 yr) energy restriction (50% reduction in caloric intake without significant changes in diet quality)[30]. In contrast, survivors of the Dutch famine of 1944, during which energy restriction (70% reduction in rations for adults; 50% reduction in rations for children) was more severe than in the Norwegian study, experienced higher breast cancer rates but no apparent change in risk of any other cancer[6]. Cohorts exposed to even longer and more severe (>80% reduction in normal energy intake) energy restriction, such as European Jewish survivors exposed to the Holocaust[31] or Russian survivors of the Siege of Leningrad[32], show increased risk of some cancers. The confounding effects of severe physical and psychosocial stress, malnutrition, infection, and other factors associated with war conditions make these studies challenging to interpret. However, based on data from animal and human studies, it seems clear that although CR typically decreases cancer risk, the anticancer effects associated with reduced energy intake can be neutralized or overcome in the presence of extreme stressors, such as what occurred during World War II.

The mechanisms responsible for CR-mediated beneficial effects on cancer are thought to involve metabolic adaptations to CR itself, including (1) decreased production of growth factors and anabolic hormones[33,34]; (2) decreased production of reactive oxygen species and modulation of the endogenous antioxidant systems that decrease oxidative stress and free radical–induced DNA damage[35,36]; (3) decreased plasma concentrations of inflammatory cytokines and an increase in circulating corticosteroids, ghrelin, and adiponectin that results in reduced inflammation[37–40]; and (4) protection against aging-associated deterioration in immunosurveillance[41]. In addition, CR simultaneously affects multiple processes that are involved in cancer pathogenesis, including DNA repair processes, removal of damaged cells through apoptosis, autophagy, and protection from the effects of damaging agents (e.g., toxic and genotoxic compounds)[42,43]. Many of the effects of CR are probably mediated by regulation of gene expression, including upregulation of tumor suppressor genes and genes promoting DNA and cellular repair, protein turnover, stress resistance and antioxidant genes, downregulation of proinflammatory genes, and modulation of energy metabolism pathways[44,45]. Whether CR with adequate nutrition reduces the cancer incidence in humans is unknown, but data from studies of long-term CR suggest that the metabolic and physiological responses to CR in humans are similar to those in rodents and monkeys[46–49].

To further elucidate the relationship between energy intake and risk of digestive cancer at various sites, we performed subgroup analysis and noted that energy intake was associated with a reduced risk of colorectal cancer and an increased risk of gastric cancer. There appeared to be no association with esophageal or pancreatic cancer. Colorectal cancer is one of the most common cancers worldwide. Only one study assessed the association between energy restriction and colorectal cancer risk[50]. This study observed no significant relationship between energy restriction early in life and subsequent colon carcinoma risk in men and women who had lived in a western city in 1944–1945 (hunger winter) in the Netherlands. Interestingly, of studies that have examined the relationship between energy intake and colon cancer, many prospective investigations have similarly found inverse associations with greater energy intake, whereas case-control studies have observed positive associations[51–55].

A combined analysis of 13 case-control studies demonstrated a positive association with total energy intake in 11 of the 13 studies. The association was similar between men and women, between younger (<50 years old) and older (>50 years old) people, between colon and rectal cancer, and between right and left colon cancer sites[54]. On the other hand, cohort studies have usually reported a weak or null association[15,18]. In the study by Bostick et al[10], a decreasing risk of colon cancer with increasing total energy intake was seen following age-adjusted analysis. The RR comparing the highest quintile (>2.238 kcal/d) with the lowest quintile (<1.301 kcal/d) was 0.60 (95% CI: 0.39–0.92). Martinez et al[16] reported a weak positive association between energy intake and colorectal cancer. The age-adjusted RR for the highest compared with the lowest quintile of energy intake was 1.18 (95%CI: 0.89–1.57). Among 63257 Asian participants followed for an average of 7 yr in which 310 incident cases of colorectal cancer were identified, no significant difference was found between the median total caloric intake of patients with colorectal cancer (1494.0 kcal/d) and controls (1483.5 kcal/d)[56].
In our meta-analysis, 10 cohorts were identified from Finland, the Netherlands, Norway, and the United States. The summary RR of colorectal cancer was 0.90 (95% CI, 0.81–0.99) for the highest versus lowest category of energy intake. We observed an inverse association between energy intake and the risk of colorectal cancer. The inverse association observed in some of these prospective studies may be explained by the greater energy intake associated with energy expenditure from greater physical activity, which is protective against colon cancer[57].

There were over 20 case-control studies concerning the relationship between total energy intake and the risk of gastric cancer. In all studies, total energy consumed during adulthood was assessed. Some studies reported a positive association between total energy intake and the risk of gastric cancer[58-62]. Regarding cohort studies, Ahn et al[63] reported a approximately 60% decreased risk of gastric cancer with increased total energy intake in Korea. Kasum et al[22] studied the association between energy intake and the risk of gastric cancer in postmenopausal women in the United States. Among 34651 participants followed for an average of 14 years in which 56 incident cases of gastric cancer were identified, the summary RR of stomach cancer was 1.10 for an increment of 250 kcal/d energy intake. Our meta-analysis including two cohort studies suggested a significant positive relationship between energy intake and gastric cancer (RR = 1.19; 95%CI, 1.08–1.31).

Over the past three decades, many studies have been conducted to examine the relationship between energy intake and pancreatic cancer. Harnack et al[17] found that in 33 976 postmenopausal women in the United States, the summary RR of pancreatic cancer for individuals with an energy intake of >1900 kcal/day was 1.20 (95%CI, 0.67–2.15) compared with those having an intake of <1450 kcal/day. In 27,111 male smokers in Finland, Stolzenberg-Solomon et al [23] studied the association between energy intake and the risk of pancreatic cancer. After following participants for an average of 10.2 years, 163 incident cases of exocrine cancer of the pancreas were identified. The RR comparing the highest quintile (>3410 kcal/d) with the lowest quintile (<2155 kcal/d) was 0.62 (95%CI, 0.36–1.07). After a pooled analysis of three cohort studies, we found that the summary RR of pancreatic cancer was 0.79 (95%CI, 0.49–1.09) for the highest versus lowest category of energy intake. Thus, there appears to be no obvious association between energy intake and pancreatic cancer risk.
Some limitations of this meta-analysis should be acknowledged. First, as in all observational studies of diet and disease, the possibility of bias and confounding factors cannot be excluded. However, cohort studies, which are less susceptible to bias because of the prospective design, also showed an inverse association between energy intake and risk of digestive cancers, suggesting that the finding is not likely attributable to recall and selection bias. Individual studies may have failed to adjust for potential known or unknown confounders. Second, energy intake in our study may be a marker for greater nutrient intake and better nutritional status, because energy is correlated with many nutrients, and their combined effect may also explain the protective association that we observed. Dietary data do not necessarily reflect absorbed or biologically active doses and may contain measurement error from nutritional assessment techniques and nutrient databases, and participants may have changed their diets since baseline. All these parameters may have attenuated risk estimates. Third, we extracted the risk estimates that reflected the greatest degree of the control potential confounders because it was difficult to obtain raw data from each study to conduct standardized adjustments. Therefore, the results based on adjustment for different confounders were likely different from those based on standardized adjustments. Finally, only published studies were included in our meta-analysis. Therefore, publication bias may have occurred, although no publication bias was indicated from both visualization of the funnel plot and Egger’s test.
This meta-analysis presents epidemiologic evidence about the relationship between energy intake and risk of digestive cancers. In summary, we observed an inverse association between energy intake and the risk of digestive cancers. High energy intake may increase the risk of gastric cancer and decrease that of colorectal cancer. However, because physical activity, body size, and metabolic efficiency are highly related to total energy intake and expenditure, it is difficult to assess a possible independent effect of energy intake on digestive cancer risk. More investigations are needed to determine the biological mechanism of the inverse relationship between energy intake and the incidence of digestive cancers.
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Background

An important discovery in recent years is that lifestyle and environmental factors affect cancer initiation, promotion, and progression. Epidemiological studies strongly suggest that the majority of cancer deaths can be attributed to factors such as unhealthy diets, tobacco, alcoholism, infections, and occupational exposure. Recent reports of extended life span and delayed cancer development in response to calorie restriction (CR) in rhesus monkeys and observations that CR during the premenopausal years decreases postmenopausal breast cancer risk in women suggest that the anticancer effects of CR reported in rodent models extend to primates, including humans.
Research frontiers

Very few studies have assessed the relationship between CR and the risk of various cancer sites because of ethical issues. One Dutch famine study and subsequent overall cancer incidence found no evidence that the short famine affected overall cancer risk. However, higher energy intake in childhood may increase the risk of developing cancer in adulthood. Data from case-control studies may be subject to recall bias with respect to energy intake and to selection bias with respect to the control group. Prospective cohort studies excluding those biases would be more useful for observing energy-cancer associations.
Related publications
A cohort of Norwegians showed reduced breast cancer risk when exposed to acute (<1 year) energy restriction (50% reduction in caloric intake without significant changes in diet quality). In contrast, survivors of the Dutch famine of 1944, during which energy restriction (70% reduction in rations for adults; 50% reduction in rations for children) was more severe than in the Norwegian study, experienced higher breast cancer rates but no apparent change in risk of any other cancer. Cohorts exposed to even longer and more severe (>80% reduction in normal energy intake) energy restriction, such as European Jewish survivors exposed to the Holocaust or Russian survivors of the Siege of Leningrad, show increased risk of some cancers. The confounding effects of severe physical and psychosocial stress, malnutrition, infection, and other factors associated with war conditions make these studies challenging to interpret.

Innovations and breakthroughs
This meta-analysis presents epidemiologic evidence about the relationship between energy intake and risk of digestive cancers. They observed an inverse association between energy intake and the risk of digestive cancers. High energy intake may increase the risk of gastric cancer and decrease that of colorectal cancer. However, because physical activity, body size, and metabolic efficiency are highly related to total energy intake and expenditure, it is difficult to assess a possible independent effect of energy intake on digestive cancer risk. More investigations are needed to determine the biological mechanism of the inverse relationship between energy intake and the incidence of digestive cancers.
Applications 

The study results suggest that an inverse association between energy intake and the risk of digestive cancers. High energy intake may increase the risk of gastric cancer and decrease that of colorectal cancer. They could prevent digestive cancers by controlling energy intake.
Terminology

CR: An experimental mode in which test animals receive a lower-calorie diet than ad libitum–fed controls. It has emerged as the most potent, broadly acting dietary intervention for preventing carcinogenesis in rodent models of cancer.
Peer review

This manuscript presents a meta-analysis of selected studies about the effects of energy intake on risk of digestive cancer. It is well designed with the use of only prospective studies. Appropriate statistical methods are used for each reported meta-analysis for the assessment of effects on outcome.
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Figure 1 Flow diagram of the search strategy and study selection.
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Figure 2 Summary relative risks of digestive cancers. A: The highest versus lowest category of energy intake from included cohorts; B: An increment of 1 MJ/day energy intake from included cohorts. Squares represent study-specific relative risk (RR) estimates (size of the square reflects the study-specific statistical weight, that is, the inverse of the variance); horizontal lines represent 95% confidence intervals (CIs); diamonds represent summary RR estimates with corresponding 95% CIs.
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Figure 3 Publication bias in the studies. Begg’s funnel plot indicating no publication bias in the studies included in this meta-analysis. No indication of publication bias was noted from both visualization of the funnel plot and Egger’s test.

Table 1 Summary characteristics of cohorts included in the meta-analysis
	Author

	Country

	Follow-up

period (yr)
	Age 


	Cohort
size
n
	Cases
n
	Exposure

details (kcal/d)
	Outcome

	Contrast

between groups (kcal)
	Relative risk

(95% CI)
	Adjustments

for confounders

	Giovannucci et al [14], 1994
	United States
	6 
	40-75
	47949
	205
	Caloric intake
	Colon cancer
	1229
	1
	Age

	
	
	
	
	
	
	
	incidence
	1586
	1.92 (1.28-2.90)
	

	
	
	
	
	
	
	
	
	1884
	1.33 (0.85-2.08)
	

	
	
	
	
	
	
	
	
	2308
	1.12 (0.70-1.80)
	

	
	
	
	
	
	
	
	
	2820
	0.94 (0.57-1.55)
	

	Goldbohm et al [12], 1994
	Netherlands
	3.3 
	55-69
	120852
	215
	Caloric intake
	Colon cancer
	1510(M) 1163(F)
	1
	

	
	
	
	
	
	
	
	incidence
	1836(M) 1435(F)
	0.88 (0.57-1.69)
	

	
	
	
	
	
	
	
	
	2096(M) 1626(F)
	1.12 (0.75-1.70)
	

	
	
	
	
	
	
	
	
	2364(M) 1848(F)
	0.84 (0.54-1.31)
	

	
	
	
	
	
	
	
	
	2791(M) 2200(F)
	0.74 (0.47-1.18)
	

	 Chyou
et al [13], 1995
	United States
	24 
	45-68
	7903
	695
	Caloric intake
	Upper digestive
	<2000
	1
	Age, alcohol,

	
	
	
	
	
	
	
	Tract, colorectal
	2000-2499.9
	0.91 (0.60-1.22)
	number of cigarettes day,

	
	
	
	
	
	
	
	Cancer incidence
	≥2500
	0.94 (0.64-1.24)
	number of years smoked

	Gaard 

et al [15], 1996
	Norway
	11.4 
	20-54
	50535
	143
	Energy intake
	Colon cancer
	≥9999: highest quintile
	1.24 (0.56-1.92)
	Age, height, BMI,

	
	
	
	
	
	
	kJ/d
	incidence
	≥6654 (F)
	
	Attained age,

	
	
	
	
	
	
	
	
	≤6857: lowest quintile
	
	Smoking status

	
	
	
	
	
	
	
	
	≤4453 (F)
	
	

	Martinez 

et al [16], 1996
	United States
	12 
	30-55
	89448
	501
	Caloric intake
	Colon cancer
	5th: highest quintile
	1.18 (0.89-1.57)
	Age

	
	
	
	
	
	
	
	incidence
	1st: lowest quintile
	
	

	Harnack 

et al [17], 1997
	United States
	9 
	55-69
	33976
	355
	Caloric intake
	Esophageal, gastric,
	≤1450
	1
	Age, alcohol use,

	
	
	
	
	
	
	
	Pancreatic, colon
	1451-1900
	0.69 (0.49-0.88)
	pack-years of smoking,

	
	
	
	
	
	
	
	Cancer incidence
	>1900
	0.73 (0.53-0.92)
	yellow/orange vegetables,

	
	
	
	
	
	
	
	
	
	
	grains intake

	Kato 

et al [18], 1997
	United States
	7.1 
	34-65
	14727
	100
	Energy intake
	Colorectal cancer
	Quintile 1
	1.0
	Age,

	
	
	
	
	
	
	
	incidence
	Quintile 2
	1.16 (0.67-2.00)
	educational level,

	
	
	
	
	
	
	
	
	Quintile 3
	0.85 (0.47-1.53)
	place at enrollment

	
	
	
	
	
	
	
	
	Quintile 4
	1.20 (0.69-2.08)
	

	Jarvinen 

et al [21], 2001
	Finland
	24 
	≥15
	9959
	109
	Energy intake
	Colorectal cancer
	4th: highest quintile
	0.78 (0.42-1.44)
	Age, sex,

	
	
	
	
	
	
	
	incidence
	1st: lowest quintile
	
	BMI, smoking,

	
	
	
	
	
	
	
	
	
	
	occupational group,

	
	
	
	
	
	
	
	
	
	
	geographical area

	Stolzenberg-
	Finland
	13 
	50-69
	27111
	459
	Energy intake
	Gastric, pancreatic,
	≤2155
	1
	Age, BMI,

	Solomon 

et al [23], 2002
	
	
	
	
	
	
	colorecal cancer
	>2155 and ≤2541
	1.18(0.78-1.58)
	educational level, calcium

	
	
	
	
	
	
	
	incidence
	>2541 and ≤2917
	1.19(0.76-1.85)
	intake, smoking years,

	
	
	
	
	
	
	
	
	>2917 and ≤3410
	0.99(0.62-1.35)
	alcohol consumption,

	
	
	
	
	
	
	
	
	>3410
	0.75(0.42-1.09)
	physical activity at work

	Tiemersm 

et al [24], 2002
	Netherlands
	8.5 
	20-59
	>36000
	102
	Energy intake
	Colorectal cancer
	mean cases: 6895
	
	

	
	
	
	
	
	
	kJ/d
	incidence
	mean controls: 6773
	
	

	Wong 

et al [25], 2003
	Singapore
	7 
	45-74
	63257
	482
	Energy intake
	Colorectal cancer
	mean cases: 1511
	
	

	
	
	
	
	
	
	
	incidence
	mean controls: 1492
	
	

	Friedenreich et al [26], 2006
	10 European
	6.4 
	35-70
	413044
	1693
	Energy intake
	Colorectal cancer
	<1827
	1
	Age, center,

	
	countries
	
	
	
	
	
	incidence
	1827-2351
	0.91(0.78-1.05)
	education, smoking, fiber

	
	
	
	
	
	
	
	
	>2351
	0.90 (0.78-1.02)
	

	Prentice 

et al [27], 2009
	United States
	12 
	50-79
	80816
	561
	Energy intake
	Pancreatic, colorectal
	Quartile 1
	1
	

	
	
	
	
	
	
	
	cancer incidence
	Quartile 2
	1.19 (0.81-1.57)
	

	
	
	
	
	
	
	
	
	Quartile 3
	1.18 (0.82-1.54)
	

	
	
	
	
	
	
	
	
	Quartile 4
	1.47 (0.99-1.94)
	


 CI: Confidence interval; BMI: Body mass index.
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