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The results of most case-control studies have suggested a positive association between eating frequency and
colorectal cancer risk. Because no prospective cohort studies have done so to date, the authors prospectively
examined this association. In 1992, eating frequency was assessed in a cohort of 34,968 US men in the Health
Professionals Follow-up Study. Cox proportional hazards regression models were used to estimate relative risks
and 95% confidence intervals for various levels of eating frequency. Effect modifications by overall dietary quality
(assessed using the Diet Approaches to Stop Hypertension score) and by factors that influence insulin resistance
were further assessed. Between 1992 and 2006, a total of 583 cases of colorectal cancer were diagnosed. When
comparing the highest eating frequency category (5–8 times/day) with the reference category (3 times/day), the
authors found no evidence of an increased risk of colorectal cancer (multivariate relative risk ¼ 0.88, 95% confidence
interval: 0.62, 1.26) or colon cancer (multivariate relative risk¼ 0.78, 95% confidence interval: 0.49, 1.25). There was
an implied inverse association with eating frequency among participants who had healthier diets (high Diet Ap-
proaches to Stop Hypertension score; P for interaction ¼ 0.01), especially among men in the high-insulin-sensitivity
group (body mass index (weight (kg)/height (m)2) <25, �2 cups of coffee/day, and more physical activity; P for
interaction < 0.01, P for trend ¼ 0.01). There was an implied protective association between increased eating
frequency of healthy meals and colorectal cancer risk and inmen with factors associated with higher insulin sensitivity.

colorectal neoplasms; diet; food; nutritional status

Abbreviations: BMI, body mass index; CRC, colorectal cancer; DASH, Dietary Approaches to Stop Hypertension; FFQ, food
frequency questionnaire.

Colorectal cancer (CRC) is the third leading cause of
cancer death in both the United States (1) and worldwide
(2). Findings from most case-control studies have suggested
that CRC risk increases with higher eating frequency (meals
and/or snacks) (3–8), although the results of 2 of these stud-
ies did not reach statistical significance (3, 4). Conversely, in
1 case-control study, de Verdier and Longnecker (9) found
a null association between the risk of colon cancer and meal
frequency but a positive association between the risk of colon
cancer and snack frequency. In another case-control study,
investigators found no association between CRC risk and
snack frequency or eating frequency, but they did find a posi-
tive association with meal frequency (10). On the basis of

inconsistent results across studies and the case-control study
design that may be subject to recall bias, no firm conclusion
could be made regarding the influence of meal frequency on
CRC risk. Examining this association between meal frequency
and CRC risk prospectively is important to exclude potential
reporting biases.

Further, if eating frequency is associated with CRC risk, it
is reasonable to hypothesize that the association might be
modified by dietary quality. The Dietary Approaches to Stop
Hypertension (DASH) diet entails high intakes of fruits,
vegetables, and legumes and nuts, moderate intakes of low-fat
dairy products, and low intakes of animal protein and
sweets, as well as reduced sodium intake (11). Although
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the DASH diet was originally designed to aid in blood
pressure reduction, adherence to this diet has previously
been shown to be associated with a reduced risk of prev-
alent colorectal adenomas (12) and CRC (13). Glycemic
load, another variable that represents both the quality and
the quantity of the carbohydrates consumed in a diet, also
reflects dietary quality and has previously been associated
with colon cancer risk in some studies (14). Moreover,
increased meal frequency could have a complex associ-
ation with insulin secretion (15); both high insulin se-
cretion and insulin resistance increase the risk of CRC (14).
We prospectively examined data from the Health Profes-
sionals Follow-Up Study to determine whether meal fre-
quency was associated with CRC risk and whether any
association was modified by indicators of dietary quality
(i.e., DASH score and glycemic load) and the major factors
that influence insulin resistance, including coffee intake (16),
physical activity level (17), and body mass index (BMI,
measured as weight (kg)/height (m)2).

MATERIALS AND METHODS

Study population

The Health Professionals Follow-up Study is an ongoing
prospective study of 51,529 male health professionals, in-
cluding dentists, veterinarians, pharmacists, optometrists,
osteopaths, and podiatrists, who were 40–75 years of age
upon enrollment in 1986. Participants have been followed
through questionnaires mailed biennially that asked about
their medical history, lifestyle, and health-related behav-
iors. This study was approved by the institutional review
board of the Harvard School of Public Health, Boston,
Massachusetts.

Dietary assessment

Diet over the previous year was first assessed in 1986 using
a 131-item food frequency questionnaire (FFQ). Dietary in-
formation was updated with subsequent similar FFQs mailed
every 4 years thereafter (in 1990, 1994, 1998, 2002, and
2004). Follow-up was complete for over 90% of participants
in each 2-year cycle. Nine mutually exclusive response cat-
egories were provided for the frequencies of intakes of vari-
ous foods and beverages. Nutrient intakes were calculated by
converting the frequency responses to daily intakes for each
food or beverage, multiplying the daily intakes of each food
and beverage by the corresponding nutrient contents, and
summing the contributions of all items. The validity and
reproducibility of the FFQ have been reported elsewhere
(18, 19). In brief, the deattenuated correlation coefficient be-
tween FFQ and diet records ranged from 0.32 for energy-
adjusted protein to 0.81 for energy-adjusted vitamin B6.

In 1992, subjects were asked to report the times of the day
at which they usually ate. The questionnaire ascertained the
number of times per day food was eaten before breakfast, at
breakfast, between breakfast and lunch, at lunch, between
lunch and dinner, at dinner, between dinner and bed time,
and after going to bed. In the present article, breakfast, lunch,
and dinner were considered to be meals, whereas eating at

other times was considered snacking. Hence, participants
could report eating from 1 to 8 times/day. Because the ques-
tionnaire focused on eating, it is most likely that drinking
coffee, tea, or soda was not considered snacking in this study.
However, we accounted for coffee intake in our models.

Exclusion of participants at baseline

Because eating frequency was first assessed in 1992, we
used data from 1992 as the baseline for the present analysis.
Participants who did not complete the original 1986 FFQ,
had implausible energy intakes (>4,200 or <800 kcal/day),
had skipped 70 or more questions on various food items, or
did not answer the meal frequency questions in 1992 were
excluded from the study. We also excluded participants with
a history of ulcerative colitis or cancer (except for non-
melanoma skin cancer) between 1986 and 1992. Thus,
34,968 men remained for follow-up from 1992 to 2006.

Other covariates

We previously examined various composite dietary scores
(e.g., Mediterranean diet score) in relation to CRC risk in the
Health Professionals Follow-up Study cohort, and the DASH
score was the one most strongly associated with CRC risk
(13). The DASH score was constructed based on foods and
nutrients emphasized or minimized in the DASH diet (20),
focusing on 8 components: high intakes of fruits, vegetables,
nuts and legumes, low-fat dairy products, and whole grains
and low intakes of sodium, sweetened beverages, and red
and processed meats. We calculated a DASH score for each
FFQ starting in 1986 (21). For each of the components, we
classified men into quintiles according to their intake ranking
such that a higher quintile ranking reflected a better-quality
diet. For instance, for fruits, vegetables, nuts and legumes,
low-fat dairy products, and whole grains, the highest quintile
was assigned a score of 5 points and the lowest quintile was
assigned 1 point. For sodium, sweetened beverages, and red
and processed meats, the lowest quintile was assigned a score
of 5 points and the highest quintile was assigned 1 point. We
then summed up the component scores to obtain overall
DASH scores that ranged from 8 to 40.

Glycemic load was calculated by multiplying the carbo-
hydrate content of each food by its glycemic index, a measure
of the relative postprandial blood glucose response per gram
of carbohydrate, multiplying that value by the frequency of
consumption, and then summing these values for all foods.
Hence, glycemic load represented the quality and the quan-
tity of the carbohydrates consumed. Participants were asked
to report their average intakes of coffee with and without
caffeine (in cups) over the preceding year. We then con-
verted the responses for individual beverages into an av-
erage daily intake for each participant. Physical activity
level was expressed as hours per week and converted to
metabolic equivalent hours/week.

Case ascertainment

On each biennial questionnaire, participants were asked
whether they had been diagnosed with cancer of the colon or
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rectum during the previous 2 years. If a participant reported
a diagnosis of colon or rectal cancer, we requested an au-
thorization to obtain his or her medical records. Information
on the histologic type, anatomic location, and stage of the
cancer was then extracted from medical records by study
researchers blinded to exposure status. Between 1992 and
2006, a total of 583 CRC cases (375 colon cancers, 133 rectal
cancers, and 75 cancers of unknown site within the color-
ectum) were diagnosed among eligible men. Patients with
carcinoid cancer or nonepithelial CRC were excluded from
our analyses. Cases whose specific tumor site within the
colorectum was unknown were included in the analyses of
total CRC risk but were excluded from separate analysis of
the colon only.

Statistical analysis

Participants were followed from the date they returned
their baseline questionnaire (in 1992) to the date of diagno-
sis of CRC, death, or end of the study period (January 31,
2006), whichever came first. To examine associations between
eating frequency and CRC risk, we estimated relative risks
and 95% confidence intervals using the Cox proportional haz-
ards regression model with age in months as the time scale
and calendar year as a stratification variable. We analyzed
eating frequency (meals and snacks), snacking frequency
(snacks only), and breakfast consumption patterns (with
other meals and snacks) modeled in 3 or 4 groups. We also
analyzed colon cancer separately. Although there is some
evidence that risk factors for colon and rectal cancers may
differ (22), we did not present separate results for rectal
cancer because of the small number of rectal cancer cases.

In the basic multivariate models, in addition to stratifying
by age and time period, we adjusted for known and suspected
risk factors of CRC, including race (white, nonwhite, or miss-
ing), family history of CRC (yes, no, or missing), pack years
of smoking before 30 years of age (continuous), BMI (<24,
24–26.0, 26.1–29, or >29), physical activity level (quintiles
of metabolic equivalent hours/week), aspirin use (�2 times
per week, <2 times/week, or missing), use of supplements
containing antioxidants (ever, never, or missing), history of
previous endoscopy (screening in the last 2 years, never, or
missing), energy intake (kilocalories/day, continuous), alcohol
intake (0, 0.1–4.9, 5–14.9, or �15 g/day), red meat consump-
tion (quintiles), total calcium intake (quintiles), dietary folate
intake (quintiles), and dietary vitamin D intake (quintiles). To
control for diet quality, we also controlled for DASH score
(quintiles). Because nutrients are correlated with total energy
intake, energy-adjusted nutrient intakes were calculated using
the residual method (23). For continuous variables, such as
physical activity level and BMI, outliers (i.e., values greater
than mean þ 4 3 SD or less than mean – 4 3 SD) were
included in the missing category. We additionally adjusted
for coffee intake (continuous) and glycemic load (continu-
ous) in separate models. The time-varying covariates were
cumulatively averaged (BMI, physical activity level, energy
intake, alcohol intake, red meat consumption, total calcium
intake, dietary folate intake, dietary vitamin D intake, coffee
intake, and glycemic load) or updated using the information
collected every 2 years (all other covariates). These biennially

updated covariates were carried forward from previous years
if data were missing in subsequent rounds and were coded as
missing if absent at baseline. Trend tests were calculated by
including the median eating frequency in each category as
a continuous variable in the model.

We showed the joint association between eating frequency
(categorical) and diet quality, as assessed by the cumulative-
averaged biennially updated variables, such as the DASH
score (below the median value vs. the median value or
higher) and glycemic load (below the median value vs.
the median value or higher). We also conducted joint analysis
with variables associated with insulin sensitivity, including
the 3 items most strongly associated with C-peptide levels:
coffee intake (0–1 vs. �2 servings/day) (16), physical ac-
tivity level (below the median value vs. the median value or
higher in metabolic equivalent hours/week) (17), and BMI
(<25 vs. �25). Moreover, these 3 risk factors for insulin
sensitivity were summed into 1 score ranging from 0 to 3
such that a person with high insulin sensitivity would get 1
point for a coffee intake of 2 or more cups/day, 1 point for
a high physical activity level, and 1 point for a BMI <25.
Thus, a relatively insulin-sensitive individual would get the
highest score of 3 and an insulin-resistant person would get
the worst score of 0. The insulin sensitivity score was then
categorized into 2 groups (0–1 vs. 2–3) for joint-analysis
purposes. To test the hypothesis that there was no associa-
tion modification between each factor and eating frequency
with regard to risk of colorectal or colon cancer, we used the
likelihood ratio test to compare the model that included the
different combinations of eating frequency (continuous term)
and the potential effect modifier (e.g., DASH score (contin-
uous) and glycemic load, coffee intake, physical activity, and
BMI (median of deciles, continuous)) with a model that in-
cluded only eating frequency and the potential effect modifier
as separate variables. All tests were 2-sided.

RESULTS

In this cohort of 34,968 men, the majority ate 3 times/day
(47.8%) or 4 times/day (33.8%), and fewer ate more frequently
(5–8 meals/day; 7.9%) or less frequently (1–2 times/day;
10.5%). Men who ate less frequently mostly skipped breakfast
(71%) or lunch (51%), ate more at dinner time (89%), smoked
more, took fewer aspirin, multivitamins, and antioxidant
supplements, drank more alcohol, consumed fewer calories,
and had a lower intake of all measured nutrients and foods in
general (Table 1). The positive association observed be-
tween DASH score and eating frequency (r ¼ 0.14) was
mainly driven by the positive association between eating
frequency and intakes of whole grains (r ¼ 0.14), low-fat
dairy (r ¼ 0.11), and fruits (r ¼ 0.10), which were also
positively associated with DASH score.

No statistically significant association was found between
increased eating frequency, increased snack frequency, or
breakfast pattern and the incidence of CRC or colon cancer.
After adjusting for the known risk factors for CRC, results
were close to the age-adjusted values, and the observed 12%
lower risk of CRC and the 22% lower risk of colon cancer
were not statistically significant when comparing persons in
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the highest eating frequency category (5–8 times/day) with
those in the reference category (3 times/day) (Table 2). Further,
no association was observed when comparing persons in
the highest snack frequency category (2–4 snacks/day)
with those in the lowest (0 snacks/day) for CRC and colon
cancer risk (Table 3). Similarly, no statistically significant
association was found with CRC and colon cancer risk
when comparing participants who skipped breakfast and
ate 1–7 times/day with persons who regularly had breakfast
and ate 1–3 or 4–8 other times per day (Table 4). The results
remained unchanged when participants who did not consume
breakfast and ate 1–7 times per day were further broken down
into 3 groups: persons who ate 1–2 times/day, persons who

ate 3 times/day, and persons who ate 4–7 times/day (data not
shown). All of these associations remained unchanged after
further adjustment for coffee intake and glycemic load (data
not shown).

We then examined interactions with dietary patterns. An
inverse association between meal frequency and CRC risk
was suggested primarily in persons with a high DASH score
(P for trend ¼ 0.14; P for interaction ¼ 0.01) (Figure 1A)
and in persons with a low-glycemic-load diet (all relative
risks <1 for the low glycemic load stratum), although the
interaction was not significant (P for trend ¼ 0.94, P for
interaction ¼ 0.99; data not shown). As for the factors as-
sociated with insulin sensitivity, the inverse association

Table 1. Age-standardized Baseline Participant Characteristics, by Eating Frequency per Day, Among 34,968 US Men From the Health

Professional Follow-up Study, 1992–2006

Eating Frequency, times/day

1–2 (n 5 3,682;
10.5%)

3 (n 5 16,709;
47.8%)

4 (n 5 11,830;
33.8%)

5–8 (n 5 2,747;
7.9%)

Mean % Mean % Mean % Mean %

Age, years 57 59.7 59 58

Body mass index in 1992a 25.8 25.5 25.9 25.8

Pack-years of smoking before 30 years of age 6.2 4.9 5.1 5.3

Current smoking 14 7 5 4

Physical activity level, metabolic equivalent hours/week 30.2 30.8 29.2 31.0

Family history of colorectal cancer 8 8 8 8

Previous endoscopy 24 29 31 33

Aspirin use (�2 times/week) 27 28 29 33

Multivitamin or antioxidant supplement useb 48 53 52 56

Energy intake, kcal/day 1,778 1,849 1,973 2,077

Alcohol intake, g/day 15.1 11.2 8.2 7.3

Red meat intake, servings/day 0.7 0.8 0.8 0.8

Dietary vitamin D intake, IU/dayc 264 294 304 308

Dietary folate intake, lg/dayc 345 376 375 371

Total calcium intake, mg/dayc,d 848 904 925 973

DASH score 22.2 24.0 24.6 25.3

Dietary glycemic load 108 122 130 140

Coffee intake (includes decaffeinated coffee), servings/day 2 1.8 1.8 1.9

Eating before breakfast 1 1 1 3

Eating breakfast 29 85 97 97

Eating between breakfast and lunch (brunch) 9 3 7 56

Eating lunch 49 93 98 99

Eating between lunch and dinner 4 3 12 81

Eating dinner 89 98 100 100

Eating before going to bed 11 17 84 88

Eating after going to bed 0 0 2 6

Snacking 21 21 100 100

Abbreviation: DASH, Dietary Approaches to Stop Hypertension.
a Weight (kg)/height (m)2.
b Any multivitamin supplements or any antioxidant supplements (e.g., vitamin E, vitamin A, vitamin C, selenium, beta carotene, coenzyme Q10,

and lycopene).
c Nutrient intakes are energy-adjusted.
d Includes the use of supplements.
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Table 2. Relative Risk of Colorectal Cancer and Colon Cancer for 4 Categories of Eating (Meals and Snacks)

Frequency Among 34,968 US Men From the Health Professional Follow-up Studya, 1992–2006

Eating Frequency, times/day
No. of
Cases

Person-Years
Age Adjusted Multivariate Adjustedb

RR 95% CI RR 95% CI

Colorectal cancer (n¼583)

1–2 59 47,956 1.13 0.85, 1.51 1.01 0.75, 1.34

3 281 214,772 1.00 Referent 1.00 Referent

4 207 153,777 1.07 0.89, 1.29 1.10 0.91, 1.32

5–8 36 35,898 0.85 0.60, 1.21 0.88 0.62, 1.26

P for trend 0.35 0.84

Colon cancer (n¼375)

1–2 36 47,976 1.11 0.77, 1.59 1.00 0.75, 1.34

3 175 214,874 1.00 Referent 1.00 Referent

4 144 153,839 1.21 0.96, 1.51 1.23 0.91, 1.32

5–8 20 35,912 0.77 0.48, 1.22 0.78 0.62, 1.26

P for trend 0.57 0.89

Abbreviations: CI, confidence interval; RR, relative risk.
a Values are from Cox proportional hazards models. All tests were 2-sided.
b Multivariate models were adjusted for age (in months), aspirin use (�2 times per week, <2 times per week, or

missing), family history of colorectal cancer (yes, no, or missing), previous endoscopy (screening in the last 2

years, never, or missing), use of supplements containing antioxidants (ever, never, or missing), body mass index

(weight (kg)/height (m)2; 24, 24–26.0, 26.1–29, or>29), energy intake (kilocalories/day, continuous), alcohol intake

(0, 0.1–4.9, 5–14.9, or �15 g/day), physical activity level (quintile of metabolic equivalent hours/week), red meat

consumption (quintile of servings/day), total calcium intake (quintile of mg/day), dietary folate intake (quintile of lg/day),
dietary vitamin D intake (quintile of IU/day); pack years of smoking before 30 years of age (continuous or missing

indicator), race (white, nonwhite, or missing), and Dietary Approaches to Stop Hypertension score (quintile).

Table 3. Relative Risk of Colorectal Cancer and Colon Cancer for 3 Categories of Snacking Frequency Among

34,968 US Men From the Health Professional Follow-up Studya, 1992–2006

Snacking Frequency, times/day
No. of
Cases

Person-Years
Age Adjusted Multivariate Adjustedb

RR 95% CI RR 95% CI

Colorectal cancer (n¼583)

0 279 208,934 1.00 Referent 1.00 Referent

1 248 194,161 1.07 0.89, 1.27 1.06 0.89, 1.26

2–4 56 49,309 0.99 0.74, 1.32 0.99 0.74, 1.34

P for trend 0.92 0.90

Colon cancer (n¼375)

0 170 209,038 1.00 Referent 1.00 Referent

1 172 194,234 1.23 0.99, 1.53 1.22 0.98, 1.52

2–4 33 49,329 0.97 0.66, 1.41 0.96 0.66, 1.41

P for trend 0.69 0.77

Abbreviations: CI, confidence interval; RR, relative risk.
a Values are from Cox proportional hazards models. All tests were 2-sided.
b Multivariate models were adjusted for age (in months), aspirin use (�2 times per week, <2 times per week, or

missing), family history of colorectal cancer (yes, no, or missing), previous endoscopy (screening in the last 2 years,

never, or missing), use of supplements containing antioxidants (ever, never, or missing), body mass index (weight

(kg)/height (m)2; 24, 24–26.0, 26.1–29, or >29), energy intake (kilocalories/day, continuous), alcohol intake

(0, 0.1–4.9, 5–14.9, or �15 g/day), physical activity level (quintile of metabolic equivalent hours/week), red meat con-

sumption (quintile of servings/day), total calcium intake (quintile of mg/day), dietary folate intake (quintile of lg/day),
dietary vitamin D intake (quintile of IU/day); pack years of smoking before 30 years of age (continuous or missing

indicator), race (white, nonwhite, or missing), and Dietary Approaches to Stop Hypertension score (quintile).
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between increased eating frequency and CRC risk was
stronger in participants who were highly insulin sensitive
(i.e., coffee intake �2 cups/day) (P for trend ¼ 0.25, P for
interaction ¼ 0.20; data not shown), had a physical activity
level higher than the median value (P for trend ¼ 0.13,
P for interaction ¼ 0.04; Figure 1B), and had a BMI <25
(P for trend ¼ 0.04, P for interaction ¼ 0.07; Figure 1C).
Moreover, when these 3 insulin-sensitivity variables were
combined, the inverse association was observed only in the
high-insulin-sensitivity group (P for trend ¼ 0.01, P for
interaction < 0.01; Figure 1D).

Additionally, the implied decreased association between
increased snack frequency (2–4 snacks/day) and the risk of
CRC or colon cancer was only observed among participants
whose diets fell in the higher DASH score category (data not
shown), who drank 2 or more cups of coffee per day (data not
shown), who were more physically active (data not shown),
or who had a lower BMI (data not shown). The only excep-
tion was glycemic load. As for breakfast consumption pat-
tern, the joint analysis revealed no particular benefit for
participants who consumed breakfast and who were either
in the high DASH score category, the low glycemic load
category, the coffee drinkers category, the more physically
active group, or the lower BMI category when compared
with persons who skipped breakfast and fell within a cate-
gory opposite of one of those mentioned (data not shown).
For the above multivariate relative risks derived from the
basic multivariate model that included the standard risk factor
for CRC and DASH score, further adjustment for coffee in-
take and glycemic load did not modify the results; therefore,
the results are not shown.

DISCUSSION

In contrast to previous studies, we did not observe a pos-
itive association between frequencies of eating or snacking
and CRC or colon cancer risk in the present prospective
study. A higher diet quality as reflected by a higher DASH
score showed a suggestive, yet not statistically signifi-
cant, inverse association between increased meal or snack
frequency—but not breakfast consumption—and CRC or co-
lon cancer risk. Additionally, an inverse association be-
tween eating frequency and CRC or colon cancer was
observed only in participants who had high insulin sensi-
tivity (persons who drank >2 servings/day of coffee),
were physically active, and were lean (BMI <25)).

Few studies have assessed the relation between meal fre-
quency and quality and CRC or colon cancer risk. Most of
these studies were case-control studies that showed a direct
association between the frequency of eating (meals and
snacks) and colon cancer risk (3–5) or CRC risk (6–8), even
after adjustment for potential confounders, including total
energy intake (3, 7). However, 2 studies did not reach
statistical significance (3, 4). Conversely, in 1 case-control
study, Shoff et al. (10) found that although the frequency of
snacking or eating (meals and snacks) was not associated
with CRC, meal frequency was positively associated with
CRC risk in women. The authors suggested that the nutri-
ent composition of the meals and snacks (e.g., high fat
vs. low fat) might be more relevant than the frequency of
meals per se. In another case-control study, de Verdier and
Longnecker (9) found that although frequency of snack-
ing was directly associated with colon cancer risk, the

Table 4. Relative Risk of Colorectal Cancer and Colon Cancer for 3 Categories of Eating and Breakfast Frequency

Among 34,968 US Men From the Health Professional Follow-up Studya, 1992–2006

Breakfast and Eating
Frequency, times/day

No. of
Cases

Person-Years
Age Adjusted Multivariate Adjustedb

95% CI RR 95% CI RR

Colorectal cancer (n¼583)

No and 1–7 times/day 75 75,151 1.04 0.79, 1.35 0.87 0.66, 1.14

Yes and 1–3 times/day 273 194,423 1.00 Referent 1.00 Referent

Yes and 4–7 times/day 235 182,829 1.00 0.84, 1.20 1.02 0.85, 1.22

P for trend 0.98 0.65

Colon cancer (n¼375)

No and 1–7 times/day 49 75,172 1.13 0.81, 1.57 0.97 0.69, 1.36

Yes and 1–3 times/day 167 194,527 1.00 Referent 1.00 Referent

Yes and 4–7 times/day 159 182,903 1.12 0.90, 1.40 1.13 0.90, 1.42

P for trend 0.37 0.24

Abbreviations: CI, confidence interval; RR, relative risk.
a Values are from Cox proportional hazards models. All tests were 2-sided.
b Multivariate models were adjusted for age (in months), aspirin use (�2 times per week, <2 times per week, or

missing), family history of colorectal cancer (yes, no, or missing), previous endoscopy (screening in the last 2 years,

never, or missing), use of supplements containing antioxidants (ever, never, or missing), body mass index (weight

(kg)/height (m)2; 24, 24–26.0, 26.1–29, or >29), energy intake (kilocalories/day, continuous), alcohol intake (0, 0.1–

4.9, 5–14.9, or�15 g/day), physical activity level (quintile of metabolic equivalent hours/week), red meat consumption

(quintile of servings/day), total calcium intake (quintile of mg/day), dietary folate intake (quintile of lg/day), dietary
vitamin D intake (quintile of IU/day); pack years of smoking before 30 years of age (continuous or missing indicator),

race (white, nonwhite, or missing), and Dietary Approaches to Stop Hypertension score (quintile).
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frequency of eating meals (breakfast, lunch, and dinner) was
not. Presumably, these snacks could be high in sucrose, which
has been hypothesized to be positively associated with CRC
risk (24).

From a mechanistic perspective, arguments can be made
as to why increased meal frequency can decrease or increase
CRC risk. Increased meal frequency could be deleterious
by influencing the concentration of bile acids subsequent to
food intake (9). Bile acids are secreted from the gallblad-

der into the bowel upon each food intake. A small amount of
bile acid is absorbed into the colon to be transformed into
secondary bile acids by bacterial activity (25). Secondary
bile acids may damage DNA and promote cellular prolifer-
ation in the epithelium of the colon (26). Their role in co-
lorectal carcinogenesis has been suggested in animal and
human studies (26, 27). A decreased serum cholesterol level
due to increased meal frequency (15) could potentially reflect
increased excretion of bile acids into the intestinal lumen.
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Figure 1. Associations between colorectal cancer and other variables in 34,968 US men from the Health Professional Follow-up Study, 1992–
2006. Values are hazard ratios from Cox proportional hazards models. All tests were 2-sided. A) Joint association between eating frequency and
Dietary Approaches to Stop Hypertension (DASH) score and colorectal cancer risk (P for interaction¼ 0.01). Multivariate models were adjusted for
age (in months), aspirin use (�2 times per week, <2 times per week, or missing), family history of colorectal cancer (yes, no, or missing), previous
endoscopy (screening in the past 2 years, never, or missing), use of supplements containing antioxidants (ever, never, or missing), body mass
index (BMI, measured as weight (kg)/height (m)2; 24, 24–26.0, 26.1–29, or >29), energy intake (kilocalories/day, continuous), alcohol intake (0,
0.1–4.9, 5–14.9, or �15 g/day), physical activity level (quintile of metabolic equivalent hours/week), red meat consumption (quintile of servings/
day), total calcium intake (quintile of mg/day), dietary folate intake (quintile of lg/day), dietary vitamin D intake (quintile of IU/day), pack years of
smoking before 30 years of age (continuous or missing indicator), race (white, nonwhite, or missing), and DASH score (continuous) together with
eating frequency (continuous). B) Joint association between eating frequency and physical activity level and colorectal cancer risk (P for interaction
¼ 0.04). The same adjustments were made to the model as in A, except that physical activity level (median of deciles) was combined with eating
frequency (continuous). C) Joint association between eating frequency and BMI with colorectal cancer risk (P for interaction ¼ 0.07). The same
adjustments were made to the model as in A, except that BMI (median of deciles) was combined with eating frequency (continuous). D) Joint
association between eating frequency and insulin resistance score and colorectal cancer risk (P for interaction < 0.01). The same adjustments
were made to the model as in A, except that physical activity level and BMI were omitted. The insulin sensitivity score consisted of the 3 combined
variables (coffee intake, physical activity level, and BMI) and was categorized into 2 groups (0–1 vs. 2–3), such that a higher score denoted less
insulin sensitivity (i.e., a relatively insulin-sensitive individual would get the highest score of 3 and an insulin-resistant person would get the worst
score of 0). Bars and numbers in parentheses, 95% confidence intervals.
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A second potential mechanism is the rise in serum glucose
and insulin levels that occurs after every meal (14), which
could promote colon tumor growth.

On the other hand, infrequent eating might have delete-
rious effects. Men who ate infrequently had higher rates of
obesity, hypercholesterolemia, impaired glucose tolerance,
and ischemic heart disease than did men who ate 5 or more
meals/day (28), possibly because of the lower insulin levels
(15) and decreased adipocyte enzyme activity (29). Although
insulin secretion occurs after any food consumption, the mag-
nitude of the rise in insulin is contingent on the glycemic
load of the meal consumed and the degree of insulin in-
sensitivity (14). Our results suggested an inverse associa-
tion between eating frequency or snack frequency and CRC
risk only among participants who had factors consistent
with improved insulin sensitivity, such as a high coffee in-
take, a high physical activity level, and a low BMI. Because
detailed information on the types of snacks consumed was
not available, we used the DASH score and glycemic load to
reflect the quality of these snacks. One would expect that
participants who had the highest DASH scores or were in the
lowest glycemic load category and who ate more frequently
would be at a decreased risk of CRC as opposed to persons
who had the lowest DASH scores or were in the highest
glycemic load category and who ate less frequently. This
pattern was clearly suggested in CRC and colon cancer risk
in the joint analysis of eating frequency and DASH score
and less clearly in the joint analysis of eating frequency
and glycemic load. It is possible that frequent meals with
low glycemic loads in insulin-sensitive individuals may keep
the insulin concentration at a low flat level rather than at the
high spikes that result from consumption of fewer meals with
higher glycemic load.

There are several limitations to the present study. First,
nondifferential measurement error in our assessment of eat-
ing frequency in 1992 may have biased our results toward
the null (30). Although another question about eating fre-
quency was asked in 2004, the question did not differentiate
between meals and snacks. In addition, the association be-
tween the total number of eating times in 1992 and 2004 was
modest (Spearman correlation coefficient ¼ 0.33). Hence,
repeated assessment of the meal frequency question over
a 12-year period would have reduced random within-person
measurement error (23). Second, there was no information
about the nutrient composition of the snacks. However, the
DASH score was used to assess diet quality. Third, we had
limited power to evaluate associations between eating fre-
quency and rectal cancer risk. Fourth, we had limited power
to divide participants who skipped breakfast into 2 groups
(i.e., no breakfast and 1–3 meals/day vs. no breakfast and
4–8 meals/day) to clearly remove the potential effect of
eating frequency from skipping breakfast.

Despite these limitations, the present study has several
strengths. First, it included a large sample of men who were
followed for 14 years. Second, to our knowledge, this is the
first prospective study design used to assess the relation
between eating frequency and CRC risk. Third, information
on a wide variety of potential confounding variables was
collected repeatedly during follow-up, which allowed for
more complete control of known potential confounders.

In conclusion, our findings do not support a direct associ-
ation between eating frequency and the risk of CRC and colon
cancer. Contrarily, there was an implied protective association
with increased eating frequency of healthy meals and CRC
risk, especially in individuals with presumably high insulin
sensitivity. Further studies are needed to elucidate this as-
sociation in women and in other ethnic and racial groups
and to confirm factors that might modify this association.
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