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Abstract

Background—Eating frequency may influence obesity-related disease risk by attenuating post-

prandial fluctuations in hormones involved in metabolism, appetite regulation, and inflammation.

Materials/Methods—This randomized crossover intervention trial tested the effects of eating 

frequency on fasting plasma insulin-like growth factor-I (IGF-1) and leptin. Fifteen participants (4 

males, 11 females) completed two eucaloric intervention phases lasting 21 days each: low eating 

frequency (“low-EF”; 3 eating occasions/day) and high eating frequency (“high-EF”; 8 eating 

occasions/day). Participants were free-living and consumed their own meals using individualized 

structured meal plans with instruction from study staff. Participants completed fasting blood draws 

and anthropometry on the first and last day of each study phase. The GEE modification of linear 

regression tested the intervention effect on fasting serum insulin-like growth factor I (IGF-I) and 

leptin.

Results—Mean (± SD) age was 28.5 ± 8.70 years, and mean (± SD) BMI was 23.3 (3.4) kg/m2. 

We found lower mean serum IGF-1 following the high-EF condition compared to the low-EF 

condition (p<0.001). There was no association between EF and plasma leptin (p=0.83).

Conclusion—These results suggest that increased eating frequency may lower serum IGF-1, 

which is a hormonal biomarker linked to increased risk of breast, prostate and colorectal cancer.
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Introduction

The association of excess caloric intake with increased cancer risk has been well-

documented (1–3). However, the diet-cancer risk relationship is more complex than just 

calorie or nutrient intake. Specifically, considerable interest has emerged in the study of 

dietary patterns, including the frequency and timing of eating, and disease risk (4,5). 

However, many of these studies have examined cardiometabolic risk factors or weight (5,6), 

while fewer data exist with respect to eating frequency or timing and cancer risk..(6).

While there are fewer investigations of eating frequency and cancer risk, the data to date are 

intriguing. Colorectal cancer has frequently been investigated because it is biologically 

plausible that eating frequency, bile acid production, and dietary components may interact to 

influence tumor development or progression specifically in the colon and rectum (7). The 

majority of studies report that more frequent eating is associated with greater CRC risk (8–

17), although a small number of investigations have found an inverse relationship (18, 19).

Clinical trials do not provide clear evidence of a pattern or direction of relationship between 

eating frequency and biomarkers of cancer susceptibility, such as glucose, insulin, 

inflammatory factors and cytokines. For example, in one study Jenkins and colleagues found 

that mean 12-hour insulin concentrations were lowered in a small sample of males (n=7) 

who ate 17 times per day vs. three times per day (20). However, that study and others have 

found no significant effect of eating frequency on fasting serum glucose or insulin 

concentration (20–24), or glucose and insulin response curves (25, 26). Other studies have 

found associations between high EF and increased fasting blood glucose and decreased 

glucose tolerance (27) and increased serum insulin (23). Relatively few studies have 

measured the impact of eating frequency on biomarkers other than insulin or other 

cardiometabolic biomarkers or weight (5,6).

Insulin-like Growth Factor-1 (IGF-1) has been implicated in the development of cancer and 

tumor growth, as it is expressed in neoplastic tissue and prevents apoptosis (28). Hepatic 

production of IGF-1 is stimulated by pituitary production of Growth Hormone (GH), 

enhanced by hypoglycemia, and may also be increased by leptin (28, 29). It is possible that 

by moderating post-prandial fluctuations in blood glucose, the consumption of a high-EF 

diet may reduce production of IGF-1.

In addition to potentiating IGF-1, leptin’s role in intake regulation, energy metabolism, and 

the immune response (30, 31) make it important to consider in studies of eating frequency 

and cancer risk. A positive correlation between fasting leptin and insulin concentrations has 

been demonstrated; however, it is unclear from human in vivo studies whether increased 

insulin directly leads to increased leptin (32), with evidence indicating that glucose must be 

available in order for insulin to increase leptin secretion (31). Two previous clinical studies 

on eating frequency have measured leptin concentrations in the absence of caloric 
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manipulation. Participants in one weight-maintenance trial who consumed all calories within 

a four-hour window each day (one meal/day) vs. consuming all calories over three eating 

occasions per day showed no difference in fasting morning plasma leptin concentrations 

after a period of eight weeks (27). In another trial, participants who regularly consumed four 

meals/day and switched to eating three meals/day had significantly increased leptin 

concentrations after 28 days. In another study, participants who regularly consumed three 

meals/day and switched to eating four meals/day showed no difference in leptin 

concentrations (23).

The purpose of the present study was to examine the influence of eating frequency on 

circulating IGF-1 and leptin, two hormonal indicators of nutritional status that have the 

potential to influence metabolic and inflammatory pathways related to carcinogenesis. 

Specifically, we conducted a randomized, crossover intervention to address whether a high-

EF diet (eight eating occasions/day) vs. a low-EF diet (three eating occasions/day) for a 

period of 21 days each would decrease plasma IGF-1 and leptin concentrations.

Materials and methods

Participants

Participants were recruited for the Meals and Grazing Study using posters and online 

advertisements at the Fred Hutchinson Cancer Research Center (FHCRC) and the University 

of Washington campus in Seattle, WA. Participants were healthy 18–50 year-old males and 

females with a body mass index (BMI) greater than or equal to 18 kg/m2 (normal to obese). 

Exclusion criteria included diabetes, smoking, following a diet to gain or lose weight, 

athletes in training, non-normal blood cholesterol or blood pressure, taking prescribed 

medication other than oral contraceptives, and pregnancy or nursing (females). These 

exclusion criteria were assessed by self-report. All experimental protocols were approved by 

the Institutional Review Office at the Fred Hutchinson Cancer Research Center (FHCRC). 

All participants provided informed consent and were compensated $50.00 for their time.

Study Design

The overall study design for the Meals and Grazing Study is shown in Figure 1. Study 

recruitment and data collection were completed over the time period May 2011 through July 

2012. Interested individuals were invited to an initial session at FHCRC in which eligibility 

criteria were verified and study procedures were explained in detail. Participants were free-

living (e.g. not confined to a metabolic ward) and consumed their own food throughout the 

study using an individually tailored meal plan, which was designed using the following 

procedures. Eligible participants who enrolled in the study were provided detailed written 

and verbal instructions on keeping a seven-day food record. Participants then recorded 

details (type and quantity) for all food and beverages (except plain water) consumed for 7 

consecutive days. Participants returned the completed food records to study staff via hand 

delivery or U.S. Post. Upon receipt, the study dietitian analyzed the seven-day food record 

for energy and macronutrient content using The Food Processor software (ESHA Research, 

Salem OR.) Keeping food items, energy, and macronutrient content of the diet constant, a 

low-EF “Meals” meal plan (providing all energy as three evenly spaced eating occasions per 
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day) and a high-EF “Grazing” meal plan (providing all energy as eight evenly spaced eating 

occasions per day) were individually designed for each participant. The “Meals” condition 

was set to represent a “typical” day of intake (including breakfast, lunch and dinner), and to 

provide comparison to other studies in which three meals were provided as either the higher 

or the lower EF condition (6, 23, 26, 27). Eight eating occasions were provided in the 

“Grazing” condition in order to maintain the lowest possible participant burden and 

maximize the difference in the number of eating occasions between conditions. Weight-

maintaining meal plans rotated every seven days and participants were instructed to eat only 

the foods on their individual eating plan at the specified hours. All food and beverages 

(including time of intake) was reported daily using an electronic meal plan checklist. Thirty-

four participants attended the initial session, of which 32 were eligible to participate and 

enrolled. Of those, 15 completed the Meals and Grazing Study. Reasons for drop-out 

included loss to follow-up after the initial session (8), received medical advice not to 

participate after initial session (1), decided not to participate after completing seven-day 

food record (1), reason not indicated (1), loss to follow-up after the first clinic visit (3), and 

personal schedule conflicts with meal timing (3).

This study used a randomized crossover design so that each participant served as his or her 

own control. Participants completed two 21-day study phases in random order, using a 

computer randomization program administered by the study dietitian (Phase 1 and Phase 2 

in Figure 1), with a 14-day washout period during which they were instructed to consume 

their habitual diet (6). The goal of the washout period is to minimize or prevent carry-over 

effects from the prior period in a cross-over design and 14 days is sufficient for this purpose. 

Clinic visits and blood draws were completed at the beginning and end of each study phase. 

In both phases, the foods, energy, and macronutrient content of the participant’s diet were 

kept constant and were matched with the participant’s normal diet as reported in the seven-

day food record. In both conditions, the first eating occasion of the day was usually timed at 

8:00 am. In the low-EF “Meals” condition, foods were divided into three approximately 

equal eating occasions per day, spaced apart by 5.6 (SD 0.52) hours and spanning 11.0 (SD 

1.0) hours on average. In the high-EF “Grazing” condition, foods were divided into eight 

approximately equal eating occasions per day, spaced apart by 1.77 (SD 0.25) hours and 

spanning 12.6 (SD 1.89) hours on average. Each day, participants received an automatically-

generated email from the study, linking to an online Meal Plan Checklist that indicated the 

specific foods and serving sizes to consume and the times of each daily eating occasion (see 

Appendix 1). Participants were provided with verbal and written guidance on meal and food 

substitutions prior to beginning the study. For example, an appropriate substitution for a 

medium apple would be another medium fruit such as a pear or an orange. Participants were 

allowed to consume non-caloric beverages such as water, black coffee, unsweetened tea, and 

diet soda ad libitum in both study conditions. Meal Plan Checklists, specifying deviations 

including substituted foods, different portions, or missed/extra meals were submitted online 

daily to study staff. Participants were instructed to maintain the same level of physical 

activity throughout the study to ensure that energy needs would not vary between conditions. 

For example, if a participant normally walked for 30 minutes each day, they were instructed 

to maintain that pattern throughout both study conditions and physical activity was verified 

on the daily Meal Plan Checklist (see Appendix 1). Participants were encouraged to contact 
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the study coordinator if they were not able to complete the assigned eating occasions or 

consume the foods on their Meal Plan Checklists.

Participants attended in-person clinic visits at 8:00 am on day one and day 21 of both phases 

for a total of four visits. Clinic visits were scheduled on the same day of the week whenever 

possible. All other study activities were completed at home. Participants were asked to 

consume nothing other than noncarbonated water for 12 hours prior to their appointment, 

and to refrain from drinking alcohol or eating or exercising outside of their normal routine. 

In addition, they were asked not to use any non-steroidal anti-inflammatory drugs (NSAIDS; 

such as ibuprofen) for 72 hours prior to their appointment. Any deviations from protocol, 

including use of NSAIDS and alcohol ingestion, were reported to study staff and recorded. 

Study sessions were rescheduled for a later date when possible to ensure protocol 

compliance. During all four clinic visits, body weight, height, waist and hip circumference, 

pulse, diastolic and systolic blood pressure were measured using standardized procedures by 

trained staff. During the first clinic visit, Dual energy X-ray absorptiometry (DEXA) using a 

GE Lunar DPX Pro (GE Healthcare Lunar, Madison, WI) was used to measure body fat 

percentage.

Blood was collected after a 12 hour fast and the beginning and end of each study phase for a 

total of four blood draws. All samples were processed immediately by trained staff using a 

standardized protocol, aliquoted into labeled cryovials and frozen immediately at −80°C 

until analysis. Leptin concentrations were measured using the Human Leptin ELISA (EMD 

Millipore, Inc., Billerica, MA). The lowest standard for the leptin assay was 0.25ng/ml. 

IGF-1 levels were measured using the Human IGF-I Quantikine ELISA Kit (R&D Systems, 

Minneapolis, MN). The lowest standard for the IGF-1 assay was 0.094 ng/ml and plasma 

samples were pre-treated according to manufacturer’s protocol resulting in a dilution factor 

of 100. Samples were run in duplicate, and the median duplicate intra-assay coefficients of 

variation (CVs) were 5.7% for leptin and 1.2% for IGF. Inter-assay CVs of quality control 

samples were 7.8% for leptin and 4.1% for IGF-1. The assays were performed on never-

thawed samples. All samples from the same individual were run in the same batch.

Sample size, data analyses, and statistical tests

The primary goal of statistical analysis was to compare mean IGF-1 and leptin 

concentrations in the high-EF vs. low-EF conditions, adjusted for values at baseline and at 

the end of the washout. Logarithmic transformations were used to improve the normality of 

distributions. The generalized estimated equations (GEE) modification of linear regression 

with a working unstructured correlation was used to account for the correlation within 

individuals over time, and covariate adjustment. Regression analyses were adjusted for order 

of conditions, gender, and body fat percentage only if they altered the effect of condition by 

more than 10%. This did not occur in any of the models tested and so a more parsimonious 

model was used. Between-conditions differences in weight change, waist to hip ratio, blood 

pressure, and compliance to study diets were compared using GEE. Paired t-tests were used 

to compare average percent compliance on Meal Plan Checklists between conditions and to 

verify no difference in intake between normal and overweight participants. Diastolic blood 

pressure was imputed for one male participant whose diastolic blood pressure was recorded 
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erroneously at baseline of the low-EF condition. Statistical significance was set at p<0.05. 

Statistical analyses were performed using Stata version 12.0 (StataCorp. 2011. Stata 

Statistical Software: Release 12. College Station, TX: StataCorp LP.)

Results

A total of 15 participants (4 males, 11 females) completed both study phases. Participant 

characteristics are shown in Table 1. Participant diet composition from the seven-day food 

record is shown in Table 2. Per day, participants consumed on average 2262 (SD 436) kcals, 

with 48.0% energy from carbohydrates, 16.8% energy from protein, and 33.7% energy from 

fat. No significant dietary differences were observed between normal and overweight/obese 

participants (normal: BMI 18–24.9 kg/m2, overweight/obese: ≥ 25kg/m2) in terms of daily 

intake. Compliance to the study diets was calculated by dividing the total number of 

completed eating occasions by the total number of assigned eating occasions in each phase 

for each individual. For instance, in the low-EF phase, a participant who consumed 58 of the 

63 assigned eating occasions would have 92% compliance. Excellent rates of compliance 

were achieved in both low-EF and high-EF conditions (96% and 100%, respectively) and 

there was no significant difference detected between the conditions (p=0.07; data not 

shown).

Participant body weight, BMI, waist to hip ratio, and systolic and diastolic blood pressure 

are shown in Table 3. Using generalized estimating equations with adjustment for baseline 

values (study baseline and the end of washout), we found no significant differences in mean 

body weight, BMI, waist to hip ratio, or diastolic blood pressure between the low-EF and 

high-EF conditions. Systolic blood pressure was significantly lower in the low-EF condition 

than the high-EF condition (p<0.001).

Plasma IGF-1 and leptin values are shown in Table 4. We found lower mean IGF-1 in the 

high-EF condition compared to the low-EF condition (p<0.001). This relationship was not 

modified by order of conditions, gender, or body fat percentage. Between baseline and 

endpoint, average plasma IGF-1 increased by 6.8% in the low-EF condition and decreased 

by 11.6% in the high-EF condition (p<0.001 between low-EF and high-EF conditions).

Regression models showed no significant association between EF and plasma leptin 

concentrations (p=0.83; Table 4). Plasma leptin decreased in the low-EF condition by 14.2% 

and decreased in the high-EF condition by 11.5% (p>0.05 between low-EF and high-EF 

conditions).

Discussion

In this randomized controlled crossover intervention we examined the effect of eating 

frequency on plasma concentrations of IGF-1 and leptin. Over two three-week phases, 

participants consumed equal energy and macronutrients, and intake was divided into either 

three eating occasions/day (low-EF) or eight eating occasions/day (high-EF). In linear 

regression models adjusted for baseline biomarkers, we found significantly lower mean 

IGF-1 in the high-EF condition (p<0.001). The importance of these findings is that we have 

identified a simple lifestyle intervention that can reduce circulating IGF-1, which has been 
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implicated as a cancer risk factor. Any discovery (or validation) of approaches to mitigate 

cancer susceptibility biomarkers is noteworthy. Despite the interesting result for circulating 

IGF-1, there was no significant difference between low-EF and high-EF conditions in mean 

plasma leptin concentrations adjusted for baseline values (p=0.83).

Of particular interest is that we found that mean IGF-1 was lower after completion of the 

high-EF condition than the low-EF condition after adjusting for baseline values (p<0.001). 

One possible explanation for this finding is that diurnal insulin concentrations may have 

been lower in the high-EF condition due to reduced nighttime intake, leading to decreased 

hepatic production of IGF-1. Our finding that IGF-1 can be decreased by manipulating 

eating frequency is consistent with the idea that eating smaller meals more frequently may 

positively impact cancer risk.

In past studies, eating frequency has not consistently influenced fasting plasma leptin 

concentrations, regardless of small changes in body composition. In one cross-over 

investigation, no difference in fasting morning plasma leptin concentrations was observed 

when participants consumed all daily calories within a four-hour window each day (one 

meal/day) vs. spread over three eating occasions/day for a period of eight weeks (27). 

Although body weight was intentionally maintained within 2 kg during both intervention 

periods, body weight and body fat percentage were significantly decreased (p<0.01 and 

p<0.001, respectively) in the one meal/day condition, making it hard to interpret the leptin 

data in that study as they relate to EF. In another trial, a significant increase in leptin 

concentrations measured at their circadian peak (between 00:00 and 01:00) was observed in 

participants who regularly consumed food at four occasions/day and switched to eating three 

meals/day (ad libitum food consumption) for a period of 28 days (23). This omission of one 

eating occasion per day was associated with a significant decrease in the total daily energy 

consumed (p<0.05), an increase in the percentage of dietary fat consumed (p<0.05), and a 

significant increase in fat mass (p<0.05), but no significant change in body weight. In our 

study, Meal Plan Checklists were designed to ensure equal macronutrient intake and 

eucaloric, and we did not detect a significant difference in plasma leptin concentration or 

body weight between conditions. It is possible that body fat percentage was affected by 

eating frequency in our trial, but we detected no differences between conditions in body 

weight or plasma leptin concentrations to suggest that this was the case. In future studies, 

measurement of ad-libitum intake at each eating occasion and measurement of body 

composition may help to clarify whether any observed effects of eating frequency on leptin 

concentrations are driven by differences in dietary intake and body composition. 

Nonetheless, it appears that the totality of evidence to date, including our study here, is not 

consistent regarding the effect of eating frequency on serum leptin concentrations.

We detected a 7.46% decrease in systolic blood pressure in the low-EF condition and a 

3.37% increase in systolic blood pressure in the high-EF condition. Between conditions, the 

difference in systolic blood pressure was significant (p<0.001). In contrast, Stote and 

colleagues found that participants had significantly higher blood pressure in the lower-EF 

condition (p<0.05) (21). Further research is needed to determine whether these changes are 

related to differences between conditions in eating frequency or can be attributed to chance.
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Strengths and limitations

The current study had several strengths. This is the first study known to authors that 

measured eating frequency and IGF-1, a hormone that promotes tumor development via 

mitogenic and anti-apopototic actions. Our study used a randomized crossover design to 

eliminate random sources of variation from comparisons of plasma IGF-1 and leptin 

between conditions. Participants consumed diets equal in energy and macronutrient content 

during both intervention phases, and no differences were detected in anthropometric 

measurements between conditions. Excellent compliance to both study diets (low-EF and 

high-EF) was reported. Therefore, we are confident that the trends observed can be solely 

attributed to differences in eating frequency between conditions.

Limitations also existed. Participants purchased, prepared, and consumed their own foods in 

portions designated by the study dietitian during both intervention phases. Despite excellent 

rates of compliance reported by participants, it is possible that intake was not as precisely 

controlled as intended. Because participants were assigned eucaloric diets equal in 

macronutrient content across study interventions, we were not able to assess the role of diet 

quality. Further, we were not able to determine whether participants would naturally 

consume different total amounts of food when the number of eating occasions was increased 

or decreased. Findings only apply to the limited study population of healthy participants 

with normal BMI who met all inclusion criteria. A more diverse sample including more 

overweight and obese individuals and a greater percentage of males may have resulted in 

different findings. We recognize that the relatively small study sample was not a population-

based sample and therefore the findings are less generalizable. However, intensive studies 

such as the present one that require a great deal of commitment and compliance may not be 

population-based but they provide extremely useful models for understanding diet and 

dietary patterns and mechanisms related to cancer risk. In the present study, the crossover 

design and control of participant intake in both conditions were employed to limit 

confounding based on heterogeneity in participant characteristics, but it remains possible 

that residual confounding existed. Further, a larger sample size may have been necessary to 

detect significant differences between conditions in our outcome measures; however, our 

sample was comparable in size to other similar investigations (5, 20, 21, 24, 33–36).

Conclusion

Eating frequency is an important yet unexplored dimension of dietary behavior that could 

have a major impact on future cancer risk. We recognize that much remains to be learned 

with respect to the influence of IGF-1 and leptin. Consumption of small, frequent meals, 

regardless of nutritional content, may reduce circulating IGF-1, which could have a 

meaningful impact on cancer risk. The impact of eating frequency on leptin may depend on 

changes in body weight or body fat content driven by energy or macronutrient intake. Future 

studies should employ a large, diverse sample and provide study meals to participants 

(however, such studies are quite expensive and have their own challenges with regards to 

logistics). The effects of eating frequency on health and in particular on cancer risk has not 

yet been sufficiently tested and confirmed to the point that specific dietary recommendations 

can be offered to the general public for cancer prevention. Nonetheless, the results from the 
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present study provide am intriguing suggestion that meal frequency may be another 

dimension to explore further with regards to nutrition and cancer prevention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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DEXA Dual-energy X-ray absorptiometry
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Figure 1. Study Procedures
Participants attended one orientation session and four clinic visits at the FHCRC Prevention 

Center and all other study procedures were carried out at home. Order of conditions was 

randomly assigned.
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Table 1

Baseline characteristics of participants in a randomized cross-over trial testing eating frequency (n=15).1,2

Characteristics Males (n=4) Females (n=11) Total (n=15)

Age (y) 25.0 (4.7) 28.2 (8.4) 28.5 (8.7)

Body Mass Index (kg/m2) 22.4 (1.2) 24.3 (4.2) 23.3 (3.4)

Percent body fat from DXA3 25.5 (2.8) 35.2 (6.2) 31.8 (6.5)

Waist/hip ratio 0.84 (0.05) 0.80 (0.06) 0.80 (0.07)

Systolic blood pressure (mm Hg) 118.5 (9.1) 112.5 (8.5) 112.1 (10.1)

Diastolic blood pressure (mm Hg) 76.3(3.2) 72.5 (4.2) 72.2 (5.1)

1
All measures collected during participant’s first study session.

2
Values are means (Standard Deviation; SD).

3
Dual X-ray absorptiometry.
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Table 2

Mean Daily Energy, Macronutrient and Fiber Intake of Participants in Randomized Cross-Over Trial Testing 

Eating Frequency by Body Mass Index (kg/m2) (n=15).1,2,3

Nutrients (per day) Normal Weight (BMI 18–24.9) (n=13) Overweight (BMI ≥ 25)(n=2) Total (n=15)

Energy (kcals) 2219.0 (425) 2538 (560) 2262 (436)

Carbohydrate (g) 274.9 (50.1) 269.2 (75.2) 274.1 (50.6)

Carbohydrate (% energy) 49.0 (4.7) 41.0 (1.4) 47.9 (5.2)

Protein (g) 95.9 (26.8) 102.3 (30.1) 96.8 (26.2)

Protein (% energy) 17.0 (3.54) 15.5 (0.7) 16.8 (3.3)

Fat (g) 83.0 (26.5) 113.8 (15.0) 87.1 (27.1)

Fat (% energy) 33.0 (0.06) 40.0 (0.04) 33.7 (5.9)

Fiber (g) 25.46 (6.9) 35.4 (24.1) 26.8 (9.8)

1
Dietary intake data obtained from baseline 7-day food record. Body Mass Index calculated at participant’s first clinic visit.

2
Values are means (Standard Deviation; SD).

3
No significant differences were observed between the two categories BMI 18–24.9 and BMI ≥25 kg/m2.
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Table 4

Effect of Low-Eating Frequency (Low-EF) vs. High-Eating Frequency (High-EF)1 on Plasma IGF-I and 

Plasma Leptin in a Randomized Cross-Over Trial (n=15) 2

Biomarkers Study Conditions Baseline Endpoint

IGF-I (ng/ml)
Low-EF 123.4 (7.1) 131.8 (7.4)*

High-EF 133.6 (8.7) 118.2 (6.7)*

Leptin (ng/ml)
Low-EF 7.0 (1.3) 6.0 (1.2)

High-EF 7.0(1.0) 6.2 (1.2)

1
Low-EF= low eating frequency (eating 3 times per day); High EF= high eating frequency (eating 8 times per day).

2
Values are geometric means (Standard Error of the Mean; SEM).

*
p<0.001.
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