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Abstract

Objective—Consuming smaller, more frequent meals is often advocated as a means of 

controlling body weight, but studies demonstrating a mechanistic effect of this practice on factors 

associated with body weight regulation are lacking. The purpose of this study was to compare the 

effect of consuming three (3M) vs. six meals (6M) per day on 24-h fat oxidation and subjective 

ratings of hunger.

Design and Methods—Lean (body mass index <25 kg/m2) subjects (7M, 8F) were studied in a 

whole-room calorimeter on two occasions in a randomized cross-over design. Subjects were 

provided isoenergetic, energy balanced diets with a 1- to 2-week washout between conditions. 

Hunger, fullness, and “desire to eat” ratings were assessed throughout the day using visual analog 

scales and quantified as area under the curve (AUC).

Results—There were no differences (P < 0.05) in 24-h energy expenditure (8.7 ± 0.3 vs. 8.6 ± 

0.3 mj d−1), 24-h respiratory quotient (0.85 ± 0.01 vs. 0.85 ± 0.01), or 24-h fat oxidation (82 ± 6 

vs. 80 ± 7 g day−1) between 3M and 6M, respectively. There was no difference in fullness 24-h 

AUC, but hunger AUC (41850 ± 2255 vs. 36612 ± 2556 mm.24 h, P = 0.03) and “desire to eat” 

AUC (47061 ± 1791 vs. 41170 ± 2574 mm.24 h, P = 0.03) were greater during 6M than 3M.

Conclusion—We conclude that increasing meal frequency from three to six per day has no 

significant effect on 24-h fat oxidation, but may increase hunger and the desire to eat.
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Introduction

Popular advice for weight control advocates the consumption of small, frequent meals. 

However, the science supporting this as an effective weight control strategy is lacking, and 

studies examining the effects of eating frequency on body weight have shown mixed results. 

Although some cross-sectional studies have reported an inverse relationship of habitual meal 

frequency with body weight, body mass index (BMI), or percentage body fat (1–5), others 

have found no associations (6–11). Prospective studies have also shown no association 

between eating frequency and weight change (12–14). Furthermore, Palmer et al. (15) 

reviewed intervention studies of the effects of meal frequency on weight-loss or weight-

maintenance and concluded that meal frequency had no effect on weight loss or weight loss 

maintenance.

One hypothesized mechanism by which frequent meal consumption leads to lower body 

weight is by increasing energy expenditure (EE). The effects of meal frequency on EE have 

been investigated under isocaloric conditions, using room calorimetry (16–22) or doubly-

labeled water (21). In these studies, EE did not differ between large (one to two meals/d), 

normal (three meals/d), or small frequent (more than five meals/d) patterns. Another 

possible mechanism is that increasing meal frequency increases fat oxidation. However, 

only two studies reported effects of meal frequency on 24-h fat oxidation (17,19), with 

discordant results. It has also been hypothesized that consumption of small frequent meals 

maintains plasma glucose concentrations relatively constant throughout the day, possibly 

leading to better appetite control (23,24). Insulin may also play a role in control of appetite 

regulation through the central nervous system (25), with increases in insulin being 

associated with satiety. Thus, consuming more frequent meals might be expected to lead to 

higher concentrations of insulin and increased satiety. However, the effect of varying meal 

frequency on glucose and insulin responses over the course of a day has not been well-

studied.

Surprisingly, no studies have compared the effects of a traditional meal consumption pattern 

(three meals per day) versus smaller more frequent meals on fat oxidation and perceived 

hunger. Thus, the aim of this study was to compare the acute effects of consuming three 

meals a day vs. six meals a day on 24-h fat oxidation and perceived hunger.

Methods

Institutional approval

This randomized, cross-over study was conducted at the University of Colorado (UCD) 

Anschutz Medical Campus from April to December, 2010. All subjects were recruited and 

studied during this period. Procedures followed were in accordance with the ethical 

standards of the responsible institutional or regional committee on human experimentation 

or in accordance with the Helsinki Declaration of 1975 as revised in 1983. The study was 

approved by the Colorado Multiple Institutional Review Board and the Scientific Advisory 

Board of the Clinical Translation Research Center at the UCD.
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Subjects

Healthy adult men and women were recruited for this study. Respondents were queried 

about their age, current and past body weight, physical activity patterns, and health history 

during an initial telephone screening. Inclusion criteria were age (18–60 years), BMI (19–25 

kg/m2), and self-reported weight stability (less than 5% change in body weight over the 

previous 6 months). Exclusion criteria were self-reported acute or chronic disease (e.g., 

hypo- or hyperthyroidism, diabetes, and heart disease), current use of over-the-counter or 

prescribed medications known to affect appetite, food intake or intermediary metabolism 

(e.g., appetite suppressants, antidepressants), and tobacco use. Additional exclusion criteria 

for women were pregnancy, lactation, amenorrhea (absence of three or more consecutive 

menstrual cycles), and self-reported abnormal menstrual cycle length (<26 days or >32 

days). Volunteers who passed the initial screening provided informed written consent and 

were then invited to participate in a health history and physical examination to confirm a 

good state of health. BMI was confirmed by measuring height and weight while wearing 

only socks, undergarments, and a hospital gown. After acceptance into the study, resting 

metabolic rate (RMR) and body composition were measured, as described previously (26). 

The study sampled consisted of eight females (four Caucasian and four Asian) and seven 

males (three Caucasian, three Asian, and one Hispanic). The characteristics of the 15 

subjects are presented in Table 1.

Study design

This was a randomized cross-over trial comparing the acute effects of varying meal 

frequency. Subjects were studied under two conditions, three meals (3M) and six meals 

(6M) a day, with a 1- to 2-week washout between study conditions. The order of the meal 

conditions was counterbalanced. Each condition lasted 4 days. Subjects consumed a 

controlled outpatient diet on days 1–3 (to stabilize energy and macronutrient intake) and 

were studied in the room calorimeter on day 4. Subjects were instructed to consume three 

meals per day during the outpatient phase; meal frequency was varied only during the 

calorimeter study day (day 4). Subjects were instructed to maintain their normal physical 

activity patterns during the outpatient phase, but physical activity during the calorimeter 

study day was tightly controlled (described below).

Study diets

Subjects were provided all meals during the 4-day trials. Study diets consumed during 3M 

and 6M were matched for energy and macronutrient content (30% of energy from fat, 55% 

carbohydrate, and 15% protein). The energy content of the diets was estimated to meet free-

living energy requirements (RMR × 1.5) and maintain body weight stability. All diets were 

designed by a trained nutritionist using ProNutra software (Viocare Nic, Princeton, NJ). 

During the outpatient period (days 1–3), meals were packaged and taken with the subject. 

All food was required to be consumed, and no other food was permitted. Two optional food 

modules (200 kcal each) were provided in the event that the subject experienced hunger. To 

verify compliance to the diets, subjects were required to return the empty food containers to 

the study personnel. The energy and macronutrient content of the calorimeter diet (day 4) 

was identical to that of the outpatient diet. Meal times were scheduled at equidistant time 
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points (Figure 1); that is, during 3M, meals were served at 5-h intervals (0900, 1400, and 

1900), and during 6M, meals were provided at 2.5-h intervals (0900, 1130, 1400, 1630, 

1900, and 2130). Three of the meals during 6M were provided at the same time as the meals 

during 3M. The distribution of energy was 33.3% at each meal during 3M and 16.7% at each 

meal during 6M.

Calorimeter protocol

Subjects entered the calorimeter at 0800 h and exited at 0700 h the following day. Two 

bouts of bench-stepping exercise (20 min at 72 steps/min) were performed at 0830 and 1730 

h to mimic free-living physical activity. Subjects were free to move about the calorimeter 

during other times of the day, but this time was primarily spent in sedentary behavior 

(reading, writing, computer use, and watching TV). Subjects were instructed to remain 

awake and not to nap or perform any exercise other than that prescribed by the protocol, and 

to go to bed at the same time during each calorimeter stay. Subjects recorded their time to 

bed, and all subjects reported going to bed before 2300 h. Physical activity during 3M and 

6M was measured using an accelerometer-based physical activity monitor (Actigraph 

GT1M, Actigraph LLC, Pensacola, FL). Subjects wore the activity monitor during the entire 

calorimeter stay, except for during sleep, which was confirmed during data downloading. 

Physical activity and step counts were accumulated in 1-min intervals and totaled over the 

measurement period and expressed as counts/day and steps/day. Nonexercise activity and 

step counts were also calculated by subtracting the counts that accumulated during the 

prescribed bench-stepping bouts.

To assess the effects of meal frequency on hunger and satiety, subjects completed visual 

analog scale (VAS) questions (hunger, fullness, and desire to eat) during each calorimeter 

stay (27). Subjects were asked to complete the VAS questions before the first meal (fasting), 

before and after each meal, and on waking the second morning (fasting). The scales were 

recorded using a computer program. Scales were administered at the same clock time during 

each calorimeter stay, that is, at the 6M premeal and post meal times (Figure 1). Hunger was 

rated on a line preceded by the question, “How hungry are you right now?” and anchored on 

the left by “not at all hungry” and by “extremely hungry” on the right. Other questions 

addressed fullness (“How full do you feel right now?) and desire to eat (“How much food 

could you eat right now?) with the anchors “not at all …” and “extremely …” (fullness) and 

“nothing” and “a great deal” (desire). After each VAS was completed, a blood samples (5 

ml) was obtained and analyzed for serum concentrations of glucose, insulin, and free fatty 

acids. To obtain blood samples, an indwelling venous catheter were inserted prior to 

entering the calorimeter, and blood samples were obtained by asking subjects to extend their 

arm through a leak-proof port in the side of the calorimeter. Whole blood (2.5 ml) was 

added to 40 ml of preservative (3.6 mg EDTA plus 2.4 mg glutathione in distilled water). 

The sample was allowed to clot and the serum was separated after spinning. Serum was 

stored at −80°C until analyzed. All samples were assayed for glucose, insulin, glycerol, and 

fatty acid (FFA). Glucose concentrations were determined using the hexokinase method 

(Roche Indianapolis, IN). Insulin concentrations were measured using standard, double 

antibody radioimmunoassay (Diagnostic Systems Laboratory, Webster, CT). FFA 
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concentrations (Wako Chemical, Richmond, VA) were determined using direct enzymatic/ 

calorimetric assays (COBRA Mira Plus Chemistry analyzer).

Data reduction

Calorimeter data were extrapolated to 24 h values, based on average minute values. 24-h EE 

and total substrate oxidation were determined from oxygen consumption (VO2), carbon 

dioxide production (VCO2), and urinary nitrogen excretion, as previously described (28). 

Integrated VAS and blood responses during the waking hours (0730–2200) were determined 

by calculating the integrated area under the curve (AUC) using the trapezoid rule.

Statistical analysis

Statistical analyses were carried out using Graphpad Prism (Version 5.03, La Jolla, CA). 

Prior to all analyses, data were examined graphically for unusual or extreme values, and 

appropriate remedies applied (e.g., double check unusual values, log transform to reduce 

skew). Primary outcomes (24-h fat oxidation, 24-h AUC for hunger, fullness, and desire to 

eat) and secondary (24-h EE) outcomes were analyzed using paired t-tests. Correlations 

were determined using the Pearson product moment formula. Twenty-four blood and VAS 

profiles were analyzed using a two-factor (condition, time) repeated measures ANOVA to 

determine the specific timepoints where differences occurred between 3M and 6M; to 

account for multiple comparisons, the Bonferroni adjustment was applied. All statistical 

tests were two-tailed with significance set at P < 0.05. Data are presented as mean (SE), 

unless otherwise noted.

Sample size was estimated based on the primary outcome of fat oxidation using a two-sided 

level 0.05 paired t-test (a simplified version of the cross-over model) and a beta level of 

0.20. Calculations were done using SAS 9.2 software (SAS Institute Inc., Cary, NC). The 

necessary standard deviations were obtained from the previous study, where 24-h fat 

oxidation was measured during energy-balanced sedentary and exercise conditions (26). The 

pooled standard deviation for difference in fat oxidation between conditions was 27.5 g/day. 

Effect size was estimated from the same study, where the difference in fat oxidation between 

an exercise and nonexercise day was ~25 g/day. Twelve subjects would be required to detect 

a similar difference in 24-h fat oxidation in the current study. In the current study, 15 

subjects were studied, which provided more than 80% power to detect a difference in 24-h 

fat balance of ~22 g/day between the two meal conditions. If increasing meal frequency 

from three to six meals per day results in a similar increase in fat oxidation and this were 

maintained over a period of 1 month, this would result in a cumulative increase in fat 

oxidation of ~660 g (0.66 kg). We would consider this to be a clinically meaningful effect.

Results

Prestudy diets

Subjects returned all empty food containers, as instructed. There were no differences in 

consumption of the optional food modules between conditions. Subjects consumed on 

average 0.90 ± 0.20 modules per day during 3M and 1.00 ± 0.20 modules per day during 6M 

(P = 0.80).

Ohkawara et al. Page 5

Obesity (Silver Spring). Author manuscript; available in PMC 2015 April 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



24-h EE and fat oxidation

Twenty-four hour EE (8.7 ± 0.3 vs. 8.6 ± 0.3 mj d−1P = 0.08), energy balance (0.07 ± 0.01 

vs. 0.02 ± 0.01 mj d−1, P = 0.07), respiratory quotient (RQ) (0.85 ± 0.01 vs. 0.85 ± 0.01, P = 

0.90), and fat oxidation (82 ± 6 vs. 80 ± 7 g d−1 P = 0.72) did not differ between 3M and 

6M, respectively. These measures were also highly and significantly correlated between 

conditions (all r ≥ 0.82, P < 0.0001). There were no differences in total activity counts 

(139,343 ± 8,099 vs. 133,399 ± 7,741, P = 0.35) or total steps (2,640 ± 111 vs. 2,671 ± 96, P 

= 0.78) during 3M and 6M, respectively. There were also no differences in nonexercise 

activity counts (57,116 ± 7,041 vs. 53,548 ± 5,313, P = 0.47) or steps (1,048 ± 69 vs. 1,058 

± 58, P = 0.85). These data demonstrate that physical activity levels were similar between 

the two study conditions.

Blood markers

Differences in glucose, insulin, and FFA profiles were analyzed using repeated measures 

ANOVA. There were no differences in prebreakfast measurements of glucose (Figure 2), 

Insulin (Figure 3), or FFA (Figure 4). Consumption of six meals per day resulted in more 

frequent peaks in glucose concentrations, but there was no difference in the glucose AUC 

between 3M and 6M (P = 0.08). Although glucose concentrations fell between meals, 

concentrations did not fall below 4.6 mmol during either 3M or 6M. Glucose concentrations 

prior to exiting the calorimeter on the second day returned to baseline and were not different 

between 3M and (4.7 ± 0.1 mmol) and 6M (4.9 ± 0.1 mmol). Similar to glucose, 

consumption of six meals per day resulted in more frequent peaks in insulin concentrations 

(Figure 3); however, the insulin AUC response was lower during 6M (P = 0.03). Insulin 

concentrations prior to exiting the calorimeter on the second day returned to baseline and 

were not different between 3M and (90.7 ± 6.6 pmol/L) and 6M (89.8 ± 4.8 pmol/L). During 

3M, FFA concentrations fell following the consumption of each meal and rose prior to the 

subsequent meal. However, during 6M, FFA concentrations fell following consumption of 

the first meal, and remained below fasting levels throughout the remainder of the day. As a 

result, the FFA AUC was lower during 6M (P = 0.01). FFA concentrations prior to exiting 

the calorimeter on the second day returned to baseline and were not different between 3M 

and (0.3 ± 0.02 mmol) and 6M (0.3 ± 0.02 mmol).

Perceived hunger, fullness, and desire to eat

Differences in hunger, fullness, and fullness profiles (Figures 5–7) were analyzed using 

repeated measures ANOVA. There were no differences in morning measures of appetite or 

fullness. Fullness AUC (Figure 6) did not differ between 3M (37,220 ± 2,492 mm−24 h) and 

6M (34,261 ± 2,447 mm−24 h, P = 0.22). Consumption of six meals per day, however, 

tended to blunt the post meal fall in perceived hunger and desire to eat and rise in fullness. 

As a result, perceived hunger AUC (41,850 ± 2,255 vs. 36,612 ± 2,556 mm.24 h, P = 0.03) 

and desire to eat AUC (47,061 ± 1,791 vs. 41,170 ± 2,574 mm.24 h, P = 0.03) were greater 

during 6M compared to 3M.

Ohkawara et al. Page 6

Obesity (Silver Spring). Author manuscript; available in PMC 2015 April 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Discussion

The present study examined the effect of consuming smaller more, frequent meals (6M) on 

24-h fat oxidation and perceived hunger compared with a traditional meal consumption 

pattern (3M). We observed no differences in 24-h EE, 24-h RQ, or 24-h fat oxidation. There 

was a strong, positive correlation in 24-h EE (r = 0.97), and energy balance (r = 0.87) 

between conditions, suggesting that subjects were studied in a similar energetic state, 

minimizing the effects of differences in energy balance on fat oxidation. These results 

suggest that there is no effect of meal frequency on EE or fat oxidation under isoenergetic 

states, which is in agreement with results from previous results (17,19). However, hunger 

AUC and the “desire to eat” AUC were significantly greater during 6M compared to 3M. 

With the more frequent meal pattern, subjects did not experience the same decreases in 

hunger or increases in fullness between meals (Figures 5–7). Energy intake was controlled 

in this study so we could study the specific effects of meal pattern. However, we can 

speculate that if subjects are hungrier and less satiated when consuming more frequent meals 

during isoenergetic conditions, they would be likely to consume more total calories under ad 

libitum conditions. This hypothesis should be tested in a separate, ad libitum feeding study. 

Thus, we conclude that consuming smaller, more frequent meals has no advantages in terms 

of its effects on metabolism and appetite and may, in fact, even have adverse effects on 

hunger and fullness.

Only two previous studies (17,19) examined the effect of meal frequent patterns on 24-h fat 

oxidation. Consistent with the results of the current study, Verboeket-van de Venne and 

Westerterp (19) reported no difference in 24-h RQ or fat oxidation with consumption of two 

or seven meals per day. Conversely, Smeets et al. (17) reported a lower 24-h RQ (and higher 

fat oxidation) with consumption of three (0.86 ± 0.04) compared to two meals/d; 0.88 ± 

0.03). They speculated that consuming fewer, but larger meals, increases glycogen storage 

and the availability of oxidizable carbohydrate, leading to a reduction in fat oxidation. We 

are unable to reconcile factors that may have contributed to the differences amongst these 

studies, which is further complicated by the different meal patterns in each study. However, 

it is possible that small differences in energy balance may be a contributing factor. In the 

study of Smeets et al. (17), energy balance was positive (0.90 MJ) and slightly (~0.2 MJ), 

albeit nonsignificantly, lower during the 3M condition, which may have contributed to the 

higher fat oxidation during this condition. In comparison, energy balance in the current 

study was nearly zero and identical during both conditions. Thus, we conclude that under 

isoenergetic conditions, meal frequency has no measurable effect on 24-h fat oxidation. This 

conclusion is consistent with our previous studies of the effect of exercise on 24-h fat 

oxidation that clearly demonstrated that energy balance is the primary determinant of 24-h 

fat oxidation (26,29,30).

Our observation that consumption of smaller more frequent meals is associated with higher 

appetite ratings is consistent with recent findings in obese and overweight men during 

weight loss (31), but in contrast to previous findings that increased meal frequency is 

associated with enhanced appetite control (32,33). However, the latter studies were short in 

duration, and compared only the effects of splitting a single meal into several small meals. 

One of the mechanisms via which increased meal frequency is hypothesized to enhance 
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appetite control is by preventing large decreases in plasma glucose between meals. In our 

sample of lean individuals, glucose AUC between tended to be higher during 6M than 3M 

(Figure 2, P = 0.08). It is worth noting that because glucose had not returned to baseline 

concentrations by the time of the last sample, this difference may have become significant 

had a sample been obtained at a later time point. However, glucose profiles in the current 

study (Figure 2) demonstrated that plasma glucose reached a similar nadir between meals 

regardless of meal frequency. The nadir in glucose (~4.8 mmol) was well above the 

threshold for the clinical hypoglycemia (3.9 mmol). These results are not surprising, given 

that plasma glucose is tightly controlled and well-maintained; for example, during prolonged 

fasting in healthy individuals, plasma glucose is maintained in excess of 4 mmol for up 40 h 

(34). Previous research has demonstrated that the rate of decline in plasma glucose, rather 

than the absolute plasma glucose concentration, is associated with meal initiation (35). 

These studies used continuous glucose monitoring to precisely determine the rate of decline 

in plasma glucose. Although this was not done in the current study, our data (Figure 2) do 

not suggest that the rate of decline in plasma glucose was altered by meal frequency in the 

postprandial period. Another mechanism by which smaller, more frequent meals has been 

suggested to reduce hunger is by sustaining higher levels of between meal insulin 

concentrations, which would be expected to lead to reduced hunger (25). However, in the 

current study, insulin AUC was significantly lower during 6M than 3M. Furthermore, 

insulin tended to fall to similar concentrations after the consumption of each meal. Thus, the 

current results suggest that it is unlikely that increasing meal frequency from 3M to 6M 

alters the rate of decline in glucose or insulin concentrations between meals in a manner that 

would influence appetite and food intake patterns. Future work in this field should include 

continuous or more frequent measurements of glucose and insulin to better study these 

effects.

Although increasing meal frequency caused more frequent peaks in glucose and insulin with 

only minor effects on AUC responses, the effects of FFA was markedly different. Increasing 

meal frequency from 3M to 6M caused a marked suppression in FFA concentrations 

between meals, resulting in a significantly lower (~11%) FFA AUC (Figure 4). It is likely 

that the marked suppression of FFA during 6M was due to insulin-mediated suppression of 

lipolysis. In lean, healthy individuals, half-maximal suppression of lipolysis occurs at insulin 

concentrations of ~100 pmol/L (36). In the current study, consumption of more frequent 

meals caused insulin concentrations to be sustained above this concentration throughout 

much of the day (Figure 3). Interestingly, despite the reduction in plasma FFA, there was no 

difference in 24-h fat oxidation between conditions. Previous studies have shown that 

increasing plasma FFA can lead to increases in fat oxidation (37). Results of the current 

study suggest that the differences in plasma FFA between the 3M and 6M conditions was 

not sufficient to induce changes in fat oxidation. Furthermore, as FFA is the major source of 

fat oxidized, these results are counter to the hypothesis that increasing meal frequency 

causes increases in fat oxidation.

Few well-controlled, long-term studies have examined the effects of meal frequency on 

body weight during a period of weight loss. However, results from a recent study indicate 

that increasing meal frequency during behavioral weight loss programs does not enhance 
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weight loss. Bachman and Raynor (38) randomized obese men and women participating in a 

6-month behavioral weight loss intervention to either a grazing group or a group that 

consumed their meals in a traditional three meal per day pattern. The grazing group was 

instructed to consume at least 100 kcals every 2–3 h. At 6 months, the grazing group 

reported consuming 5.8 ± 1.1 meals per day. Perceived hunger following the primary meals 

(breakfast, lunch, and dinner) decreased only in the grazing group. Despite this difference in 

perceived hunger, weight loss at 6 months did not differ between the two groups. In another 

recent study, Leidy et al. (31) studied overweight and obese men during a behavioral weight 

loss program. During week 7 of the 12-week intervention, subjects were instructed to 

consume their diets as either 3M or 6M in a randomized, crossover fashion; each meal 

pattern was to be followed for 3 days. Consistent with results of the current study, the 6M 

pattern led to reduced fullness throughout the day. Importantly, only 60% of the participants 

were able to adhere to the 6M condition in that study, which suggests that this may be a 

difficult meal pattern to sustain. It has also been suggested that because higher meal 

frequencies increase the exposure to foods throughout the day, this would lead to intake 

being regulated more by environment than physiological cues (39), which may counter the 

attempts to reduce overall energy intake. Taken together with the results of the current 

study, these observations suggest that it is unlikely that higher meal frequencies will lead to 

greater weight loss in individuals attempting to lose weight via caloric restriction.

There were several limitations in the present study. Our study examined only the acute 

effects of meal frequency on 24-h fat oxidation and perceived hunger. Additionally, we only 

studied lean individuals, and thus, our conclusions cannot be extended to obese individuals. 

For example, although we observed no differences in plasma glucose AUC in our sample of 

lean individuals, Leidy et al. (31) reported that plasma glucose concentrations were lower 

during 6M than 3M in their sample of overweight and obese individuals. Although we 

studied women, we did not attempt to study all of them in the same phase of the menstrual 

cycle. However, given that we observed no differences in the response between men and 

women, and the observed high correlation between repeated measurements, we find it 

unlikely that doing so would lead to different conclusions. We also did not measure 

differences in appetite-related hormones, which may have provided more objective 

information about changes in physiological markers of appetite. Finally, we performed our 

studies under isocaloric conditions to specifically study the effects of meal frequency, but 

given the higher ratings of hunger and lower fullness during 6M, we would expect intake to 

be increased during 6M under ad libitum conditions, an effect which needs to be studied 

directly.

In summary, although consuming smaller, more frequent meals is often advocated as a 

means of controlling body weight, the present study suggests that this practice has no 

obvious advantages in terms of its effects on metabolism and appetite, and may, in fact, even 

have adverse effects on hunger and satiety.
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FIGURE 1. 
Calorimeter protocol. Vertical shaded bars indicate the time and energy value (as a 

percentage of total daily intake) of meals during the three meals per day (3M, black bars) 

and six meals per day (6M, gray bars) conditions. Clock time is indicated on the horizontal 

axis. Solid arrows indicate times when hunger scales were administered and blood was 

sampled.
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FIGURE 2. 
Glucose profiles (left) and glucose AUC (right) during the waking hours. The first sample 

was obtained at 0730 (prebreakfast) and the last sample was obtained at 2200 

(corresponding to 30 min after the last meal in the six meal condition). * indicates 

significant difference between conditions, as determined by ANOVA. 3M = three meals per 

day, 6M = six meals per day.
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FIGURE 3. 
Insulin profiles (left) and insulin AUC (right) during the waking hours. The first sample was 

obtained at 0730 (prebreakfast) and the last sample was obtained at 2200 (corresponding to 

30 min after the last meal in the six meal condition). * indicates significant difference 

between conditions, as determined by ANOVA. † indicates significant difference, as 

determined by paired t-test. 3M = three meals per day, 6M = six meals per day.
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FIGURE 4. 
Fatty acid (FFA) profiles (left) and FFA AUC (right) during the waking hours. The first 

sample was obtained at 0730 (prebreakfast) and the last sample was obtained at 2200 

(corresponding to 30 min after the last meal in the six meal condition). * indicates 

significant difference between conditions, as determined by ANOVA. † indicates significant 

difference, as determined by paired t-test. 3M = three meals per day, 6M = six meals per 

day.
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FIGURE 5. 
Hunger profiles (left) and hunger AUC (right) during the waking hours. The first 

measurement was obtained at 0730 (prebreakfast) and the last measurement was obtained at 

2200 (corresponding to 30 min after the last meal in the 6 meal condition). * indicates 

significant difference between conditions, as determined by ANOVA. † indicates significant 

difference, as determined by paired t-test. 3M = three meals per day, 6M = six meals per 

day.
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FIGURE 6. 
Satiety profiles (left) and satiety AUC (right) during the waking hours. The first 

measurement was obtained at 0730 (prebreakfast) and the last measurement was obtained at 

2200 (corresponding to 30 min after the last meal in the six meal condition). * indicates 

significant difference between conditions, as determined by ANOVA. † indicates significant 

difference, as determined by paired t-test. 3M = three meals per day, 6M = 6 meals per day.
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FIGURE 7. 
Desire to eat profiles (left) and desire to eat AUC (right) during the waking hours. The first 

measurement was obtained at 0730 (prebreakfast) and the last measurement was obtained at 

2200 (corresponding to 30 min after the last meal in the six meal condition). * indicates 

significant difference between conditions, as determined by ANOVA. † indicates significant 

difference, as determined by paired t-test. 3M = three meals per day, 6M = six meals per 

day.
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TABLE 1

Subject descriptive characteristics

Age (y) Wt (kg) BMI (kg/m2) % fat

Male (N=7) 27 (5) 70.0 (3.3) 21.5 (1.9) 15.4 (3.2)

Female (N=8) 30 (5) 57.0 (9.3) 20.7 (2.1) 26.6 (4.7)

Mean (SD).
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