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Abstract

Calorie restriction (CR) enhances longevity in humans who are normal weight, overweight and 

obese. While dietary regimens can change self-efficacy, eating behaviors, and food cravings in 

individuals with obesity, the responses of these measures to prolonged CR in individuals who are 

exclusively not obese is unknown. The aim of this analysis was to test the effects of a two-year CR 

intervention on self-efficacy and eating attitudes and behaviors in humans without obesity by 

analyzing data from the Comprehensive Assessment of Long-term Effects of Reducing Intake of 

Energy Phase 2 (CALERIE 2) study. Participants (n = 218, BMI range = 21.3-29.0 kg/m2) were 

randomized to a 25% CR group or an ad libitum (AL) group. Eating attitudes and behaviors and 

self-efficacy were assessed using validated questionnaires at baseline, 12, and 24 months. Dietary 

restraint and self-efficacy increased in the CR compared to the AL group (ES ≥ 0.32). Increased 

self-efficacy was negatively related to weight change (ρ < −0.24). In the CR group, males showed 

a reduction in cravings for carbohydrates and fats at month 24, whereas females did not. The CR 

group showed elevations in state hunger, which were transient, and disinhibited eating (ES ≥ 0.37). 

In individuals without obesity, dietary restraint and self-efficacy could be important in promoting 

long-term CR for individuals looking to use CR as a tool to improve longevity.
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1. Introduction

Calorie restriction (CR) is a reduction in habitual energy intake that improves health span in 

a host of species (Finer, 2001). Studies have shown CR reduces the risk of chronic 

metabolic-related diseases and stimulates youthful physical and mental functionality without 

negatively influencing quality of life (C. K. Martin et al., 2016; Mattison et al., 2017; 

Redman et al., 2018). Though the benefits have been well established in individuals with 

obesity, CR interventions are effective in increasing health span and controlling weight in 

adults who are overweight and normal weight, especially those in obesogenic environments 

where energy-dense foods are easily accessible (Ravussin et al., 2015; Redman & Ravussin, 

2011; Redman et al., 2018). Therefore, it is important to study the eating behaviors and 

attitudes that could influence body weight and energy intake during CR interventions among 

people without obesity.

During dietary regimens that restrict energy consumption, habitual eating behaviors and 

attitudes change. Dietary restraint, which refers to the cognitive intent and ability to limit 

food intake and eat less than one would like (Schaumberg, Anderson, Anderson, Reilly, & 

Gorrell, 2016), is often elevated and is beneficial in controlling weight, particularly when it 

does not occur concurrently with elevations in disinhibited eating (Williamson et al., 2008, 

2007). Perceived hunger may also be reduced after prolonged reductions in energy 

consumption (Wadden, Stunkard, Day, Gould, & Rubin, 1987; Wing, Marcus, Blair, & 

Burton, 1991), implying individuals may not be sensitive to a dietary-stimulated energy 

deficit (Anton et al., 2009). Others, nevertheless, suggest an increase in hunger occurs 

during CR, indicating that precise hunger changes during prolonged CR are equivocal and 

further investigative work is needed (Polidori, Sanghvi, Seeley, & Hall, 2016). In addition, 

dietary weight loss interventions can alter food cravings, which are defined as a strong desire 

to consume a particular food (or type of food) that is difficult to resist and occurs in the 

absence of hunger (White, Whisenhunt, Williamson, Greenway, & Netemeyer, 2002). Food 

cravings are estimated to explain 11% of the variance in eating behavior and weight gain 

(Boswell & Kober, 2016), and have been positively related to body mass index (Delahanty, 

Meigs, Hayden, Williamson, & Nathan, 2002), yet their response to dietary regimens is 

ambiguous. Some have shown dietary restriction reduces food cravings (Kahathuduwa, 

Binks, Martin, & Dawson, 2017; C. K. Martin, O’Neil, & Pawlow, 2006; C. K. Martin et al., 

2011), though others have found certain cravings are elevated (Jakubowicz, Froy, Wainstein, 

& Boaz, 2012) or unchanged (Barnard et al., 2009) in response to changes in diet. These 

mixed findings highlight the need for more studies assessing changes in food cravings in 

response to CR, particularly in individuals without obesity. Moreover, work is needed to 

explore sex-based variations in food cravings in individuals without obesity, since some 

suggest that females display a lower suppression of food cravings compared to males 

(Kahathuduwa et al., 2017).
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Self-efficacy refers to one’s confidence in their ability to initiate and sustain a given 

behavior (Burke et al., 2015), and self-efficacy for weight control behaviors increases during 

dietary interventions among participants with obesity (P. D. Martin, Dutton, & Brantley, 

2004). Improved (increased) self-efficacy is related to positive behavior change (Strecher, 

Devellis, Becker, & Rosenstock, 1986) and is viewed as beneficial when attempting to lose 

weight and follow a CR regimen, as it reflects confidence in one’s ability to manage food 

intake. During an intervention that aimed to enhance self-efficacy during weight loss, 

Warziski et al. showed that self-efficacy for controlling eating in a set of circumstances 

increases with weight loss and is correlated to the degree of weight loss (Warziski, Sereika, 

Styn, Music, & Burke, 2008). However, it is not known if strategies that improve self-

efficacy in controlling food intake are effective in stimulating changes in eating behaviors in 

males and females without obesity and attempting to restrict energy intake over the long-

term to augment metabolic health and longevity.

The primary aim of the current study was to test the effect of a behavioral intervention 

during prolonged CR on eating behaviors related to restraint, disinhibition, measures of 

appetite/hunger, state and trait food cravings, and self-efficacy. Our secondary aim was to 

examine the association between these constructs and change in body weight and percent 

CR achieved. As exploratory analyses, we also investigated whether sex modified the effect 

of CR on these eating behaviors and constructs. We hypothesize that individuals undergoing 

CR will display an increase in dietary restraint and self-efficacy, and a reduction in food 

cravings compared to a control ad libitum (AL) group. We further hypothesize that the 

change in selfefficacy to control eating would be positively related to weight loss.

2. Material and methods

2.1. Ethics and trial registration

The Comprehensive Assessment of Long-term Effects of Reducing Intake of Energy Phase 2 

(CALERIE 2) was a multi-site single study that received approval from the institutional 

review boards at Pennington Biomedical Research Center, Washington University, Tufts 

University, and Duke University (Rochon et al., 2011). Participants provided written 

informed consent and obtained financial compensation for their participation.

This study was a 2-year randomized controlled trial with participants randomized in a 2:1 

ratio to a CR group or an ad libitum (AL) control group. From the onset of the intervention 

period, the CR group aimed to achieve a reduction in energy intake of 25%, whereas the AL 

group were instructed to maintain their habitual energy intake (Supplementary Figure 1) 

(Ravussin et al., 2015).

2.2. Participants

Details of study recruitment, the screening process and exclusion criteria are detailed 

elsewhere (Rochon et al., 2011; Stewart et al., 2013). In short, healthy male (aged 20-50 

years) and female (aged 20-47 years to avoid the menopause in most females) participants 

with a body mass index (BMI) of 22.0-28.0 kg/m2 at screening were eligible. Three 

screening visits were used to examine eligibility and participants were excluded if they 
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reported psychiatric problems, personality disorders and depression (Stewart et al., 2013). 

Participants were also screened for eating disorders if they displayed symptoms triggered by 

other eating disorder assessments such as the Multiaxial Assessment of Eating Disorder 

Symptoms and the Body Morph Assessment (Stewart et al., 2013). This was performed via 

the Interview for the Diagnosis of Eating Disorders, which is a semi-structured clinical 

interview that is used to examine the presence or absence of eating disorder symptoms 

according to Diagnostic and Statistical Manual of Mental Disorders-IV (Kutlesic, 

Williamson, Gleaves, Barbin, & Murphy-Eberenz, 1998; Stewart et al., 2013).

2.3. Study design

Participant (n = 220) randomization was stratified by site, sex and BMI, with the latter 

dichotomized into normal weight (22.0 ≤ BMI < 25.0 kg/m2) or overweight (25.0 ≤ BMI < 

28.0 kg/m2). Habitual energy requirements of participants were obtained using two back-to-

back measures of doubly labelled water. All outcomes were collected during baseline testing 

and at months 6, 12, and 24.

Details of the intervention have been reported elsewhere (Rickman et al., 2011). Briefly, in 

the CR group, an immediate and sustained 25% decrease in energy intake from energy 

requirements determined at baseline was targeted (Racette et al., 2012). Treatment occurred 

via individual and group sessions during which nutrition and behavioral material was 

delivered to optimize dietary adherence and assist participants in meeting their CR goals, 

including sessions on social support, hunger management, motivation, and management of 

food cravings (Rickman et al., 2011). The intervention also employed behavioral strategies 

to foster adherence, including meal provision, use of portion-controlled foods, stimulus 

control, and self-monitoring of diet and body weight. Participants were closely monitored 

for eating disorder symptoms throughout the trial and appropriate interventions or referrals 

were conducted if these arose. Participants in the AL control group were instructed to 

maintain their current diet and did not receive dietary intervention or counselling sessions. 

There were no incidences of eating disorder development (Ravussin et al., 2015).

2.4. Evaluation of eating behaviors

All questionnaires were administered as a packet at the study sites shortly after a 

standardized lunch was provided on the assessment visit days.

The Eating Inventory is a 51-item validated questionnaire that examines three eating 

behavior constructs: dietary restraint, disinhibition, and perceived hunger (Stunkard & 

Messick, 1985). Of the 51 items, 36, 1 and 14 of the items are on a binary-point (true/false), 

6-point and 4-point response scale, respectively. It demonstrates good internal consistency 

within our sample (coefficient alpha: 0.65-0.74) and has been found to be sensitive to CR 

interventions and, among frequently utilized restraint scales, was found to be the only one 

associated with objectively measured energy balance/CR (Williamson et al., 2007). Dietary 

restraint measures the intent and ability to restrict food intake, disinhibition measures the 

tendency to overeat and hunger measures susceptibility to feelings of hunger. Scores for 

restraint, disinhibition and hunger range from 0-21, 0-18 and 0-14, respectively, and a 
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greater number indicates greater levels of each respective eating component (Stunkard & 

Messick, 1985).

The Food Craving Inventory (FCI) is a 28-item self-report measure to quantify the frequency 

of trait food cravings for different groups of foods over the previous four weeks on a 5-point 

response format (never/rarely/sometimes/often/always) (White et al., 2002). The FCI has 

shown good content, concurrent, construct and discriminant validity (White et al., 2002), and 

demonstrated internal consistency values ranging from 0.73-0.85 in our study. Four scores 

are calculated pertaining to cravings for high fat foods (fats), sweets, carbohydrates/starches, 

and fast food fats. A total craving score is also derived. Scores range from 1 to 5 and higher 

scores for each sub-scale indicate higher cravings for each respective food group (White et 

al., 2002).

The Food Craving Questionnaire State (FCQ-S) is a 15-item measure that assesses the 

strength of state food cravings at the moment of administration on a 5-point response format 

(strongly disagree/disagree/neutral/agree/strongly agree) (Cepeda-Benito, Gleaves, 

Williams, & Erath, 2000). The FCQ-S has demonstrated good validity in non-clinical 

populations at the moment of provision (Cepeda-Benito et al., 2000; Moreno, Rodríguez, 

Fernandez, Tamez, & Cepeda-Benito, 2008), and also presented good internal consistency in 

our study (coefficient alpha: 0.80-0.93). Desire, anticipation positive, anticipation negative, 

lack of control, and hunger sub-scale scores are measured. Scores for each sub-scale range 

from 3-15 for each of these subscales and greater scores denote higher levels of craving in 

response to each momentary situation or psychological and physiological state (Nijs, 

Franken, & Muris, 2007).

The 20-item Weight Efficacy Lifestyle Questionnaire (WEL) measures self-efficacy for 

regulating food intake across a number of situations (Clark, Abrams, Niaura, Eaton, & 

Rossi, 1991). Each item consists of a statement expressing the ability to resist or control 

eating in particular situations (e.g. I can resist eating when I am watching TV). Participants 

rate their confidence to complete each item on 10-point Likert scale ranging from 0 (not 

confident) to 9 (very confident). The WEL exhibited good internal consistency in our study 

(coefficient alpha: 0.70-0.88), and has good validity and test-retest reliability (Navidian, 

Abedi, Baghban, Fatehizadeh, & Poursharifi, 2009). Weight self-efficacy includes 5 sub-

scales: food availability, negative emotions, social pressure, physical discomfort and positive 

activities, and a total score (Clark et al., 1991). The possible range of summed scores on 

each sub-scale is 10-40, with higher scores representing greater self-efficacy (Clark et al., 

1991).

2.5. Anthropometry

At baseline, month 12 and month 24, body weight, fat mass and fat free mass were 

measured. Calibrated scales standardized across study sites (Scale Tronix 5200; Welch 

Allyn) were used to measure participants body weight. Body weight measurements occurred 

in the morning after an overnight fast (≥ 8 h), with participants only wearing a pre-weighed 

hospital gown. Fat mass and fat free mass were measured by dual-energy X-ray 

absorptiometry (DXA) scanners (Hologic 4500A, Delphi W, or Discovery A; Bedford; MA), 

with subject positioning, scan mode and analysis standardized.
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2.6. Energy intake and percent CR

Energy intake was calculated using the intake balance methods, which ascertains energy 

intake through the addition of doubly labelled water-determined energy expenditure and the 

change in body composition (Racette et al., 2012). Energy intake values were then used to 

calculate percent CR at months 12 and 24.

2.7. Statistical analysis

Statistical methods undertaken in CALERIE 2 have been described before (Ravussin et al., 

2015). To summarize, intention-to-treat (ITT) analysis was utilized to account for 

noncompliance and participant withdrawal (Gupta, 2011). Repeated-measures analysis of 

covariance was applied, with change from baseline as the dependent variable. Independent 

variables were group (CR vs. AL) and time (study visit), and treatment x time interaction. 

Study site, sex, BMI stratum, and baseline values were used as covariates. Between-group 

differences in changes in the dependent variables were tested by defining contrasts among 

regression parameters. The predicted mean changes ± SE are the adjusted values from this 

model. A gatekeeping strategy was used to control the type-1 error rate (Dmitrienko, Millen, 

Brechenmacher, & Paux, 2011). A hierarchical structure was identified among hypotheses of 

interest; specifically, the treatment x time interaction was tested first at α = 0.05, and if not 

significant, the main effects were tested. Specific within- and between-group comparisons 

were tested at α = 0.05 only if significance was obtained at α = 0.05 at the higher level in 

the hierarchy. Otherwise, the Bonferroni correction was used. Main effects for sex, sex x 

treatment interactions, and sex x treatment x time interactions were also assessed. Absolute 

standardized effect sizes (ES) were calculated by dividing the difference between the groups 

(CR vs. AL group) with the pooled standard deviation (Cohen, 1988). An ES of 0.2 was 

considered the minimum important difference for all outcome measures, 0.5 moderate and 

0.8 large. In the CR group, spearman correlations were calculated to examine if baseline 

measures and change in measures from baseline to month 24 were associated with percent 

CR and absolute weight change from baseline to month 24. Data analysis was performed 

using SAS version 9.2 (SAS Institute Inc.). Values are mean ± SE, unless stated otherwise. 

Statistical tests were 2-tailed and significance threshold was set at P < 0.05, except for 

spearman correlations, which was P < 0.01 to account for spurious correlations.

3. Results

3.1. Participants

A detailed summary of participant characteristics is presented elsewhere (Ravussin et al., 

2015), though key characteristics are presented in Table 1. Initially, 220 participants were 

randomized, but two participants dropped out prior to commencing the intervention; thus, 

218 participants (CR, 143; AL 75) were included in the ITT analyses. The majority were 

female (69.7%) and the racial distribution was 77.1% White, 11.9% Black, and 11.0% other. 

Mean ± SD age and BMI were 37.9 ± 7.2 yr and 25.1 ± 1.7 kg/m2, respectively. No 

significant differences in baseline characteristics were found (P ≥ 0.34; Table 1).
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3.2. Weight loss and percent CR achieved

The CR group lost 8.3 ± 0.3 kg (11.5% of baseline body mass) and 7.6 ± 0.3 kg (10.4% of 

baseline body mass) at months 12 and 24, respectively, whereas the AL group exhibited 

almost no change in weight at 12 (−0.4 ± 0.4 kg; P < 0.01 for CR vs AL group) and 24 

months (0.4 ± 0.5 kg; P < 0.01 for CR vs AL group) (Das et al., 2017). Males in the CR 

group lost 1.0 ± 0.5 kg more than females at 24 months (P = 0.04) (Das et al., 2017). Mean 

CR attained in the CR group was 15.2 ± 0.7% at month 12 and 11.9 ± 0.7% at month 24. 

The AL group experienced 1.3 ± 1.1% CR at month 12 and 0.8 ± 1.0% at month 24 (P < 

0.01 for CR vs AL group at both time points) (Ravussin et al., 2015).

3.3. Questionnaires

As shown in Tables 2, 3, 4, and 5, no significant treatment group differences were detected 

for baseline scores on any questionnaires (P ≥ 0.17).

3.4. Eating Inventory

The CR group displayed a large increase in dietary restraint at 12 and 24 months compared 

to the AL group (P < 0.01; ES ≥ 1.98; Table 2). Compared to the AL group, the CR group 

displayed a small increase in disinhibition at 12 and 24 months of less than 1 point (P < 

0.01; ES ≥ 0.37; Table 2). There was no main effect of time or treatment x time effect for 

change in perceived hunger (P = 1.00; ES < 0.03). No sex x treatment interactions were 

observed for the change in constructs of the Eating Inventory (P ≥ 0.05; data not shown).

3.5. Food Craving Inventory

The ITT analyses revealed no treatment effect or treatment x time interaction for change in 

carbohydrate, sweets, fats, fast food fats or total cravings (P ≥ 0.13; ES ≤ 0.27, Table 3). 

There was a sex x treatment x time interaction for change in carbohydrate and fat cravings. 

Specifically, compared to change in carbohydrate (CR: 0.11 ± 0.06 [P = 0.07] vs AL: −0.01 

± 0.08 [P = 0.22]) and fat (CR: −0.02 ± 0.04 [P = 0.58] vs AL: −0.09 ± 0.05 [P = 0.12]) 

cravings in females, males experienced a reduction in cravings for carbohydrate (CR: −0.18 

± 0.09 [P = 0.06] vs AL: 0.10 ± 0.12 [P = 0.06]; P = 0.04; Figure 1A & 1B) and fats (CR: 

−0.05 ± 0.07 [P = 0.46] vs AL: 0.25 ± 0.09 [P < 0.01]; P = 0.03; Figure 1C & 1D) in the CR 

group compared to the AL group at month 24. No other sex x treatment x time interactions 

were seen for other food cravings (P > 0.05; Supplementary Table 1 and 2).

3.6. Food Craving Questionnaire State

The CR and AL groups did not differ on change in desire, anticipation positive and 

anticipation negative scores (P ≥ 0.13; ES < 0.23; Table 4). The CR group displayed a 

greater increase in the lack of control score and the state hunger score than the AL group at 

12 months (P ≤ 0.01; ES ≥ 0.37). Sex x treatment interactions were not demonstrated for 

change in any of the FCQ-S sub-scales (P ≥ 0.05; data not shown).

3.7. Weight Efficacy Lifestyle Questionnaire

Analysis of the change in WEL scores revealed a significant treatment x time interaction for 

the social pressure score, with increased self-efficacy in the CR group at 12 and 24 months 
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(P ≤ 0.03; ES > 0.32; Table 5). Likewise, the CR group had an increased self-efficacy on the 

physical discomfort scale compared to the AL group at 12 and 24 months (P ≤ 0.02; ES ≥ 

0.35), and the positive activity score at month 24 (P = 0.02; ES = 0.32; Table 5). No 

differences between the CR group and AL group were demonstrated for change in 

availability score and negative emotion score at month 12 and 24 (P ≥ 0.35; ES ≤ 0.20; Table 

5). The change in global self-efficacy score was higher in the CR compared to the AL at 

month 24 (P < 0.01; ES = 0.45; Table 5). There was a significant sex x treatment x time 

interaction for change in social pressure score (P = 0.02; Figure 2A & 2B) and a significant 

sex main effect for WEL global score (P = 0.03; Figure 2C & 2D). For both endpoints, CR 

males had a greater change in values compared to AL at month 24 (P < 0.01), while both CR 

and AL females had decreased values, but CR females had significantly smaller decreases 

than AL females at month 24 (P < 0.01; Supplementary Table 1 and 2).

3.8. Spearman correlations

Modest negative correlations were identified between change in some WEL sub-scales from 

baseline to month 24 and change in weight from baseline. Changes in availability (ρ = 

−0.34, P < 0.01), social pressure (ρ = −0.24, P < 0.01), and the global score (ρ = −0.32, P < 

0.01) were related to change in body weight at month 24. There were no other significant 

correlations between change in outcome measures from baseline to month 24 and change in 

weight from baseline to month 24 (Supplementary Figure 2). Similarly, no significant 

correlations were observed between change in questionnaire measures from baseline to 

month 24 and percent CR attained at month 24 (Supplementary Figure 2).

4. Discussion

Over 24-months, in this sample of individuals without obesity, the CR group experienced a 

marked increase in dietary restraint and self-efficacy, as well as a small increase in 

disinhibition and a transient increase at month 12 in appetite/state food cravings measured 

with the FCQ-S. A three-way interaction indicated that trait cravings, or cravings for specific 

types of foods, decreased only in males in the CR group compared to the AL group at month 

24. Increased self-efficacy was associated with greater weight loss at month 24.

Our results show that self-efficacy increases in response to a CR intervention in participants 

without obesity. This was evident for self-efficacy to not eat in response to social pressure or 

physical discomfort. Furthermore, our results indicate that change in self-efficacy was 

related to the degree of weight loss in the CR group. This is consistent with other studies 

that included individuals with obesity (P. D. Martin et al., 2004; Warziski et al., 2008), and 

indicates that increasing self-efficacy for food intake regulation is an important component 

of effective weight management across a range of body weights. While we cannot rule out 

that changes in body weight altered self-efficacy ratings, positive changes in self-efficacy 

and the association between change in self-efficacy and weight change are likely, at least in 

part, driven by the behavioral intervention that promoted adherence to participants’ 

individual CR goals (Rickman et al., 2011). These strategies utilized components of social 

cognitive theory to increase self-efficacy in relation to eating situations (Bandura, 1997; 

Rickman et al., 2011). Specifically, CR participants were coached on behavioral methods to 
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moderate food consumption during social situations, physical discomfort and periods of 

ample food availability, whereas the AL group received no intervention (Rickman et al., 

2011). Although the effectiveness of similar interventions on behavioral change have been 

mixed (Burke et al., 2015), our results indicate that strategies to enhance self-efficacy for 

regulating energy intake were effective in assisting weight loss in humans without obesity 

and who are attempting CR to attenuate aging.

Our study adds to the literature by showing that there is a large increase in dietary restraint, 

measured via the Eating Inventory, over two years of CR in individuals without obesity. This 

increase in dietary restraint has been reported previously in response to 6 months of CR 

among individuals were overweight, and is strongly implicated in negating any elevations in 

hunger or desire to eat during weight loss (Williamson et al., 2007). Our results extend these 

findings by indicating that dietary restraint remains elevated during periods of weight loss 

and weight maintenance or mild weight regain typically associated with prolonged CR 

efforts. Not all studies find that dietary restraint is associated with food intake or weight 

control, however (Stice, Cooper, Schoeller, Tappe, & Lowe, 2007), which is consistent with 

our correlations showing no relationship between dietary restraint and CR and weight loss. 

Additionally, others have also shown that dietary restraint can lead to weight regain, 

especially in tandem with strategies considered unhealthy such as skipping meals (Lowe, 

Doshi, Katterman, & Feig, 2013; Savage & Birch, 2010). However, our intervention 

incorporated strategies normally considered positive such as increased consumption of foods 

with low energy density and portion size control. Additionally, dietary restraint was assessed 

solely in relation food intake via the Eating Inventory, which is notable as dietary restraint is 

positive in controlling weight when exclusively in the context of limiting or intending to 

limit food intake (Schaumberg et al., 2016). We therefore opine that elevated restraint in 

restricting food intake is important during CR for longevity in individuals without obesity, 

and should be advocated when inhibiting unhealthy foods as part of a controlled weight 

management lifestyle.

Notwithstanding the rise in self-efficacy and dietary restraint, our findings suggest that CR 

transiently increased self-reported state hunger and lack of controlled eating, at least as 

measured by the FCQ-S, and increased disinhibition measured by the Eating Inventory. This 

is at odds with evidence suggesting that state hunger is reduced (Wadden et al., 1987) in 

response to CR, but is in accord with others showing that state hunger is increased during 

CR (Polidori et al., 2016). In combination with an increase in dietary restraint, a rise in these 

constructs are associated with poor weight loss, an increase in food cravings and eating 

disorders (Schaumberg et al., 2016). However, the rise in state hunger on the FCQ-S in the 

CR group had receded by month 24, suggesting that people undergoing CR habituate and 

experience less hunger over time even though CR is maintained. The increase in 

disinhibition in the CR group was also small (less than 1 point), the mean baseline value was 

low (4.9), and the higher mean values at months 12 and 24 remained in the non-clinical 

range (Stunkard & Messick, 1985). We are therefore confident that the clinical implications 

of the elevation in disinhibited eating with CR is negligible (Stunkard & Messick, 1985), 

even though it was accompanied by increased restraint. This conclusion is supported by the 

careful monitoring of participants for eating disorder symptoms and the failure to detect the 

development of eating disorders during the trial.
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Although some evidence indicates otherwise (Jakubowicz et al., 2012), the majority of 

studies in individuals with obesity indicates that diets involving CR suppress trait food 

cravings through a deconditioning model, whereby the conditioned consumption of certain 

foods with internal and external stimuli is removed when food intake or intake of different 

food groups are actively limited (Apolzan et al., 2017; Kahathuduwa et al., 2017; C. K. 

Martin et al., 2006; Myers, Martin, & Apolzan, 2018). Our results, however, indicated that 

only males experienced a reduction in cravings for carbohydrates and fats in the CR group 

compared to the AL group at month 24. The lack of robust decreases in food cravings across 

the sample could be due to the lower BMI of the cohort who exhibited low levels of food 

cravings at baseline. Indeed, many of the craving scores from the FCI had little room to 

decrease, but ample room to increase (the lowest score possible is 1, with a maximum of 5), 

indicating that the failure to detect increases in food cravings is noteworthy. Sex-based 

differences in food cravings have been documented, however, with females reporting higher 

and more frequent food cravings overall compared to males (Lafay et al., 2001). 

Furthermore, consonant with our findings, recent work has reported that reductions in food 

cravings after CR of 12 weeks were smaller in females compared to males (Kahathuduwa et 

al., 2017). These could occur because of a complex interplay between sociological factors 

and biological differences related to sex hormones (Hormes & Timko, 2011) and brain 

regions linked to cravings (Wang et al., 2009). In addition to food cravings, males displayed 

greater elevations in self-efficacy, particularly when coping with social pressures to eat. This 

is supportive of studies in individuals who are overweight or obese showing that males 

report higher levels of self-efficacy during dietary interventions (Linde et al., 2004; Presnell, 

Pells, Stout, & Musante, 2008). As a whole, though further studies are warranted in older 

participants who, in the case of females, are affected by menopause, which may alter eating 

behaviors (Drobnjak, Atsiz, Ditzen, Tuschen-Caffier, & Ehlert, 2014) and food cravings 

(Hormes & Rozin, 2009), these findings could suggest that females require additional forms 

of behavioral and psychological interventions to improve craving regulation and self-

efficacy during CR for improved health span.

A limitation of our study is the failure of the CR group to achieve 25% CR over two years, 

though the CR group lost 10.4% of weight at month 24 and the amount of weight regain 

between months 12 and 24 was modest and participants demonstrated a high degree of 

weight maintenance. Moreover, though the individual and group sessions constituted a 

significant component of the intervention, we are unable to elucidate if changes in our 

outcomes were the result of CR in itself or the behavioral facets of the CR regimen. 

Strengths of the study include the randomization controlled trial design and use of well-

validated instruments to assess the constructs of interest.

5. Conclusion

In conclusion, our results from CALERIE 2 suggest that CR results in robust increases in 

dietary restraint and self-efficacy among participants without obesity. Although there were 

elevations in disinhibition and a transient increase in hunger measured by the FCQ-S, the 

values were low and remained in non-clinical levels. Our findings suggest that CR regimens 

which enhance restraint and self-efficacy for regulating food intake are important for weight 
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loss and maintenance in individuals without obesity and are attempting to adopt prolonged 

CR as a means of improving health span.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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of Energy Phase 2
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BMI body mass index
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Figure 1. 
Change in Food Craving Inventory (FCI) carbohydrate score in males (1A) and females 

(1B), and change in Food Craving Inventory (FCI) fat score in males (1C) and females (1D). 

Dashed lines represent the calorie restriction (CR) group and solid lines represent the ad 

libitum (AL) group. * P < 0.05 for sex x treatment x time interaction.
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Figure 2. 
Change in the Weight Efficacy Lifestyle Questionnaire (WEL) social pressure sub-score in 

males (2A) and females (2B), and change in the Weight Efficacy Lifestyle Questionnaire 

(WEL) global score in males (2C) and females (2D). Dashed lines represent the calorie 

restriction (CR) group and solid lines represent the ad libitum (AL) group. * P < 0.05 for sex 

x treatment x time effect. # P < 0.05 for main effect of sex.
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Table 1.

Baseline demographic and anthropometric measures.

Characteristic AL (n = 75) CR (n = 143) P-value

Age (yrs) 37.9 (7.0) 38.0 (7.3) 0.89

Sex

 Male (n) 22 (29.3) 44 (30.8) 0.88

 Female (n) 53 (70.7) 99 (69.2)

Race

 White (n) 57 (76.0) 111 (77.6)

 African American (n) 11 (14.7) 15 (10.5) 0.62

 Other
a
 (n) 7 (9.3) 17 (11.9)

Height (cm) 168.4 (8.3) 168.9 (8.6) 0.93

Mass (kg) 71.3 (8.6) 71.8 (9.2) 0.95

BMI (kg/m2) 25.1 (1.6) 25.2 (1.8) 0.90

Body fat (%) 33.6 (6.6) 32.9 (6.1) 0.34

Fat-free mass (kg) 47.6 (8.6) 48.5 (9.2) 0.48

Abbreviations: AL, ad libitum; CR, calorie restriction; BMI, body mass index.

Values are mean (± SD), except for Sex and Race, which are mean (%).

a
Includes American Indian/Alaska Native, Asian, more than one race, and unknown.
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