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Abstract

This paper describes the development and psychometric evaluation of the Power of Food Scale (PFS). The PFS assesses the psychological impact of living in food-abundant environments. In a sample of 563 respondents, the PFS was found to be internally consistent and temporally stable. A principal components factor analysis with varimax rotation produced a single factor in both the normative sample and in a treatment-seeking overweight sample, with all 21 items having factor loadings > .50.  The PFS and the Restraint Scale were regressed on four self-report measures of overeating.  The PFS was independently related to all four whereas the Restraint Scale was independently related to two.  The PFS was unrelated to a measure of social desirability and to the Cognitive Restraint scale from the Three-Factor Eating Questionnaire.  A group of obese binge eaters scored much higher on the PFS than control groups of normal weight and obese individuals. The PFS may be useful as measure of the hedonic impact of food environments replete with highly palatable foods.  
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Introduction

Two-thirds of American adults are overweight or obese (Hedley et al., 2004). The prevalence of obesity increased from 13.4% in 1960 to 30.6% in 2001-2002, while the prevalence of overweight, currently 35.1%, has been more stable in the last several decades (Flegal, Carroll, Ogden, & Johnson, 2002; Hedley et al., 2004). Obesity is a risk factor for many negative health outcomes, including type 2 diabetes, hypertension, cardiovascular disease, and several types of cancer (Calle, Thun, Petrelli, Rodriguez, & Heath, 1999). 


The environments in many countries have become increasingly obesogenic because of a combination of increases in sedentary behavior and in the availability of inexpensive, plentiful, highly palatable, and energy dense foods (Hill & Peters, 1998; Horgen & Brownell, 2002; Nestle & Jacobson, 2000; Schmitz & Jeffery, 2000). In such environments the major challenge to weight regulation is not how to consume sufficient calories, but how to avoid consuming too many calories.  Substantial evidence now exists that the great difficulty many people have avoiding a positive energy balance and weight gain stems from appetitive motives that not only protect against energy deficits but, even in the absence of a caloric deficit, respond to the widespread availability of highly palatable foods with a powerful drive to consume them (Lowe & Butryn, 2007; Lowe & Levine, 2005; Yeomans, Blundell, & Lesham, 2004).  

A number of recent animal studies have supported the idea that animals that are in energy balance not only consume excessive amounts of palatable foods but form durable motives to continue consuming such foods simply by giving them the opportunity to consume them on a regular basis.   In one study, rats were pair-fed either a sugar/fat-rich diet or a bland diet; the amount of sugar/fat diet fed to the first group was limited to match caloric intake of the bland diet (Glass, Grace, Cleary, Billington, & Levine, 1996). The former group exhibited a reduced expression of opioid mRNA.  This change in opioid expression was attributed to a reward deprivation effect, in that the animals that had access to the sugar/fat diet would have consumed more of the diet, if allowed. By restricting the daily intake, in order to calorie-match the control-fed animals, a state of reward deprivation may have been produced (Glass et al., 1996). This could possibly be likened to a human model in which a person might feel sated after consuming 200 Kcal of an unflavored hot cereal but still feel hungry after consuming 200 Kcal of a more palatable, artificially-flavored and sweetened hot cereal.  Additional human data indicate relative to a bland food, consuming a palatable food produces an initial increase in hunger; furthermore, consuming a palatable relative to a bland food produces and earlier return of hunger (Yeomans et al., 2004).   The motivational state created by repeated exposure to and consumption of highly palatable foods has recently been referred to as “hedonic hunger” by Lowe and Butryn (2007), who suggested that the pleasure derived from consumption of palatable foods – rather than energy need per se - may underlie an increasing percentage of food intake in humans.
Based on a shared neural network, the hedonic value of palatable foods can be

likened to the hedonic value of drugs of abuse (Colantuoni et al., 2002; Trinko, Sears, Guarnieri, Dileone, in press; Volkow & Wise, 2007).  One accepted measure of drug abuse is the precipitation of an aversive state when the abused substance is unavailable, removed or when its effects are blocked. It has been shown that somatic signs of withdrawal can be precipitated by naloxone in animals that had been maintained on a highly palatable cafeteria-style diet or simply by removing sugar from animals that had become accustomed to bingeing on sugar (Colantuoni et al., 2002; Le Magnen, 1990).  All of these studies lend support to the similarities in the hedonic nature – and potential for addictive-like responses - between drugs of abuse and palatable foods (Spangler, Wittkowski, Goddard, Avena, Hoebel, & Leibowitz, 2004; Trinko, et al., in press; Volkow & Wise, 2005). 

It is likely that the widespread availability of highly palatable and energy dense foods has contributed to over-consumption of energy and therefore to the worsening obesity epidemic (Yao & Roberts, 2001).   There are numerous measures that assess overeating in response to social, emotional and food stimuli (e.g., Stunkard & Messick, 1985; van Strien et al., 1986).  However, though existing measures assess many potential sources of overeating, they do not differentiate between the appetite for food (the motivation to obtain food) and the actual tendency to consume – or over-consume - food.  For theoretical reasons, it is important to be able to distinguish between the strength of one’s motivation to consume palatable foods and the actual tendency to consume them in excess.  One reason such a differentiation is important is that the tendency to over-consume palatable foods in some contexts could be due more to environmental provocations (e.g., eating frequently at restaurants, attending college) than to individual differences in the level of appetitive drive to consume such foods.  Conversely, the absence of over-consumption of palatable foods when they are available does not necessarily imply the absence of a powerful appetitive drive to consume them.  Rather, some people could be constantly tempted by highly palatable foods but rarely consume them because they rigorously practice dietary restraint.  For both of these reasons, it is important to be able to measure the strength of individuals’ appetitive drive for palatable foods independently of their actual consumption of them.  This would permit a more complete analysis of the factors that promote and inhibit overeating behavior.   The Power of Food Scale (PFS) was developed in part to assess individual differences in appetitive responsiveness to food environments replete with highly palatable foods.  

The ability to obtain and eat palatable food any time one wants may barely affect some individuals but constitute an almost constant temptation to others. Such individual differences may be reflected in part by the reinforcing value of food.  For instance, when given a choice of food or a variety of pleasurable sedentary activities, obese people work harder for access to food than the non-obese (Saelens & Epstein, 1996).  Epstein and Leddy (2006) have also suggested that the dopamine release caused by ingestion of palatable foods may, through conditioning, begin to occur in response to cues that predict food availability or ingestion.  Thus the general availability of palatable food and frequent exposure to food-related cues may begin to influence psychological processes (e.g., thoughts, feelings, motivations) even when food intake is not imminent or underway.  Given that there are individual differences in the degree to which the food environment affects people’s thoughts, feelings and behavior, a measure capable of assessing such individual differences could be both theoretically and clinically useful. 

The omnipresence of highly palatable food in the environment may chronically activate the hedonic appetite system (Lowe & Levine, 2005) and elicit thoughts about food or urges to eat beyond those experienced in conjunction with routine energy intake for maintenance of immediate energy needs.  Clinical and anecdotal observation also suggests the existence of individual differences in the extent to which constant availability of and exposure to palatable foods affects people’s food-related thoughts and feelings.  For instance, “naturally thin” people appear to think about food or eating mostly when “it is time to eat” (i.e., around mealtimes).  At the other extreme, many compulsive overeaters and obese individuals participating in weight control programs report thinking about food or eating “all the time.”  Although the latter reports are undoubtedly exaggerated, they do reflect the existence of marked individual differences in the psychological impact of the widespread availability of highly palatable foods. The clinical relevance of these observations is supported by research (Epstein, Truesdale, Wojcik, Paluch, & Raynor, 2003) demonstrating that food is more rewarding to obese than to normal weight individuals (as indexed by the  amount of work each group will perform to obtain food rewards). 

In line with the goal of measuring appetite for - rather than consumption of - palatable foods, no items describing actual food consumption (or over-consumption) were included in the PFS.  This restriction had the additional advantage of avoiding a confound between PFS items and an outcome – the tendency to overeat – that the scale might be used to predict.  Such confounding has been problematic in previous assessment tools, particularly in the Restraint Scale, which may be predictive of overeating partly because items in that scale refer explicitly to overeating (Stunkard & Messick, 1985). 
At the same time, there is evidence that the proximity of food to people impacts their appetitive reactions to it (Schachter & Rodin, 1974; Painter, Wansink, & Hieggelke, 2006).  Therefore we designed PFS items that described three levels of food proximity.  The first level assumes the widespread availability of palatable food in the environment.  Thus these items are the most abstract because they describe reactions to an “implicit” food environment in which food is always available but is not physically present.  The second level involves reactions to palatable foods when they are physically present but have not yet been tasted.  The third level involves reactions to palatable foods when they are first tasted but are not yet consumed.  To the extent that a factor analysis of the PFS supports the existence of these factors, then the availability of these subscales may be informative for addressing certain research questions.  These distinctions also comprise our definition of the “food environment” in this paper.  That is, by this term we are referring to the widespread availability of food – especially in developed countries - ranging from its more distal availability (e.g., implicitly knowing that there is always food available in the refrigerator or at the corner store) to its most proximal availability (when first tasting a food), but excluding the actual consumption of food.  
The purpose of the present study was to evaluate the factorial structure and psychometric properties (internal consistency, test-retest reliability, and convergent, incremental, and discriminant validity) of the PFS.  Convergent validity was tested by correlating the PFS with several existing measures of overeating and by comparing the PFS scores of groups with and without serious binge eating problems.  Incremental validity was evaluated by determining whether the PFS accounted for significant variance in measures of overeating after a measure known for its ability to predict susceptibility to anomalies of appetite and eating – the Restraint Scale – was statistically controlled.  Discriminant validity was tested by correlating the PFS with a measure of the tendency to give socially desirable responses and a measure of food intake that theoretically should have little or no relationship with the PFS (the Cognitive Restraint scale from the Three-Factor Eating Questionnaire; Stunkard & Messick, 1985).  

Methods

Development of the PFS


An initial pool of items for the PFS was collected from a group of obese women participating in a lifestyle-based obesity treatment study (n ≈ 50). Prior to treatment, participants were asked to think of ways in which appetizing food affected their thoughts, feelings, or behavior in situations where eating was not expected or imminent (i.e., not while preparing or eating a meal or snack). They were also asked to consider the effects of food and the food environment up to and including the point where they first tasted a food. Any items describing actual food consumption or overeating were eliminated from consideration, to avoid confounding the measure with a behavior it might be used to predict (as discussed in the introduction).  Items describing the obesogenic food environment itself, rather than reactions to the environment, were also excluded, because the PFS presumes that respondents live in an environment where a variety of palatable foods are readily accessible.  Further, items describing emotional eating were excluded because measures of emotional eating already exist (e.g., Dutch Eating Behavior Questionnaire, Emotional Eating Subscale; Van Strien et al.,  1986), because such items suggest a susceptibility to overeating, and because the presumed source of such consumption is negative affect rather than something about the food environment per se. Items that were redundant or that described idiosyncratic scenarios that would likely apply to a small percentage of respondents were also eliminated. 


In examining the items generated by group members, it became apparent that they could be categorized according to the proximity of food to the respondent. Since in most developed countries food is almost always available through minimal effort, people implicitly know that food is usually attainable whenever they want it. Thus the first level of food availability is abstract, reflecting the impact of the mere availability of food (sample item: “I find myself thinking about food even when I’m not physically hungry”). At a second and more proximal level, food may not only be available but actually present in a given context. In this case, the presence of visual and olfactory food cues could potentially influence people differently than if food is available in the environment but not physically present. For instance, the closer and more available food is to an individual, the more food the individual will eat (Painter, Wansink, & Hieggelke, 2002). A sample item for this type of context is “When I’m around a fattening food I love, it’s hard to stop myself from at least tasting it.”  The third and most proximal context is when food is not only present but is, or is about to be, tasted (sample item:  “When I taste a favorite food, I feel intense pleasure”). 

The authors wrote additional items reflecting the influence of food in these three contexts so that there were at least 6 items describing the potential impact of food in each of these three contexts. In the final version of the PFS evaluated here, items pertaining to the three different contexts were randomly ordered throughout the 21-item scale.  The factor analysis we conducted on the PFS (described below) would determine whether these dimensions emerged as separate factors, but the purpose of including items reflecting these dimensions was to comprehensively assess the various ways in which  food-abundant environments might influence eating-related beliefs, thoughts and feelings, and motivations.
Examples of PFS items include: If I see or smell a food I like, I get a powerful urge to have some; It seems like I have food on my mind a lot;  and I think I enjoy eating a lot more than most other people.  Respondents are instructed to indicate the extent to which each statement describes them.  Response options are on a 5-point Likert scale ranging from (1) don’t agree at all to (5) strongly agree.1 

In order to determine the content validity of the PFS, 14 experts were given a description of the PFS as well as the 21 items and asked to rate each item with respect to how well it reflects the construct which it aims to measure on a 5-point Likert scale.
It is important to note two assumptions underlying the development and use of the PFS.  One is that the environmental context in which it is used features relatively abundant, accessible, palatable, and affordable foods.  It is not intended for use in a food-impoverished environment where, for example, the item “I often think about what foods I might eat later in the day” may be a product not of hedonic anticipation but of genuine hunger and deprivation. This presumption should help ensure that PFS scores represent psychological temptation rather than physiological need.


Second, the measure is designed to tap individuals’ subjective experiences to living in a food-abundant environment; it is not designed to assess features of the food environment itself.  It is appropriate to use the PFS to compare individuals living in the same or similar food-abundant environments but not be intermix people from environments in which the availability of palatable foods differs significantly.   This is because PFS scores are assumed to primarily reflect individual differences in appetitive responsiveness to an relatively homogeneous food environment.  For example, if data were collected from people living in different countries where the availability of palatable foods differed significantly, then it would be difficult to know how much an individual’s score reflected intra-personal as opposed to environmental influences.  On the other hand, the PFS could be used to gauge how food environments in different countries might differentially impact the eating-related thoughts and motivations of particular groups (e.g., college students, post-menopausal women). 
Participants

Data reported in this paper were collected from six separate samples in both the United States and England. In order to test the validity of the PFS, data from other relevant measures were included in five of the seven samples. The five measures  included were the Restraint Scale and one or more of the Dutch Eating Behavior Questionnaire External Eating Scale or Emotional Eating Scale, and/or the Three Factor Eating Questionnaire Disinhibition, Hunger, and Cognitive Restraint subscales. A summary of sample demographics and information collected from each sample is presented in Table 1. Sample size, gender distribution, measures examined, and mean (and standard deviation) for age and BMI of the samples are all reported (except in the case of gender for the England II sample, where information about gender was not collected). The study protocol at each institution where data were collected was approved by the institutional review board at that university. In all studies, participants were offered compensation for completing these assessments; compensation was either class credit (for some college student participants) or a small monetary payment (e.g., $25). 

England I. Participants in this study were 164 students at the University of Liverpool, Liverpool, United Kingdom.  Ethnicity data were not collected. Participants were undergraduate and postgraduate students recruited through advertisements and notices in lectures.  Students either picked up questionnaires directly from the lab or at the end of their teaching session.  Subsequently, they returned the completed questionnaires to the research unit at their convenience.

England II. Participants in this study were 149 students at Keele University, Staffordshire, England. Ethnicity data were not collected, and surveys were collected as with England I.

Drexel I. Participants in this study were 81 undergraduate students at Drexel University, Philadelphia, Pennsylvania, who were recruited in various psychology classes. The sample was 67% Caucasian, 17% Asian, 10% African American, 2% Hispanic, and 4% other.  The Marlowe-Crowne Social Desirability Scale was administered to these participants to examine its relationship with the PFS. 


Drexel II. Participants in this study were 72 first year undergraduate students at the Drexel University, Philadelphia, PA who were recruited from psychology classes. The sample was 76% Caucasian, 7% African American, 14% Asian American, and 3% Hispanic American.  The PFS was administered to this sample at baseline and repeated after four months for test-retest reliability evaluation.  


Cafeteria study. Participants in this study were 97 employees of Hahnemann University Hospital, Philadelphia, Pennsylvania, who completed the questionnaire as part of a weight gain prevention study in which foods offered in the employee cafeteria were altered. The sample was 55% Caucasian, 37% African American, 3% Asian, 2% Hispanic, and 3% other.

Overweight binge eaters. Participants in this study were 147 individuals with diagnoses of BED or subclinical BED who were enrolled in a randomized, controlled treatment trial on the treatment of binge eating.3  The sample was 85% Caucasian, 14% African American, and 1% Hispanic. An earlier version of the PFS (which was comprised of 18 of the 21 items included here) was administered at baseline.  Because of their unique characteristics, these participants were included only in the analysis examining the relationship between PFS and binge eating problems.  
Overweight clinic attender sample.  To provide information about the factor structure and internal consistency of the PFS in a clinical sample, the PFS was administered at baseline in a randomized, controlled weight loss trial.  Data from these participants are reported separately and are not included in the primary analyses (with the “normative sample”) that evaluated the psychometric properties of the PFS.  Participants (n = 162) were overweight or obese and were referred for treatment by their primary care physician.  The sample was 19% Caucasian, 71% African American, and 3% Hispanic.
Measures

Restraint Scale (RS; Herman & Polivy, 1980). The RS is a self-report measure of chronic dieting for the purpose of weight control. High scores on the RS predict increased consumption when individuals are exposed to disinhibiting stimuli (Herman & Polivy, 1984). The RS has acceptable test-retest reliability and internal consistency (Allison, Kalinsky, & Gorman, 1992).


Three Factor Eating Questionnaire (TFEQ) Disinhibition, Hunger, and Cognitive Restrain subscales (Stunkard & Messick, 1985). The TFEQ is a self-report questionnaire designed to assess three aspects of eating behavior: cognitive restraint, disinhibition, and hunger. The TFEQ-Disinhibition subscale is designed to assess overeating that occurs after exposure to various cognitive, social, and emotional triggers. Higher scores on the TFEQ-Disinhibition subscale are associated with increased eating and degree of overweight (Westenhoefer, 1991; Williamson et al., 1995). The TFEQ-Hunger subscale is a measure of an individual’s susceptibility to eating when hungry, while the TFEQ-Cognitive Restraint subscale measures the cognitive aspects of controlling food intake.  All three subscales have adequate internal consistency (Stunkard & Messick, 1985). 


Dutch Eating Behavior Questionnaire (DEBQ) Emotional Eating and External Eating subscales (Van Strien et al., 1986). The DEBQ’s External Eating subscale measures eating that occurs in response to food-related stimuli. It assesses eating triggered by the sight and odor of foods or the presence of other people who are eating. The DEBQ’s Emotional Eating subscale assesses eating that occurs in response to emotional arousal states such as fear, anger, or anxiety. Research has demonstrated that the DEBQ has adequate test-retest reliability, internal consistency, and discriminative and concurrent validity (Van Strien et al., 1986).

Marlowe-Crowne Social Desirability Scale (MCSDS; Crowne & Marlowe, 1960).The MCSDS is a self-report measure designed to assess an individual’s tendency to respond to questions in a socially desirable way, which could undermine the validity of a self-report measure (Crino, Svoboda, Rubenfeld, & White, 1983). The MCSDS has adequate internal consistency, test-retest reliability, and convergent validity (Crowne & Marlowe, 1960).

Results

The non-clinical sample was comprised of 563 participants, who had a mean BMI of 23.5 kg/m2. The majority of participants (71.1%, n = 400) had a BMI below 25 kg/m2; 21.0% (n = 118) were overweight (i.e., BMI 25.0-29.9 kg/m2) and 7.9%, (n = 45) were obese (i.e., BMI >30.0 kg/m2). Participants ranged from 18 to 64 years of age (M = 23.2 years). Females comprised 87.9% (female n = 364, male n = 50) of the sample for which gender was known. The data from the overweight BED sample were analyzed separately as a clinically-relevant test of the criterion-related validity of the PFS.  Specifically, it was hypothesized that the BED sample would score higher on the PFS than comparison groups of obese and normal weight individuals who were assumed to experience minimal problems with binge eating.  

Factor analyses.  The data were analyzed to determine the scale’s factor structure and the degree to which the structure that emerged reflected the distal to proximal dimension built into the pool of items. To determine if these dimensions formed separate empirical factors, principal components factor analysis with Varimax rotation and Kaiser normalization was conducted. This analysis produced three factors with Eigenvalues greater than 1.0, which could suggest a three-factor solution.  However, the Eigenvalue for the first factor (9.8) was much higher than that of the second (1.3) and third (1.1) factors.  Visual inspection of a scree plot also was suggestive of a single-factor solution.   Additionally, based on an unrotated solution, the amount of variance accounted for by the first factor was 46.6%, while for the second and third factors it was 6.4% and 5.3%, respectively.  Furthermore, when the three factor solution was investigated, there were many items with simultaneous high loadings on two or three factors, which is indicative of a poor solution.  Thus a single-factor solution was deemed most appropriate.   When a single–factor solution was analyzed, item loadings ranged from .53 to .80. 

In a sample of overweight and obese participants enrolled in a weight loss trial,   the factor structure of the PFS was very similar to that of the larger sample (i.e., a one factor solution).  Items loaded onto the single factor solution with loadings ranging from .53 to .80.  The corrected item-total correlations (i.e., the correlation of the item with the sum of all other items) ranged from .50 to .76. Chronbach’s alpha was .96.  Thus the factor structure and internal consistency of the PFS did not change in a clinical sample who were predominantly obese and African-American (relative to the normative sample which was predominantly Caucasian and normal weight).   

Demographic differences.  No differences between women and men were found on PFS scores (M = 47.4, SD = 15.6 and M = 44.4, SD = 12.7, respectively; t(229) = 1.04, p = .30).  Similarly, a one-way ANOVA indicated that there were no differences in mean PFS scores between participants who were Caucasian (M = 47.2, SD = 16.1), African American (M = 47.5, SD = 18.6), or Asian (M = 51.4, SD = 15.9; p = .37).  Because other ethnic groups were represented only in small numbers, no other comparisons between ethnic groups were undertaken. 
Reliability. The corrected item-total correlations (i.e., the correlation of the item with the sum of all other items) ranged from .50 to .76. Chronbach’s alpha for all 21 items was .94. Four-month test-retest reliability in the Drexel II sample of female college students (n = 70) was adequate (r =.79, p = .001). 

Validity.  As shown in Table 2, several measures were examined as correlates of both the PFS and the Restraint Scale.  The PFS was significantly related to scores on the TFEQ Disinhibition and Hunger subscales, the DEBQ Emotional Eating and External Eating subscales, and the Restraint Scale.  The correlation between PFS and BMI was non-significant (r = .08, p = .08).  The large majority of participants in this sample were normal weight, which makes this correlation more difficult to interpret.  To address this limitation, the correlation between the PFS and BMI also was examined in only the Cafeteria and Drexel II samples, which yielded a sub-sample of participants with about equal numbers of normal weight and overweight individuals. When only these participants (n = 165) were included in the analysis, the correlation between PFS and BMI was significant (r = .22, p = .004).  Similarly, when all participants were included in data analyses, PFS total scores were significantly higher for those who were obese (i.e., BMI > 30 kg/m2; M = 56.1, SD = 21.1) than for those who were normal weight (i.e., BMI < 25 kg/m2; M = 48.9, SD = 15.4; t(424) = 2.8, p = 0.03). 

 Content validity was examined using the ratings of 14 experts in the field of eating disorders and obesity.  The experts rated the extent to which each item measured the intended construct, using a scale that ranged from (1) not at all to (5) very much.2.  Mean ratings ranged from 2.64 (SD = 1.15) to 4.86 (SD = 0.36).  The means of all items but two fell above the mid-point (a fair amount) and the remaining two items were just below the mid-point  (Item 16 M = 2.65, SD = 1.15; Item 20 M = 2.86, SD = 1.17), suggesting that overall the items are an acceptable reflection of the construct that the PFS is designed to capture..
Incremental validity was examined, as it seemed important to determine if the PFS was capable of accounting for variance in the validity measures beyond that accounted for by the RS.  Hierarchical regressions were conducted to account for shared variance between the RS and PFS. When RS scores were controlled, PFS remained a significant predictor of all four subscales (TFEQ-Disinhibition: B = .12, SEb = .02, p < .01; TFEQ-Hunger: B = .14, SEb = .01, p < .01; DEBQ-Emotional Eating: B = .24, SEb = .04, p < .01; DEBQ-External Eating: B = .24, SEb = .02, p < .01). When PFS was controlled, the RS was a significant predictor of TFEQ-Disinhibition (B = .23, SEb = .04, p < .01) and DEBQ-Emotional Eating (B = .77, SEb = .09, p < .01), but not TFEQ-Hunger (B = -.05, SEb = .04, p = .18) or DEBQ-External Eating (B = .07, SEb = .04, p = .08).

In order to explore the ability of the PFS to differentiate between a clinical sample with disordered eating and nonclinical samples, the PFS data from the BED sample were analyzed along with the PFS scores from normal weight (BMI < 25, n = 383) and obese (n = 43) subjects from the combined Drexel, England and Cafeteria samples.5 Although we did not have measures of binge eating from the normal weight and obese groups, it can be assumed that these groups experienced far less difficulty with binge eating than the BED group.  An ANOVA comparing the three groups revealed a significant main effect for group membership, (F(2,570) = 283.6, p < .001; (2 = .50).  All three groups were significantly different in a Tukey’s post-hoc analysis at p < 0.005, with the BED sample having much higher PFS scores (M = 73.11, SD = 11.38) than both the obese (M = 48.91, SD = 18.48) and normal weight (M = 42.15, SD = 13.54) groups.  

Discriminant validity was examined in two ways.  First, in the Drexel I sample, the correlation between the PFS and the Marlowe-Crowne Social Desirability Scale was not significant (r = -.21, p = .06), suggesting that PFS responses are not strongly influenced by a desire to appear in a socially desirable light.  Second, given the significant correlations between the PFS and four validity measures, it was important to determine whether the PFS might correlate with any measure of food intake or is more specific to measures of over-consumption.  Scores from the TFEQ-Cognitive Restraint subscale, which reflects cognitive and behavioral strategies for limiting food intake, were available from the Cafeteria Study sample.  This measure was used to evaluate the discriminant validity of the PFS because there is little theoretical reason to expect the two measures to be correlated.4  There was in fact no significant correlation between the PFS and the CR scale (r = .15, p = .15). 

Discussion 
This study examined the psychometric properties of the PFS. Factor analysis (in both the normative and the clinical sample of overweight individuals) indicated that the original 21 PFS items are best represented by a single-factor solution.  This finding, along with the high internal consistency of the entire scale and the small percent of variance accounted for by second and third factors that emerged in the initial factor analysis, supports the conclusion that the PFS should be used as a total score measure.  The temporal stability of the PFS (.79) was quite high, particularly in light of the fact that four months elapsed between the two administrations of the PFS.
Tests of the PFS’ validity indicated that it was moderately correlated with the Disinhibition and Hunger subscales of the Three Factor Eating Questionnaire and with the Emotional Eating and External Eating subscales of the Dutch Eating Behavior Questionnaire.  When hierarchical regressions controlling for RS scores were conducted, the PFS remained a significant predictor of all four subscales.  This is an important finding given that the Restraint Scale has to date been a robust predictor of anomalous appetitive responses to a wide variety of stimuli (Herman & Polivy, 1984; Lowe, 1993).  In both the bivariate correlation analyses and in the regression analyses that controlled for RS scores, the PFS was related to all four subscales.  The RS and PFS showed similar correlations with the TFEQ-Disinhibition and DEBQ-Emotional Eating scales, but the PFS was much more strongly related to the TFEQ-Hunger and DEBQ-External Eating scales than was the RS (Table 2).  These analyses indicate that the PFS 1) may reflect appetitive responsiveness to a broader range of stimuli than the RS, and 2) accounts for variance in susceptibility to eating - beyond that accounted for by the RS - in response to social, emotional, food-related and hunger stimuli.  Nonetheless, because these results are based solely on relationships with other self-report measures, it is critical to test these conclusions using measures of appetitive responsiveness not involving self-report.  

The PFS also clearly differentiated obese women with binge eating problems from both obese and normal weight women in whom binge eating was likely minimal.  These findings, along with the negligible correlation between the PFS and BMI (i.e., non-significant in the whole sample and quite small in a more balanced sample), indicate that the PFS is much more strongly related to overeating tendencies than it is to BMI.  To the extent that the foregoing validational criteria are themselves valid measures of overeating, these findings indicate that the PFS reflects global levels of appetitive responsiveness to food-abundant environments. Indeed, in studies where overeating in response to a wide range of contexts (hunger, emotions, highly palatable foods, etc.) is of interest, the PFS may be a good measure to use because it appears to reflect such a broad-based susceptibility while minimizing burden on respondents.  The present results also suggest that, among predisposed individuals, food-abundant environments do not just affect food intake (during the several daily bouts of eating most people engage in), but also influence food-related cognition, affect, and motivation even when food intake is not imminent or underway (i.e., up to and including the point where food is first tasted). This in turn raises the possibility that for some people the deleterious effects of the “toxic” food environment (Horgen et al., 2002) extend well beyond weight gain and physical health. A recently completed study in line with this suggestion found that the PFS predicted whether overweight and obese individuals sought outside help for weight control, with those who had sought such help in the past scoring higher on the PFS than those who had not (Annunziato & Lowe, 2007).    

    The low correlation between the PFS and BMI also deserves comment.  If the PFS taps an appetitive predisposition that manifests itself in a tendency toward over-consumption of energy then it is logical to expect there should be a substantial PFS/BMI relationship.  However three factors may work against such a relationship.  One factor is that energy intake only represents half of the energy balance equation.  Thus high-scorers on the PFS who are energy inefficient may not gain weight, and low-scorers on the PFS who are energy efficient may gain weight even if their food intake is not excessive.  Second, it is likely that not all weight gain among overweight or obese individuals is due to a food environment that overwhelms their ability to control their food intake.  Rather, a significant contributor to weight gain in many individuals appears to be “passive over-consumption” (Blundell & King, 1996) which can occur without an individual’s awareness when the energy density of the habitual diet increases, energy expenditure decreases, or both.  Third, the degree of “pull” obesity-prone individuals feel from the obesogenic environment may be greater when they are gaining weight than when their weight stabilizes at an obese level.  Third, there is reason to believe that the degree of appetitive “pull” obesity-prone individuals feel from the food-laden environment may be greater when they are gaining weight than when their weight stabilizes at an obese level (Davis, Strachan, &Berkson, 2004).  All of these influences would moderate the size of the PFS/BMI relationship that might otherwise be expected.  Parenthetically, this viewpoint is quite similar to the one Rodin (1981) offered for why differences between obese and normal weight individuals in internal and external responsiveness to food-related stimuli were not found as often as had once been expected (Schachter & Rodin, 1974).  

The validity of the PFS has been tested in a recent study.  Forman, Hoffman, McGrath, Herbert, Brandsma and Lowe (2007) asked female undergraduates to keep a transparent box of chocolate kisses with them for two days while abstaining from all chocolate consumption.  They tested two strategies for helping participants cope with chocolate cravings they might experience:  a control-based strategy (e.g., thought-stopping) and an acceptance-based strategy (e.g., cognitive diffusion).  Although participants were instructed not to eat the chocolate kisses, about 10% of them did; the PFS significantly differentiated those who did and did not eat the chocolates.  Participants also rated the strength of their chocolate cravings over the two days of the study on the state version of the Food Cravings Questionnaire (FCQ; Cepeda-Benito, Gleaves, Williams & Erath, 2000) and on several single item measures of their chocolate cravings.  The PFS was a significant predictor the strength of chocolate cravings on the FCQ and of the intensity of and distress associated with cravings, and was a marginally significant predictor of frequency of cravings.  Finally, there were significant or marginally significant interactions between response to the treatment conditions and PFS scores on all measures of cravings (frequency, temptation and difficulty in addition to those listed above).  These interactions indicated that the higher participants scored on the PFS, the more they benefited from the acceptance-based treatment relative to the other two treatment conditions.  These results support the validity of the PFS in clinically relevant domains.  

The PFS was developed to assess the psychological impact of living in environments in which highly palatable food is readily available.  In developed countries, most food intake appears to be driven more by hedonic rather than by homeostatic eating motives (Lowe & Levine, 2005; Woods, 1991).  It is likely that there are meaningful individual differences in the strength of hedonically-based motivations to eat (Epstein & Leddy, 2006) and a measure that assessed these differences could be useful for both theoretical and clinical reasons.  The PFS may help fulfill this need by measuring sensitivity to the hedonic aspects of the food environment.  The assumption underlying the PFS’ potential utility is that such responsiveness can manifest itself not only in overeating (i.e., energy intake beyond energy needs) but in the activation of food-related thoughts, feelings and motivations at almost any time of the day (and, in night eaters, perhaps even in the middle of the night).  

There are a number of ways in which the PFS might be useful clinically. For instance, we (Lowe, 2003; Lowe & Levine, 2005) have previously argued that individuals who are highly susceptible to the omnipresence of palatable food in the environment may need to gain control over their “personal eating environments” to achieve long-term weight control. Such individuals may need to systematically increase the structure of the foods they eat (e.g., through the use of pre-portioned frozen entrees) and reduce the energy density of foods in their homes (Rolls & Barnett, 2000). The PFS may be useful in identifying individuals for whom such modifications may be particularly advisable. The PFS might also be useful in furthering our understanding of abnormal eating behaviors. For instance, morbidly obese individuals obviously have a history of caloric consumption far in excess of their energy needs. However, as they gain weight their food intake might also be influenced by neurophysiological adaptations to excessive food intake (e.g., Levin, 2000) and to the physiological changes caused by excess body fat (Wynne, Stanley, McGowan, & Bloom, 2005). Use of the PFS before and after bariatric surgery in such individuals might shed light on how different aspects of food’s psychological influence does (or does not) change after the massive loss of adipose tissue produced by the surgery. Such comparisons might be of particular interest because bariatric surgery patients are essentially incapable of overeating following surgery, so changes in the psychological influence of food – unaffected by current overeating - could be assessed. Finally, if the PFS was found to prospectively predict susceptibility to weight gain, it could be useful in obesity prevention programs as well.

Strengths of this study include the diversity of the total sample in terms of geographic location, the presence of both clinical and non-clinical samples, and the inclusion of obese, overweight, and normal weight participants. The primary limitation of this study is that the number of overweight and obese participants, and the number of male participants, was small. The small number of men in the study may limit the ability to generalize our findings. In addition, because the first stage of the PFS’ development was based on information provided by obese women, additional research with a larger male population will be necessary to test the validity of the PFS among men.  The self-report of weight and height to calculate BMI is also a limitation, albeit a minor one, given that the correlation between self-report and measured height and weight is high in both adults and adolescents (Goodman, Hinden, & Khandelwal, 2000; Nieto-Garcia, Bush, & Keyl, 1990; Stewart, Jackson, Ford, & Beaglehole, 1987).  Lack of assessment of binge eating behaviors in all but one sample also suggests that further investigation of the relationship of PFS scores to binge eating vulnerability would be desirable. Additionally, because the comparisons of obese BED, obese and normal populations were based on two obese populations that volunteered to participate in a research study on prevention or treatment, it is unclear to what extent results may generalize to non-treatment-seeking obese populations.  There may be some bias towards socially desirably responding on the PFS (given the marginally significant correlation between PFS and the Marlow-Crowne social desirability scale) that future research should further examine.  Finally, additional research must be conducted to objectively evaluate the PFS’s validity, for example by using laboratory-based measures of food intake and physiological indices of appetitive responsiveness.   
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Footnotes
1 Copies of the PFS can be obtained by contacting the first author.   
2 We wish to thank Caroline Braet, Kenneth Goodrick, Amy Gorin, Carlos Grilo, Suzanne Higgs, Janet Latner, Chantal Nederkoorn, Hollie Raynor, Nancy Sherwood, Gayle Timmerman, Marney White, Donald Williamson, and Susan Yanovski for providing ratings and valuable comments.

3 We wish to thank Drs. Jean Kristeller and Virgil Sheets of Indiana State University for generously sharing their data with us.

4 Controversy currently exists about whether this and other restraint scales reflect reduced food intake in the natural environment (Stice et al., 2004; Stice, Presnell, Lowe & Burton, 2006; van Strien, Engels, van Staveren & Herman, 2006) but it is clear that restrained eaters are not in negative energy balance (Lowe & Levine, 2005).  Therefore there is no reason to expect that restrained eaters might think about or desire food more because they are physiologically deprived.  

5 Participants in this BED sample completed an earlier version of the PFS that contained 18 of the 21 items included in the current version.  To compare these participants with the others in the study, the sum of those 18 items was used in the latter groups to compute a new PFS total score.  Given the high internal consistency of the PFS items, this adjustment should not materially alter the results of this analysis.

Table 1

PFS Sample Demographics and Assessment Measures Used




    

	Data Set


	Participants


	Age


	BMI


	Measures



	
	n


	Male


	Female


	M


	SD


	M


	SD


	

	England I


	164
	33
	131
	19.5
	3.8
	22.6
	3.7
	DEBQ-External Eating Scale

DEBQ-Emotional Eating Scale

Restraint Scale

	England II


	149
	-
	-
	21
	1.1
	21.8
	2.9
	Restraint Scale

	Drexel I


	81
	0
	81
	19.8
	1.6
	23.1
	4.3
	DEBQ-External Eating Scale

Restraint Scale

TFEQ

	Drexel II


	72
	0
	72
	18
	0.5
	21.9
	2.4
	DEBQ-Emotional Eating Scale

Restraint Scale

TFEQ

	Cafeteria Study
	97
	17
	80
	41.4
	11.4
	28.4
	6.1
	TFEQ

	Obese Binge Eaters
	147
	18
	129
	46.7
	11.8
	40.2
	8.5
	-

	Overweight Clinic Attenders
	162
	13
	149
	45.2
	11.3
	39.3
	6.1
	-


Table 1 Note. DEBQ = Dutch Eating Behavior Questionnaire; TFEQ = Three Factor Eating Questionnaire
Table 2











RS and PFS: Comparison of Correlations with Self-Report Measures



	
	RS
	PFS 

	RS
	--
	.30**

	TFEQ-D
	.50**
	.55**

	TFEQ-H
	.13
	.53**

	DEBQ-Emot.
	.64**
	.55**

	DEBQ-Ext.
	.29**
	.67**


** Correlation is significant at the 0.01 level (2-tailed). 

RS = Restraint Scale; TFEQ-D = Three Factor Eating Questionnaure-Disinhibition subscale; TFEQ-H = Three Factor Eating Questionnaure-Hunger subscale; DEBQ-Emot. = Dutch Eating Behavior Questionnaire-Emotional Eating subscale; DEBQ-Ext. = Dutch Eating Behavior Questionnaire-External Eating subscale.
