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Abstract

This study evaluates the 16-item, four-factor Weight-Related Eating Questionnaire (WREQ),
which assesses theory-based aspects of eating behavior, across diverse, nonclinical subgroups. A
total of 621 men and women aged 18-81 years (34.3 + 16.4) with a mean BMI of 25.7 + 6.1 kg/m?
(range 15.5-74.1 kg/m?) were recruited from general education classes at the University of
Hawai’i, Manoa and an online survey panel of Hawai’i residents to complete a web-based survey.
Participants were predominantly white (23%), Asian/Asian-mix (42%), or Native Hawaiian/
Pacific Islander (18%). The WREQ’s factor structure was successfully replicated by confirmatory
factor analysis (CFA) for the entire sample and by weight status, gender, age, and race with strong
internal consistency. Four-week test—retest reliability (n = 31) for the subscales was excellent with
interclass correlations of 0.849-0.932. Tests of population invariance confirmed the
generalizability of the WREQ across all subgroups having provided no evidence that the factor
structure, factor loadings, or indicator intercepts varied significantly between the groups.
Multivariate regression analyses showed that emotional eating was independently associated with
BMI (B =0.272, P < 0.001) as well as moderate- and long-term weight change rates (weight gain)
in young adults (B = 0.152, P = 0.042) and adults (f = 0.217, P = 0.001). Compensatory restraint
was negatively associated with weight gain in adults (f = —0.133, P = 0.039). Routine restraint
and emotional eating were highest among dieters. All associations remained significant after
accounting for gender, age, and race. The hypothesized WREQ measurement model demonstrated
very good construct validity, confirming the unbiased generalizability of the WREQ measure
across sex, age, race, and BMI subgroups, and excellent criterion-related validity with respect to
current BMI, weight change, and weight control status.

Introduction

The dramatic increase in the prevalence of obesity has been well documented (1,2). Obesity
researchers from an array of health-related fields have since concentrated their efforts on
determining which behavioral, genetic, social, and/or environmental factors have the
greatest impact on weight gain. Perhaps one of the more promising fields of research is the
investigation of cognitive mechanisms that mediate the link between behavior and obesity.
Of particular interest is the observation that the act of initiating an eating episode is not only
controlled by physiological demands, but it is also influenced by how we respond to cues
from the environment and manage negative affect. This observation is particularly salient
today as it is estimated adults make over 200 food-related decisions on a daily basis (3).
Research shows many of these decisions are only loosely connected with a physiological
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need to replenish energy stores (physiological hunger) (4). Mechanisms that promote eating
in the absence of physiological hunger are believed to be the link between energy intake and
obesity (5). The identification and assessment of nonphysiologically driven cognitive and
psychological mechanisms to eat provides a more comprehensive understanding of the
aspects of eating behavior that promote obesity. Researchers have developed and tested
multiple hypotheses based on laboratory observations and clinical research in an effort to
explain why some individuals are more susceptible to becoming obese. From these
hypotheses, theory-based psychometric instruments have been designed to help identify
individuals at risk for becoming obese.

Three eating behavior theories have emerged since 1950 that have led to a greater
understanding of the underlying cognitive and psychological aspects of eating behavior that
promote obesity. The psychosomatic theory (6), the theory of externality (7), and the theory
of restraint (8) have provided the foundation on which weight-related eating behavior
questionnaires have been developed. From these theories multiple questionnaires have been
developed to assess the extent to which individuals’ eating is motivated by cognitive and
psychological factors including, but not limited to, Herman and Polivy’s Restraint Scale (9),
the 51-item Three Factor Eating Questionnaire (TFEQ) (10), the 33-item Dutch Eating
Behavior Questionnaire (11), the 18-item and 21-item Revised TFEQs (12-14).
Additionally, Lowe and colleagues recently developed the Power of Food Scale (15,16) that
assesses the psychological impact of living in food-abundant environments. All of these
psychometric instruments continue to be used in eating behavior research today to assess
cognitive and psychological aspects of eating behavior. However, researchers should take
care in selecting the most appropriate questionnaire for their specific study population as
previously published validation studies have raised concerns about their use outside of the
population in which they were developed. Some of the more limiting problems have been
the failure to replicate the factor structures of the Restraint Scale (17) and the TFEQ (14,18)
and the inability to validate scales of dietary restraint against objective measures of caloric
intake (19-21).

In response to evidence of weak validity, researchers have sought to improve on the
psychometric properties of these instruments. Revisions of the TFEQ have proven to be
most successful both with respect to the validation of the instrument and their consistency
with the underlying theoretical constructs on which the questionnaires were based (12,13).
Subscales on both questionnaires have been shown to be associated with body weight status
and dietary intakes (12,13,22,23). However, limitations still remain, particularly with regard
to subject burden as a result of questionnaire length and the inclusion of questionnaire items
that reference a food (e.g., “sizzling steak™) that may be unappealing to a specific subgroup
(e.g., vegetarians). Furthermore, none of these questionnaires have been tested for factorial
invariance across ethnically diverse subgroups.

Most recently, the 16-item Weight-Related Eating Questionnaire (WREQ) (24) was
developed to address shortcomings in each of the above referenced psychometric
instruments. The WREQ is most similar to the Dutch Eating Behavior Questionnaire and the
TFEQ-R in that it assesses susceptibility to external cues to eat (external eating) and
emotional eating. However, the WREQ captures an additional construct of dietary restraint.
Specifically, the WREQ distinguishes between restrictive eating patterns related to
restrictive dieting (routine restraint) and a more flexible approach to weight control
characterized by intentional caloric restriction following periods of perceived
overconsumption (compensatory restraint). Evidence for subscales of dietary restraint has
been previously addressed in the literature (17,25) and are, by definition, consistent with the
subscales measured by the WREQ. Assessing two constructs of dietary restraint is of
particular importance given that the direction of their associations with patterns of dietary
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intake and BMI have been demonstrated to oppose one another in some populations (25,26).
The WREQ is the first questionnaire to assess all four constructs on one scale.

The observed factor structure of the WREQ was derived from a large sample of
undergraduate university students in the northeastern United States, which resulted in a four-
factor structure that a confirmatory factor analysis (CFA) further replicated in a
corresponding sample of university students (24). Prior to using the WREQ among
individuals from a different subgroup of the population, the psychometric properties and
generalizability of the WREQ factor structure across subgroups requires examination. Study
outcomes based on psychometric instruments that do not demonstrate factorial validity and
invariance may be biased and result in a detection of shifts in measurement rather than true
differences in the assessed constructs. The purpose of the current study is to evaluate the
psychometric properties (factorial validity/reliability and test—retest reliability), population
factorial invariance by gender, age, race, and weight status subgroups, and criterion-related
validity of the WREQ in a multiethnic sample of (nonclinical) adults and young adults of
various weight-status living in Hawai’i. We hypothesized there will be no evidence to
conclude that the factor structure of the WREQ are different between groups and that the
subscales can differentiate between those who are weight gaining (external and/or emotional
eating scales) or are attempting to control their weight (compensatory and/or routine
restraint).

Methods and Procedures

Participants

Measures

Two distinct and ethnically diverse, nonclinical study populations were recruited to
complete an online survey. The first sample of participants included year-round Hawai’i
residents (aged 25-81 years) recruited using The Hawai’i Panel online survey that is
supported by Ward Research (Honolulu, HI). The Hawai’i Panel is comprised of part- and
fulltime residents of all the islands of Hawai’i who have volunteered to receive electronic
invitations to complete online surveys. Those members who were permanent Hawai’i
residents for at least 6 months and over 24 years old were sent invitations to complete the
WREQ survey. Consenting participants completed a series of screening questions to
establish eligibility before being asked to complete the remainder of the survey. Individuals
were deemed ineligible if they reported having a chronic health condition that required
special dietary restrictions (e.g., Celiac disease, type 1 or 2 diabetes), had a self-reported
history of a prior or current eating disorder diagnosis, or were currently pregnant or
lactating. Eligible participants were compensated with PayPal cash or store gift cards
equivalent to $10. The second sample of participants included young adults (18-24 years)
who were recruited from general education courses at a local university. All consenting
students, regardless of eligibility status, completed the WREQ survey and received class
credit as compensation. Those students not meeting the eligibility criteria were later
identified and excluded from all data analyses. All materials and protocols were approved by
the institutional review board of the University of Hawai’i at Manoa.

All survey data was collected and organized via SurveyMonkey at
http://www.surveymonkey.com/ (Portland, OR), an online survey software and
questionnaire tool. In addition to WREQ items, the survey assessed information relevant to
eligibility criteria, participant demographic characteristics, and current weight and height
and weight history.
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WREQ—The WREQ (24) was developed to measure cognitive and emotional aspects of
eating as they relate to body weight. As depicted in Figure 1, the questionnaire consists of
16 items indicating four, correlated, but independent constructs of eating behavior:
compensatory restraint (three items), routine restraint (three items), susceptibility to external
cues (five items), and emotional eating (five items). The compensatory restraint construct
reflects the intentional restriction of energy intake following an episode of overeating. The
routine restraint construct reflects perceived routine restriction of energy intake to control
weight. The susceptibility to external cues construct refers to eating in response to external
orosensory cues without regard for internal signals of hunger or satiety. The emotional
eating construct represents eating in response to negative emotions. Participants were asked
to rate how well each statement described them on a five-point scale with higher ratings
reflecting stronger agreement with the statement.

Participant characteristics—Demographic variables included self-reported gender, age,
and race. Race data was collected in such a manner that participants could select multiple
(provided) race categories and/or write in a category that was not listed as a response option.
Eight categories were provided as response options for race based on the race/ethnic
composition of Hawai’i and previously developed surveys (27): Black/African American,
white, Chinese, Filipino, Native Hawaiian, Japanese, Korean, and Mexican or other
Hispanic. The coded race variable used in this study reflects four main groups: white; Asian
(single-race)/Asian mix, including single-race and mixed-race Filipino (Hispanic and non-
Hispanic), Chinese, Japanese, Korean, other Asian (e.g., Thai and Vietnamese); Native
Hawaiian/Pacific Islanders, including all individuals who selected Native Hawaiian or
identified themselves as Pacific Islander (in the “other” category); and all “other mixed
races”, which included all other individuals.

Weight status—Weight and height were collected with the following questions to
calculate current BMI: (i) “To the best of your knowledge, what is your current weight in
pounds?” and (ii) “To the best of your knowledge, what is your height in feet and inches?”
Current BMI was later converted to kg/m?.

Weight control status was assessed by asking participants to identify themselves as one of
the following response options: (i) I am not currently concerned with my weight; (ii) | am
trying to avoid weight gain; (iii) 1 am dieting to lose weight; (iv) | am trying to gain weight.

Weight change rate was calculated for young adults and adults retrospectively as a proxy for
moderate- and long-term energy balance, respectively. Young adults were asked what their
weight was at the beginning of the previous Fall semester (5 months prior to current study).
Adults were asked their weight at 21 years of age. Weight change rate was calculated for
young adults as weight change (current—previous weight) divided by 5 (months) and is
reported as kg/month. For adults, weight change rate was calculated as weight change since
21 years of age divided by the difference between their current reported age and age 21
years and is reported as kg/year. Accordingly, positive values reflect weight gain.

Data analysis

Analyses evaluated the validity and reliability of the WREQ), including descriptive statistics,
tests of the psychometric properties (factor validity, internal consistency, and test-retest
reliability), population factorial invariance testing, and criterion-related validation. Based on
previously published data (24), the four-factor WREQ structure described earlier (see Figure
1) was examined further using CFA and nested model comparisons. The factorial validity of
the WREQ model was first examined via model fit statistics, followed by nested model
comparisons that tested factorial invariance across the selected subgroups. Prior to tests of
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model fit, subgroups were created for specific demographic variables. Given the influence of
sample size on the 2 statistic and several related statistics (e.g., standard errors, parameter
estimates), unbalanced subgroups were corrected by randomly selecting cases from the
larger group. Binary subgroups were created for gender (males, females; n = 242), age
(young adults, adults; n = 266), BMI (underweight/normal weight, overweight/obese; n =
292), and the two largest race groups (Asians/Asian-mix, whites; n = 144). Missing data
(<1%) were handled with listwise deletion.

Factor structure and internal consistency

The validity factor structure of the WREQ was examined using CFA in Mplus Version 5.21
(28). Multiple estimates were used to judge appropriate model fit, including 2, the
comparative fit index (CFI) (29), the standardized root mean square residual (SRMR), the
root mean square error of approximation with CFit statistic, and the Tucker—Lewis index
(30,31). An acceptable model fit was supported by a CFI value >0.90 (29), SRMR value
<0.08, root mean square error of approximation value <0.05 and nonsignificant CFit statistic
(P > 0.05) (32), and Tucker—Lewis index >0.95 (33). Estimates of factor loadings,
intercepts, variances, residual variances, and z-scores (>1.96) were inspected for direction of
association and magnitude. Factor determinacy coefficients were estimated as a measure of
internal consistency, with values ranging from 0 to 1 and larger values indicating better
measurement of the factor by the observed items. A factor determinacy coefficient of >0.80
suggests strong correlation among items with their respective factor denoting high internal
consistency (34).

Test—retest reliability

A subsample of young adults (n = 31), who had previously agreed to be contacted for future
research, completed the WREQ for a second time within an average of 4.1 weeks (range
2.9-6.4 weeks) between test dates. Test—retest reliability was assessed at the subscale level
via intraclass correlations (ICC) and paired sample t-tests. ICC values above 0.75 denote
excellent reliability, values between 0.40 and 0.75 represents fair-to-good reliability, and
values below 0.40 are suggestive of poor reliability (35). Analyses were conducted using
SPSS version 16.0 (SPSS, Chicago, IL).

Multi-group factorial invariance

The factorial invariance of the WREQ between population subgroups was examined by
fitting and comparing a sequence of CFA models using Mplus Version 5.21 (28). Tests of
population factorial invariance determine the existence of test bias, pertaining to the
consistency of measurement properties across subgroups. More specifically, factorial
invariance supports that the associations between the indicators (questionnaire items) and
the factors (subscales) are equivalent across groups. Analyses began with an unconstrained
(i.e., configural) model and progressed toward more restricted (nested) models to evaluate
the tenability of each sequentially placed constraint. The configural model was initially fit in
each subgroup, functioning as a prerequisite or baseline model for additional invariance
tests. Next, sequential model constraints within nested models were imposed, examining
invariance of model form, factor loadings, and indicator intercepts across gender, age, race,
and BMI subgroups. Invariant model form indicates equality in the number of latent factors
and pattern of indicator-factor loadings. Tests of invariant factor loadings and indicator
intercepts determine whether the latent factors have the same meaning and structure for
different groups of participants.

The tenability of invariance at each level of model constraint was determined using the
change in (A) degrees of freedom (df) of the parent model to the constrained model (30) and
minimal ACFI (CFIconstrained model — CFIunconstrained model S0.01) (36). lee the XZ StatIStiC,
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Ayx? is also susceptible to sample size and may reject null hypotheses due to trivial model
differences. Based on results of a Monte Carlo simulation study, Cheung and Rensvold (36)
determined that ACFI <0.01 is superior to Ay? and among the best change index for
determining the consequences of nested model constraints. Although further validation of
this report is warranted, recommendations provide the most justifiable evidence to date;
hence, the current study emphasized ACFI as the final determinant of factorial invariance.

Criterion-related validity

Results

Weight-related variables including current BMI, weight control status, and weight change
rate were used to validate the subscales of the WREQ. Analyses were conducted using
hierarchical multivariate regression to explore associations between the WREQ subscales
and current BMI as well as weight change rate to control for significant correlations among
the subscales. For all the models, analyses were repeated to control for additional
confounders including gender, age, and race. Multivariate regression analyses for weight
change rate were conducted separately for young adults and adults based on the difference in
the length time on which weight change rate was calculated. Multivariate analysis of
covariance was used to explore differences in WREQ subscale scores by weight control
status. Again, gender, age, and race were included in the model as covariates. Group
differences were evaluated using pairwise comparisons with Bonferroni adjustments. All
construct validation analyses were conducted using SPSS version 16.0 (SPSS). Significance
was set at P < 0.05.

The final study sample consisted of 257 young adults (29.7% males) and 334 adults (45.5%
males). The adults had a mean age of 46.0 + 12.9 years and a BMI 27.6 + 6.3 kg/m2. The
young adults had a mean age of 19.5 + 1.6 years and a BMI 23.3 + 5.1 kg/m2. Based on the
World Health Organization standards, 7.2% of young adults and 1.8% of adults were
underweight (BMI <18.5 kg/m?), 67.5% of young adults and 33.4% of adults were of
normal weight (BMI = 18.5-24.9 kg/m?), 17.4% of young adults and 36.7% of adults were
overweight (BMI = 25-29.9 kg/m?), and 7.9% of young adults and 28.0% of adults were
categorized as obese (BMI >29.9 kg/m?). A majority of the participants were of Asian/Asian
mix (42.2%), 23.2% were white, and 17.9% were at least part-Native Hawaiian/Pacific
Islander. The remaining participants (16.4%) were of other mixed race. Normative scores
and Cronbach’s a coefficients for the WREQ subscales for the whole sample and by group
are presented as Table 1. Group differences in some WREQ subscale scores were observed
by gender, age, and weight status, but not by race.

Factorial validity and internal consistency

Figure 1 illustrates the hypothesized correlated four-factor structure for the WREQ. The first
item of each latent factor was used as an indicator for its corresponding latent factor by
constraining the parameter to a value of one. The tested model contained no double loading
indicators and all measurement error was presumed to be uncorrelated. For the total sample,
all freely estimated unstandardized parameters were statistically significant (P < 0.001).
Inspection of residual variances and modification indices indicated no ill fits within the
solution and standardized parameter estimates indicated that the items were strongly related
to their corresponding latent factors (R? = 0.216-0.820). The four latent constructs were
moderately correlated (r = 0.10-0.48), and factor determinacy coefficients met
recommended standards (34). Model fit statistics and factor determinacy coefficients for the
total sample and each subgroup are presented in Table 2.
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Test—retest reliability

All the WREQ subscales had reliability coefficients above standard criteria suggesting good
test—retest reliability. The ICC for the WREQ met the criteria for excellent reliability
compensatory restraint (ICC = 0.890); routine restraint (ICC = 0.864); external eating (ICC
= 0.849); and emotional eating (ICC = 0.932). The test-retest coefficients via paired t-test
were also acceptable: compensatory restraint (r = 0.804); routine restraint (r = 0.760);
external eating (r = 0.742); and emotional eating (r = 0.857).

Population factorial invariance

Tests of equal model form across groups was acceptable between males and females (x- =
400.58, df = 208, CFI = 0.94, SRMR = 0.05), Asians/Asian mix and whites (< = 339.65, df
=208, CFI =0.93, SRMR = 0.06), young adults and adults (y* = 356.63, df = 208, CFI =
0.96, SRMR = 0.05), and underweight/normal weight and overweight/obese subgroups (32 =
379.30, df = 208, CFI = 0.96, SRMR = 0.05). The two nested comparisons indicated
equivalent actor loadings and indicator intercepts were invariant between genders (Ay?
16.71, Adf = 12, P > 0.05; ACFI = 0.00), races (Ay* = 14.30, Adf = 12, P > 0.05; ACFI
0.00), age groups (Ay? = 7.22, Adf = 12, P > 0.05; ACFI = 0.00), and BMI groups (Ay?
12.25, Adf =12, P > 0.05; ACFI = 0.00).

Criterion-related validity

Higher emotional eating scores were positively associated with current BMI for the whole
sample by multivariate regression analyses that included compensatory restraint, routine
restraint, and external eating. This association remained significant after accounting for
gender, age, and race (Table 3).

By weight control status, those who identified themselves as currently dieting had highest
routine restraint scores (Table 4). Compensatory restraint and emotional eating were
similarly high in dieters and those who were trying to avoid weight gain. Differences
remained significant after accounting for gender, age, race, and current BMI.

With regards to weight change rate, a total of 22% of young adults reported losing more than
1 kg over a 5-month period and 35% reported gaining more than 1 kg (range 1.5-11.4 kg).
After a period of 25.0 + 12.9 years (range 4-60 years), ~10% of adults reported weighing
less than they did at 21 years of age and 85% reported being at least 1 kg (range 1.5-76.8
kg) more than they were at 21 years of age. Results of the multivariate regression analyses
(Table 5) demonstrated that higher emotional eating scores were associated with greater
weight change rates (weight gain) among young adults as well as in adults after accounting
for intercorrelations among the subscales. For adults, compensatory restraint was also found
to be negatively associated weight change rate. These findings remained significant after
accounting for gender, age, and race.

Discussion

Construct validation conducted in this study provide strong support for the four-factor
structure of the WREQ, which is represented by two subscales of dietary restraint
(compensatory and RRroutine restraint), external eating, and emotional eating with strong
internal consistency and test—retest coefficients. Factorial invariance testing provided no
evidence that the factor structure, factor loadings, and indictor intercepts were different
between males and females, young adults and adults, whites and Asians, or those
categorized as under/normal weight and overweight/obese. As hypothesized, criterion-
related validation analyses confirmed that the WREQ subscales were associated with
weight-related variables including current BMI, weight change rates, and/or weight control
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status, exception for external eating. Collectively, these analyses demonstrate the WREQ is
acceptable for use in research studies exploring the cognitive and psychological aspects of
eating behavior as they relate to body weight in diverse populations.

The psychometric evaluation of the WREQ confirmed a four-factor structure of the WREQ,
which parallels both fundamental and theoretical expectations (6—8) and subsequent research
that suggests that dietary restraint is not a homogeneous scale (17). The confirmation of
factorial invariance of the WREQ across multiple subgroups gives researchers the
confidence that their research findings are interpretable, particularly in populations that
incorporate individuals of various age, gender, or race/ethnicity (Asians and whites).
Previous research attempting to replicate the factor structure and reliability statistics for
similar questionnaires has reported mixed findings among adult populations categorized by
gender (11,13,37), and/or weight status (10,11,13), as well as by clinical and nonclinical
status (eating disordered or diabetic) (10,13). Rarely, if at all, have studies been conducted
to explore the consistency of the psychometric properties of questionnaires by age or race
groups and only two studies were found that utilized factorial invariance methods to
evaluate similar psychometric instruments (37,38). Prior to utilizing a psychometric
instrument in diverse populations, it should be evaluated for use in subgroups of the
population, particularly if those subgroups are different from which the questionnaire was
developed. Beyond test—retest reliability or internal consistency statistics (e.g., Cronbach’s
), most often used to support the use of a questionnaire in a specific population, it is
important to confirm that the constructs are similarly measured across populations.
Techniques, such as measurement invariance, are optimal methods for validating
questionnaires across subgroups of populations. Confirmation of factorial invariance ensures
that scales/subscales have the same general meaning between groups. A lack of factorial
invariance could ultimately lead to biased mean values and/or systematic errors in the
interpretation of research findings.

As hypothesized, criterion-related validation analyses conducted in this study provides
support for the characterization of four subscales as weight-related aspects of eating
behavior. Specifically, compensatory restraint was found to be protective against weight
gain from 21 years of age throughout adulthood suggesting that individuals who
purposefully eat less before or after a known period of overconsumption are less prone to
excessive weight gains compared to people who do not self-regulate their energy intake.
Routine restraint scores, however, were not associated with long-term changes in weight
despite being highest among dieters. These findings are consistent with observations that the
flexible component of dietary restraint attenuates 20-year weight gains in women between
the ages of 20 and 50 years (39) whereas, more rigid approaches to weight control may not
promote weight control over moderate to long time periods (39,40). It is unknown from this
study, if compensatory restraint is a successful approach for dieting and would require
longitudinal examinations. However, it is likely that adopting a compensatory (or flexible)
approach to eating as a habitual “lifestyle” change, rather than a short-term weight loss
practice, will prove to be most successful for long-term weight control. Unlike external
eating, the emotional eating subscale showed robust and independent positive associations
with weight and weight change over various observation periods in young adults and adults.
Similarly, with other eating behavior questionnaires, this association appears to be robust
across various populations and various ages (23,39,41) suggesting that the WREQ emotional
eating subscale varies very little from previously validated measures.

In this study, external eating was not found to be associated with current weight, weight
control status, or weight change rates. While this was not entirely unexpected, it is generally
accepted that an increased susceptibility to external cues to eat could lead to excessive
caloric intake (3,42). Yet, few researchers have reported independent associations between
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external eating and weight or weight change using explicit measures (43). Rather, implicit
tests (e.g., Stroop testing) consistently show that overweight and obese individual have
greater reactivity to food cues (measured by eye movement and brain activation) and have
higher external eating scores (44,45). There are two probable reasons for a lack of
association between external and weight change. The first may be explained by the
observation that most individuals are unaware of the external influences that motivate eating
and therefore, are less likely to be able to accurately respond to questions like those in the
WREQ or similar questionnaires (3). The second may be related to the circumstances or
amounts of foods eaten, when externally cued to eat. For instance, one may be externally
cued to eat, but the resulting eating event may occur simultaneously with an internally
motivated cue to eat (physiological hunger) or may adequately delay a subsequent eating
episode resulting in a relatively balanced energy intake for the day (46). This does not
necessarily suggest that external eating is not associated with weight-related variables. It is
hypothesized that the joint influence of external eating and a lack of sensitivity to internal
cues may elucidate the role of external eating as a weight-related aspect of eating.

There are multiple strengths and limitations of this research. This was the first study of its
kind to evaluate the properties of an eating behavior questionnaire in large and diverse
population. The use of structural equation modeling to perform CFA and tests of factorial
invariance greatly enhances the confidence in the findings given that this statistical method
takes into account measurement error and provides fit indices for tested models, which can
be objectively interpreted. Also, with regards to construct validation, weight control status
and weight change over 5 months (moderate term) and an average of 25 years (long term) in
addition to weight status (current BMI) were utilized. These variables provide a more
comprehensive measure of short- (e.g., currently dieting) to long-term weight control (25-
year weight change) as they relate to eating behaviors, than does BMI alone, allowing for a
broader understanding of dietary restraint, external eating, and emotional eating. For this, we
relied on retrospective, self-report of weight that could be recalled incorrectly, particularly
among older adults recalling their weight after more than 25 years. However, there is
evidence that weight earlier in life can be recalled with accuracy in older subjects (47), the
Nurses Health Study (48), a follow-up of American adults (49), and the Newton Girls’ Study
(50). Other limitations are based on the sampled population. Specifically, there were very
few Latinos in the sampled population, suggesting that additional invariance testing would
be recommended in this subgroup. However, based on the robust findings in this study, it is
likely that factorial invariance would be confirmed in this population if tested. Additionally,
these findings cannot be generalized to clinical populations, particular eating disordered
populations. Again, further psychometric and invariance testing would be recommended.

To summarize, this is the first study to extensively test the psychometric properties,
measurement invariance, and construct validation of an eating behavior questionnaire in
such a diverse population. Results demonstrate that the WREQ measures four, internally-
reliable and meaningful constructs of eating behavior with factorial invariance between
males and females, young adults and adults, under/normal weight and overweight/obese, and
whites and Asians/Asian-mix. Criterion-related validation analyses indicated that the WREQ
subscale are associated with weight-related variables in a manner similar to other eating
behavior questionnaires and may have predictive ability, particularly over time periods of
modest length (e.g., several months). Therefore, the WREQ can be used as a reliable and
valid measure of cognitive and psychological eating behaviors in a variety of research
populations.
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Figure 1.

Four, correlated factors model of the Weight-Related Eating Questionnaire with Pearson

correlation coefficients. RR1-RR3 represent item indicators for routine restraint, CR1-CR3
represent indicator items for compensatory restraint, EX1-EX5 represent indicator items for
susceptibility to external cues, and EE1-EE5 represent indicator items for emotional eating.
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