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Abstract

Objective—The purpose of this study was to compare the type and frequency of restrictive

eating behaviors across the two subtypes of anorexia nervosa (AN; restricting [ANr] and binge

eating/purging [ANbp]) using ecological momentary assessment (EMA) and to determine whether

subtype differences in restrictive eating behaviors were attributable to severity of the disorder or

the frequency of binge eating.

Method—Participants (N = 118) were women at least 18 years of age with full (n = 59) or sub-

threshold (n = 59) AN who participated in a two week (EMA) protocol.

Results—General estimating equations revealed that individuals with ANbp generally reported

more frequent restrictive eating behaviors than individuals with ANr. These differences were

mostly accounted for by greater severity of eating psychopathology, indicating that the presence

and frequency of restrictive eating behaviors in AN may be non-weight-based markers of severity.

Binge eating frequency did not account for these findings.

Discussion—The present findings are especially interesting in light of the weight-based severity

rating in the DSM-5.
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Low body weight accompanied by cognitive symptoms involving distortions of body image

and weight status are perhaps the most salient features of anorexia nervosa (AN); however,

across individuals with the disorder, the presentation of AN is not homogeneous and may be

characterized by various disturbances in eating behavior. Within the nosology of the

Diagnostic and Statistical Manual of Mental Disorders (DSM) IV (1), as well as the DSM-5

(2), this heterogeneity in AN is accounted for diagnostically via the binge eating/purging

(ANbp) versus restricting (ANr) subtypes that distinguish between individuals who do and

do not regularly engage in binge eating and/or purging behaviors.

Although much of the existing evidence supports the AN subtype distinction, a number of

findings question the validity of these subtypes (see 3). Empirical evidence that supports this

distinction includes findings regarding subtype differences in comorbidity, treatment

response, and outcome. For instance, research suggests that individuals with ANbp present

with greater co-occurring psychopathology than individuals with ANr (4). In particular,

compared to those with ANr, individuals with ANbp have been found to display greater

rates of substance use disorders (5) and affective and personality disorders (6), as well as

various personality features (7), greater risk of suicide attempts (8), reduced treatment

response to certain psychotherapies (e.g., 9), and a poorer prognosis (10, 11).

On the other hand, longitudinal research on the AN subtypes has generally failed to support

the stability of this distinction. For instance, researchers have documented high rates of

“diagnostic crossover” between the two subtypes (e.g., 12), such as occurs when an

individual originally diagnosed with ANr subsequently develops regular purging behaviors

and consequently meets criteria for the ANbp subtype. Specifically, 55% of those who

entered a longitudinal study with a diagnosis of ANr crossed over to a diagnosis of ANbp at

some point during the 7-year follow-up period. Conversely, 43.8% of individuals entering

the study with ANbp followed the opposite trajectory, going from ANbp to ANr at some

point. In another longitudinal study examining diagnostic crossover, Fichter and Quadflieg

(13) found rates of crossover from ANr at baseline to ANbp at 2, 6, and 12 years of 19.2%,

11.5%, and 3.8%, respectively. In the reverse direction, they found crossover rates from

ANbp at baseline to ANr at 2, 6, and 12 years of 4.8%, 9.5%, and 3.2%, respectively.

Although the rates of crossover found by Eddy and colleagues (12) appear substantially

higher, it is important to note they reported cumulative crossover rates (i.e., whether

crossover had occurred at any point during the 7-year interval), whereas Fichter and

Quadflieg (13) presented cross-sectional rates of crossover (i.e., the percent who were

presently crossed-over at the three follow-up assessments). Importantly, however, both

studies suggest that the AN subtypes are not particularly stable and that movement from

ANr to ANbp is more likely than the reverse.

Ultimately, diagnostic crossover between the AN subtypes requires the development or

cessation of regular binge eating and/or purging while continuing to exhibit the other

cognitive, physical, and physiological features of AN. At the heart of the distinction between

the subtypes is what the language of the diagnostic subtype labels seem to imply: that one

presentation primarily engages in restrictive behaviors (i.e., engaging in behaviors such as

skipping meals and fasting, eating very small amounts of foods, and eliminating or limiting

specific foods, food types, or nutrients from one’s diet for the purposes of weight
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maintenance or reduction), whereas the other presentation regularly engages in binge eating

and/or purging behaviors. However, given that maintaining a low body weight inherently

requires individuals with AN to restrict their dietary intake to a point below their energy

intake requirements, it remains unclear whether the subtypes differ with regard to restrictive

eating behaviors as the subtype labels seem to imply.

Further, it is possible that many of the AN subtype differences in comorbidity and prognosis

are attributable to the presence versus absence of binge eating and/or purging behaviors

specifically. Researchers have speculated about the nature and mechanisms underlying the

differences found between subtypes. For instance, some have posited that ANbp may be a

more advanced form of the disorder than ANr in terms of longitudinal course (14, 15),

which would implicate the presence of binge eating and purging behaviors as a marker of

severity or duration. Others have proposed differences in the personality features that

characterize the two subtypes, such that those with ANbp display greater impulsivity and

sensation seeking than those with ANr (see 16 for a review). Still others might note that the

differences found between subtypes are logical (e.g., individuals who engage in more eating

disorder [ED] behaviors will have poorer outcomes; individuals who binge eat must restrict

more in order to remain underweight, etc.).

The primary purpose of this exploratory study was to examine the clinical phenomena of

restrictive eating behaviors across the two AN subtypes with data collected in a momentary,

naturalistic fashion using ecological momentary assessment (EMA). The use of data

collected via EMA allowed for assessments of various restrictive eating behaviors in AN

when they occurred in the natural environment, thus avoiding concerns regarding the

accuracy of data based on long-term retrospective recall of such behaviors. An additional

use of EMA in this context was to examine possible explanations for any differences found

in the frequency of restrictive eating behaviors across the subtypes. Two plausible

explanations are that the subtypes differ in terms of overall level of ED psychopathology or

that differences in the frequency of restrictive eating behaviors are driven by differences in

the frequency of binge eating (i.e., consistent with the possibility of restrictive eating

behaviors as compensatory to binge eating). Thus, the secondary purpose of this study was

to determine whether any subtype differences in the frequency of restrictive eating behaviors

are accounted for by: (1) simple subtype differences in overall baseline ED severity, or (2)

the frequency of binge eating behavior in the natural environment. Importantly, the

frequency of binge eating is not synonymous with the subtype distinction, because binge

eating frequency can vary within and across subtypes. To date, the nature of restrictive

eating behaviors within each of the AN subtypes, including possible subtype differences, has

not been explored. Understanding any such differences may improve conceptual models of

the subtypes and guide associated treatment development efforts.

METHOD

Participants

Participants (N = 118) were women with full (n = 59) or sub-threshold (n = 59) AN who

were at least 18 years olda. Full AN was defined as meeting all DSM-IV (1) criteria, and

sub-threshold AN was defined as meeting all DSM-IV criteria for AN except one of the
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following: (1) body mass index (BMI) of 17.6 to 18.5 kg/m2, (2) no amenorrhea, or (3) no

body image disturbance and intense fear of fatness. Minimal differences between individuals

meeting full and subthreshold AN criteria were present (see 17). A total of 73 (61.9%)

participants met criteria for ANr, while the remaining 45 (38.1%) met criteria for ANbp. To

make this subtype distinction, the regular occurrence of binge eating and/or purging

behavior was operationalized as binge eating and/or purging behavior occurring on average

at least once per week over the previous 8 weeks. Participants were recruited through

referrals from treatment providers and advertisements in the community, treatment centers,

and college campuses in three locations in the Midwestern U.S. (Fargo, Minneapolis, and

Chicago). Demographics and symptom severity information can be found in Table 1.

Measures

Baseline Interviews—The Structured Clinical Interview for DSM-IV Axis I Disorders,

Patient Edition (SCID-I/P; 18) was used to establish the AN diagnosis. A random sample of

30 of these interviews were rated by an independent assessor for reliability of the AN

diagnosis (full versus subthreshold), yielding a kappa coefficient of .929.

The Eating Disorder Examination (EDE; 19) is a semi-structured interview that provides a

global score of eating psychopathology and four subscales: restraint, eating concern, shape

concern, and weight concern. The EDE also assesses the frequency of various ED behaviors

including binge eating and purging during the previous 3 months. In the present study, it was

used to determine AN subtype. A subset of 31 EDE interviews was rated by an independent

assessor for reliability, yielding intraclass correlation coefficients ranging from .894 to .997

for the subscale scores.

EMA Measuresb—As part of the EMA protocol in this study (described below),

participants were asked to report various ED behaviors. Among other behaviors, participants

were asked to report binge eating episodes, compensatory behaviors (e.g., self-induced

vomiting), and restrictive eating behaviors (e.g., skipping a meal; limiting calories,

carbohydrates, or fat grams; and eating as little as possible). In addition, at the end of each

day, participants also indicated whether they had gone 8 or more waking hours without

eating and whether they limited their intake that day to less than 1200 kilocalories.

Procedure

Individuals interested in participating were first screened for eligibility via telephone.

Eligible individuals then attended an informational meeting about the study during which

they provided written informed consent. Participants attended two assessment visits, during

which they completed semi-structured interviews, self-report questionnaires, and medical

stability screenings. If individuals were judged to be medically unstable (e.g., serious

electrolyte abnormalities or vital sign instability) by the examining physician, they could not

participate in the study until they were medically stable. During the first visit, participants

aAn additional 3 individuals participated in the study, but they were excluded from all analyses because their compliance rate for
random-signal reports in the EMA protocol was less than 50%.
bOther EMA measures in the protocol that are not reported on in this study were assessments of affective states, self-discrepancy,
stressful events, and other eating disordered behaviors/rituals.
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were instructed on how to use the palmtop computers for EMA recordings. They completed

practice ratings over the next two days and then returned for their second assessment visit

during which they received feedback regarding their compliance with EMA recordings and

received further instruction, if necessary. Participants then began the two week EMA

protocol. Participants were compensated with $100 per EMA week and received a $50

bonus if they responded to at least 80% of random signals.

The EMA protocol included three types of recordings: signal contingent, interval contingent,

and event contingent (20). The palmtop computers alerted participants to complete signal

contingent EMA recordings. These signals occurred six times per day, anchored around

times spread throughout the waking hours of the day: 8:30 a.m., 11:10 a.m., 1:50 p.m., 4:30

p.m., 7:10 p.m., and 9:50 p.m. Interval contingent recordings were completed at the end of

each day. Event contingent recordings were initiated by participants immediately following

the occurrence of specific pre-identified behaviors including binge eating, self-induced

vomiting, and certain restrictive eating behaviors. Participants also provided ratings for other

experiences and behaviors not reported on in this study. This protocol was approved by

Institutional Review Boards at all three data collection sites.

Statistical Analyses

First, general estimating equations (GEE; 21) with a negative binomial response function

appropriate for count data were used to test for univariate associations between AN subtype

and the frequencies of various restrictive eating behaviors. Second, the relationship between

subtype and frequency of restrictive eating behaviors was tested with baseline Global EDE

score and mean number of EMA binge eating episodes included as covariates to control for

differences in severity of ED symptomatology between the subtypes. Comparisons of

subtypes were made using the Wald χ2 statistic, and odds ratios with 95% confidence

intervals were computed to provide an index of effect size. Prior to analyses, the EDE

Global score was recalculated to remove items that assess content identical or very similar to

the restrictive eating behaviors that represented dependent variables in the analyses.

Specifically, two items that assessed going eight hours without eating and trying to restrict

overall food intake were removed. The modified EDE Global score was highly correlated

with the original score (r = .994, p <.001). All independent variables in the multivariate

analyses were grand-mean centered to reduce multicollinearity. Analyses were conducted

using SPSS Version 19.

RESULTS

Table 1 displays comparisons of the AN subtypes on the Global Assessment of Functioning,

EDE scales, and demographic features. With regard to the frequency of binge eating and

self-induced vomiting in each of the subtypes during the two weeks of the EMA protocol,

76.7% of the individuals with ANr reported no instances of binge eating and 86.3% reported

no instances of self-induced vomiting. Conversely, 73.3% of individuals with ANbp

reported at least one instance of binge eating and 82.2% reported at least one instance of

self-induced vomiting.
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The results of the univariate GEEs indicate that individuals with ANbp reported skipping

meals and going eight or more waking hours without eating more frequently than individuals

with ANr (see Table 2). In addition, ANbp participants reported limiting their kilocalories

and eating as little as possible at meals more often than individuals with ANr. The subtypes

did not differ in terms of the frequency of eating fewer than 1200 kilocalories in a day or the

percent of meals at which fat grams or carbohydrates were limited.

In order to test whether the differences in the frequency of restrictive eating behaviors

between AN subtypes were either markers of severity or related to the frequency of binge

eating episodes, the modified EDE global score and mean binge eating episodes/week were

added as covariates to the GEEs along with the covariates of age and BMI. The findings

generally failed to support unique variance in restrictive eating behaviors based on subtype

differences. In the prediction of “going eight or more waking hours without eating,” the only

significant predictors were the modified Global EDE score (Wald χ2(1) = 7.65, p = .006)

and BMI (Wald χ2(1) = 5.53, p = .019), such that higher BMI and higher modified Global

EDE scores were associated with more frequent engagement in this behavior, whereas

subtype (Wald χ2(1) = 1.50, p = .220), binge eating frequency (Wald χ2(1) = 0.45, p = .

503), and age (Wald χ2(1) = 0.58, p = .448) were not significant. In the prediction of

skipping meals, the modified EDE Global score was the only significant predictor (Wald

χ2(1) = 10.22, p = .001) while subtype (Wald χ2(1) = 3.10, p = .078), binge eating

frequency (Wald χ2(1) = 1.70, p = .193), BMI (Wald χ2(1) = 0.39, p = .531), and age (Wald

χ2(1) = 1.07, p = .301) were not significant. Analysis of limiting calories at meals revealed a

similar pattern: the modified Global EDE score was a significant predictor (Wald χ2(1) =

29.48, p < .001), but subtype (Wald χ2(1) = 0.48, p = .490) binge eating frequency (Wald

χ2(1) = 0.46, p = .499), BMI (Wald χ2(1) = 0.61, p = .433), and age (Wald χ2(1) = 0.18, p

= .671) were not. The pattern of results differed for eating as little as possible during meals.

Subtype remained a significant predictor (Wald χ2(1) = 4.02, p = .045), with ANbp

reporting this behavior more frequently than ANr. In addition, the modified Global EDE

score was a significant predictor (Wald χ2(1) = 40.52, p < .001), but binge eating frequency

(Wald χ2(1) = 0.85, p = .357), BMI (Wald χ2(1) = 0.21, p = .644), and age (Wald χ2(1) =

0.01, p = .929) were not.

DISCUSSION

The purpose of this study was to compare the subtypes of AN on the frequency of specific

restrictive eating behaviors and to examine possible factors accounting for subtype

differences. Results indicate that individuals with ANbp reported certain restrictive eating

behaviors more frequently than individuals with ANr (i.e., going eight or more waking hours

without eating, skipping meals, limiting kilocalories, and eating as little as possible at

meals), but there were no differences between subtypes in the frequency of other restrictive

eating behaviors (i.e., eating fewer than 1200 kilocalories per day and limiting fat grams or

carbohydrates at meals). These differences could not be accounted for by binge eating

frequency as binge eating was not a significant covariate of restrictive eating behaviors

when included with subtype, overall severity of ED psychopathology, age, and BMI. Thus,

the elevated frequency of restrictive behaviors in the ANbp subtype does not appear to be a

simple compensatory reaction to binge eating. However, differences between the subtypes
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were significantly accounted for by Global EDE severity. Overall ED psychopathology

emerged as the only consistent and robust predictor of all four restrictive ED behaviors and

diagnostic subtype offered little additional information.

These results suggest that the frequency of restrictive eating behaviors that were observed to

be more common in ANbp than ANr may be non-weight-based markers of severity in

women with AN. Consequently, the AN subtype distinction itself may serve as a marker of

the severity of ED psychopathology. Indeed, individuals with ANbp not only reported

engaging in four of the seven primary restrictive eating behaviors in this study more often

than those with ANr, but they also engaged in more binge eating and purging, consistent

with their subtype categorization, and were judged to be functioning more poorly.

Importantly, the subtypes did not differ in BMI, and the findings remained after accounting

for BMI.

These findings may even have implications for ED diagnoses in the DSM-5, particularly for

the severity dimensions that has been included for each of the ED diagnoses (2). For AN, the

severity dimension will be based on current BMI. Body weight is an indisputably critical

marker of medical severity in AN and has been associated with risk of mortality (22). The

results of this study further indicate that the AN subtypes may be a useful proxy for degree

of ED psychopathology, providing information about severity as well as the current

configuration of behavioral symptoms. Indeed, the frequency of these restrictive eating

behaviors (and perhaps binge eating and purging as well) may represent a non-weight-based

dimension of severity in AN independent of BMI.

Such conclusions are consistent with a number of studies that characterized the nature of the

difference between ANr and ANbp using statistical techniques to identify symptom clusters.

These studies have generally failed to distinguish the two subtypes (e.g., 23–25). For

instance, Olatunji and colleagues (26) recently noted that, although individuals with ANbp

consistently scored higher than those with ANr on a number of dimensions of eating

pathology, the results of taxometric analyses did not support a categorical distinction of ANr

and ANbp, but rather supported a dimensional relationship. The results from the current

study may be taken to extend this conclusion to differences between subtypes in terms of the

frequency of restrictive eating behaviors, which may serve as a proxy for severity.

This study has a number of strengths, including the measurement of restrictive eating

behaviors using EMA and a relatively large sample of women with AN. It also has

limitations. The EMA protocol required participants to initiate a report following any of the

pre-specified behaviors. It is possible that participants did not report every instance of binge

eating and restrictive eating and, as a result, some of the behaviors may have been omitted.

However, the EMA protocol also provided participants with the opportunity to report

previous behaviors that had not yet been recorded as part of the random signal assessments,

thus capturing behavioral events not recorded when they occurred. A second limitation of

this study is the unavailability of information pertaining to duration of illness. As a result, it

was not possible to address the possibility that individuals with ANbp had been ill longer,

leading to greater overall severity and providing more time for the development of various

ED behaviors. However, age did not account for the findings. Third, some of the restrictive
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eating behavior items measured via EMA may also have measured dietary restraint (i.e.,

attempts to limit the types or amount of food eaten) and may not correspond particularly

well with actual caloric intake. The assessment of restrictive eating behaviors was

accomplished via self-report. As a result, the data are subject to all of the typical limitations

of self-reported data (e.g., subjective interpretation of items). However, some items (e.g.,

going eight waking hours without eating; skipping meals; eating less than 1200kcal in a day)

are more objective measures of restrictive eating than others, and the findings were

generally consistent across these items. In addition, not all aspects of restrictive eating were

assessed (e.g., avoiding specific foods), leaving open the possibility that the subtypes may

differ on other forms of restrictive eating behavior. Fourth, although it is an established

cutoff commonly used in ED assessments, the use of 1200kcal to define restrictive eating is

a dichotomization of caloric intake that may have reduced variability. Finally, these results

should be interpreted in light of the possibility that participants altered their behavior in

response to repeated measurements, a phenomena referred to as reactivity to measurement.

However, existing evidence suggests little reactivity occurs in this type of EMA research

(27).

It is unknown what mechanisms of ANbp contribute to the greater severity of overall ED

psychopathology compared to individuals with ANr. Future research should aim to test

whether a longer duration of illness underlies this difference, which would indicate that

ANbp is a more longitudinally advanced form of ANr, as some have suggested (e.g., 14, 15),

or whether the distinction is best accounted for by certain situational (e.g., interpersonal

distress) or dispositional (e.g., personality) factors that result in more frequent ED behaviors

of almost all types, in addition to more severe overall ED psychopathology. Future research

is also needed to determine how the potential mechanisms underlying these subtype

differences in AN can be effectively targeted in both treatment and prevention programs.

In conclusion, this study adds to the growing literature on the AN diagnostic subtypes,

providing additional evidence that the binge eating/purging subtype of AN exhibits greater

ED psychopathology in the form of more frequent restrictive eating behaviors. While the

exact role of these behaviors within conceptual maintenance models of ANbp requires

further empirical investigation, professionals working clinically with individuals with AN

may wish to assess and monitor the variety of behaviors in which their clients engage to

restrict their food intake, noting that the configuration of these behaviors may differ

according to subtype and represent a non-weight-based marker of the severity of ED

psychopathology.
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