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Abstract
Anorexia Nervosa (AN) is a disorder of self-starvation characterized by decreased meal size and
food intake. While it is possible that reduced food intake in AN reflects an excess of inhibitory
factors, e.g., cognitive inhibition related to fear of weight gain or abnormal postingestive negative
feedback, it is also possible that decreased intake reflects diminished orosensory stimulation of
food intake. This has been difficult to test directly because the amount of food ingested during a
test meal by patients with AN reflects an integration of orosensory excitatory, and cognitive,
learned, and postingestive inhibitory controls of eating. To begin to dissociate these controls, we
adapted the modified sham feeding technique (MSF) to measure the intake of a series of
sweetened solutions in the absence of postingestive stimulation. Subjects with AN (n=24) and
normal controls (NC, n=10) were randomly presented with cherry Kool Aid® solutions sweetened
with five concentrations of aspartame (0, 0.01, 0.03, 0.08 and 0.28%) in a closed opaque container
fitted with a straw. They were instructed to sip as much as they wanted of the solution during 15
1-minute trials and to spit the fluid out into another opaque container. Subjects with AN sipped
less unsweetened solution than NC (p<0.05). Because this difference appeared to account
completely for the smaller intakes of sweetened solutions by AN, responsiveness of intake to
sweet taste per se was not different in AN and NC. Since MSF eliminated postingestive and
presumably cognitive inhibitory controls, and the orosensory response to sweet taste was not
different in AN than NC, we conclude that decreased intake by AN subjects under these conditions
reflects the increased inhibition characteristic of this disorder that is presumably learned, with a
possible contribution of decreased potency of orosensory stimulation by the sipped solutions.
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Introduction
Anorexia Nervosa (AN) is a disorder of unclear etiology characterized by self-starvation and
fear of fatness (1). There are two clinical subtypes: patients with Restricting Subtype fast
and/or engage in excessive exercise to maintain low body weight; other individuals with AN
also engage in self-induced vomiting, laxative abuse, or other behaviors in attempt to
compensate for caloric consumption, and sometimes engage in binge eating (Binge Eating-
Purging Subtype).

The long-term outcome of AN is poor – AN is associated with a strikingly high mortality
rate, and high risk of chronic illness (2;3). Approximately one-third of individuals with AN
ultimately develop Bulimia Nervosa (BN), a related eating disorder characterized by
episodic binge eating with purging, typically in the setting of normal body weight (4). While
numerous physiological and behavioral abnormalities are observed, many of which are
likely to be starvation-related (5), mechanisms maintaining abnormal eating in AN (and BN)
remain unclear.

Laboratory test meals are usually smaller in AN than in controls (6–11), but under some test
conditions they are equal (12) or even larger (13). Test meals in AN are lower in energy
density (7), last longer (12), and contain more pauses and short eating bouts (12) compared
with meals of women with BN and those without an eating disorder. Patients with AN also
show greater variability in caloric intake compared with non-eating disordered controls (12).

Test meals activate both orosensory and postingestive controls of eating. Thus, they provide
no specific information about orosensory controls acting alone. To address this problem we
adapted the modified sham feeding technique (MSF; e.g.(14–18)). This technique requires
subjects to ingest food stimuli into the mouth and then spit them out without swallowing
them. Solutions sweetened with aspartame and providing no calories were used to minimize
cognitive inhibitory controls of eating that may be activated by caloric stimuli in people with
eating disorders (19).

We have used the MSF technique to assess the orosensory control of intake of a series of
sweetened solutions in the absence of postingestive stimulation in women without eating
disorders (20) and more recently used the MSF technique to measure the intake of five
solutions, one unsweetened and four sweetened with different concentrations of aspartame,
in 11 women with BN and 10 healthy control women (21). Intake of each solution, measured
for one minute of MSF, was followed immediately by self reports of the perceived
intensities of sweetness, liking, and wanting of that solution using visual analogue scales.
Women with BN sipped significantly more of the unsweetened and sweetened solutions than
women without eating disorders, despite equivalent self reports of perceived sweetness,
liking, and wanting.

The current study extends the MSF paradigm to 24 women with AN. It was our hypothesis,
based on evidence that at least a proportion of AN patients consume large quantities of non-
caloric, artificially sweetened beverages ((22), e.g., liters of “diet” beverages per day), and
engage in chewing and spitting behavior (23), arguably “naturalistic” forms of sham
feeding, that this sip-and-spit model of MSF providing sweet taste stimulation in the absence
of calories would elicit larger intakes in patients with AN than controls.

Methods
Twenty-six women with Anorexia Nervosa (as defined in DSM-IV (24)), with or without
meeting the criterion for amenorrhea (25), were recruited from the surrounding community,
university, and medical center by flyers, newspaper, and internet advertisements or referred
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by treatment providers to the inpatient research hospital at the New York State Psychiatric
Institute. Consecutive eligible inpatients were approached for study participation. All
women were between 16–40 years old. Six met criteria for Restricting Subtype. Twenty met
criteria for Binge-Eating/Purging Subtype; 12 reported binge-eating episodes and eight
reported purging only.

Table 1 shows baseline data including age, body mass index (BMI), illness duration, weight
suppression (difference between lifetime maximum and lifetime minimum weights), self-
reported frequency of binge-eating and/or purging (when applicable), and total scores on the
Eating Disorder Examination (EDE, Version 16.0 (26) for 7 subjects and Version 12 (27) for
18 subjects) and Beck Depression Inventory (BDI (28)). The Eating Disorder Examination is
a semi-structured diagnostic interview that quantifies psychological and behavioral
symptoms of eating disorders and the Beck Depression Inventory is a 21-question, self-
report survey of depressive symptomatology. Scores on the EDE and BDI were unavailable
for one patient with AN.

Self-reported average weekly use in the preceding 4 weeks of selected artificially sweetened
products including chewing gum, “diet” beverages, and packets of artificial sweetener, was
obtained on pencil-and-paper forms from all participants, as previously described (22).
Information about use of artificially sweetened products was unavailable for two participants
with AN.

AN subjects had a significantly larger body weight suppression, higher BDI scores, and
higher EDE scores than NC subjects (Table 1).

All patients were hospitalized on the General Clinical Research Unit at the New York State
Psychiatric Unit receiving treatment for AN at the time of their participation in this study.
Treatment involves a behaviorally oriented program aimed at normalizing eating behavior
and restoring weight to a BMI of approximately 19.5 kg/m2. The study was conducted
within the first 10 days of hospitalization for all participants. The primary treatment goal
during this time was weight stabilization. Patients were prescribed a caloric intake of
approximately 1800–2200 kcal per day at the time of participation in the study and were
receiving no psychotropic medication. Meals were consumed under staff supervision with
the expectation of 100% completion, and purging was minimized by close observation
following meals.

As in our previously published protocol for BN subjects and control women (21), AN
subjects were told they were participating in a study designed to test the response of people
with and without eating disorders to the taste of food without swallowing it. The
experimental procedure was conducted over a single one-hour period in the early afternoon,
three hours after eating a standardized breakfast (English muffin, pat of butter, 6 oz apple
juice; approximately 300 kcal). Subjects were instructed to sip the solution from the
container on their left and to spit it into the container on their right, without holding it in
their mouths, swishing it around, or swallowing it. Subjects were told that the rate at which
they sipped and spit was entirely up to them and that there was no requirement or
expectation for them to sip all of the solution presented.

Prior to the experimental session, subjects were asked to rate visual analogue scales (VASs)
after tasting and spitting out a small sample of each of the five experimental solutions. These
VASs consisted of pencil-and-paper responses to the following questions: “How HUNGRY
are you right now?” “How much do you want to EAT right now?” “How much do you want
to BINGE right now?” “How much do you want to VOMIT right now?” and “How
ANXIOUS do you feel right now?”.
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A 10-cm horizontal line, anchored at either end by “Not at all” and “Extremely” was
beneath each question. Subjects were asked to indicate their answers to these questions by
placing a vertical mark along the horizontal line to estimate their experiences. Each set of
VAS’s for a given solution was on a separate sheet of paper; this insured that subjects did
not have access to their previous responses. Responses were measured to the nearest
millimeter using a centimeter ruler.

Prior to beginning the experimental session, subjects completed an additional series of VASs
to rate their perceived hunger, desire to eat, desire to binge, desire to vomit and anxiety.
Subjects were also given a one-minute training session during which they practiced the
sipping and spitting technique using water.

Following the training session, subjects were given access to each of 15 solutions that they
were instructed to sip and spit for one minute. Two L of each solution were prepared fresh
18–24 hours prior to each experimental day. Solutions were refrigerated until 9 am of the
experimental day and removed 120 minutes prior to the experiment and were presented in
three sets, each containing five solutions of different aspartame concentrations (0, 0.145,
0.3, 0.75, and 2.8 g/L, or 0, 0.01, 0.03, 0.08 and 0.28% wt/wt, respectively) in distilled
water, flavored with a constant concentration of cherry Kool Aid® (1.902 grams per Liter).
Aspartame concentrations were selected to match sweetness intensity of sucrose solutions in
the concentrations of 0, 2.5, 5, 10 and 20% wt/wt. These were concentrations of sucrose we
employed in our original MSF study conducted with women without eating disorders (20)
that produced a dose-dependent increase in intake with the modal peak intake at 10%
sucrose. Notably 9–10% sucrose is the concentration preferred by normal individuals in
hedonic studies (e.g., (29)) and used in most commercially available sugar-sweetened
carbonated beverages (30). We included a concentration of greater sweetness intensity
(20%) because at least one group has found people with eating disorders to prefer a 15%
sucrose solution (29). Aspartame was substituted for sucrose after pilot testing showed
patients with BN to report extreme concern about caloric consumption and limit their intake
of sucrose solutions (unpublished data).

Kool Aid® (purchased in 13 oz (3.6g) packets from NetGrocer.com) was added to make the
solutions more palatable and more comparable to beverages commonly consumed in the
U.S. Aspartame (Ajinomoto USA, Inc., Paramus, NJ), a low-calorie sweetener, was used to
sweeten the solutions because in pilot testing prior to our recent study (21), BN women
limited their intake due to concerns about the caloric content of sucrose solutions despite
instructions not to swallow. All subjects were specifically informed that the experimental
solutions contained no sugar and no calories.

The five flavored solutions (14.4–15.6 °C) in each group were presented in random order.
Nineteen hundred mL of each solution (100 mL were drawn off from the two L to provide
samples for the taste test) were presented in an identical, opaque, unmarked, closed
container that prevented visualization of the volume of the solution during the one-minute
test. Identical containers were used to collect the liquid spit out.

Subjects sipped solutions through a straw and spit the oral contents out immediately into a
funnel in the top of the spit container. Subjects were observed by experimenters using a
LorexTM four-channel closed-circuit observation system (Strategic Vista International, Inc.,
Baltimore, MD) and were signaled to start and stop sipping and spitting by a doorbell tone.
Signaling was performed by an observer, who monitored the time using a digital timer.

There was a one-minute interval between presentations of solutions. During this interval
subjects used VASs to report their perceived intensities of sweetness, wanting, and liking of
the sipped solution, as well as their anxiety and desire to eat, binge, and vomit. Then they
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rinsed their mouths with a solution consisting of baking soda dissolved in distilled water
(23.7g per 1000 ml distilled H2O).

The sip and spit containers were weighed before and after each minute of MSF to the nearest
0.1 gram using an Acculab L-Series 7200 scale (Acculab, Edgewater, NY). The grams
sipped or spit was the difference in the weight of the containers before and after each trial.

After the entire test was completed, subjects were debriefed and asked about their
expectations of the experimental hypotheses, ability to comply with the experimental
instructions, and experience of the procedure.

All of the experimental procedures were approved by the Institutional Review Board of the
New York State Psychiatric Institute.

Statistical Analysis
Statistical analyses were performed using SPSS version 16.0 (Chicago, IL). Visual
inspection of the data revealed two participants with AN to have intake in excess of three
SD of the mean of other AN. Both of these subjects endorsed a history of purging behavior
and one also described binge-eating episodes. Both were indistinguishable from the other
AN subjects on other experimental assessments with the exception of lower self-reported
anxiety (see Discussion). These outliers’ data were excluded from analyses.

Student’s T-test was used to assess statistical significance of differences between intake
measures among subtypes of AN. No significant differences were found between Binge-
Purge and Restricting subtypes. Furthermore, separation of AN subjects by the presence of
binge-eating and comparison of Binge-Purge subjects with Purging and Restricting subjects
combined also revealed no significant difference in intake. Thus, data from all AN subjects
were pooled in subsequent comparisons.

Data obtained from AN subjects were compared with data obtained from non-eating
disordered control women (Normal Control, NC) previously reported (21). These data were
collected during a period that overlapped the collection of data from AN and the methods
were identical except that NC were not hospitalized and they received payment for their
participation in the study.

Multi-variate ANOVA (MANOVA) with repeated measures was used to analyze intake and
VAS measures of the perceived intensities of sweetness, liking, and wanting, in addition to
self-reported hunger, desire to eat, desire to binge, desire to vomit, and anxiety, as a function
of trial (1, 2 or 3) and aspartame concentration, using diagnostic group (AN vs NC) as the
between-group variable. Significant treatment effects were analyzed post hoc by the Least
Significant Difference (LSD) Test. Differences were considered significant when p<0.05.
Greenhouse-Geisser correction was performed on all MANOVA results to correct for
dependence among observations within subjects. Independent samples t-test was used to
compare intake. Student’s T-test was used to assess mean differences in clinical and
demographic measures between groups. When applicable, Cohen’s d was calculated as the
difference between group means divided by pooled standard deviations.

Separate Pearson correlation coefficients were calculated for the relationships between
intake and VAS ratings of hunger, desire to eat, desire to binge, desire to vomit, and anxiety
obtained at baseline (prior to sipping and spitting first flavored solution), as well as clinical
measures including subject age, BMI, weight suppression, self-reported use of artificially
sweetened products in the preceding month, and, for AN participants, duration of the eating
disorder, EDE and BDI scores. Because of significant group differences on several of these
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measures, correlation among clinical and behavioral measures were determined separately in
AN and NC.

Results
Solution Intake

AN subjects ingested significantly less of the solutions than NC subjects during MSF (F[1,
32]=5.76, p=0.02; Figures 1a–c). Totaled across the three trials, AN subjects sipped
significantly less than NC subjects at concentrations of 0%, 0.01%, 0.03% and 0.08%
aspartame (p values all < 0.05) and showed a trend towards less intake at the highest
(0.28%) aspartame concentration (p=0.06; Cohen’s d=−0.65).

Intake in MSF was also a function of sweetener concentration (MANOVA, F[1.94,
61.99]=5.51, p=0.007). Post-hoc analysis revealed that the significant effect of concentration
was attributable to differences between the unsweetened solution and all the other solutions,
and between the 0.01% aspartame solution and the 0.08% solution (p values <0.05).

To further assess whether the effect of sweetener on intake was a function of aspartame
concentration, MANOVA was repeated excluding the unsweetened solution. Analysis of
intake as a function of sweetness and trial among the four sweetened solutions showed no
main effect of concentration in pooled subjects or in AN or NC subjects.

The interaction between diagnostic group and trial was significant (F[1.15, 36.83]=4.15,
p=0.04. Total solution intake was smaller in the second and third trials than in the first in
AN, but not in NC. There was no significant difference in mean total intake of AN subjects
between trials 2 and 3 (p=0.194 by paired t-tests). The decreased intake in the second trial
compared with the first was attributable to decreased intake of 0%, 0.03% 0.08% solutions
(paired t-tests, p <0.05%). The decreased intake in the third trial compared with trial 1 was
due to significantly smaller intakes of 0%, 0.01%, and 0.03% (p <0.05).

The only significant difference in NC across trials was that intake of the 0.03% solution was
larger in the second and third trials compared to the first trial (p=0.01 and p=0.044,
respectively).

Note that the mean amount of the unsweetened solution ingested by the AN group was less
than that of the NC group in all 3 trials and this difference was statistically significant in
trials 2 and 3 (p < 0.05; Fig 1a–c). To determine if the decreased intake of the unsweetened
solution accounted for the decreased intakes of the aspartame solutions, two transformations
were performed on the intake data: first, the difference between the intake of each sweetened
solution and the intake of the unsweetened solution was calculated for the four aspartame
solutions. Second, intake of each of the sweetened solutions was calculated as the percent
difference from the intake of unsweetened solution. Separate Multivariate ANOVAs with
repeated measures were performed on each of these transformed data sets, using the four
solution concentrations and three trials as within-group variables and diagnostic group as the
between-group variable. No significant effects of trial, concentration, or diagnostic group
were found on data transformed in either way: for difference, F[1.68, 53.76]=0.78, p=0.44
for trials; F[1.79, 57.26]=1.49, p=0.23 for concentration; and F[1,32]=0.005, p=0.94 for
diagnostic group; for percent difference, F[1.34, 42.88]=0.34, p=0.63 for trials; F[1.07,
34.11]=0.74, p=0.40 for concentration; and F[1,32]=0.33, p=0.57 for diagnostic group.
Furthermore, the average slope of intake as a function of sweetener concentration in the AN
group also did not differ significantly from that in the NC group (p=0.54; d=0.27).
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To investigate the possibility that AN subjects ingested less because they swallowed more
and the larger amount swallowed decreased intake through postingestive negative-feedback
effects, we measured the difference between amount spit and amount sipped. There was no
significant difference in grams difference or grams difference as a percentage of total intake
in AN and NC subjects (Table 2). On average, subjects with AN spit out more of the
solution than they sipped in: mean difference between solution spit and sipped across AN
subjects as percent of total solution sipped was 0.85%. One AN subject who apparently
swallowed 11.9% of the solution sipped had total intake that exceeded the mean of other AN
participants (2286.0g, compared with 1534.9g), and that did not decrease over trials. This
suggests that the swallowed solution did not limit intake through postingestive negative
feedback.

VAS Ratings for Liking, Wanting, and Sweetness During MSF
Perceived liking, wanting, and sweetness increased significantly as a function of aspartame
concentration (Figures 2a–2c; MANOVA with repeated measures: liking:
F[1.89,60.56]=20.05, p<0.001; wanting: F[1.85,59.16]=15.64, p<0.001; and sweetness:
F[2.65,84.97]=131.63, p<0.001). There were no significant effects of diagnostic group
(F[1,32]=0.05, p=0.82 for liking; F[1,32]=0.02, p=0.88 for wanting; F[1,32]=0.04, p=0.86
for sweetness) or trial (F[1.76, 56.34]=0.74, p=0.46 for liking; F[1.77, 56.55]=1.28, p=0.28
for wanting; F[1.51, 48.37]=0.10, p=0.86 for sweetness).

Post-hoc analyses conducted on the above MANOVA (i.e., with diagnostic groups
combined) of reported liking revealed significant increases among the 0.01, 0.03, and 0.08%
aspartame solutions compared to the unsweetened solution and compared with each other (p
≤ 0.005), with a trend toward increased liking of the 0.28% compared with the 0.03%
aspartame solutions (p=0.052). There was no significant difference in liking between the
0.08 and 0.28% solutions (p=0.70).

Self-reported wanting increased across 0.01%, 0.03%, and 0.08% solutions compared with
the unsweetened solution and with each other (p<0.05). There was no significant difference
between 0.08% and 0.28% aspartame solutions. In contrast, post-hoc analysis of perceived
sweetness increased significantly across all of the aspartame solutions compared with the
unsweetened solution and with each other (p< 0.001).

The concentration of aspartame that elicited the largest intake varied among AN and NC
subjects. Table 3 shows the concentration of maximal intake totaled across the three trials in
subjects with AN and NC. Across trials, minor variance was observed: the modal
concentration of maximal intake among NC subjects in trial 1 and 2 was the 0.08%
aspartame solution and in trial 3 was the 0.03% solution. For AN subjects the modal
concentration of maximal intake was the 0.08% solution in trial 1, and the 0.28% solution in
trials 2 and 3.

The concentrations of aspartame that elicited the greatest reported liking and wanting
similarly varied among subjects in both groups. Table 3 shows the concentration of maximal
liking and wanting of solutions averaged over the three trials. Across trials, the greatest
proportion of NC subjects reported maximal liking of the 0.08% solution in trials 1 and 2,
and for the 0.28% solution in trial 3. The greatest proportion of AN subjects reported
maximal liking for the sweetest (0.28%) solution in all three trials. Maximal wanting ratings
showed the identical pattern.

Relationship Between Intake and Self-Reported Liking, Wanting and Sweetness As
previously described (21), correlations among solution intake and VAS ratings of liking,
wanting and sweetness varied among control participants (and BN patients). Similarly,
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significant variability was found among AN participants: correlation between intake and
liking ranged from r= −0.60 to 0.98, with mean r=0.54, SEM=0.78; correlation between
intake and wanting ranged r= −0.63 to 0.98; mean r=0.45 ± 0.45; correlation between intake
and sweetness ranged from r=−0.93 to 0.99, mean r=0.31 ± 0.12. Correlation between
wanting and sweetness (r=−0.80 to 0.99, mean r=0.69 ± 0.10) was similar to that between
liking and sweetness (r=−0.85 to 1.0, mean 0.72 ± 0.10). Mean correlation between wanting
and liking was higher, at r=0.88 ± 0.05, with a range from −0.18 to 0.99. None of these
mean Pearson correlation coefficients or p values differed significantly from those of
controls.

VAS Ratings for Hunger, Desire to Eat, Desire to Binge, Desire to Vomit, and Anxiety Prior
to and During MSF

At baseline, subjects with AN reported significantly more anxiety, more desire to binge,
more desire to vomit, and less desire to eat than controls (Table 4). Although AN subjects
reported less hunger than NC, the difference was not statistically significant.

During MSF, there was no effect of trial, concentration or diagnosis on the ratings of hunger
(MANOVA F[1.48,47.27]=0.28, p=0.69, F[1.12, 35.75]=0.30, p=0.67, F[1,32]=2.86,
p=0.10, respectively). AN ratings for desire to eat were significantly smaller than NC ratings
(F[1,32]=5.038, p=0.03), but neither trial nor concentration had a significant effect (F[1.44,
46.18]=1.12, p=0.32; F[1.92, 61.54]=0.57, p=0.56, respectively). AN ratings for desire to
binge, desire to vomit, and anxiety were all significantly larger than NC ratings (F’s ≥
4.616, p’s ≤ 0.04)). Trials and concentration had no significant effects on these ratings.
Table 4 shows the inter-trial ratings of these VAS measures among AN and NC subjects
averaged across 15 trials.

Repeated measures ANOVA was also performed within AN patients using concentration
and trial as within-group factors. No effect of trial or concentration was found for hunger,
desire to eat, desire to binge, or anxiety. A significant effect of trial was found for desire to
vomit (F[1.63, 37.46]=4.72, p=0.02), but no concentration effect was observed. Post-hoc
tests showed that increased desire to vomit occurred in trials 2 and 3 compared to trial 1 (p’s
0.01 and 0.04, respectively); no difference was observed between trials 2 and 3 (p=0.88).

Debriefing after the test revealed no difficulties complying with the procedure and no
adverse reactions. Expectations of experimental hypotheses were obtained by interview in
24 of 26 AN subjects. Four reported having “no idea;” six speculated we were testing some
component of sweet or general taste perception; nine thought we were assessing whether
sweet taste exposure had effects on psychological parameters, such as the desire to binge
and purge, appetite, and anxiety; six speculated we were assessing liking of sweet tastes and
whether this differed by diagnosis or subtype of AN; one believed the solutions contained
“some sort of medication;” three subjects spontaneously referred to solutions as “bitter,” and
two as “salty,” while the remainder described them as “sour” and/or “sweet.” Finally, one
subject likened the procedure to chewing and spitting out food, a behavior that occurs not
uncommonly among eating disordered patients (23). Three subjects said we might be
assessing sip volume and one of these specifically speculated that we were weighing the
solutions.

Concern about calories in the solutions was voiced by some participants, but did not appear
to influence results: of the patients who expressed any concern, the one who did so most
clearly consumed a total of 2311g solution (compared with the AN group average of 1566g).
Another participant reported that she “started to worry about sugar… then ‘let it go’”; her
total intake was 1725g. A third indicated she had fleeting thoughts about calories; when
probed further, she stated her behavior wouldn’t have been any different if she could have
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been absolutely certain the solutions were non-caloric. Her total intake was 187.4g, which
was on the low end of the group range, but not the smallest (78g was the smallest total
intake of the AN group, from a patient who did not report any concerns about calories in the
solutions). While it is possible that additional patients had concerns about calories that they
did not share with experimenters, we cannot conclude based upon our debriefing that fear of
calories influenced the results of this study.

Discussion
The major result of this experiment is that participants with AN sipped approximately 33%
less of the solutions than NC during MSF. This result contradicts our hypothesis that AN
would sip more than NC. This demonstrates for the first time that orosensory stimulation by
unsweetened and sweetened Kool Aid solutions without postingestive stimulation is
sufficient for expression of the analogue of the eating behavioral phenotype characteristic of
anorexia nervosa (restricting subtype). It also demonstrates that postingestive negative
feedback or other visceral abnormalities produced by swallowed food (31–34) are not
necessary for the expression of decreased intake. Given the absence of postingestive
negative feedback during MSF, the significantly smaller intake in AN is either due to
decreased potency of orosensory stimulation by the sipped solutions or to inhibition of the
central processing of orosensory excitatory input (35;36).

The possibility that AN subjects have decreased peripheral orosensory stimulation is
supported by reports of hypogeusia including elevated detection and recognition thresholds
(37–41) and decreased perceived intensities (39) of sour and bitter stimuli. The
psychophysical responses to sweet and salty stimuli were less impaired or normal (42–45).
Decreased number of fungiform papillas in AN, but not in BN, may contribute to the
hypogeusia (46). The hypogeusia of sour stimuli may be relevant to our results because the
decreased intake of AN is accounted for by the decreased intake of the unsweetened Kool
Aid which has a sour flavor and the increased intake of sweetened solutions in AN was not
different from NC. Unfortunately, we did not specifically assess for hypogeusia in the
current study.

Note that patients with BN can have similar taste abnormalities as AN (39), but BN sipped
significantly more unsweetened Kool Aid than NC in MSF (21). Thus, if decreased
peripheral orosensory stimulation contributes to decreased intake in MSF among AN
patients, it is probably not the only factor determining intake in this paradigm.

Increased central inhibition of the processing of orosensory stimulation during MSF could
also contribute to the decreased intake of AN. Presumably this is a learned inhibition related
to the cognitive or psychological aspects of fear of fatness and drive for thinness. The effect
of starvation itself and its associated neurobiological sequelae may also be involved (5).
Recent electroencephalographic (47;48) and fMRI (49) reports of abnormal central
responses to taste stimuli in AN are consistent with all of these possibilities. Further
experiments are required to determine their relative contributions to decreased intake in AN
during MSF.

The intake of participants with AN decreased significantly more in the second and third
trials than in the first. In contrast, the intake in NC did not change significantly across the
three trials. The reason for this effect of repetitive trials in AN is not clear.

Self reports during MSF
Despite the large differences in intake between AN and NC, self-reports of liking, wanting,
or sweetness made immediately after each minute of MSF did not differ between AN and
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NC. A small number of prior psychophysical studies assessed hedonic responses of patients
with AN to sweet/fat solutions, using a range of sucrose concentrations added to a dairy base
with a range of fat concentrations. These studies demonstrated disliking of fattier food
stimuli (42;44;45) and a preference for higher sucrose:fat ratio in AN compared to NC.
Comparison of their results with sucrose with ours is difficult because they used a dairy base
and a Likert scale instead of an unsweetened Kool Aid and a VAS scale.

More relevant to our results is the study by Eiber and colleagues (19). They assessed liking
of water-based solutions across a range of sucrose concentrations (0–40%) in patients with
eating disorders including AN. Because hedonic ratings were higher when solutions were
spit out rather than swallowed, they concluded that fear of caloric consumption affected
hedonic ratings in this population. This problem was apparently not present in our
experiments because AN did not swallow significant volumes of the solution (Table 2) and
their ratings of liking the solutions were not significantly different from NC (Figure 2a).

The discrepancy between intake (different across subject groups) and self-reported wanting
of solutions (not significantly different) is itself notable given the likelihood that behavior in
this MSF paradigm reflects wanting of solutions, and suggests that AN patients may use this
scale in particular differently than individuals without an eating disorder.

That assessment of sweetness intensity increased in such an orderly fashion in AN subjects
and did not differ from NC is consistent with the results of Sunday and Halmi (45). Thus,
the lack of effect of concentration of aspartame on intake by participants with AN and NC
during MSF cannot be attributed to an inability to detect increasing sweetness intensity of
the aspartame solutions.

Other VAS measures more clearly distinguished participants with AN and NC. Desire to
vomit, interestingly, was endorsed to a greater extent by AN subjects prior to the test and
increased during the test (Table 5). This measure did not differ significantly among the
subtypes of AN; thus, it does not appear to reflect prior history of vomiting. The increasing
self-reported desire to vomit during MSF trials in AN is consistent with learned inhibition of
intake and conditioned aversion to food stimuli.

Pretest measures
Pretest measures including clinical history differed as expected between AN and NC
subjects groups, as did pretest ratings of self-reported anxiety (greater in AN subjects) and
desire to eat (lower in AN subjects, though without a difference in hunger). When intake
measures (total intake across all trials and solutions) were compared with clinical and
baseline VAS measures among AN subjects, no association was found between intake and
BMI, age, duration of eating disorder, weight suppression, EDE, weekly servings of gum,
diet beverages or sweetener packets, or baseline VAS measures of hunger, desire to eat,
desire to binge, desire to vomit, or anxiety.

There was, however, a significant inverse correlation between intake and BDI (r = −0.534, p
= 0.009): higher ratings of depression at the time of hospitalization predicted lower intake in
AN (data not shown). This might suggest a role for anhedonia in decreased intake by AN,
but there was no significant correlation between depression scores and reports of liking or
wanting of any test solution (e.g., correlation between BDI and average liking across
solutions was −0.02, p=0.94). Depression scores were also not related to decreasing intake
across trials (T3 intake – T1 intake; r=0.11, p=0.62).
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Comparison with BN subjects
Compared with data collected from women with BN tested under identical conditions (21),
AN subjects consumed approximately 54% less than those with BN (Table 5). In both
studies, the difference in intake from controls appeared to be attributable to a difference in
the intake of the unsweetened solution.

Subjects with AN decreased intake over trials while subjects with BN increased intake from
trial 1 to trial 2. For total solution intake, subjects with BN showed T2>T1, t[df=10]= −3.93,
p=0.003; T3>T1 t[10]= −2.26, p=0.048. Comparisons of individual solutions were not
statistically significant.

In contrast to the large difference in intake between subjects with AN and those with BN,
their VAS ratings of liking, wanting and sweetness obtained immediately after ingestion of
each solution were not significantly different. Among the other self reports after each
solution, hunger and the desire to eat were significantly less in AN than in BN, but anxiety
and the desire to binge or vomit were not significantly different in AN and BN (Table 5).
That hunger and the desire to eat were less in AN than BN correlates with the smaller intake
in AN than BN, but the equivalent reports of anxiety and the desire to binge or vomit
contrasts with the large difference of intake. Thus, if these self reports which were
significantly larger than NC are contributing to the opposite differences in intake of subjects
with AN and BN from NC, their contribution must be to amplify an underlying proclivity
for hyperphagia in BN and hypophagia in AN.

Study Limitations
The current study has several limitations including the lack of assessment of thirst and
perceived intensity of sourness of the unsweetened solution, the small sample size of NC
and patients with the Restricting Subtype of AN, the narrow range of aspartame
concentrations, our use of visual analogue scales (50;51), and the lack of information about
taster status (52). Furthermore, most of our analyses of the effect of increasing sweetener
concentration make the assumption that the orosensory effect of increasing sweetness
concentration is simply additive to the gustatory properties of the unsweetened solution.
Additionally, evidence suggests that a sip-and-spit MSF paradigm does not elicit cephalic
phase response in the way that a chew-and-spit MSF paradigm does in healthy individuals
(53), suggesting that limited conclusions can be drawn about any physiological implications
of the behavioral differences observed in this study.

Our exclusion of two outliers also represents a study limitation, as it is unclear why these
two individuals with AN exhibited such strikingly high intake while others did not. Their
behavior in the experiment otherwise was not atypical: one individual showed essentially
orderly increases in intake with increased sweetener concentration with maximal intake of
the 0.28% solution, and the other did not; both showed decreased intake over trials as did
other AN participants, and ratings of solution wanting and sweetness by each of these
participants were within the range of other AN patients. The outlier whose intake peaked at
the 0.28% solution reported the highest liking of this solution (10 cm on the 10 cm VAS
scale) of any participants for any solution, but not by far (several other patients provided
ratings above 9.5 cm).

Clinical characteristics that distinguished these outliers from non-outliers include slightly
lower BMIs (mean=14.8 for each, versus 16.1, SD=1.2, for other participants); higher EDE
scores (5.28 and 5.29, vs 3.69±1.39), and lower self-reported anxiety before and throughout
the procedure (baseline anxiety ratings per VAS 0.3 and 0.7, vs 3.60±2.80). One patient
engaged in binge-eating and purging and was noted by clinical staff to have reported
“dreams about binge-eating and purging” and intense “cravings” for this behavior around
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the time this study was conducted. The other participant reported purging only and denied
binge-eating; however she described use of 2L of diet soda and 50 packets of artificial
sweetener per day prior to hospital admission. Thus these individuals may have been more
ill by some measures than non-outliers; however, none of the characteristics that
distinguished them from the group were variables that correlated with intake among
remaining subjects. The extremely low anxiety during the procedure in these two individuals
however is consistent with the above speculation that anxiety may serve to amplify the
proclivity in AN patients to restrict food intake. This possibility requires further
investigation.

Despite these limitations, this MSF paradigm offers the advantage of being an objective
assessment of an eating-related behavior that minimizes the concerns of caloric ingestion
and can be conducted in its entirety within a one-hour period. Several aspects of MSF
behavior are open to exploration, including baseline intake, incremental responsiveness to
increasing concentrations of sweetness, intake over trials; the effect of nutritional recovery,
and the effects of treatments specifically aimed at normalizing eating rate (e.g., (54).

In conclusion, the reduced intake among women with AN compared with controls in this
study, in light of our previous finding of increased intake among women with BN compared
with the same controls, demonstrates that orosensory stimulation during MSF under our
conditions is sufficient to produce the analogues of the eating behavioral phenotypes
characteristic of these two eating disorders. This confirms the heuristic value of MSF and
supports its validity and utility.
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Figure 1.
Fig. 1a–c. Intake of Aspartame Solutions in NC and AN Subjects. Bars show mean (±1 S.E.)
intake by normal controls (blank bars) and AN patients (black bars) at each of five
concentrations of aspartame in solution, over each of three trials.
*Significantly less intake by AN patients than controls, p<0.05.
†Significantly less intake within AN subjects compared with Trial 1, p<0.05.
‡Significantly greater intake within NC subjects compared with Trial 1, p<0.05.
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Figure 2.
Fig. 2a–c. Self-reported Liking, Wanting, and Sweetness of Solutions by Aspartame
Concentration, Averaged Across 3 Trials. Data are mean (±1 S.E) VAS ratings for normal
controls (blank bars) and AN patients (black bars) of Liking (Fig. 2a), Wanting (2b) and
Sweetness (2c) of solutions by aspartame concentration, averaged across three trials.
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TABLE 5

Comparison of AN and BN Subjects

Measure AN (n=24) BN (n=11) P value for difference between AN and BN

INTAKE

Total (grams, ±SE) 1566.2 (182.7) 3431.6 (389.4) <0.001

Trial Effect (Unsweetened Solution) Yes* Yes (Trend)**

Unsweetened Solution, grams 257.3 (30.9) 630.3 (78.9) <0.001

Sweetest (0.28%) Solution, grams 355.2 (49.8) 737.4 (88.3) <0.001

Difference (S-U)†, grams 35.70 (37.92) 32.63 (65.72) 0.887

VAS (averaged across all solutions, cm ±SE)

Liking 2.72 (0.29) 3.30 (0.48) 0.284

Wanting 2.07 (0.33) 2.66 (0.52) 0.330

Sweetness 4.21 (0.23) 4.52 (0.27) 0.429

Hunger 3.22 (0.64) 5.40 (0.57) 0.041

Desire to Eat 2.76 (0.52) 5.10 (0.75) 0.016

Desire to Binge 1.60 (0.41) 2.26 (0.86) 0.437

Desire to Vomit 2.07 (0.49) 1.33 (0.8) 0.420

Anxiety 3.69 (0.52) 3.45 (0.82) 0.800

Baseline

BMI 16.08 (0.25) 22.46 (0.83) <0.001

EDE, total score 3.69 (0.29) 4.07 (0.26) 0.333

BDI 27.19 (2.26) 18.50 (1.90) 0.006

VAS: Hunger 3.95 (0.69) 5.61 (0.45) 0.052

VAS: Desire to Eat 3.40 (0.69) 5.87 (0.49) 0.007

VAS: Anxiety 3.60 (0.58) 4.56 (0.89)a 0.376

Self-reported Low-Calorie Sweetener Use

“Diet” Drinks (weekly 12-oz serving equivs) 34.40 (11.5) 18.70 (5.6) 0.402

Sweetener Packets (packets weekly) 52.9 (19.0) 29.0 (13.6) 0.431

Gum (pieces per week) 28.7 (6.6) 33.1 (15.3) 0.759

Intake and VAS data are from 24 AN and 11 BN subjects. Baseline clinical and baseline VAS data are from 23 AN and 10 BN subjects; self-
reported sweetener data are from 22 AN and 10 BN subjects. Baseline and sweetener use data from BN subjects previously published (Klein,
Schebendach et al. 2009)).

Comparison of Inter-trial VAS ratings and Baseline VAS ratings within groups was made via paired-samples t-tests.

*
Intake of unsweetened solution Trial 1>Trial 2 within AN subjects, p=0.019, Trial 1>Trial 3, p=0.039.

**
Intake of unsweetened solution Trial 1<Trial 2 within BN subjects, p=0.093.

†
Intake Difference between sweetest solution and unsweetened solution averaged over Trials 1–3.

a
Baseline anxiety significantly higher than inter-trial anxiety in BN group, p=0.023.
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