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Abstract

The Sweet Taste Test (STT) is a standardized measure designed to index the ability to detect
differences in sweet tastes (sweet taste sensitivity) and hedonic responses to sweet tastes (sweet
taste liking). Profiles of response on the STT suggest enhanced hedonic responses to sweet tastes
in psychiatric disorders characterized by dysfunctional reward processing systems, including
binge-eating disorders and substance use disorders, and a putative mechanism governing STT
responses is the brain opioid system. The present study examined STT responses in 20 adults with
autism spectrum disorder (ASD) and 38 healthy control adults. There were no differences in sweet
taste sensitivity or hedonic response to sweet tastes between the ASD and control groups. Within
the ASD sample, ASD symptom severity was associated with sweet taste sensitivity, but not
hedonic response to sweet taste. Results may ultimately shed light on brain opioid system
functioning in ASD.
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1. Introduction

Autism spectrum disorder (ASD) is characterized by social communication impairments and
restricted and repetitive behaviors and interests (APA, 2013). Despite the heterogeneity of
symptom presentation in ASD, impaired reward-based processes have been proposed as a
possible core deficit (Dawson et al., 2004; Dawson, Webb, & McPartland, 2005; Grelotti,
Gauthier, & Schultz, 2002). Consistent with this conceptualization, there is emerging
evidence for atypical reward processing of both social and nonsocial rewards in ASD across
both behavioral and neurobiologic domains (e.g., Cascio et al., 2012; Damiano, Aloi,
Treadway, Bodfish, & Dichter, 2012; Delmonte et al., 2012; Dichter, Richey, Rittenberg,
Sabatino, & Bodfish, 2012).

Reward processing may be decomposed into a number of distinct constructs mediated by
distinguishable neurobiological mechanisms, including the anticipation of rewards (i.e.,
reward “wanting” or motivation towards future rewards) and the experience of obtaining
rewards (i.e., reward “liking” or reward consumption; Berridge & Robinson, 2003;
Kringelbach & Berridge, 2009). Amongst studies that have examined these two components
of reward processing separately, there is considerable evidence for impairments in reward
“wanting” in ASD, (for review, see Dichter, Damiano, & Allen, 2012). However, evidence
for impairments in reward consumption or “liking” in ASD is less consistent (Kohls,
Chevallier, Troiani, & Schultz, 2012). Indeed, these constructs are neurobiologically
distinct: , reward “wanting” is associated with mesolimbic dopaminergic brain circuitry, and
reward “liking” is mediated by a medial prefrontal cortical network that is heavily
innervated by neural opioid systems (Barbano & Cador, 2007; Berridge & Kringelbach,
2011).

Studies of reward processing in ASD to date have relied primarily on paradigms involving
the presentation of visual stimuli (i.e., images representing monetary values or images of
social or non-social rewards) which are secondary rewards and thus suboptimal for assessing
hedonic “liking” responses. Notably, no study to date has directly examined responses to
primary rewards in ASD. The current study sought to address this gap in the literature by
investigating hedonic responses to sweet tastes in ASD.

Hedonic responses to sweet tastes are heritable and relatively stable across time and changes
in metabolic state (Keskitalo et al., 2007; Looy & Weingarten, 1991; Mennella, Pepino, &
Reed, 2005; Thompson, Moskowitz, & Campbell, 1976). A tendency to prefer more
concentrated sweet solutions has been found across several different forms of
psychopathology characterized by dysfunctional reward processing, including eating
disorders and substance use disorders (Kampov-Polevoy, Eick, Boland, Khalitov, & Crews,
2006; Kampov-Polevoy, Garbutt, Davis, & Janowsky, 2006; Kampov-Polevoy, Tsoi,
Zvartau, Neznanov, & Khalitov, 2001; Kampov-Polevoy, Ziedonis, et al., 2006; Krahn et al.,
2006; Wronski et al., 2007). The processing of sweet taste involves two distinct neural
pathways: (1) a taste detection/discrimination pathway extending from the thalamus to the
primary gustatory cortex, and (2) a taste hedonic processing pathway extending from the
thalamus to the limbic system and other reward-related brain regions (Hajnal & Norgren,
2005; Kosar, Grill, & Norgren, 1986; Reilly, Grigson, & Norgren, 1993). This second
pathway is centrally involved in sweet taste liking (Pecina & Berridge, 2005; Pecina, Smith,
& Berridge, 2006) and is linked to endogenous levels of brain opioids (Calcagnetti & Reid,
1983; Garbutt et al., 2009; Leventhal & Bodnar, 1996; Miller, Barr, & Young, 1994; Pecina
& Berridge, 2005; Pepino & Mennella, 2005). Specifically, brain opioids regulate sweet
taste liking, sensitivity to the mood altering effects of sweet tastes, and coding for the
valence of rewards more broadly (Berridge & Robinson, 1998; Kampov-Polevoy, Alterman,
Khalitov, & Garbutt, 2006; Smith & Berridge, 2007). In this regard, hedonic response to
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sweet tastes is a marker of opioid functioning related to the hedonic processing of a primary
reward.

The purpose of the current study was to investigate potential differences between individuals
with ASD and controls in sweet taste sensitivity and sweet taste liking, as well as to examine
associations between these measures and ASD symptom severity. These constructs were
indexed using a standardized measure of sweet taste sensitivity and liking, the Sweet Taste
Test (STT), which has been used extensively in previous studies of both clinical and
nonclinical populations (e.g., Dichter, Smoski, Kampov-Polevoy, Gallop, & Garbutt, 2010;
Kampov-Polevoy, Garbutt, et al., 2006; Lange, Kampov-Polevoy, & Garbutt, 2010). Given
the growing literature on reward processing in ASD and evidence that perception of sweet
tastes is intact in ASD (Bennetto, Kuschner, & Hyman, 2007), we hypothesized that the
ASD group would not differ in sensitivity to sweet tastes but only in sweet liking (i.e., the
hedonic response to sweet tastes) and that, within the ASD group, sweet liking would be
related to ASD symptom severity.

2.1. Participants

The ASD group included 21 adults with ASD diagnoses provided by experienced licensed
clinicians and confirmed with the Autism Diagnostic Observation Schedule-Generic
(ADQOS-G) using standard clinical cutoffs (Lord et al., 2000). The ADOS-G is a semi-
structured observational assessment used to evaluate symptoms of ASD across five
behavioral domains: Language and Communication, Reciprocal Social Interaction, Play or
Imagination/Creativity, Stereotyped Behaviors and Restricted Interests, and Other Abnormal
Behaviors. The ADOS-G has demonstrated strong psychometric properties, including good
test—retest reliability, interrater reliability, and internal consistency (Lord et al., 2000).
Participants in the ASD group were recruited via an ASD research registry maintained by
the Carolina Institute for Developmental Disabilities. The control group included 40 adults
without ASD recruited from databases of undergraduate students participating in research
for course credit and from databases of control participants maintained by the Duke-UNC
Brain Imaging and Analysis Center. All participants had 1Q scores =85 on the Wechsler
Abbreviated Scale of Intelligence (WASI; Wechsler, 1999) and no known sensory deficits.
The data from three control participants and one participant with ASD were discarded due to
missing data, resulting in final samples of 20 participants with ASD (three females, 17
males) and 37 control participants (four female, 33 males). The final ASD group was 85%
Caucasian, 10% African-American, and 5% Asian, and the control group was 78.4%
Caucasian, 8.1% African-American, 8.1% Asian, 2.7% Native American, and 2.7%
Hispanic. All participants provided written informed consent.

Groups did not differ in Verbal, Performance, or Full Scale 1Q, all p's > .10 (see Table 1). In
addition, groups did not differ in gender or race/ethnicity distributions, all p's > .10.

However, ASD participants were significantly older on average (M = 25.95, SD = 7.96) than
control participants (M = 20.42, SD = 5.64), t-test for unequal variance: t(29.31) = 2.76, p=.
01. Thus between-groups analyses were conducted both with and without age as a covariate.

2.2. Sweet Taste Test (STT)

The STT is a standardized measure of response to sweet tastes, which requires participants
to taste five concentrations of sucrose solutions (.05M, .10M, .21M, .42M, and .83M). As a
comparison, Coca-Cola® is a 0.33 M solution. All participants were blinded to the sucrose
concentration of each solution and the solutions were presented in a pseudo-randomized
order. Participants completed five trials with each solution (25 trials in total) and were
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instructed to sip each solution, swish it around in their mouths, and spit it out. Immediately
after each taste, participants provided ratings of sweet sensitivity (“How sweet was the
taste?”) and sweet liking (“How much did you like the taste?””) by marking a horizontal line
on a 200 mm analog scale. For sweet sensitivity ratings, the leftmost end of the line
indicated a response of “Not sweet at all” and the rightmost end indicated a response of
“Extremely sweet.” For the sweet liking ratings, the leftmost end indicated a response of
“Disliked very much” and the rightmost end indicated a response of “Liked very much”.
Participants rinsed their mouths using distilled water between each taste.

2.3 Measures of ASD Symptomatology

Autism symptomatology was indexed through the Social Responsiveness Scale (SRS;
Constantino et al., 2003) and the Autism Spectrum Quotient questionnaire (AQ; Baron-
Cohen, Wheelwright, Skinner, Martin, & Clubley, 2001). The AQ and the SRS are both self-
report measures designed to provide quantitative measures of traits related to ASD across
populations with and without a diagnosis of ASD. The SRS is a 65-item questionnaire on
which participants rate statements on a four-point Likert Scale (ranging from “not true” to
“almost always true”). The SRS has demonstrated good test-retest reliability, cross-cultural
validity, and convergent and divergent validity (Bélte, Poustka, & Constantino, 2008;
Constantino et al., 2003; Constantino, Przybeck, Friesen, & Todd, 2000). The AQ is a 50-
item questionnaire on which participants rate the extent to which they agree with a statement
on a 4-point Likert scale. The AQ has demonstrated good test-retest reliability, internal
consistency, and cross-cultural validity (Baron-Cohen et al., 2001; Hoekstra, Bartels, Cath,
& Boomsma, 2008; Kurita, Koyama, & Osada, 2005). On both measures, higher scores
indicate a greater severity of ASD symptomatology.

2.4. Data Reduction and Statistical Analyses

Data were analyzed using the same standardized methods as previous studies involving the
STT to allow for comparability across studies (Dichter et al., 2010; Garbutt et al., 2009;
Kampov-Polevoy, Alterman, et al., 2006; Kampov-Polevoy, Eick, Boland, Khalitov, &
Crews, 2004; Kampov-Polevoy, Garbutt, & Khalitov, 2003; Kampov-Polevoy, Ziedonis, et
al., 2006). Consistent with these previous studies utilizing the STT, three dependent
measures were derived: (1) sensitivity to sucrose, indexed by the slope of sucrose
concentration by sweet sensitivity ratings; (2) hedonic response, indexed by the slope of
sucrose concentration by sweet liking ratings; and (3) binary classification of individuals as
“ sweet likers’ or “ sweet didlikers’ based on sweet liking ratings.

First, the length (in mm) was measured from the leftmost end of the line to the horizontal
lines for each rating of “How sweet was the taste?” (sweet sensitivity) and “How much did
you like the taste?” (sweet liking). Raw scores were then averaged across each of the five
trials completed for each solution and a natural logarithm transformation was applied to
these averaged raw scores. Primary analyses focused on group differences in the slopes for
sweet liking and “sweet liker” vs. “sweet disliker” classifications, both of which have been
shown to be stable traits (Greenfield, Trucco, McHugh, Lincoln, & Gallop, 2007) and linked
to brain opioid functioning (Garbutt et al., 2009). Sensitivity to sweetness ratings addressed
whether groups differed in the perception of different levels of sucrose, a trait that is
relatively independent of brain opioid functioning (Arbisi, Billington, & Levine, 1999;
Frisina & Sclafani, 2002; Hetherington, Vervaet, Blass, & Rolls, 1991; O'Hare et al., 1997;
Yeomans & Gray, 1996).

For the slope measures, higher values denoted greater sensitivity to sweetness (for sweet
sensitivity ratings) or greater hedonic response (for sweet liking ratings) as sweet
concentrations increased. These slope measures were submitted to general linear models to
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compare groups (with and without covariation for age), using partial eta-squared effect sizes
(m2; 0.01 = small, 0.06 = medium, 0.14 = large; Cohen, 1973). For the “sweet likers” versus
“sweet dislikers” classifications, a “sweet liker” was defined as an individual who rated the
highest sucrose concentration (0.83 M) as the most preferred solution, whereas a “sweet
disliker” preferred lower sucrose concentrations (0.05, 0.10, 0.21, or 0.42 M). A chi-square
analysis was used to compare groups on these classifications and the effect size was
calculated using an odds ratio (1.5 = small, 2.5 = medium, 4 = large; Rosenthal, 1996).
Finally, correlations were conducted to examine potential relations between STT measures
and ASD severity within the ASD group, assessed by the Social Responsiveness Scale
(SRS; Constantino et al., 2003) and the Autism Spectrum Quotient questionnaire (AQ;
Baron-Cohen et al., 2001). Due to the exploratory nature of these STT-symptom
correlations, they were not corrected for multiple comparisons.

3.1. Sweet sensitivity

No significant differences between groups were found for slopes related to sweet sensitivity,
F(1, 55) = 0.09, p = .77, n2 = .002. This analysis was also not significant when age was
covaried, F(1, 54) = 0.85, p = .43, n2 = .030. Table 2 displays the raw score rating means
and standard deviations for sweet sensitivity, which illustrate that the means and variability
of the ratings were comparable for the ASD and control groups. A direct comparison of the
raw average sweet sensitivity ratings for the ASD versus the control group also revealed no
significant difference for this measure, F(1,55) = 0.28, p = .60.

3.2. Sweet liking

No significant differences between the ASD and control groups were found for slopes
related to hedonic response F(1, 55) = 1.09, p = .30, n? = .019. This analysis was also not
significant when age was covaried, F(1, 54) = 0.67, p = .52, 12 = .024. As displayed in Table
2, the means and standard deviations for the raw score sweet liking ratings were comparable
for the ASD versus control groups. A direct comparison of the raw average sweet sensitivity
ratings for the ASD versus the control group also revealed no significant difference for this
measure, F(1,55) = 0.006, p = .94.

3.3. Sweet liker versus sweet disliker classification

Similarly, no significant differences between the ASD and control groups were found in the
proportion of sweet likers vs. sweet dislikers, y = 1.03, p = .31, odds ratio = 0.57. The
control group was composed of 20 sweet likers (~54% of the control sample) and 17 sweet
dislikers (~46%). The ASD group was composed of 8 sweet likers (40%) and 12 sweet
dislikers (60%).

3.4. Relations to ASD Symptoms

Within the ASD group, SRS t-scores were negatively related to sweet sensitivity slopes, r =
-.53, p=.02 (see Figure 1), but not to sweet liking slopes, r = .12, p = .62, or sweet liker vs.
sweet disliker classifications, r = 0.09, p = .70. Similarly, AQ total scores were also
negatively correlated with sweet sensitivity slopes, r = —.49 p = .03 (see Figure 2), but not
with sweet liking slopes, r = -.03, p = .92, or classifications, r = —.001, p = .99. These
results indicate that slopes representing decreased sweet sensitivity were associated with
increased ASD severity, while hedonic responses to sweet taste (as measured by slopes or
categorical classifications) were unrelated to ASD symptoms.
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4. Discussion

The current study found no differences between adults with and without ASD with respect
to sweet sensitivity or hedonic response to sweet tastes (measured by both sweet liking
slopes and dichotomous classification sof “sweet likers” vs. “sweet dislikers”). The lack of
between-group differences for sweet taste liking, a primary reward, stands in contrast to the
growing literature on reward processing deficits in ASD during the presentation of
secondary rewards, including visual images of monetary and social rewards (Dichter,
Richey, et al., 2012; Schmitz et al., 2008; Scott-Van Zeeland, Dapretto, Ghahremani,
Poldrack, & Bookheimer, 2010) and images of food (Cascio et al., 2012). The present
findings suggest that responses to this particular primary reward may be relatively intact in
ASD despite impaired responses to secondary rewards.

While there is accumulating evidence implicating dopaminergic—oxytocinergic brain
circuitry in the reward processing deficits of ASD (Kohls et al., 2012), the present results
may suggest relative sparing of opioid systems in ASD with regards to hedonic response to
sweet taste. These results are also consistent with findings of no atypicalities in peripheral
markers of opioid levels in ASD (Cass et al., 2008; Hunter, O'Hare, Herron, Fisher, & Jones,
2003). In addition, opioids are known to be involved in sustaining a reward approach
behavior that has already been initiated (Frisina & Sclafani, 2002), and ASD is characterized
by more prominent deficits in initiating behaviors (Bramham et al., 2009; Garfin & Lord,
1986) rather than maintaining behaviors (Landa, 2000; Wing, 1997). We also found
preliminary evidence of relations between sweet sensitivity and ASD symptom severity as
indexed by the SRS and AQ. Because individual differences in sweet sensitivity have been
found to be unrelated to opioid functioning (Arbisi et al., 1999; Frisina & Sclafani, 2002;
Hetherington et al., 1991; O'Hare et al., 1997; Yeomans & Gray, 1996), these results further
suggest that opioid dysfunction is not likely implicated in relations between sweet sensitivity
and ASD symptoms. However, due to the exploratory nature of the correlational analyses,
these results should be interpreted with caution until replicated.

Limitations of the current study include differences in age between the ASD and control
groups, although analyses including age as a covariate yielded similar results. In addition, all
STT and symptom measures were based on self-report, and ASD is characterized by limited
insight into internal states (Silani et al., 2008). There are also limitations inherent in using
labeled scales to measure sweet sensitivity and liking across groups, since this approach
assumes that the minima and maxima labels (e.g., “not sweet at all” and “extremely sweet”)
have the same meaning across all individuals and that these meanings are not systematically
different between groups (Bartoshuk, 2000; Bartoshuk et al., 2003). Although the current
study attempted to address this issue by examining slope rather than raw score ratings, future
research should investigate responses to sweet tastes in relation to other sensory responses
that are presumably unrelated to taste ratings and are not likely to be systematically different
between ASD and control groups (e.g., ratings of a simple auditory or visual stimulus).
Finally, it is important to emphasize that this study examined only an indirect marker of
opioid functioning, so further research is needed to understand the role of brain opioids in
ASD.

In summary, we found that individuals with ASD did not differ in STT hedonic responses, a
putative indicator of brain opioid functioning, despite relations between sweet sensitivity
and ASD severity. More broadly, these findings contribute to the evolving literature on
reward processing deficits in ASD by constraining patterns of deficits to exclude responses
to sweet tastes. In addition, given that STT responses predict responses to treatments that
impact the opioid system (e.g., naltrexone; Garbultt et al., 2009; Laaksonen, Lahti, Sinclair,
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Heindld, & Alho, 2011), future research should evaluate the utility of the STT in predicting
responses to opioid-related treatment in ASD.
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Figurel.

Scatterplot of the relation between the slopes of natural logarithm transformed values for
sweet concentration x sweet sensitivity from the Sweet Taste Test (STT) and total scores for

the Autism Spectrum Quotient (AQ) in the ASD group.
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Scatterplot of the relation between the slopes of natural logarithm transformed values for
sweet concentration x sweet sensitivity from the Sweet Taste Test (STT) and total
standardized scores from the Social Responsiveness Scale (SRS) in the ASD group.

Res Autism Spectr Disord. Author manuscript; available in PMC 2015 March 01.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Damiano et al.

Means and Standard Deviations for Participant Characteristics in the ASD and Control Groups

Table 1

ASD Mean (SD)  Control Mean (SD) /2 p
Age 25.95 (7.96) 20.42 (5.64) 2764 01
Verbal 1Q 112.50 (14.65) 112.94 (9.94) -0.135 .89
Performance 1Q 113.60 (10.39) 109.17 (9.06) 1.664 .10
Full scale 1Q 11470 (11.25)  112.82 (8.66) 0709 48
Male: female 17:3 34:4 0.247 .62
Autism Spectrum Quotient (total score)  26.40 (12.36) 14.35 (5.99) 5.02 <.0001
Autism Spectrum Quotient (range) 8-49 7-29
Social Responsiveness Scale (t-score) 68.20 (14.37) 55.49 (9.31) 4.08 <.0001
Social Responsiveness Scale (range) 40-90 39-73
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Table 2

Means and Standard Deviations for Natural Logarithm Transformed Slopes and Average Raw Score Ratings
in Sweet Sensitivity and Sweet Liking for the Sweet Taste Test (STT) in the ASD and Control Groups, and
ANOVA Results for the Main Effect of Group.

ASD Mean (SD) ~ Control Mean (SD) E p
Sweet sensitivity
Slope 2.49 (1.24) 2.35 (1.07) 009 .77
Average raw rating  94.05 (22.74) 96.81 (16.35) 0.28 60
Sweet liking
Slope 0.13 (1.33) 0.34 (1.30) 109 .30

o
=)
S
s}
o
=

Average raw rating  104.96 (25.96) 104.51 (20.93)
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