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Abstract

Objective: Recent conceptual frameworks propose anhedonia reflects abnormalities in the
temporal dynamics of positive emotion in schizophrenia, characterized by intact consummatory
and impaired anticipatory pleasure. A comprehensive meta-analysis can directly test this theory
using self-report data.

Method: A meta-analysis was performed on studies reporting Temporal Experience of Pleasure
Scale (TEPS) data from healthy controls and schizophrenia or schizotypy groups. The TEPS was
examined as it contains subscales to measure both consummatory and anticipatory pleasure
separately. Statistical heterogeneity and study bias were examined. Meta-regressions evaluated
moderators.

Results: 53 studies were retrieved (7,797 participants). Results revealed small effect sizes for
comparisons of combined schizophrenia/schizotypy and control groups for both consummatory
and anticipatory pleasure. Within-group comparisons of pleasure conditions were nonsignificant.
The percentage of male schizophrenia/schizotypy participants significantly moderated anticipatory
and consummatory pleasure for the combined sample and schizotypy alone; male participants
were found to report reduced pleasure. There was only minor evidence of bias; sensitivity analysis
confirmed result robustness. Exploratory outlier removal for schizophrenia within-group pleasure
comparisons revealed a statistically significant difference between reported anticipatory and
consummatory pleasure, with consummatory pleasure reduced relative to anticipatory (i.e., in the
opposite direction of the majority of experimental research findings).

Conclusions: These findings provided only modest support for the temporal dynamics of
positive emotion conceptualization because they revealed no evidence for: 1) specific anticipatory
pleasure deficits in schizophrenia-spectrum participants compared to controls; 2) significant
reductions in anticipatory pleasure relative to consummatory pleasure in schizophrenia-spectrum
participants.
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Introduction

Anhedonia, traditionally defined as the diminished capacity to experience pleasure, has been
considered a core component of schizophrenia since the earliest conceptualizations of the
disorder (Bleuler, 1911; Kraepelin, 1919; Rado, 1953). Anhedonia in the schizophrenia
spectrum was initially assumed to occur similarly to depression, reflecting a primary
hedonic deficit resulting from reduced activation of reward circuitry responsible for
consummatory pleasure (Meehl, 1962). However, laboratory-based tasks demonstrate that
individuals with schizophrenia report experiencing as much positive emotion and subjective
arousal as healthy controls (Cohen and Minor, 2010; Llerena et al., 2012). They also display
robust neurophysiological response in brain regions related to reward receipt (Radua et al.,
2015). These findings led some to conclude that anhedonia in schizophrenia should no
longer be considered to reflect a true hedonic deficit in schizophrenia (Cohen et al., 2011;
Strauss and Gold, 2012).

As evidence suggests that consummatory pleasure is intact in schizophrenia, it is unclear
why hedonic experiences do not translate into motivated behaviors aimed at obtaining
rewards (Barch and Dowd, 2010; Gard et al., 2007; Gold et al., 2008; Kring and Barch,
2014; Oorschot et al., 2013; Strauss et al., 2014). One framework proposed to explain this
apparent disconnect, the temporal dynamics of positive emotion theory, suggests that deficits
in anticipatory pleasure prevent the translation of reward information into motivated
behavior (Kring and Elis, 2013). Anticipatory pleasure involves a cognitive component that
entails predicting future emotion, as well as an experiential component that requires feeling
positive emotion while simulating a future event. Initial evidence suggested that individuals
with schizophrenia report as much pleasure as controls while performing goal-directed
activities, but anticipate experiencing less pleasure than controls the next time they engage in
that same activity (Gard et al., 2007).

Many subsequent investigations of anticipatory pleasure in individuals with schizophrenia
have used the Temporal Experience of Pleasure Scale (TEPS: Gard et al., 2006). The TEPS
is an 18-item scale designed to evaluate the experience of anticipatory and consummatory
physical pleasure. The items use a hypothetical format to target either broad or situation-
specifics aspects of pleasure (e.g., “I look forward to a lot of things in my life,” “I enjoy
taking a deep breath of fresh air when | walk outside,”). Response format is a 6-point-Likert
scale with anchors ranging from 1 (very false for me) to 6 (very true for me). Higher scores
represent greater enjoyment and pleasure (i.e., less anhedonia). The anticipatory pleasure
captured on this scale most closely resembles the cognitive component of anticipatory
pleasure as it asks individuals to rate agreement with statements involving expectations of
pleasure from future experiences. Research using the TEPS to investigate consummatory and
anticipatory pleasure in schizophrenia demonstrates mixed results. Many studies find intact
consummatory pleasure (Barch et al., 2014; Cassidy et al., 2012; Da Silva et al., 2017;
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Docherty, 2013; Fortunati et al., 2015; Gard et al., 2007; Kring et al., 2014; Lee et al., 2012;
Makowski et al., 2016; Mote et al., 2014; Mucci et al., 2015; Schlosser et al., 2014; Simon et
al., 2015; Subramaniam et al., 2015; Vignapiano et al., 2016; Wynn et al., 2010) while some
do not (Chuang et al., 2014; Culbreth et al., 2016; Edwards et al., 2015; Gerritsen, 2015;
Mann et al., 2013; Li et al., 2015; Strauss et al., 2011, 2013, 2015; Tso et al., 2014; Umesh
et al., 2016). Anticipatory pleasure findings on the TEPS are even more mixed. Several
investigations find reduced anticipatory pleasure in individuals with schizophrenia compared
to controls (Barch et al., 2014; Chuang et al., 2014; Culbreth et al., 2016; Fortunati et al.,
2015; Gard et al., 2007; Kring and Barch, 2014; Li et al., 2015; Mann et al., 2013; Mote et
al., 2014; Simon et al., 2015; Tso et al., 2014; Umesh et al., 2016; Wynn et al., 2010), while
others do not (Cassidy et al., 2012; Da Silva et al., 2017; Edwards et al., 2015; Gerritsen,
2015; Lee et al., 2012; Makowski et al., 2016; Mucci et al., 2015; Schlosser et al., 2014;
Strauss et al., 2011, 2013, 2015; Subramaniam et al., 2015; Vignapiano et al., 2016;).

Furthermore, it is unclear whether other conditions within the schizophrenia-spectrum (e.g.,
psychometrically defined schizotypy, youth at clinical high-risk for psychosis [Meehl, 2001;
Piskulic et al., 2012]) also display the pattern of anhedonia represented in Kring’s temporal
dynamics model (i.e., intact consummatory pleasure and diminished anticipatory pleasure).
For example, unlike schizophrenia patients, individuals with schizotypy and youth at clinical
high-risk (CHR) for psychosis demonstrate diminished consummatory pleasure at either
subjective (Cohen et al., 2012; Gruber et al., 2018; Strauss et al., 2018) or
neurophysiological (Strauss et al., 2018) levels when presented with pleasurable stimuli in
the laboratory. Scores on the TEPS also typically indicate reduced consummatory and
anticipatory pleasure in these groups (Chan et al., 2012, 2016; Gooding and Pflum, 2012; Li
et al., 2016; Loas et al., 2014; Martin et al., 2011; Schlosser et al., 2014; Shi et al., 2012;
Wang et al., 2012, 2015; Wilson, 2012; Umesh et al., 2016; Xie et al., 2014; Yan et al., 2011,
2016). However, similar to the self-report literature on individuals with schizophrenia, some
studies do find intact consummatory or anticipatory pleasure in individuals with schizotypy
and CHR youth (Cooper et al., 2017; Docherty, 2013; Docherty et al., 2015; Fonseca-
Pedrero et al., 2017; Hooker et al., 2014; McCarthy, 2013; Shi et al., 2012; Yan et al., 2016;
see also Kwapil et al., 2012 for an investigation of intact pleasure in positive but not negative
schizotypy in daily life).

These results point to two inherent and unresolved paradoxes in the schizophrenia spectrum
anhedonia literature: The “Schizophrenia-Spectrum Anhedonia Paradox” and the “Liking-
Wanting Anhedonia Paradox.”

The “Schizophrenia-Spectrum Anhedonia Paradox” (Strauss and Cohen, 2018) is defined as
the paradoxical discrepancy wherein those with schizotypy or in the CHR phase of
schizophrenia demonstrate reduced hedonic responses (i.e., true anhedonia; Cohen et al.,
2012; Gruber et al., 2018; Strauss et al., 2018) while individuals with schizophrenia, who are
considered to have a more severe form of psychopathology in nearly every way, display
seemingly intact hedonic capacity. While few direct comparisons have been made between
different disorders within the schizophrenia spectrum to resolve this paradox, those that have
yield inconsistent results (Gooding and Pflum, 2012; Martin et al., 2011; Schlosser et al.,
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2014; Umesh et al., 2018; Wang et al., 2012). Several important questions need to be
addressed to resolve this paradox, including which factors moderate findings.

The “Liking-Wanting Anhedonia Paradox” is defined as the apparent discrepancy wherein
despite having a seemingly intact hedonic capacity, individuals with schizophrenia
nevertheless engage in a reduced frequency of pleasurable activities (Frost and Strauss,
2016; Kring and Elis, 2013). Within-group differences in consummatory and anticipatory
pleasure have rarely been calculated within schizophrenia and control groups, making it
difficult to determine whether a selective impairment in anticipatory pleasure exists that
might explain this paradox. Thus, there are many inconsistencies in the anhedonia literature
in the schizophrenia-spectrum that remain to be resolved.

To address the two aforementioned “paradoxes,” a comprehensive meta-analysis was
conducted that examined self-reported anticipatory and consummatory pleasure on the
TEPS. Studies were selected that compared individuals with schizophrenia or
psychometrically defined schizotypy to healthy controls. The TEPS was selected as the
primary outcome measure because it purports to measure both anticipatory and
consummatory pleasure using a comparable methodology (i.e., self-report) and it has been
used in a sufficient number of studies. Other measures (e.g., the Chapman Anhedonia
Scales; Chapman et al., 1976 or the Anticipatory and Consummatory Interpersonal Pleasure
Scale; ACIPS: Gooding and Pflum, 2014), have also been used to investigate differences in
other types of pleasure; however, they were not included as their factor structures do not
support a two-factor distinction between anticipatory and consummatory pleasure (Gooding
and Pflum, 2014). In addition to examining group effects, moderators of participant (e.g.,
sex, age, race, negative symptom severity, schizotypy presentation, medication) and study
characteristics (e.g., use of a power analysis, use of a college-age sample, TEPS translation
version, the scale used to measure psychometrically defined schizotypy) were also evaluated
to determine their influence on self-reported consummatory or anticipatory pleasure.

Materials and Methods

Search Strategy

In accordance with PRISMA guidelines (Moher, Liberati, Tetzlaff, Altman, & the PRISMA
Group, 2009), a thorough database search of articles published from January 2006 through
June 2017 was conducted using the databases PubMed, PsyciInfo, and ProQuest
Dissertations and Theses. The protocol was preregistered with PROSPERO (Record ID:
CRD42017065765, accessible at https://www.crd.york.ac.uk/PROSPEROQY/). See Appendix
for PRISMA checklist. Searches were conducted using the following search terms:
“schizophrenia,” “psychosis,” “clinical high risk,” “ultra high risk,” “schizotypal,”
“schizotypy,” “anticipatory,” “consummatory,” “wanting,” “liking,” “anhedonia,” “TEPS,”
“Temporal Experience of Pleasure,” “ACIPS,” and “Anticipatory and Consummatory
Interpersonal Pleasure Scale.” Searches were restricted to articles that were peer-reviewed or
were published dissertations, were written in English, and contained human subjects. Google
Scholar was used to conduct manual searches of all articles citing the original TEPS and
ACIPS papers (i.e., Gard et al., 2006, Gard et al., 2007, and Gooding and Pflum, 2014).
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Duplicate articles were excluded. Manual reference section citation searches of included
articles were conducted?.

Selection of Studies

Inclusion criteria was comprised of peer-reviewed articles or published dissertations that
included a psychometric schizotypy, clinical high risk, first episode, or schizophrenia sample
and a control sample, used the TEPS, and used human subjects. In addition to the ACIPS,
other measures of the experience of pleasure (e.g., Chapman Scales: Chapman et al. 1976)
were excluded as physical and social consummatory and anticipatory anhedonia were the
specific variables of interest. Other exclusion criteria included: 1) for published journal
articles, non-peer reviewed, 2) was a review, meta-analysis, editorial, or conference abstract,
3) did not include a psychometrically defined schizotypy, high risk, first episode, genetic
risk, or a schizophrenia sample, or 4) did not include a control sample. Manual searches of
articles citing the TEPS were also conducted. Attempts were made to contact authors of the
TEPS for any unpublished data as well as the authors for six studies that reported using the
TEPS in individuals across the schizophrenia spectrum but did not report enough
information to calculate effect sizes (Arrondo et al., 2015; Bedwell et al., 2016; Da Silva et
al., 2017; Eisenstein et al., 2017; Sandt, 2013; Tso et al., 2014). Data were provided for all
studies but two (Arrondo et al., 2015; Sandt, 2013). Accordingly, these two articles were not
included in analyses. Additional unpublished data were provided from two sources (Barch
and Moran; Kring).

Effect Size calculation

Means and standard deviations for anticipatory and consummatory ratings by schizophrenia
spectrum and control groups were extracted for the remaining studies using a template
piloted prior to retrieval. Hedges’ g was calculated by dividing the difference in patient and
control means by the pooled standard deviation for each effect. In cases of longitudinal
studies, baseline scores were selected (Edwards et al., 2015). Hedges’ g was chosen to
account for small sample bias. In the case that means and standard deviations were not
available, but other effect sizes were provided (Yan et al., 2011), Hedges’ g and the standard
error were manually calculated via transformation (Lipsey and Wilson, 2001). Data were
extracted and confirmed by three of the authors (KFV, HC, IR); see Appendix for further
extraction and interrater agreement information.

Selection, coding of covariates, and sample characteristics

Included covariates were diagnostic group, schizotypy subtype (psychometrically defined;
Perceptual Aberration/Magical Thinking, Social Anhedonia, Disorganized, and Mixed
subtypes, if provided by the study), mean age, mean percentage of non-Caucasian
participants, mean percentage of men (both in the spectrum sample and control samples), the
percentage of first generation antipsychotics prescribed to the participants with

10f note, the ACIPS was included in the pre-registration, but excluded during analyses, as it became clear during the literature review
that its factor structure does not support separate two-factor consummatory and anticipatory subscales (Gooding and Pflum, 2014).
Thus, though the search strategy still includes the ACIPS to be consistent with pre-registration, the articles were excluded from
analyses. The references to ACIPS in the search strategy have likewise been maintained to be consistent with the pre-registration.
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schizophrenia, and negative symptom severity scores converted to proportions. Missing
effects for all included covariates were imputed with the mean of the distribution for studies
that did not provide moderator data (percentage first-generation antipsychotics, clinically
rated negative symptoms, percentage of men in the sample, age, and percentage of non-
Caucasian participants). See Appendix for additional information on selection and coding of
covariates. See Tables 1.A-1.C for sample characteristics of all studies.

Statistical Analysis

Comprehensive Meta-Analysis version 3 (Biostat, Inc.) was used to conduct analyses.
Random-effects models were used to calculate mean ES and 95% confidence intervals for
consummatory pleasure and anticipatory pleasure as well as any variability due to
moderators. Model heterogeneity was determined via Qand / (Higgins et al., 2003). Mixed-
effects linear regression with restricted maximum likelihood estimation was used to
determine the impact of age, percentage of men from the spectrum samples included in
study samples, percentage of men from the control samples included in the study samples,
percentage of non-Caucasian participants, percentage of first-generation antipsychotics
prescribed to the schizophrenia participants, and the proportional severity of negative
symptoms. Multivariate mixed-effects linear regression with restricted maximum likelihood
estimation was used to adjust for any potential correlated effects of significant moderators
within studies. Interactions between moderator variables were also assessed via univariate
linear regression. Publication bias was determined via classic fail-safe N, which estimates
how many unpublished effects would be needed to make the current results nonsignificant
(Rosenthal, 1979). Separate funnel plots for anticipatory and consummatory pleasure by
diagnostic group were graphed and analyzed as well via Egger’s test as indicators of
possible sampling bias (Egger et al., 1997). Funnel plots were also used to identify outliers;
outliers were determined via visual inspection of the funnel plots and identified as any score
significantly more than two standard deviations above or below the mean ES. Bias related to
study design was also assessed via the extraction and coding of specific study design
variables, including version of the TEPS used (i.e., the Chinese version, [Chan et al., 2010];
American, [Gard et al., 2006]; or French versions, [Favrod et al., 2009]), the specific
assessment used to classify schizotypy groups, and whether a college or community sample
was used. Mixed-effects linear regression with restricted maximum likelihood estimation
was used to assess bias related to study design.

Results

Participants

A total of 1,001 articles were reviewed (see Figure 1 for a flowchart of the screening process
and eventual study selection). Overall, 110 (55 consummatory and 55 anticipatory,
respectively) effects were obtained from 50 studies and extra data were provided from two
research groups (Barch and Moran; Kring) for an initial inclusion of 8,164 participants
(1,771 individuals with schizophrenia [SZ: both chronic and first episode, FEP], 953
individuals with psychometrically defined schizotypy [PDS; including 83 with mixed
schizotypy symptoms, 39 with disorganized symptoms, 399 identified as falling within a
social anhedonia cluster, and 216 falling within a perceptual/magical aberration cluster], 279
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individuals at high risk [CHR], 88 individuals at genetic high risk [GHR], and 5,073 controls
[CN]). CHR and GHR differences in anticipatory and consummatory pleasure were
excluded from analyses due to the limited number of effects available, which in aggregate
was below the 10-effect cut off determined a priori, resulting in a total inclusion of 7,797
participants (CHR = 2, GHR = 3: Cooper et al., 2017; Docherty et al., 2015; Schlosser et al.,
2014; Umesh et al., 2016). Similarly, as there were fewer than 10 effects extracted for each
PDS subgroup, all schizotypy types were collapsed together into one overall PDS group in
the main analyses and only included as a covariate in the schizotypy-specific analyses. Mean
ages of the participants ranged from 17.6 to 50.4 years. Details of each study are included in
Tables 1.A — 1.C. Forest plots were constructed to visualize weighted effect size for each
study, displaying both overall results and results split by spectrum subgroup (see Figures 2,
3, 4, and 5).

Mean Effects: Schizophrenia-Spectrum Anhedonia Paradox

Initial random effects model meta-analyses were conducted across the 106 remaining
effects, divided into separate analyses for consummatory and anticipatory pleasure (53
effects per analysis). See Table 2 for a full list of results.

Consummatory Pleasure.—The analysis for consummatory pleasure for SZ and PDS
participants combined as compared to controls yielded a mean effect size (ES) of —0.37
(95% CI: -0.48 — -0.27; SE=0.06; z= —-6.79; p< 0.001), indicating that individuals with
schizotypy and schizophrenia report less consummatory pleasure on average than CN.
Analyses split by diagnostic group (FEP were collapsed into the chronic SZ group due to
their small sample size) were conducted following full-sample analyses. Results indicated
that individuals with chronic or first episode SZ report less consummatory pleasure on
average than CN, (mean ES = —0.46; 95% CI: —0.58 — —-0.33; SE£0.06; z=-7.25; p<
0.001). Results of PDS analyses indicated that individuals with psychometrically defined
schizotypy report less consummatory pleasure on average than CN, (mean ES = -0.25; 95%
Cl: -0.44 - -0.07; SE0.09; z=-2.71; p<0.01). See Figure 2 for a forest plot of the
differences in reports of consummatory pleasure overall and by group.

Anticipatory Pleasure.—The analysis for anticipatory pleasure for SZ and PDS
participants indicated that individuals across the schizophrenia spectrum report less
anticipatory pleasure on average than CN, (mean ES = -0.46; 95% CI: -0.57 — —0.36; SE =
0.05; Z=-8.50; p< 0.001). Analyses split by diagnostic group (FEP were collapsed into the
chronic SZ group due to their small sample size) were conducted following full-sample
analyses. Results indicated that individuals with chronic or first episode SZ report less
anticipatory pleasure on average than CN, (mean ES = -0.48; 95% CI: —0.58 — —-0.38; SE=
0.05; Z=-9.32; p<0.001). The analysis of collapsed PDS categorizations indicated that
individuals with psychometrically defined schizotypy report less anticipatory pleasure on
average than CN, (mean ES = -0.42; 95% CI: —-0.64 — -0.21; SE=0.11; Z=-3.81; p<
0.001). See Figure 3 for a forest plot of the differences in reports of anticipatory pleasure
overall and by group.
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Heterogeneity Tests.—The Q statistic for each test was significant, suggesting
heterogeneity beyond sampling error (see Table 2). 12 values for each test also indicated that
less than 75% of the observed variance in each analysis was due to sampling error (see Table
2). Consequently, covariate analyses were run as planned.

Covariate analyses: Schizophrenia-Spectrum Anhedonia Paradox

Table 2 provides multivariate covariate regression results for each study. Mean age and
percentage of men included in each study were each imputed in 5% of cases to the mean of
the distribution. The percentage of non-Caucasian participants was imputed in 33% of cases
to the mean of the distribution. The percentage of first-generation antipsychotics prescribed
to the participants with SZ was imputed in 38% of cases to the mean of the distribution.
Proportional negative symptom scores were imputed in 29% of cases to the mean of the
distribution, respectively. Interactions for significant covariates were calculated based on
continuous covariates requiring less than 50% imputation (rule determined a priori).

Consummatory pleasure.—For consummatory pleasure for the full spectrum sample,
initial regression models revealed a significant effect of the percentage of men in the
spectrum, group, and mean age. Percentage of men in the control sample and the percentage
of non-Caucasian participants were nonsignificant. Percentage of men in the spectrum
sample remained significant after controlling for mean age, group, percentage of men in the
control sample, and percent of non-Caucasian participants in a multivariate regression
analysis based on all 53 effects reporting all variables or containing an imputed mean,
indicating that men along the schizophrenia spectrum were more likely to report less
consummatory pleasure than controls. Group and age were no longer significant (see Table 2
for covariate results). A test for a two-way interaction between age and sex revealed a
significant interaction, /2= 0.24, B < -0.01, SE<0.01, Z=-3.38, p< 0.001, suggesting
that, in aggregate, younger women across the schizophrenia spectrum were more likely to
report greater consummatory pleasure than older men. Interaction with race was not
calculated as it required greater than 50% imputation.

For consummatory pleasure for the schizotypy sample, initial regression models revealed a
significant effect of the percentage of men in the schizotypy sample. Percentage of men in
the control sample, age, percentage of non-Caucasian participants, and schizotypy subgroup
were nonsignificant. Percentage of men in the schizotypy sample remained significant after
controlling for mean age, group, percentage of men in the control sample, and percentage of
non-Caucasian participants in a multivariate regression analysis based on all 53 effects
reporting all covariates or containing an imputed mean, indicating that, in aggregate, men
with schizotypy were more likely to report lower consummatory pleasure than controls (see
Table 2 for covariate results). A test for a two-way interaction between age and sex revealed
a significant interaction, ”Z=0.14, B < -0.01, SE<0.01, Z=-1.99, p< 0.05, indicating
that, in aggregate, younger women in the schizotypy sample were more likely to report
greater consummatory pleasure than older men.

For consummatory pleasure for the schizophrenia sample, initial regression models for
percentage of men in the schizophrenia sample, percentage of men in the control sample,
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percentage of non-Caucasian participants, mean age, percentage of first generation
antipsychotics prescribed to the schizophrenia sample, proportional severity of negative
symptoms were all nonsignificant. Multivariate analyses were all likewise nonsignificant
(see Table 2 for covariate results). Thus, no follow up analyses were conducted.

Anticipatory pleasure.—For anticipatory pleasure for the full spectrum sample, initial
regression models revealed a significant effect of the percentage of men in the spectrum
sample. Group, percentage of men in the control sample, mean age, and the percentage of
non-Caucasian participants were nonsignificant. Percentage of men in the spectrum sample
remained significant after controlling for mean age, group, percentage of men in the control
sample, and percent of non-Caucasian participants in a multivariate regression analysis
based on all 53 effects reporting all variables or containing an imputed mean, indicating that
men along the schizophrenia spectrum were more likely to report lower anticipatory pleasure
than controls (see Table 2 for covariate results). A test for a two-way interaction between age
and sex was nonsignificant, ”Z=0.07,  <-0.001, SE<0.001, Z=-1.82, p=0.07. The
interaction between men in the spectrum sample and race was not calculated as race required
greater than 50% imputation.

For anticipatory pleasure for the schizotypy sample, initial regression models revealed a
significant effect of the percentage of men in the schizotypy sample. Age, percentage of men
in the control sample, and percentage of non-Caucasian participants were nonsignificant.
Percentage of men in the schizotypy sample and schizotypy subgroup remained significant
after controlling for mean age, percentage of men in the control sample, and percentage of
non-Caucasian participants in a multivariate regression analysis based on all 53 effects
reporting all covariates or containing an imputed mean (see Table 2 for covariate results),
indicating that, in aggregate, men with schizotypy were more likely to report less
anticipatory pleasure than controls and individuals endorsing symptoms of negative
schizotypy were more likely to report less anticipatory pleasure than individuals endorsing
symptoms of positive schizotypy. A test for a two-way interaction between age and sex was
nonsignificant, /2= 0.10, B < -0.001, SE< 0.001, Z=-1.85, p= 0.06. The interaction
between men in the spectrum sample and race was not calculated as race required greater
than 50% imputation.

For anticipatory pleasure for the schizophrenia sample, initial regression models were all
nonsignificant. Given the nonsignificance of all analyses, no follow-up analyses were
conducted; see Table 2 for metaregression results.

Mean Effects: Liking-Wanting Paradox

Random effects model meta-analyses were conducted across individuals with schizophrenia
and schizotypy, separately, to investigate the Liking-Wanting Paradox. See Table 3 for a full
list of results.

Schizophrenia.—The consummatory-anticipatory pleasure comparison analysis yielded a
mean effect size of —0.25 (95%ClI: —-0.58 — -0.09; SE=0.17; Z=-1.43; p=0.15) indicating
that, in aggregate, there is no statistically significant difference between SZ reports of

anticipatory and consummatory pleasure (see Table 3 and Figure 4). Accordingly, no follow-
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up analyses were conducted. However, one study emerged as a significant outlier (Umesh et
al., 2016) (see Appendix Figure A.4 for funnel plot). Accordingly, an exploratory analysis
was conducted without this outlier, which yielded a mean effect size of -0.39 (95% CI:
-0.61--0.17; SE=0.11; Z=-3.42; p<0.001), indicating that, with this outlier removed,
there is a statistically significant difference between SZ reports of anticipatory and
consummatory pleasure, such that reports of anticipatory pleasure may be elevated in SZ
relative to consummatory.

Schizotypy.—The consummatory-anticipatory comparison analysis yielded a mean effect
size of 0.03 (95%Cl: —-0.46 — 0.52; SE=0.25; Z=0.12; p=0.91) indicating that, in
aggregate, there is no statistically significant difference between PDS reports of anticipatory
and consummatory pleasure (see Table 3 and Figure 5). Accordingly, no follow-up analyses
were conducted.

Heterogeneity Tests.—The Q statistic for each test was significant, suggesting
heterogeneity in the effects beyond sampling error (see Table 3). 12 values for each test also
indicated that less than 75% of the observed variance in each analysis was due to sampling
error (see Table 3).

Assessment of Bias: Schizophrenia-Spectrum Anhedonia Paradox

Rosenthal’s Fail-Safe N (Rosenthal, 1979) was calculated to determine that at least 3,222
studies reporting p > 0.05 would be needed to overturn the effects of the anticipatory meta-
analysis, and at least 1,129 studies would be needed to overturn the effects of the
consummatory analyses.

Visual inspection of funnel plots and Egger’s test (Egger et al., 1997) did not reveal any
clear asymmetry or publication bias, consummatory pleasure, £51) = 0.82, p (2-tailed) =
0.42 and anticipatory pleasure #51) = 1.51, p (2-tailed) = 0.14. See Appendix, Figures A.1
and A.2, for funnel plots of differences in combined SZ and PDS and control self-reports of
consummatory and anticipatory pleasure, respectively. However, as random effects models
were used and Egger’s tests are primarily designed to test bias in fixed effects models, the
results of the Egger’s tests conducted may instead indicate the presence of true variation
explainable by moderators. Thus, these results should be interpreted with caution.

Mixed-effects linear meta-regression indicated that for consummatory and anticipatory
pleasure, full spectrum meta-analytic results were not biased by the use of a college-age
sample (18-21), the version of the TEPS used (Chinese, or American- as only one study
reported use of the French TEPS, this study was not included), or the questionnaire used to
measure psychometrically defined schizotypy.

Assessment of Bias: Liking-Wanting Paradox

Schizophrenia.—Rosenthal’s Fail-Safe N (Rosenthal, 1979) was calculated to determine
that at least 53 studies reportingp > 0.05 would be needed to overturn the effects of the SZ
Liking-Wanting Paradox meta-analysis. Visual inspection of funnel plots and Egger’s test
(Egger et al., 1997) indicated that the mean effect size of differences between consummatory
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and anticipatory pleasure may be subject to publication bias, 430) = 2.08, p (2-tailed) <
0.05. See Appendix, Figure A.3 for the funnel plot.

No variables were available to use to estimate bias due to study design in the SZ Liking-
Wanting Paradox analysis as they failed to meet the 10 study cut-off for inclusion.

Schizotypy.—Rosenthal’s Fail-Safe N (Rosenthal, 1979) was calculated to determine that
any additional study with a p> 0.05 would influence the results of the PDS Liking-Wanting
Paradox meta-analysis, indicating potential file-drawer bias. However, visual inspection of
funnel plots and Egger’s test (Egger et al., 1997) indicated that the mean effect size of
differences between consummatory and anticipatory pleasure may not be subject to
publication bias, {18) = 1.39, p (2-tailed) = 0.18. See Appendix, Figure A.5 for the funnel
plot.

Mixed-effects linear meta-regression indicated that PDS liking-wanting meta-analytic results
may not be biased by the questionnaire used to classify schizotypy but may be biased by the
version of the TEPS used (Chinese or American; Chinese TEPS, ”Z=0.75, B = 2.10, SE=
0.35, Z=-5.97, p<0.001). These results suggest that Chinese individuals may report
greater consummatory pleasure than anticipatory pleasure as compared to the opposite
pattern in the US (greater anticipatory pleasure than consummatory).

Discussion

A meta-analysis was conducted to examine self-reported anticipatory and consummatory
pleasure in individuals with schizophrenia and psychometrically-defined schizotypy to
resolve the Schizophrenia-Spectrum Anhedonia Paradox, resolve the Liking-Wanting
Paradox, and determine whether discrepancies in study findings across the schizophrenia
spectrum are due to moderators or specific study characteristics.

In relation to the first goal, evaluating the Schizophrenia-Spectrum Anhedonia Paradox (i.e.,
the paradoxical findings that individuals with schizophrenia may have intact hedonic
capacity, whereas those with schizotypy or in the CHR phase of schizophrenia have
diminished hedonic response (Strauss and Cohen, 2018), results indicated that both SZ and
PDS reported less anticipatory and consummatory pleasure than controls. Additionally, the
magnitude of these deficits did not differ between SZ and PDS. These TEPS findings are
inconsistent with the notion of the Schizophrenia-Spectrum anhedonia paradox, suggesting
that the paradox may be most evident in laboratory-based studies (e.g., Cohen and Minor,
2010; Llerena et al., 2012) that directly test hedonic capacity.

For the schizotypy group alone, anticipatory pleasure was moderated by schizotypy
subgroup, indicating that individuals with negative schizotypy were more likely to report
lower anticipatory pleasure than healthy controls or individuals endorsing negative
schizotypy. These results are unsurprising given that anhedonia, as a negative symptom, is
considered characteristic of psychometrically-defined negative schizotypy (Kwapil et al.
2012). However, these results may be consistent with evidence that greater severity of
negative schizotypy symptoms is associated with increased risk for developing
schizophrenia (Gooding et al., 2007). It is surprising, however, that negative symptom
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severity was not a significant moderator in the schizophrenia sample. This discrepancy may
be due to limited reporting of symptoms in the schizophrenia studies, causing the analysis to
be underpowered.

The Liking-Wanting paradox reflects the research findings indicating that despite intact
hedonic capacity, individuals with schizophrenia still engage in fewer pleasurable activities
than healthy controls (Frost and Strauss, 2016; Kring and Elis, 2013). Kring and Ellis (2013)
explained this abnormality as resulting in part from impaired anticipatory pleasure (but
intact consummatory pleasure). The within-group contrast comparing levels of anticipatory
and consummatory pleasure were nonsignificant for both the schizophrenia and schizotypy
groups. This is contrary to the notion of a greater deficit in anticipatory than consummatory
pleasure. Furthermore, when the outlier study (Umesh et al., 2016) was removed, results
were in the opposite direction of what would be expected based on the literature (wherein
consummatory anhedonia is typically found to be reduced relative to anticipatory). The fact
that the finding here is opposite to what is typically observed in laboratory and ecological
momentary assessment research (i.e., more severe deficits in anticipatory pleasure relative to
consummatory) serves to confirm that the anticipatory and consummatory difference does
not hold in the expected direction as what would be needed for the Liking-Wanting Paradox
to be supported on the TEPS. Additionally, the significant findings of the exploratory
analysis without the outlier (Umesh et al., 2016), in combination with the evidence of bias
due to study-specific characteristics (e.g., the version of the TEPS used), suggest that study
characteristics may also be influencing results. In general, however, these findings suggest
that the Liking-Wanting Paradox may be better isolated through laboratory or experience
sampling studies than the TEPS.

Overall, these results suggest that the TEPS alone may not be capable of resolving the
Schizophrenia-Spectrum or Liking-Wanting Anhedonia Paradoxes. This may be due to the
structure of the TEPS itself, as the anticipatory and consummatory pleasure questions may
examine the same underlying construct. Both the anticipatory and consummatory subscales
of the TEPS rely on what the emotional self-report literature (Robinson and Clore, 2002)
terms a “hypothetical” reporting format. Such formats do not allow participants to rely on
experiential emotion knowledge (i.e., direct access to their feeling in the moment in relation
to a mental or environmental stimulus to which they are exposed) when making self-reports,
but rather rely on semantic emotion knowledge (i.e., beliefs about how one thinks they
would feel if/when they were exposed to the hypothetical scenario described). Given that
individuals do not access experiential emotion knowledge when completing scales using
hypothetical reporting formats, by its very nature, the TEPS cannot measure consummatory
pleasure as it purports. To truly test consummatory pleasure, participants would need to be
directly exposed to pleasurable stimuli or real-world activities and asked how positive they
feel in the moment. Understanding which types of information individuals access (i.e.,
experiential vs. semantic emotion knowledge) using self-reports relying on different formats
helps to shed light onto what low self-reports of pleasure actually mean. On scales like the
TEPS that use a hypothetical reporting format for both the anticipatory and consummatory
items, lower scores do not provide any indication of an individual’s hedonic capacity (i.e.,
because they do not rely on experiential emotion knowledge). Rather, both subscales rely on
semantic emotion knowledge and therefore most accurately reflect low pleasure beliefs that
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individuals hold, which may or may not be accurate representations of their true hedonic
capacity (i.e., ability to respond to pleasurable stimuli in the moment). When these processes
underlying emotional self-report are adequately considered (Robinson and Clore, 2002), the
fact that schizophrenia-spectrum participants were lower than controls on both TEPS
subscales and showed no within-group differences between anticipatory and consummatory
subscales makes sense— both the anticipatory and consummatory subscales rely on the
same underlying psychological processes (i.e., low pleasure beliefs) and would therefore not
be expected to differ. These findings call into question the validity of scales using
hypothetical reporting formats that purport to offer a distinction between consummatory and
anticipatory pleasure and may explain why factor analytic studies sometimes fail to find a
consummatory-anticipatory distinction using such measures (Gooding and Pflum, 2014).

Several limitations of this meta-analysis should be considered. First, only a limited number
of moderators could be included. It is therefore unclear whether additional variables (e.g.,
depression, cognitive impairment) might account for findings. Second, despite the lack of
bias detected in the results due to study design, the number of study-level variables assessed
in this meta-analysis was limited. Future analyses might benefit from assessing additional
potential sources of bias to explain variance. Third, analyses focused on a single measure:
the TEPS. Fourth, due to the nature of the data available, the effect sizes calculated, and the
scope of these analyses, we could not directly calculate the average correlation between the
TEPS-ANT and TEPS-CON subscales. Future research should use confirmatory factor
analysis in samples of healthy controls and schizophrenia patients to determine whether a
two-factor structure is supported on the TEPS. Finally, conclusions drawn about anticipatory
and consummatory pleasure are only as valid as the measure used in the meta-analysis. Our
review and meta-analytic findings call into question the validity of the TEPS and other
scales using hypothetical reporting formats for measuring the consummatory pleasure
construct. New measures are needed that assess the anticipatory and consummatory
constructs across multiple domains of pleasure. Ecological momentary assessment and
laboratory-based tasks may offer a more valid means of assessing these constructs than trait
questionnaires.

In summary, this meta-analysis found that individuals in the schizophrenia spectrum report
lower levels of consummatory and anticipatory pleasure on the TEPS compared to controls.
This was moderated by the percentage of males, who reported reduced pleasure relative to
women. The distinctions supporting the schizophrenia-spectrum and liking-wanting
paradoxes that were derived primarily from the laboratory-based task literature were not
supported using this scale.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Yanetal, (2011) Unspec. {}
Loasetal, (2014) Disorg —
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Simon et al., (2015) SZ {}
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Strauss, et al., (2015) SZ s
Strauss et al., (2011) Sz ]
Subramaniam et al_, (2015) SZ —{H—
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Vignapiano et al.. (2016) Sz s B m—
Wynn et al.. (2010) Sz —_—

SZ Mean &

Overall Mean &>
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Figure 2.

Forest Plot of Consummatory Pleasure Mean Effect Sizes and Confidence Intervals,
Weighted by Study Size and Divided by Diagnostic Group. SZ/PDS = Schizophrenia/
Psychometrically Defined Schizotypy; CN = Control; SocAnh = Social Anhedonia cluster;
PerMag = Perceptual Aberration/Magical Thinking cluster; Disorg = Disorganized cluster.
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Forest Plot of Anticipatory Pleasure Mean Effect Sizes and Confidence Intervals, Weighted
by Study Size and Divided by Diagnostic Group. SZ/PDS = Schizophrenia/Psychometrically
Defined Schizotypy; CN = Control; SocAnh = Social Anhedonia cluster; PerMag =

Perceptual Aberration/Magical Thinking cluster; Disorg = Disorganized cluster.
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Psychometrically Defined Schizotypy; SocAnh = Social Anhedonia cluster; PerMag =
Perceptual Aberration/Magical Thinking cluster; Disorg = Disorganized cluster.
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Table 1.A.
Study and participant characteristics
Study Proportion
group/PDS Mean %Non- %maleSZ- % 1st Neg. Sym.
Citation subgroup SZ-CNn Age Caucasian %maleCN gen AP Severity
Barch and Moran, Sz 67-34 37.44 71.10% 61.19%-70.59% 18.00%
unpublished supplied data
Barch et al., 2014 Sz 59-39 38.35 64.70% 57.60%-48.70% 5.00% 0.26
Bedwell et al., 2016, Sz 10-13 34.99 48.08% 60.00%-53.85%
supplied data
Cassidy et al., 2012 Sz 91-91 24.65 75.00%-69.00% 0.18
Chan et al., 2012 PDS 92-85 19.25 44.57%-40.00%
Chan et al., 2016 PDS/SocAnh 8-20 19.04 100.00%-55.00%
Chuang et al., 2014 Sz 22-20 33.52 21.50% 84.21%-75.00% 0.33
Cooper et al., 2017 CHR 219-1006 20.47 38.75% 25.30%-26.90%
Culbreth et al., 2016 Sz 57-36 36.80 64.05% 66.70%-52.80% 1.00% 0.02
Da Silvaetal., 2017, Sz 84-81 34.65 58.33%-55.56% 1.00% 0.14
supplied data
Docherty, 2013 Sz 35-29 43.70 82.00%-65.00%
Docherty, 2013 GHR 35-29 46.75 36.00%-65.00%
Edwards et al., 2015 Sz 53-52 41.49 56.00% 74.00%-63.00% 0.42
Eisenstein et al., 2017, Sz 65-34 35.90 63.19% 43.08%-52.94% 0.24
supplied data
Fonseca-Pedrero et al., 2017 PDS 28-639
Fortunati et al., 2015 Sz 53-46 39.20 60.40%-50.00% 47.20% 0.45
Gard et al., 2007 Sz 51-50 47.34 51.45% 64.71%-50.00% 31.37%
Gerritsen, 2015 Sz 59-65 45.15 45.85% 69.50%-65.10%
Gooding and Pflum, 2012 PDS/SocAnh 68-79 19.32 54.40%-67.10%
Gooding and Pflum, 2012 PDS/PerMag 88-79 19.33 45.50%-67.10%
Hooker et al., 2014 PDS/SocAnh 15-15 3114 46.67%-33.33% 0.87%

Note. SZ = Schizophrenia, PDS = Psychometric Schizotypy, CN = Control, SocAnh = Social Anhedonia cluster, PerMag = Perceptual Aberration/
Magical Thinking cluster. AP = antipsychotics, PANSS = Positive and Negative Syndrome Scales. Neg. sym. = negative symptoms.
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Table 1.B.
Study and participant characteristics
Study Proportion
group/PDS Mean %Non- %maleSZ- % 1st Neg. Sym.
Citation subgroup SZ-CNn Age Caucasian maleCN gen AP Severity
Kring etal., 2014 Sz 21-24 44.42 0% 71.40%-66.67% 0.29% 0.23
Kring, unpublished Sz 32-32
supplied data
Leeetal., 2012 Sz 14-16 30.10 61.30%-43.80% 0.39
Lietal., 2016 PDS 15-19 19.88 60.00%-57.89%
Lietal., 2015 Sz 346-268 33.93 48.56%-49.30% 20.81% 0.37
Loas et al., 2014 PDS/Disorg 39-281 21.82 16.00%-16.00%
Makowski et al., 2016 SZ 15-15 34.15 73.00%-60.00% 0.16
Mann et al., 2013 Sz 54-39 37.66 63.00% 61.10%-48.70% 7.40%
Martin et al., 2011 PDS/SocAnh 64-304 18.73 23.50% 35.19%-40.79%
Martin et al., 2011 PDS/PerMag 27-304 18.55 19.50% 40.74%-40.79%
McCarthy, 2013 PDS/SocAnh 30-40 20.38 46.25% 26.70%-27.50%
McCarthy, 2013 PDS/PerMag 30-40 19.56 60.40% 23.30%-27.50%
Mote et al., 2014 FEP 88-66 21.77 44.50% 77.00%-47.00% 5.00% 0.01
Mucci et al., 2015 Sz 28-22 3251 64.00%-45.00% 0% 0.24
Schlosser et al., 2014 FEP 67-29 19.65 33.50% 70.00%-48.00% 0.37
Schlosser et al., 2014 CHR 60-29 18.81 40.00% 52.00%-48.00% 0.09
Schlosser et al., 2014 Sz 78-29 30.25 41.00% 70.00%-48.00% 0.34
Shietal., 2012 PDS/SocAnh 55-116 18.48 63.63%-64.66%
Simon et al., 2015 SZ 23-12 27.90 65.20%-33.30% 0% 0.30
Strauss et al., 2013 Sz 25-21 45.50 32.00% 72.00%-62.00% 0.42
Strauss et al., 2015 sz 28-25 44.55 37.65% 67.90%-64.00% 12.00% 0.09
Strauss et al., 2011 SZ 86-59 43.00 30.50% 66.30%-55.90% 13.00% 0.06
Subramaniam et al., 2015 Sz 37-20 44.43 67.57%-70.00% 21.62% 0.04

Note. SZ = Schizophrenia, PDS = Psychometric Schizotypy, CN = Control, SocAnh = Social Anhedonia cluster, PerMag = Perceptual Aberration/
Magical Thinking cluster. AP = antipsychotics, PANSS = Positive and Negative Syndrome Scales. Neg. sym. = negative symptoms.
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Table 1.C.
Study and participant characteristics
Study Proportion
group/PDS SZ/PDS- Mean %Non- %maleSZ- %1st Neg. Sym.
Citation subgroup CNn Age Caucasian %maleCN gen AP Severity

Tso et al., 2014, SZ 39-36 40.95 58.97%-63.89% 23.00% 0.08
supplied data
Umesh et al., 2016 SZ 20-20 29.78 100.00%-100.00% 50.00% 0.22
Umesh et al., 2016 GHR 20-20 29.80 100.00%-100.00% 0.22
Vignapiano et al., 2016 SZ 30-23 33.20 63.33%-43.48% 0%
Wang et al., 2015 PDS 21-30 19.30 47.62%-50.00%
Wang et al., 2012 PDS/Mixed 231-83
Wang et al., 2012 PDS/PerMag 187-71
Wang et al., 2012 PDS/SocAnh 264-116
Wilson, 2012 PDS 79-40 18.96 43.00% 37.50%-38.50%
Wynn et al., 2010 SZ 34-36 41.60 78.90%-66.70% 14.71% 0.58
Xieetal., 2014 PDS/SocAnh 28-38 20.74 39.29%-34.21%
Yan etal., 2011 PDS 20-20 22.50 40.00%-30.00%
Yan et al., 2016 PDS/SocAnh 15-22 19.56 53.33%-50.00%

Note. SZ = Schizophrenia, PDS = Psychometric Schizotypy, CN = Control, SocAnh = Social Anhedonia cluster, PerMag = Perceptual Aberration/

Magical Thinking cluster. AP = antipsychotics, PANSS = Positive and Negative Syndrome Scales. Neg. sym. = negative symptoms.
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Table 2.
Results of meta-analyses and multivariate regression covariate analyses: Schizophrenia Spectrum Anhedonia
Paradox

Schizophrenia Spectrum  Mean ES (Hedges’ g) SE 95%CI Q 12 p
Consummatory Pleasure -0.37 0.06 -0.48]-0.27 183.83 71.71 <0.001
Anticipatory Pleasure -0.46 0.05 -0.57]-0.36 177.63 70.73 <0.001

Moderators (Con|Ant) B SE 95%ClI Low 95% CI Hi p

Age -0.01-0.01 0.0110.01 -0.02|-0.02 0.0110.02 0.27|0.78

%Non-Caucasian <-0.01/-0.01 <0.01/0.01 —-0.01]-0.01 0.0110.01 0.94/0.83

%SZS male -0.01/-0.02 <0.01j001  -0.02]-0.03 <-0.01]-0.01  0.03[<0.001

%CN male 0.01/0.01 <0.01/0.01 <-0.01]-0.01  0.02/0.01 0.14/0.39

Group -0.03|-0.27 0.16/0.18 -0.34|-0.62 0.28/0.09 0.85/0.14
Schizotypy Mean ES (Hedges’ g) SE 95%CI Q 12 p
Consummatory Pleasure -0.25 0.09 -0.44]-0.07 90.83 77.98 <0.01
Anticipatory Pleasure -0.42 0.11 -0.64]-0.21 124.14 83.89 <0.001

Moderators (Con|Ant) B: SE 95%CI Low 95% CI Hi p

Age <-0.01/<0.01 0.02/0.02 -0.04|-0.05 0.0310.05 0.71/0.93

%Non-Caucasian <-0.01|<-0.01 0.0110.02 -0.02|-0.03 0.02|0.03 0.97|0.99

%SZS male -0.02|-0.02 0.0110.01 -0.031-0.03 <-0.011-0.01 <0.011<0.01

%CN male 0.01/0.01 0.0110.01 <-0.01/-0.01 0.02|0.02 0.13/0.49

Subgroup -0.22]-0.54 0.19/021  -0.15]-0.95  0.60|-0.13 0.24|<0.01
Schizophrenia Mean ES (Hedges’ g) SE 95%CI Q 12 p
Consummatory Pleasure —-0.46 0.06 -0.58]-0.33 77.68 60.09 <0.001
Anticipatory Pleasure -0.48 0.05 -0.58]-0.38 51.76 40.11 <0.001

Moderators (Con|Ant) B: SE 95%CI Low 95%CI Hi p

Age -0.01/<-0.01 0.011001  -0.02|-0.01 0.01/0.02 0.470.81

%Non-Caucasian <0.01/<0.01 <0.01/<0.01  -0.01]-0.01 0.01/0.01 0.92/0.93

%SZS male <0.01/-0.01 <0.01/0.01  -0.02/-0.02  0.02/<0.01 0.94/0.25

%CN male <-0.01/<0.01 0.0110.01 -0.02|-0.01 0.01/0.02 0.81/0.54

%15t gen antipsychotics <0.01-0.01 0.01/0.01 -0.01]-0.02 0.02|<0.01 0.66(0.23

Severity of neg sym. -0.38/-0.20 052043  -1.411-1.05 0.650.65 0.47/0.64

Note. SZS = Schizophrenia Spectrum, PDS = Psychometric Schizotypy, CN = Control, Con = Consummatory, Ant = Anticipatory. Neg. sym. =

negative symptoms.
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Table 3.

Results of meta-analyses: Liking-Wanting Anhedonia Paradox

Mean ES (Hedges’g)  SE_ 95%Cl Q 12 b
Schizophrenia -0.25 0.17 -058|-0.09 13147 76.43 0.15
Schizotypy 0.03 025 -046|052 44872 9577 091
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