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Abstract
Background. Anhedonia, defined as a reduced capacity to experience pleasure, has been
associated with many clinical conditions, including major depressive disorder (MDD),
schizophrenia (SCZ), substance use disorder (SUD) and Parkinson’s disease (PD). Anhedonia
symptoms are rarely compared across conditions however, and it is currently unclear whether
symptom severity differs between clinical groups. Reference values for hedonic capacity in
healthy humans are also missing from the literature. Objectives. To generate and compare
reference values for anhedonia levels across healthy and clinical groups, we performed a set of
meta-analyses of self-reported anhedonia as measured with a widely used questionnaire, the
Snaith-Hamilton Pleasure Scale (SHAPS). We also calculated prediction intervals for each
group, providing the range of mean SHAPS scores to be expected in future studies. Methods.
We extracted SHAPS scores from all available studies citing the initial scale development paper
(189 papers) and used random-effects models to calculate average SHAPS scores and 95%
confidence intervals separately for samples of healthy participants and samples of patients with
current MDD, past/remitted MDD, SCZ, SUD and PD. We used meta-regression to compare
SHAPS scores between these groups. Results. In the available literature, patients with current
MDD, SCZ, SUD and PD all scored higher on the SHAPS than healthy participants. SHAPS
scores in SCZ, SUD and PD were nevertheless considerably lower than scores in current MDD.
Conclusion. Our results indicate that the severity of anhedonia differs across disorders that have
been associated with anhedonia. Whereas anhedonia in current MDD likely affects multiple
domains of pleasure (e.g. food/drink, pastimes/hobbies, social, physical), anhedonia in SCZ,
SUD and PD may instead reflect a decrease in projected enjoyment of only a minority of life’s

many rewards.
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1 Introduction

Pleasure motivates us to pursue rewards necessary for evolutionary fitness. Capacity for
normal pleasure is essential to healthy psychological function and well-being (Berridge &
Kringelbach, 2015). This function is often impaired in mental illness. Motivational and hedonic
impairments have been associated with a variety of psychiatric disorders, including major
depression (MDD), schizophrenia (SCZ) and substance use disorders (SCZ; Shankman et al.,
2014) and are currently recognized collectively as one of the seven major domains of
psychopathology (i.e. positive valence systems) by the National Institute of Mental Health’s
Research Domain Criteria Initiative (Morris & Cuthbert, 2012).

The term anhedonia was first introduced by the French psychologist Théodule Armand
Ribot in 1896 to denote a reduced ability to derive pleasure from usually enjoyable experiences
(Ribot, 1896). Symptoms of reduced wanting/motivation on the other hand have traditionally
been given terms such as amotivation, apathy and avolition (Foussias & Remington, 2008).
Anhedonia and amotivation have typically been considered trait-like phenomena that are more or
less stable over longer periods of time, rather than short-term states induced by concrete events
(Horan, Kring, & Blanchard, 2006; Treadway & Zald, 2011). These clinical symptoms are
thought to stem from deficits in the reward system and its function in responding to acute
rewards (Rgmer Thomsen, 2015; Strauss, Waltz, & Gold, 2014; Whitton, Treadway, &
Pizzagalli, 2015).

While the term “anhedonia” means lack of pleasure, it is sometimes used more generally
to refer to impairment of any part of the reward process including wanting, reward
learning/decision making in addition to the pleasure/liking experience (Shankman et al., 2014).
In Berridge and Robinson’s (2003) framework for reward, the liking component covers the
affective reactions to rewards and the conscious experience of pleasure while the
wanting/motivation component is concerned with conscious and unconscious desires for reward.
Learning on the other hand, refers to the generation of implicit and explicit knowledge of past

rewards and how this knowledge influences future behavior.

1.1 Anhedonia in clinical populations
Altered reward processing and symptoms of anhedonia have been reported in a range of

different psychiatric conditions including major depressive disorder, schizophrenia and substance
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use disorder (for a review, see Shankman et al., 2014). While current diagnostic systems such as
the Diagnostic and Statistical Manual of Mental Disorders (DSM; American Psychiatric
Association [APA], 2013) and International Classification of Diseases (ICD; World Health
Organization [WHQY], 2018) put little emphasis on anhedonia as a clinical feature of
schizophrenia and substance use disorders, symptoms of anhedonia, together with amotivation,

form a central component in the diagnosis of major depression.

1.1.1 Anhedonia in major depression

Although not necessary for a diagnosis of major depressive disorder, anhedonia is
considered a core symptom of depression by the American Psychiatric Association (APA;
American Psychiatric Association, 2013). Current and previous editions of both the DSM (APA,
1980, 2013) and the ICD (WHO, 2003; 2018) define anhedonia in depressive disorders broadly
as loss of pleasure or reduced interest in activities. While recent reviews conclude that evidence
for loss of pleasure in depression is mixed, there is mounting evidence consistent with reduced
motivation and reward learning in people with depression (Barch, Pagliaccio, & Luking, 2015;
Pizzagalli, 2014; Shankman et al., 2014; Treadway & Zald, 2011; Whitton et al., 2015). For
example, studies using behavioral tasks have shown that patients with MDD are less willing to
work for rewards than healthy controls (Hershenberg et al., 2016; Treadway, Bossaller, Shelton,
& Zald, 2012), and they develop less bias towards rewarding alternatives in learning-based tasks
(Cella, Dymond, & Cooper, 2010; Pizzagalli, losifescu, Hallett, Ratner, & Fava, 2008). A meta-
analysis by Bylsma, Morris, and Rottenberg (2008) found that patients with MDD generally
display reduced positive reactivity to pleasant images and films compared to healthy controls.
However, studies using odors and sweet solutions as stimuli have not found similar effects (e.g.
Berlin, Givry-Steiner, Lecrubier, & Puech, 1998; Pause, Miranda, Goder, Aldenhoff, & Ferstl,
2001; Swiecicki et al., 2009).

At the neural level, depression is linked to blunted striatal responses to reward and
reward cues, possibly due to dysfunction of the mesolimbic dopamine system. Consequently,
reduced reward anticipation has been proposed as a reward system impairment underlying
clinical symptoms of anhedonia in major depressive disorder (Barch et al., 2015; Pizzagalli,
2014; Treadway & Zald, 2011).



1.1.2 Anhedonia in schizophrenia

Anhedonia has been considered a clinical feature of schizophrenia for a century (B.
Kirkpatrick, Fenton, Carpenter, & Marder, 2006; Kraepelin, 1919; Meehl, 1962; Rado, 1953)
and is currently recognized as a negative symptom by the American Psychiatric Association
(APA; 2013). On clinical and self-report measures of anhedonia, patients with schizophrenia
usually score higher than healthy controls (Horan et al., 2006). While clinical symptoms of
anhedonia are elevated in schizophrenia, recent reviews (e.g. Barch et al., 2015; Cohen, Najolia,
Brown, & Minor, 2011; Strauss & Gold, 2012; Strauss et al., 2014; Whitton et al., 2015) broadly
agree that patients with schizophrenia are as capable as healthy individuals of deriving pleasure
from a variety of stimuli, including sweet taste, odors, faces, pictures and films (for an overview
of individual studies, see Kring & Moran, 2008). Instead, some authors argue that anhedonia in
schizophrenia results from impairments in the ability to use reward information to guide
motivated behavior (Barch et al., 2015; Strauss et al., 2014). Others suggest that the self-reported
anhedonia symptoms in schizophrenia result from a reduced capacity to downregulate co-
occurring negative emotions during exposure to pleasurable stimuli (Cohen et al., 2011). In a
meta-analysis of studies assessing valence ratings of various types of stimuli, Cohen and Minor
(2010) found that although patients with schizophrenia and controls tended to rate positive
stimuli as equally pleasant, the patients also rated the positive stimuli as significantly more
aversive.

At the neural level, anhedonia in schizophrenia is linked to reduced activity in the
prefrontal cortex and in striatal areas, especially during anticipation of reward, and to altered
prediction errors in the striatum (Barch et al., 2015; Strauss et al., 2014; Waltz & Gold, 2016).

1.1.3 Reward hypersensitivity in bipolar disorder

Unlike major depressive disorder and schizophrenia, bipolar disorders (BD) have been
associated hypersensitivity to reward. According to the reward hypersensitivity model of bipolar
spectrum disorders (Alloy, Nusslock, & Boland, 2015), people with bipolar disorder have a
hypersensitive reward system that generates excessive reward motivation in response to reward-
related cues and excessive demotivation upon failure to obtain rewards. Thus, while depressive
episodes would be characterized by marked reduction in reward motivation, bipolar patients

would display great increases in motivation during hypomanic or manic episodes (for reviews,



see Alloy, Olino, Freed, & Nusslock, 2016; Johnson, Edge, Holmes, & Carver, 2012; UroSevic,
Abramson, Harmon-Jones, & Alloy, 2008).

The hypersensitivity to reward has been hypothesized to arise from increased activity
level in the striatum and in prefrontal regions in the left hemisphere (Alloy et al., 2015; Urosevic¢
et al., 2008; Whitton et al., 2015).

1.1.4 Anhedonia in substance use disorders

Several neurobiological theories of drug addiction posit that prolonged substance use, and
dependence, alters mesolimbic reward processing. According to the allostatic model of addiction
(Koob & Le Moal, 2001), substance use can trigger counteradaptive mechanisms such as
neuroadaptation that oppose the hedonic effects of the drugs. Similarly, Zald and Treadway’s
(2017) maladaptive scaling hypothesis posits repeated use of highly rewarding and addictive
substances results in downscaling of the hedonic impact of non-drug rewards. According to
Robinson and Berridge’s (1993) incentive-sensitization theory of addiction, repeated drug use
causes neuroadaptations that render the neural system highly sensitive to the drugs. Due to this
heightened sensitivity, drugs become highly attractive and therefore incentivizes compulsive
seeking and consumption of these drugs. Instead of directly affecting the hedonic ‘liking’
component of reward processing, this model posits that substance use disrupts the ‘wanting’
component.

Anhedonia in substance use disorders has usually been associated with acute drug
withdrawal (Hatzigiakoumis, Martinotti, Di Giannantonio, & Janiri, 2011). In a recent systematic
review of studies using self-report measures of anhedonia, Garfield, Lubman, and Yiicel (2014)
found evidence for elevated anhedonia in current substance use and very recent abstinence of
various drugs, including alcohol, amphetamines and cocaine, cannabis, opioids and nicotine.

They also found evidence that longer periods of successful abstinence reduced anhedonia.

1.1.5 Anhedonia in Parkinson’s disease

Parkinson’s disease (PD) is caused by depletion of dopamine neurons and treated with
dopaminergic drugs. Given the importance of dopamine signaling for reward motivation and
learning processes (Wise, 2004), and that depression (Reijnders, Ehrt, Weber, Aarsland, &

Leentjens, 2008) and apathy (Leentjens et al., 2008) are relatively common in Parkinson’s



disease, several studies have examined anhedonia in this patient population (for reviews of early
studies, see Assogna, Cravello, Caltagirone, & Spalletta, 2011; Loas, Krystkowiak, & Godefroy,
2012). These studies generally find that anhedonia in Parkinson’s disease is related to depression
and apathy (Fujiwara et al., 2011; Jordan, Zahodne, Okun, & Bowers, 2013; M. R. Lemke,
Brecht, Koester, Kraus, & Reichmann, 2005; Matsui et al., 2013; Mrochen et al., 2016;
Nagayama et al., 2012; Nagayama et al., 2017; Santangelo, Morgante, et al., 2009; Santangelo,
Vitale, et al., 2009; Spalletta et al., 2013; Zahodne, Marsiske, Okun, & Bowers, 2012).

1.2 Measuring anhedonia

Reward processes in humans can be measured using both behavioral tasks and
questionnaires. Many of these tools are designed to tap into specific aspects of the reward
process, such as liking and consumption, effort, motivation and learning. Although an extensive
review of these measures is beyond the scope of this thesis, the following section will give a
brief overview and some examples of tests and questionnaires typically used in the anhedonia

literature.

1.2.1 Behavioral tasks

The classical method of measuring pleasure or liking in a behavioral task is to collect
subjective pleasure ratings after stimulus presentation. Other measures rely on facial expressions
and have typically been validated by subjective pleasure ratings, for instance using video
recording and coding of facial movements, or electromyography (EMG) recordings of facial
muscle activity (K. C. Berridge, 2000; Mauss & Robinson, 2009; Pool, Sennwald, Delplangue,
Brosch, & Sander, 2016). These subjective and objective pleasure-related measures can be
obtained for all sorts of stimuli, including sweet taste, odors, music, pictures, and films.

Behavioral tasks such as the progressive ratio task (Hodos, 1961), the grip force task
(Schmidt et al., 2008) and the Effort-Expenditure for Rewards Task (EEfRT; Treadway,
Buckholtz, Schwartzman, Lambert, & Zald, 2009) require participants to actively work for
rewards. The physical effort exerted in these tasks is used as a proxy for motivation and wanting.
Reward motivation has also been assessed in tasks where participants get the opportunity to
actively extend or shorten the exposure duration of stimuli by pressing buttons (Aharon et al.,
2001; Chelnokova et al., 2014).



In learning-based reward tasks, participants often repeatedly choose between two or more
stimuli with different reward contingencies (e.g. Bechara, Damasio, Damasio, & Anderson,
1994; Frank, Seeberger, & Reilly, 2004; Rolls, Hornak, Wade, & McGrath, 1994). This type of
tasks may be used to assess the immediate effects of reward feedback on a trial-by-trial basis
such as tendencies to repeat or switch responses following feedback. However, they can also
provide information on changes in behavior over time as a function of reward feedback, such as
development of response biases towards beneficial stimuli (e.g. Pizzagalli, Jahn, & O’Shea,
2005; Tripp & Alsop, 1999).

There are several limitations to conclusions that can be drawn from behavioral reward
tasks with respect to hedonic capacity. Because many behavioral tasks do not incorporate self-
report measures, they do not capture subjective experiences such as conscious desires or feelings
of pleasure. Also, the use of behavioral tasks typically limits the type of contexts and rewarding
stimuli that can be measured. This may reduce the generalizability of the results to other contexts
and rewards (Berkowitz & Donnerstein, 1982). Another limitation of behavioral tasks is that they
often require substantial time and effort both from participants and researchers. Long behavioral
tasks sometimes also lead to fatigue or boredom (van der Linden, Frese, & Meijman, 2003),

likely affecting measures of hedonia.

1.2.2 Anhedonia questionnaires

Questionnaires have a different set of qualities and limitations for measuring anhedonia.
Since they can use hypothetical examples, researchers can collect questionnaire data on human
reward processing across a large variety of rewards and contexts. Anhedonia questionnaires
specifically provide information about the subjective experiences of rewards and reward-related
behaviors. Questionnaires often require little time and effort to obtain data compared to
behavioral tasks, allowing data collection from large samples in relatively short amounts of time.
A clear limitation is the reliance on memory and imagination to respond to the various
hypothetical or remembered scenarios described in anhedonia questionnaires. Thus, impairments
in cognitive function could in theory lead to evidence of anhedonia in clinical groups that could
be unrelated to reward system function (Cohen et al., 2011).

A variety of questionnaires have been developed to measure anhedonia. Several subscales

and items on scales assessing symptom severity in depression (e.g. Beck Depression Inventory;



Beck, Ward, Mendelson, Mock, & Erbaugh, 1961) and schizophrenia (e.g. Scale for the
Assessment of Negative Symptoms [SANS]; Andreasen, 1982) tap into reward-related
impairments and are closely related to anhedonia questionnaires. The most commonly used self-
report measures designed specifically to measure anhedonia are the Chapman Physical and
Social Anhedonia Scales (Chapman, Chapman, & Raulin, 1976), the Fawcett-Clark Pleasure
Scale (Fawcett, Clark, Scheftner, & Gibbons, 1983), the Temporal Experience of Pleasure Scale
(Gard, Gard, Kring, & John, 2006), and the Snaith-Hamilton Pleasure Scale (Snaith et al., 1995).
Each scale provides somewhat different information about the respondents’ capacity for
pleasure. For example, while some scales (e.g. SAS/PAS) ask for general tendencies, other scales
(e.g. FCPS, SHAPS) survey imagined or remembered pleasure. The Temporal Experience of
Pleasure Scale is designed to capture two aspects of imagined/remembered pleasure, as

experienced when either consuming or anticipating rewards.

1.2.2.1 Chapman scales

The Chapman Physical (PAS) and Social (SAS) Anhedonia Scales (Chapman et al.,
1976) and their revised versions (RPAS; Chapman & Chapman, 1978; RSAS; Eckblad,
Chapman, Chapman, & Mishlove, 1982) were some of the earliest scales developed specifically
to measure anhedonia. These questionnaires ask respondents to agree or disagree with statements
about their general tendencies to enjoy a variety of physical and social experiences. Despite their
popularity, these scales have several limitations. Firstly, neither the original nor the revised
scales have been published in their entirety, making them less accessible for researchers to use.
Secondly, each scale contains a large number of items (40 or more). While this provides a rich
dataset, it can become cumbersome for participants and lead to fatigue as well as inaccurate or
missing responses. Lastly, some of the items, such as “The sound of organ music has often
thrilled me” and “Poets always exaggerate the beauty and joys of nature” may be culturally

biased and be less representative of experiences that most people would find enjoyable.

1.2.2.2 Fawcett-Clark Pleasure Scale
The Fawcett-Clark Pleasure Scale (FCPS; Fawcett et al., 1983) is a 36-item questionnaire
that asks respondents to imagine to what extent they would experience pleasure from various

stimuli and events on a five-point scale ranging from ‘no pleasure at all’ to ‘extreme and lasting



pleasure’. FCPS is somewhat shorter than the Chapman scales and therefore quicker for
respondents to complete. Like the Chapman scales, the FCPS has not been published in its
entirety, and it has also been criticized for being culturally biased (Snaith et al., 1995) with items
so specific they are not readily available to most people (e.g. “While fishing you feel a tug on
your line and watch a six-pound fish jump out of the water with your bait in its mouth” and “You

are skiing down a mountain very fast while still in good control of yourself™).

1.2.2.3 Temporal Experience of Pleasure Scale

The Temporal Experience of Pleasure Scale (TEPS; Gard et al., 2006) consists of a
consummatory pleasure scale (TEPS-CON) with 8 statements about the respondents’ enjoyment
of various stimuli, and an anticipatory subscale (TEPS-ANT) with 10 statements about the
respondents’ behavior and feelings in the time preceding pleasurable events. Both subscales ask
respondents to indicate how true statements about pleasurable experiences are for them on a six-
point scale ranging from ‘very false for me’ to ‘very true for me’. The shortness, availability, and
the focus on both consummatory and anticipatory pleasure are strengths that make the TEPS
attractive to researchers. However, this scale has some important limitations. As with the
Chapman and FCPS scales, some of the items are very specific and may not be representative of
experiences that most people have access to (e.g. “When I’'m on my way to an amusement park, I
can hardly wait to ride the roller coasters”). Other items may be culturally biased (e.g. “I love it
when people play with my hair”). Furthermore, unlike the other anhedonia-specific scales, the

TEPS focuses mostly on physical pleasure and does not tap directly into social pleasures.

1.2.2.4 The Snaith-Hamilton Pleasure Scale

The Snaith-Hamilton Pleasure Scale (SHAPS; Snaith et al., 1995) is another popular tool
for assessing anhedonia or hedonic capacity. It consists of 14 statements about a variety of
pleasurable experiences, and the respondents are asked to indicate whether they 1)
definitely/strongly agree; 2) agree, 3) disagree or 4) strongly disagree with each statement based
on their memory of the last few days.

The SHAPS has several advantages over other questionnaires designed to measure
anhedonia. It is quick to complete, all 14 items are available in the appendix of the original

paper, and the items were generated by asking people from the general population to provide



examples of events they experience as pleasurable. Thus, the SHAPS items may better represent
enjoyable situations that most people encounter in their daily lives compared to the items of the
Chapman scales, FCPS and TEPS. Accessibility to certain pleasurable events may also have less
impact on the SHAPS than the TEPS because 1) the events described in the SHAPS are framed in
terms of whether the respondents would enjoy such events if they were accessible, and ii) many
items are unspecific or broad (e.g. “I would enjoy my favourite meal” or “I would find pleasure
in the scent of flowers or the smell of a fresh sea breeze or freshly baked bread”). Finally, in
contrast to the TEPS, the SHAPS covers a broad range of pleasures. These include
interest/pastimes (e.g. “I would find pleasure in my hobbies and pastimes™), social interaction
(e.g. “I would enjoy being with my family or close friends”), sensory experience (e.g. “I would
find pleasure in the scent of flowers or the smell of a fresh sea breeze or freshly baked bread”)
and food/drink (e.g. “I would enjoy a cup of tea or coffee or my favourite drink™). The SHAPS
has high internal consistency (Franken, Rassin, & Muris, 2007; Snaith et al., 1995), suggesting
that it measures a single underlying construct despite covering such a wide variety of pleasures.
The framing of the scale items (i.e. “I would...”) implies that SHAPS scores likely reflect a
participant’s hypothesized consummatory pleasure experience. The responses are as such not a
direct measure of either the consummatory pleasure experience or motivation, but likely related
to both the anticipated pleasure and the current motivation for said pleasure. Limitations of the
SHAPS questionnaire will be discussed in more detail in the discussion.

Since its publication in 1995, the SHAPS has been cited over 700 times and translated
into many languages, including Dutch (Franken et al., 2007), German (Franz et al., 1998),
French (Loas et al., 1997), Spanish (Fresan & Berlanga, 2013), Italian (Santangelo, Morgante, et
al., 2009), Turkish (Kesebir, Yildiz, G6¢men, & Tezcan, 2015), Arabic (Thomas, Al Ali, Al
Hashmi, & Rodriguez, 2012), Chinese (Liu, Wang, Zhu, Li, & Chan, 2012), Japanese
(Nagayama et al., 2012) and Malay (Ng et al., 2014).

Although each item of the SHAPS has four response options, Snaith et al. (1995)
originally used a two-point scoring method by assigning 0 to the “definitely/strongly agree” and
“agree” responses, and 1 to the “disagree” and “strongly disagree” responses. SHAPS total
scores would therefore range from 0 to 14, with higher scores indicating greater levels of
anhedonia or reduced hedonic capacity. Disagreeing or strongly disagreeing with three or more

reward statements (A SHAPS score >2) was deemed clinically significant based on the scores of



a general population sample and a sample of mainly depressed patients. Other researchers have
later opted for four-point scoring of the SHAPS items, often to be able to measure individual
differences in hedonic capacity within non-patient samples (Franken et al., 2007).

Snaith et al.’s (1995) original scoring scheme facilitated discrimination between normal
levels of hedonic capacity and clinically significant anhedonia. However, the established cut-off
value provides no information about the severity of anhedonia (or variation in hedonic capacity).
Currently, there are no available reference values for anhedonia scores across healthy and
clinical populations for the available anhedonia questionnaires. Accordingly, it is currently
unclear whether the level of anhedonia reported in e.g. major depression differs from anhedonia
symptoms reported in schizophrenia or other groups associated with reward processing
impairments. To provide a road-map of current knowledge of hedonic capacity across healthy
and clinical populations, we conducted a set of meta-analyses of the available literature
measuring anhedonia symptoms with the SHAPS. Our meta-analysis is untraditional in the sense
that it does not estimate effects found in randomized controlled trials (RCT). Rather, it
aggregates baseline SHAPS scores to generate reference values for this commonly used

questionnaire.

1.3 Objectives

The primary objective of this meta-analysis was to assess the severity of anhedonia as
measured by the same anhedonia instrument across various clinical and non-clinical populations.
We aimed to produce reference values for the typical level of — and variation in — SHAPS scores
that can guide interpretation of anhedonia symptoms in both clinical settings and future research.

By using a meta-analytic approach, we benefit from a large literature reporting SHAPS
scores across populations to generate summary estimates of SHAPS scores (i.e. meta-analytic
mean and corresponding 95% confidence interval) for healthy participants and clinical
populations associated with anhedonia, such as major depressive disorder, schizophrenia and

substance use disorder.

1.3.1 Hypotheses
We hypothesized that
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1) SHAPS scores from healthy participant samples would fall in the lower range of the
anhedonia spectrum, significantly lower than clinical groups previously associated
with anhedonia.

Due to anhedonia being considered a core symptom of major depression, we hypothesized that

2) Patients with MDD would score significantly higher on the SHAPS than other clinical
groups, forming the upper range of the anhedonia spectrum.

Furthermore, we expected anhedonia in BD and SUD to be state-dependent. Specifically, based
on theoretical accounts of altered reward processing in bipolar disorders, we expected that

3) Patients with BD in a (hypo)manic or euthymic state would have SHAPS scores
comparable to healthy samples, while patients in a depressive state would have scores
comparable to patients with MDD.

Based on reviews of anhedonia in substance use disorders, we hypothesized that

4) Patients with SUD actively using (or very recently abstaining from) addictive
substances would display more anhedonia symptoms (higher SHAPS scores) than
healthy participants, while patients with SUD characterized by successful prolonged
abstinence would show SHAPS scores comparable to the healthy samples.

2 Methods
2.1 Protocol and registration
A preregistration of the project is available in the PROSPERO register at
https://www.crd.york.ac.uk/prospero/ with the identifier CRD42018109910 (Trgstheim, Eikemo,
Hansen, Alnes, & Leknes, 2018) and in the appendix. PROSPERO is an international database of

prospectively registered systematic reviews with health related outcomes. The present meta-
analysis will follow the guidelines for reporting systematic reviews presented in the PRISMA
statement (Moher, Liberati, Tetzlaff, Altman, & and the PRISMA Group, 2009). The PRISMA
statement consists of a detailed checklist of issues that should be addressed in a systematic
review, including the search strategy, study eligibility criteria, data extraction, data synthesis and
risk of bias assessment in individual studies and across studies. Preregistration at PROSPERO
requires the researchers to report these aspects of their methods for the systematic review ahead
of completed data extraction. The report is evaluated by the organizers of PROSPERO before

publication.
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2.2 Data material

2.2.1 Literature search

To locate studies using the SHAPS, we limited the literature search to all articles citing
the original SHAPS report by Snaith et al. (1995). We first located the original SHAPS report
(i.e. Snaith et al., 1995) in the electronic databases Web of Science, Scopus and PubMed and in
the search engine Google Scholar, and then used the built-in function of these services to list all
articles citing this paper. Searches in Web of Science, Scopus and PubMed were conducted on
April 52018 while the search using Google Scholar was performed on April 11 2018.
References for all the search results were downloaded and imported into EndNote either directly
or (for Google Scholar results) using the software Publish or Perish (version 6.28.6197.6663;
Harzing, 2007). We also included Snaith et al.’s (1995) original report in the data material.

2.2.2 Eligibility criteria

Based on a preliminary qualitative evaluation of a randomly selected subsample of papers
using the SHAPS, we chose to include studies that:

1) Included original data (e.g. excluding reviews, book chapters, protocols, editorials)

2) Used the complete questionnaire (i.e. all 14 items)

3) Used four-point or two-point scoring of the SHAPS items

4) Assessed SHAPS at baseline or in no-treatment condition

5) Did not perform selective recruitment of participants based on SHAPS score, and that

6) Reported SHAPS data from analyses performed without adjusting for covariates.

There were no language restrictions.

2.2.2.1 Categorization of samples

For the purpose of this thesis, we refer to a collection of participants as samples while we
reserve the term ‘group’ for a collection of samples. We categorized individual study samples as
healthy if the participants were described by the study authors as having no current or recent
psychiatric and/or medical conditions. Categorization of clinical samples were based on the
diagnostic descriptions of each sample. Clinical samples were included if they had a diagnosis

according to established criteria (e.g. DSM, ICD) and if the diagnosis was verified in the report
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(e.g. by structured clinical interview, medical tests, by qualified professionals, as a requirement
for admission to treatment). Clinical samples were excluded if the verification method was not
specified. Samples of patients with MDD were stratified based on the state of the disorder (i.e.
current or past/remitted major depression). We stratified samples of patients with SUD based on
drug use status (i.e. current use, abstinence, receiving pharmacotherapy). Samples of patients
with BD were grouped based on descriptions of their current phase or condition (i.e. depressed,
euthymic, manic, and psychotic).

Finally, we included samples of unspecified clinical status (e.g. students, controls,
general population). These samples were classified as “general population”. For exploratory

purposes, we also included other well-defined groups (e.g. smokers).

2.2.3 Article selection and data extraction

Two student researchers examined all the references downloaded using EndNote and
removed any duplicates. Following duplicate removal, each full-text articles study was evaluated
for inclusion by two student researchers. Any disagreement at this stage was resolved through
discussion between the two researchers. Following recommendations by Fu et al. (2011), a group
was included in the statistical analyses if a minimum of four separate samples assessed SHAPS
in this group and if these samples were assessed with SHAPS using the same scoring format (e.g.
two-point or four-point scoring). Fu et al. (2011) noted that this cut-off is arbitrary. Alternatively,
we could have followed the recommendation put forth by The Cochrane Collaboration (2011) of
at least ten studies per subgroup. However, this recommendation is also largely arbitrary. Due to
the exploratory nature of this meta-analysis, it was deemed appropriate to use a low cut-off in
order to obtain a broad selection of groups.

The thesis author extracted data from all the included articles (k = 189). The thesis author
also contacted article authors via e-mail to obtain missing data (k = 107 articles). From each
included paper, the following information was extracted:

1) The total number of participants

2) The number of female participants

3) Age (mean and standard deviation)

4) SHAPS information including scoring method, mean, standard deviation, and the

number of anhedonic participants according to the original cut-off.
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5) Further, the mean and standard deviation for several established measures of
depression was extracted as planned in the preregistration. These included the Beck
Depression Inventory (BDI; Beck, Steer, & Brown, 1996; Beck et al., 1961), Center
for Epidemiologic Studies Depression Scale (CES-D; Radloff, 1977), Depression
Anxiety Stress Scales (DASS; Lovibond & Lovibond, 1995), Hamilton Rating Scale
for Depression (HAM-D; Hamilton, 1960), and Montgomery-Asberg Depression
Rating Scale (MADRS; Montgomery & Asberg, 1979).

Depression severity was not covered by the above depression scales for several of the
included samples. To increase the number of data points in some of the exploratory analyses, the
thesis author also extracted the mean and standard deviation of additional depression measures
for all the included samples. These measures were not specified in the preregistration and
included the Mood and Feelings Questionnaire (MFQ; Costello & Angold, 1988), the depression
subscale of the Hospital Anxiety and Depression Scale (HADS; Zigmond & Snaith, 1983), the
Inventory of Depressive Symptomatology (IDS; Rush et al., 1986), the Quick Inventory of
Depressive Symptomatology (QIDS; Rush et al., 2003), the Bech-Rafaelsen Melancholia Scale
(BRMS; Bech & Rafaelsen, 1980), the General Distress: Depressive Symptoms and Anhedonic
Depression subscales of the Mood and Anxiety Symptom Questionnaire (MASQ; Watson et al.,
1995), the Geriatric Depression Scale (GDS; Yesavage et al., 1982), Zung Self-Rating
Depression Scale (SDS; Zung, 1965), Self-Rating Questionnaire for Depression (SRQ-D;
Rockliff, 1969), the depression item on the Short Parkinson’s Evaluation Scale (SPES; Rabey et
al., 1997), and the Calgary Depression Scale (CDS; Addington, Addington, & Maticka-tyndale,
1993). To run additional exploratory analyses, the thesis author also extracted the percentage of
patients being medicated for their condition for all the included clinical samples.

We also extracted some general information about the articles, including publication
year, the article’s written language, whether the article was published in a peer-reviewed journal,
and the sample location (i.e. what country the sample resided in).

For the purpose of quality assessment, we noted whether there were any modifications
made to the SHAPS, whether any missing data had been obtained from article authors, and
whether there was any comorbid major depression, psychotic features or disorders, and substance

dependence/abuse/disorders for the included clinical samples.
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When a study within an article included multiple samples from the same group, we
combined the data using formulae for weighted mean and pooled standard deviation with the
number of participants in each sample as weights.

To evaluate the quality and reliability of the data extraction, a second student researcher
extracted data from a random selection of 25% of the included articles. The average error rate for
extracted variables per article was 1% (SD = 4 %). All detected errors were corrected. Due to the

low error rate, we deemed the 25% quality control sufficient.

2.2.4 Quality assessment

For the assessment of individual study quality, we chose a descriptive approach. The
other available quality assessment methods were either too exhaustive and/or were intended for
evaluation of specific study design (e.g. the Downs and Black Checklist; Downs & Black, 1998;
the Newcastle-Ottawa Scale; Wells et al., 2008) of little relevance to the present meta-analysis.
For this meta-analysis, it was important that the SHAPS data quality was good, that we were able
to include most of the literature, and that groups could be compared.

To summarize the quality of the data material, we calculated 1) the number of samples
assessed with a modified SHAPS, what kind of modifications were made, and how common each
type of modification was; 2) how much data we were able to cover before and after receiving
missing data, and how much data was still missing for each group; and 3) the number of samples
with no (0 participants) or any (> 1 participant) comorbidity with major depression, psychotic

symptoms/disorders, and substance dependence/abuse/disorders.

2.2.4.1 Risk of bias

In traditional meta-analyses of intervention effects, there are well-established guidelines
for risk-of-bias assessment (The Cochrane Collaboration, 2011). These guidelines are optimized
for RCTs and focus on randomization, allocation concealment, and blinding of the participants
and experimenters. Because we were analyzing baseline SHAPS data that had been obtained
before any intervention or experimental manipulation, many of the questions addressed by the
assessment tools for risk-of-bias in RCTs were inappropriate or inapplicable for the included
studies (Bero et al., 2018). Furthermore, risk of other sources of bias would likely be small as the

SHAPS has most commonly been used as a secondary outcome variable and often solely for
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descriptive purposes. We therefore had little reason to believe that scores on the SHAPS would

affect whether results would be published or not.

2.3 Data pre-processing

For individual studies, we calculated the percentage of female participants and depression
severity for each included sample. For all studies that reported the number of participants scoring
above the original SHAPS cut-off (Snaith et al., 1995), we also calculated the percentage of
anhedonic participants.

Different iterations of two-point (e.g. 0-1, 1-0) and four-point (e.g. 1-4, 4-1, 0-3, 3-0)
were reported throughout the SHAPS literature. When necessary, we recalculated SHAPS scores
from individual studies to conform to a 0-1 scoring method (1 representing ‘disagree’/’strongly
disagree) in the case of two-point scoring, and a 1-4 scoring method (4 representing ‘strongly
disagree’) in the case of four-point scoring, such that higher values indicated higher anhedonia
symptoms for both scoring methods. SHAPS total scores could range from 0 to 14 under the
two-point scoring method and from 14 to 56 under the four-point scoring method.

A large variety of measures instruments had been used to measure depression severity in
the included samples. To facilitate exploratory analyses with minimum data reduction and
number of tests, we created a common depression severity variable. For each measure of
depression, we rescaled each sample mean score according to the highest obtainable score on
each particular instrument. The resulting scores expressed depression severity in percentage of
the maximum score and could therefore range from 0-100, with higher scores indicating greater
severity and/or more symptoms of depression (see section 4.2 for discussion of other options for
defining the depression severity variable). For samples with more than one depression measure
reported, we then averaged this percentage score across all available measures of depression.

2.4 Comparisons of group characteristics

We used z-tests to compare differences in age, percentage of female participants and

depression severity between the included groups.
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2.5 Meta-analyses

2.5.1 Random-effects model

Two types of meta-analysis are commonly used: The fixed-effect model and the random-
effects model. Under a fixed-effect model, we assume that any variation in the measured effect
between studies is solely due to sampling error. Under a random-effects model on the other hand,
we assume that the various study effects are sampled from similar populations that many vary in
some respects. Instead of assuming a single common underlying true effect (as in a fixed-effects
model), the random-effects model assumes an underlying distribution of true effects. Variation in
the effect between studies is therefore assumed to stem from variation in the true effects
underlying the different studies (Borenstein, Hedges, Higgins, & Rothstein, 2009). The random-
effects model estimates the mean and variance of this underlying distribution of true effects.
Each study included in the model contributes with information about the underlying distribution
because they sample from different populations. Larger studies with less variance sample from
only some of the many different populations. To avoid bias, these studies are given less relative
weight than under a fixed-effects model, whereas smaller studies that sample from other
populations will have a greater impact on the estimated mean of the underlying distribution of
true effects.

Random effects models were deemed suitable for all analyses as the studies we included
originated from a range of different research groups and samples across the world, and several
translations and other minor modifications of the SHAPS were used. For all meta-analyses, we
used random-effects models implemented in the “metafor” package (Viechtbauer, 2010) in R
statistical software (R Core Team, 2018). We used the DerSimonian-Laird (DL; DerSimonian &
Laird, 1986) method for estimating the between-studies variance component (T2) in all meta-
analyses. This is the most commonly used estimator of the between-studies variance in random-
effects meta-analyses (Veroniki et al., 2016). For continuous outcome data, the DL method
performs similarly to other recommended methods such as the Paule-Mandel (PM) and the
restricted maximum likelihood (REML) methods in terms of bias. These methods show little bias
when the number of studies is high, but are more biased when the number of studies is

particularly small (Novianti, Roes, & van der Tweel, 2014).
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2.5.2 Estimates of heterogeneity

Heterogeneity refers to the variation in the true effects underlying each study in the meta-
analysis (Borenstein et al., 2009). Different heterogeneity estimates are reported with meta-
analyses to give an overview of the spread of the study effects. Cochran’s Q is used to test the
null-hypothesis that all studies share the same underlying effect. A significant Cochran’s Q
suggests that there is variation in the observed study effects that cannot be explained by sampling
error. 12 complements Cochran’s Q by indicating “the percentage of total variation across studies
that is due to heterogeneity rather than chance” (Higgins, Thompson, Deeks, & Altman, 2003, p.
558). Neither Cochran’s O nor 12 allow us to evaluate the spread of the study effects on the same
scale as the outcome measure. For this, we calculated T (i.e. the square root of T?), which
indicates the between-studies standard deviation of the observed study effects (Borenstein et al.,
2009). For moderator analyses, we also calculated R?, which indicates the percentage of the total
heterogeneity that is explained by the moderator(s) (Lopez-Lopez, Marin-Martinez, Sanchez-
Meca, Van den Noortgate, & Viechtbauer, 2014).

2.5.3 Confidence intervals
The critical z-value at o = .05 was used to calculate 95% confidence intervals (CI) of the
summary effect in each random-effects model. These Cls are on the same scale as the summary

effect.

2.5.4 Prediction intervals

Confidence intervals indicate the uncertainty in the summary effect and are useful for
predicting the observed effects in future studies if there is a common true effect for past studies
(as is assumed in a fixed-effect model). In random-effects meta-analyses, the true effect is
assumed to be different for each past study. Because confidence intervals do not take this
heterogeneity into account, they may not be optimal for predicting the observed effects in future
studies Nagashima, Noma, and Furukawa (2018).

To be able to infer which levels of hedonic capacity can be expected for each of the
healthy and clinical groups included here based on the available literature of SHAPS scores, we
also calculated a 95% prediction interval (PI) for each summary effect in the primary meta-

analyses. The prediction interval accounts for heterogeneity and predicts the true effect of a new
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study given past studies. The prediction intervals were estimated using a bootstrapping procedure
introduced by Nagashima et al. (2018) and implemented in the “pimeta” package in R statistical
software. This method for calculating the prediction intervals has good coverage probability even
when the number of studies is small. 100 000 bootstrap samples were used to estimate the 95%

PI for each summary effect. These Pls are on the same scale as the summary effect.

2.5.5 The meta-analyses presented in this thesis

We conducted two types of meta-analyses: 1) A primary set of meta-analyses producing
and comparing point-estimates of the average SHAPS total scores for each included group, and
2) a secondary set of meta-analyses of effect sizes of the difference in SHAPS total scores

between healthy and clinical samples.

2.5.5.1 Point-estimate meta-analyses

All point-estimate meta-analyses used SHAPS total scores of individual samples as input
and were performed separately for studies using four-point and two-point scoring formats for the
SHAPS. The primary outcome of these meta-analyses were meta-analytic estimates of the mean
SHAPS total scores and the respective 95% confidence intervals for the various groups for which
SHAPS have been reported in the literature. Separate random-effects models were computed for
each of the included groups. We used meta-regression to compare groups. For each of these
meta-regressions, we first selected pairs of groups to be compared, then dummy-coded the
samples according to group type, and then entered the dummy variable as a predictor of SHAPS

total score.

2.5.5.2 Effect size meta-analyses

Effect sizes were calculated as Hedges’ g (Hedges, 1981). For small samples, Hedges’ g
is less positively biased than Cohen’s d, which is another popular alternative for calculating
effect sizes for differences in means (Borenstein et al., 2009). The primary outcome of these
analyses were meta-analytic estimates of the mean Hedges’ g and respective 95% Cls. A benefit
of conducting meta-analysis of effect sizes was the ability to include studies using both the four-
point and two-point scoring methods. All effect sizes were from studies contrasting SHAPS

scores in healthy participants and patients. We used meta-regression to address whether the
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effect sizes from studies contrasting SHAPS scores in healthy participants and patients with
current major depressive disorder were different from effect sizes from studies contrasting

SHAPS scores in healthy participants and each of the other clinical groups.

2.5.6 Sensitivity analyses

To test whether the results from our meta-analyses was dependent on the choice of
methods for estimating the between-studies variance, we repeated the above analyses using other
recommended tau? estimators for continuous outcomes including the Paule-Mandel (PM) and the
restricted maximum likelihood (REML) methods (Veroniki et al., 2016).

In addition, because data for some of the samples were from the same articles, we tested
the potential clustering effects by repeating analyses with an added random effect at the article-
level (Konstantopoulos, 2011).

2.5.7 Additional analyses

For exploratory purposes, we performed additional meta-regression to identify variables
that might moderate SHAPS scores between and within groups.

Elevated depression and depressive disorders are common in schizophrenia, substance
use disorders and Parkinson’s disease (Buckley, Miller, Lehrer, & Castle, 2008; Davis, Uezato,
Newell, & Frazier, 2008; Reijnders et al., 2008). To assess whether any differences in SHAPS
scores between healthy and clinical groups could be explained by differences in general
depression severity between these groups, we conducted a series of meta-regressions moderators.
For these analyses, we first reduced the dataset to only include studies with available depression
data. To provide a basis for the comparison with model results including depression scores, we
first ran meta-regressions across groups without adding depression severity as a predictor. For
the point-estimate meta-regressions, this meant only including the dummy-coded group variable
as a predictor of SHAPS scores. For the effect size meta-regressions, this meant simply
estimating the summary effect (i.e. intercept). Finally, we added depression severity to the
models. In the point-estimate meta-regressions, we added the depression severity variable score
per sample. For the effect size meta-regressions, we first computed Hedge’s g for the difference
in depression severity between the healthy sample and the clinical sample within each study

before adding this effect size variable to the models.
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Due to differences in age and the percentage of female participants between the healthy
group and the SCZ, SUD and PD groups (see section 3.1.5), we performed additional meta-
regressions controlling for these variables. These analyses were similar to the analyses
controlling for depression severity, with the exception that they included either age or the
percentage of female participants as a predictor instead of depression severity.

We also performed meta-regressions to address whether the number of medicated
patients in the current MDD, SCZ and PD samples predicted SHAPS scores. These meta-
regressions were conducted separately for each group.

2.5.8 Notes on multiple testing

It is common to perform multiple tests in meta-analyses, but not (yet) common to address
issues of multiple testing (Imberger, Vejlby, Hansen, Maller, & Wetterslev, 2011; Polanin &
Pigott, 2015). Currently, there is no consensus on how to account for multiple testing in meta-
analyses (Bender et al., 2008; The Cochrane Collaboration, 2011). Due to the exploratory nature
of our meta-analysis, results are reported here without adjustments for multiple testing.

3 Results

3.1 Data material

3.1.1 Article selection

The article selection process is visualized in figure 1. The initial literature search returned
1531 results in total, 961 of which were duplicates. Overall, our searches yielded 570 unique
results. The final dataset consisted of 189 published and unpublished articles reporting 195
studies assessing SHAPS in 269 samples meeting the predefined inclusion criteria. These
samples had been categorized into nine different groups: Healthy, current major depressive
disorder, past major depressive disorder, bipolar disorders schizophrenia/schizoaffective
disorder, substance use disorders, Parkinson’s disease, smokers, and “general population”.

Of the 189 included articles, 58 were eligible for inclusion in the effect size meta-

analysis.
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E PRISMA 2009 Flow Diagram

Additional records identified Records identified through database searching:
through other sources e Web of Science (k = 377)
Total (k=1) e Scopus (k = 397)
S ] e PubMed (k = 171)
3 e Google Scholar (k = 585)
= Total (k = 1530)
E
3 Records after duplicates Full-text articles excluded, with reasons:
removed: e Unable to access (k = 10)
Total (k = 570) e Not original study (k = 93)
e Study protocol (k =11)
— e Casestudy (k=1)
e Published or reported elsewhere (k = 40)
() e Did not use the SHAPS (k = 66)
% Full-text articles assessed for e Did not use the 14-item version of the
= eligibility: | SHAPS(k=10) o
w Total (k = 570) J El)<ld Tit) use 4-point or 2-point scoring method
> e Selective recruitment based on SHAPS score
. v e Did not administer SHAPS at baseline (k = 7)
= Articles included in e Diagnostic criteria not specified (k = 5)
S quantitative synthesis (meta- . Dle_lgnosw_ not vgrlfled in Fh_e re_port (k=22)
E analysis): e Neither diagnosis nor verification method
Total (k = 189) specified in the report (k = 2)
— e Unable to obtain necessary data for analysis
. (k=76)

e Less than four samples within a group (k =
18)
Total (k =381)

Figure 1. PRISMA flow diagram of the article selection process.
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3.1.2 Article and sample characteristics

Article characteristics are presented in table 1. General sample characteristics are

available in table 2.

Table 1
Article characteristics (k = 189)

Table 2

Sample characteristics (k = 269)

k articles (%) Range

Publication year Mean age 13.04-72.01

1995-2008 28 (15%) Percent female participants 0-100%

2009-2018 161 (85%) Sample location k samples (%)
Article languages us 85 (32%)

English 183 (97%) UK 48 (18%)

Non-English 6 (3%) Italy 25 (9%)
Peer-reviewed journal 164 (87%) Germany 24 (9%)
SHAPS scoring format Canada 19 (7%)

Four-point only 97 (51%) China 11 (4%)

Two-point only 89 (47%) The Netherlands 11 (4%)

Both 3 (2%) Other* 48 (17%)
SHAPS scoring method? Note. *Japan, Belgium, France, Australia, South

0-1 89 (47%) Korea, Switzerland, United Arab Emirates,

1-0 3 (2%) Uruguay, Austria, Malaysia, Norway, Poland and

0-3 9 (5%) Sweden.

3-0 5 (3%)

1-4 63 (33%)

4-1 23 (12%)
Received missing data®

Necessary data 97 (51%)

Moderator data 41 (22%)
Groups covered®

Healthy 98 (52%)

MDD (current and 54 (29%)

past/remitted)

BD 3 (2%)

SCz 16 (8%)

SuUD 11 (6%)

PD 22 (12%)

Smokers 9 (5%)

“General population” 47 (25%)

Note. #Strongly agree’-‘strongly disagree’.

®Necessary data included the number of participants,

SHAPS mean and standard deviation, and SHAPS

scoring method. °Groups with at least four samples.
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3.1.2.1 Healthy samples

The majority of the included healthy samples (81%, k = 79) were described as having no
psychiatric conditions at the time of the study. Four percent (k = 4) were described as having no
medical conditions, and 15% (k = 15) had neither any psychiatric conditions nor any medical
conditions. Assessment of health status in healthy samples was usually done with structured
clinical interviews (50%, k = 49), followed by clinical interviews with no specification of
interview format (8%, k = 8) and self-report (6%, k = 6). For 36% (k = 35) of the healthy

samples, verification method was not specified.

3.1.2.2 Psychiatric samples

All psychiatric samples (i.e. MDD, BD, SCZ and SUD; k = 88) had diagnoses according
to DSM-1V, DSM-V or ICD-10 (inclusion criteria). Diagnoses were verified through structural
clinical interviews in 85% (k = 75) of the psychiatric samples. Other verification methods
included clinical interviews with no specification of interview format (12%, k = 11), medical
records (1%, k = 1), and specification that diagnosis was required for admission to treatment

program (1%, k = 1).

3.1.2.3 Parkinson’s disease samples

Eighty-six percent (k = 19) of the included Parkinson’s disease samples had a diagnosis
according to the UK Brain Bank criteria (Hughes, Daniel, Kilford, & Lees, 1992), while the
diagnosis in 14% (k = 3) of the samples was in accordance with the criteria specified by Gelb,
Oliver, and Gilman (1999). Both set of criteria highlight bradykinesia, rigidity and tremor as

central behavioral features of Parkinson’s disease.

3.1.3 Quality of data material

3.1.3.1 SHAPS modifications

Authors reported using modified versions of the SHAPS in 26% (k = 50) of the included
articles. Twenty-five percent (k = 47) of the included articles reported use of translated version of
the SHAPS. These non-English languages included Arabic, Chinese, Dutch, French, German,
Italian, Japanese, Korean, Malay, Polish, Spanish and Swedish. Other SHAPS modifications
included changes in the wordings or content of the items, and the use of the SHAPS-C which
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was designed to be administered by clinicians (Ameli et al., 2014). These types of modifications
were reported in only 2% (k = 4) of the included articles. Overall, at least 27% (k = 73) of the
included samples were assessed with a modified version of the SHAPS. In many articles,
descriptions of the SHAPS was brief, and it is possible that more samples were assessed with
modified versions of the SHAPS.

3.1.3.2 Completeness of data

Before contacting authors, necessary data (i.e. correct N, SHAPS scoring method,
SHAPS mean or SHAPS standard deviation) to run the primary analyses was available for 126
out of 353 samples from the included groups. Insufficient scoring information, sometimes in
combination with missing SHAPS data, was often what initially prevented us from including
samples in the analyses. After contacting authors to obtain missing data, we were able to include
an additional 143 samples (see table 3 for the current completeness of the data for each included
group). We also received missing moderator data (e.g. N female, mean and SD for age and

depression measures) for 54 articles.

Table 3
Completeness of necessary data for each included group.
Healthy MDD BD SCz SuUbD PD Gen Smokers
Current Past
Total 128 62 7 5 19 18 28 71 17
Included 98 49 6 4 16 13 22 51 10
(77%)  (79%) (86%)  (80%)  (84%) (72%) (79%)  (72%) (59%)
Auvailable data 43 21 1 2 3 10 17 25 4
(34%)  (34%) (14%) (40%)  (16%)  (56%)  (61%)  (35%) (24%)
Received data 55 28 5 2 13 3 5 26 6
(43%)  (45%) (71%)  (40%)  (68%)  (17%) (18%)  (37%) (35%)
Still missing data 30 13 1 1 3 5 6 20 7

(23%)  (21%)  (14%) (20%)  (16%)  (28%) (21%)  (28%)  (41%)

Note. Necessary data included the number of participants, SHAPS mean and standard deviation, and SHAPS scoring
method. All numbers indicate k samples and percentage of total samples. ‘Included’ indicates the number of samples
included for each group. ‘Available data’ indicates the amount of samples for which necessary data was available in
the article. ‘Received data’ indicates the amount of samples for which we received necessary data. “Still missing
data’ indicates samples for which necessary data is still missing despite repeated emails to study authors.
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3.1.3.3 Diagnostic comorbidity

There was generally little diagnostic overlap between the MDD, SCZ and SUD groups
(see table 4). This suggested that it was indeed appropriate to generate separate meta-analytic
estimates of SHAPS scores for each group and to compare these estimates against each other.

Information about co-occurring psychiatric disorders was often not reported for the PD
samples, and when it was, the samples usually consisted of at least some patients with major

depression (see table 4).

Table 4
Reporting of comorbidity for clinical samples
MDD BD SCZ SUD PD
Current Past
Total samples 49 (100%) 6 (100%) 4 (100%) 16 (100%) 13 (100%) 22 (100%)
Samples reporting comorbidity data
Major depression
No comorbidity 2 (50%) 6 (38%) 9 (69%) 6 (27%)
At least some comorbidity 2 (50%) 0 (0%) 3 (23%) 5 (23%)
Not reported 0 (0%) 10 (63%) 1 (8%) 11 (50%)
Psychotic symptoms/disorders
No comorbidity 39 (80%)  4(67%) 4 (100%) 11 (85%) 13 (59%)
At least some comorbidity 0 (0%) 1 (17%) 0 (0%) 0 (0%) 0 (0%)
Not reported 10 (20%) 1 (17%) 0 (0%) 2 (15%) 9 (41%)
Substance dependence/abuse/disorders
No comorbidity 36 (73%) 4 (67%) 4(100%) 13 (81%) 8 (36%)
At least some comorbidity 1 (2%) 1 (17%) 0 (0%) 0 (0%) 0 (0%)
Not reported 12 (24%) 1(17%) 0 (0%) 3 (19%) 14 (64%)

Note. All numbers indicate k samples and percentage of total samples. ‘No comorbidity’ was defined as 0 participants
with comorbid symptoms/disorders. ‘At least some comorbidity” was defined as > 1 participant(s) with comorbid
symptoms/disorders.

3.1.1 Group characteristics

Group characteristics (e.g. total number of samples and participants, proportion of female
participants, age, and depression severity) for the included groups are available in figure 2-7 in
the main text and in figure A1-A9 in appendix A.

Compared to the healthy group, the current MDD group was slightly older and contained
a greater proportion of female participants (all but one p <.001). The SCZ, SUD and PD groups
were on average older and contained a larger proportion of male participants compared to both

the healthy and current MDD groups (all but one p < .05). Depression was more severe in the
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SCZ, SUD and PD groups than in the healthy group, but less severe than in the current MDD
group (all ps <.001).

3.1.1.1 Prevalence of clinically significant anhedonia

Some of the included articles reported the number of participants who scored above the
original SHAPS cut-off for clinical anhedonia. The reported prevalence of clinical anhedonia in
healthy samples ranged from 5-15% (M = 15%). These estimates were higher in current major
depressive disorder (range 35-87%, M = 62%, z = 12.21, p < .001), substance use disorders
(range 19-55%, M = 32%, z = 7.93, p <.001) and Parkinson’s disease (range 5-46%, M = 26%, z
=7.95, p <.001), but not in schizophrenia (M = 23%, z = 1.63, p = .10). Please note that these

prevalence estimates are based on very few samples.

3.2 Meta-analyses

3.2.1 Meta-analyses of SHAPS scores under 1-4 scoring

Forest plots displaying SHAPS scores for individual healthy, MDD, BD, SCZ, SUD and
PD samples under four-point scoring are shown in figure 2-7 (see figure A1 and A2 in appendix
A for forest plots for the “general population” and smokers groups, respectively). Separate
random-effects models for each included group are presented collectively in figure 8. Cochran’s
Q indicated that within most of the groups, the samples did not share a common effect, and 12
suggested that the most of the variation between samples was due to heterogeneity rather than

chance. Formal statistical comparisons between groups are presented in the following section.
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Study N Female Age Depression Anhedonic SHAPS [95% CI] Forest plot of individual study effects (healthy)
Ricciardi et al. (2016) 20 60% 56.5 (10.8) 12.4 (15.0) - 15.4[14.1,16.7] |——

Barch et al. (2014)" 39 51% 37.4(9.2) 4.6 (7.1) 17.2[16.3, 18.1] i O Definitely below cut-off
Mann et al. (2013) 39 51% 36.5(9.1) 17.2 [16.2, 18.2] [ O Either below or above cut-off
Chung & Barch (2015) 27 44% 35.6(8.6) 34 (5.6) 17.3[16.1, 18.5] —— O Definitely above cut-off
Eisenstein et al. (2017)* 59 56% 326(9.2) 17.4[16.4, 18.4] |—o—i

Gulbreth, Gold et al. (2016)* 36 47% 36.6(9.2) 4.8(7.6) 17.6 [16.6, 18.6] —e—i

Tudge etal. (2015)* 20 50% 254 (4.5) 22(3.6) 17.8[15.7, 19.9] [

Vrieze, Ceccarini et al. (2013)* 10 100% 33.3(8.2) 27(25) 179161, 19.7] ——

Steele et al. (2007) 14 50% 43.0(13.3) 1.7 (3.0) — 18.1[15.7, 20.5] ——

Gradin et al. (2015)* 25 68% 254 (5.0) 06(12) 18.1[16 8, 19.5] —e—i

Young et al. (2013) 32 69% 34.4(10.5) 07(24) 182 [16.0, 20 5] —

Kumar et al. (2008)* 18 61% 420(128) 48(44) 18.3 [16.3, 20.3] —
Sprengelmeyer et al. (2011) 21 57% 42.0(129) 49 (486) - 18.3[16.5, 201 ———

Misaki et al. (2016) 45 27% 32.0(9.3) 4.7 (4.6) - 18.3[17.0,19.6 ——

Godlewska et al. (2018)* 50 56% 31.3(9.9) 1.2 (1.8) - 18.4[17.2,19.6 —e—i

Fervaha et al. (2013)" 16 44% 27.5(4.5) 1.1(3.0) - 18.5[16.5, 20.5 ———

Nugent et al. (2018)" 26 62% 33.9 (10.4) 2.0(2.1) - 18.5[16.8, 20.2 —e—r|

Pechtel & Pizzagalli (2013)* 16 100% 30.4 (10.8) 2.7(2.8) 18.6 [16.3, 20.8] ——

Kumar et al. (2018)* 25 76% 26.1(8.1) 0.7 (1.5) — 18.6 [16.8, 20.4] [

Lansdall et al. (2017) 50 54% 70.6 (6.5) 6.7 (6.3) 18.6 [174, 19.8] i

Gadeikis et al. (2017)* 99 60% 34.0(13.8) 8.0(7.3) 19.0[17.9, 20.0] e

Chase et al. (2017)* 52 56% 21.3(1.8) 17.0 (6.5) - 19.0[17.6, 204 i

Young, Bellgowan et al. (2014)* 16 62% 27.3(8.0) 09(20) — 19.1[15.8, 224 e

Culbreth, Westbrook et al. (2016)* 30 53% 359(8.2) - - 193[17.2,214 ——

Horndasch et al. (2016)* 36 100% 239(83) 72(6.7) - 193[17.9,208 ——

Szczepanik et al. (2017) 23 43% 318(8.0) 27(44) - 196[17.6,2186 —

Stevens et al. (2007) 26 0% 28.6 (6.5) 7.6(2.4) 19.8[18.0, 216 —
Scheidegger et al. (2012)* 19 53% 405 (7.5) - - 200[[18.1,219 e

Auerbach et al. (2017) 50 100% 13.0 (0.8) 10.4 (11.9) - 20.0[18.7,21.3 —er—i

Walsh et al. (2018)* 42 69% 30.2(8.1) 12.2(7.1) - 20.0M18.7,214 —a—

Garfield et al. (2017) 33 24% 36.0 (8.9) 15.3 (15.5) — 20.4[18.7, 221 ——

Renfroe et al. (2016)* 15 40% 70.0 (6.9) 4.1(3.9) — 20.5[18.3, 226 [ —
Greenberg et al. (2015)* 31 61% 384 (15.7) 27 (5.0 20.5[18.6, 22.4] e

Dean et al. (2016)* 17 53% 24.0(4.3) 2.7 (5.0) 20.6 [18.0, 23.3] RN —

Ubl et al. (2015)* 28 54% 44.0(12.8) 27(3.9) —_ 20.7[19.1,22.3 —r—

Admon & Pizzagalli (2015)* 30 73% 30.2 (11.1) 1.8(3.3) — 20.8[18.7, 229 e

Liu, Wang, Zhae et al. (2012) 81 49% 26.1(5.7) 4.3(36) - 208[19.5,222 e
Kirkpatrick et al. (2016)* 97 70% 233 (4.1) 7.5(10.0) - 21.0[20.2,21.8 e

Dillon et al. (2015)* 37 62% 36.2 (14.3) 5.4 (4.8) — 21.1[18.3, 228 ———

Pechtel et al. (2013)* 36 64% 31.8(12.5) 2.1(2.8) - 21.1[19.5,22.7 ———

Huneke et al. (2017)* 60 50% 234(4.3) 14.0 (6.5) - 21.2[20.0,225 H——

Ang et al. (2017) 479 529, 297 (10.7) 17.8 (16.2) 21.3[20.8, 21.8 [

Liu, Wang, Zhu et al. (2012) 72 60% 30.9(10.4) 4.6 (4.6) -— 215[20.3,22.7 e

Lempert & Pizzagalli (2010) 36 56% 26.3(7.5) 76(8.1) - 21.6[20.2, 229 —s—1

Osuch et al. (2016)* 40 50% 20.1(1.3) 75(8.7) - 21.8[20.2,23.3 ——

Yang et al. (2017) 28 46% 28.6(6.9) 12.6 (8.7) — 21.8[19.5, 24.0 I —
Lawson et al. (2017)* 25 44% 27.4(8.8) 46 (4.8) — 21.8[19.3,24.3 [ E—
McCabe et al. (2012)* 25 64% 18.6 (1.8) 5.7(5.4) — 21.8[20.2, 23.4] f——
Drijgers et al. (2012)* 23 9% 65.4(9.2) 4.0 (3.6) 22.0[20.3, 23.7] S
Adrmon et al. (2017)* 43 7% 25.9 (6.3) 11.1 (6.6) 220[201, 239 [IE—

Liu et al. (2014) 27 56% 34.1(10.2) 5.4 (10.0) 224[19.3,256 JE
Al Ain et al. (2013) 107 59% 239 (3.4) 62 (4.7) 226[21.8, 234 [

Han (2017)* 18 72% 30.1(9.9) 86 (7.0) 226[18.9,26.3 E S —
Liu etal. (2011) 87 52% 26.2 (6.5) 17.0(6.4) - 226[21.5,238 ——

Liu et al. (2016) 107 56% 32.5(9.3) 8.3 (4.8) 22.8[21.8, 23.8 —e—

Ng et al. (2014) 82 43% 37.0(12.6) - - 229[214,243 ——
Chuang et al. (2014)" 20 20% 34.3 (10.4) 1.3(2.0) 23.3[21.7,249 —
Yoshida et al (2017) 65 43% 348 (13.0) 11.0(9.4) 23.3[21.8, 24.8] ——
Arrondo et al. (2015)~ 21 19% 34.3(10.1) 8 (7.8 - 23.4[21.8,24.9] ——
Norbury, et al (2015)" 45 82% 24.3(3.5) 24.3[22.8, 25.8] ——
Rzepa & McCabe (2016)* 35 71% 16.5 (1.4) 24.9 (14.8) 25.3[23.0, 27.6] ————i
Ryu (2013)* 24 54% 31.9(6.7) - — 27.4[24.1, 30.7] P
Summary 55% 31.2(9.2) 9.3(9.4) 20.3[19.7, 20.8] —_—

2835
k = 62; Q (df) = 550.5 (61), p < .0001; T*=4.0; T = 2.0; I* = 89%

I I
28 42

SHAPS total score (1-4 scoring)

Figure 2. Forest plot of SHAPS scores under 1-4 scoring for healthy samples. See p. 31 for complete figure information.
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Study N Female Age Medicated Depression Anhedonic SHAPS [95% CI] Forest plot of individual study effects (major depressive disorder)

Current i ] .
Liu, Wang, Zhu et al. (2012) 141 55% 30.8 (10.4) 32,6 (20.3) 28.1[26.9, 29.4] 1 —— ; O Definitely below cut-off
Liu et al. (2017)* 21 57% 30.7 (8.9) 0% 487 (10.0) 28.5[26.4, 30.6] ! — : O Either below or above cut-off
Liu, Wang, Zhae et al. (2012) 71 48% 27.3(89) 442 (12.1) 28.8[27.2,304] | — i O Definitely above cut-off
Misaki et al. (2016) 44 27% 353 (11.1) 0% 36.5 (11.3) 28.9[27.1, 30.7] | — i
Young et al. (2013)" 16 69% 38.1(104) 0% 37.2 (12.0) 29.3[27.2,314] ! _— !
Pecifia et al. (2017)" 26 38% 37.0(13.8) 0% 53.2 (14.4) 29.4[25.7, 33.1] 3 _—
Young, Bellgowan et al. (2014)* 16 62% 34.2(9.1) 0% 41.5(15.2) - 29.9[26.7, 33.1] ! —_—
Young, Zotev et al. (2014)* 21 86% 37.3(9.7) 0% 45.0 (10.8) — 30.3[27.7, 33.0] ! p——
Osuch et al. (2016)" 34 59% 19.7 (2.0) 44% 416 (18.4) 30.6 [28.5, 32.6] i —
Young et al. (2017)* 36 72% 31.5(10.7) 0% 40.2 (15.4) 31.8[30.0, 33.5] | e
Admon et al_ (2017)* 46 80% 27.0 (6.9) 0% 57.6 (14.0) 32.9[31.3, 34.4] i ——
Lawson et al. (2017)" 25 40% 27.8 (9.0) 0% 39.2 (10.8) -— 33.0[30.2, 35.7] 0 e —
Kumar et al. (2018)* 22 73% 250 (55) 0% 383(112) 33.3[3186,350] i —t—
Arrondo et al. (2015)* 24 29% 33.1(9.2) 54% 51.8(11.2) 33.4 [30.7, 36.1] N D—
Greenberg et al. (2015)* 148 66% 37.1(12.9) 0% 38.8 (8.9) - 33.5[32.6,34.3] H—
Dillen et al. (2015)* 92 66% 39.2 (13.0) 0% 68.4 (10.6) - 33.8[32.6,35.1] b——
Walsh et al. (2018)* 46 72% 295 (9.0) 52 4 (12.0) 34.1[32.6, 356] [
Gradin et al. (2015)* 25 68% 255 (5.5) 0% 35.1(11.5) 34.1[32.3,35.9] [ S —
Richards et al. (2017) 429 -— -— 35.0[34.8,35.2] (]
Kumar et al. (2008)* 15 60% 45.3 (12.3) 100% 414 (11.8) 35.0 [31.6, 38.4] —_—
Sprengelmeyer et al. (2011) 17 53% 456 (12.3) 100% 414 (10.8) 35.0[31.8,38.2] —_
Lally et al. (2015) 52 37% 48.3 (12.8) 0% 552 (80) 87% 377[359,395] I —
Szczepanik et al. (2017) 21 38% 35.5(7.5) 0% 51.9 (15.1) -— 37.8[354, 40.2] E P
Yoshida et al. (2017) 58 57% 42.8 (11.9) 49.0 (14.3) 37.8[36.4,39.2] d ——
Nugent et al. (2018)" 35 60% 35.5(9.6) 0% 48.3 (9.5) 39.5[38.2, 40.8] : [—
Summary 1481 58% 34.2 (10.7) 8% 45.3 (13.4) 87% 32.9[31.8,34.1] ==
k=25;Q(df) =412.8 (24), p<.0001; T2=74; T=27,12=94% i
Past/remitted i
Han (2017)" 16 81% 31.8 (11.6) 0% 109 (6.2) 20.4[18.6,22.3] R - !
Pechtel & Pizzagalli (2013)" 31 100% 28.1(8.1) 0% 84(80) 20.7[18.9,22.9] b ;
Pechtel et al. (2013)* 47 83% 27.9(9.9) 0% 638 (61) 207195, 22.0] —— :
Admon & Pizzagalli (2015)* 30 73% 31.2(12.5) 0% 35(4.0) 21.1[19.3,22.9] —— H
Young, Bellgowan et al. (2014)* 16 62% 31.6(12.3) 0% 66(87) 21.5[19.0, 24.0] — i
Taubitz (2015) 47 21% 22.1(4.8) 28% 320 (15.7) 22.9[21.3, 24 5] —— H
Summary 187 67% 27.6 (9.5) 7% 13.2(9.7) 21.2[20.5, 22.0] —— ]
k=6, Q(df)=57(5),p=.34,T2=01,T=03, P=12% ! i
T T
14 28 42

SHAPS total score (1-4 scoring)

Figure 3. Forest plot of SHAPS scores under 1-4 scoring for samples of patients with current and past/remitted major depressive
disorder. See p. 31 for complete figure information.
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Study N Female Age Medicated Depression  Anhedonic SHAPS [95% CI] Forest plot of individual study effects (bipolar disorders)
Depressed 1
Ballard et al. (2018) 41 56% 46.4 (10.7) 0% 49.0 (9.7) 36.9 [34.5, 39.3] i — O Definitely below cut-off
Lally et al. (2014) 36 58% 46.7 (11.1) 100% 56.5(8.3) 86% 37.2[34.8, 39.6] i — O Either below or above cut-off
Euthymic ! O Definitely above cut-off
Ryu (2013) 20 60% 34.8 (4.4) 100% 4.0 (5.5) 25.6[23.3, 27.8] e i
Manic H
Ryu (2013)* 24 54% 345 (9.1) 100% 8.1(4.9) 23.2[21.4,25.0] —eo— u
Summary 121 57% 422 (9.8) 66% 357 (7.9) 86% 30.7 [23.3, 38.0] -
k=4;Q(df)=136.9(3),p <.0001; T2=54.9, T=7.4, 1= 98% i
T T 1
14 28 42 56

SHAPS total score (1-4 scoring)

Figure 4. Forest plot of SHAPS scores under 1-4 scoring for samples of patients with bipolar disorder. See p. 31 for complete figure

information.
Study N Female Age Medicated  Depression  Anhedonic SHAPS [95% Cl] Forest plot of individual study effects (schizophrenia/schizoaffective disorder)
Fervaha et al. (2013)" 16 38% 28.0 (4.6) 100% 14.8 (15.6) 19.6 [16.9, 22.3] I —— —
Eisenstein et al. (2017)* 65 57% 37.4 (8.3) 83% - - 21.2[19.4,23.0] ——I = Dgflmtely below cut-off
Culbreth, Gold et al. (2016) 57 33% 37.0 (8.6) 88% 16.8 (16.8) - 21.9[19.7,24.1] e o E“h.ef below or above cut-off
Mann et al. (2013) 54 39% 38.9(8.1) 100% - - 22.2[19.6, 24 8] —— O Definitely above cut-off
Duncan et al. (2016)* 28 29% 430 (11.5) 82% 8.9(9.6) 226205, 247 el
Barch et al. (2014)* 59 42% 39.3(8.1) 90% 18.1 (18.6) 228[20.2, 254] — e
Liu, Wang, Zhu et al. (2012) 72 50% 33.1(11.1) - 15.7 (16.2) - 24.2[22.6,259] ———
Culbreth, Westbrook et al. (2016)* 33 48% 36.7 (9.2) 79% — — 26.5[22.9, 30.1] ———
Arrondo et al. (2015)* 21 14% 322 (7.4) 100% 33.4(14.2) 29.2[26.5, 31.8] ; —
Summary 405 42% 36.7 (9.0) 89% 17.2(16.2) 23.3[21.6,24.9] —
k=9;Q(df)=380(8),p< 0001; T2=51; T=23; 2=79% A
T T 1
14 28 42 56

Figure 5. Forest plot of SHAPS scores under 1-4 scoring
31 for complete figure information.

SHAPS total score (1-4 scoring)

for samples of patients with schizophrenia or schizoaffective disorder. See p.

Study N Female Age Substance  Depression  Anhedonic SHAPS [95% ClI] Forest plot of individual study effects (substance use disorders)

Abstinent ' -

Stevens et al. (2007) 26 0% 325 (5.0) Polydrug 176 (10.2) 223[208, 23.8] [ — O Definitely below cut-off
Garfield et al. (2017) 31 29% 36.0(8.2) Opioids 34.3(22.0) — 268[24.2,294] 1 O Either below or above cut-off
Current use O Definitely above cut-off
Stevens et al. (2007) 25 0% 30.4 (5.7) Polydrug 34.1(19.4) 24.3[22.3,26.3] |

Wardle et al. (2017) 85 18% 455 (8.5) Stimulants 31% 250[23.2, 26.8] ——

Pharmacotherapy

Garfield et al. (2017) 90 28% 36.3(8.1) Opioids 315(21.7) 256[24.1,27.1] .y

Summa % 38.4 (6.9) 30.3 (20.1) 31%  247[231,262] —

ry 257 b
k=5 Q(dfy=142(4), p<.01; T2=21; T=15;12=72%

] T 1
28 42 56

SHAPS total score (1-4 scoring)

Figure 6. Forest plot of SHAPS scores under 1-4 scoring for samples of patients with substance use disorders. See p. 31 for complete

figure information.
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Study N Female Age Medicated Depression Anhedonic SHAPS [95% CI] Forest plot of individual study effects (Parkinson's disease)

Drijgers et al. (2012)* 23 9% 63.9 (9.8) 87% 11.4 (10.2) 21.4[19.8, 23.0] —e— .
Renfroe et al. (2016)* 15 27% 66.0 (8.1) 14.3 (7.9) 214[194, 23 5] — O Definitely below cut-off
Zahodne et al. (2012)" 95 32% 66.2 (9.9) - 15.7 (8.8) - 23.0[21.7, 24 4] [ O Either below or above cut-off
Ricciardi et al. (2016) 20 35% 61.4(9.8) 17.4 (11.6) 26.8[22.5, 31.1] B O Definitely above cut-off
Summary 153 28% 65.2 (9.7) 87% 15.1 (9.3) 22.5[21.0, 24.1]
k=4, Q(df)=73(3),p=.06,T*=14T=1.21"=59%
| I 1
14 28 42 56

SHAPS total score (1-4 scoring)

Figure 7. Forest plot of SHAPS scores under 1-4 scoring for samples of patients with Parkinson’s disease. See below for complete
figure information.

Figure 2-7. Forest plot of SHAPS total scores under 1-4 scoring. ‘Female’ is the percentage of female participants. ‘Medicated’ is the
number of medicated patients. ‘Substance’ is the primary substance of abuse. ‘Depression’ can range from 0-100, with higher scores
indicating greater severity or more symptoms of depression. ‘Anhedonic’ is the percentage of participants who disagreed or strongly
disagreed with more than two items on the SHAPS. k is the number of studies. Q is Cochran’s Q. T? is the estimated between-studies
variance. T is the estimated between-studies standard deviation. 12 is the amount of variation between studies that is due to
heterogeneity rather than chance. Black dots and horizontal bars represent SHAPS total scores and 95% Cls, respectively, for
individual samples. Black polygons represent the summary SHAPS score and 95% CI. Transparent polygons with black border
represent 95% Pls. Gray areas indicate SHAPS scores under 1-4 scoring that a) would be the cut-off if the data was recoded to 0-1
scoring (light gray); b) could either be below or above the cut-off if the data was recoded to 0-1 scoring (medium gray); and c) would
be above the cut-off if the data was recoded to 0-1 scoring (dark gray). *Received missing data.
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Group k N SHAPS 95% Cl 95% PI Range T Q (df) I Forest plot of summary effects

Healthy 62 2835 20.3 [19.7, 20.8] [16.1, 24.4] 15.4-27 4 2.0 550.5 (1) 89%
MDD(W”EM)ZS 1451329[318341][263394] B . e

MDD (past) 6 187 21.2 [20.5,22.0] [19.1,23.3] 20.4-22.9 03 5.7 (5) 12%

8D 4 121 307 [23.3, 38.0] [14.0, 55.7] 232-372 74 136.9 (3 98%

scz 9 405 233 [21.6,24.9] [17.3,28.3] 196-29.2 23 38.0 (8)™** 78%

sup 5 257 24.7 [23.1,26.2] [19.7,29.8] 22.3-26.8 15 14.2 (4)* 72%

PD 4 153 225 [21.0, 24.1] [16.7, 28.9] 21.4-26.8 12 7.3(3) 59% O Definitely below cut-off
Genpop E5. M9 m6 12247 1160303  te2352 36 1729241 so 3 ettty sbove vttt |

Smokers 8 1506 23.2 [22.5, 23.8] [20.8, 25.6] 22.2-241 0.9 49.4 (7)™ 86%

SHAPS total score {1-4 scoring)

I
42

Figure 8. Forest plot of summary SHAPS total scores per included group under 1-4 scoring. k is the number of studies. N is the
number of participants. Q is Cochran’s Q. T is the estimated between-studies standard deviation. 12 is the amount of variation between
studies that is due to heterogeneity rather than chance. White dots represent SHAPS total scores for individual samples. Black
polygons represent the summary SHAPS score and 95% CI. Transparent polygons with black border represent 95% Pls. Gray areas
indicate SHAPS scores under 1-4 scoring that a) would be the cut-off if the data was recoded to 0-1 scoring (light gray); b) could
either be below or above the cut-off if the data was recoded to 0-1 scoring (medium gray); and c) would be above the cut-off if the
data was recoded to 0-1 scoring (dark gray). **p < .01, ***p <.001.
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3.2.1.1 Between-group comparisons (1-4 scoring)

Results from pairwise comparisons using meta-regression are available in table 5. As
expected, samples of patient with current MDD scored considerably higher on the SHAPS
compared to the healthy group. Furthermore, samples of patients with SCZ, SUD and PD had
SHAPS scores that were significantly higher than healthy samples, but also significantly lower
than samples of patients with current MDD. Although no formal subgroup analyses could be
performed for the BD group, visual inspection of the forest plot (figure 4) suggested markedly

higher SHAPS scores in depressed samples compared to (hypo)manic samples.

Table 5

Pairwise comparisons using meta-regressions (1-4 scoring)

Comparison B (SE) z p R?

Healthy vs MDD (current) 12.66 (0.58) 21.69 <.001 92%
Healthy vs MDD (past) 0.96 (0.93) 1.03 .30 0%
MDD (past) vs MDD (current) 11.70 (1.25) 9.37 <.0001 75%
Healthy vs SCZ 2.98 (0.84) 3.55 <.001 9%
SCZ vs MDD (current) 9.63 (1.14) 8.44 <.001 64%
Healthy vs SUD 4.45 (1.03) 4.33 <.001 17%
SUD vs MDD (current) 8.17 (1.38) 5.92 <.001 57%
Healthy vs PD 2.45 (1.18) 2.07 .04 3%
PD vs MDD (current) 10.07 (1.57) 6.42 <.001 60%

Note. 1-4 scoring of the SHAPS. B is the difference in SHAPS score between the groups. R? is
the explained heterogeneity.

Visual inspection of forest plots of SHAPS scores for individual samples suggested
substantial of overlap between the healthy (figure 2), past/remitted MDD (figure 3), SCZ (figure
5), SUD (figure 6) and PD (figure 7) groups, and little or no overlap between these groups and
the current MDD group (figure 3). Indeed, 95% Pls (see figure 8) indicated that expected
SHAPS scores for SCZ (95% P1 [17.3, 29.3]), SUD (95% P1 [19.7, 29.8]) and PD (95% PI [16.7,
28.9]) spanned from the healthy range and up to the lowest scores reported for samples of
patients with current MDD. There was no overlap in 95% Pls between current (95% PI [26.3,
39.4]) and past/remitted (95% PI [19.1, 23.3]) MDD. Instead, the PI for the past/remitted MDD
group was fully contained within the PI for the healthy group (95% PI [16.1, 24.4]).
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In summary, the results from this set of meta-analyses indicated that while SCZ, SUD
and PD are associated with slightly elevated anhedonia, the severity of anhedonia is markedly

higher in patients with current MDD.

3.2.2 Meta-analyses of SHAPS scores under 0-1 scoring

Separate random-effects models for each included group are available collectively in
figure 9. On average, only patients with current MDD (M = 5.8, 95% CI [5.0, 6.5]) and SCZ (M
= 2.8, 95% CI [0.5, 5.1]) had SHAPS scores above the original cut-off of 2. While the 95% CI of
current MDD group did not cross this cut-off, the 95% CI of the SCZ group did. Cochran’s O
indicated that within most of the groups, the samples did not share a common effect, and 1?
suggested that most of the variation between samples were due to heterogeneity rather than
chance. Due to highly similar results under four-point and two-point scoring, forest plots under
two-point scoring can be found in appendix A: healthy samples (figure A3), MDD (figure A4),
SCZ (figure AS), SUD (figure A6), PD (figure A7), “general population” (figure A8) and
smokers (figure A9).
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Group k N SHAPS 95% CI 95% PI Range T Q (df) 12 Forest plot of summary effects

Healthy % 3138 07 [0508 0.0, 1.9] 01-31 05  737.0(35)  95% w0 o o
MDD (current) 24 1234 58  [50,65] [19,97] 29402 17 3001 (23" 9% ——Cr————— o
scz 7 198 28 [0551] [0.0, 10.8] 0.9-76 31 5014 (B  99% |——Ce———
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PD 18 3499 15 [1,19] [0.0,37] 0061 09  MBO2(17)™  99% D-errmmm——e o
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] 2 4 6 8 10 12 14

SHAPS total score (0-1 scoring)

Figure 9. Forest plot of summary SHAPS total scores per included group under 0-1 scoring. k is the number of studies. N is the
number of participants. Q is Cochran’s Q. T is the estimated between-studies standard deviation. 12 is the amount of variation between
studies that is due to heterogeneity rather than chance. White dots represent SHAPS total scores for individual samples. Black
polygons represent the summary SHAPS score and 95% CI. Transparent polygons with black border represent 95% Pls. Gray areas
indicate SHAPS scores that are below the cut-off (light gray) and above the cut-off (dark gray) for clinically significant anhedonia.
***p < .001.
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3.2.2.1 Between-group comparisons (0-1 scoring)

Table 6 presents results from pairwise comparisons using meta-regression. These results
mirrored those obtained under 1-4 scoring. While groups of current MDD, SCZ, SUD and PD all
scored higher on the SHAPS than the healthy group, the SCZ, SUD and PD groups scored lower
on the SHAPS than the group of current MDD.

Drug use status (dummy-coded: abstinent = 0, current use = 1) did not predict SHAPS
scores in samples of patients with SUD (k =8, B =0.19, SE =0.27,z =0.70, p = .48).

Table 6

Pairwise comparisons using meta-regression (0-1 scoring)

Comparison B (SE) z p R?
Healthy vs MDD (current) 5.02 (0.21) 23.63 <.001 66%
Healthy vs SCZ 2.23 (0.31) 6.99 <.001 30%
SCZ vs MDD (current) 2.95 (1.01) 2.93 <.005 0%
Healthy vs SUD 1.18 (0.24) 4.95 < .001 14%
SUD vs MDD (current) 3.88 (0.52) 7.47 <.001 67%
Healthy vs PD 0.78 (0.21) 3.72 <.001 0%
PD vs MDD (current) 4.23 (0.33) 12.69 <.001 56%

Note. 0-1 scoring of the SHAPS. B is the difference in SHAPS score between the groups. R? is
the explained heterogeneity.

Visual inspection of forest plots of SHAPS scores for individual samples suggested
substantial of overlap between the healthy (figure A3), SCZ (figure A5), SUD (figure A6) and
PD (figure A7) groups and some overlap between these groups and the current MDD group
(figure A4). Indeed, 95% PIs indicated that expected SHAPS scores for SUD (95% P1 [1.1, 2.5])
and PD (95% P1[0.0, 3.7]) spanned from the healthy range and up to the lowest scores reported
for samples with current MDD. The ninety-five percent PI for SCZ (95 % PI [0.0, 10.8]) spanned
from the lowest healthy scores to the highest MDD scores. This was likely in part due to one
study of patients with SCZ reporting a considerably higher SHAPS score than the other studies.

Consistent with the previous results, the results from this set of meta-analyses indicated

slightly increased anhedonia in SCZ, SUD and PD, and more severe anhedonia in current MDD.
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3.2.3 Effect size meta-analyses

Results from the meta-analyses of effect sizes for the difference in SHAPS scores
between healthy participants and patients are presented in figure 10. Individual study effect sizes
are available in figure A10 in appendix A. The results from these analyses were highly similar to
those obtained from the point-estimate analyses and indicated that patients with current MDD,
SCZ, SUD or PD tend to score higher on the SHAPS than healthy participants. The summary
effect was particularly large for current MDD (Hedges’ g = 2.1, 95% CI [1.9, 2.4]). Patients with
past/remitted MDD did not score higher on the SHAPS than healthy participants (Hedges’ g =
0.1, 95% CI [-0.2, 0.3]).
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Group k N Hedges'g 95% CI 95% PI1 Range T Q (df) F Forest plot of summary effects
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Hedges' g for the difference in SHAPS total scores

Figure 10. Forest plot of summary effect sizes of differences in SHAPS scores between healthy and various clinical samples. k is the
number of studies. N is the number of participants (Healthy:Patients). Q is Cochran’s Q. T? is the estimated between-studies variance.
T is the estimated between-studies standard deviation. 12 is the amount of variation between studies that is due to heterogeneity rather
than chance. Black dots and horizontal bars represent Hedges’ g and 95% Cls, respectively, from individual studies. Black polygons
represent the summary Hedges’ g and 95% CI. Transparent polygons with black border represent 95% Pls. *p < .05, ***p <.001.
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Effect sizes of differences in SHAPS scores between healthy participants and patients
with current MDD were significantly larger than effect sizes from studies comparing healthy
participants to patients from any of the other included clinical groups (i.e. past MDD, SCZ, SUD
and PD, see table 7).

Table 7

Comparisons of effect sizes using meta-regression

Comparison B (SE) z p
MDD (past) vs MDD (current) 2.04 (0.33) 6.27 <.001
SCZ vs MDD (current) 1.56 (0.20) 7.72 <.001
SUD vs MDD (current) 1.32 (0.29) 4.61 <.001
PD vs MDD (current) 1.67 (0.27) 6.20 <.001

Note. All effect sizes were computed with the healthy sample as baseline. B is the difference in
Hedges’ g.

Visual inspection of individual study effects suggested little or some overlap between
MDD and other clinical groups (i.e. SCZ, SUD, PD, see figure A10). Ninety-five percent Pls
indicated that expected effects from comparisons with healthy participants are greater than zero
for SCZ (95% P1[0.1, 1.1]) and SUD (95% P1 [0.6, 1.0]), but not for PD (95 % PI [-0.5, 1.4]).
Furthermore, the 95% Pls of these groups contained some of the smallest effects found for
current MDD. Ninety-five percent Pls for the effects for current (95% PI1 [0.8, 3.5]) and
past/remitted (95% PI [-0.6, 0.8]) MDD showed minimal overlap.

This set of effect size meta-analyses replicated the results from our previous point-
estimate meta-analyses of and showed that while SCZ, SUD and PD are associated with a small

increase in anhedonia, the severity of anhedonia is much greater in patients with current MDD.

3.2.4 Sensitivity analysis

Sensitivity analyses provided results that were highly consistent with the results obtained
in the primary analyses. When substituting the DL method for the PM and REML methods, the
results remained largely the same. Adding a random effect at the article-level did not lead to any

notable changes in the results.
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3.2.5 Additional analyses

3.2.5.1 Differences in SHAPS scores between group while controlling for depression

severity

In the point-estimate meta-analyses, adding depression severity to the models explained

some but not all of the heterogeneity in SHAPS scores across groups (see table 8).

Table 8
Meta-regressions for pairwise comparisons of SHAPS scores while controlling for depression severity
Group Depression severity

Comparison Model  k B (SE) z p B (SE) z p R?

1-4 scoring
Healthy vs SCZ 1 61 3.20(0.95) 3.37 <.001 9%
Healthy vs SCZ 2 61 1.27(1.05) 1.21 .22 0.17 (0.05) 3.69 <.001 20%
Healthy vs SUD 1 59  4.44(1.08) 4.12 <.001 16%
Healthy vs SUD 2 59  0.99 (1.48) 0.67 51 0.15(0.05) 3.22 <.005 26%
Healthy vs PD 1 59 2.50(1.12) 2.23 .03 3%
Healthy vs PD 2 59  1.29(1.14) 1.13 .26 0.15(0.05) 3.03 <.005 13%

0-1 scoring
Healthy vs SCZ 1 30 1.09(0.25) 4.40 <.001 26%
Healthy vs SCZ 2 30 0.85(0.29) 2.96 <.005 0.02 (0.01) 1.79 .07 20%
Healthy vs SUD 1 31 1.32(0.21) 6.16 <.001 55%
Healthy vs SUD 2 31  1.10(0.27) 4.13 <.001 0.02 (0.01) 1.45 .15 51%
Healthy vs PD 1 40  0.80(0.23) 3.47 <.001 0%
Healthy vs PD 2 40 -0.32(0.23) -1.34 .18 0.06 (0.01) 6.69 <.001 50%

Note. Models without (model 1) and with (model 2) depression severity as covariate. B and SE are on the same

scale as the SHAPS. R? is the explained heterogeneity.

Table 9 displays the results from the effect size meta-regressions. Controlling for the

effect size of differences in depression severity reduced the effect sizes of differences in SHAPS

scores between healthy and SCZ samples so that it was no longer significantly larger than zero.

This was not the case for the effect size of differences in SHAPS scores between healthy and

SUD. An opposite pattern emerged for the effect sizes of differences in SHAPS scores between

healthy and PD, in which the effect size increased when adding depression severity to the model.
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Table 9
Meta-regression of SHAPS effect sizes while controlling for depression severity effect sizes

Intercept Depression severity
Healthy vs Model k B (SE) z p B (SE) z p R?
SCz 1 7 0.60(0.09) 6.66 <.001
SCz 2 7 0.44(0.25) 1.76 .08 0.16 (0.21) 0.72 47
SUD 1 4 0.82(0.13) 6.39 <.001
SUD 2 4 0.80(0.38) 2.09 .04 0.02(0.32) 0.05 .96
PD 1 5 043(0.24) 181 .07

PD 2 5 0.88(0.39) 224 .02 -0.34 (0.23) -1.47 14 0%

Note. Models without (model 1) and with (model 2) depression severity as predictor. All effect
sizes were computed with the healthy sample as baseline. B and SE are on the same scale as
Hedges’ g. R? is the explained heterogeneity.

3.2.5.2 Differences in SHAPS scores between group while controlling for age and
gender
Neither age nor gender (i.e. percentage of female participants) could explain the observed
differences in SHAPS scores between the healthy group and the SCZ, SUD and PD groups in
most of the analyses (all but one p < .05 for group in point-estimate meta-analyses; all ps < .05

for intercept in effect size meta-analyses).

3.2.5.3 The effect of medication status on SHAPS scores within current MDD, SCZ
and PD
The percentage of medicated patients included in each sample did not significantly
predict SHAPS scores for samples of patients with current MDD (four-point scoring: k = 20, B =
0.02, SE =0.02, z = 0.64, p = .52; two-point scoring: k =19, B=0.00, SE=0.01,z=0.42,p =
.67), SCZ (four-point scoring: k =8, B =0.01, SE =0.13, 2= 0.10, p =.92) or PD (two-point
scoring: k=8,B=0.01, SE=0.01,z=1.24,p =.21).

4 Discussion
4.1 Summary and discussion of findings
Anhedonia has been identified as a symptom in many different clinical conditions,
including major depression, schizophrenia, substance use disorder and Parkinson’s disease. Until

now however, it has not been possible to compare the degree of symptom load across conditions
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based on the extensive published literature. Even for the most frequently used anhedonia
instruments such as the SHAPS, a lack of reference values has made it difficult to evaluate the
severity of anhedonia within and between these groups. We used a meta-analytic approach to
estimate the level of anhedonia in clinical groups and healthy samples. Across three distinct sets
of meta-analyses, we show that anhedonia as measured by the same instrument, is elevated in
MDD, SCZ, SUD and PD compared to healthy participants. This finding is consistent with
current views on anhedonia symptoms for each of these disorders (APA, 2013; Assogna et al.,
2011; Hatzigiakoumis et al., 2011; WHO, 2018). Interestingly however, SCZ, SUD and PD were
all associated with relatively low levels of anhedonia, not too different from the highest mean
scores reported for certain psychiatrically healthy samples. MDD on the other hand displayed
markedly higher anhedonia than healthy samples, and also significantly more severe anhedonia
than SCZ, SUD and PD.

We also found that samples of patients with past/remitted MDD had comparable levels of
anhedonia to healthy samples. These data support the view of anhedonia as a stable but
reversible state in depression. However, since the data was cross-sectional, it is at least
theoretically possible that the healthy levels of hedonic capacity evidenced in these samples of
past/remitted MDD were also present during their major depressive episode. The severity of
anhedonia evidenced in the ongoing MDD samples (Hedges’ g was estimated to 2.1) and the lack
of overlap between the prediction interval of the current and past MDD samples renders this
view unlikely.

AKin to the current MDD samples, depressed bipolar disorders samples showed high
SHAPS scores. This is consistent with the reward hypersensitivity hypothesis (Alloy et al.,
2015). SHAPS scores from the euthymic and manic samples were markedly lower and were
similar to some of the highest scores that have been reported for healthy samples. Unfortunately,
the currently available data was insufficient for formal subgroup analysis of the bipolar disorders
group. More data, especially longitudinal, is needed to explore the possible phase/state-
dependency of self-reported anhedonia in bipolar disorders.

SHAPS scores were elevated in schizophrenia and substance use disorder samples
compared to healthy participants, with medium to large effects. However, the data did not
support the expected (Garfield et al., 2014; Hatzigiakoumis et al., 2011) difference in anhedonia

between current use and abstinence in SUD.
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The results for the “general population” group (see figure Al and A8) also warrant some
comment. Most of these samples were comprised of students or control participants in the age
around 20 for whom health status was not clearly described. With the exception of a few outliers,
the SHAPS scores for these samples were within the range of scores reported for healthy
participants. While this group may not be representative of the general population, the results
suggest that mean sample scores up to about 24 under four-point scoring and about 2 under two-
point scoring are quite common. This further supports our conclusion that hedonic capacity is
only slightly reduced in SUD, SCZ and PD.

Overall, our results indicate that the severity of anhedonia differs across psychiatric
disorders associated with anhedonia. The high SHAPS scores in current MDD suggest that
anhedonia in this disorder likely affects multiple domains of pleasure (e.g. food/drink,
pastimes/hobbies, social, physical). As illustrated in figure A4 the MDD samples reported that
they would not enjoy on average six out of the 14 types of rewards that comprise SHAPS items.
In contrast, the mean number of items reported as un-enjoyable by healthy participants was less
than one, and below three for the other clinical samples. Thus, anhedonia in SCZ, SUD and PD
likely reflects a decrease in projected enjoyment of only a minority of life’s many rewards. An
interesting question for future research is whether patients within these groups find the same or
different types of stimuli/activities less pleasurable. For example, loss of smell is common in
Parkinson’s disease, and impaired taste has also been reported. Many patients also display
weight loss, suggesting a potential reduction of appetite in this disorder (Aiello, Eleopra, &
Rumiati, 2015). Consequently, lower scores on SHAPS items may be confined to the items
concerning food, drink and smell. Raw data with scores for each item rather than meta-
analytically extracted means are needed for future studies to address the mechanisms
underpinning elevated anhedonia scores across populations.

While our results suggests that SCZ, SUD and PD are associated with reduced self-
reported enjoyment for at least some stimuli/activities, we also find that many of the samples in
these groups fall well within the range of SHAPS scores reported for healthy participants. SCZ,
SUD and PD are all severe conditions that are accompanied by great distress and can deeply
interfere with the patients’ functioning in their daily lives. Yet, impaired ability to achieve

rewards does not necessarily imply an inability to enjoy life’s rewards when these occur.
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The discrepancy in SHAPS scores between current MDD and the other groups associated
with anhedonia also suggests the possibility that the term anhedonia has been applied to different
types of symptoms across disorders. For example, the finding that SCZ often show intact
immediate hedonic responses in laboratory tasks (Kring & Moran, 2008) has led some authors to
suggest that anhedonia in this patient group can be explained by motivational impairments
(Foussias & Remington, 2008). Indeed, several studies have found evidence for reduced
motivation or inappropriate effort allocation in behavioral tasks in patients with SCZ (Barch,
Treadway, & Schoen, 2014; Fervaha et al., 2013; Gold et al., 2013; Treadway, Peterman, Zald,
& Park, 2015; Wolf et al., 2014). Similarly, Parkinson’s disease has been associated with apathy
(Leentjens et al., 2008), which is largely characterized by lack of motivation, effort and interest
(Marin, 1991). To resolve these issues, future studies should include both behavioral tasks and
anhedonia questionnaires and address the relationship between these measures. The benefit of
combining measures is improved understanding of the mechanisms underpinning intact and
impaired hedonic capacity across populations.

The slightly elevated SHAPS scores in the SCZ, SUD and PD groups could also be
related to higher depression severity, as depression is relatively common in these groups
(Buckley et al., 2008; Davis et al., 2008; Reijnders et al., 2008). When controlling for depression
severity using our normalized depression score based on the numerous depression scales reported
in the literature, we found that depression accounted for significant heterogeneity in the
comparison between clinical groups and healthy participants. This is perhaps to be expected
since most depression inventories include some items on anhedonia. At the individual study-
level, SHAPS scores typically show only a modest correlation with depression severity in
healthy participants (average r =.23; Al Ain, Carré, Fantini-Hauwel, Baudouin, & Besche-
Richard, 2013; Boehm et al., 2018; Cooper, Duke, Pickering, & Smillie, 2014; M. G. Kirkpatrick
et al., 2016; Nagayama et al., 2017) and in patients with SUD (r = .28; Boger et al., 2014).
Correlations from studies of PD are typically moderate (average r = .34; Fujiwara et al., 2011;
M. R. Lemke et al., 2005; Matsui et al., 2013; Mrochen et al., 2016; Nagayama et al., 2017,
Santangelo, Morgante, et al., 2009; Spalletta et al., 2013). Similarly, the correlation in studies of
current MDD is on average around .33 (Lally et al., 2015; M. R. Lemke, Puhl, Koethe, &
Winkler, 1999; Tremblay, Naranjo, Cardenas, Herrmann, & Busto, 2002; Vrieze, Pizzagalli, et
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al., 2013), which is consistent with the notion that depression and anhedonia should not be
equated.

Another possible explanation for the low SHAPS scores in SCZ and PD compared to
current MDD is that most of the patients with SCZ and PD were medicated for their respective
conditions. However, meta-regressions within each of these groups (i.e. current MDD, SCZ and
PD) showed no significant effect of the number of medicated participants on the magnitude of
SHAPS scores.

4.2 Limitations

Some limitations warrant discussion. One question is whether the patients recruited for
the studies meta-analyzed here are representative of the larger patient population, given the
tendency in the literature to exclude patients with comorbidities. Because anhedonia is part of the
diagnostic criteria for MDD, patients with SCZ, SUD or PD who score high on the SHAPS are
more likely to be diagnosed with comorbid MDD and in turn more likely to be excluded from
studies. Consequently, the reference values we produced may not reflect the severity of
anhedonia in the larger populations of patients with SCZ, SUD or PD where comorbid
depression is more common. Larger epidemiological studies may provide more accurate
estimates of the full psychiatric groups. Conversely, our reference values may be indicative of
the levels of anhedonia specifically associated with each disorder in isolation.

Data is still missing from several articles identified by the literature search. However at
the time of writing, we were able to cover more than 70% of the identified literature for most
groups. Thus, while the inclusion of missing data might introduce (modest) changes in the
reference values for some of the smaller groups (e.g. SCZ, SUD, PD), the results are likely to be
highly stable for the larger groups (e.g. healthy, current MDD).

The lack of consistent use of depression scales in the literature hampered our ability to
address the role of depression for anhedonia scores in SCZ, SUD and PD. Depression measures
differ in how much weight they put on various symptoms. For example, while the BDI includes
three items on loss of pleasure and interest (i.e. item 4, 12 and 21) and one item on sleep (i.e.
item 16), the HAM-D assesses loss of interest with two items (i.e. item 4 and 14) and sleep with
three items (i.e. item 4-6). Because the depression severity variable is based on different

combinations of depression measures for each sample, the summary score we created here may
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not represent depressive symptoms equally across samples. Furthermore, the same percentage
score on two distinct measures may not correspond to the same severity level. For example,
while a score of ~46% or more on the BDI indicates severe depression, the percentage cut-off
corresponding to severe depression on the MADRS is ~58% (Miller, Szegedi, Wetzel, &
Benkert, 2000; Snaith, Harrop, Newby, & Teale, 1986). Consequently, the depression severity
variable as we defined it is likely noisy and may suffer from problems with reliability.

We considered other options for defining the depression variable such as using the
percentage of participants with comorbid major depression. However, this would have resulted in
too little variation in the data (a floor effect for the healthy, SCZ, SUD and PD samples).
Performing separate analyses for each measure of depression would have resulted in numerous
meta-regressions with very few data points. Another option we considered was to convert
depression scores to severity scores according to established cut-off points for each measure of
depression (e.g. no, mild, moderate and severe depression). This proved less feasible as there is
disagreement on cut-off scores for some of the most common scales such as the HAM-D
(Zimmerman, Martinez, Young, Chelminski, & Dalrymple, 2013), and some scales only operate
with a single cut-off point (e.g. CES-D; Radloff, 1977). Although the approach we used to define
the depression severity variable was not optimal, it offered several advantages over other
alternatives in that it 1) allowed for more variation between samples, 2) required the least amount
of data reduction for each group, and 3) required the least amount of tests.

There was considerable heterogeneity of SHAPS scores within several groups in this
meta-analysis. We could have explored this heterogeneity further by extracting additional
variables and conducting meta-regressions. However, The Cochrane Collaboration (2011)
recommends no less than 10 data points for meta-regressions, and the estimated predictive power
of continuous moderators may still be unreliable for moderators in meta-regressions with up to
40 data points (Lopez-Lopez et al., 2014). Accordingly, we did not statistically address effects of
age, gender and culture within groups. The SHAPS was designed to cover events what most
people would find enjoyable, and we would therefore expect little influence of these variables on
the magnitude of SHAPS scores. However, some authors applying the SHAPS in the Japanese
population report substituting ‘freshly baked bread’ with ‘freshly boiled rice’ in the item “I
would find pleasure in the scent of flowers or the smell of a fresh sea breeze or freshly baked

bread” (Miura et al., 2012). This is consistent with at least some cultural biases in the SHAPS
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items. Although the SHAPS has been translated to many different languages and applied in many
cultures around the world, the current literature does not allow for detailed analysis of whether
SHAPS scores varies systematically between cultures. With the rapidly growing SHAPS
literature, such analyses will likely be possible in the future.

Cigarette smoking has been associated with anhedonia in the literature, specifically with
withdrawal (Stone, Audrain-McGovern, & Leventhal, 2017) and past smoking initiation (Cook et
al., 2015). While some SHAPS data on smokers was available in the literature, very few studies
reported such data on non-smokers. Although we did not have an appropriate control group for
the smokers, the summary SHAPS scores for this group were rather low and comparable to some
of the highest scores reported for healthy samples (see figure A2 and A9).

We did not conduct any formal risk-of-bias assessment for the current meta-analyses. A
commonly used method for evaluating risk of bias (reporting bias in particular) in meta-analyses
is to produce funnel plots and conduct Egger’s test of asymmetry in these plots (Sterne et al.,
2011). Asymmetry in funnel plots indicate that there might be reporting bias for the effect of
interest, but the shape of these plots is also sensitive to heterogeneity and the number of studies
(Sterne et al., 2011). Considering the high amount of heterogeneity and/or low number of data
points in many of the included groups in this meta-analysis, results from such tests would be
difficult or impossible to interpret. Alternatively, we could have performed meta-regressions to
address potential differences in SHAPS scores between published and unpublished studies. This
was not feasible as few unpublished studies were included in the dataset. Because the SHAPS is
often used as a secondary outcome measure or for descriptive purposes, risk of bias due to

selective reporting is likely very low.

4.3 Comments on the SHAPS

In this meta-analysis, we focused exclusively on questionnaire measures of anhedonia
and specifically on the Snaith-Hamilton Pleasure Scale. A limitation of the SHAPS, which also
applies to other anhedonia questionnaires, is that the data it generates are distanced from the
actual pleasurable events in both space and time. While the questionnaire may to some extent tap
into respondents’ capacity for pleasure, it likely also tap into their ability to remember and
predict pleasure due to items being hypothetical (i.e. “I would enjoy...”). A variety of laboratory

tasks have been employed to get closer to actual human reward responses and behaviors. These
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tasks allow researchers to address how people respond to and act upon reward, but this comes at
the cost of limiting the types of rewards and contexts that can be measured. Experience sampling
represents a promising avenue for future research on (an)hedonia that allows researchers to
sample reward-related behaviors, thoughts and feelings in natural settings. This approach would
complement results from controlled laboratory tasks and questionnaires about hypothetical
scenarios. For example, in a study by Gard, Kring, Gard, Horan, and Green (2007), controls and
patients with SCZ wrote down at several time points throughout the day 1) what they were doing
and how much they enjoyed it, and 2) what they were looking forward to and how much
enjoyment they anticipated that this would give them. While patients and controls did not differ
in how much they enjoyed current activities, the patients tended to anticipate less enjoyment
from future activities compared to controls. These results mirrored those obtained with the TEPS
consummatory and anticipatory subscales in a second study (Gard et al., 2007).

In surveying the SHAPS literature, we noticed that within healthy participants, MDD,
SCZ, SUD and PD, very little data has been published on the associations between this
questionnaire and other reward-related measures. This makes it difficult to evaluate the construct
validity of the SHAPS within these groups. The SHAPS has good face validity as a measure of
anticipated or remembered pleasure considering the hypothetical nature of its items, but more
data is needed to properly address what underlying processes this questionnaire taps into and
whether these processes are similar or different across groups.

Another concern about the SHAPS is that the content of some of the items may become
outdated and no longer reflect pleasurable activities that most people engage in. For example,
items such as “I would enjoy my favourite television or radio programme” and “I would enjoy
reading a book, magazine or newspaper” contain forms of entertainment that are transitioning
into digital formats (e.g. video streaming services, podcasts, e-books, news websites). These
items will eventually need to be revised. Meanwhile, the lack of specificity and the broadness of
the SHAPS items will likely compensate to some extent for bias introduced by outdated content.

The SHAPS has also been criticized for being too broad (Rizvi et al., 2015). A concern is
that the lack of specificity in the items may result in the scale not capturing certain activities or
events that produce strong feelings of pleasure. The Dimensional Anhedonia Rating Scale
(DARS; Rizvi et al., 2015) represents an alternative approach to measuring anhedonia and

hedonic capacity by asking respondents to provide examples of what they enjoy (within the same
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four domains as the SHAPS) and then ask them questions about how much they enjoy and desire
these activities or events. This allows researchers to address how much the respondents enjoy
their favorite activities or events, which may be overlooked by the SHAPS. However, because
the DARS does not provide data on what pleasures people do not enjoy, this questionnaire
presents a limited picture of the respondents’ hedonic capacity. By surveying a wide range of
activities and events, the SHAPS may offer greater insight into the extent of anhedonia in
peoples’ daily lives compared to the DARS. It is also likely that the broad and unspecific SHAPS
items prompt participants to imagine or remember some of their favorite activities or events and
that the two scales therefore measure largely the same construct. Indeed, the DARS development
paper reported moderate (r = -.58) to high (r = -.79) correlations between the two scales (Rizvi et
al., 2015).

Many researchers have turned to four-point scoring for the SHAPS in favor of the
traditional binary scoring format, suggesting a growing interest for the variability in hedonic
capacity across healthy and clinical groups. This has resulted in researchers adopting a variety of
different scoring methods (i.e. 0-3, 3-0, 1-4, 4-1) for the same questionnaire. To avoid confusion
in future research that includes the SHAPS, standardization of the scoring method is needed. We
recommend reporting SHAPS scores based on the 0-1 or the 1-4 scoring method, such that
higher values indicate more anhedonia. In addition, we recommend that authors report the
percentage of respondents who disagreed with more than two statements, i.e. meeting Snaith and
Hamilton’s original cut-off. Presenting SHAPS scores along with the percentage of participants
scoring above the cut-off will give readers information about both the severity of anhedonia and

the frequency of clinically significant anhedonia in the study sample(s).

5 Conclusions
Anhedonia has been associated with a variety of clinical conditions. The SHAPS is a
popular self-report measure of anhedonia that has been used in research on major depressive
disorder, schizophrenia, substance use disorders and Parkinson’s disease, as well as in healthy
participants. Until now, knowledge on the degree of hedonic capacity (or severity of anhedonia)
in these clinical and non-clinical groups has been lacking. We used a meta-analytic approach to
generate reference values for these groups on the SHAPS. Our results indicate that the severity of

anhedonia differs across disorders that have been associated with anhedonia. Whereas anhedonia
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in current MDD likely affects multiple domains of pleasure (e.g. food/drink, pastimes/hobbies,
social, physical), anhedonia in SCZ, SUD and PD may instead reflect a decrease in projected
enjoyment of only a minority of life’s many rewards. We believe that the reference values
generated in the current meta-analyses (see figure 8 and 9) can guide interpretation of SHAPS

data in future research on anhedonia and hedonic capacity.
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Appendix A

Forest Plots
Figure A1-A2. Forest plot of SHAPS total scores under 1-4 scoring. ‘Female’ is the percentage
of female participants. ‘Depression’ can range from 0-100, with higher scores indicating greater
severity or more symptoms of depression. ‘Anhedonic’ is the percentage of participants who
disagreed or strongly disagreed with more than two items on the SHAPS. k is the number of
studies. Q is Cochran’s Q. T? is the estimated between-studies variance. T is the estimated
between-studies standard deviation. 12 is the amount of variation between studies that is due to
heterogeneity rather than chance. Black dots and horizontal bars represent SHAPS total scores
and 95% Cls, respectively, for individual samples. Black polygons represent the summary
SHAPS score and 95% CI. Transparent polygons with black border represent 95% Pls. Gray
areas indicate SHAPS scores under 1-4 scoring that a) would be the cut-off if the data was
recoded to 0-1 scoring (light gray); b) could either be below or above the cut-off if the data was
recoded to 0-1 scoring (medium gray); and c) would be above the cut-off if the data was recoded

to 0-1 scoring (dark gray). *Received missing data.
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Study N Female Age Depression Anhedonic SHAPS [95% CI] Forest plot of individual study effects (Gen. pop.)
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Umemote & Holroyd (2016)* 132 76% 21.0(3.0) - — 21.0[19.7, 22.3] e
Fervaha et al. (2014)* 138 65% 20.7 (2.3) 21.3[20.3, 22.3] "
Franken et al. (2007, Study 1)* 227 83% 20.0 (2.2) 21.4[20.6,22.2] [E
Meshesha et al. (2017)* 71 62% 20.0(1.8) 34.3 (40.8) - 214[201,228 [
Taubitz (2015) 55 42% 223(87) 202 (12.3) 217204, 230 ——
Thomas et al. (2014) 198 60% 22.1(5.9) - - 219[21.2,2286 e
Mies et al. (2013)* 41 63% 23.1(3.5) 11.3(11.1) 220[205,235 ——
Langvik & Austad (2018)* 361 7% 21.2 (3.0) 222[2186,229 e
Winer et al. (2014, Study 2) 182 - - 21.5(18.7) — 222[213,232 e
Werkman (2016) 160 78% 29.7 (14.6) 21.7 (15.2) 22.3[21.5, 231 e
Saxena et al. (2017)* 101 64% 19.8 (1.8) 11.0 (10.0) 224214, 234 [
Franken et al. (2007, Study 2) 50 82% 19.7 (3.7) - —_ 224[211,23.7 —e—1
Viviani et al. (2018)* 43 67% 23.7 (3.0) 24.2 (12.9) 227[21.2,24.2 bt
Leventhal (2012) 157 73% 19.9 (1.8) 24.3 (16.0) 18% 228[220,237 i
Lénn & Manhav (2014) 60 73% 22.6(3.4) 19.7 (14.3) — 22.9[21.8,24.0 1
Audrain-McGovern et al. (2012) 1106 51% 15.7 (0.6) 259 (17.4) - 23.0[22.5,235 L gl
Lussier & Loas (2015) 204 50% 21.5(2.0) 15.9 (13.7) 23.0[224,2386 e
Marroguin & Nolen-Hoeksema (2015) 161 70% 209(3.1) 20.5(8.5) - 24.2[233,25.0 ——if
Szczypinski (2017)" 232 75% 24.0(5.2) 19.7 (13.3) 28.8[28.0, 29.6] i
Thomas et al. (2012} 113 85% 23.4(2.4) - -- 35.2[34.5,35.9] e
Summary 4619 64% 20.2(4.1) 24.8 (16.0) 14% 226[21.2, 24 1] —¢-—
k = 25; Q (df) = 1728.9 (24), p < 0001; T2=12.8; T = 36; I = 99% !
' | I 1
14 28 42 56

SHAPS total score (1-4 scoring)

Figure Al. Forest plot of SHAPS scores under 1-4 scoring for samples in the “general population” group. See p. 88 for complete
figure information.

Study N Female Age Depression Anhedonic SHAPS [95% CI] Forest plot of individual study effects (smokers)
Leventhal et al. (2009) 212 67% 24.3(6.4) - 20% 22.2[21.4,23.0] f—e—ii .
Powers et al. (2017) 525 51% 46.4 (12.0) 13.5(9.2) 13% 22.5[22.0,22.9] Lo O Definitely below cut-off
Rodriguez et al. (2018)* 447 51% 46.6 (11.9) 22.5[21.9,23.2] [ O Either below or above cut-off
Leventhal et al. (2012) 75 28% 423 (10.0) 15.1 (12.3) 17% 22.8[21.6, 24.0] i O Definitely above cut-off
Guillot et al. (2017)* 125 26% 437 (11.3) 20.0 (14.2) 15% 237 [22.7, 24.6] et
Lawn (2016, Chapter 2)* 40 55% 23.0(5.6) 10.0 (10.0) 238[22 3, 253] ——
Lawn (2016, Chapter 3)* 42 21% 259 (8.1) 126 (11.5) 241[23 8, 24 4] L.
Lawn (2016, Chapter 4)* 40 50% 235(55) 12.5(9.5) 25% 24.1[225,25.8] b
Summary 1506 49% 41.1(10.8) 14.3 (10.5) 16% 23.2[22.5,23.8] ——
k=8;Q(df)=49.4 (7), p<.0001; T2=07; T=09; I>= 86% :
T T 1

14 28 42 56
SHAPS total score (1-4 scoring)

Figure A2. Forest plot of SHAPS scores under 1-4 scoring for samples of smokers.
See p. 88 for complete figure information.
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Figure A3-A9. Forest plot of SHAPS total scores under 0-1 scoring. ‘Female’ is the percentage
of female participants. ‘Medicated’ is the number of medicated patients. ‘Substance’ is the
primary substance of abuse. ‘Depression’ can range from 0-100, with higher scores indicating
greater severity or more symptoms of depression. ‘Anhedonic’ is the percentage of participants
who disagreed or strongly disagreed with more than two items on the SHAPS. k is the number of
studies. Q is Cochran’s Q. T? is the estimated between-studies variance. T is the estimated
between-studies standard deviation. 12 is the amount of variation between studies that is due to
heterogeneity rather than chance. Black dots and horizontal bars represent SHAPS total scores
and 95% Cls, respectively, for individual samples. Black polygons represent the summary
SHAPS score and 95% CI. Transparent polygons with black border represent 95% Pls. Gray
areas indicate SHAPS scores that are below the cut-off (light gray) and above the cut-off (dark

gray) for clinically significant anhedonia.
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Study N Female Age Depression Anhedonic  SHAPS [95% CI] Forest plot of individual study effects (healthy)
Tremblay et al. (2005)* 12 58% 29.3(9.3) 0.7 (1.5) - 01[0.0,02] i !
Sobesky (2017)* 18 100% 21.6(3.2) 1.2(1.8) 0.1[0.0,0.3] ot ! L Below cut-off
Lewandowski et al. (2016)* 29 59% 31.0 (10.0) 15.9 (9.9) 0.1[0.0,03] |s i O Above cut-off
Cunningham (2017) 47 68% 26.9 (12.4) 20.0(8.8) 0.2[00,03] | |
Lorenzini (2015)* 11 84% 39.5 (5.8) 2.5(3.2) 0.2[0.0,04] fi!
Ersche et al. (2012) 50 36% 32.8(89) 3.5(4.1) - 02[00,04] }si:
Huhn et al. (2016) 10 40% 25.1(2.5) - - 0.2[0.0,04] e}
Taalman (2017) 9 56% 46.8 (13.0) 5.1(7.9) - 0.2[0.0,0.5] |ed!
Dillon et al. (2014)* 21 43% 36.6 (13.3) 10.0 (6.5) 0.2[0.0,0.5] [ei!
Lampe et al. (2004) 60 100% 64.8 (11.5) 0.3[0.1,04] |
Lemke, Wendorff et al. (2000) 16 50% 43.6 (11.0) - - 0.3[0. 0 0.7] =
Kaufmann (2017)* 20 100% 24.0 (3.3) 5.3(5.3) - 0.3[0.0,0.7] |+
Rothkirch et al. (2017) 30 73% 36.1 (12.0) 17(28) 0.3[0.0,086] |1
Kumar et al. (2015)* 10 80% 29.7 (10.1) 3.0(6.1) - 0.4[0.0,1.0] (v
Nagayama et al. (2017) 62 45% 70.3 (8.5) 16.7 (12 5) 5% 0.41[0.2,086] |+
Vrieze, Pizzagalli et al. (2013)* 63 60% 445 (11.6) 04[0.2,08] |+t
Fortunati et al. (2015)* 46 50% 38.3 (10.5) 1.1 (3 0) - 0.5[0.2,0.8] |
Redlich et al. (2015)* 34 47% 38.6 (12.3) 2.7(3.4) - 0.5[0.1,09] |—H
Nagayama et al. (2012) 22 55% 62.9(17.3) — - 05[00,11] }p—r
Bakic et al. (2017)* 44 64% 37.9(12.2) 6.2(7.7) 06[00,12] |
Lampe et al. (2001) 64 64% 71.5(7.1) -—- -—- 0.7 [0. 4, 1.0] =
Tremblay et al. (2002)* 36 33% 31.8 (11.0) 24 (3 7) - 0.7[0.3,1.2] ——
Santangelo, Morgante et al. (2009)* 74 43%, - - 0.8[0.6, 1.1] r:u—<
Boehm et al. (2018) 62 100% 19.1(4.2) 7.3 (8 3) - 0.910. 5, 1.3] H—
Currie et al. (2017)* 16 6% 42.9 (10.5) 1.4 (2.0) 0.9[0.2,16] |
Lemke, Koethe et al. (1999) 8 62% 438 (12.9) 223 (10.7) 09[01,1.7] |——
Cooper et al. (2014) 38 47% 24.4 (4.8) 8.2 (8.3) -—- 0.9[0. 4, 1.4] e
Kos et al. (2017) 39 67% 22.7(2.3) 9.9 (10.1) - 1.1[0.3,1.9] [ —
Martino et al. (2018) 1697 55% 37.1(15.8) 15% 11[1.1,12] i e
Di Giuda et al. (2012)* 17 59% 55.3 (13.7) 24.2 (13.4) 13[03,23] | H——
Lemke & Schleidt (1999) 22 41% 38.8 (14.9) - - 1.3[0.7,1.9] —
Polimeni et al. (2010)* 20 15% 28.6 (10.8) 1.5[0.7, 2.3] et
Lemke et al. (2005) 50 48% 63.3 (7.4) - - 1.6[1.2,21] P
Chodkiewicz et al. (2017)* 300 62% 23.5(5.7) 13.4 (12.9) - 20[1.7,24] ! i
Frey et al. (2015)* 43 100% 19.9 (1.6) 9.0(9.8) - 25[1.2,38] o
Tonioni et al. (2014)* 38 5% 27.2 (10.4) 2.2(2.8) - 3.1[1.3,4.9] o
Summary 3138 57% 37.0 (13.3) 9.5(9.5) 15% 0.7[0.5,08] |<® —
k =36; Q (df)=737.0(35), p<.0001; T2=0.3; T=0.5;12=95% i
[ I I I I [
0 2 4 6 8 10 12

SHAPS total score (0-1 scoring)

Figure A3. Forest plot of SHAPS scores under 0-1 scoring for healthy samples. See p. 90 for complete figure information.
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Study N Female Age Medicated Depression Anhedonic SHAPS [95% CI] Forest plot of individual study effects (major depressive disorder)
Current 1

Barra et al. (2007) 46 - — — - 35% 2.9[19,3.9] P E O Below cut-off
Nakonezny et al. (2015) 122 82% 47.0(9.9) 100%  41.5(10.1) 3.1[26,3.6] —e—i : B Above cut-off
Farabaugh et al. (2015) 26 50% 47.2(13.7) 0% 36.4 (10.3) - 4.0[2.9,51] — |

Nakonezny et al. (2010) 461 84% 50.2 (10.6) - 48.2 (11.1) - 4.0[3.7,4.3] o i

Lemke, Wendorff et al. (2000) 16 50% 44.1(12.8) 50% 51.0 (14.0) - 41[24,58] e

Sobesky (2017)* 13 92% 23.0(4.4) 0% 39.8 (9.7) - 4.3[2.0,6.6] [ } |

Cunningham (2017) 39 69% 31.2(13.5) 57.1(14.0) - 4.9[3.8,6.0] |

Dillon et al. (2014)* 21 52% 343 (12.2) 0% 53.7 (14.2) 5.1[3.5, 6.7] e

Tremblay et al. (2002)* 40 68% 44.1(10.7) 0% 44.7 (12.0) -— 5.1[3.9,6.3] 1

Kumear et al. (2015)* 12 50% 35.8(14.9) 0% 40.1 (14.4) - 54[31,7.7] [ T |

Rothkirch et al. (2017) 28 54% 36.3 (11.9) 0% 487(10.3) 56[43,69] (S

Lemke, Koethe et al. (1999) 12 58% 42.4(12.0) 67% 61.2 (12.6) - 59[3.7,81] [ L !

Tremblay et al. (2005)* 12 50% 34.8 (14.0) 0% 48.6 (9.9) — 6.0[3.4,8.6] f T {

Redlich et al. (2015)* 33 52% 38.5 (12.1) 97% 46.7 (13.3) 6.3[4.9,7.6] —

Milders et al. (2016)* 17 47% 495 (11.8) 100% 55.2 (18.1 6.5[4.9,8.0] e

Fletcher et al. (2015)* 35 49% 44.4 (12.6) T1% 68.0 (50.0) - 6.5[5.3,7.8] "

De Berardis et al. (2017)* 30 60% 27.2(5.1) 0% 56.4 (5.6) - 6.6 [5.8,7.4] in—-—q

Feng (2017)* 50  60%  359(108) 0% 55.7 (13.2) 6.6[57,7.6] et

Stroud et al. (2018)* 17 35% 449 (11.5) 41% 69.9 (8.3) - 68[4.9,87] I B

Lorenzini (2015)* 23 65% 34.9(9.7) 45.2 (11.0) -— 6.9[5.7,82] ri—o—q

Vrieze, Pizzagalli et al. (2013)* 79 61% 45.0 (11.9) 96% 33.8(9.8) - 7.3[6.5,8.1] e

Bakic et al. (2017)* 35 7% 430 (11.7) 0% 458 (13.8) 7.3[6.0, 8.7] —

Lemke, Puhl et al. (1999) 52 65% 43.0(12.5) 96% 39.6 (12.8) - 7.4[6.6,8.2] I

Rizvi (2015) 15 67% 47.4 (10.3) 74.7 (10.8) - 10.2[8.8, 11.6] i ——
Summary 1234 71% 44.6 (11.1) 53% 47.9(14.2) 35% 5.8[5.0, 6.5] — e

k = 24; Q (df) = 300.1 (23), p < .0001; T2=3.0; T =1.7; I = 92% i

T T T T
2 4 6 8

SHAPS total score (0-1 scoring)

Figure A4. Forest plot of SHAPS scores under 0-1 scoring for samples of patients with current major depressive disorder. See p. 90

for complete figure information.
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Study N Female Age Medicated Depression Anhedonic SHAPS [95% CI] Forest plot of individual study effects (SCZ/schizoaffective disorder)
Polimeni et al. (2010)* 20 15% 42.0 (10.4) 100% 10.0 (8.8) 0.9[0.4,1.4] —e— i
Currie et al. (2017)* 20 5% 44.0 (12.3) 18.6 (12.8) 1.7 [0.8, 2.6] | O Below cut-off
Lewandowski et al. (2016)* 37 30% 35.0 (11.9) 26.1(20.2) 1.8[0.9, 2.6] | O Above cut-off
Fortunati et al. (2015) 53 40% 40.1 (10.5) 9.9 (11.7) 23% 1.8[1.1,2.5] —— |
Loas et al. (2009)* 43 30% 42.0 (12.6) 29.8 (20.4) 2.3[1.6,3.0] el
Mazza et al. (2013)* 12 42% 27.9(8.9) 0% 3.7[2.8, 48] ——
Vidotto et al. (2014)* 13 54% 24.2(2.8) 76[7.2, 80] : o
Summary 198 31% 38.4 (11.1) 62% 19.3 (16.2) 23% 28[05 51] | ——————————
k=7 Q(cf)y=5014 (), p<.0001:T2=93;T=31:12=99% :
I I I I I I
0 2 4 6 8 10 12 14

SHAPS total score (0-1 scoring)

Figure A5. Forest plot of SHAPS scores under 0-1 scoring for samples of patients with schizophrenia or schizoaffective disorder. See

p. 90 for complete figure information.

Study N Female Age Substance Depression Anhedonic SHAPS [95% CI] Forest plot of individual study effects (substance use disorders)
Abstinent i
Huhn et al. (2016) 36 25% 28.8(9.7)  Opioids 39% 1.6[0.9,2.2] — O Below cut-off
Janiri et al. (2005) 70 33% 33.0(8.1)  Various 9.3(8.2) 19% 1.6[1.1,21] e B Above cut-off
Martinotti, Di Nicola et al. (2008)* 102 33% 40.3(11.8) Alcohol - 24% 1.6[1.2,2.0] el
Martinotti, Cloninger et al. (2008)* 50 34% 33.4 (9.3) Alcohol/opioids 10.5 (9.5) 44% 2001.3,27] ——
Current use |
Ersche et al. (2012) 50 12% 343(72) Stmulants 287 (18.9) 14[09,19] [
dela Cruz et al. (2016) 299 --- 38.0(10.8) Stimulants 20.0(11.5) — 1.7[1.5,19] HH
Boger et al. (2014)* 40 40% 17.1(1.0) Various 37.2(21.5) -— 2.4[1.4,3.3] —
Balducci (2009) 40 30% 40.0(11.2)  Alcohol  26.8 (10.1) 55% 3.0(2.0,4.0] | ——
Summary 687 30% 36.1 (10.0) 20.3 (12.7) 32% 1.7[15,2.0] ——
k=8 Q(dH=112(7),p=13;T2=00,T=02;1?=37% i
T T T T T T
0 2 4 6 8 10 12 14

SHAPS total score (0-1 scoring)

Figure A6. Forest plot of SHAPS scores under 0-1 scoring for samples of patients with substance use disorders. See p. 90 for complete

figure information.
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Study N Female Age Medicated Depression Anhedonic SHAPS [95% CI] Forest plot of individual study effects (Parkinson's disease)
Spalletta et al. (2014)* 24 29% 63.5(9.3) 0% 12.8 (7.8) 0.0[00,01] p !
Pontieri et al. (2015)* 155 31% 64.5 (8.8) 100% 16.0 (10.0) 05[0.3,06] |[mw | 0 Below cut-off
Spalletta et al. (2013) 254 34% 64.3 (10.7) 83% 16.8 (11.7) 5% 0.5[0.4,0.6] ] | O Above cut-off
Mrochen et al. (2016) 57 37% 64.1(11.0) 30.1 (14.4) 9% 07[0.4,1.0] | — !
Witt et al. (2008) 123 37% 59.8 (7.7) 16.3 (8.8) 0.8[0.5, 1.1] bt
Nagayama et al. (2017) 318 56% 67.9 (9.6) 21.7 (12.9) 12% 0.9[0.7,1.1] i
Matsui et al. (2013) 117 61% 69.4 (9.1) 25.1 (15.4) 15% 1.0[0.7, 1.3] o |
Pettorruso et al. (2014)* 154 44% 66.6 (9.7) 19.3 (13.8) 1.1[0.9, 1.3] bor |
Miura et al. (2012) 86 55% 72.0 (9.1) 100% 16% 1.2[0.8, 1.6] [
Loas et al. (2014) 49 43% 64.8 (10.8) 100% 294 (14.1) 18% 1.2[0.8,1.7] =
Santangelo, Vitale et al. (2009)* 125 1% 64.0 (9.9) 23.0 (10.7) - 141[1.1,1.86] I—h:—{
Nagayama et al. (2012) 48 54% 67.7 (9.0) - - 1.8[1.0, 2.6] e
Santangelo, Morgante et al. (2009) 939 41% 67.0 (9.4) - - 1.8[1.7,1.9] 1ol
Di Giuda et al. (2012)* 21 33% 59.6 (13.4) 0% 37.2(8.0) 2.1[1.2,3.0] ——
Pomponi et al. (2014) 24 46% 64.0 (7.7) 33.8 (12.6) 38% 2.1[0.8, 3.5] —_—
Chung et al. (2016) 364 33.6 (12.2) 2.8[2.5,3.1] P e
Lemke et al. (2005) 626 45% 67.7(9.2) 100% 64.5(231) 46% 341[31,37]) | e
Lemke (2002) 15 53% 66.9 (5.8) 100% 46.8 (7.9) 6.1[4.7,7.5] | _
Summary 3499 43% 66.5 (9.5) 93% 34.2 (15.7) 26% 15[1.1,19] (= ———
k=18; Q(df)=1180.2 (17), p<.0001; T2=0.8; T=0.9; 1> = 99% I
T I I T I T
0 2 4 6 8 10 12

SHAPS total score (0-1 scoring)

Figure A7. Forest plot of SHAPS scores under 0-1 scoring for samples of patients with Parkinson’s disease. See p. 90 for complete

figure information.
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Study N Female Age Depression Anhedonic  SHAPS [95% CI] Forest plot of individual study effects (Gen. pop.)

Milders et al. (2016)* 18 56% 50.9 (10.4) 5.7 (4.6) 02[0.0,05] fei |
Porter et al. (2005) 17 41% 67.8 (5.1) 1.8 (3.1) 04[0.0,07] fedt | O Below cut-off
Mattox et al. (2006)* 32 25% 69.2 (5.9) 8.5(12.5) 04[01,07] =t | O Above cut-off
Mrochen et al. (2016) 46 52% 60.5 (11.7) 17.9 (10.0) 0.4[0.2,06] |[r !
Preti et al. (2015) 649 53% 24.0 (3.4) 04[03,05 (& !
Snaith et al. (1995) 104 7% 05[0.3,07] |re |
Franz et al. (1998, Evaluation study) 67 63% 36.5 (--) - 6% 0.5[0.3,0.7] o) i
Ersche et al. (2012) 50 50% 32.9 (8.4) 8.1(9.8) 06[0.2,1.0] |+ !
Loas et al. (2009)* 125 88% 21.3(4.7) 16.1(12.7) 0806, 1.1] Foi !
Loas et al. (1997) 205 82% 21.2 (2.1) 0.981[0.7,1.1] o |
Lemke, Koethe et al. (2000) 12 67% 419 (13.9) 24.0 (9.0) 09[02,18] |+——H
Olino, McMakin et al. (2016)* 698 64% 19.2 (1.1) 23.4 (16.2) 1.0[0.9, 1.2] .
Olino, Horton et al. (2016)* 400 76% 20.5 (1.6) 26.3 (16.8) 1.1[0.9,1.2] [P
Goldberg et al. (2011)* 823 70% 20.0 (3.7) 17.9 (15.0) 1.101.0,1.2] o
Lénn & Manhav (2014) 60 73% 226 (3.4) 19.7 (14.3) 1.1[0.7,1.5] [
Walker (2017) 99 100% 19.4 (1.6) 219 (14.4) 1.1[0.8, 1.4] et
Di Nicola et al. (2013) 106 57% 46.8 (13.1) 2.8 (3.8) 8% 1.1[0.9, 1.4] Fo
Winer et al. (2014, Study 3)* 359 61% 34.0 (12.2) 19.9 (19.4) - 1.2[1.0,1.5] Fe
Franz et al. (1998, Translation study)* 44 - - — 18% 1.3[0.9, 1.8] ——
Gilbert et al. (2002) 193 77% 22.9(7.7) 33.2 (18.2) 15[1.2,1.8] et
Lichenstein et al. (2017)* 141 0% 21.6 (0.5) 7.3(8.9) 1.6[1.3,2.0] —
Chasson et al. (2017) 3094 54% 14.6 (0 4) 24.4(19.9) 1.7[1.6,1.8] iy
Vidotto et al. (2014)* 25 56% 27.5(9.3) 1.8[1.5, 2.1] L
Briggs et al. (2007) 50 60% 33.0 (10.0) 30.2 (20.6) 2.0[1.2,2.8] H——
Pictet et al. (2016)* 101 79% 18.0 (9.2) 26.1 (13.2) 2.71[2.1,32] [Jr—
Soutschek et al. (2018)* 138 50% 22.7 (2.5) 3.1[2.5,3.8] : —
Mazza et al. (2013)* 12 58% 27.2 (9.3) 6.1[5.8, 6.4] ; i

i

1
Summary 7668 60% 20.3 (4.3) 23017.7) 8% 13[10,186] |l—— ——
k =27; Q (df) = 1640.0 (26), p < .0001; T2=0.7; T=0.8; 12 = 98% :

[ I [ [ I [
0 2 4 6 8 10 12

SHAPS total score (0-1 scoring)

Figure A8. Forest plot of SHAPS scores under 0-1 scoring for samples in the “general population” group. See p. 90 for complete

figure information.
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Study N Female Age Depression Anhedonic  SHAPS [95% CI] Forest plot of individual study effects (smokers)

Feng (2017)* 10 30% 31.0 (—) 16.6 (5.4) 09[0.0,19] ——t+—i
Mathew et al. (2015) 342 32% 43.7 (10.8) 11.8 (14.8) 1.0[0.8, 1.1] Y & Below cut-off
Lawn et al. (2015)* 40 55% 23.0 (5.6) 10.0 (10.0) 1.1[0.5,1.8] —a— O Above cut-off
Lawn (2016, Chapter 3)* 42 21% 25.9 (8.1) 12.6 (11.5) 1.4[1.0,1.9] Hre—i
Lawn (2016, Chapter 4)* 40 50% 235 (5.5) 12.5 (9.5) 25% 1.6[1.0,2.1] He—t
Summary 474 35% 38.4 (9.9) 11.9 (13.7) 25% 1.2009,15] | ——se—
k=5 Q(df)=7.1(4),p=.13;T2=0.0; T =0.2; I = 44% : | ‘ ‘ ‘ : |
0 2 4 6 8 10 12

SHAPS total score (0-1 scoring)

Figure A9. Forest plot of SHAPS scores under 0-1 scoring for samples of smokers. See p. 90 for complete figure information.
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Study N (Healthy:Patients) Hedges' g [95% CI] Forest plot of individual study effects

Healthy vs MDD (current) H
Liu, Wang, Zhu et al. (2012) 72:141 0.9[0.7, 1.2] | —a—
Liu, Wang, Zhao et al. (2012) 61:71 1.3[0.9, 186 i A
Sobesky (2017)° 18:13 15[0.7, 2.3 ! —_—
Lemke, Wendorff et al. (2000) 16:16 15[0.7,2.3 | _—
Tremblay et al. (2002)* 36:40 1.5[1.0, 2.0 H ——
Osuch et al. (2016)* 40:34 16[1.0,21 E e
Kumar et al. (2015)° 10:12 1.6 [0.8, 2.5 i _—
Lemke, Koethe et al. (1999) 812 1.6 [0.6, 2.6] i —_—
Young et al. (2014)* 16:16 1.6 [0.8, 2.4] H e |
Lawson et al. (2017)* 25:25 1.6[1.0,2.3 1 —_—
Arrondo et al. (2015)° 21:24 1.8[1.1, 2.5 ! —_—
Dillon et al. (2014)* 21:21 18[1.1,25 i —_—
Tremblay et al. (2005)* 12:12 1.8[0.8,2.7 | —_—
Admon et al. (2017)* 43:46 1.8[1.3, 2.3 | e
Young et al. (2013)* 32:16 19[1.2,28 i S —
Redlich et al. (2015)* 34:33 1.9[1.3,2.5] 1 ————i
Cunningham (2017) 47:39 20[14,25 i —_—
Misaki et al. (2016) 45:44 2.0[1.5, 2.5 | ——
Rothkirch et al. (2017)" 30:28 20([14,27 1 —
Bakic et al. (2017)" 44:35 2.1[1.6,2.7] i L e |
Dillon et al. (2015)* a7.92 2.2[1.7,2.8] i [ A
Greenberg et al_ (2015)* 31:148 2.4[1.9, 2.8 | e
Yoshida et al. (2017) 65:58 25[2.0, 29| i —_——
Vrieze, Pizzagalli et al. (2013)* 63:79 2.5[2.1,2.9 ! A
Lorenzini (2015)* 11:23 2.6[1.6, 3.5 f ——
Walsh et al. (2018)* 42:46 2.8[2.3, 3.4 | ——
Kumar et al. (2008)" 18:15 30[2.039 i S —}
Sprengelmeyer et al. (2011) 2117 3.0[2.0, 3.9] ! ———————
Kumar et al. (2018)" 25:22 3.4[2.5, 4.2 i 1
Szczepanik et al. (2017) 23:21 3.4[25, 4.3 i —
Gradin et al. (2015)" 25:25 39[3049 i —_—
Nugent et al. (2018)* 26:35 5.1[4.1,6.1 i —_—
Summary 1018:1259 21[1.9,24] i —_— - ————
k=32, Q(df)=172.1(31), p=<.0001; T =04, T =06, = 82% i
Healthy vs MDD (past/remitted) i
Han (2017)* 18:16 -03[-1.0,03) —_—
Pechtel et al. (2013)" 3647 -0.1[-0.5,04] ——e—
Admon & Pizzagalli (2015)* 30:30 0.1[-0.5,0.6] e
Young et al. (2014)* 16:16 0.4[-0.3,1.1] e
Pechtel & Pizzagalli (2013)* 16:31 04[-02,10] I
Summary 116:140 0.1[-0.2,0.3] ——
k=5 Q(df)=39(4),p=42,T*=0.0,T=0.0; *=0% !
Heailthy vs SCZ |
Polimeni et al. (2010)* 20:20 0.4[-1.0,03] e
Fervaha et al. (2013)* 16:16 0.2[-0.5,09] l—i—-—|
Liu, Wang, Zhu et al. (2012) 72:72 0.4[0.1,0.8] | ——
Currie et al. (2017)" 16:20 0.5[-0.2,1.1] ———
Fortunati et al. (2015)* 46:53 0.6 [0.2, 1.0] P ——
Eisenstein et al. (2017)* 59:65 0.6[0.3, 1.0] i ——
Culbreth, Gold st al. (2016)* 36:57 06[0.2,1.0] | o——
Mann et al. (2013) 39:54 0.6 [l 1.1] Ve
Barch et al. (2014)* 39:59 0.7 [0.3, 1.1] T
Lewandowski et al. (2016)* 29:37 0.81[0.3,1.3] | [E—
Culbreth, Westbrook et al, (2016)* 30:33 0.8[0.3,1.3] Vo ———
Arrondo et al. (2015)* 2121 1.1[0.5, 1.8] [ e |
Summary 423:507 0.6 [0.4,0.7] ——
k=12, Q(df)=15.6 (11),p=.15,T*=0.0, T=0.2; = 30%
Healthy vs SUD (abstinent)
Stevens et al. (2007) 26:26 0.6[0.0,1.1] |
Huhn et al. (2016) 10:36 0.7 [0.0, 1.4] R
Garfield et al. (2017) 33:31 1.0[0.5, 1.5] ——
Healthy vs SUD (current use)
Ersche et al. (2012) 50:50 0.8[0.4,1.3] —e—
Stevens et al. (2007) 26:25 0.9[0.3, 1.9] ——
Healthy vs SUD (pharmacotherapy)
Garfield et al. (2017) 33:.90 0.8[04,1.2] ———i
Summary 178:258 0.8[0.6, 1.0] -
k=6.Q(df) =14 (5), p=.92 T*=00,T =00, =0%
Healthy vs PD
Drijgers et al. (2012)* 23:23 -0.1[-0.7,04] e
Renfroe et al. (2016)* 15:15 0.2[-05,09] |
Nagayama et al. (2017) 62:318 0.3[0.0,0.8] ——
Di Giuda et al. (2012)" 17:21 0.4[0.3,1.0] e
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Figure A10. Forest plot of effect sizes of differences in SHAPS scores between healthy and
various clinical samples. k is the number of studies. Q is Cochran’s Q. T? is the estimated
between-studies variance. T is the estimated between-studies standard deviation. 12 is the amount
of variation between studies that is due to heterogeneity rather than chance. Black dots and
horizontal bars represent Hedges’ g and 95% Cls, respectively, from individual studies. Black
polygons represent the summary Hedges’ g and 95% CI. Transparent polygons with black border
represent 95% PIs. *Received missing data.
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Appendix B
PRISMA Checklist

Section/topic | # Checklist item FEPEIIEE

on page #

TITLE

Title 1 | Identify the report as a systematic review, meta-analysis, or both. Front page

ABSTRACT

Structured 2 | Provide a structured summary including, as applicable: 1

summary background; objectives; data sources; study eligibility criteria,
participants, and interventions; study appraisal and synthesis
methods; results; limitations; conclusions and implications of key
findings; systematic review registration number.

INTRODUCTION

Rationale 3 | Describe the rationale for the review in the context of what is 1-10
already known.

Objectives 4 | Provide an explicit statement of questions being addressed with 10
reference to participants, interventions, comparisons, outcomes,
and study design (PICOS).

METHODS

Protocol and 5 | Indicate if a review protocol exists, if and where it can be accessed | 11

registration (e.g., Web address), and, if available, provide registration
information including registration number.

Eligibility 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and | 12-13

criteria report characteristics (e.g., years considered, language, publication
status) used as criteria for eligibility, giving rationale.

Information 7 | Describe all information sources (e.g., databases with dates of 12

sources coverage, contact with study authors to identify additional studies)
in the search and date last searched.

Search 8 | Present full electronic search strategy for at least one database, 12
including any limits used, such that it could be repeated.

Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, 13-15
included in systematic review, and, if applicable, included in the
meta-analysis).

Data collection 10 | Describe method of data extraction from reports (e.g., piloted 13-15

process forms, independently, in duplicate) and any processes for obtaining
and confirming data from investigators.

Data items 11 | List and define all variables for which data were sought (e.g., 13-15
PICOS, funding sources) and any assumptions and simplifications
made.

Risk of bias in 12 | Describe methods used for assessing risk of bias of individual 15-16

individual studies (including specification of whether this was done at the

studies study or outcome level), and how this information is to be used in
any data synthesis.

Summary 13 | State the principal summary measures (e.g., risk ratio, difference in | 19-20

measures means).
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Section/topic

#

Checklist item

Reported
on page #

Synthesis of 14 | Describe the methods of handling data and combining results of 17-21
results studies, if done, including measures of consistency (e.g., 13 for
each meta-analysis.
Risk of bias 15 | Specify any assessment of risk of bias that may affect the NA (see pp.
across studies cumulative evidence (e.g., publication bias, selective reporting 15-16)
within studies).
Additional 16 | Describe methods of additional analyses (e.g., sensitivity or 20-21
analyses subgroup analyses, meta-regression), if done, indicating which
were pre-specified.
RESULTS
Study selection | 17 | Give numbers of studies screened, assessed for eligibility, and 21-22
included in the review, with reasons for exclusions at each stage,
ideally with a flow diagram.
Study 18 | For each study, present characteristics for which data were 28-31, 88-
characteristics extracted (e.g., study size, PICOS, follow-up period) and provide 97
the citations.
Risk of bias 19 | Present data on risk of bias of each study and, if available, any NA (see pp.
within studies outcome level assessment (see item 12). 15-16)
Results of 20 | For all outcomes considered (benefits or harms), present, for each | 28-31, 88-
individual study: (a) simple summary data for each intervention group (b) 97
studies effect estimates and confidence intervals, ideally with a forest plot.
Synthesis of 21 | Present results of each meta-analysis done, including confidence 27-39
results intervals and measures of consistency.
Risk of bias 22 | Present results of any assessment of risk of bias across studies 24-26
across studies (see Item 15).
Additional 23 | Give results of additional analyses, if done (e.g., sensitivity or 39-41
analysis subgroup analyses, meta-regression [see Item 16]).
DISCUSSION
Summary of 24 | Summarize the main findings including the strength of evidence for | 41-45
evidence each main outcome; consider their relevance to key groups (e.g.,
healthcare providers, users, and policy makers).
Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), 45-49
and at review-level (e.g., incomplete retrieval of identified research,
reporting bias).
Conclusions 26 | Provide a general interpretation of the results in the context of 49-50
other evidence, and implications for future research.
FUNDING
Funding 27 | Describe sources of funding for the systematic review and other 50

support (e.g., supply of data); role of funders for the systematic
review.
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