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Abstract

Background: Cannabis is the most widely used illicit substance, particularly among youth.
Earlier onset is associated with poorer clinical trajectories in cannabis use disorder (CUD)),
but its relationship with hedonic—motivational components remains unclear. Methods:
Outpatients with severe CUD (n = 121) were stratified by age at onset (<18 vs. >18 years)
and compared on hedonic-motivational functioning using the Snaith-Hamilton Pleasure
Scale (SHAPS) and the Temporal Experience of Pleasure Scale (TEPS). Healthy subjects
(n =112) served as a reference group. Results: CUD groups were comparable in clinical
characteristics and cannabis use patterns. TEPS-Anticipatory scores were lower in patients
with onset before age 18 (p < 0.001) and remained associated with onset group after
adjustment for gender, education, and CUD duration (p < 0.001). When healthy subjects
were included, significant group effects were observed (p < 0.001). Post hoc comparisons
confirmed reduced TEPS-Anticipatory scores in early-onset vs. both later-onset and control
groups, and higher SHAPS scores in both CUD groups vs. controls. Conclusions: CUD
onset before age 18 is associated with reduced anticipatory pleasure, suggesting a greater
involvement of anticipatory than other dimensions of hedonic functioning. Age at onset
may therefore help identify patients with greater motivational vulnerability and inform
early, targeted prevention and intervention strategies.

Keywords: addiction; cannabinoids; motivational dysfunction; reward anticipation; youth

1. Introduction

Cannabis is the most widely used illicit drug worldwide (UNODC, 2025) and in Eu-
rope, particularly among adolescents and young adults (EUDA, 2026). Consistently, current
cannabis use among 15-16-year-old students in Italy reaches 8.6%, exceeding the European
average of 5% (ESPAD, 2024). Although cannabis use is often intermittent or recreational, a
non-negligible proportion of users develop a cannabis use disorder (CUD), a condition asso-
ciated with clinically significant impairment and increased psychopathological vulnerability
(Budney, 2019; Connor et al., 2021).
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CUD can lead to several adverse outcomes, including affective dysregulation, cogni-
tive dysfunction, reduced psychosocial functioning, and an increased risk of psychiatric
comorbidity, particularly within the psychotic spectrum (Hjorthej et al., 2021; Murray et al.,
2017; Sagar & Gruber, 2025). Age at onset represents a well-established marker of clinical
vulnerability in substance use disorders (Butterworth et al., 2014), where an earlier initiation
is typically associated with greater disorder severity, more persistent use patterns, and
poorer long-term outcomes (Solmi et al., 2022; Wagner & Anthony, 2002).

In the context of cannabis use, early exposure during a critical neurodevelopmental
period such as adolescence has been linked to more pronounced neurobiological and func-
tional alterations (Macedo et al., 2024; Rubino & Parolaro, 2016; Volkow et al., 2019). The
primary psychoactive component of cannabis, A9-tetrahydrocannabinol (THC), exerts its
effects mainly through the endocannabinoid system, which plays a key modulatory role in
synaptic plasticity and dopaminergic neurotransmission (Andre et al., 2016; Volkow et al.,
2017). Through its partial agonism at cannabinoid CB1 receptors, THC can indirectly mod-
ulate mesolimbic dopaminergic signaling, a mechanism central to reward processing and
reinforcement learning (Caballero & Tseng, 2012; Hirvonen et al., 2012). Experimental and
human studies suggest that repeated exposure to cannabinoids, particularly when occurring
early in development, may interfere with the maturation of mesolimbic reward pathways
(Rubino & Parolaro, 2016), thereby inducing persistent neuroadaptations (Bloomfield et al.,
2014, 2016; Volkow et al., 2017).

Alterations in reward processing and motivation have been documented in individuals
with chronic cannabis use and have historically been conceptualized under the construct
of an “amotivational syndrome”, characterized by apathy, reduced initiative, diminished
goal-directed behavior, and decreased responsiveness to rewarding stimuli (Barnwell et al.,
2006). More recent models have refined the conceptualization of hedonic experience,
distinguishing between anticipatory aspects of reward, which support motivation toward
future goals, and consummatory pleasure, which reflects the immediate hedonic experience
during reward consumption (Gard et al., 2006; Moccia et al., 2018).

Consistent with this multidimensional conceptualization, research on cannabis use
has examined different components of reward and hedonic functioning using self-report,
behavioral, and neuroimaging measures, yielding heterogeneous findings across reward
subprocesses and study populations (Beyer et al., 2024; Skumlien et al., 2021). Studies
employing self-report measures of hedonic capacity, including instruments assessing an-
ticipatory and consummatory pleasure, suggest that alterations in pleasure experience
may be related to cannabis involvement, although associations appear to vary according to
developmental and clinical characteristics, as well as to whether cannabis involvement is
indexed in terms of use frequency or problematic use (Cassidy et al., 2012; Leventhal et al.,
2017; Lopez-Vergara et al., 2019).

Importantly, although age at initiation of cannabis use has been explored in relation to
reward-related outcomes, evidence regarding this association remains limited and incon-
sistent across different reward sub-processes (Beyer et al., 2024). Moreover, considerably
less is known about whether the age at onset of CUD itself is associated with alterations in
distinct hedonic-motivational components. Indeed, it is unclear whether CUD with onset
before age 18 is selectively associated with deficits in specific motivational processes beyond
the general clinical severity observed in early-onset trajectories (Budney, 2019; Connor et al.,
2021). Against this background, the present study aimed to investigate the association
between age at onset of CUD and hedonic-motivational functioning in a clinical sample
of patients with severe CUD, with the hypothesis that an earlier age at onset would be
associated with altered hedonic—motivational functioning, while exploring whether such
alterations differentially involved anticipatory and consummatory components of pleasure.
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2. Materials and Methods
2.1. Participants

Outpatients consecutively referred to the “Centro Psichiatrico Integrato per la ricerca,
la prevenzione e la cura delle Dipendenze” (CePID) at the Department of Psychiatry of
Fondazione Policlinico Universitario “Agostino Gemelli” IRCCS in Rome, between January
2021 and March 2024, for substance-related problems were retrospectively screened for
inclusion. Subjects were considered eligible if they were of either gender and had a diagnosis
of severe Cannabis Use Disorder (CUD) according to the DSM-5 criteria (APA, 2013). The
primary diagnosis and the presence of any psychiatric comorbidities were evaluated through
the Italian version of the Structured Clinical Interview for DSM-5 Disorders, Clinician
Version, and Personality Disorders. Further inclusion criteria included fluency in spoken and
written Italian. Participants were excluded if they presented acute intoxication at the time
of assessment, major medical disorders, or any conditions that could impair psychometric
assessment, such as active psychotic features, organic brain syndromes, neurocognitive
disorders, or evidence of global cognitive impairment, operationalized as a Mini-Mental
State Examination score of <26.

The sample was stratified a priori by age at onset of CUD (before age 18 vs. 18 years or
older) to distinguish onset occurring within adolescence from onset occurring thereafter.
Age at CUD onset was defined as the retrospectively ascertained age at which patients first
met DSM-5 diagnostic criteria for CUD, as documented during the clinical assessment, inte-
grating patient report with collateral information from family members or caregivers, when
available and with the patient’s consent. Although neurodevelopmental processes extend
into young adulthood, this categorization is consistent with models identifying adolescence
as a sensitive period for substance-related vulnerability, a notion supported by evidence
indicating this age range as critical for prefrontal cortex maturation and dopaminergic
circuitry development (Paus et al., 2008; Volkow et al., 2019). Further, the selected cut-off is
consistent with widely adopted operational definitions of early-onset CUD (Connor et al.,
2021), supporting its relevance for examining the association between early cannabinoid
exposure and hedonic-motivational functioning.

Healthy subjects (HS) were additionally recruited from the community as a reference
group for the comparison of hedonic experience, without any financial or other participation
incentive. They were volunteers screened for current or previous psychiatric disorders,
including substance abuse or dependence, and related current or previous treatment (psy-
chotherapy and/or psychopharmacological treatment); a positive response constituted an
exclusion criterion.

The sample size was determined by the number of eligible individuals available dur-
ing the study period, and no a priori sample-size calculation was performed. The study
protocol received local ethical approval, and written informed consent was obtained from
all participants prior to inclusion.

2.2. Data Collection and Psychometric Assessment

Clinical records were retrospectively reviewed for extraction of sociodemographic,
clinical, substance-use, and psychometric data, which had been collected as part of routine
clinical practice through structured clinical interviews, self-report measures, and toxicologi-
cal assessments, as detailed below. Psychometric assessment was performed after at least
four weeks of sustained abstinence from cannabis and, when applicable, other substances
of abuse, following an integrated pharmacological and psychotherapeutic detoxification
program. Cannabis use and abstinence were established using information from clinician
interviews, self-reports (including a TimeLine FollowBack calendar), and qualitative urine
toxicology screenings. Detailed information on cannabis use comprised duration of use,
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frequency of consumption, average daily quantity, and type of cannabinoids used. Cannabis
product type was based on participants” self-report during the clinical interview; THC and
CBD concentrations were not analytically verified.

Hedonic-motivational functioning was assessed using the validated Italian versions
of the Temporal Experience of Pleasure Scale (TEPS; Gard et al., 2006) and the Snaith—
Hamilton Pleasure Scale (SHAPS). The TEPS is an 18-item self-report scale rated on a
6-point Likert scale (1-6), designed to assess trait hedonic capacity and individual differ-
ences in the experience of pleasure, with higher scores indicating greater hedonic capacity.
The questionnaire shows a multifactorial structure comprising three dimensions of pleasure:
‘anticipatory’, a motivational, future-oriented component related to the expectation of re-
warding experiences (“wanting”); ‘contextual anticipatory’, anchored to specific situations
or contextual conditions perceived as pleasurable; ‘consummatory’, the in-the-moment
experience of pleasure during rewarding activities (“liking”). Factor scores were computed
according to the three-factor structure and item allocation reported in the Italian validation
study (Stratta et al., 2011), comprising anticipatory, contextual anticipatory, and consumma-
tory pleasure dimensions. The Italian version has demonstrated satisfactory psychometric
properties. In the present sample, internal consistency was good for the overall TEPS (Cron-
bach’s « = 0.806; McDonald’s w = 0.808), while coefficients for the anticipatory, contextual
anticipatory, and consummatory dimensions were «/w = 0.752/0.757, 0.563/0.564, and
0.634/0.644, respectively.

Anhedonia was additionally assessed using the SHAPS, a self-report instrument com-
prising 14 items covering common pleasurable experiences across four domains (interests
and pastimes, social interaction, sensory experiences, and food/drink). Respondents rate
their level of agreement based on recent experience, and responses are summed to yield
a total score ranging from 0 to 14, with higher scores indicating greater anhedonia and a
commonly used cut-off of >3 for clinically relevant symptomatology (Snaith et al., 1995).
The SHAPS has demonstrated good reliability and validity in both clinical and non-clinical
populations, including the Italian validation (Martino et al., 2018). In the present sample,
internal consistency was a = 0.658 and w = 0.662. It is primarily designed to assess hedonic
tone related to experienced pleasure and does not directly measure anticipatory or moti-
vational components of reward processing (Mittmann et al., 2025; Trostheim et al., 2020).
Here, continuous SHAPS scores were used in all analyses.

2.3. Statistical Analysis

Descriptive data were summarized as the number of participants and percentage (%) or
mean * standard deviation (M £ SD) for categorical and continuous variables, respectively.
Univariate comparisons between groups on sociodemographic, clinical, and psychometric
variables were conducted using the independent-samples t-test for continuous variables or
the Chi-squared test (or Fisher’s exact test, when appropriate) for dichotomous variables.

Linear regression analyses were performed to examine the association between age at
CUD onset and hedonic-motivational functioning within the clinical sample. All three TEPS
dimensions were examined and are reported both in the univariate comparisons within the
clinical sample and in the analyses including healthy subjects described below; no outcome
was excluded from the analytical plan based on observed p-values. The adjusted regression
was applied to TEPS-Anticipatory, the only dimension associated with onset group in those
analyses. Age at onset group (before-18 vs. 18-or-older onset CUD) was entered as the
main factor, adjusting for gender, educational level, and CUD duration; these covariates
were selected a priori on substantive clinical and sociodemographic grounds (Heinze et al.,
2018), with CUD duration accounting for cumulative cannabis exposure and reducing the
risk that the investigated association reflected illness duration rather than onset timing.
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Current age was not included in the same model because age at onset, CUD duration, and
current age are conceptually and mathematically interrelated, raising concerns regarding
redundancy and collinearity. Model diagnostics included assessment of residual normality,
homoscedasticity, and multivariate outliers. Alongside the a priori categorical analysis,
age at CUD onset was additionally modeled as a continuous predictor within the same
covariate-adjusted model, and a quadratic term for mean-centered age at onset was tested to
examine departures from linearity. Collinearity diagnostics were examined using variance
inflation factors (VIF), with values of <3 considered acceptable.

Healthy participants were included as a reference group to test between-group dif-
ferences in specific hedonic-motivational dimensions and global anhedonia. Multivariate
analysis of covariance (MANCOVA) was conducted with the three TEPS subscales as
dependent variables and group (before-18-onset CUD, 18-or-older-onset CUD, healthy
subjects) as the between-subjects factor. Age and gender were included as covariates in
all multivariable models due to baseline differences between groups. Homogeneity of
covariance matrices and multivariate normality were assessed prior to the MANCOVA, and
Pillai’s Trace was additionally inspected because of its relative robustness to departures from
multivariate normality. When a significant multivariate effect was detected, we performed
a series of one-way analyses of covariance (ANCOVAs), with the same covariates, to test
differences between groups on dependent variables. Similarly, an ANCOVA model was
performed to investigate between-group differences in SHAPS scores. For outcomes show-
ing significant group effects, Bonferroni-adjusted pairwise comparisons were performed.
Lastly, exploratory Pearson’s correlation analyses were conducted to examine the associa-
tion between global anhedonia (SHAPS total score) and hedonic-motivational dimensions
(TEPS subscales).

To account for multiple testing across the three TEPS dimensions, a Bonferroni-adjusted
significance threshold of x = 0.017 was applied (Bender & Lange, 2001).

No imputation was performed at either the item or the scale level, and no prorating
was applied to incomplete questionnaires. All variables entering the linear regression,
MANCOVA, and ANCOVA models were complete, including all TEPS and SHAPS scores;
these analyses were therefore conducted on the full samples (17 = 121 for the within-CUD
models; n = 233 for the models including healthy subjects), with no observations excluded.
Statistical significance was set at p < 0.05 unless otherwise specified. All analyses were
performed using IBM SPSS Statistics for Windows, v. 29.

3. Results

The clinical records of 285 patients referred during the study period were retrospec-
tively screened for eligibility. After excluding those who did not provide informed consent
(n = 75) and participants who did not satisfy inclusion criteria (n = 89), 121 Caucasian
subjects with severe CUD were included (File S1). Sociodemographic, clinical, and psycho-
metric characteristics of the sample, together with available characteristics of the healthy
reference group, are summarized in Table 1.

Mean age at cannabis use disorder onset was 15.2 & 1.38 years for the before-18-onset
CUD group, and 21.1 £ 2.11 years for the 18-or-older-onset CUD group. Regarding cannabis
use patterns, patients reported frequent daily consumption (mean 3.72 + 2.82 joints per
day), without differences between groups (p = 0.065). Hashish/cannabis resin was the most
commonly reported cannabis product, followed by marijuana and lower-THC products. At
the time of assessment, 33.9% of patients were receiving psychopharmacological treatment,
without significant differences between before-18-onset (n = 27) and 18-or-older-onset
(n =14) CUD groups (p = 0.449). A family history of substance use disorders was reported
by 24.0% of patients, with comparable rates between before-18 and 18-or-older-onset groups
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(25.9% vs. 19.4%, respectively; p = 0.448). Psychiatric comorbidities were common across
the sample (47.1%) and similarly distributed between groups (p = 0.678). Overall, the most
frequent conditions were additional alcohol/substance use disorders (28.1%), neurodevel-
opmental (21.5%) and mood disorders (20.7%; 18.8% vs. 25% in the before-18-onset and
18-or-older-onset CUD groups, respectively; Fisher’s exact p = 0.467), including depressive
disorders (15.7% overall; 14.1% vs. 19.4%; Fisher’s exact p = 0.585) and bipolar spectrum
disorders (5% overall; 4.7% vs. 5.6%; Fisher’s exact p = 1.000). Other comorbidities in-
cluded anxiety disorders (14.9%), personality disorders (10.7%), and gambling disorder
(4.9%). Schizophrenia spectrum disorders (2.5%), obsessive—compulsive disorder (1.6%),
and feeding/eating disorders (1.6%) were comparatively uncommon.

Table 1. Sociodemographic, clinical, and psychometric characteristics of the sample.

. o/. Before-18- 18-or-Older-
Characteristics (n, %; M + SD) Total Onset CUD Onset CUD HS
Overall 121 85 (70.2) 36 (29.8) 112
Sociodemographic features t/x2/F p p
Age (years) 28.2 +8.43 27.2+8.15 304 +8.76 -1.94 0.054 249+ 6.1 i
Gender 2.83 0.092 b

Male 104 (86) 76 (89.4) 28 (77.8) 46 (41.1)

Female 17 (14) 9 (10.6) 8 (22.2) 66 (58.9)
Educational level (years) 12.8 + 2.56 12.3 £ 2.55 13.8 +2.33 —291 0.004 148 + 2.8 o
Occupation (employed) 41 (33.9) 29 (34.1) 12 (33.3) 0.01 0.934 106 (94.6) ok
Partner (yes) 8 (6.6) 7 (8.2) 1(2.8) 1.22 0.269 7 (6.3) 0.532
Legal problems (yes) 31 (25.6) 25 (29.4) 6 (16.7) 2.16 0.142 4(3.6) i
Clinical data
Duration of CUD (years) 11.3 £ 8.04 12.1 £8.14 931759 1.74 0.084 -

Cannabis use -

Days/week 64+1.15 6.47 £ 1.09 6.26 £1.27 0.91 0.368

Daily amount (grams) 1.11 £0.73 1.2+£0.76 0.93 £ 0.63 1.91 0.078
Age at first psychiatric access (years) 26 +7.69 249 + 6.76 28.2£9.18 -1.96 0.052 -

Psychiatric hospitalizations (yes) 22 (18.2) 17 (20) 5(13.9) 0.63 0.426 -

Suicide attempts (yes) 3(2.48) 1(1.18) 2 (5.6) 2.01 0.157 -

Psychiatric comorbidity (yes) 57 (47.1) 39 (45.9) 18 (50) 0.16 0.678 -

Family history of psychiatric s
disorders (yes) 57 (47.1) 36 (42.4) 21 (58.3) 2.59 0.107 10 (8.9)
Polysubstance use (yes) 34 (28.1) 25 (29.4) 9 (25) 0.24 0.622 -

BMI 23.6 £3.82 232 +3.89 24.2 + 3.65 -1.13 0.261 21.8+26 i
Tobacco smoking (yes) 96 (79.3) 65 (76.5) 31 (86.1) 143 0.231 60 (53.6) b
Psychometric assessment

SHAPS 5.52 +1.36 5.65 + 1.49 522 +0.93 1.58 0.117 2.29 +2.44 o
TEPS

Anticipatory 3231728 30.8+72 358+ 64 —-3.60 <0.001 * 383161 i

Contextual Anticipatory 19.8 + 4.34 19.6 £ 4.2 205+47 —-1.05 0.295 202 +£397 0.478

Consummatory 18.5 + 3.60 181+ 3.5 19.3+3.9 -1.59 0.115 19 £3.53 0.221

Total score 70.5 £ 12 685+ 11.3 755+ 12.0 —-3.06 0.003 775 £10.6 o

Significant results are in bold. Reported p-values are unadjusted, with # indicating results remaining
significant after Bonferroni-adjusted significance threshold (x = 0.017, for the three TEPS dimensions).
The p-values in the last column refer to comparisons between the overall clinical sample and healthy
subjects, with *** p < 0.001 (continuous and categorical variables were compared using, respectively,
Student’s t-test/Welch's t-test, and x? test/Fisher’s exact test, as appropriate). Abbreviations: BMI,
body mass index; CUD, cannabis use disorder; F, Fisher’s exact test; HS, healthy subjects; M, mean;
SD, standard deviation; t, Student’s t; SHAPS, Snaith-Hamilton Pleasure Scale; TEPS, Temporal
Experience of Pleasure Scale; x2, chi-squared test.

Among psychometric measures, TEPS-Anticipatory scores significantly differed be-
tween before-18 and 18-or-older-onset CUD at univariate analysis (p < 0.001), and this
association remained significant in the linear regression model adjusted for gender, educa-
tional level, and CUD duration (p < 0.001, R? = 0.129; Adjusted R? =0.091, AIC = 818).
Estimated marginal means (SE) indicated lower TEPS-Anticipatory scores in patients with
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before-18-onset CUD [30.7 (0.76); 95% CI: 29.2-32.2] than in those with 18-or-older-onset
CUD [35.9 (1.20); 95% CI: 33.6-38.3]. Model diagnostics did not indicate relevant viola-
tions of residual normality (Shapiro-Wilk p = 0.070) or homoscedasticity (Breusch-Pagan
p = 0.088), with low collinearity (VIFs = 1.03-1.13) and no multivariate outliers (no obser-
vations exceeded the prespecified p < 0.001 Mahalanobis-distance threshold). Regression
coefficients and model parameters are reported in Table 2.

Table 2. Linear regression analysis of TEPS-Anticipatory scores in patients with CUD.

Predictor B SE 95%Cls p
CUD onset group
(18-or-older vs. before-18) 5.24 1.46 2.35,8.13 <0.001
Covariate
CUD duration (years) —0.03 0.08 —-0.19,0.13 0.744
Education -041 0.26 —-0.91, 0.10 0.116
Gender 2.09 1.84 —1.54,5.73 0.256

Significant results are in bold. Abbreviations: B, unstandardized coefficients; CI, Confidence Intervals;
CUD, Cannabis Use Disorder; p, statistical significance; SE, Standard Error; TEPS, Temporal Experience
of Pleasure Scale. N = 121.

In a sensitivity analysis modeling age at CUD onset as a continuous predictor within
the same covariate-adjusted model, the association with TEPS-Anticipatory scores was in
the same direction as the categorical contrast (B = 0.393, p = 0.034). Adding a quadratic
term for mean-centered age at onset provided no evidence of departure from linearity
(B =—0.011; p = 0.635; AR? = 0.0018).

To contextualize these findings, a group of 112 healthy subjects was included as a
reference population. As shown in Table 1, healthy subjects differed from the overall clinical
sample in age and gender distribution (both p < 0.001). Accordingly, age and gender were
included as covariates in subsequent MANCOVA and ANCOVA models.

After controlling for age and gender, the MANCOVA reported a significant global
effect of group (before-18-onset CUD vs. 18-or-older-onset CUD vs. healthy subjects) on
TEPS subscales (Wilks’ Lambda = 0.77, F(6,452) = 10.61, p < 0.001), whereas no significant
multivariate effects were observed for age (Wilks’ Lambda = 0.99, F(3,226) = 0.21, p = 0.895)
or gender (Wilks’ Lambda = 0.98, F(3,226) = 1.39, p = 0.246). Box’s M did not indicate
heterogeneity of covariance matrices (p = 0.110); multivariate normality was not fully
supported (p = 0.002), but the group effect was confirmed by Pillai’s trace (V = 0.232,
F(6,454) =9.95, p < 0.001).

To control for multiple comparisons across the three TEPS subscales, a Bonferroni-
adjusted significance threshold was applied (x = 0.017), under which only TEPS-Anticipatory
scores remained significant. Accordingly, a separate ANCOVA including the same covari-
ates was conducted and is fully reported in Table 3, together with Bonferroni-adjusted post
hoc comparisons, while estimated marginal means and their CIs are illustrated in Figure 1.

Overall, TEPS-Anticipatory scores were sufficiently comparable across groups, as sup-
ported by an additional multigroup confirmatory factor analysis showing measurement
invariance for this dimension (CFI = 0.986, RMSEA = 0.029, SRMR = 0.062), with no deteri-
oration in model fit after progressively constraining factor loadings (metric invariance: CFI
=1.000, RMSEA = 0.000, SRMR = 0.072) and item intercepts (scalar invariance: CFI = 1.000,
RMSEA = 0.000, SRMR = 0.080).

No significant group effects were observed for TEPS-Contextual Anticipatory (F = 0.42,
unadjusted p = 0.659, 1°p = 0.004) or TEPS-Consummatory scores (F = 1.64, unadjusted
p = 0.196, n*p = 0.014; see File S2 for full results).
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Table 3. Between-group differences in anticipatory pleasure (TEPS-Anticipatory) with age and gender
as covariates (ANCOVA).

Effect df F p* 1’p
Group 2228 20.72 <0.001 0.154
Covariate
Age 1228 0.13 0.718 0.001
Gender 1228 2.46 0.118 0.011
Pairwise comparisons TEPS-Anticipatory PBonferroni
Group MD (SE)
Before-18 vs. 18-or-older-onset CUD —4.8 (1.32) <0.001
Before-18-onset CUD vs. HS —6.7 (1.06) <0.001
18-or-older-onset CUD vs. HS -1.8 (1.33) 0.511

* Unadjusted p-values (in bold if significant). Abbreviations: ANCOVA, Analysis of Covariance;
CUD, Cannabis Use Disorder; df, degrees of freedom; HS, Healthy Subjects; MD, Mean Difference; p,
statistical significance; SE, Standard Error; TEPS, Temporal Experience of Pleasure Scale. N = 233.

45 = *%%
*%%
40 - T
"y
o
(1]
&3 ?
= 0 35-4
g
"l, —
o
P NS
30
@ CcuD<18
@ CcuD 218
O Hs
25 T ] ]
CUD <18 CUD 218 HS

Figure 1. Between-group differences in anticipatory pleasure (TEPS-Anticipatory) with age and
gender as covariates (ANCOVA). Adjusted estimated marginal means of TEPS-Anticipatory scores
across groups. Error bars represent 95% confidence intervals. Abbreviations: ANCOVA, Analysis of
Covariance; CUD, Cannabis Use Disorder; HS, Healthy Subjects; NS, not significant; TEPS, Temporal
Experience of Pleasure Scale. Bonferroni-adjusted pairwise comparisons are indicated: *** p < 0.001.

Although SHAPS did not differentiate before-18 from 18-or-older-onset CUD within
the clinical sample, to further characterize overall anhedonia, an ANCOVA including healthy
subjects was performed, with age and gender as covariates, which is reported in Table 4
together with Bonferroni-adjusted pairwise comparisons. Estimated marginal means indi-
cated higher levels of anhedonia in both before-18-onset [5.51 (SE = 0.22); 95% CI: 5.07-5.95]
and 18-or-older-onset CUD [5.15 (SE = 0.33); 95% CI: 4.49-5.80] compared with healthy
subjects [2.41 (SE = 0.20); 95% CI: 2.02-2.80].

Given that education was included as a covariate in the within-clinical-sample regres-
sion model, sensitivity analyses were performed by additionally adjusting for this variable
in the MANCOVA and ANCOVA models including healthy subjects. This additional adjust-
ment did not materially alter the pattern of findings (see File S3).
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Table 4. Between-group differences in overall anhedonia (SHAPS) with age and gender as covari-
ates (ANCOVA).

Effect df F p* 1’p
Group 2228 53.00 <0.001 0.317
Covariate
Age 1228 <0.001 0.994 <0.001
Gender 1228 3.12 0.079 0.013
Pairwise comparisons SHAPS PBonferroni
Group MD (SE)
Before-18 vs. 18-or-older-onset CUD 0.36 (0.39) 1.000
Before-18-onset CUD vs. HS 3.10 (0.32) <0.001
18-or-older-onset CUD vs. HS 2.74 (0.40) <0.001

* Unadjusted p-values (in bold if significant). Abbreviations: ANCOVA, Analysis of Covariance;
df, degrees of freedom; HS, Healthy Subjects; MD, Mean Difference; p, statistical significance; SE,
Standard Error; SHAPS, Snaith—-Hamilton Pleasure Scale. N = 233.

Exploratory correlation analyses showed significant negative associations between
SHAPS and TEPS-Anticipatory (r = —0.322, p < 0.001), and TEPS-Total score (r = —0.212,
p = 0.001; see File S4 for complete correlation results).

4. Discussion

In this sample of patients with severe cannabis use disorder (CUD), an earlier age
at onset (before age 18) was associated with lower self-reported anticipatory pleasure,
whereas other facets of hedonic experience did not show the same pattern. Notably, pa-
tients with onset before age 18 and those with onset at 18 years or older were largely
comparable across clinical characteristics and cannabis use. Importantly, the association
between earlier onset and lower TEPS-Anticipatory scores remained significant after ad-
justment for gender, educational level, and CUD duration. Taken together, these find-
ings suggest that onset before age 18 may identify a subgroup of patients with severe
CUD characterized by lower anticipatory pleasure, potentially beyond differences in other
clinical characteristics.

The clinical profile of the sample, predominantly young adult males with frequent
daily cannabis use and a preference for resin-based products, mirrors current epidemi-
ological patterns of consumption (Connor et al., 2021, EUDA, 2026, UNODC, 2025).
Cannabis use remains prevalent among male adolescents and young adults, although
gender differences have progressively narrowed (Di Nicola et al., 2017; ESPAD, 2024; EUDA,
2026). In parallel, the increasing availability of high-potency cannabis products, especially
resin with elevated THC concentrations (EUDA, 2026; Freeman et al., 2021), has been
linked to adverse neuropsychiatric outcomes, particularly when exposure occurs during
developmentally sensitive periods (Hambly Lapointe et al., 2026; Hurd, 2025; Wijayendran
etal., 2018).

The finding of reduced anticipatory pleasure in individuals with earlier CUD onset is
consistent with contemporary models of reward processing, which distinguish anticipatory,
motivational components of pleasure from consummatory aspects (Gard et al., 2006). An-
ticipatory reward processing, often conceptualized as “wanting”, supports goal-directed
behavior and effort allocation, whereas consummatory pleasure (“liking”) refers to the
hedonic experience during reward consumption (Volkow et al., 2017). Accordingly, the
different pattern observed in the TEPS subscale scores points to a potentially greater involve-
ment of anticipatory aspects of pleasure than of overall hedonic functioning in relation to
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earlier CUD onset. This interpretation is consistent with a recent systematic review framing
CUD as a condition characterized by motivational dysregulation, with altered goal pursuit
and reduced engagement with non-drug rewards as clinically relevant features (Mishra
et al., 2026). Against the heterogeneous findings previously reported across different mea-
sures of reward and hedonic functioning in cannabis users (Skumlien et al., 2021), our
findings further suggest that age at CUD onset may contribute to characterizing variability
in hedonic-motivational functioning among individuals with severe CUD.

The observed reduction in anticipatory pleasure may be interpreted in light of evidence
implicating dopaminergic dysfunction in cannabis-related motivational alterations. Studies
in chronic cannabis users have reported reduced striatal dopaminergic reactivity, altered
reward-related neural activation, and blunted dopamine synthesis capacity, particularly
during tasks involving reward anticipation rather than reward receipt (Rubino & Parolaro,
2016). These alterations have been associated with apathy and reduced motivational drive,
even in the absence of marked changes in baseline dopamine receptor availability (Bloom-
field et al., 2014), suggesting that cannabis-related deficits may primarily affect dynamic
aspects of reward signaling rather than tonic hedonic function.

From a neurodevelopmental perspective, adolescence represents a critical period for
the maturation of frontolimbic and mesocorticolimbic circuits involved in reward processing
and behavioral regulation. During this phase, dopaminergic systems show increased plas-
ticity and responsivity to reinforcing stimuli, while prefrontal regulatory systems are still
developing (Paus et al., 2008). Exposure to cannabinoids during this period may interfere
with the maturation of these circuits through modulation of GABAergic and glutamater-
gic transmission and indirect effects on dopaminergic signaling (Freeman et al., 2021).
Importantly, the magnitude of these effects may depend on THC exposure, as emerging
translational evidence indicates dose-related consequences during adolescence (Hurd, 2025;
Tseng & Molla, 2025). In nonhuman primates, prolonged exposure during this sensitive
period produced persistent alterations in ventral striatal connectivity and dose-dependent
disruption of reward sensitivity and motivation, although direct evidence that higher THC
potency specifically produces greater blunting of ventral striatal activation during reward
anticipation remains limited (Kangas et al., 2025). Persistent neuroadaptations, including
CB1 receptor downregulation and altered dopaminergic responsivity, may contribute to
long-term changes in motivational salience attribution (Caballero & Tseng, 2012; Hirvonen
et al., 2012; Rubino & Parolaro, 2016).

Within this framework, alterations in dopaminergic signaling may be relevant for
anticipatory components of reward processing, which are closely linked to motivational
salience attribution and future-oriented behavior (Volkow et al., 2017). Altered dopamin-
ergic function has been associated with reduced reward anticipation (Dubol et al., 2018),
while neuroimaging studies have shown that blunted ventral striatal responses to antici-
pated rewards during adolescence are linked to increased vulnerability to later substance
use (Btichel et al., 2017). Moreover, developmental refinement of reward anticipation
and reward receipt processes during adolescence (Cao et al., 2019), together with indi-
vidual variability in dopaminergic function associated with susceptibility to substance
misuse (Baker et al., 2019), further supports the relevance of this developmental period.
Prospective evidence suggests that reward-related characteristics may precede substance
involvement. In substance-naive children, nucleus accumbens activation during reward
anticipation predicted subsequent substance-use initiation (Cope et al., 2019), indicating
that individual differences in reward processing can be present before substance expo-
sure. Conversely, longitudinal evidence also supports a potential contribution of cannabis
exposure to subsequent changes in reward processing. Greater marijuana use has been
associated with subsequent reductions in nucleus accumbens activation during reward
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anticipation (Martz et al., 2016), suggesting that alterations in anticipatory reward signaling
may also emerge or become more pronounced over the course of cannabis use. More recent
evidence further suggests that reward-related profiles associated with substance use may
vary across developmental stages and patterns of use, leaving the temporal relationship
between reward function and substance involvement unresolved (Martz et al., 2021). Taken
together, pre-existing reward-related characteristics and cannabis-associated neuroadapta-
tions may represent complementary rather than mutually exclusive processes, although the
cross-sectional design of the present study does not allow their relative contribution to the
observed reduction in anticipatory pleasure to be determined.

Similar alterations in reward anticipation have been described across several psychi-
atric conditions characterized by motivational dysfunction, including major depression,
schizophrenia spectrum disorders, and other substance use disorders (Bloomfield et al.,
2014; Hinckley et al., 2024). In these conditions, impairments in reward anticipation have
been associated with apathy, reduced initiative, and diminished goal-directed behavior,
even when consummatory pleasure remains relatively preserved (Hinckley et al., 2024).
Furthermore, anhedonia has been shown to be closely linked to substance use disorders
across different levels of severity and in the presence of psychiatric comorbidities (Stull
et al., 2022), and to dynamically interact with mood states in influencing cannabis use
patterns (Collins et al., 2024). Importantly, in this sample, psychiatric comorbidities were
present but similarly distributed between groups, suggesting that the observed differences
in anticipatory pleasure are unlikely to be driven by differential comorbidity burden. From
a broader transdiagnostic perspective, alterations in reward anticipation have been pro-
posed as a shared dimension of vulnerability contributing to functional impairment across
diagnostic categories (Hinckley et al., 2024).

In addition to differences in anticipatory pleasure, these findings provide insight into
broader hedonic functioning as assessed by the SHAPS. Although descriptively higher
SHAPS scores were observed in patients with onset before age 18, this difference did not
reach statistical significance within the clinical sample. In contrast, both CUD groups
showed significantly higher levels of anhedonia than healthy subjects, suggesting that
reduced global hedonic tone may characterize severe CUD more broadly, without the
same differentiation according to age at onset observed for anticipatory pleasure. These
findings suggest that global anhedonia and anticipatory pleasure may capture partially
distinct aspects of reward functioning, consistent with previous work emphasizing the
multidimensional nature of reward-related alterations in cannabis use (Skumlien et al.,
2021). While SHAPS scores indicate a broader reduction in hedonic tone across individuals
with severe CUD, lower TEPS-Anticipatory scores appear associated with earlier disorder
onset. Consistently, exploratory analyses revealed a moderate negative correlation between
SHAPS and TEPS-Anticipatory scores, suggesting that these constructs are related but not
interchangeable, in line with multidimensional models of anhedonia and reward processing
(Gard et al., 2006; Mittmann et al., 2025; Trostheim et al., 2020).

Clinically, these findings may have implications for the characterization of hedonic—
motivational functioning in severe CUD and for the identification of potentially relevant
treatment targets. In particular, reduced anticipatory pleasure may be associated with
goal-directed behavior and motivational engagement, dimensions relevant to treatment
adherence and recovery processes (Budney, 2019; Gates, 2016). Interventions that en-
hance engagement with alternative, non-drug rewards and support goal-directed behavior,
including contingency management and behavioral activation approaches, may warrant
consideration, particularly when reduced anticipatory pleasure is evident (Gates, 2016;
Haney et al., 2023; Mishra et al., 2026). More broadly, the findings support prevention
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strategies aimed at delaying the onset of problematic cannabis use during adolescence
(Wagner & Anthony, 2002).

Several limitations should be acknowledged when interpreting these findings. The
cross-sectional design precludes determination of whether reduced self-reported antic-
ipatory pleasure reflects a pre-existing vulnerability, neuroadaptations associated with
cannabis exposure, or a combination of these processes. The use of self-report measures
may not fully capture behavioral or neurobiological indices of reward processing (Hinckley
et al., 2024). The inclusion of treatment-seeking individuals with severe CUD recruited
in a specialized clinical setting may limit generalizability to community samples or less
severe forms of cannabis-related problems. In addition, detailed information on cannabis
composition, including THC potency, was not systematically available. Age at onset and
cannabis-use patterns were retrospectively ascertained and may be subject to recall and
measurement bias. Although groups did not significantly differ in the prevalence of mood
and depressive disorders, the lack of dedicated measures of current affective symptoms
related to hedonic experience precludes fully excluding their potential confounding effect
on reward processing. Dedicated dimensional measures of cannabis withdrawal severity
were likewise unavailable; although psychometric assessment followed at least four weeks
of sustained abstinence, longer-lasting substance-related effects on hedonic measures cannot
be excluded. Moreover, although the analyses were adjusted for relevant covariates, the
contribution of unmeasured common-liability factors such as early-life adversity, familial
and socioeconomic aspects, or neurodevelopmental vulnerabilities cannot be excluded
(Verweij et al., 2013). Finally, as HS were recruited from the community as a non-matched
healthy reference sample, the potential influence of differences in recruitment source, as
well as in residual between-group differences on comparisons of hedonic measures, cannot
be fully excluded.

Despite these limitations, this study provides novel evidence on the association between
age at onset of CUD and distinct components of hedonic—-motivational functioning in a
well-characterized clinical sample. The inclusion of both patients with onset before age
18 and those with onset at 18 years or older, together with a healthy reference population,
allowed for a more nuanced interpretation of motivational alterations. The prespecified
dichotomous categorization at age 18 should not be interpreted as evidence of a discrete
neurodevelopmental threshold; however, modeling age at CUD onset continuously yielded
similar results. Thus, the present data are consistent with a graded association between
earlier CUD onset and lower self-reported anticipatory pleasure.

5. Conclusions

In this sample of patients with severe CUD, those with onset before age 18 reported
lower anticipatory pleasure than those with onset at 18 years or older, and this difference per-
sisted after adjustment for gender, education, and CUD duration. The association was more
evident for anticipatory pleasure than for the other dimensions of hedonic experience. These
findings suggest that age at CUD onset may contribute to variability in hedonic-motivational
functioning. The direction of this association remains to be established, as reduced antici-
patory pleasure may reflect pre-existing reward-related characteristics, cannabis-associated
neuroadaptations, or a combination of these processes. Longitudinal studies incorporating
behavioral and/or neurobiological measures of reward anticipation are needed to disentan-
gle these possibilities and determine whether reward-related alterations may help charac-
terize clinically relevant heterogeneity within CUD and inform prevention and intervention
strategies targeting motivational processes.
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results for TEPS-Contextual Anticipatory and TEPS-Consummatory scores. File S3: Sensitivity
analyses of between-group differences in hedonic measures, additionally adjusted for educational
level. File S4: Complete SHAPS-TEPS correlation results.
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