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ARTICLE INFO ABSTRACT

Keywords: Background: Anhedonia, an impairment in the motivation for or experience of pleasure, is a well-established
Infancy transdiagnostic harbinger and core symptom of mental illness. Given increasing recognition of early life ori-
Anhedonia gins of mental illness, we posit that anhedonia should, and could, be recognized earlier if appropriate tools were
gz;v:lersc:iziocessmg available. However, reliable diagnostic instruments prior to childhood do not currently exist.

Pleasure Methods: We developed an assessment instrument for anhedonia/reward processing in infancy, the Infant He-

donic/Anhedonic Processing Index (HAPI-Infant). Exploratory factor and psychometric analyses were conducted
using data from 6- and 12-month-old infants from two cohorts (N = 188, N = 212). Then, associations were
assessed between infant anhedonia and adolescent self-report of depressive symptoms.

Results: The HAPI-Infant (47-items), exhibited excellent psychometric properties. Higher anhedonia scores at 6 (r
=0.23,p <.01) and 12 months (r = 0.19, p < .05) predicted elevated adolescent depressive symptoms, and these
associations were stronger than for established infant risk indicators such as negative affectivity. Subsequent
analyses supported the validity of short (27-item) and very short (12-item) versions of this measure.
Limitations: The primary limitations of this study are that the HAPI-Infant awaits additional tests of generaliz-
ability and of its ability to predict clinical diagnosis of depression.

Conclusions: The HAPI-Infant is a novel, psychometrically strong diagnostic tool suitable for recognizing anhe-
donia during the first year of life with strong predictive value for later depressive symptoms. In view of the
emerging recognition of increasing prevalence of affective disorders in children and adolescents, the importance
of the HAPI-Infant in diagnosing anhedonia is encouraging. Early recognition of anhedonia could target high-risk
individuals for intervention and perhaps prevention of mental health disorders.

Infant Behavior Questionnaire

1. Introduction

Anhedonia refers to blunted sensitivity, reactivity, and approach to
typically rewarding or pleasurable stimuli (Thomsen, 2015), and it
arises from aberrant pleasure/reward circuit maturation and function
(Birnie et al., 2020). Anhedonia and related dysfunction in pleasure/
reward processing are transdiagnostic risk factors for the onset and

maintenance of psychopathology (Conway et al., 2019; Nusslock and
Alloy, 2017; Risbrough et al., 2018; Trgstheim et al., 2020), and are
associated with poorer response to psychological and pharmacological
treatments (McMakin et al., 2012). There is also elevated risk of suicidal
ideation in those with anhedonia and a concurrent mood disorder
(Ducasse et al., 2021).

Although considerable progress has been made in understanding
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anhedonia and reward processing in adolescents and adults, the devel-
opmental trajectory of these phenomena in human infants remains
largely unexplored (Gutkovich, 2014; Luby, 2010). There is a critical
gap in the literature concerning reward processing deficits in infants and
their connection to subsequent psychopathology. The earliest exami-
nations suggest that anhedonia is experienced as early as three years of
age and is a specific predictor of severity of preschool depression (Luby
et al., 2009; Luby et al., 2004), which is not transient but part of a
chronic and persisting trajectory from preschool to adolescence (Gaffrey
et al., 2018). However, investigations into infancy, potentially revealing
even earlier origins of these trajectories, are conspicuously absent.
Recently, Villanueva et al. (2021) emphasized the need for and impor-
tance of adopting a lifespan developmental perspective when charac-
terizing positive emotion and reward responsivity, in order to better
identify risk and resilience factors for the emergence or continuation of
psychopathology from early through late life.

Considering the sensitive developmental periods for the maturation
of the reward circuit (Birnie et al., 2020), early identification of dis-
rupted reward behaviors becomes paramount as it offers the best op-
portunity for reversal of early symptoms and prevention of
psychopathology. Pleasure/reward processing deficits detected in the
preschool period, with continuity into adolescence, underscore the ur-
gency of early intervention (Luby, 2010) in order to disrupt dysfunc-
tional trajectories before they canalize (Barch et al., 2020). Despite the
transdiagnostic significance of anhedonic phenotypes, the absence of
developmentally appropriate measures for anhedonia assessment before
the age of three has hindered comprehensive research.

Our study addresses this critical gap by leveraging an existing
widely-used and validated measure of infant behavior to characterize
anhedonia during infancy to create the first developmentally appro-
priate infant anhedonia assessment. First, the factor structure and psy-
chometric properties of this novel measure of infant anhedonia were
evaluated from prospective data collected in two longitudinal cohorts
that began in infancy and continued into adolescence. Then, prospective
associations between infant anhedonia and depressive symptoms 10
years later were assessed to verify the predictive validity of the measure.
This study marks a pioneering effort to extend our understanding of

Table 1
Descriptive information for study participants across cohorts.
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anhedonia's developmental origins, contributing significantly to early
identification and intervention strategies in mental health.

2. Methods
2.1. Study overview

This study consists of three primary goals. The first aim was to
develop a reliable measure of infant anhedonia/reward processing and
validate it using two combined longitudinal cohorts. The second aim
was to evaluate whether this infant anhedonia measure demonstrates
evidence of concurrent validity, through association with behavioral
observation of infant pleasure (available only for Cohort 1), and
discriminant validity, through a lack of association with an index of
infant negative affectivity. Finally, the third aim tested its predictive
validity by determining whether the infant anhedonia measure is asso-
ciated with the development of depressive symptoms, as assessed via
self-report in a longitudinal follow up of these infants approximately 10
years later (available only for Cohort 2). Secondary analyses evaluated
the internal consistency and predictive validity of short (27 items) and
very short (12 items) versions of the measure.

2.2. Participants

Participants from Cohort 1 comprised 188 infants and their mothers
assessed at 6 and 12 months postpartum as part of an ongoing longitu-
dinal study. To determine whether results would replicate, the analyses
described below were repeated with the addition of participants from a
second independent longitudinal cohort of mother-child pairs that had
been assessed in infancy through adolescence (Cohort 2; N = 212).
Table 1 reports descriptive information for the study samples. Although
both cohorts were recruited from Southern California, they exhibit sig-
nificant differences in terms of their sociodemographic characteristics.
Cohort 1 is socioeconomically diverse with 51.5 % of the participants
classified as low income (< 200 % of the federal poverty line) and 50.4
% relying on at least one form of government assistance. Further,
mothers in Cohort 1 are more likely to be Latina, had lower household

Cohort 1
(N =188)

M (SD), Median or %

Cohort 2
(N =212)

M (SD), Median or %

Anhedonia index, standard, 6 months
Anhedonia index, standard, 12 months
Negative affectivity, 6 months
Negative affectivity, 12 months
Depressive symptoms in adolescence
Child characteristics
Sex at birth (% female)
Birth order (% first born)
Race/ethnicity
Hispanic or Latino/a
Non-Hispanic or Latino/a White
Asian
African American or Black
Multi-Ethnic
Maternal and familial characteristics
Married or cohabitating (% yes)
Maternal education
Less than high school
High school
Some college
College degree
Graduate degree
Income-to-needs ratio (Median)

2.4 (0.7) 2.6 (0.7)
2.4 (0.7) 2.6 (0.7)
3.2(0.7) 3.0 (0.6)
3.6 (0.7) 3.3(0.7)
N/A 3.9(3.1)
49.5 % 47.6 %
39.9 % 43.4 %
48.9 %* 27.8 %*
31.4 %* 50.5 %*
9.6 % 10.4 %
3.2% 2.4 %
6.9 % 9.0 %
86.7 % 89.6 %
10.1 %* 3.7 %*
15.4 % 12.2%
40.4 % 41.5 %
16.5 %* 27.1 %*
17.6 % 15.4 %
237.5* 407.0*

Note. Income-to-needs ratio was collected prenatally and is calculated by dividing the total annual household income by the appropriate U.S. Census Bureau poverty

threshold based on family size.
" Difference between cohorts is statistically significant at the 0.05 level.
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income, and were less likely to have a high school or college education
than those in Cohort 2.

2.3. Ethical considerations

All study procedures were approved by the University of California
Irvine Institutional Review Board for protection of human subjects, and
mothers provided written, informed consent for themselves and their
infants. In addition, the children provided assent at the 8-13 year-old
visit. Both the consent and assent forms were reviewed thoroughly with
the participants and they were given ample opportunities for questions
and clarifications. It also was made clear that their participation was
voluntary and that they could discontinue participation at any time.

2.4. Measures

2.4.1. Infant Behavior Questionnaire-Revised (IBQ-R)

The IBQ-R (Gartstein and Rothbart, 2003) is a widely-used, care-
giver-report instrument with 191 items developed to assess reactivity,
regulation, and temperament in infants from 3 to 12 months of age.
Items are rated on a Likert-type scale from 1 (never) to 7 (always),
reflecting the frequency of objective infant behaviors in specific settings
during the previous 1-2 weeks, as opposed to asking questions requiring
comparative judgements or more global ratings of behaviors that have
occurred over a longer period of time (Gartstein and Rothbart, 2003).
The tool was designed to reduce reporter bias by asking about concrete
infant behaviors rather than asking the rater to make abstract judge-
ments (Gartstein and Rothbart, 2003). Additional concerns about re-
porter bias are mitigated by the fact that parental ratings correlate with
observational measures of temperament in the laboratory (Goldsmith
and Campos, 1990; Goldsmith and Reisner-Danner, 1986). This tool
assesses three primary dimensions of temperament: Negative Affec-
tivity, Surgency/Extraversion, and Orienting/Regulation (Gartstein and
Rothbart, 2003), although the factor structure may differ across pop-
ulations (Bosquet Enlow et al., 2016; Peterson et al., 2017). In addition
to the standard version of the IBQ-R with 191 items, subsets of 91 and 37
items comprise the short and very short forms of the IBQ-R, respectively
(Putnam et al., 2014). In both cohorts, the IBQ-R was completed by
mothers when their infants were 6 and 12 months of age.

2.4.2. Laboratory Temperament Assessment Battery (Lab-TAB) -
Prelocomotor

To assess the validity of parent report on our anhedonia measure, an
objective laboratory observational measure of pleasure was employed.
In Cohort 1, at 6 months of age, the “Puppet Game” of the Lab-TAB
(Goldsmith and Rothbart, 1996), which is designed to measure behav-
ioral displays of pleasure in response to social stimulation, was admin-
istered. In this paradigm the experimenter performs a standardized
interactive puppet show with the infant. For the current study, this
episode was videotaped and scored by trained, reliable coders for the
presence of laughter (yes/no) in the 6-month-old infants (interrater
reliability was 100 %). Nine percent of the infants displayed laughter
during the puppet show.

2.4.3. Children's Depression Inventory, Second Edition (CDI 2): Self-Report
Short Form

The CDI 2 (Kovacs, 2011) Self-Report Short Form is a 12-item self-
report questionnaire that assesses the presence and severity of depres-
sive symptoms in children 7 to 17 years of age in the two weeks prior to
the assessment. Items are rated as 0 (absence of symptom), 1 (mild or
probable symptom), or 2 (definite symptom). The current study used
CDI 2 total scores from children and adolescents aged 8 to 13 years (M =
10 years, SD = 1) in Cohort 2.
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2.5. Procedure and data analysis

2.5.1. Aim 1: development of Infant Hedonic/Anhedonic Processing Index
(HAPI-Infant)

The steps in development of the HAPI-Infant were: First, operational
definitions of infant anhedonia were derived based on theory (Donohue
et al., 2019; Feldman, 2012; Luby, 2010; Luby et al., 2003, 2004, 2006,
2009; Pizzagalli, 2014; Thomsen, 2015). These definitions included
descriptions of how pursuit and experience of pleasure manifest in in-
fants at 6 and 12 months of age. Then, seven experts independently
identified which IBQ-R items were consistent with the developed defi-
nitions, and the individual items chosen with at least 85 % agreement
among the seven independent evaluators were retained for factor ana-
lyses. Using full-information maximum likelihood (FIML) with robust
standard errors as the estimator, exploratory factor analyses (EFA) with
oblique (geomin) rotation were conducted in Mplus, version 8.4
(Muthén and Muthén, 1998-2017). Cronbach's alpha was then calcu-
lated as a measure of internal consistency. As a test of replicability, EFA
and reliability analyses were repeated after the addition of Cohort 2.

2.5.2. Aim 2: evidence of concurrent and discriminant validity

Anhedonia scores at 6 and 12 months were derived by calculating the
mean across items at each age. Pearson correlations were then used to
examine evidence of concurrent validity by correlating the anhedonia
scores and presence of laughter from the Lab-TAB at 6 months (as an
objective measure of pleasure), and discriminant validity by correlating
the anhedonia scores and the IBQ-R Negative Affectivity subscale scores
at 6 and 12 months.

2.5.3. Aim 3: evidence of predictive validity with adolescent depressive
symptoms

Pearson correlations were used to determine the associations be-
tween anhedonia scores in infancy and CDI scores a decade later.

3. Results
3.1. 1: development of infant anhedonia measure

There were 47 items from the standard version of the IBQ-R identi-
fied as relevant to anhedonia/reward processing in infancy with at least
85 % agreement among the independent evaluators (see Table 2). These
items belonged to six different subscales on the IBQ-R and so exploratory
factor analyses were run for one to six factors successively.

The scree plots and associated p values for the models with K versus
K-1 factors indicated that, at both 6 and 12 months in Cohort 1, a one-
factor solution was the best fit to the data, and each of the 47 items
loaded (p's < 0.05) on the single factor (see Supplement Table 1 for
geomin-rotated factor loadings). These results were corroborated in a
parallel analysis performed in Cohort 2 at both 6 and 12 months, where a
one-factor solution similarly demonstrated the best fit to the data
(Supplement Table 2). In light of the similarity across the two cohorts,
and ages, we pooled the two cohorts. The geomin-rotated factor loadings
for the merged cohorts (see Table 2) continued to support a one-factor
solution, with all items demonstrating statistically significant loadings
(see Table 2). Reliability analyses across cohorts suggested excellent
internal consistency, with average Cronbach's « values of 0.92 at 6
months and 0.94 at 12 months (see Supplement Table 3).

3.2. 2: evidence of concurrent and discriminant validity

Infants who did not exhibit laughter during the positive pleasure
episode of the Lab-TAB had higher anhedonia scores than the infants
who did laugh (r = —0.20, p < .05), providing evidence of concurrent
validity. Discriminant validity between the anhedonia measure and the
IBQ-R Negative Affectivity subscale was demonstrated by a lack of a
correlation between the two measures at 6 and 12 months (r's = 0.04, p's
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Table 2

Journal of Affective Disorders 352 (2024) 281-287

Anhedonia items and associated factor loadings from exploratory factor analyses at 6 (N = 365) and 12 (N = 338) months of age.

Item # Item text Factor loadings
6 months 12 months
5 In the last week, while being fed in your lap, how often did the baby seem to enjoy the closeness? 0.37* 0.41*
6 In the last week, while being fed in your lap, how often did the baby snuggle even after she was done? 0.36* 0.32*
46 How often during the last week did the baby look at pictures in books and/or magazines for 2-5 minutes at a time? 0.32* 0.33*
47 How often during the last week did the baby look at pictures in books and/or magazines for 5 minutes or longer at a time? (S, VS) 0.32% 0.33*
49 How often during the last week did the baby play with one toy or object for 5-10 minutes? (S, VS) 0.42* 0.35*
50 How often during the last week did the baby play with one toy or object for 10 minutes or longer? (S) 0.39* 0.28*
53 How often during the last week did the baby laugh aloud in play? (S) 0.48* 0.60*
56 How often during the last week did the baby smile or laugh after accomplishing something (e.g., stacking blocks, etc.)? (S) 0.54* 0.46*
57 How often during the last week did the baby smile or laugh when given a toy? (S, VS) 0.60* 0.63*
58 How often during the last week did the baby smile or laugh when tickled? 0.45* 0.64*
59 How often during the last week did the baby enjoy being sung to? 0.55* 0.55*
60 How often during the last week did the baby enjoy being read to? (S, VS) 0.59* 0.50*
61 How often during the last week did the baby enjoy hearing the sound of words, as in nursery rhymes? (S, VS) 0.59* 0.61*
62 How often during the last week did the baby enjoy looking at picture books? 0.65* 0.54*
63 How often during the last week did the baby enjoy gentle rhythmic activities, such as rocking or swaying? (S, VS) 0.50* 0.54*
64 How often during the last week did the baby enjoy lying quietly and examining his/her fingers or toes? 0.53* 0.39*
65 How often during the last week did the baby enjoy being tickled by you or someone else in your family? (S) 0.50* 0.55*
66 How often during the last week did the baby enjoy being involved in rambunctious play? 0.47* 0.48*
67 How often during the last week did the baby enjoy watching while you, or another adult, playfully made faces? 0.60* 0.63*
68 How often during the last week did the baby enjoy touching or lying next to stuffed animals? 0.62* 0.47*
69 How often during the last week did the baby enjoy the feel of soft blankets? (S) 0.55* 0.45*
70 How often during the last week did the baby enjoy being rolled up in a warm blanket? (S) 0.21* 0.37*
71 How often during the last week did the baby enjoy listening to a musical toy in a crib? (S) 0.50* 0.43*
72 When playing quietly with one of her/his favorite toys, how often did your baby show pleasure? 0.66* 0.63*
73 When playing quietly with one of her/his favorite toys, how often did your baby enjoy lying in the crib for more than 5 min? (S) 0.45* 0.23*
74 When playing quietly with one of her/his favorite toys, how often did your baby enjoy lying in the crib for more than 10 min? 0.43* 0.22%
77 When tossed around playfully how often did the baby smile? (S) 0.50* 0.71*
78 When tossed around playfully how often did the baby laugh? (S, VS) 0.46* 0.66*
79 During a peekaboo game, how often did the baby smile? (S) 0.40* 0.65*
80 During a peekaboo game, how often did the baby laugh? (S, VS) 0.41* 0.60*
81 How often did your baby enjoy bouncing up and down while on your lap? (S) 0.48* 0.59*
82 How often did your baby enjoy bouncing up and down on an object, such as a bed, bouncer chair, or toy? (S) 0.54* 0.48*
85 When your baby saw a toy s/he wanted, how often did s/he get very excited about getting it? (S) 0.60* 0.68*
86 When your baby saw a toy s/he wanted, how often did s/he immediately go after it? 0.58* 0.63*
87 When given a new toy, how often did your baby get very excited about getting it? 0.64* 0.65*
88 When given a new toy, how often did your baby immediately go after it? (S) 0.55* 0.62*
89 When given a new toy, how often did your baby seem not to get very excited about it? —0.23* —0.22*
97 How often during the last week did the baby move quickly toward new objects? (S, VS) 0.51* 0.53*
98 How often during the last week did the baby show a strong desire for something s/he wanted? (S) 0.55* 0.57*
106 When being held, how often did the baby seem to enjoy him/herself? (S, VS) 0.43* 0.48*
107 When being held, how often did the baby mold to your body? 0.51* 0.36*
123 When rocked or hugged, in the last week, how often did your baby seem to enjoy her/himself? (S, VS) 0.57* 0.49*
126 When reuniting after having been away during the last week how often did the baby seem to enjoy being held? 0.52* 0.51*
129 When being carried, in the last week, how often did your baby seem to enjoy him/herself? 0.52* 0.49*
131 While sitting in your lap how often did your baby seem to enjoy her/himself? 0.54* 0.46*
149 When you returned from having been away and the baby was awake, how often did s/he smile or laugh? 0.41* 0.59*
159 When visiting a new place, how often did the baby get excited about exploring new surroundings? (S, VS) 0.38* 0.45*

Note. S = Included in short form of anhedonia measure. VS = Included in very short form of anhedonia measure. Geomin-rotated factor loadings from the one-factor
model are presented. Each item is reverse-scored when calculating the anhedonia score, except for item 89.

" p<.05.
> 0.05).

3.3. 3: evidence of predictive validity with adolescent depressive
symptoms

Infant anhedonia at 6 months (r = 0.23, p < .01) and 12 months (r =
0.19, p < .05) was associated with adolescent self-report of depressive
symptoms (Table 3). The potential significance of examining anhedonia
in infancy is supported by the finding that the IBQ-R Negative Affectivity
subscale scores at 6 and 12 months were much more weakly (and not
statistically significantly) associated with adolescent depressive symp-
toms (r = 0.08, p = .35, and r = 0.07, p = .43, respectively; Table 3).

3.4. Development of short and very short versions

Because administration of 47 items may be burdensome in some
settings and studies, and to enhance the probability of its use as a
screening tool, we next evaluated the anhedonia items from the short
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and very short forms of the IBQ-R (See Supplement Table 4 for de-
scriptives). Of the 47 total anhedonia items, 27 were on the short form
and 12 on the very short form of the IBQ-R. Both the short (27-item) and
very short (12-item) forms showed strong internal consistency across
ages, versions and cohorts (average Cronbach's alpha = 0.86; see Sup-
plement Table 3). Further, the associations with adolescent depressive
symptoms were similar in magnitude and level of statistical significance
to the full 47-item version (see Supplement Table 5), demonstrating the
theoretical agreement of the short and very short forms of the anhedonia
measure with the standard form.

3.5. Stability across development

In further support of the robustness of our anhedonia scale, we
observed significant and consistent correlations between 6 and 12
months for the standard, short, and very short versions (r's = 0.67, 0.65
and 0.58 respectively; Supplement Table 5). These observations further
underscore the reliability of our measure across different versions and
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Table 3
Bivariate correlations among the study variables (pooled across cohorts when possible).
1 2 3 4 5 6
1. Anhedonia index 1
6 months
2. Anhedonia index 1
[0.60, 0.73]
12 months N =303 N =338
3. Presence of laughter —0.20* —0.12 1
[-0.35, —0.04] [-0.28, 0.05]
6 months' N =145 N =137 N =157
4. Negative affectivity 0.04 0.04 0.06 1
[-0.06, 0.14] [-0.08, 0.15] [-0.11, 0.22]
6 months N = 365 N = 303 N =145 N = 365
5. Negative affectivity —0.05 0.04 —0.02 0.647** 1
[-0.17, 0.06] [-0.07, 0.15] [-0.19, 0.15] [0.57, 0.70]
12 months N =303 N =338 N =137 N =303 N =338
6. Depressive symptoms 0.23** 0.19* 0.08 0.07 1
[0.06, 0.39] [0.01, 0.36] [-0.09, 0.25] [-0.11, 0.25]
In adolescence N =130 N=118 N=0 N =130 N=118 N =138

Notes: Values in square brackets indicate the lower and upper limits of the 95 % confidence interval for each correlation. Adjustment for age at time of assessment of
depressive symptoms did not alter the associations between these symptoms and infant anhedonia at either six (partial r = 0.23, p = .009) or 12 months (partial r =

0.19, p = .04) of age.
" p<.05.
" p<.0L
" p <.001.
T Only available for Cohort 1.
# Only available for Cohort 2.

time points, reinforcing its stability and validity in capturing infant
anhedonia.

4. Discussion

Here we present a measure of infant anhedonia, the HAPI-Infant, for
assessment of anhedonia as early as 6 months of age. The HAPI-Infant
demonstrates robust psychometric properties, including excellent face
validity, internal consistency, stability across infancy, concurrent val-
idity with observational assessment of pleasure behavior, and discrim-
inant validity from infant negative affectivity. These properties,
observed across the full, short, and very short versions of the measure in
two independent cohorts, support its feasibility and developmental
appropriateness as a screener in clinical and research settings. The
current study also suggests that the meaningful individual variation in
pleasure/reward processing in infancy predicts subsequent development
of depressive symptoms 10 years later in early adolescence. These ob-
servations collectively provide initial support for a window of oppor-
tunity for intervention specific to pleasure/reward processing that is
much earlier than previously documented (Luby et al., 2004). The
identification of anhedonia during infancy holds significant theoretical
and clinical implications for understanding the developmental origins of
neuropsychiatric disorders. The well-established and broad trans-
diagnostic significance of anhedonic and reward processing profiles
underscores the critical importance of assessments that facilitate early
characterization of these phenotypes. Further, the brain's adaptive
ability to modify and rewire its billions of neural pathways is especially
pronounced in the first years of life, contributing to the unique effec-
tiveness of interventions during this stage (Inguaggiato et al., 2017).

Anhedonia has been identified as the most specific symptom of
preschool depression (Luby et al., 2003), when compared to other
common symptoms including: depressed, sad, or irritable mood; nega-
tive affect; psychomotor agitation; sleep disturbance; weight or appetite
changes; fatigue; guilt; and cognitive impairment (Donohue et al., 2019;
Luby et al., 2009). The extension of these observations from preschool
depression studies to demonstrate that anhedonia in infancy is a more
robust predictor of adolescent depressive symptoms than infant negative
affectivity signifies a critical advancement in understanding of devel-
opmental origins of mental health. More broadly, these findings add to
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the literature identifying anhedonia as a risk factor for mood disorders
(De Fruyt et al., 2020) that may be apparent beginning very early in life.

Presentation of anhedonia symptoms in early life that predict later
risk for depressive symptoms underscores the need to better understand
the developmental origins of neuropsychiatric disorders. The results of
the current study align with ontogenetic studies emphasizing the impact
of pre- and post-natal influences on physical and psychological health
across the lifespan. These studies of health and disease have purported
that exposure to a variety of organizing and disorganizing influences in
pre- and post-natal life shape physical and psychological health across
the lifespan (Barker et al., 2002; Felitti et al., 2019; McLaughlin et al.,
2019). Growing evidence from preclinical models implicates exposure to
early life adversity as a determinant of anhedonic phenotypes and un-
derlying reward circuitry (Birnie et al., 2020; Bolton et al., 2018a,
2018b; Kangas et al., 2022; Pryce et al., 2004; Wendel et al., 2021).
These findings are complemented by human studies documenting links
between exposures to adversity in early life to altered structure and
function of the reward system as well as anhedonic symptoms (Glynn
et al., 2019; Goff and Tottenham, 2015; Pechtel and Pizzagalli, 2011).
Thus, the evidence from both preclinical and clinical studies of devel-
opmental origins of anhedonia, combined with its transdiagnostic sig-
nificance across the lifespan, emphasize the importance of the HAPI-
Infant to further elucidate the developmental cascade toward neuro-
psychiatric disorders.

4.1. Strengths and limitations

The strengths of the current study include (1) identification of a
reliable method for recognizing anhedonia during infancy (2) the
establishment of the strong psychometric properties in two large inde-
pendent cohorts (3) the validation of parent report of anhedonic
symptoms with concurrent behavioral observations of positive affect in
infants and (4) the prospective longitudinal assessments, which allowed
a robust test of predictive validity linking infant anhedonic profiles to
adolescent depressive symptoms. Further, we discovered that infant
anhedonia accounted for more variance in adolescent depressive
symptoms than negative affectivity, a previously established risk indi-
cator. The primary limitation is the reliance on a single parent report,
which is subject to reporter bias.
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4.2. Directions for future research

Our study has laid a crucial foundation for understanding the pre-
dictive role of infant anhedonia in adolescent depressive symptoms. To
further enhance the clinical applicability of the HAPI-Infant, in-
vestigations should extend to determine its ability to predict clinical
diagnoses of depression, moving beyond dimensional self-reports. The
transdiagnostic relevance of infant anhedonia also warrants exploration
beyond its association with depression. Future research should examine
its links with a broader spectrum of mental health outcomes, contrib-
uting to a comprehensive understanding of its developmental implica-
tions as a potential general vulnerability factor for various
psychopathologies. Additionally, exploring the long-term trajectory of
infant anhedonia is essential. Investigating whether the associations
observed in adolescence persist into adulthood will deepen our under-
standing of the enduring impact of early anhedonia on mental health
outcomes, informing interventions across the lifespan. To strengthen the
generalizability and robustness of our findings, further confirmatory
studies in diverse samples with additional reporters are recommended.
Exploring how cultural, socioeconomic, and contextual factors may in-
fluence the expression and consequences of infant anhedonia will enrich
the validity of the measure across different populations. Addressing
these research directions will advance our knowledge, refine predictive
validity, and contribute to the identification of early risk factors with
broader transdiagnostic relevance.

4.3. Conclusions

The HAPI-Infant emerges as a pivotal tool addressing two key unmet
needs: (1) enabling the identification of anhedonia during infancy using
a brief, clinically useful measure, and (2) identifying a new predictive
marker for subsequent mental health disorders. Its focus on aberrant
reward processing in infancy offers the possibility to enhance our ability
to recognize and address cognitive, emotional, and behavioral patterns
in early life that may confer risk for broad neuropsychiatric outcomes.

In summary, our study contributes to a nuanced understanding of the
developmental trajectory of anhedonia, emphasizing its early emer-
gence, transdiagnostic relevance, and predictive power for later mental
health outcomes. The HAPI-Infant stands as a valuable tool for
advancing research and clinical efforts aimed at identifying and
addressing neuropsychiatric risk factors in early life.
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