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A B S T R A C T

Negative rumination and emotion regulation difficulties have been consistently linked with depression. Despite 
anhedonia—the lack of interest in pleasurable experiences—being a cardinal symptom of depression, emotion 
regulation of positive emotions, including dampening, are considered far less in the literature. Given that 
anhedonia may manifest through blunted responses to previously positive or enjoyable experiences, it is vital to 
understand how different positive emotion regulation strategies impact anhedonia symptom severity and how it 
can vary or change over time. Moreover, understanding the detrimental or protective nature of positive emotion 
regulation on anhedonia can aid with future anhedonia-focused treatments. Therefore, the current study 
examined the temporal association between anhedonia dynamics and two different emotion rumination strate
gies in response to positive emotions: dampening and positive rumination. Depressed persons (N = 137) 
completed baseline measures of positive emotion regulation, difficulties regulating negative emotions, and 
anxiety, and completed ecological momentary assessments three times per day for 90 days regarding their 
depressive symptoms, including anhedonia. We assessed baseline dampening and amplifying scores to predict 
anhedonia dynamics through four linear models with interactions. Providing partial support for our hypotheses, 
results indicate that amplifying positivity is positively associated with fluctuations, instability, and acute changes 
in anhedonia over the course of 90 days; however, neither dampening, difficulties regulating negative emotions, 
nor anxiety were related to anhedonia dynamics. The current findings suggest that amplifying positivity may be 
able to predict changes in anhedonia over time and should further be examined as a potential protective factor of 
anhedonia.

An extensive body of literature suggests that depressed persons 
display a vigilance of negative information or view the world in a 
negative light (Beck and Bredemeier, 2016; Gotlib and Joormann, 

2010). Negative rumination and emotion regulation difficulties, or 
engaging in maladaptive responses to negative emotions, have consis
tently been linked to higher depression scores (Joormann and Stanton, 
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2016; Lyubomirsky and Nolen-Hoeksema, 1993; Nolen-Hoeksema and 
Morrow, 1991). However, less literature has focused on the tendency for 
depressed persons to avoid positive information or emotions, including 
through maladaptive responses, such as dampening (Feldman et al., 
2008). Avoidance of positivity may result in, or be a consequence of, 
anhedonia, which is a core symptom of depression characterized by a 
lack of interest in or inability to enjoy previously pleasurable activities 
(Calafiore et al., 2024; Winer and Salem, 2016). Despite prior work 
outlining the importance of positive emotionality on psychopathology, 
including depression and anhedonia, positive emotion regulation stra
tegies typically have not received the same amount of attention as 
negative rumination.

1. Positive emotion regulation strategies in depression

The Responses to Positive Affect questionnaire (RPA; Feldman et al., 
2008) is a quintessential measure of positive emotion regulation stra
tegies. Dampening is a unique response pattern that involves reducing 
the frequency and intensity of positive emotions (Feldman et al., 2008). 
Diminishing positive emotionality may be done intentionally or reflex
ively through a pattern of learned behaviors, due to uncomfortability 
with positive emotions or to avoid potential negative outcomes typically 
associated with positive emotions (Feldman et al., 2008; Gallagher et al., 
2023, 2024). Dampening has been shown to predict future depression 
severity (Raes et al., 2014) and has a unique association with anhedonia 
(Werner-Seidler et al., 2013). Whereas the dampening subscale involves 
diminishing positive emotions, the other two subscales (i.e., emotion- 
focused and self-focused rumination) involve positive rumination, 
which involves amplifying positive emotions (i.e., responding to positive 
emotional states with recurrent positive thoughts and experiences), and 
positive rumination has been found to be negatively associated with 
depression severity (Feldman et al., 2008; Li et al., 2017; Werner-Seidler 
et al., 2013).

Research has established an association between the subscales of the 
RPA and anhedonia. One subscale, dampening, has demonstrated a 
unique connection with anhedonia (Joormann and Stanton, 2016; Nelis 
et al., 2015), which appears to be independent and unique from other 
depression symptoms (Werner-Seidler et al., 2013). Moreover, anhe
donia has been associated with high dampening and low positive 
rumination concurrently (Nelis et al., 2018). The connection between 
the responses to positivity and anhedonia has also been examined 
longitudinally: both high levels of dampening and low levels of positive 
rumination have predicted greater anhedonia scores longitudinally 
(Nelis et al., 2018; Yilmaz et al., 2021).

The exact longitudinal association between anhedonia and positive 
rumination strategies, however, remains unclear with several studies 
evidencing contrasting findings. In a longitudinal study, dampening was 
not predictive of anhedonia at a one-year follow up, but was at a two- 
year follow up, indicating that the stability of anhedonia may influ
ence the predictive power of dampening, depending on the timeframe 
(Nelis et al., 2018). Additionally, other work has demonstrated no sig
nificant association between dampening or positive rumination and 
depression (Johnson et al., 2008). Furthermore, the potential inverse 
association between positive rumination and depression symptoms re
mains even more uncertain, as evidenced by a study showing that pos
itive rumination was associated with higher depression scores in 
children at high risk for depression (Gilbert et al., 2017).

Given the accumulation of evidence for the potential roles of 
dampening and positive rumination on depression (Bean et al., 2022), it 
is vital to examine these associations to better understand how damp
ening influences daily symptom dynamics in anhedonia, both over time 
and through ecologically-valid measurements. Research has shown that 
individuals display substantial changes in depression symptoms over 
time, with changes happening within and across days (Nemesure et al., 
2024; Thompson et al., 2012). This is also shown in the affect literature 
as well: dynamic indices for positive and negative affect are related to 

the development, maintenance, severity, and remission of MDD 
(Funkhouser et al., 2021; Houben et al., 2015; Kuppens et al., 2012; 
Schoevers et al., 2021). Thus, investigating changes in affect and indi
vidual MDD symptoms, rather than the mean level across time, may 
provide more detailed information into the course of psychopathology. 
Indeed, further investigation into how symptoms, including anhedonia, 
change across time could prove useful for identifying times at which 
interventions should be delivered when a maladaptive change in 
symptoms is detected. Moreover, identifying how individual differences 
in behaviors, including dampening, relate to symptom dynamics could 
provide information into the specific active ingredients to include (i.e., 
strategies focused on upregulating positive affect when changes in 
anhedonia are detected).

Indeed, prior work has examined the influence of daily dampening 
and positive rumination on depression over a two-week period through 
daily diary entries (Li et al., 2017), with findings showing that damp
ening and positive rumination were related to higher and lower 
depression severity, respectively. This suggests that dampening and 
enhancing positive affect can have a daily impact on mood. However, 
additional research regarding the unique impact that dampening and 
positive rumination may have on depression dynamics or stability over 
time, as well as the assessment of symptom level dynamics, will be 
invaluable.

2. Dynamic change metrics

Studying dynamic changes in anhedonia severity over time may aid 
in a better understanding of the role of dampening and amplifying 
positive affect as potential risk and protective factors, respectively. A 
clearer picture of moment-to-moment changes in anhedonia will pro
vide a more nuanced understanding of its course, which can be more 
sensitive and clinically relevant than solely examining mean levels. 
Changes in anhedonia symptoms over time can be measured through a 
variety of related, yet unique change metrics. Past studies have used 
dynamic metrics to examine changes in depression and affect (Bos et al., 
2019; Kline et al., 2024; Koval et al., 2013).

In particular, Kline et al. (2024) used four change metrics to accu
rately capture changes in depression. For example, standard deviation 
provides an overall level of variability or average deviation from the 
mean. Similar to variability but unique due to its temporal nature, root 
mean square of successive differences (i.e., RMSSD) provides a measure 
of instability, as it takes into account momentary temporal changes in 
symptoms (Bos et al., 2019). Inertia is another dynamic change metric 
that is commonly used in affective research. Inertia provides a mea
surement of inflexibility based on how well a measurement at one time 
point can predict that measurement at the next time point (Bos et al., 
2019; Koval et al., 2013). Finally, probability of acute change (i.e., PAC) 
also measures symptom changes, but measures extreme shifts in symp
tom severity over time. Each of these four dynamic metrics examines 
symptom changes, but provides unique measurements of symptom dy
namics that can aid in overall conceptualization. Therefore, examining 
anhedonia symptom dynamics through each of these four change vari
ables will provide fine grained data regarding the different ways anhe
donia symptoms dynamically change.

3. Anxiety and depression

Another construct that appears to be vital in the development and 
maintenance of depression is anxiety. Depression and anxiety are highly 
comorbid and share similar symptoms (Beard et al., 2016; Kalin, 2020; 
Park and Kim, 2020). Anxiety has been shown to be associated with 
vigilance to negative information (Winer and Salem, 2016), but recent 
research has specifically investigated the connection between anxiety 
and anhedonia. In a longitudinal investigation of the association be
tween anhedonia, anxiety, and depression, anhedonia temporally 
mediated the association between anxiety and depression (Winer et al., 
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2017). Moreover, when these associations were investigated in a 
different manner, anxiety mediated the connection between anhedonia 
and depression. These associations are further supported by prior work 
suggesting that anxiety and anhedonia may both diminish reward- 
seeking behaviors (Taylor et al., 2022). For example, avoidance of sit
uations due to anxiety may persist if reward is blunted (possibly due to 
anhedonia).

There is clear symptom overlap and connection between depression 
and anxiety, but the exact nature of the relationship of anxiety and 
anhedonia in particular, is not fully understood. For example, prior work 
has shown that anhedonia mediates the relationship between anxiety 
and depression (Winer et al., 2017). Expanding these findings, Calafiore 
et al. (2024) found that anhedonia symptoms serve as a vital connection 
between anxiety and depression, and proposed a pathway in which 
anxiety may lead to the development of anhedonic tendencies. Although 
anxiety may indeed lead to anhedonia, it remains unclear how anxiety is 
associated with dynamic indices in anhedonia symptoms over time. 
Therefore, it will be valuable to examine whether anxiety significantly 
influences anhedonia symptom changes over time, separate from what is 
captured with the positive emotion regulation strategies commonly seen 
in depression. Understanding the unique impact of anxiety on anhe
donia, independent from that of depression, will help disentangle the 
interplay and overlapping effects of depression and anxiety. This can aid 
in the development of more targeted and tailored interventions for in
dividuals that experience comorbid anxiety and depression, which is 
needed given the prevalence of these comorbid symptoms (Kalin, 2020).

4. Rationale

Prior work has indicated that depressive symptoms can vary 
dramatically across time, including within hours (Nemesure et al., 
2024). Moreover, the temporal association of anhedonia and depression 
on emotion regulation strategies and emotions has also been explored 
(van Roekel et al., 2024). However, how emotion regulation, specifically 
in response to positive emotions, relates to anhedonia dynamics over 
time has not yet been looked at. This is an important area of investiga
tion and may help us better understand how trait-level behaviors relate 
to future symptom changes. Thus, the current study sought to investi
gate whether dampening relates to change indices in anhedonia over 
time in individuals with elevated depression levels. In addition, we 
evaluated the impact of other constructs that may also impact anhedonia 
dynamics, including positive rumination, difficulties with regulating 
negative emotions, and anxiety. The unique effect of each of these 
variables on anhedonia was investigated through symptom dynamics 
over the course of 270 depression EMA measurements (3 measurements 
per day for 90 days). Our pre-registered hypotheses focus on the unique 
associations of dampening, amplifying, difficulties with emotion regu
lation, and anxiety.

Dampening: The current sample consists of participants that began 
the study with elevated depression symptoms and prior work has indi
cated that depressed individuals may experience fewer changes in 
anhedonia and positive emotions given their general tendency to use 
dampening strategies more (van Roekel et al., 2024). Therefore, we 
hypothesized that dampening would have a negative association with 
variability, instability, and acute changes in anhedonia and a positive asso
ciation with inflexibility of anhedonia.

Amplifying: Past work has found a negative relationship between 
positive rumination and depression (Feldman et al., 2008; Li et al., 
2017). Therefore, we also hypothesized that positive rumination (e.g., 
amplifying positivity) would have a positive association with variability, 
instability, and acute changes in anhedonia and a negative association with 
inflexibility of anhedonia, such that positive rumination may be associ
ated with decreases in depression due to the ability to effectively pro
long the intensity of positive emotions and thus buffering against 
anhedonia.

Emotion Regulation Difficulties and Anxiety: Emotion regulation 

difficulties and anxiety appear to be tied to anhedonia (Joormann and 
Stanton, 2016; Winer et al., 2017), although they do not necessarily 
encompass an explicit positivity component as do the positive emotion 
regulation strategies. Thus, we hypothesized that emotion regulation 
difficulties and anxiety would have an association with variability in anhe
donia (no directionality specified), negative associations with instability of 
anhedonia, positive associations with inflexibility of anhedonia, and either 
negative or no associations with acute changes in anhedonia.

In addition to the primary pre-registered hypotheses, we included 
exploratory analyses to examine the possible interaction of dampening 
and positive rumination. While dampening reflects a suppression of 
positivity and positive rumination represents an amplification of posi
tivity, it may be that the tendency to avoid positivity needs to be present 
across both response strategies in order to observe anhedonia symptom 
stability. For example, given that dampening and positivity enhance
ment have both been previously established in relation to anhedonia, it 
may require an elevation in dampening and reduction in positive 
rumination in order to observe anhedonia stability. Depression appears 
to be partially driven not only by a mere lack of positive emotionality, 
but a reverse calibration in how positivity is processed (Winer and 
Salem, 2016). Low positive rumination scores may only exhibit a rela
tion with anhedonia symptom changes when dampening is high, 
signaling an active suppression of positivity rather than low positive 
emotionality. Therefore, we also examined the interaction of dampening 
and positive rumination in relation to anhedonia symptom changes.

5. Method

The current study was approved by the Committee for the Protection 
of Human Subjects at Dartmouth College (STUDY00032081) and par
ticipants provided both written and verbal consent prior to taking part in 
study procedures.

5.1. Participants

Participants aged 18 or older were recruited online across the United 
States using a targeted ad for depression on Google and Meta Ads from 
February 17, 2021 to December 1, 2023. Upon clicking on the ad, par
ticipants were redirected to the screening website where they read 
through the informed consent and completed self-report measures to 
confirm that they (1) were 18 years of age or older, (2) used an Android 
as their primary mobile device, and (3) met criteria for current MDD. We 
implemented several verification checks throughout our initial data 
collection steps to ensure data quality and to limit the number of 
fraudulent responses: (1) CAPTCHA verification, (2) IP address restric
tion to allow only one-time screener access, (3) phone verification via 
text, (4) physical address verification to confirm residence within the 
United States, and (5) use of Qualtrics fraudulent checks, including bot 
detection.

Individuals who completed the screener steps, met initial eligibility 
requirements, and did not have their responses flagged as fraudulent, 
were deemed eligible based on their PHQ-9 scores (≥ 10). Eligible in
dividuals were then invited to complete a 20-min screener via Zoom 
with a research assistant to assess their current depressive symptoms and 
possible exclusion symptoms (e.g., mania symptoms, psychotic symp
toms, or suicidal thoughts and behaviors). Participants who remained 
eligible following this screener were next invited to complete the final 
screener: the clinician-administered Structured Clinical Interview for 
DSM-5 (SCID-5) with a trained study clinician (e.g., a board-certified 
psychiatrist or clinical psychology fellow) via Zoom. Participants who 
met criteria for current MDD (i.e., in the past 30 days) via SCID-5 were 
eligible to participate in the main study. Participants who endorsed a 
history of (1) mania symptoms, (2) psychotic symptoms, or (3) active 
suicidal thoughts and behaviors at any time during the screening process 
(i.e., from the initial screener through the SCID-5) were excluded from 
participating in the main study.
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6. Measures

6.1. Patient health questionnaire-9

The Patient Health Questionnaire-9 (PHQ-9) is a 9-item self-report 
measure that assesses the frequency and severity of the nine MDD 
symptoms (Kroenke and Spitzer, 2002). In the current study, partici
pants completed a mobile-friendly PHQ-9 developed and validated to 
assess for momentary changes in MDD symptoms (i.e., from prompt to 
prompt; Torous et al., 2015). Each PHQ-9 item begins with the prompt 
“In the past 4 hours, I have …” and is scored on a sliding scale ranging 
from 0 (not at all) to 100 (constantly). Prior to starting the EMA portion 
of the study, participants met with the study coordinator to receive a 
study orientation, including instructions to respond to each EMA item 
with the following range in mind: the least (i.e., 0 or “not at all”) to the 
most (i.e., 100 or “constantly”) they had ever experienced that symptom 
in their life. Participants were given these instructions to provide the 
same reference point for all participants and to minimize artificial floor 
and ceiling effects (Nemesure et al., 2024).

The PHQ-9 was administered as an EMA, and participants completed 
3 EMAs per day. Only the anhedonia item of the PHQ-9 (i.e., item 1) was 
included in the current set of analyses, given the primary focus on 
assessing changes in anhedonia: “In the past 4 hours, I have had little 
interest or pleasure in doing things” using the sliding scale described 
above. This item demonstrated strong construct validity with a high 
correlation (r = 0.698, p < 0.001) with the anhedonia item on the 
traditional PHQ-9, which participants completed at the end of the study. 
The PHQ-9 EMA also demonstrated good internal consistency (α =
0.906; Haddox et al., 2024).

6.2. Responses to positive affect

The Responses to Positive Affect (RPA) questionnaire is a 17-item 
self-report measure that assesses how participants respond to the 
experience of positive emotions. Although there are three subscales to 
the RPA, dampening, self-focused positive rumination, and emotion- 
focused positive rumination, prior work has combined the two posi
tive rumination subscales into a larger amplifying subscale due to sub
scale overlap (Bijttebier et al., 2012; Gilbert et al., 2017; Li et al., 2017; 
Nelis et al., 2016). The dampening subscale represents a tendency to 
decrease the intensity or frequency of positive emotions and contains 8 
items. The amplifying subscale is opposite and represents a tendency to 
increase the intensity or frequency of positive emotions and contains 9 
items. Items are scored on a 4-point Likert scale from 1 (almost never) to 
4 (almost always). The RPA has demonstrated good internal consistency, 
with a meta-analysis demonstrating an average Cronbach's alpha of 0.80 
across over 40 different studies (Bean et al., 2022). In the current study, 
the RPA also demonstrated good internal consistency (αTotal = 0.81; 
αDampening = 0.89; αAmplifying = 0.91).

6.3. Generalized anxiety disorder questionnaire-IV

The Generalized Anxiety Disorder Questionnaire-IV (GAD-Q-IV) is a 
14-item self-report measure that assesses the DSM-5 criteria for gener
alized anxiety disorder (GAD; Newman et al., 2002). Eleven items are 
scored on a dichotomous scale (i.e., “yes” or “no”) to assess for the 
presence of GAD symptoms (e.g., “Do you experience excessive 
worry?”). Two items are scored on a 9-point Likert scale ranging from 
0 (not at all/no distress) to 8 (very severely/very severe distress) to 
assess for the extent that the GAD symptoms interfere with their life or 
are distressing. One item is open-response and participants write up to 6 
topics that they worry about excessively and uncontrollably, and a score 
is derived from this item by counting the number of topics that they 
provide. In the current study, we scored the GAD-Q-IV using a dimen
sional scoring system to create a continuous score of anxiety, rather than 
utilizing a cutoff score to detect a diagnosis of anxiety. The GAD-Q-IV 

demonstrated good internal consistency in the current study (α = 0.83).

6.4. Difficulties with emotion regulation scale

The Difficulties with Emotion Regulation Scale (DERS) is a 36-item 
self-report measure that assesses the extent to which someone has dif
ficulties regulating their emotions (Gratz and Roemer, 2004). Items are 
scored on a 5-point Likert scale ranging from 1 (almost never) to 5 
(almost always), with 11 items being reverse scored. There are 6 sub
scales to the DERS, but we opted to score the DERS as a total score to 
limit multicollinearity in our regression models. A total score was 
calculated by summing all items after reverse scoring the 11 items, and 
total scores range from 0 to 180. The DERS has demonstrated good in
ternal consistency in prior work (α = 0.94), and the average DERS score 
of 102.3 in the current study is within prior ranges for moderately- 
depressed samples (Burton et al., 2022). The DERS demonstrated good 
internal consistency in the current study (α = 0.93), and the subscales 
also demonstrated good internal consistency (α = 0.87–0.91), similar to 
prior work.

7. Procedure

During the screening process, participants completed a battery of 
self-report measures, including the RPA, GAD-Q-IV, and DERS. Partici
pants who were eligible for the main study and enrolled completed an 
onboarding meeting to receive more information on the study proced
ures, including how to download and use MLife, the mobile application 
used to collect EMAs. Self-reported wake times provided by participants 
during the screening process were confirmed at the onboarding meeting, 
ensuring EMAs were delivered in personalized time frames for each 
participant. After the screening and onboarding process, participants 
moved on to completing the main study. This included submitting three, 
60–90 s EMAs per day for the study length period of 90 days. Partici
pants were prompted to complete their first EMA of the day 4 h after 
their self-reported wake time (e.g., if they woke up at 8 am, they would 
receive their morning prompt at 12 pm). They then received two more 
prompts during the day, also spaced four hours apart from one another 
(e.g., afternoon EMA prompt at 4 pm and evening EMA prompt at 8 pm). 
Participants had 4 h to complete each EMA and were compensated $1 for 
each EMA that they completed throughout the 90-day study.

7.1. Planned data analysis

The current sample includes 146 persons who met criteria for a 
current major depressive episode (i.e., in the past 30 days). Using an a 
priori and pre-registered cutoff decision, we excluded participants from 
analyses if they had fewer than 30 instances of paired consecutive EMAs 
(e.g., completing a morning and afternoon EMA in the same day 
constituted a “paired consecutive EMA” whereas completing a morning 
and evening EMA, but skipping the afternoon EMA, was not considered a 
“paired consecutive EMA”). Nine participants did not meet this criteria 
and were excluded (6.2 %), resulting in data for 137 participants 
(Table 1). The average EMA compliance across the sample was 87.48 %.

Dynamic changes in anhedonia severity were assessed via four var
iables: (1) standard deviation (SD), or the dispersion of symptom fluc
tuations from the mean and their magnitude, (2) root mean square of 
successive differences (RMSSD), which measures instability (Bos et al., 
2019), or the magnitude and temporal association of moment-to- 
moment symptom fluctuations, (3) inertia, or first-order autore
gressions over time, which measures how anhedonia at one time point 
can predict anhedonia at the next time point and provides a measure of 
inflexibility or resistance to change without providing a metric of 
magnitude (Bos et al., 2019; Koval et al., 2013), and (4) probability of 
acute change (PAC), which measures acute changes in symptom severity 
over time (Berner et al., 2017).

The four dynamic variables were derived from prior work investi
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gating the role of borderline personality traits in depression dynamics 
(Kline et al., 2024). Dispersion was calculated for each participant by 
taking the average SD of each anhedonia EMA response across the 90 
days. Instability was derived via RMSSD by calculating a participant's 
difference scores for the anhedonia item across all consecutive EMA 
responses. First-order autoregressions (i.e., inflexibility) were calculated 
by first anhedonia scores in relative time (t), regressing the anhedonia 
score in a linear fashion on the previous anhedonia score (i.e., the pre
vious EMA), and extracting the coefficient estimate. Lastly, we decided 
on a predetermined acute change score by examining the absolute value 
of the difference score between temporally adjacent EMA responses to 
the anhedonia item (e.g., morning and afternoon EMA in the same day): 
EMAs at or above the 90th percentile of all temporally adjacent EMA 
responses for the anhedonia item across all participants indicated an 
acute change. Equations for each of these four variables are as followed: 

SDanhedonia =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
∑N

i=1
(EMAi − μ)2

N

√
√
√
√
√

(1) 

RMSSDanhedonia =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

1
N − 1

∑N− 1

i=1
(EMAi+1 − EMAi)

2

√
√
√
√ (2) 

Inertiaanhedonia = EMAt+1 ∼ EMAt (3) 

PACitem =
1

N − 1
∑N− 1

i=1
ACi+1,whereACi+1 = 1, if xi+1 − xi ≥ c (4) 

We stipulated four multiple linear regression models for the primary 
models with the dependent variables for each model being anhedonia 
(1) SD (i.e., fluctuations), (2) RMSSD (i.e., instability), (3) inertia (i.e., 
resistance or inflexibility to change), and (4) PAC (i.e., acute changes). 
The predictor variables for each of the four models remained the same 
and included dampening, amplifying, anxiety, and difficulties with 
emotion regulation. We also stipulated four more multiple linear 
regression models for the interaction models with the same four 
dependent variables. The predictor variables for each of these four 
models diverged from the primary models but remained the same for all 
interaction models: dampening, amplifying, and the interaction between 
dampening and amplifying.

7.2. Transparency and openness

Prior to running data analyses, but after data collection ended, we 
pre-registered our hypotheses and analytic plan on the Open Science 
Framework (OSF; https://osf.io/58x2n/?view_only=0158ea4daf264 
8928b513b1ab9b49153). We also conducted a power analysis for mul
tiple linear regression in G*Power and set a medium effect size (f2 =

0.15), similar to past research that found a medium effect size between 
depression and dampening (r = 0.34; Bean et al., 2022), 80 % power, 
and 4 predictor variables. This power analysis indicated a minimal 
sample size of 85 being needed with these parameters. Relevant data and 
R code is publicly available on the OSF page.

8. Results

Data analyses were completed using R (Version 2.2.2) and the base, 
dplyr, ggplot2, and stats packages. A correlation matrix and descriptive 
statistics for all of our predictors and outcomes are available in Fig. S1 
and Table S1, respectively.

8.1. Primary models

In our four primary models, we included anhedonia 1) SD, 2) 
RMSSD, 3) inertia, and 4) PAC as the four outcome variables. The four 
predictor variables for each model were dampening (RPA), amplifying 
(RPA), emotion regulation (DERS), and anxiety (GAD-Q-IV). Using the 
stats package in R, we used the following specifications: 

lm(outcome ∼ Dampening+Amplifying+DERS+GAD − Q − IV)

Across three of the models (SD, RMSSD, and PAC), the only signifi
cant predictor of anhedonia dynamics was amplifying, or the extent to 
which someone engages in strategies to increase the frequency or in
tensity of positive emotions (p-values: 0.001–0.015). There were no 
significant predictors in the inertia model (p-values ≥0.315). Neither 
dampening, emotion regulation, nor anxiety emerged as significant 
predictors in any of the models (Table 2).1 Although prior research has 
found a medium effect size between dampening and depression (Bean 
et al., 2022), results from our primary models indicated small effect sizes 

Table 1 
Cohort demographics.

Attribute Value Mean / Count SD / %

Age – 41.09 12.35

Gender

Women 110 80.29 %
Men 17 12.41 %

Non-Binary 8 5.84 %
Other (Prefer to Self-Describe) 2 1.46 %

Transgender
No 131 95.62 %
Yes 6 4.38 %

Race

White 100 72.99 %
Black or African American 12 8.76 %

Asian 10 7.30 %
More than One Race 10 7.30 %

Other 4 2.92 %
American Indian or Alaska Native 1 0.73 %

Ethnicity
Non-Hispanic 116 84.67 %

Hispanic or Latino 21 15.33 %

Employment

Working–Paid Employee 65 47.45 %
Not working–Looking for work 23 16.79 %

Not working–Disabled 17 12.41 %
Other (Prefer to Self-Describe) 13 9.49 %

Working–Self-Employed 12 8.76 %
Not working–Retired 5 3.65 %

Not working (Temporary Layoff) 1 0.73 %
Not working–Due to COVID-19 1 0.73 %

Income

Less than $10,000 18 13.14 %
$10,000 to $19,999 9 6.57 %
$20,000 to $29,999 12 8.76 %
$30,000 to $39,999 9 6.57 %
$40,000 to $49,999 20 14.60 %
$50,000 to $59,999 8 5.84 %
$60,000 to $69,999 13 9.49 %
$70,000 to $79,999 5 3.65 %
$80,000 to $89,999 9 6.57 %
$90,000 to $99,999 6 6.57 %

$100,000 to $149,999 14 10.22 %
$150,000 or more 14 10.22 %

Education

Less than High School Degree 1 0.73 %
Trade/Technical School Degree 2 1.46 %

Associate's Degree 9 6.57 %
Bachelor's Degree 42 30.66 %
Master's Degree 19 21.17 %
Doctoral Degree 5 3.65 %

Note. N = 137. Percentages may not sum to 100 % due to rounding error.

1 We also investigated how each variable, when entered alone in the models, 
was associated with the outcomes. In doing so, we found that none of the 
variables were significantly associated with the outcomes in any of the models, 
except for amplifying in the SD, RMSSD, and PAC models. However, dampening 
did demonstrate an association with anhedonia SD when it was the only vari
able in the model, albeit non-significant (β = − 0.189, p = 0.061). Thus, the 
current findings in our primary models remain consistent: only amplifying is 
associated with anhedonia dynamics and dampening, ER difficulties, and anx
iety are not associated with anhedonia dynamics when each variable is included 
as the sole predictor in the models.
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(ranging from 0.003 to 0.075); thus, we used the pwr package in R to 
conduct post-hoc power analyses for all of our primary models by stip
ulating the adjusted R2 values (Table 2), a sample size of 137, and 4 
predictors. Contrary to our a priori power analysis mentioned above, 
which stipulated a minimum sample size of 85 participants, the post-hoc 
power analyses indicated that all models, except for the PAC model, 
were underpowered to accurately detect significant effects.

8.2. Interaction models

While dampening reflects a suppression of positivity and positive 
rumination represents an amplification of positive emotionality, it may 
be that the tendency to avoid positivity needs to be present across both 
response strategies in order to observe anhedonia symptom stability. 
Thus, as stated in our pre-registration, we conducted four additional 
models to investigate the effects of dampening and amplifying, as well as 
their interactive effect, on our four anhedonia variables. We again 
included anhedonia 1) SD, 2) RMSSD, 3) inertia, and 4) PAC as the four 
outcome variables. However, the three predictor variables for each of 
these models were dampening (RPA), amplifying (RPA), and the 
dampening x amplifying interaction. Using the stats package in R, we 
used the following specifications:

lm(outcome ~ Dampening * Amplifying)
The interaction of dampening and amplifying was not significant in 

any of the four models. Unlike in our primary models, within the 
interaction models, amplifying only emerged as a significant predictor in 
the RMSSD (p = 0.035), and PAC models (p = 0.013), and dampening 
emerged as a significant predictor in the inertia model (p = 0.045). 

There were no other significant predictors in the RMSSD, PAC, and 
inertia models besides the aforementioned, and there were no signifi
cant predictors in the SD model (Table 3). As with our primary models, 
we conducted post-hoc power analyses using the pwr package and 
stipulated the adjusted R2 values (Table 3), a sample size of 137, and 3 
predictors. These post-hoc power analyses indicated that our SD and 
inertia models were underpowered to accurately detect significant 
effects.

9. Discussion

The current study aimed to investigate the influence of emotion 
regulation strategies in response to positive emotions, namely damp
ening and positive rumination (i.e., amplifying), on anhedonia symptom 
dynamics over time in a clinically-depressed sample. Unique and robust 
change metrics were used to operationalize anhedonia symptom dy
namics, providing detailed insight into how anhedonia varies across a 
90-day period. Anhedonia scores were measured via ecological 
momentary assessments (EMAs) completed three times a day for 90 
days, resulting in up to 270 anhedonia measurements per participant. 
The models examined baseline scores of dampening and amplifying in 
relation to fluctuations, instability, resistance to change, and acute 
changes in the anhedonia EMAs.

Contrary to our pre-registered hypotheses, dampening, or the ten
dency to decrease the intensity or frequency of positive emotions, was 
not significantly associated with anhedonia dynamics in any of the four 
models; however, this may have been affected by insufficient power in 
some of our models. Prior work has established an association between 
dampening and anhedonia (Li et al., 2017; Werner-Seidler et al., 2013) 
and thus we hypothesized that dampening would be associated with 
anhedonia stability (i.e., less symptom variability). However, the cur
rent null findings may be due to the design and sample used in the 
current study. Specifically, many past studies that examine these asso
ciations utilize either cross-sectional methods, or rather longitudinal 
measures that obtain measurements of anhedonia after large periods of 
time (Nelis et al., 2018), and none of these existing studies have inves
tigated anhedonia dynamics. Therefore, in an effort to capture fine- 

Table 2 
Primary model outcomes.

Outcome Variable Adjusted 
R2

Estimate p- 
value

95 % CI

Anhedonia 
SD

Dampening

0.044

− 0.150 0.217 [− 0.389, 
0.089]

Amplifying 0.248 0.015
[0.048, 
0.448]

Emotion 
Regulation 
Difficulties

0.018 0.555
[− 0.042, 
0.077]

Anxiety − 0.193 0.319 [− 0.574, 
0.189]

Anhedonia 
RMSSD

Dampening

0.058

− 0.200 0.136
[− 0.463, 
0.063]

Amplifying 0.332 0.003
[0.112, 
0.552]

Emotion 
Regulation

0.034 0.303 [− 0.031, 
0.100]

Anxiety − 0.056 0.792 [− 0.476, 
0.364]

Anhedonia 
Inertia

Dampening

0.003

− 0.001 0.688
[− 0.007, 
0.005]

Amplifying − 0.002 0.336
[− 0.007, 
0.002]

Emotion 
Regulation 
Difficulties

− 0.001 0.407
[− 0.002, 
0.001]

Anxiety − 0.005 0.315
[− 0.014, 
0.004]

Anhedonia 
PAC

Dampening

0.069

− 0.002 0.161
[− 0.005, 
0.001]

Amplifying 0.004 0.001
[0.002, 
0.007]

Emotion 
Regulation 
Difficulties

0.000 0.252
[− 0.000, 
0.001]

Anxiety 0.000 0.884
[− 0.005, 
0.005]

Note. N = 137. SD = standard deviation; RMSSD = root mean square of suc
cessive differences; PAC = probability of acute change. Significant values (p <
0.05) are bolded.

Table 3 
Interaction model outcomes.

Outcome Variable Adjusted 
R2

Estimate p- 
value

95 % CI

Anhedonia 
SD

Dampening

0.048

0.098 0.753 [− 0.514, 
0.709]

Amplifying 0.489 0.116 [− 0.122, 
1.100]

Dampening x 
Amplifying − 0.014 0.378

[− 0.047, 
0.018]

Anhedonia 
RMSSD

Dampening

0.068

0.256 0.451
[− 0.414, 
0.927]

Amplifying 0.722 0.035 [0.052, 
1.391]

Dampening x 
Amplifying

− 0.023 0.208 [− 0.058, 
0.013]

Anhedonia 
Inertia

Dampening

0.018

¡0.015 0.045
[¡0.030, 

0]

Amplifying − 0.014 0.061
[− 0.029, 
0.001]

Dampening x 
Amplifying

0.001 0.100 [0, 0.001]

Anhedonia 
PAC

Dampening

0.083

0.004 0.261 [− 0.003, 
0.012]

Amplifying 0.010 0.013
[0.002, 
0.017]

Dampening x 
Amplifying

0.000 0.127
[− 0.001, 
0.001]

Note. N = 137. SD = standard deviation; RMSSD = root mean square of suc
cessive differences; PAC = probability of acute change. Significant values (p <
0.05) are bolded.
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grained symptom dynamics of anhedonia in the current study, anhe
donia was measured three times per day for 90 days and used to create 
change variables. Thus, the current study may build off of prior work 
and indicate that dampening may not predict moment-to-moment 
changes in anhedonia severity.

Another potential explanation for the lack of association between 
dampening and anhedonia is the elevated depression sample used in the 
current study. All participants in the current sample were screened for a 
diagnosis of MDD and had elevated depression scores, and thus, most 
likely, also elevated anhedonia scores. A recent study found that, while 
individuals with elevated depression symptoms dampen their positive 
emotions more frequently, this diminishment strategy does not lead to 
significant decreases in moment-to-moment emotionality (van Roekel 
et al., 2024). Therefore, individuals with MDD may indeed utilize 
dampening as an emotion regulation strategy more often than healthy 
controls, but dampening may not specifically lead to future moment-to- 
moment decreases in emotionality, possibly due to the elevated levels of 
negative affect.

9.1. Amplifying positivity

We found that positive rumination, or the tendency to increase the 
intensity or frequency of positive emotions (i.e., amplifying), was 
consistently associated with higher levels of anhedonia dynamics. As 
hypothesized, positive rumination exhibited a positive association with 
anhedonia SD, RMSSD, and PAC: higher levels of baseline positive 
rumination predicted dynamic changes in anhedonia severity over time, 
including extreme shifts in anhedonia. These findings provide clarity to 
the association between positive rumination and depressive symptoms. 
Whereas some past studies found evidence for a negative association 
between amplifying and anhedonia or depression symptoms (Li et al., 
2017; Nelis et al., 2018; Yilmaz et al., 2021), other studies did not find 
such an association emerged (Gilbert et al., 2017; Johnson et al., 2008). 
Thus, the utilization of anhedonia dynamics may add to the inconsistent 
literature to provide clarity regarding the potential role of positive 
rumination as a protective factor for anhedonia. Whereas the direc
tionality of change was not examined in the current study, the current 
findings indicate that positive rumination may play a central role in 
understanding anhedonia dynamics, and future research would benefit 
from further examining amplifying as a protective factor. Another area 
for future research is to examine the impact of daily dampening and 
amplifying on anhedonia dynamics. The current study assessed the 
predictive abilities of baseline measures of positive emotion regulation 
strategies; thus, going forward it will be valuable to better understand 
how daily dampening and amplifying impact anhedonia symptom dy
namics in that same day.

9.2. Anxiety and difficulties regulating negative emotions

Across the four models, neither anxiety nor difficulties regulating 
negative emotions were associated with dynamic changes in anhedonia; 
however, some of the models were not adequately powered to detect a 
true effect and may have been prone to Type II error. This contradicts 
past findings that have shown a connection between anxiety and 
anhedonia (Calafiore et al., 2024; Winer et al., 2017), as well as emotion 
regulation difficulties and depression (Joormann and Stanton, 2016). 
Again, as noted with dampening, these findings may be due to the dy
namic nature of the anhedonia change variables (rather than just overall 
anhedonia severity). Specifically, anxiety and emotion regulation diffi
culties may be associated with higher anhedonia scores, but may not be 
signals of dynamic moment-to-moment changes in anhedonia. Prior 
research has established a theoretical connection between positive 
rumination strategies and anhedonia (Werner-Seidler et al., 2013), as 
positivity avoidance appears to be a transdiagnostic mechanism in both 
positive rumination and anhedonia. Therefore, the lack of significant 
association between negative emotion regulation difficulties and anxiety 

with anhedonia dynamics could partly be due to the nature of the 
models employed. Specifically, within the context of the linear models, 
negative emotion regulation difficulties and anxiety may not add sig
nificant predictive power in regard to anhedonia dynamics that is above 
and beyond the positive rumination strategies. Future research can 
investigate whether anxiety or difficulties regulating negative emotions 
are associated with dynamics in overall depressive symptoms or the 
cardinal symptom of depressed mood, rather than anhedonia. Addi
tionally, the current sample was composed solely of participants with a 
diagnosis of MDD. Therefore, it is possible there was less variability in 
anhedonia scores given the elevated baseline scores, and future work 
should investigate these potential associations with anhedonia vari
ability in samples with a wide-range of MDD symptoms, including per
sons without MDD and those with MDD.

A limitation of the primary models is that we only used linear models 
to investigate the predictive association of emotion regulation and 
anxiety with anhedonia dynamics, and it is possible that the nature of 
these associations may not be best captured through linear modeling, 
but through other models (e.g., multilevel modeling). However, the goal 
of the study was to understand how these clinically-relevant constructs 
related specifically to anhedonia dynamics over time. Given the quantity 
of anhedonia measurements per participant (i.e., 270 measurements 
over 90 days), we used robust change metrics to reliably operationalize 
anhedonia dynamics. Thus, linear models appeared most appropriate to 
investigate the impact of baseline emotion regulation and anxiety scores 
on anhedonia dynamics.

9.3. Dampening and amplifying interaction models

The exploratory analyses revealed that the interaction between 
dampening and amplifying was not a significant predictor of anhedonia 
dynamics in any of the four interaction models. These findings indicate 
that the combined effect of dampening and positive rumination is not 
able to predict changes in anhedonia, although some main effects did 
emerge. Similar to the main models, positive rumination demonstrated 
an association with anhedonia RMSSD and PAC (but not with SD, as in 
the main model): greater positive rumination was associated with 
greater temporal changes in anhedonia and extreme shifts in anhedonia 
over time. Interestingly, dampening emerged as a significant predictor 
in the model with inertia of anhedonia as the outcome, although not in 
the expected direction. In this model, dampening was negatively related 
to anhedonia inertia, indicating that persons with greater dampening 
strategies demonstrate a lower resistance to anhedonia change (i.e., 
anhedonia can vary more). It is important to note that the main effects 
may be influenced by the presence of an interaction term in these 
exploratory models and thus, should be interpreted within that context.

9.4. Clinical implications

The current study provides important insight into how behaviors 
representative of psychopathology, including emotion regulation or 
rumination strategies, are associated with dynamic changes in anhe
donia in a clinical sample. In particular, the current findings suggest that 
positive rumination is associated with higher levels of anhedonia 
symptom dynamics, including moment-to-moment fluctuations, insta
bility, and extreme changes. Thus, further upregulating positive emo
tions may be a protective factor in the consideration of improving 
anhedonia. There are several existing treatments that focus on upregu
lating the positive valence systems through savoring or other techniques 
(Craske et al., 2016; Dunn et al., 2019a; Taylor et al., 2017). These types 
of treatments have shown promising evidence in their ability to improve 
anhedonia symptoms over time (Craske et al., 2019; Dunn et al., 2019b; 
Dunn et al., 2023). In particular, Amplification of Positivity (AMP) has 
an entire module devoted to capitalizing on the experience of positive 
emotions, including savoring, telling someone about the positive event, 
writing, revisiting, and re-experiencing the positive event (Taylor et al., 
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2017). These strategies are all related to positive rumination and aim to 
increase the frequency and intensity of positive emotions. Although 
treatments focused on upregulating the positive valence systems 
demonstrate efficacy for anhedonia and depressive symptoms, no known 
work has investigated moment-to-moment changes in symptoms, 
including variability, during the course of these treatments.

9.5. Limitations

The target population of the current study included adults with a 
diagnosis of MDD via the SCID-5. Given that anhedonia is one of the two 
cardinal symptoms of MDD, this clinical sample was of interest to better 
understand anhedonia dynamics over time. However, we did not include 
a control sample (i.e., individuals who did not meet criteria for MDD), 
and thus the current findings may be specific to those with an MDD 
diagnosis and may not expand to a general sample. Future research 
regarding the impact of dampening and amplifying on anhedonia dy
namic indices in a community sample and those with co-occurring 
conditions are needed to further generalize the current findings.

Although our a priori power analysis indicated that we would be 
adequately powered to detect a medium effect size, the actual effect 
sizes in our primary and interaction models were smaller, thus impact
ing the power in our models. Although some of the primary and inter
action models were underpowered, we were still able to detect 
significant associations between amplifying and the different dynamic 
indices of anhedonia. However, the null findings for some of our pre
dictors (e.g., dampening in most of our models), were contrary to our 
hypotheses and could be due to Type II error given the low power to 
detect an effect. Thus, the current study provides a preliminary inves
tigation into how emotion regulation and anxiety relate to dynamic 
indices of anhedonia, but future research with larger sample sizes is 
needed to better understand whether these are true null effects or if 
significant effects between these predictors and the dynamic indices 
emerge in adequately-powered models.

The current study aimed to recruit a sample that was nationally- 
representative of the demographic estimates of MDD in the United 
States. Given that individuals with MDD are primarily women (61 %) 
and White (65 %; Substance Abuse and Mental Health Services Ad
ministrations, 2023), the current sample consisted of a sample of persons 
only in the United States, and most participants in our sample identified 
as White, non-Hispanic women. Additionally, over half of the sample 
reported having a Bachelor's level of education or higher, including a 
Master's or Doctoral degree. Thus, the findings in the current sample 
may not generalize to other samples representing other cultures (i.e., 
Eastern) or demographic characteristics. Moreover, prior work has 
indicated that individuals from collectivist cultures hold different values 
regarding positivity (Senft et al., 2021), thus, future work should 
examine whether these findings replicate in a more diverse sample. 
Lastly, participants were required to own and use an Android as their 
primary device due to software constraints of the MLife app. Thus, in
dividuals who used other phones as their primary device (e.g., iPhones) 
were excluded from the current study. Given that Androids only repre
sent 44.27 % of the market share in mobile operating systems in the 
United States, it is unclear whether these findings would generalize to 
other samples in the United States with persons who use an iPhone, 
which represents 55.42 % of the market share (GlobalStats, 2024).

10. Conclusion

In the current study, we investigated the associations between 
emotion regulation strategies, particularly dampening and positive 

rumination, with anhedonia dynamics over time in a clinically 
depressed sample. We found that, although dampening was not associ
ated with anhedonia dynamics via four models, higher positive rumi
nation was associated with greater dynamic changes in anhedonia in 
three of the models. These findings suggest that positive rumination may 
act as a protective factor and may aid in decreases in anhedonia over 
time. Future research should further investigate the associations be
tween dampening, positive rumination, and anhedonia dynamics in 
larger, fully-powered samples using both clinical and nonclinical par
ticipants and repeated measures of positive emotion regulation strate
gies over time.
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