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ARTICLE INFO ABSTRACT

Keywords: Background: Depression in older adults poses significant health challenges, yet the protective role of positive
Positive affect affect remains understudied. This research examined the complex network of positive affect and depression in
Depression

older adults using advanced network analysis techniques to identify potential targets for intervention.
Methods: Bayesian Gaussian Graphical Models and Directed Acyclic Graph modelling were used to analyse as-
sociations between ten positive affect variables and depression. Exploratory and confirmatory network analyses
ensured stability and node predictability quantified variable influence. Stepwise linear regression confirmed
whether specific positive affective variables identified in the networks predicted lower depression scores.
Results: Enthusiasm emerged as a key ancestral node with the highest predictability (R*> = 0.65), initiating
cascades of positive affect. A primary pathway to depression was identified through feeling active (strength =
1.00, direction = 0.79), with an indirect pathway from feeling enthusiastic via active (strength = 0.98, direction
= 0.79) to depression (strength = 1.00, direction = 0.79). Confirmatory longitudinal analysis showed that feeling
active and enthusiastic consistently predicted lower depression scores (p < 0.001). The network structure
remained stable across analyses.

Conclusions: Enthusiasm was identified as a central catalyst in the positive affect network, revealing clear
pathways through which positive affect may protect against depression in older adults. Enhancing enthusiastic
and active emotional experiences emerged as potential effective, nonpharmacological strategies for preventing
and treating depression in older adults.

Network analysis
Older adults
Mental Health

correlates with increased mortality risk and healthcare spending
(Alexopoulos, 2019; Fiske et al., 2009; Hu et al., 2022). These associated
effects can compound the difficulty of managing age-related disability,

1. Introduction

Continuous advancement in science and medicine has increased

human lifespan over the past 200 years (Brooks-Wilson, 2013; Strulik
and Vollmer, 2013) - a result of many factors including better envi-
ronments, access to healthcare, and our improved knowledge of well-
being. However, living longer does not equate to living better, as the
“later life” period (defined as 70+ years of age) is often associated with
significant challenges to mental health and well-being, depression being
a major contributor to these challenges (Reynolds 3rd et al., 2022;
Robine, 2021; Senra and McPherson, 2021). Recent evidence suggests
that depression effects approximately 35.1 % of adults aged 60 and older
globally (Cai et al., 2023). Depression, and the symptoms associated
with it, negatively impacts multiple areas of human functioning
including physical health, cognitive functioning, quality of life, and

causing an increased risk to aging populations (Moreno-Agostino et al.,
2021; Senra and McPherson, 2021). With depression rates rising
worldwide, this raises a crucial question: What is the value of extending
life if those additional years don't improve in quality?

Positive feelings such as enthusiasm, interest, and excitement,
operationally defined as positive affect (PA) (Watson et al., 1988) are
incompatible with feelings of sadness (Garland et al., 2010) and have
potential to enhance well-being in general populations (Carpenter et al.,
2013; Craske et al., 2019; Fredrickson, 2004, 2001; Tugade and Fre-
drickson, 2004). To date, most research has treated PA as an overall
measure of positive feelings (Diener and Chan, 2011; Gross and John,
2003; Heekerens and Eid, 2021; Pressman and Cohen, 2005)
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overlooking specific aspects of PA (Revord et al., 2021) that might play
distinct protective role against depression symptoms. Research has also
suggested that higher self-esteem, which is predictive of PA (Joshanloo,
2022), reduces depression risk in the general population (Hilbert et al.,
2019) and in later life (T. Tang et al., 2022; X. Tang et al., 2022). This
oversimplified approach may have limited our understanding of how
distinct positive emotional experiences could enhance mental health in
aging populations, as understanding the unique links between specific
components of PA and depression in older adults is key to harness the
protective potential of PA against depression.

Currently, late-life depression is treated using pharmacological
treatment and evidence based psychological therapies, including
cognitive behavioural therapy and behavioural activation (Alexopoulos,
2019; Hu et al., 2022). Unfortunately, older adults are less likely to seek
professional psychological treatments despite their elevated risk of
depression. This is due to internal barriers including stigma, normalising
depressive symptoms as a symptom of aging, lack of perceived need, and
underreporting by individuals due to the co-occurrence of other mental
and physical health issues, leading to a lack of treatment (Barry et al.,
2012; Elshaikh et al., 2023; Kok and Reynolds, 2017). External barriers
can also impact treatment seeking, such as the related costs and other
accessibility issues. Pharmacological treatment, while widely effective,
is often associated with side effects and some limited effectiveness in
older populations (Alexopoulos, 2019; Casey, 2017; Rodda et al., 2011).
Understanding how different aspects of PA protect against depression
may inform development of accessible, targeted, non-pharmaceutical
interventions that enhance quality of life in aging populations both
with and without symptoms of depression (Senra and McPherson,
2021).

Essentially, positive emotional experiences expand our attention and
accumulate psychological resources over time (Fredrickson, 2013,
2004). In older adults, this process is particularly significant, as PA has
been linked to enhanced cognitive flexibility (Carpenter et al., 2013),
improved social connections (Mikels et al., 2014), reduced symptoms of
depression (Alexander et al., 2021; Chakhssi et al., 2018; Huppert,
2006), and greater resilience (Ong et al., 2006; Tugade and Fredrickson,
2004) which may mitigate many age-related challenges. However, the
precise mechanisms by which various facets of PA interact and poten-
tially buffer against depression remain unclear, particularly in older
adults, where emotional regulation processes may differ significantly
from those in younger populations (Senra and McPherson, 2021).

The present study aims to investigate the interactive network of
depression and positive affect in older adults to uncover potential pro-
tective mechanisms of PA against depression. Using network analytic
approaches (Chalmers et al., 2022), the mechanisms of variable asso-
ciations can be understood in a human context (Borsboom, 2017),
through the influence (predictability) of network variables (nodes) on
one another (Chalmers et al., 2022; Williams and Mulder, 2020).
Methods such as Bayesian Gaussian Graphical Modelling (BGGM)
(Williams and Mulder, 2020) and Directed Acyclic Graphs (DAG)
(Lipsky and Greenland, 2022; Williams et al., 2018) not only reveal the
structural dynamics of complex relationships between variables, but
also point to actionable targets for intervention (T. Tang et al., 2022; X.
Tang et al., 2022). As a method of confirming the results found within
the networks, stepwise linear regression was used to clarify whether a
relationship exists between higher scores on positive affect variables and
lower scores on depression across time. This study specifically focuses on
understanding how different aspects of PA may buffer against depressive
symptoms, with potential implications for developing non-
pharmaceutical interventions to enhance mental well-being in aging
populations.
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2. Method
2.1. Participants

Participants (n = 997) were selected from The Sydney Memory and
Ageing Study (Sachdev et al., 2010) (MAS) dataset to complete this
research (Fig. 1). The MAS is a longitudinal cohort study that recruited
older adults (range = 70-90 years, M = 78.77 years, SD = 4.82) from the
Eastern suburbs of Sydney, Australia between 2005 and 2007 (Sachdev
et al., 2010). Participants in this dataset aged between 70 and 90 years
were randomly selected from the New South Wales Kingsford Smith and
Wentworth electoral rolls and invited to participate in the study via a
letter (Sachdev et al., 2010). Data collection occurred at 2-year intervals,
each collection creating a "wave" of the data. Exclusion criteria in this
study included major psychological or neurological disorder, prior
diagnosis of dementia, any medical or psychological conditions that may
have prevented them from completing assessments and lack of profi-
ciency in English. Participants were also excluded if initial assessments
indicated a diagnosis of dementia, or they scored under 24 on the Mini-
Mental State Examination (Folstein et al., 1975).

The Sydney MAS examined the representativeness of the original
dataset through comparing the participants in the study with those who
declined to participate using publicly available census data — no differ-
ence existed between groups on age or sex. Comparing the participant
group to a representative sample of the general population from the
same geographical area obtained from the census data of the Australian
Bureau of Statistics, it was revealed that the participant group was more
educated - 56.4 % of the participants had secondary education and 30.4
% had tertiary education compared to the census group having 42.2 %
and 10.1 % respectively. The participant group also had a lower pro-
portion of individuals in the 70-74 age group (26.0 % v. 32.3 %), and a
higher proportion of individuals in the 75-80 age group (34.8 % v. 29.9
%) with other age groups having no significant difference, and the
overall age distribution being comparable (Sachdev et al., 2010). The
participant group also had a higher proportion of individuals living in
private homes (97.5 %) compared to the census group (92.1 %)
(Sachdev et al., 2010). More information on demographics and exclu-
sion criteria of participants in the MAS has previously been published
(Sachdev et al., 2010).

In the current research, participants with more than three missing
answers on the positive scale of the Positive and Negative Affect
Schedule (Watson et al., 1988), and/or no measurable Geriatric
Depression Scale total score (Yesavage and Sheikh, 1986) were also
excluded. This was investigated for the participants at each wave of the
data. Attrition at each wave of the data included participants who did
not complete the required assessments, participants who were non-
contactable, participants who declined to participate and participants
who were deceased(Fig. 1). Wave 3 data was not used in the Network
Analyses due to Positive and Negative Affect Schedule data not being
present in the MAS dataset, however Geriatric Depression Scale total
score was collected at Wave 3 and was included in stepwise linear
regression analysis (Fig. 1).

2.2. Measures

2.2.1. Positive affect (PA)

The Positive and Negative Affect Schedule (PANAS) (Watson et al.,
1988) was used to measure participant's experienced positive affect.
Specific positive affect items were enthusiastic, active, inspired, strong,
proud, alert, determined, attentive, interested, and excited. Negative items
were not used as a part of this current research. Participants self-
reported their score on each item according to the question “to what
extent have you felt each of the following emotions during the past
week.” on a scale from 1 (very slightly or not at all) to 5 (extremely). Data
from this measure was collected at Wave 1 and Wave 2 of the MAS and
included in the current research. In this study, PA was conceptualised as
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Sample of 8914 people aged 70 - 90 years selected from electoral
roll in eastern Sydney invited by letter to participate in the study
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A

Participated in the MAS
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:{ 40 declined/excluded

Completed PANAS Assessment and GDS-15
n =997

Wave 1

Mean Age = 78.77 years (SD = 4.82)

Gender: 443 male (44.4%), 554 female (55.6%)

Race: 977 Caucasian (98%), 10 Asian (1%), 3 mixed race (0.3%), 7 race not defined (0.7%)
Birth Region: Australia/NZ 70.2%, Europe/UK 16.4%, Asia/Middle East 3.2%, Africa 2.1%,
America 0.8%, Other 7.2%

-
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Mean Age = 80.40 years (SD = 4.68)

Gender: 349 male (44.3%), 438 female (55.7%)

Race: 772 Caucasian (98.1%), 8 Asian (1%), 2 mixed race (0.3%), 5 race not defined (0.7%)
Birth Region: Australia/NZ 69.4%, Europe/UK 16.8%, Asia/Middle East 3.0%, Africa 2.4%,
America 0.9%, Other 7.5%
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Completed GDS-15
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Mean Age = 82.12 years (SD = 4.56)
Gender: 306 male (45.4%), 368 female (54.6%)
Race: 660 Caucasian (97.9%), 7 Asian (1%), 2 mixed race (0.3%), 5 race not defined (0.7%)
Birth Region: Australia/NZ 68.7%, Europe/UK 23.7%, Asia/Middle East 3.4%, Africa 2.8%,

America 1.3%,

)

Fig. 1. Recruiting information and demographics of participants used in the current research.

state-level affect, capturing transient positive emotional experiences
reported over the past week, rather than enduring trait-like dispositions
of individuals.

2.2.2. Depression

Depression was measured using participants total score on the 15-
item Geriatric Depression Scale, a shortened version of the original
30-item questionnaire (GDS-15) (Yesavage and Sheikh, 1986) The GDS-

15 consists of 15 yes/no questions about how the participant has felt
over the past week, the shortened version was specifically designed for
use in older adults to reduce testing fatigue. Examples of items include
“Do you often feel helpless?” and “Have you dropped many of your
activities and interests?” The scale includes both positively and nega-
tively worded items to reduce response bias. Scoring is dichotomous,
with 1 point assigned for each answer indicating depressive symptoms.
The total score is calculated by summing these points, resulting in a
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score range of 0-15. Higher scores indicate more severe depressive
symptoms, with scores of 0—4 considered normal, 5-8 indicating mild
depression, 9-11 indicating moderate depression, and 12-15 indicating
severe depression. Data from this measure was collected at Wave 1,
Wave 2 and Wave 3 of the MAS and included in the current research.

2.3. Data analyses

An analysis of missing data was conducted to assess the overall level
of missingness and to determine if the data was missing completely at
random (MCAR). Across all variables, the overall percentage of missing
data was found to be low, at approximately 1.59 %. To examine po-
tential patterns in the missingness, logistic regression analyses were
performed using missingness indicators for each variable. The results
indicated weak predictability of missingness for most variables from the
missingness of others, with low log-loss values suggesting limited sys-
tematic relationships. This lack of strong associations supports the
assumption that missingness is independent of both observed and un-
observed data, consistent with an MCAR mechanism.

Given the low level of missingness and the evidence for an MCAR
pattern, Multiple Imputation by Chained Equations (MICE) was chosen
as the most appropriate imputation method. MICE generated multiple
imputations for each missing value based on the relationships observed
in the data, preserving variability and avoiding the biases that single-
value imputation methods might introduce. MICE's iterative process,
which models each variable conditionally on others, also offered robust
handling of potential dependencies, further ensuring that imputed
values were well-aligned with observed data patterns.

We employed BGGM to examine the relationships between PA and
depression. The analyses included network estimation, stability evalu-
ation, and the DAG modelling. To evaluate the structure of associations
among variables, we divided the dataset into exploratory and confir-
matory samples (50/50 split). Networks for both samples were esti-
mated using the BGGM with a continuous data type and weakly
informative priors. Partial correlation matrices for each network were
computed, and visualized using graphs. Significant partial correlations
were identified as those whose 95 % credible intervals did not include
zero. The exploratory and confirmatory networks were compared to
assess stability. For each pairwise partial correlation, it was examined
whether the 95 % credible intervals of the differences between the
exploratory and confirmatory correlations included zero. Correlations
with non-overlapping credible intervals were interpreted as unstable or
unconfirmed associations, whereas those with overlapping intervals
were considered stable and likely to represent reliable relationships.
Predictability for each node in the networks was computed to quantify
the proportion of variance explained by its neighbours. This metric
provides insights into the influence of other variables on a given node
and the overall connectedness of the network. Nodes with higher pre-
dictability suggest stronger interdependence within the network.

To infer causal relationships among variables, we employed the DAG
modelling using the Hill Climbing (HC) algorithm. This approach uses a
score-based method to identify the most probable causal structure,
optimized via Bayesian Information Criterion (BIC). To ensure robust-
ness, we applied network averaging with 10,000 bootstraps. The
strength of connections (arcs) between variables was assessed, and the
DAG was visualized with edge strengths reflecting the confidence of
relationships. A threshold for significant arc strengths was determined
using established guidelines, and edges below this threshold were
excluded from the visualization. Edge strength represents the likelihood
that a relationship exists between two variables in the dataset, ranging
between 0 and 1. Values closer to 1 indicate a high probability that the
edge exists and values near 0 suggest weak or no evidence for the
presence of a relationship. The direction of the edge quantifies the
proportion of estimations or bootstraps, where the direction of the
relationship occurs from one node to another, also measured from 0 to 1.
A value closer to 1 implies consistent directional flow from node A to
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node B across iterations of the DAG, while a value closer to 0 implies the
reverse. Values close to 0.5 indicate a lack of a clear dominant direction
in the relationship. Only edges with strength greater than 0.80 are
interpreted and discussed. This criterion reflects a high probability that
the edge represents a stable and replicable association across the esti-
mations in the DAG (Williams and Mulder, 2020). Only edges with
directionality greater than 0.70 were retained, balancing the need for
directional confidence while also allowing for minor variation due to
sampling variability. These thresholds prioritised robustness of the re-
sults over sensitivity of the methods, particularly given the results of this
research yield some clinical implications.

Stepwise multiple linear regression analyses were conducted to
examine the predictive relationships between positive affect variables
and depression across different time points. This method combines
forward and backward variable entry, where predictors are sequentially
added based on their unique contribution to explaining variance in
depression scores. The predictor explaining the most variance enters the
model first, followed by subsequent predictors that contribute signifi-
cant additional variance after controlling for previously entered vari-
ables. The model is continuously reassessed, with redundant predictors
removed if they no longer meet significance criteria. The statistical
threshold for variable entry was p < 0.05, and the threshold for removal
was p > 0.10. This approach was applied to examine the relationship
between baseline positive affect variables and depression scores at
baseline, 2-year follow-up, and 4-year follow-up.

3. Results

The exploratory analysis of the MAS sample indicated that a direct
negative association occurred between active and depression (—0.18).
Nodes within the network that influenced active included strong (0.32),
enthusiastic (0.15), determined (0.16), and attentive (0.17) (Fig. 2; Sup-
plementary Table S1). The node with the most associations within the
network was enthusiastic, with links to interested (0.22), excited (0.24),
strong (0.16), proud (0.12), inspired (0.21), and active (0.15) (Supple-
mentary Table S1). The strongest association within the exploratory
sample was found to be alert — attentive (0.42) (Fig. 2).

Further network analysis using the confirmatory sample at baseline
supported the direct negative association between active and depression
(—0.25) (Fig. 2, Supplementary Table S2). This association was also
confirmed to be stable across both samples using 95 % credible intervals
(95 % ClIs) of differences in partial correlations not excluding zero
(Fig. 3). Additionally in this analysis, strong also had a significant
negative partial correlation with depression (—0.12). Nodes that had
significant influence on active included interested (0.13) and strong
(0.19). Within this confirmatory sample, inspired — excited was found to
be the strongest association (0.37) (Fig. 2, Supplementary Table S2).
Alert and enthusiastic had the highest number of associations within this
network, with enthusiastic being the most central node (Fig. 2).

All associations within networks were confirmed to be stable through
examination of partial correlations, where 95 % confidence intervals
(95 % ClIs) included zero (Fig. 3). All remaining associations did not
significantly differ between exploratory and confirmatory groups. The
optimized nature of the network is further validated by Bayesian In-
formation Criterion scores for MAS data networks of —14,073.75, and an
optimal significance threshold of 0.50, indicating a good fit.

Predictability analyses for the exploratory and confirmatory net-
works of PA and depression are visualized in Fig. 4. High predictability
indicates a variable with high influence on other nodes within the
network. Enthusiasm (R®> = 0.65) was found to have the highest pre-
dictability, followed by alert and attentive (R? = 0.60). Depression had the
lowest predictability in the network (R? = 0.25), while moderate pre-
dictability was observed in the cases of inspired, excited, strong, active and
determined (R2 = 0.45-0.55).

Fig. 5 shows the DAG representing the directional links between PA
variables and depression. The strength of the associations is represented
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Positive Affect
Interest: Interested
Excited: Excited
Strong: Strong
Enthusiast: Enthusiastic
Proud: Proud

Alert: Alert

Inspired: Inspired
Determ: Determined
Attent: Attentive
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Active: Active
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© Depr: Depression

Fig. 2. Network associations between positive affect variables and depression in the exploratory and confirmatory groups of older adults at baseline (wave 1).
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Fig. 3. Posterior distributions and 95 % Credible Intervals of differences in partial correlations between exploratory and confirmatory samples at baseline (wave 1).

The differences considered as significant if 95 % ClIs are not including zero.

by the density of the arrows, and the direction of the arrows indicates a
plausible causal link between nodes. Enthusiastic, excited, alert and
inspired appear as highly influential PA nodes in the older adult sample
(Fig. 5). The strongest directed associations occur from enthusiastic to
excited, enthusiastic to alert, enthusiastic to inspired, and enthusiastic to
strong. The directed network originates with enthusiastic as the ancestral
node, which influences the expression of all other nodes. Depression and

proud both appear as descendants that are influenced by the interactions
of other nodes.

The DAG analysis revealed several strong and directional relation-
ships, with edge strengths (probability of edge presence) and directions
(probability of specific direction) providing insights into the network's
causal structure included in Supplementary Table S3. The strongest as-
sociations (strength >0.99) included the associations between excited
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Fig. 4. Predictability plots of positive affect and depression for older adults' sample, exploratory group A and confirmatory group B across wave 1 (baseline),
including 95 % CIs.

Fig. 5. Directed Acyclic Graph representing the directional association between positive affect variables and depression in older adults at baseline (wave 1).
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and enthusiastic (strength = 1.00), interested and enthusiastic (strength =
1.00), strong and active (strength = 1.00), and alert and active (strength
= 1.00). Strong directional effects (direction probability >0.80) found
within the DAG were from excited to proud (direction = 0.88), enthusi-
astic to interested (direction = 0.86), proud to alert (direction = 0.85) and
active to depression (direction = 0.79).

Enthusiastic emerged as a central node with multiple strong outgoing
connections including to interest (strength = 1.00, direction = 0.86),
excited (strength = 1.00, direction = 0.57), and active (strength = 0.98,
direction = 0.81). Alert served as a mediator between several variables
such as between enthusiastic and attentive (strengths >0.97) and between
proud and active (strengths >0.72). These findings suggest a hierarchical
structure where the PA facet enthusiasm appears to initiate cascades of
other PA, while active shows the most direct relationship with depression
levels. The high strength but varying directional probabilities of many
associations indicate complex bidirectional relationships within the PA
network, with some clear causal pathways emerging particularly in
relation to depression (Fig. 5). A pathway to depression existed from active
(strength = 1.00, direction = 0.79). As an ancestral node, having in-
fluence across PA variables in the network, enthusiastic showed an in-
direct effect on depression through the influence of active (Fig. 5).
Enthusiastic — active (strength = 0.98, direction = 0.81) and active —
depression (strength = 1, direction = 0.79). Additional indirect routes
demonstrating the influence of enthusiastic on depression included
enthusiastic — strong — depression, and enthusiastic — determined —
depression (Fig. 5). Strengths and direction of associations can be found
in supplementary materials (Supplementary Table S3).

Through stepwise linear regression, it was confirmed that higher
scores on active and enthusiastic were consistent predictors of lower
levels of depression in the MAS sample across baseline and two follow-up
conditions. Enthusiastic and active occurred as a significant predictor in
all waves (p < 0.001) (Table 1). At baseline, active accounted for 16 % of
variance in depression R? = 0.16, p = —0.40, p < 0.001), followed by
enthusiastic which explained an additional 2 % of variance (AR? = 0.02,
B = —0.18, p < 0.001). Strong (4R? = 0.01, § = —0.10, p < 0.001),
determined (AR? = 0.01, § = 0.10, p < 0.001), and alert (AR? = 0.01, f =
—0.10, p < 0.001) each contributed smaller but significant additional
variance, bringing the total explained variance to 20 %.

At the second wave (follow-up after 2 years) a similar pattern was
observed where active emerged as the strongest predictor (R? = 0.11,
= —0.33, p < 0.001), and after controlling for variance explained by

Table 1

Summary of the stepwise linear regression analyses predicting depression in
participants of the MAS at 2-year intervals using baseline positive affect vari-
ables from the PANAS.

Outcome Block and R? R? Standardized
predictors change

Depression at baseline  Positive affect
variables
1 Active 0.16 0.16 —0.40*
2 Enthusiastic  0.18  0.02 -0.18*
3  Strong 0.18 0.01 —0.10*
4 Determined 0.19 0.01 0.10*
5  Alert 0.20 0.01 —0.10%

Depression after 2 Positive affect

years variables

1 Active 0.11 0.11 —0.33*
2 Enthusiastic  0.13  0.02 —-0.18*
3 Strong 0.14 0.01 —0.12*
4 Determined 0.15  0.01 0.09*
5  Alert 0.15 0.01 -0.11*

Depression after 4 Positive affect

years variables

1  Enthusiastic  0.09  0.09 —0.31*
2 Active 0.12  0.03 —-0.19%
3 Strong 0.13 0.01 —0.12*

" p <0.001.
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active;enthusiastic, strong, determined, and alert were still significant
predictors collectively explaining 15 % of the variance in depression
scores. At 4-year follow-up (Wave 3), enthusiastic emerged as the pri-
mary predictor R? = 0.09, g = —0.31, p < 0.001), with active (AR? =
0.03, # = —0.19, p < 0.001) and strong (AR? = 0.01, g = —0.12, p <
0.001) adding significant additional variance, explaining a total of 13 %
of variance in depression scores. These longitudinal findings underscore
the consistent predictive roles of active and enthusiastic experiences in
relation to depression scores over time.

4. Discussion

This research aimed to explore the potential protective effect of PA
against depression in an older adult population and the unique associ-
ations between these variables that contribute to this protective prop-
erty. The exploratory and confirmatory networks highlighted specific
affective pathways that could inform the development of targeted in-
terventions for later life depression and revealed important findings that
advance our understanding of the relationship between PA and
depression in older adults. The network analyses revealed a remarkably
stable structure of relationships between PA and depression. This sta-
bility provides strong support for the robustness of the results and sug-
gests that the identified relationships are likely to be reliable targets for
developing interventions against depression (Rodda et al., 2011). The
use of state-level measures of PA suggests that the emotional experiences
identified in this study may be more amenable to short term, low risk
interventions. This enhances the practical relevance of the findings as it
suggests that targeted activities to increase specific positive emotions
could yield measurable benefits in reducing symptoms of depression,
even in individuals who do not consistently report high trait positive
affect.

Most notably, the directional analyses identified enthusiasm as an
ancestral node that initiates cascades of other PA and a key catalyst in
our network analyses, demonstrating the highest predictability (R? =
0.65). The high predictability of this variable indicates that being
enthusiastic influences many nodes within the generated networks and
individuals' experience of other PA. These findings support Fredrickson's
(2004) theory broaden-and-build theory, which posits that moments of
PA broaden the though-action repertoire of individuals and build psy-
chological resilience to negative experiences. In the current research
several facets of PA particularly enthusiasm, appear to function as
influential nodes within the broader network, suggesting that specific
PA experiences initiate experiences of PA through the activation of other
PA states. Furthermore, the centrality of the enthusiasm node within the
network suggests that certain PA experiences may scaffold more expe-
riences of PA over time. This finding also supports prior research high-
lighting enthusiasm as a significant component of vitality and
engagement in older adults, both of which are inversely associated with
depressive symptoms (Forgeard et al., 2011; Fredrickson, 2013; Ong
et al., 2006).

GDS scores (depression) emerging as an outcome of the interactions
between PA nodes indicates that these affective experiences buffer a
person's experience of depressive symptoms. Two primary protective
associations to depression emerged through feeling active and strong,
with the active pathway showing particularly robust inverse connection.
These pathways remained stable in our longitudinal analyses, with both
active and enthusiastic consistently predicting lower depression levels
across multiple time points. The identification of active engagement as a
key pathway to reduced depression also aligns with previous research by
Gross and John who found that active engagement showed stronger
protective effects against depressive symptoms compared to other as-
pects of PA (Gross and John, 2003). The network structure observed in
this research suggests that individuals with higher levels of PA, partic-
ularly enthusiasm, may possess or more effectively utilise regulatory
strategies that reduce the impact of depressive symptoms. It may enable
individuals to reappraise life events in more positive ways, interrupting
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the negative thought cycles or rumination that contribute to depression.

The predictability analyses further reinforced the central role of
enthusiasm, while also highlighting the importance of alert and atten-
tive states in the network. Interestingly, depression showed the lowest
predictability in the network, suggesting that experiencing depression
symptoms may have a limited impact on individual's ability to experi-
ence PA, which is promising for developing new intervention ap-
proaches involving PA. For instance, interventions focusing on
enhancing enthusiasm and promoting physical and mental activity
might be particularly effective in preventing and treating depression in
older adults, as suggested by recent research (Craske et al., 2019; Santos
et al., 2013; van Steenbergen et al., 2021). The results support the idea
that enhancing or supporting the experience of specific positive affective
states could provide a feasible approach to improving mental health in
older adults, including those who may not meet diagnostic criteria for
depression but still experience emotional distress. Interventions that
target momentary affective experiences may offer meaningful psycho-
logical benefits without requiring long term therapy or pharmacological
treatment or could be used alongside these interventions to improve
outcomes.

A major strength of this study lies in its methodological robustness.
The use of both exploratory and confirmatory network analyses, com-
bined with directed acyclic graph modelling and longitudinal regression
analyses, provides multiple lines of evidence supporting our findings.
The stability of our results between different analytical approaches and
across time points further strengthens their reliability. Additionally, our
large sample size and the use of advanced statistical techniques like
Bayesian Gaussian Graphical Models with conservative thresholds for
what was interpreted as significant results enabled us to identify subtle
but important relationships that might have been missed with more
traditional approaches. The DAG analysis, based on extensive boot-
strapping across a large sample, provides strong evidence of meaningful
associations within the PA network. However, as these findings are
based on observational data, they should be viewed as indicative of
potential pathways rather than definitive causal associations.

4.1. Limitations and future directions

Despite these strengths, several limitations should be noted. First,
our sample was drawn from a specific geographic region, potentially
limiting generalizability. Second, while our longitudinal analyses
spanned four years, more frequent measurements might have captured
shorter-term dynamics in the relationship between PA and depression
symptoms. The PANAS measure used in this research assesses state
positive affect, which captures recent emotional experiences rather than
long-term affective dispositions. While this approach aligns with the
research aim of identifying immediately modifiable mechanisms of
affect, it limits the extent to which the findings can be generalised to
trait-level positive affect.

Another limitation exists within the measurement of positive affect,
as the PANAS includes only 10 positive affect items. This may not fully
represent the breadth of positive emotions that could impact on symp-
toms of depression. Future research should consider using or developing
more comprehensive positive affect measures to broaden the coverage of
the positive affect domain of emotional experiences.

Future research should examine relationships between positive affect
and depression symptoms in more diverse populations and investigate
whether enthusiasm remains an initiating node over a longer period. It
should also be noted that although certain PA variables (e.g. feeling
enthusiastic, feeling interested) were identified as predictors of lower
depression scores within the network and regression analyses, these
results do not confirm that they function as protective factors in a
clinical sense. Protective factors are typically defined as characteristics
that protect individuals from developing a disorder and must demon-
strate consistent effects over time and across populations. The current
research provides preliminary support for their potential role, but
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further longitudinal and intervention studies are required to establish
true protective status.

Although DAG modelling suggests potential directional pathways
between affect variables and measured depression symptoms, the
observational nature of this data precludes definitive causal interfer-
ence. Unmeasured factors such as social support, physical health, and
life experiences may contribute to the observed associations.

5. Conclusions

This study provides compelling evidence that enthusiasm serves as a
central catalyst in the PA network, with specific pathways through
active and strong states having a measurable relationship to reduced
depression in older adults. These findings suggest that interventions
targeting enthusiasm and promoting activity could be particularly
effective in preventing and treating depression in older adults, offering a
promising alternative or complement to traditional approaches. The
identification of these specific pathways provides concrete targets for
developing more effective, non-pharmaceutical interventions to
enhance mental well-being in aging populations.

With more strategies to buffer against depression in older adults, the
high prevalence of depressive symptoms found within this population
may be lowered, reducing the healthcare burden and improving the life
experience of those who are aging. The results suggests that positive
affect, particularly enthusiasm, not only co-occurs with lower depres-
sion but may play an initiating role within PA networks. These findings
contribute to a growing body of literature emphasising the functional
and regulatory significance of PA experiences in older adults. In-
terventions that focus on cultivating enthusiasm, for example through
behavioural activation, meaningful goal setting or engagement in
intrinsically rewarding activities, may offer a promising avenue for
promoting psychological resilience and preventing or reducing later life
depression.

Clinical trial registration
This is an exploratory study and preregistration is not required.
CRediT authorship contribution statement

Ella G. Hopkins: Writing — review & editing, Writing — original
draft, Methodology, Investigation, Formal analysis, Conceptualization.
Patrick J. Leman: Writing — review & editing, Supervision. Matti
Cervin: Writing — review & editing, Methodology. Katya Numbers:
Writing — review & editing, Data curation. Henry Brodaty: Writing —
review & editing, Data curation. Perminder S. Sachdev: Writing — re-
view & editing, Data curation. Oleg N. Medvedev: Writing — review &
editing, Supervision, Methodology, Conceptualization.

Ethics approval and patient consent statement

The Sydney Memory and Ageing Study was approved by the Uni-
versity of New South Wales Human Research Ethics Committee (HC
05037, 09382, 14327) and all participants provided written consent to
participate in the study.
Declaration of competing interest

None.
Data availability

The data that support the findings of this study are available from the
Centre for Healthy Brain Ageing (CHeBA) Research Bank following a

standardized request process. Access requests can be directed to
CHebaData@unsw.edu.au or to the corresponding author. Data access is


mailto:CHebaData@unsw.edu.au

E.G. Hopkins et al.

restricted due to participant consent terms requiring Older Australian
Twins Study (OATS) investigators' review and approval of proposed
secondary uses, regardless of data de-identification status.

Analysis code in R is available in the supplemental materials at the
end of the manuscript. We report all data exclusions, manipulations,
measures, and sample size determinations in the Method section.

Acknowledgements

Funding for the Sydney Memory and Ageing Study was given by
three National Health and Medical Research Council (NHMRC) Program
Grants (ID No. ID350833, ID568969, and APP1093083). We thank the
participants and their informants for their generous contribution to this
research. We also acknowledge the MA research team for providing data
that can generate further knowledge in the field of aging: https://cheba.
unsw.edu.au/research-projects/sydney-memory-and-ageing-study.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jad.2025.120529.

References

Alexander, R., Aragén, O.R., Bookwala, J., Cherbuin, N., Gatt, J.M., Kahrilas, 1.J.,
Kastner, N., Lawrence, A., Lowe, L., Morrison, R.G., 2021. The neuroscience of
positive emotions and affect: implications for cultivating happiness and wellbeing.
Neurosci. Biobehav. Rev. 121, 220-249.

Alexopoulos, G.S., 2019. Mechanisms and treatment of late-life depression. Transl.
Psychiatry 9, 188. https://doi.org/10.1038/541398-019-0514-6.

Barry, L.C., Abou, J.J., Simen, A.A., Gill, T.M., 2012. Under-treatment of depression in
older persons. J. Affect. Disord. 136, 789-796. https://doi.org/10.1016/j.
jad.2011.09.038.

Borsboom, D., 2017. A network theory of mental disorders. World Psychiatry 16, 5-13.

Brooks-Wilson, A.R., 2013. Genetics of healthy aging and longevity. Hum. Genet. 132,
1323-1338. https://doi.org/10.1007/500439-013-1342-z.

Cai, H., Jin, Y., Liu, R., Zhang, Q., Su, Z., Ungvari, G.S., Tang, Y.-L., Ng, C.H., Li, X.-H.,
Xiang, Y.-T., 2023. Global prevalence of depression in older adults: a systematic
review and meta-analysis of epidemiological surveys. Asian J. Psychiatr. 80, 103417.
https://doi.org/10.1016/j.ajp.2022.103417.

Carpenter, S.M., Peters, E., Vastfjall, D., Isen, A.M., 2013. Positive feelings facilitate
working memory and complex decision making among older adults. Cognit. Emot.
27, 184-192.

Casey, D.A., 2017. Depression in older adults: a treatable medical condition. Prim. Care
44, 499-510.

Chakhssi, F., Kraiss, J.T., Sommers-Spijkerman, M., Bohlmeijer, E.T., 2018. The effect of
positive psychology interventions on well-being and distress in clinical samples with
psychiatric or somatic disorders: a systematic review and meta-analysis. BMC
Psychiatry 18, 211. https://doi.org/10.1186/512888-018-1739-2.

Chalmers, R.A., Cervin, M., Medvedev, O.N., 2022. Network analysis. In: Medvedev, O.
N., Krédgeloh, C.U., Siegert, R.J., Singh, N.N. (Eds.), Handbook of Assessment in
Mindfulness Research. Springer International Publishing, Cham, pp. 1-16. https://
doi.org/10.1007/978-3-030-77644-2_70-1.

Craske, M.G., Meuret, A.E., Ritz, T., Treanor, M., Dour, H., Rosenfield, D., 2019. Positive
affect treatment for depression and anxiety: a randomized clinical trial for a core
feature of anhedonia. J. Consult. Clin. Psychol. 87, 457.

Diener, E., Chan, M.Y., 2011. Happy people live longer: subjective well-being contributes
to health and longevity. Appl. Psychol. Health Well Being 3, 1-43.

Elshaikh, U., Sheik, R., Saeed, R.K.M., Chivese, T., Alsayed Hassan, D., 2023. Barriers and
facilitators of older adults for professional mental health help-seeking: a systematic
review. BMC Geriatr. 23, 516. https://doi.org/10.1186/512877-023-04229-x.

Fiske, A., Wetherell, J.L., Gatz, M., 2009. Depression in older adults. Annu. Rev. Clin.
Psychol. 5, 363-389. https://doi.org/10.1146/annurev.clinpsy.032408.153621.

Folstein, M.F., Folstein, S.E., McHugh, P.R., 1975. “Mini-mental state™ a practical
method for grading the cognitive state of patients for the clinician. J. Psychiatr. Res.
12, 189-198.

Forgeard, M.J., Jayawickreme, E., Kern, M.L., Seligman, M.E., 2011. Doing the right
thing: measuring wellbeing for public policy. Int. J. Wellbeing 1.

Fredrickson, B.L., 2001. The role of positive emotions in positive psychology: the
broaden-and-build theory of positive emotions. Am. Psychol. 56, 218.

Fredrickson, B.L., 2004. The broaden-and-build theory of positive emotions. Philos.
Trans. R. Soc. Lond. Ser. B Biol. Sci. 359, 1367-1378. https://doi.org/10.1098/
rstb.2004.1512.

Fredrickson, B.L., 2013. Positive emotions broaden and build. In: Advances in
Experimental Social Psychology. Elsevier, pp. 1-53.

Journal of Affective Disorders 394 (2026) 120529

Garland, E.L., Fredrickson, B., Kring, A.M., Johnson, D.P., Meyer, P.S., Penn, D.L., 2010.
Upward spirals of positive emotions counter downward spirals of negativity: insights
from the broaden-and-build theory and affective neuroscience on the treatment of
emotion dysfunctions and deficits in psychopathology. Clin. Psychol. Rev. 30,
849-864.

Gross, J.J., John, O.P., 2003. Individual differences in two emotion regulation processes:
implications for affect, relationships, and well-being. J. Pers. Soc. Psychol. 85,
348-362. https://doi.org/10.1037/0022-3514.85.2.348.

Heekerens, J.B., Eid, M., 2021. Inducing positive affect and positive future expectations
using the best-possible-self intervention: a systematic review and meta-analysis.

J. Posit. Psychol. 16, 322-347.

Hilbert, S., Goerigk, S., Padberg, F., Nadjiri, A., Ubleis, A., Jobst, A., Dewald-
Kaufmann, J., Falkai, P., Bithner, M., Naumann, F., Sarubin, N., 2019. The role of
self-esteem in depression: a longitudinal study. Behav. Cogn. Psychother. 47,
244-250. https://doi.org/10.1017/51352465818000243.

Hu, T., Zhao, X., Wu, M., Li, Z., Luo, L., Yang, C., Yang, F., 2022. Prevalence of
depression in older adults: a systematic review and meta-analysis. Psychiatry Res.
311, 114511. https://doi.org/10.1016/j.psychres.2022.114511.

Huppert, F.A., 2006. Positive emotions and cognition: developmental, neuroscience and
health perspectives. Affect Soc. Think. Behav. 8, 235-252.

Joshanloo, M., 2022. Self-esteem predicts positive affect directly and self-efficacy
indirectly: a 10-year longitudinal study. Cognit. Emot. 36, 1211-1217. https://doi.
0rg/10.1080/02699931.2022.2095984.

Kok, R.M., Reynolds, C.F., 2017. Management of depression in older adults: a review.
Jama 317, 2114-2122.

Lipsky, A.M., Greenland, S., 2022. Causal directed acyclic graphs. JAMA 327,
1083-1084. https://doi.org/10.1001/jama.2022.1816.

Mikels, J.A., Reed, A.E., Hardy, L.N., Lockenhoff, C.E., 2014. Positive Emotions Across
the Adult Life Span.

Moreno-Agostino, D., W, Y.-T., Daskalopoulou, C., Hasan, M.T., Huisman, M., Prina, M.,
2021. Global trends in the prevalence and incidence of depression:a systematic
review and meta-analysis. J. Affect. Disord. 281, 235-243. https://doi.org/10.1016/
j.jad.2020.12.035.

Ong, A.D., Bergeman, C.S., Bisconti, T.L., Wallace, K.A., 2006. Psychological resilience,
positive emotions, and successful adaptation to stress in later life. J. Pers. Soc.
Psychol. 91, 730-749. https://doi.org/10.1037/0022-3514.91.4.730.

Pressman, S.D., Cohen, S., 2005. Does positive affect influence health? Psychol. Bull.
131, 925.

Revord, J., Sweeny, K., Lyubomirsky, S., 2021. Categorizing the function of positive
emotions. Curr. Opin. Behav. Sci. 39, 93-97. https://doi.org/10.1016/j.
cobeha.2021.03.001.

Reynolds 3rd, C.F., Jeste, D.V., Sachdev, P.S., Blazer, D.G., 2022. Mental health care for
older adults: recent advances and new directions in clinical practice and research.
World Psychiatry 21, 336-363. https://doi.org/10.1002/wps.20996.

Robine, J.-M., 2021. Ageing Populations: We Are Living Longer Lives, But Are We
Healthier. United Nations, p. 2.

Rodda, J., Walker, Z., Carter, J., 2011. Depression in older adults. Bmj 343.

Sachdev, P.S., Brodaty, H., Reppermund, S., Kochan, N.A., Trollor, J.N., Draper, B.,
Slavin, M.J., Crawford, J., Kang, K., Broe, G.A., 2010. The Sydney Memory and
Ageing Study (MAS): methodology and baseline medical and neuropsychiatric
characteristics of an elderly epidemiological non-demented cohort of Australians
aged 70-90 years. Int. Psychogeriatr. 22, 1248-1264.

Santos, V., Paes, F., Pereira, V., Arias-Carrion, O., Silva, A.C., Carta, M.G., Nardi, A.E.,
Machado, S., 2013. The role of positive emotion and contributions of positive
psychology in depression treatment: systematic review. Clin. Pract. Epidemiol.
Mental Health 9, 221.

Senra, H., McPherson, S., 2021. Depression in disabling medical conditions — current
perspectives. Int. Rev. Psychiatry 33, 312-325. https://doi.org/10.1080/
09540261.2021.1887823.

Strulik, H., Vollmer, S., 2013. Long-run trends of human aging and longevity. J. Popul.
Econ. 26, 1303-1323.

Tang, T., Jiang, J., Tang, X., 2022a. Psychological risk and protective factors associated
with depression among older adults in mainland China: a systematic review and
meta-analysis. Int. J. Geriatr. Psychiatry 37. https://doi.org/10.1002/gps.5637.

Tang, X., Lee, H.R., Wan, S., Gaspard, H., Salmela-Aro, K., 2022b. Situating expectancies
and subjective task values across grade levels, domains, and countries: a network
approach. AERA Open 8, 23328584221117168. https://doi.org/10.1177/
23328584221117168.

Tugade, M.M., Fredrickson, B.L., 2004. Resilient individuals use positive emotions to
bounce back from negative emotional experiences. J. Pers. Soc. Psychol. 86, 320.

van Steenbergen, H., de Bruijn, E.R., van Duijvenvoorde, A.C., van Harmelen, A.-L.,
2021. How positive affect buffers stress responses. Curr. Opin. Behav. Sci. 39,
153-160. https://doi.org/10.1016/j.cobeha.2021.03.014.

Watson, D., Clark, L.A., Tellegen, A., 1988. Development and validation of brief
measures of positive and negative affect: The PANAS scales. J. Pers. Soc. Psychol. 54,
1063-1070. https://doi.org/10.1037/0022-3514.54.6.1063.

Williams, D.R., Mulder, J., 2020. BGGM: Bayesian Gaussian graphical models in R.

J. Open Source Softw. 5, 2111.

Williams, T.C., Bach, C.C., Matthiesen, N.B., Henriksen, T.B., Gagliardi, L., 2018.
Directed acyclic graphs: a tool for causal studies in paediatrics. Pediatr. Res. 84,
487-493.

Yesavage, J.A., Sheikh, J.I., 1986. Geriatric Depression Scale (GDS), 5, 165-173. https://
doi.org/10.1300/J018v05n01_09 (null).


https://cheba.unsw.edu.au/research-projects/sydney-memory-and-ageing-study
https://cheba.unsw.edu.au/research-projects/sydney-memory-and-ageing-study
https://doi.org/10.1016/j.jad.2025.120529
https://doi.org/10.1016/j.jad.2025.120529
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0005
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0005
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0005
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0005
https://doi.org/10.1038/s41398-019-0514-6
https://doi.org/10.1016/j.jad.2011.09.038
https://doi.org/10.1016/j.jad.2011.09.038
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0020
https://doi.org/10.1007/s00439-013-1342-z
https://doi.org/10.1016/j.ajp.2022.103417
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0035
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0035
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0035
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0040
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0040
https://doi.org/10.1186/s12888-018-1739-2
https://doi.org/10.1007/978-3-030-77644-2_70-1
https://doi.org/10.1007/978-3-030-77644-2_70-1
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0055
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0055
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0055
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0060
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0060
https://doi.org/10.1186/s12877-023-04229-x
https://doi.org/10.1146/annurev.clinpsy.032408.153621
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0075
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0075
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0075
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0080
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0080
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0085
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0085
https://doi.org/10.1098/rstb.2004.1512
https://doi.org/10.1098/rstb.2004.1512
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0095
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0095
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0100
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0100
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0100
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0100
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0100
https://doi.org/10.1037/0022-3514.85.2.348
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0110
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0110
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0110
https://doi.org/10.1017/S1352465818000243
https://doi.org/10.1016/j.psychres.2022.114511
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0125
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0125
https://doi.org/10.1080/02699931.2022.2095984
https://doi.org/10.1080/02699931.2022.2095984
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0135
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0135
https://doi.org/10.1001/jama.2022.1816
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0150
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0150
https://doi.org/10.1016/j.jad.2020.12.035
https://doi.org/10.1016/j.jad.2020.12.035
https://doi.org/10.1037/0022-3514.91.4.730
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0165
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0165
https://doi.org/10.1016/j.cobeha.2021.03.001
https://doi.org/10.1016/j.cobeha.2021.03.001
https://doi.org/10.1002/wps.20996
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0180
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0180
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0185
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0190
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0190
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0190
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0190
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0190
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0195
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0195
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0195
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0195
https://doi.org/10.1080/09540261.2021.1887823
https://doi.org/10.1080/09540261.2021.1887823
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0205
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0205
https://doi.org/10.1002/gps.5637
https://doi.org/10.1177/23328584221117168
https://doi.org/10.1177/23328584221117168
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0220
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0220
https://doi.org/10.1016/j.cobeha.2021.03.014
https://doi.org/10.1037/0022-3514.54.6.1063
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0235
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0235
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0240
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0240
http://refhub.elsevier.com/S0165-0327(25)01971-8/rf0240
https://doi.org/10.1300/J018v05n01_09
https://doi.org/10.1300/J018v05n01_09

	Network of positive affect and depression in older adults
	1 Introduction
	2 Method
	2.1 Participants
	2.2 Measures
	2.2.1 Positive affect (PA)
	2.2.2 Depression

	2.3 Data analyses

	3 Results
	4 Discussion
	4.1 Limitations and future directions

	5 Conclusions
	Clinical trial registration
	CRediT authorship contribution statement
	Ethics approval and patient consent statement
	Declaration of competing interest
	datalink9
	Acknowledgements
	Appendix A Supplementary data
	References


