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A B S T R A C T   

Background: The mood brightening hypothesis postulates that people with depressive symptoms report more 
positive affect (PA) and less negative affect (NA) than healthy controls after rewarding daily life activities. 
Whether mood brightening also occurs in people with anxiety symptoms remains unclear. This study examined 
effects of physical activity, being outdoors, and social activity on PA and NA across different levels of depression 
and anxiety symptoms in the general Dutch population. 
Methods: Participants completed an electronic diary on their smartphone, thrice daily over 30 days, to assess 
activities and affect (n = 430; 22,086 assessments). We compared five groups based on their scores on the 
Depression, Anxiety and Stress Scales: asymptomatic participants, participants with mild symptoms of depression 
and/or anxiety, depression symptoms, anxiety symptoms, and comorbid depression and anxiety symptoms. 
Multilevel linear regression models with interaction terms were used to compare the association between ac-
tivities and affect in these five groups. 
Results: All activities were associated with increased PA and reduced NA in all groups. We found a mood 
brightening effect in participants with depression, as physical activity and being outdoors were associated with 
reduced NA. Participants with depression had increased PA and reduced NA when in social company compared 
to asymptomatic participants. No mood brightening effects were observed in participants with anxiety or co-
morbid depression and anxiety. 
Limitations: Our sample included mainly women and highly educated subjects, which may limit the generaliz-
ability of our findings. 
Conclusion: Mood brightening is specific to depression, and typically stronger when in social company.   

1. Introduction 

Daily life activities, including physical exercise, being outdoors, and 
social interactions, are known to elicit increases in positive affect (PA) 
and decreases in negative affect (NA), see McMahan and Estes (2015), 
Ryan et al. (2010), Silk et al. (2011), and Stavrakakis et al. (2015). 
Participants with depressive symptoms typically report even larger gains 
in PA and decreases in NA after daily positive experiences, which is 
known as the mood brightening effect (Bakker et al., 2017; Bylsma et al., 
2011; Heininga and Kuppens, 2021; Khazanov et al., 2019; Lamers et al., 
2018; Panaite et al., 2019; Peeters et al., 2003; Thompson et al., 2012). 
Mood brightening has been found in subjects with diagnoses of major 

depressive disorder (Khazanov et al., 2019; Lamers et al., 2018; Peeters 
et al., 2003; Thompson et al., 2012), as well as in subjects with 
depressive symptoms (Bakker et al., 2017; Bylsma et al., 2011; Heininga 
et al., 2017). This hedonic benefit in depressed compared to non- 
depressed people is at odds with (a) the typically lower mean PA and 
higher mean NA in more depressed participants (Bylsma et al., 2011; 
Peeters et al., 2003); (b) anhedonia, as one of the cardinal symptoms of 
depression (American Psychiatric Association, 2013; Heininga and 
Kuppens, 2021); and (c) lab studies showing more blunted emotions to 
positive and negative stimuli in depressed participants (‘emotion context 
insensitivity’; Bylsma, 2021; Bylsma et al., 2008; Rottenberg, 2017). 
These three lines of research would suggest a decreased reactivity of 
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mood to context and daily activities in people with depressive symptoms 
(Beck, 2002; Rottenberg et al., 2005). 

The mood brightening effect has typically been explained with dif-
ferences in emotion regulation (Aldao et al., 2010), such as positive 
activities shifting attention away from negative feelings or thoughts, and 
dampening of rumination (Panaite et al., 2019). If positive events and 
activities indeed dampen rumination, this could explain why subjects 
with depression benefit more from positive activities as opposed to 
healthy controls, because rumination is characteristic for depressed 
subjects (Nolen-Hoeksema, 2000). But rumination and worry are also 
salient in anxiety disorders (Watson et al., 1988b). Daily life boosts of PA 
after positive activities typically suppress NA over the next hours and 
day (Ernst et al., 2021; Leger et al., 2020; Wichers et al., 2012), and 
although the strength and timing of the effects may differ across specific 
emotions, PA is known to facilitate adaptation and enhanced emotion 
regulation (Fredrickson, 2001; Leger et al., 2020). These findings on 
mood brightening effect in depression have led us to three follow-up 
questions: 

First, it remains unclear whether the mood brightening effect is 
specific to depression, or also occurs in people with anxiety or mixed 
anxiety/depression. Anxiety and depressive disorders are highly co-
morbid, and rumination is prominent in both disorders (Olatunji et al., 
2013; Struijs et al., 2021), supporting the idea that mood brightening 
may occur in subjects with internalizing symptoms in general. Two 
studies suggest that the mood brightening effects mostly occurred in 
depressed subjects, although results in subjects with comorbid depres-
sion and anxiety were inconsistent (Khazanov et al., 2019; Lamers et al., 
2018). Furthermore, both studies only investigated mood brightening 
(reactivity) after self-rated pleasurable events, rather than counting 
“active behaviors” such as exercise (Bakker et al., 2017), a limitation to 
which we return below. 

A functional argument of why mood brightening might be specific to 
depression (and not anxiety) is the role of a higher detection threshold 
for responding to social reward (e.g., “anhedonia”, Nettle and Bateson, 
2012), and fewer activities (Bylsma et al., 2011). Activities and social 
reward experiences may temporarily down-regulate a dynamic 
threshold for the initiation of reward-orienting (active) behavior, a 
process that results in higher momentary PA, and more in depressed 
than asymptomatic adults, called the mood brightening effect. Depres-
sion and anxiety share their low detection threshold for social punish-
ment (Nettle and Bateson, 2012), however, and the anxious “attentional 
bias” may upregulate the threshold for appraising specific situations or 
activities as pleasant in anxious subjects (Helbig-Lang and Petermann, 
2010), such as social company, or being outdoors, which makes it 
important to also study activities without it being pleasant. 

Our second question therefore concerns whether mood brightening 
depends on the type of pleasant event or activity. Most studies focused on 
self-rated pleasurable events, which are positive experiences that par-
ticipants rated as pleasant (Heininga et al., 2017; Khazanov et al., 2019; 
Lamers et al., 2018; Panaite et al., 2019). A focus on active behavior 
instead of self-rated positive experiences may be especially relevant 
when studying subjects with depression and/or anxiety. Depressed 
participants may have a higher threshold for considering an event to be 
pleasant than other participants, and depressed mood states are known 
to affect the experience of pleasure and bias subjective appraisal (Bakker 
et al., 2017; Treadway and Zald, 2011). However, active behaviors may 
lead to rewards and changes in PA/NA, independent of the subjective 
appraisal of the behavior (Bakker et al., 2017). Behavioral activation is 
an important aspect of cognitive behavioral therapy, which is one of the 
core treatments of depression and anxiety disorders (Stein et al., 2021). 
In this paper we therefore study mood brightening effects in response to 
social and active behavior. 

To further our understanding of the mood brightening theory we 
compare the associations between specific daily activities that are 
typically experienced as rewarding (i.e., physical activity, being out-
doors, and being in social company), and examine changes in PA and NA 

over time, in subjects with symptoms of depression, anxiety, or both (see 
the method section for the rationale). Changes in PA and NA after being 
active (or outdoor/social) in (a) asymptomatic people were compared to 
(b) those with mild levels of internalizing symptoms, and/or more se-
vere (c) anxiety or (d) depression or (e) mixed anxiety and depression 
symptoms. These participants were derived from the general Dutch 
population. Our key question was whether the hypothesized mood 
brightening effect was specific for depressive symptoms or extended to 
anxiety symptoms; and secondary, whether the mood brightening effect 
depended on the type of active behavior. 

2. Material and methods 

2.1. Sample 

The HowNutsAreTheDutch (HND) sample was recruited from the 
general Dutch population using crowdsourcing invitations via radio 
broadcasts, television, local podium discussions, newspapers, and 
magazines. To help study mental health as a dimensional and dynamic 
phenomenon participants visited the website www.HoeGekIs.nl (also 
www.HowNutsAreTheDutch.com) to complete cross-sectional ques-
tionnaires and a longitudinal diary study. To participate in the diary 
study, participants monitored their feelings, behaviors, cognitions, and 
activities three times a day (with 6-h interval) for 30 consecutive days 
(maximum 90 assessments). Details on the aims of the study, partici-
pants, and study procedures are provided elsewhere (van der Krieke 
et al., 2016, 2017). 

A total of 629 individuals took part in the “HowNutsAreTheDutch” 
diary study between May 22nd, 2014 (launching date of the diary study) 
and February 9th, 2015 (a convenience sample). Before starting the 
diary study, all participants confirmed to be ≥18 years, to have a 
smartphone, to be not engaged in shift work, and not to expect a major 
disruption of daily routines during the study period, and they agreed 
their anonymous data could be used for research purposes. Of these 629 
diary participants, 430 (68 %) also completed the Depression, Anxiety 
and Stress Scale (DASS), and this sample of 430 participants was 
included in the present study. Details on the methods are provided in the 
Supplement. 

2.2. Measurements 

2.2.1. Anxiety and depression 
Participants were categorized into five groups with different levels of 

depression and/or anxiety symptoms using scores on the Depression, 
Anxiety and Stress Scale (DASS). Because depression and anxiety 
symptom scales often co-occur (Pearson’s r = 0.6 for both DASS scales), 
we defined a group with anxiety symptoms without depression symp-
toms and vice versa, and compared these groups with an asymptomatic 
class. We expected that an alternative approach with both depression 
and anxiety scales as continuous predictors of PA/NA could lead to 
inconclusive results, because even if we would find evidence for a mood 
brightening effect in anxiety, it would remain unclear whether the co- 
occurring depression symptoms contributed to this finding, given their 
substantial correlation. 

The DASS was part of the cross-sectional HND study and assessed 
mood over the past week. This assessment could be completed either 
prior, during, or after the 30-day diary study. The DASS is known to be 
sensitive to subthreshold symptoms (de Beurs et al., 2001; Lovibond and 
Lovibond, 1995a). The DASS measures the three subscales Depression, 
Anxiety and Stress with 14 items per subscale. Based on their scores on 
the DASS Depression and Anxiety subscales, we categorized all 430 
subjects into 5 categories using validated cut-off values for the Depres-
sion and Anxiety subscales (Lovibond and Lovibond, 1995b) (see 
Supplement): 
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1. No anxiety or depression (“no”, n = 287): Subjects with normal 
scores on the DASS Depression and Anxiety scales (i.e., 
Depression≤9 and Anxiety≤7);  

2. Mild anxiety and/or depression (“mild”, n = 44): Subjects with a 
mild score on the anxiety scale, the depression scale, or both scales (i. 
e., Depression:10–13 and Anxiety≤7, or Depression≤9 and Anx-
iety:8–9 or Depression:10–13 and Anxiety:8–9); 

3. Predominant Anxiety (“anx”, n = 24): Subjects with at least moder-
ate (to extremely severe) anxiety symptoms and no or mild depres-
sion (Depression≤13 and Anxiety ≥10);  

4. Predominant Depression (“dep”, n = 44): Subjects with at least 
moderate (to extremely severe) depression symptoms and no or mild 
anxiety (Depression≥14 and Anxiety≤9);  

5. Depression and anxiety (“dep&anx”, n = 31): Subjects with moderate 
to extremely severe depression and moderate to extremely severe 
anxiety symptoms (Depression≥14 and Anxiety≥10). 

We defined a class with mild anxiety and/or depression symptoms to 
control for the impact of overall symptom severity on mood brightening 

effects. This general population sample included relatively many sub-
jects with mild depression and/or anxiety symptoms (n = 44). This 
group also had a low overall symptom severity as demonstrated by 
several measures such as the total DASS score (Table 1). To make sure 
that the potential differences in mood brightening effects between 
subjects with depression and/or anxiety were not exclusively based on 
overall severity differences, we decided to exclude subjects with mild 
depression or anxiety symptoms from our depressed or anxious group. 
This categorization resulted in an anxiety group (“anx”) and a depres-
sion group (“dep”) that were similar in terms of overall symptom 
severity in terms of mean levels of NA, PA, DASS sum (Table 1). 

A previous psychometric analysis of the DASS scales in the HND 
sample showed good internal consistency (Crohnbach’s alpha 
0.94–0.98) and convergent/divergent validity (Wardenaar et al., 2018). 
The DASS scales were mostly suitable to discriminate best at mild- 
moderate severity ranges in the general population. 

In the cross-sectional part of the HND study, participants’ severity of 
depressive symptoms was assessed with the Quick Inventory of 
Depressive Symptomatology (QIDS) and their quality of life with the 

Table 1 
Group descriptives.   

NOa,b MILDa ANXa DEPa DEP&ANXa Differences between groups  

Mean SD Mean SD Mean SD Mean SD Mean SD Statisticc Significant differencesd 

Number (%)  287 (67.0)  44 (10.2)  24 (5.6)  44 (10.2)  31 (7.2)   
Number of diary 

assessments  
15199   2111   1049   2344   1383    

Diary assessments 
per subject  

53.0   48.0   43.7   53.3   44.6    

Age (years)  41.7 13.3  42.1 13.3  34.4 13.4  39.0 12.9  35.8 12.6  3.1 No 
Female (%)  79.4   84.1   79.2   77.3   100   8.5 No  

Cross-sectional assessmentse 

DASS sum (0 - 126)  11.7 7.7  24.3 7.1  35.1 10.1  37.4 9.9  60.6 16.1  285.5 All except ANX-DEP 
DASS depression 

(0 -42)  
3.2 2.7  9.9 3.1  7.1 3.8  19.9 5.4  23.6 6.3  406.3 All 

DASS anxiety (0 - 
42)  

1.9 1.9  4.4 2.9  12.9 4.1  4.3 2.8  16.0 5.7  263.9 All except MILD-DEP 

DASS stress (0 - 
42)  

6.6 4.9  10.0 5.6  15.1 5.9  13.3 5.8  21.0 7.3  68.4 All except ANX-DEP 

MANSA sum (16 - 
112)  

64.3 5.7  55.5 6.4  57.7 7.5  50.0 6.4  50.8 8.6  85.5 All except MILD-ANX and DEP- 
DEP&ANX 

QIDS sum (0 - 27)  4.1 2.6  8.0 3.2  8.1 3.3  11.3 4.1  15.1 5.1  128.4 All except MILD-ANX  

Diary assessments 
Negative affect (0- 

100)  
23.3 9.7  29.5 10.0  34.5 12.1  36.6 11.4  45.9 12.0  39.9 All except MILD-ANX and ANX- 

DEP 
Positive affect (0- 

100)  
59.5 11.9  51.3 12.0  53.2 11.7  46.8 12.5  41.1 11.3  34.8 All except MILD-ANX, MILD-DEP, 

ANX-DEP, DEP-DEP&ANX 
Being outdoors (0- 

100)  
38.3 24.0  32.9 22.7  40.8 24.8  35.7 23.9  28.4 23.5  4.6 No except NO>DEP&ANX and 

ANX>DEP&ANX 
Physical activity 

(0-100)  
36.3 22.0  35.0 22.1  39.3 21.1  34.8 23.2  30.6 19.9  1.7 No 

Social company (0- 
1)  

0.75 0.37  0.68 0.41  0.70 0.36  0.60 0.38  0.54 0.43  8.5 No except NO>DEP and 
NO>DEP&ANX 

anx, anxiety; DASS, Depression, Anxiety and Stress Scale; dep, depression; MANSA, Manchester Short g depression: subjects with a mild score on the anxiety scale, the 
depression scale, or both scales. 

a The five classes of subjects based on the DASS Depression and Anxiety scales: 
“NO” = No anxiety or depression: subjects with normal scores on both scales; 
“MILD” = Mild anxiety and/or depression: subjects with a mild score on the anxiety scale, the depression scale, or both scales; 
“ANX” = Predominant anxiety: subjects with at least moderate anxiety symptoms and no/mild depression. 
“DEP” = Predominant depression: subjects with at least moderate depression symptoms and no/mild anxiety. 
“DEP&ANX” = Depression and anxiety: subjects with at least moderate depression and at least moderate anxiety symptoms. 

b Mean and standard deviation unless indicated otherwise. 
c F-statistic for all continuous variables based on an ANOVA; in bold, all P-values < 0.004 (Bonferroni corrected alpha for 13 comparisons). For the dichotomous 

variable sex, we performed a chi-squared test to test for significant differences between classes. 
d If the ANOVA indicated a significant difference between the five classes, we performed a Tukey Honest Significant Difference (HSD) method to investigate which of 

the classes had significantly different means. Note that with five classes, there are ten pairwise comparisons for each variable. The column describes which classes were 
significantly different based on the adjusted P-value < 0.05 (i.e. P-value after adjustment for multiple comparisons). 

e Numbers between parentheses represent the minimum and maximum possible score on each scale. 
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Manchester Short Assessment of Quality of Life (MANSA)(for details, see 
van der Krieke et al., 2016, Wardenaar et al., 2018). These measures 
were used to compare the overall (symptom) severity of the five groups 
described above. 

2.2.2. Positive and negative affect 
Diary assessments were performed three times a day (with 6-h in-

tervals) and measured positive affect (PA) and negative affect (NA) at 
the moment of assessment. PA and NA were assessed with twelve items 
from the circumplex model of affect, which describes affect in terms of 
two dimensions: valence and activation (Barrett and Russell, 1998; Yik 
et al., 1999). Each item was assessed as a statement such as “I feel 
cheerful”, and participants were asked to rate the extent to which this 
statement was applicable by moving a slider on a visual analogue scale 
on their smartphone from the extremes “not at all” to “very much” (a 
score 0–100). For each time point, PA was measured by averaging the 
participant’s score on six items: feeling relaxed, energetic, enthusiastic, 
content, calm, cheerful. NA was measured by averaging the score on six 
items: feeling gloomy, anxious, nervous, irritable, dull, and tired. The 
PANAS has been shown to have good internal consistency (Crohnbach’s 
alpha 0.84–0.90) and test-retest reliability (Crawford and Henry, 2004; 
Watson et al., 1988a). In the current sample with repeated measure-
ments, the multilevel within-person reliability estimate omega was 
0.864 (CI 0.861–0.866) for PA and 0.710 (0.704–0.716) for NA (R 
Package “multilevelTools”, version 0.1.1)(Wiley, 2020). 

2.2.3. Daily life activities 
Daily life activities were assessed during the period in between the 

thrice daily diary assessments, and hence were assessed in the hours 
before the measurement of PA/NA. Being outdoors was assessed by 
“Since the last measurement I have been outdoors” and physical activity 
with the question “Since the last measurement I was physically active” 
with the extremes on the visual analogue scale being “not at all” to “very 
much”. These responses were converted into 0–100 scores, and were 
person-mean centered when included in the models as independent 
variables, in order to disaggregate between-person from within-person 
effects (Wang and Maxwell, 2015) (Supplemental Methods). Social 
company was measured with “Most of the time since the last measure-
ment I was…”, to which respondents could reply by choosing between 
“alone” or “in company”. These responses were converted in a binary 
item coded 0 for “alone” and 1 for “in company”. 

2.2.4. Missing values 
Due to our selection procedure, we had complete data for all DASS 

items and demographics. For each diary assessment of NA, PA and daily 
life activities, either all items were present or all items were absent 
(participants could not fill out the questionnaire partly). On average, 
participants completed 51.4 out of 90 diary assessments. 

2.3. Statistical methods 

2.3.1. Multilevel models 
Multilevel linear regression models were used to estimate the effect 

of daily life activities on NA and PA with R package nlme_v3.1_142 
(Pinheiro et al., 2021). In a repeated measures design such as used in this 
study, observations (level 1) are nested within participants (level 2). 
Multilevel models allow for individual differences in time-varying as-
sociations (random effects) while also estimating group averages (fixed 
effects). 

First, we tested whether each of the three activities of being out-
doors, physical active, or socially active, had a main effect on PA and 
NA. Separate models were used to test the effect of each activity on PA 
and NA. Next, one model was fit including all activities as independent 
variables, to gauge their independent contribution on NA and PA. 

In the main analyses, we tested whether the impact of the activities 
on PA and NA varied between subjects with different levels of depression 

and anxiety. Two-way interactions between the five DASS groups and 
each activity were included as independent variables, and we examined 
their effect on the dependent variables PA and NA. Next, one model was 
fit including all three activities and their two-way interactions with the 
five DASS groups, to adjust for the impact of the other activities. 

In all models, we included sex, age, time, and time of the day 
(morning, afternoon, evening) as covariates. The variable time repre-
sented the number of the diary assessment (ranging from 1 to 90) and it 
was used to remove the long-term trend from data to render the series 
stationary and prevent spurious associations (Wang and Maxwell, 
2015). The multilevel models included a random intercept and random 
slope for time to account for different trajectories of PA/NA over time for 
each individual, using a diagonal covariance structure. We also included 
a first-order autoregressive covariance structure for the residuals to 
account for autoregressive effects of measurements over time for each 
individual. Further details on model fitting are provided in the Supple-
mental Methods. 

To correct for multiple testing, we used a Bonferroni corrected alpha 
(α = 0.008) to interpret the statistical results of the six main models. All 
analyses were performed in R (R Core Team, 2013; Wickham, 2009). 

2.3.2. Sensitivity analyses 
Two sensitivity analyses were performed on subsamples of the data. 

The first sensitivity analysis assessed the influence of missing diary data 
using a subsample of 273 subjects who completed at least 50 % (≥45) of 
diary assessments. The second sensitivity analysis examined the influ-
ence of missing diary data and the time interval between the completion 
of the DASS questionnaire and the start of the diary study using 212 
subjects who completed the DASS questionnaire in the 90 days prior to 
the start of the diary study. In our full sample, 171 participants 
completed the DASS >90 days prior to the start of the diary study, and 
40 participants completed the DASS during or after the diary study, 
while 1 participant’s completion date of the DASS was missing. By 
excluding these participants, we assessed whether the results were 
sensitive to the moment of DASS assessment. In both sensitivity ana-
lyses, we checked whether interactions between DASS groups and ac-
tivities had similar effect sizes and statistical significance, using the 
same multilevel models as tested in the full dataset. 

3. Results 

3.1. Descriptives 

The mean age of the 430 included participants was 40.7 years (SD =
13.3; range 18–70) and most participants were women (81 %), and 
highly educated (high: 80 %, middle: 19 %, low: 1 %). Overall, 22,086 
diary assessments were completed, an average of 51 assessments per 
participant (Table 1). 

The five groups with different levels of depression and anxiety 
symptoms based on the DASS differed on certain baseline characteristics 
(asymptomatic, n = 287; mild, n = 44; depression, n = 44; anxiety, n = 24; 
dep&anx, n = 31). The proportion of women was similar in each of the 
groups (~80 %), and although the severe comorbid depression and 
anxiety group included only women, this was not unlikely given the 
distribution (χ2 = 3.1, p = 0.08). Second, subjects with comorbid 
depression and anxiety had the most extreme scores on (almost) all 
measures of internalizing symptoms and associated scales: this group 
scored highest on all three DASS subscales, the QIDS, PA and NA, and 
scored lowest on quality of life (MANSA) together with the depressed 
group. Thus, subjects with comorbid depression and anxiety symptoms 
reported more severe symptoms on each of the DASS domains than those 
with only depression or anxiety symptoms. 

Note that most participants had a mild or moderate severity of 
depressive symptoms based on the QIDS. Subjects in the class with both 
depression and anxiety symptoms had the highest score on the QIDS 
(mean 15.1, SD 5.1) which corresponds with a moderate depression 
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severity. The mean QIDS scores confirmed the absent or mild severity of 
depressive symptoms in the asymptomatic, mild and anxious groups 
based on the DASS scale (Rush et al., 2003). 

There were also important similarities between the groups. Partici-
pants with predominant depression and predominant anxiety had 
similar scores on the total DASS, the DASS Stress scale, NA, and PA, thus 
group differences cannot exclusively be explained by differences in sum 
scores. Furthermore, most participants did not differ in average levels of 
being outdoors, physically active, and being in social company, except 
that the participants with mixed depression and anxiety were signifi-
cantly less outdoors than asymptomatic and anxious participants, and 
less often in social company than asymptomatic participants. 

3.2. Daily life activities and affect 

We first tested whether the three daily life activities had a main effect 
on NA and PA, independent of the level of depression or anxiety of the 
participants. All three daily life activities showed the expected associa-
tions with NA and PA, as being more active was associated with lower 
NA and higher PA (Table 2). Since the three activities –especially being 
outdoors and physical active— were correlated (Pearson’s r = 0.63; and 
a point biserial r = 0.15 both for social company-being outdoors, and for 
social company-physical activity), we tested the relative association of 
each activity with NA or PA in one model. Although all effect sizes were 
slightly attenuated, all three activity types showed significant associa-
tions with PA and NA (Table 2). 

3.3. Impact of daily life activities on affect in depression and anxiety 

Using two-way interactions, we tested whether subjects with 
different levels of anxiety and depression experienced a similar reduc-
tion in NA and increase in PA when being active to evaluate the mood 
brightening hypothesis for participants with depression, anxiety, or both 

types of symptoms. All three activities –being outdoors, physical activ-
ity, and social company– were significantly associated with lower NA 
and higher PA, and this association was equally strong across almost all 
groups (Fig. 1, Table 3, Supplemental Table 1). Thus, there was no ev-
idence for a mood brightening effect for participants with anxiety or 
with anxiety and depression because there was no stronger effect of 
activity on PA/NA in these subjects than in asymptomatic subjects. 

However, we found evidence for the mood brightening hypothesis in 
depression. Participants with depression had a stronger reduction in NA 
after all three activities than asymptomatic participants. Participants 
with depression also experienced a stronger increase in PA after being in 
social company than asymptomatic participants. This stronger increase 
in PA was not found for being outdoors of physical activity. Changing 
the reference category showed no other significant group differences in 
the association between the activities and NA or PA. 

To test the robustness of the results, we performed to sensitivity 
analyses in subsamples of our data to quantify the role of missing diary 
assessments (n = 273) and number of days between the completion of 
the DASS and diary study (n = 212) (Supplemental Table 2). The 
interaction effects were largely similar in these two sensitivity analyses, 
and led to the same conclusions on a mood brightening effect for par-
ticipants with depression but not for participants with anxiety or both 
types of symptoms. 

The unique contribution of each interaction was examined by 
including all activities in one model (Supplemental Table 2). Results 
from this model were similar, except that two interactions that were 
significant in separate models for each activity (depression*physical 
activity to predict NA and depression*social company to predict PA) 
showed similar directions but lost their significant contribution in the 
full model. 

4. Discussion 

4.1. Main findings 

The present study examined the mood brightening effect, which 
predicts stronger increases in PA and decreases in NA after pleasant 
experiences in depressed than in asymptomatic participants. Specif-
ically, we examined whether mood brightening was specific to depres-
sion, or also occurred in anxious participants. Second, we examined 
these questions for three specific activities, as opposed to self-rated 
unspecified pleasant events. To achieve this, we tested whether phys-
ical activity, being outdoors, or social company were differentially 
associated with NA or PA among five groups of individuals from the 
general population: (a) asymptomatic participants, (b) those with mild 
levels of depression/anxiety, (c) depressive or (d) anxiety symptoms, or 
(e) comorbid depression and anxiety symptoms. Our results showed that 
all activities were associated with lower NA and higher PA in all groups. 
However, people with moderate to severe depressive (but not anxiety) 
symptoms showed larger reductions in NA after all activities, compared 
to asymptomatic participants, and larger increases in PA after being in 
social company. To conclude, we found evidence for a mood brightening 
effect in subjects with depression, but not in subjects with anxiety 
symptoms or in subjects with comorbid depression and anxiety symp-
toms, which was especially true in case of social activity. 

4.2. Mood brightening in depression but not in anxiety 

As described, we observed a mood brightening effect for participants 
with depressive symptoms, but not for participants with anxiety or 
anxiety and depressive symptoms. This conclusion aligns with two 
previous studies that suggested that mood brightening is specific to 
depression and does not occur in anxiety. The first study showed a mood 
brightening effect after self-rated positive events in participants with 
current depression (MDD) and mixed depression(MDD)/anxiety(GAD) 
versus anxiety only (Khazanov et al., 2019). The second study showed a 

Table 2 
The impact of daily life activities on negative and positive affect.   

Each activity in a separate 
model 

All activities in one model  

Negative affect Negative affect 

Activity B CI B CI 

Being 
outdoors 
(0-100)  

− 0.038 (− 0.044 − 0.032)  − 0.018 (− 0.025 − 0.010) 

Physical 
activity 
(0-100)  

− 0.047 (− 0.053 − 0.041)  − 0.034 (− 0.042 − 0.026) 

Social 
company 
(0-1)  

− 1.286 (− 1.623 − 0.949)  − 1.039 (− 1.375 − 0.702)    

Positive affect Positive affect 

Activity B CI B CI 

Being outdoors (0-100)  0.077 (0.070 0.084)  0.040 (0.032 0.048) 
Physical activity (0- 

100)  
0.091 (0.084 0.098)  0.063 (0.054 0.071) 

Social company (0-1)  2.184 (1.796 2.572)  1.723 (1.340 2.107) 

B, regression coefficient; CI, 95% confidence interval. 
Associations were tested in multilevel regression models including the daily life 
activities as independent variables, and the covariates age, sex, afternoon, 
evening (reference class: ‘morning’), and time (number of diary assessment 
1–90). The dependent variables for the separate models were NA and PA. The 
first columns represent the associations of each daily life activity with NA and 
PA, unadjusted for the two other activities. The second columns represent the 
associations of all daily life activities with NA and PA, adjusted for the two other 
activities. All associations were significant with P-values < 2 • 10− 6. 
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greater reduction in anxiety after self-rated positive events in partici-
pants with a lifetime diagnosis of MDD (with or without comorbid 
anxiety) compared to controls and compared to participants with life-
time anxiety disorders only. Only MDD participants without comorbid 
anxiety (vs. with comorbid anxiety) showed decreased sad mood after 
positive events compared with controls (Lamers et al., 2018). 

Our results also suggest that mood brightening is specific to 
depression, and does not occur in anxiety, or depression and anxiety, 
although the results for mixed depression/anxiety conditions are still 
inconclusive given the diverging results in previous studies. As opposed 
to previous studies, the present study confirms these results in the 
context of depression and anxiety symptoms instead of diagnoses, and 
daily life activities rather than self-rated pleasant events. The specificity 
of mood brightening to depression suggests a salient mechanistic dif-
ference between depression and anxiety disorders (Lamers et al., 2011; 
Wardenaar et al., 2021), despite their overlap in symptoms and risk 
factors, which may support a functional understanding of depression, 
such as a social leveraging or signaling function and situation–symptom 
congruence theories (Hagen, 2011). 

4.3. Type of activities 

Our study extends the literature with three specific daily life activ-
ities that influenced both PA and NA, independent of their subjective 
appraisal. Previous studies that focused on PA responses to active 
engagement used a variable including both social and sport activities. 
This work showed that anhedonic individuals with MDD responded with 
higher levels of PA when engaging in such activities (Heininga et al., 
2017), but these results were not robust against multiple testing and 
changes in model specifications. Another study in young adults with 
none to subclinical depressive symptoms did not find a significant 
moderating effect of depressive symptom levels on PA reactivity to 
active engagement (Bakker et al., 2017). In our study we found 
increased PA associated with social company in individuals with 
depressive symptoms as compared to asymptomatic participants, but no 
increased PA associated with physical activity or being outdoors. 
Various studies did not find a mood brightening effect of physical ac-
tivity on PA in subjects with depressive symptoms either (Stavrakakis 
et al., 2015; Wichers et al., 2012). Others argued that physical activity is 
most beneficial in social company (Stranahan et al., 2006). Although 
general mood brightening effects of being outdoors have been estab-
lished (Beute and de Kort, 2018), PA-specific compared to NA-specific 
effects have not been identified. Our study showed that individuals 
with depressive symptoms showed larger reductions in NA associated 
with all three activities, while PA increases were specific to social ac-
tivities. Because studies of NA responses to specific activities in 
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Fig. 1. Associations between activities and NA/PA 
a. Being outdoors, 
b. Physical activity, 
c. Social company 
a-c represent the predicted NA and PA based on the fixed effects of the three 
daily life activities (Supplemental Table 1). The lines in 1a and 1b represent the 
predicted levels of NA and PA, including standard error, based on different 
levels of being outdoors and physical activity. The boxplots in 1c represent the 
predicted NA and PA for being alone or in social company. The lines inter-
secting the boxes represent the median predicted values. The lower and upper 
hinges of the boxes correspond to the first and third quartiles (75th and 25th 
percentiles). The upper whisker corresponds to the largest observation ≤ upper 
hinge+1.5⋅interquartile range. The lower whisker corresponds to the smallest 
observation ≥ lower hinge–1.5⋅interquartile range. Values beyond the whiskers 
are plotted individually. The impact of being active on PA and NA did not differ 
significantly across the groups with different levels of depression and anxiety. 
The only exception were subjects with depression only (“dep”): their NA 
decreased more for all three activities as compared to asymptomatic subjects 
without symptoms (“no”). Also their PA increased more for social company as 
compared to asymptomatic subjects. 
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depressed versus non-depressed individuals remain scarce, our findings 
require replication. 

The potency of social interaction to both suppress NA and increase 
PA especially in individuals with depressive symptoms, is coherent with 
its important role in the onset and maintenance of depression (Porcelli 
et al., 2019; Wang et al., 2018). Positive social interactions may be a 
strong distractor from ruminative processes (Puterman et al., 2010). 
Social interactions may also positively affect low self-esteem (Denissen 
et al., 2008), which is a stronger predictor of depression than of anxiety 
(Sowislo and Orth, 2013). Furthermore, it has been argued that both 
anxiety and depression share a heightened sensitivity to punishment 
(“attentional bias”), while the lower sensitivity to reward (“anhedonia”) 
is specific to depression (Nettle and Bateson, 2012). According to this 
model, social reward could result in more approach behavior, which 

would yield more PA, especially among people with depression. 

4.4. Strengths and limitations 

We note several limitations. First, our sample included mainly 
women and highly educated subjects from the general population who 
voluntarily participated in an online crowdsourcing study on their 
mental health. The severity of depressive and anxiety symptoms was 
relatively low in this sample. This may reduce the generalizability of our 
findings, and follow-up studies are needed to investigate the impact of 
these activities in different samples. Previous studies suggest that mood 
brightening also occurs in subjects with a diagnosis of MDD (Khazanov 
et al., 2019; Lamers et al., 2018). Second, we studied the association 
between activities and NA/PA using multilevel linear models which are 
well-suited for analyzing longitudinal data including missing data points 
and unequally spaced measurements. However, we cannot infer a di-
rection of effect from these models, although it is likely that activities 
that happened over the past hours predict currently increased PA and 
decreased NA -and not only vice versa- as previous longitudinal studies 
already showed this effect in PA (Bakker et al., 2017; Snippe et al., 
2018). Nevertheless, future studies using autoregressive or cross-lagged 
structural equation models would be needed to investigate whether 
activities differentially predict NA/PA across different levels of depres-
sion and/or anxiety, and at which time scale these effects occur (Bylsma, 
2021). Third, the group of subjects with anxiety only was smaller (n =
24) than the group with depression only (n = 44). This unequal sample 
size may have contributed to less power to demonstrate a mood 
brightening effect in anxiety than in depression, although the number of 
assessments per group were large (1049 vs. 2344 assessments, respec-
tively). Fourth, our measures of activity were based on self-reported 
diary data, but self-reported measures may only be moderately related 
to direct assessments of activity (e.g., for physical activity, see (Prince 
et al., 2008)). Fifth, being outdoors and physical activity were assessed 
on a VAS-scale and continuous, whereas social company was assessed 
with two answer options and dichotomous, which is a relative weakness. 
Simulation studies have shown that the type of predictors used in mixed 
effect models influence power (Olvera Astivia et al., 2019; Schoene-
berger, 2015). In general, binary predictors require larger sample size 
than continuous predictors (Olvera Astivia et al., 2019). In our study, the 
binary predictor (social company) showed more significant interaction 
results than the continuous predictors (being outdoors, physical activ-
ity), which makes it unlikely that our study was underpowered, but 
future studies should preferably use all similar types of predictors. 

A strength of our study were the many assessments in a general 
population sample and the conclusion that our results for depression 
versus anxiety were unlikely to be explained by symptom severity (as 
total symptom levels were comparable in our design) or confounded by 
adversity. The rich diary data on the specific activities and PA/NA 
combined with the DASS instrument sensitive to symptom levels in a 
general population shows that the mood brightening effect occurs in 
people who may not yet fulfill the criteria for MDD, but who may benefit 
from social activities, in line with the aims of the social prescription 
movement (Pescheny et al., 2020). 

5. Conclusions 

We showed that physical activity, being outdoors, and being in 
company were associated with lower NA and higher PA in all groups 
with different levels of depression and/or anxiety symptoms. We found 
evidence for the mood brightening effect in depression specifically, but 
not in anxiety. Our study confirmed that mood brightening cannot be 
explained exclusively by the fact that subjects with depression have a 
different appraisal of events as compared to healthy controls, as we 
found a mood brightening effect for depression regarding daily life ac-
tivities irrespective of their appraisal. Of the three activities, the mood 
brightening effect of social company in depression stood out, as this 

Table 3 
Associations between activities and NA/PA for different levels of depression and 
anxiety symptoms.   

Negative affect 

Interactions B CI 

mild : being outdoors  − 0.02 (− 0.04 0.00) 
anx : being outdoors  − 0.01 (− 0.04 0.01) 
dep : being outdoors  − 0.04 (− 0.06 − 0.02) 
dep_anx : being outdoors  − 0.01 (− 0.03 0.02) 

mild : physical activity  − 0.01 (− 0.03 0.01) 
anx : physical activity  − 0.03 (− 0.05 0.00) 
dep : physical activity  − 0.04 (− 0.06 − 0.02) 
dep_anx : physical activity  − 0.03 (− 0.05 0.00) 

mild : social company  − 0.60 (− 1.71 0.51) 
anx : social company  − 1.02 (− 2.48 0.43) 
dep : social company  − 2.32 (− 3.38 − 1.26) 
dep_anx : social company  − 0.55 (− 1.85 0.75)    

Positive affect 

B CI 

mild : being outdoors  0.03 (0.00 0.05) 
anx : being outdoors  − 0.01 (− 0.04 0.01) 
dep : being outdoors  0.02 (0.00 0.04) 
dep_anx : being outdoors  0.00 (− 0.03 0.03) 

mild : physical activity  0.00 (− 0.03 0.02) 
anx : physical activity  0.00 (− 0.03 0.03) 
dep : physical activity  0.02 (0.00 0.05) 
dep_anx : physical activity  0.02 (− 0.01 0.05) 

mild : social company  0.34 (− 0.94 1.61) 
anx : social company  0.66 (− 1.01 2.34) 
dep : social company  1.93 (0.70 3.15) 
dep_anx : social company  1.46 (− 0.04 2.96) 

B, regression coefficient; CI, 95% confidence interval. In bold associations with a 
P-value < 0.008 (Bonferroni corrected). 
This table presents the fixed effects of interactions between each activity and 
different levels of depression and anxiety symptoms as compared to the refer-
ence class, i.e. the asymptomatic subjects. The associations were tested in 
multilevel regression models including the main effects and interactions of each 
activity and the level of depression of anxiety symptoms as independent vari-
ables; and covariates age, sex, afternoon, evening (reference class is ‘morning’), 
and time (number of diary assessment 1-90). The dependent variables for the 
separate models were NA and PA. 
Outdoor and physical activity were measured on a visual analogue scale (0-100) 
and social company as a binary item (0-1). We tested for other group differences 
in slopes by changing the reference class: there were no other significant in-
teractions between classes. For the full models we refer to Supplementary 
Table 1. 
Here we used a separate model for each activity in the full sample (n = 430). For 
a comparison of the results above with the results of both sensitivity analyses, 
and the estimates when all activities and interactions were included in one 
model, we refer to Supplemental Table 2. 
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activity was not only associated with lower levels of NA, but also with 
higher levels of PA. These findings are relevant for the development of 
ecological momentary interventions to improve affect in depressed in-
dividuals (Schueller et al., 2017). They may also explain part of the 
effectiveness of therapies such as behavioral activation and interper-
sonal psychotherapy in subjects with major depressive disorder (Cuijp-
ers et al., 2011; Stein et al., 2021), next to stressing the potential positive 
effect of being active on PA and NA in general. 
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Vitalizing effects of being outdoors and in nature. J. Environ. Psychol. 30, 159–168. 
https://doi.org/10.1016/J.JENVP.2009.10.009. 

Schoeneberger, J.A., 2015. In: The impact of sample size and other factors when 
estimating multilevel logistic models, 84, pp. 373–397. https://doi.org/10.1080/ 
00220973.2015.1027805. 

Schueller, S.M., Aguilera, A., Mohr, D.C., 2017. Ecological momentary interventions for 
depression and anxiety. Depress. Anxiety 34, 540–545. https://doi.org/10.1002/ 
da.22649. 

Silk, J.S., Forbes, E.E., Whalen, D.J., Jakubcak, J.L., Thompson, W.K., Ryan, N.D., 
Axelson, D.A., Birmaher, B., Dahl, R.E., 2011. Daily emotional dynamics in 
depressed youth: a cell phone ecological momentary assessment study. J. Exp. Child 
Psychol. 110, 241–257. https://doi.org/10.1016/J.JECP.2010.10.007. 

Snippe, E., Jeronimus, B.F., aan het Rot, M., Bos, E.H., de Jonge, P., Wichers, M., 2018. 
The reciprocity of prosocial behavior and positive affect in daily life. J. Pers. 86, 
139–146. https://doi.org/10.1111/jopy.12299. 

Sowislo, J.F., Orth, U., 2013. Does low self-esteem predict depression and anxiety? A 
meta-analysis of longitudinal studies. Psychol. Bull. 139, 213–240. https://doi.org/ 
10.1037/A0028931. 

Stavrakakis, N., Booij, S.H., Roest, A.M., de Jonge, P., Oldehinkel, A.J., Bos, E.H., 2015. 
Temporal dynamics of physical activity and affect in depressed and nondepressed 
individuals. Health Psychol. 34S, 1268–1277. https://doi.org/10.1037/ 
HEA0000303. 

Stein, A.T., Carl, E., Cuijpers, P., Karyotaki, E., Smits, J.A.J., 2021. Looking beyond 
depression: a meta-analysis of the effect of behavioral activation on depression, 
anxiety, and activation. Psychol. Med. 51, 1491–1504. https://doi.org/10.1017/ 
S0033291720000239. 

Stranahan, A.M., Khalil, D., Gould, E., 2006. Social isolation delays the positive effects of 
running on adult neurogenesis. Nat. Neurosci. 9, 526–533. https://doi.org/10.1038/ 
nn1668. 

Struijs, S.Y., de Jong, P.J., Jeronimus, B.F., van der Does, W., Riese, H., Spinhoven, P., 
2021. Psychological risk factors and the course of depression and anxiety disorders: a 
review of 15 years NESDA research. J. Affect. Disord. 295, 1347–1359. https://doi. 
org/10.1016/J.JAD.2021.08.086. 

Thompson, R.J., Mata, J., Jaeggi, S.M., Buschkuehl, M., Jonides, J., Gotlib, I.H., 2012. 
The everyday emotional experience of adults with major depressive disorder: 
examining emotional instability, inertia, and reactivity. J. Abnorm. Psychol. 121, 
819–829. https://doi.org/10.1037/A0027978. 

Treadway, M.T., Zald, D.H., 2011. Reconsidering anhedonia in depression: lessons from 
translational neuroscience. Neurosci. Biobehav. Rev. 35, 537–555. https://doi.org/ 
10.1016/J.NEUBIOREV.2010.06.006. 

van der Krieke, L., Jeronimus, B.F., Blaauw, F.J., Wanders, R.B.K., Emerencia, A.C., 
Schenk, H.M., Vos, S.De, Snippe, E., Wichers, M., Wigman, J.T.W., Bos, E.H., 
Wardenaar, K.J., De Jonge, P., 2016. HowNutsAreTheDutch (HoeGekIsNL): a 
crowdsourcing study of mental symptoms and strengths. Int. J. Methods Psychiatr. 
Res. 25, 123–144. https://doi.org/10.1002/MPR.1495. 

van der Krieke, L., Blaauw, F.J., Emerencia, A.C., Schenk, H.M., Slaets, J.P.J., Bos, E.H., 
de Jonge, P., Jeronimus, B.F., 2017. Temporal dynamics of health and well-being: a 
crowdsourcing approach to momentary assessments and automated generation of 
personalized feedback. Psychosom. Med. 79, 213–223. https://doi.org/10.1097/ 
PSY.0000000000000378. 

Wang, L., Maxwell, S.E., 2015. On disaggregating between-person and within-person 
effects with longitudinal data using multilevel models. Psychol. Methods 20, 63–83. 
https://doi.org/10.1037/MET0000030. 

Wang, J., Mann, F., Lloyd-Evans, B., Ma, R., Johnson, S., 2018. Associations between 
loneliness and perceived social support and outcomes of mental health problems: a 
systematic review. BMC Psychiatry 18, 156. https://doi.org/10.1186/s12888-018- 
1736-5. 

Wardenaar, K.J., Wanders, R.B.K., Jeronimus, B.F., de Jonge, P., 2018. The psychometric 
properties of an internet-administered version of the depression anxiety and stress 
scales (DASS) in a sample of Dutch adults. J. Psychopathol. Behav. Assess. 40, 
318–333. https://doi.org/10.1007/S10862-017-9626-6/TABLES/9. 

Wardenaar, K.J., Riese, H., Giltay, E.J., Eikelenboom, M., van Hemert, A.J., Beekman, A. 
F., Penninx, B.W.J.H., Schoevers, R.A., 2021. Common and specific determinants of 
9-year depression and anxiety course-trajectories: a machine-learning investigation 
in the Netherlands Study of Depression and Anxiety (NESDA). J. Affect. Disord. 293, 
295–304. https://doi.org/10.1016/j.jad.2021.06.029. 

Watson, D., Clark, L.A., Tellegen, A., 1988a. Development and validation of brief 
measures of positive and negative affect: the PANAS scales. J. Pers. Soc. Psychol. 47, 
1063–1070. https://doi.org/10.1037//0022-3514.54.6.1063. 

Watson, D., Clark, L.A., Carey, G., 1988b. Positive and negative affectivity and their 
relation to anxiety and depressive disorders. J. Abnorm. Psychol. 97 (3), 346. htt 
ps://doi.org/10.1037/0021-843X.97.3.346. 

Wichers, M., Lothmann, C., Simons, C.J.P., Nicolson, N.A., Peeters, F., 2012. The 
dynamic interplay between negative and positive emotions in daily life predicts 
response to treatment in depression: a momentary assessment study. Br. J. Clin. 
Psychol. 51, 206–222. https://doi.org/10.1111/J.2044-8260.2011.02021.X. 

Wickham, H., 2009. ggplot2: Elegant Graphics for Data Analysis. Springer, New York.  
Wiley, J., 2020. R Package multilevelTools: Multilevel and Mixed Effects Models 

Diagnostics And Effect Sizes. 
Yik, M.S.M., Russell, J.A., Barrett, L.F., 1999. Structure of self-reported current affect: 

integration and beyond. J. Pers. Soc. Psychol. 77, 600–619. https://doi.org/ 
10.1037/0022-3514.77.3.600. 

H.M. van Loo et al.                                                                                                                                                                                                                             

https://doi.org/10.1037/0021-843X.114.4.627
https://doi.org/10.1037/0021-843X.114.4.627
https://doi.org/10.1016/S0006-3223(02)01866-8
https://doi.org/10.1016/J.JENVP.2009.10.009
https://doi.org/10.1080/00220973.2015.1027805
https://doi.org/10.1080/00220973.2015.1027805
https://doi.org/10.1002/da.22649
https://doi.org/10.1002/da.22649
https://doi.org/10.1016/J.JECP.2010.10.007
https://doi.org/10.1111/jopy.12299
https://doi.org/10.1037/A0028931
https://doi.org/10.1037/A0028931
https://doi.org/10.1037/HEA0000303
https://doi.org/10.1037/HEA0000303
https://doi.org/10.1017/S0033291720000239
https://doi.org/10.1017/S0033291720000239
https://doi.org/10.1038/nn1668
https://doi.org/10.1038/nn1668
https://doi.org/10.1016/J.JAD.2021.08.086
https://doi.org/10.1016/J.JAD.2021.08.086
https://doi.org/10.1037/A0027978
https://doi.org/10.1016/J.NEUBIOREV.2010.06.006
https://doi.org/10.1016/J.NEUBIOREV.2010.06.006
https://doi.org/10.1002/MPR.1495
https://doi.org/10.1097/PSY.0000000000000378
https://doi.org/10.1097/PSY.0000000000000378
https://doi.org/10.1037/MET0000030
https://doi.org/10.1186/s12888-018-1736-5
https://doi.org/10.1186/s12888-018-1736-5
https://doi.org/10.1007/S10862-017-9626-6/TABLES/9
https://doi.org/10.1016/j.jad.2021.06.029
https://doi.org/10.1037//0022-3514.54.6.1063
https://doi.org/10.1037/0021-843X.97.3.346
https://doi.org/10.1037/0021-843X.97.3.346
https://doi.org/10.1111/J.2044-8260.2011.02021.X
http://refhub.elsevier.com/S0165-0327(23)00025-3/rf202301070720343969
http://refhub.elsevier.com/S0165-0327(23)00025-3/rf202301070725068226
http://refhub.elsevier.com/S0165-0327(23)00025-3/rf202301070725068226
https://doi.org/10.1037/0022-3514.77.3.600
https://doi.org/10.1037/0022-3514.77.3.600

	Testing the mood brightening hypothesis: Hedonic benefits of physical, outdoor, and social activities in people with anxiet ...
	1 Introduction
	2 Material and methods
	2.1 Sample
	2.2 Measurements
	2.2.1 Anxiety and depression
	2.2.2 Positive and negative affect
	2.2.3 Daily life activities
	2.2.4 Missing values

	2.3 Statistical methods
	2.3.1 Multilevel models
	2.3.2 Sensitivity analyses


	3 Results
	3.1 Descriptives
	3.2 Daily life activities and affect
	3.3 Impact of daily life activities on affect in depression and anxiety

	4 Discussion
	4.1 Main findings
	4.2 Mood brightening in depression but not in anxiety
	4.3 Type of activities
	4.4 Strengths and limitations

	5 Conclusions
	Funding support
	Author contributions
	Conflicts of interest
	Acknowledgements
	Appendix A Supplementary data
	References


